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National Semiconductor Advanced Peripherals products in
clude complex VLSI peripheral circuits designed to serve a 
variety of applications. The Advanced Peripherals products 
are especially well suited for microcomputer and microproc
essor systems such, as graphics workstations, personal 
computers, and many others. The devices are fully de
scribed in a series of databooks and handbooks. 

MASS STORAGE 
The National Semiconductor family of mass storage inter
face products offers the industry's highest performance and 
broadest range of products for Winchester hard disks and 
floppy disks. The Mass Storage Handbook includes com
plete product information and datasheets as well as a com
prehensive design guide for disk controller systems. 

MEMORY MANAGEMENT 
Today's large Dynamic Random Access Memory (DRAM) 
arrays require sophisticated high performance devices to 
provide timing and control. National Semiconductor offers 
the broadest range of DRAM controllers with the highest 
performance available on the market. Controllers are avail
able for DRAMs from 64k bit through 4M bit devices, sup
porting memory arrays up to 8 Mbyte in size. For critical 
applications, National Semiconductor has developed sever
al Error Checking and Correction (ECC) devices to provide 
maximum data integrity. The Memory Management Hand
book contains complete product information and several ap
plication notes detailing complete memory system design. 
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LOCAL AREA NETWORKS AND 
DATA COMMUNICATIONS 

0009-2 

Today's computer systems have created a huge demand for 
data communications and Local Area Networks (LANs). Na
tional Semiconductor supplies a broad range of products to 
fill the needs. The IEEE 802.3 Standard for Ethernet/Thin 
Ethernet LANs is one of the most popular solutions. Nation
al Semiconductor provides a complete three-chip solution 
for an entire 802.3 design. For processing IBM 3270, 3299 
and 5250 Communication Protocols, National offers the 
DP8344 Biphase Communications Processor. To drive the 
communications lines, National Semiconductor has drivers 
and receivers designed to meet all the major standards 
such as RS-232, RS-422, and RS-485. Datasheets and ap
plications information for all these products are in the Data 
Communications/UARTs/Local Area Networks Handbook. 

GRAPHICS 
Sophisticated human interface is a mark of the newest com
puter systems designs. Today's personal computer may 
have better graphics display capability than engineering 
workstations of a few years ago. National Semiconductor 
has developed a new family of Advanced Graphics products 
to provide extremely high performance, high resolution color 
graphics displays. The graphics chip set is designed to pro
vide the highest level of performance with minimum de
mands and loading on the system CPU. The graphics sys
tem may be expanded to any number of color planes with 
virtually unlimited resolution. The Graphics Databook con
tains complete product information. 
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~-----------------------------------------------------------------'C 

~National 
~ Semiconductor 
DP117-X/DP117-XR/}LA 117-X/}LA 117-XR Series 
Winchester Disk Read/Write Preamplifiers 

General Description Features 
• Wide bandwidth, high gain, low noise 
• Up to eight read/write channels 
• Internal write fault condition detection 
• 5.0V and 12V power supply voltages 
• Independent read and write data lines 
• TTL control and data logic levels 
• Externally programmable write current 

The DP117-X/DP117-XR, p.A117-X/p.A117-XR Series High 
Performance Read/Write Preamplifiers are intended for use 
In Winchester disk drives which employ center tapped ferrite 
or manganese-zinc read/write heads. The circuit can Inter
face with up to eight read/write heads which makes It Ideal 
for multi-platter disk drive designs. Designed to reside In the 
Head/Disk Assembly (HDA) of Winchester disk drives, the 
Read/Write Preamplifiers provide termination, gain, and 
output buffering for the disk heads as well as switched write 
current. Certain write fault conditions are detected and re
ported to protect recording integrity. The parts are available 
with internal damping resistor (DP117-R) and without Inter
nal damping resistor (DP117). 

• Available with internal damping resistor 

Block Diagram (Typical, DP117-X) 
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Absolute Maximum Ratings All voltages referenced to GND 
If Military/Aerospace specified devices are required, DC Supply Voltage 
contact the National Semiconductor Sales Office/ (VOO1) -0.3Vto +14V 
Distributors for availability and specifications. (Voo2l -0.3Vto +14V 

Storage Temperature Range (Vce> -0.3Vto +6.0V 

Ceramic - 65°C to + 175°C Digital Input Voltage Range 
Plastic - 65°C to + 150°C (VIN) -0.3VtoVcC + 0.3V 

Operating Junction Temperature Range + 25°Ctci + 135°C Head Port Voltage Range 
Lead Temperature (VH) -0.3V to VOO + 0.3V 

Ceramic (Soldering, 60 seconds) 300°C WUS Port Voltage Range 
Plastic (Soldering, 10 seconds) 265°C (Vwus) -0.3Vto +14V 

Internal Power Dissipation (Notes 1 & 2) Write Current (Iw) 60mA 
28L-Ceramic DIP 2.50W Output Current (10) 
24L-Ceramic DIP 1.95W RDX,RDY· ~10mA 
18L-Ceramic DIP 1.58W VCT -60 rnA 
24L-Brazed Flatpak 0.97W WUS +12mA 
24L-Ceramic Flatpak 

, 
0.90W 

28L-PLCC 1.39W Recommended Operating 
Supply Voltage (VCC1) 6.0V Conditions 
Supply Voltage (VCC2) 15V 

DC Supply Voltage 
Write Current (IWC) 70 rnA (VOO1) 12V ±10% 
Input Voltage Range (VOO2) 6.5Vto VOOl 
Head Select (HSO, HS1, HS2) -O.4VtoVCCl + 0.3V (Vccl 5.0V ±10% 

Write Current (WC) Head Inductance (Lh) 5.0 ",H to 15 ",H 
Voltage in read and idle modes. Damping Resistor (External) (RD) 5000 to 20000 
(Write mode must be current RCT Resistor (RCn 900 ± 5.05 (%W) 
limited to - 70 rnA) -0.3VtoVCCl + 0.3V 

Write Current (lw) 25 rnA to 50 rnA 
Chip Select (CS) -0.4V to VCCl + 0.3V 

RDX, ROY Output Current (10) o ",A to 1 00 ",A 
Read/Write (R/W) -0.4VtoVCCl + 0.3V 
Note 1: TJ MAX = 150"C for Ihe Plastic, and 175'C for the Ceramic. 
Note 2: Ratings apply Ie ambienllemperature aI25'C. Above Ihis temperature, derate the 28L·Ceramic DIP ailS. 7 mW rc, Ihe 24L-Ceramlc DIP at 13 mW rc, Ihe 
IBL-Ceramic DIP all0.5 mW/'C, Ihe 24L·Brazed Flatpak a16.5 mW/'C"lhe 24L-Ceramic Flalpak aIS.O mwrc, and the 28L-PLCC alll.2 mwrc. 

DC Characteristics 25°C ~ TJ < 125°C, VOOl = 12V, VCC = 5.0V, ~nless otherwise specified 

Symbol Parameter Conditions Min Max Units 

Icc Supply Current Readlldle Mode 25 
rnA 

Write Mode 30 

100 Supply Current Idle Mode 25 

Read Mode 50 rnA 

Write Mode 30 + Iw 

Pc Power Consumption TJ = 125°C Idle Mode 400 

Read Mode 600 

Write Mode, mW 
Iw = 50 rnA 

RCT = 900 850 
RCT= 00 1050 

VIL Digital Input Voltage LOW -0.3 0.8 V 

VIH 
Inputs Input Voltage HIGH 2.0 VCC + 0.3 V 

IlL Input Current LOW VIL = 0 .. 8V -0.4 rnA 

IIH Input Current HIGH VIH = 2.0V 100 ",A 

VOL WUSOutput 10L = 8.0 rnA 0.5 V 

10H VOH = 5.0V 100 /LA 

VCT Center Tap Voltage Read Mode 4.0 (typ) V 

Write Mode 6.0 (typ) V 
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Write Characteristics VOOl = 12V, Vcc = 5.0V, Iw = 45 mA, Lh = 10 Io'H, I (Data) = 5.0 MHz, CL (RDX, RDY) 
s: 20 pF, Ro EXT = 7500 or Ro INT, unless otherwise specilied 

Parameter Conditions Min Max Units 

Write Current Range 10 50 mA 

Write Current Constant "K" 133 147 V 

Differential Head Voltage Swing 5.7 V (pk) 

Unselected Differential 
2.0 mA(pk) 

Head Current 

Differential Output Capacitance 15 pF 

Differential Output Resistance Without Internal Resistors 10k 
0 

With Internal Resistors 538 1.0k 

WDI Transition Frequency WUS= LOW 400 (typ) kHz 

Iwc to Head Current Gain 18 (typ) mA/mA 

Read Characteristics VOOl = 12V, Vcc = 5.0V, Lh = 10 Io'H, I (Data) = 5.0 MHz, CL (RDX, RDy) s: 20 pF, 
(Vin is relerenced to VCT), Ro EXT = 7500 or Ro INT, unless otherwise specified 

Parameter Conditions Min Max Unit 

Differential Voltage Gain VIN = 1.0 mVp_p at 300 kHz 
80 120 VIV 

RL (RDX), RL (RDy) = 1.0 kO 

Dynamic Range Input Voltage, V" where gain lalls by 10%. 
-2.0 2.0 mV 

VIN = VI + 0.5 mVp_p at 300 kHz 

Bandwidth (-3 dB) I Zs I < 5.00, VIN = 1.0 mVp_p 30 MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh = 0 2.1 nV/JFfZ 

Differential Input Capacitance 1= 5.0 MHz 23 pF 

Differential Input Resistance 1= 5.0 MHz I Without Internal Resistors 2k 
0 

I With Internal Resistors 440 850 

Input Bias Current 45 Io'A 

Common Mode Rejection Ratio VCM = VCT + 100 mVp_p at 5.0 MHz 50 dB 

Power Supply Rejection Ratio 100 mVp_p at 5.0 MHz on V001, V002 orVcc 45 dB 

Channel Separation Unselected Channels: VIN = 100 mVp_p at 
45 dB 

5.0 MHz and Selected Channel: VIN = 0 mVp_p 

Output Offset Voltage -480 480 mV 

Common Mode Output Voltage 5.0 7.0 V 

Single Ended Output Resistance 1= 5.0 MHz 35 0 

Internal Damping Resistor 560 1070 0 
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Switching Characteristics VOOI = 12V, Vee = 5.0V, TJ = 25°C,lw = 45 mA,Lh = 10,...H, 
f (Data) = 5.0 MHz, Ro EXT = 7500 or Ro INT, unless otherwise specified 

Symbol Parameter Conditions Min Max Units 

R/W R/WtoWrite Delay to 90% of Write Current 1.0 

R/WtoRead Delay to 90% of 100 mV, 10 MHz Read Signal 
1.0 

,...s 
Envelope or to 90% Decay of Write Current 

CS cs to Select Delay to 90% of Write Current or to 90% of 
1.0 

100 mV, 10 MHz Read Signal Envelope ,...s 

es to Unselect Delay to 90% Decay of Write Current 1.0 

HSO to Any Head Delay to 900/0 of 100 mV, 10 MHz Read 
HS1 Signal Envelope 1.0 ,...s 
HS2 

WUS Safe to Unsafe-TD1 Iw = 50mA 1.6 8.0 
,...s 

Unsafe to Safe-TD2 Iw = 20mA 1.0 

Head Propagation Delay-TD3, TD4 Lh = 0 ,...H, Rh = 00 
25 

Current from 50% Points 

Asymmetry WDI has 50% Duty Cycle and 
2 

ns 
1 ns Rise/Fall Time 

Rise/Fall Time 10%-90% Points 20 

Connection Diagrams 
18-Lead Molded DIP 22·Lead Molded DIP 

CS-l '-../ 
18 -HSO CS-l '-../ 

22 I-HSO 

GND- 2 17 -WDI GND- 2 21 I-HSI 

NC- 3 16 -VOO1 HOX- 3 20 I-WDI 

HOX- 4 -IS -VOO2 HOY- 4 19 i-VOOI 
HOY- 5 14 -vcr H1X- 5 18 -VD02 

R/W- 6 13 -HIX H1Y- 6 17 -vcr 
WC- 7 12 ~H1Y H2X- 7 16 -H3X 

RDX- 8 lll-WUS H2Y- 8 IS -H3Y 

RDY- 9 10 I-Vcc R/W- 9 14 -WUS 

WC- 10 13 -vee 
TI.IF/9406-1 

RDX- 11 12 -RDY 
Top View 

tOrder Number ,...A 1172DC or ,...A 1172RDC TI.IF/9406-2 
ttSee NS Package Number N18A Top View 

tOrder Number ,...A1174PCor ,...A1174RPC 
ttSee NS Package Number N22A 

tFor most current order Information, contact your local sales office. 

ttFor most currant package information, contact product marketing. 
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Connection Diagrams (Continued) 

28-Lead DIP 

28 
HSI 

27 
HS2 

21 
WDI 

25 

Z4 V001 

Z3 Vooz 
VCT zz 
H5X 

21 
H5Y 

20 
H4X 

19 
H4Y 

18 
H3X 

17 
H3Y 

11 
WUS 

15 
Vee 

TUF/9406-6 

Top View 

tOrder Number ,..A 1176PC or ,..A 1176RPC 
ttSee NS Package Number N28B 

28·Lead PLCC 

HOY VOO1 
HIX Vooz 
H1Y VCT 
N2X H5X 

N2Y H5Y 

R/W H4X 

we H4Y 

Top View 

tOrder Number ,..A 1176QC or ,..A 1176RQC 
ttSee NS Package Number V28A 

tFor most current order information, contact your local sales office. 

ttFor most current package Information, contact product marketing. 
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Functional Description 
In the Write mode, the DPl17-X/DPl17-XR, p.Al17-X/ Any or all of the above conditions would result in a high level 
p.A117-XR Series accepts TIL compatible write data pulses on the write unsafe (WUS) output signal. 
on the WDI lead. On the falling edge of each write data During read operations, the DPl17-X amplifies the differen-
pulse, a current transition is made in the selected head. tial voltages appearing across the selected R/W head lead 
Head selection is accomplished via TIL input signals: HSO, and applies the amplified signal differentially to data lines 
HS1, HS2 (see Table II). Internal circuitry senses the follow- RDXand RDY. 
ing conditions: . 

1. Absence of data transitions. 
2. Open circuit head connection. 
3. Absence of write current. 
4. Short circuit head connection. 
5. Idle or read mode. 

Pin Descriptions 
Lead Name Function 

CS Chip Select Chip Select High disables the read/write function of the device and forces idle 
mode. (TIL) 

R/IN Read/Write Select A Logic High places the devices in read mode and a Logic Low forces write 
mode. Refer to Table I. (TIL) 

HOX,Y Read/Write Head The DPl17 has five pairs of read/write connections. The X and Y phases are 
through H5X, Y Connections made consistent with the read output, RDX and RDY, phases. (Differential) 

RDX,Y Read Data Outputs The chip has one pair of read data outputs which Is multiplexed to the 
appropriate head connections. (Differential) 

HSO Head Select Inputs The eight read/write heads are addressed with the head select inputs. Refer to 
throughHS2 Table II. (TIL) 

WC Write Current Input This lead sets the current level for the write mode. An external resistor is 
connected from this lead to ground, and write current Is determined by the value 
of this resistor divided Into the write current constant K, which is typically 140V. 

WDI Write Data Input The write data Input toggles the write current between the X and Y selected head 
connections. Write current is switched on the negative edge of WDI. The initial 
direction for write current is the X side of the switch and is set upon entering read 
or Idle mode. (TIL) 

VOO2 Resistor Center Tap In some versions (determined by lead availability) of the DP117 -X series, a 
resistor may be connected betWeen RCT and VOOI to reduce internal power 
dissipation. If this resistor Is not used, RCT must be connected externally to 
VOO1· 

VCT Center Tap Voltage The center tap output provides bias voltage for the head inputs in read and write 
mode. It should be connected to the center tap of the read/write heads. 

WUS Write Unsafe A high logic level at the write unsafe output indicates a fault condition during 
write. Write unsafe will also be high during read and idle mode. (Open collector) 

TABLE I. Read/Write Select TABLE II_ Head Select Inputs 

Operating Modea Head Selection 

Chip Select CS Read/Write R/Vi Mode 
HSO HSl HS2 

Head Selected 

1 X Idle (Note 1) 

0 1 Read 0 0 0 0 
1 0 0 1 

0 0 Write 0 1 0 2 
1 1 0 3 
0 0 1 4 
1 0 1 5 

Note 1: If selected head is beyond the capacity of the DPI17·X model. the 
open Input condition on the selected Input will be reported as an unsafe level 
at the WUS output. 
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Timing Diagrams 
50%~~ ____________________ ___ 

o mA o mA DIFFERENTIAL _________ .1 

HEAD CURRENT 

FIGURE 1. Head Current Timing 

'-------- DATA 

Vwus -----------~ LOAD CAPACITANCE = 20 pF 

HEAD OVERSHOOT 
VOLTAGE 
(Vws. VNS) 

.... __________ PULL UP UP RESISTOR = 1.0 kA 

FIGURE 2a. Unsafe to Safe Timing 

-----'n ____ ~~ 
U-- U 

TUF/9406-8 

TL/F/9406-9 

I--tD13--~~ LOAD CAPACITANCE = 20 pF ______________________ 2.0V FULL UP RESISTOR = 1.0 kA 

TUF/9406-10 

FIGURE 2b. Safe to Unsafe Timing 
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~National 
~·Semiconduclor 

DP50 1 X/DP501 XR/ ,...A5.0 1 XI ,...A501 XR Series 
6 or 8 Channel Read/Write Circuit 

General Description 
The p.A501X/p.A501XR devices are bipolar monolithic inte
grated circuits designed for use with center-taPped ferrite 
recording heads. They provide a low noise read path, write 
current control, and data protection circuitry for eight chan
nels. The p.A501X/p.A501XR requires +5.0V and +12V 
power supplies and is available in a variety of packages. 
The p.A501 XR differs from the p.A501 X by having internal 
damping resistors. 

Block Diagram 

R/W 

T r 
MODE 

SELECT 

GND 

1 
WUS 

READ, 
BUFFER 

RDX __________________ -+ __ I-__ ~"" 

RDY -------------------+--t-----;o"".. 

WDI ___________________ -+-__ --CI 

i=eatures 
.. t5.0V, +12V power supplies 
• Single- or multi-platter WinbK!;ster drives 
.. Designed for center-tapped ferrite heads 
• Programmable write current source 
• Easily multiplexed for larger systems 
• Includes write unsafe detection 
• TIL compatible control signals 

v 

READ 
PREAMP. 

VCT 

MULTIPLEXER 

HSO ________________________________ ~::::~::::~~----~ 

HS1 ____________________________________ ~------------~ 

HS2 ______________________________________ ~------------__1 

we 

Note: Caution: Use handling procedures necessary for a static sensitive component. 
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HOY 

Hix 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

HSX 

H5Y 

H6X 

H6Y 

H7X 

H7Y 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, WUS Port Voltage Range -0.3Vto +14V 
contact the National Semiconductor Sales Office/ 1 Write Current 60 rnA 
Distributors for availability and specifications. Output Current 
Storage Temperature Range RDXandRDY -lOrnA 

Ceramic DIP and Flatpak -65'C to + 175'C VCT -60 rnA 
Molded DIP and PLCC - 65'C to + 150'C WUS +12mA 

Operating Temperature Range O'Cto +70'C Nole 1: All voltages referenced 10 GND. 
Lead Temperature Nole 2: T J MAX = 150'C for Ihe Plastic, and 175'C for Ihe Ceramic. 

Ceramic DIP and Flatpak Nole 3: Ralings apply 10 amblenl lemperalure at 25'C. Above Ihis tempera· 
(Soldering, 60 seconds) 300'C lure, derate the 2BL·Ceramic DIP al 16.7 mWI'C, Ihe 2BL·Plaslic DIP al 

Molded DIP and PLCC 15.3 mWI'C, the 32L·Brazed Flalpak at 12.5 mWI'C, the 40L·Ceramlc DIP 

(Soldering, 10 seconds) 265'C 
at 20.1 mW/'C, the 40L·Plastlc DIP at 20 mWI'C, the 2BL·Plastic LCC at 
11.2 mW I'C, and Ihe 44L·Plastlc LCC al 15.3 mW I'C. 

Internal Power Dissipation (Notes 2 & 3) 
28L·Ceramic'DIP 2.50W Recommended Operating 
28L·Plastic DIP 1.92W Conditions 32L·Brazed Flatpak 1.88W 
40L·Ceramic DIP 2.65W DC Supply Voltage 
40L·Plastic DIP 2.5W VD01 12V ±10% 
28L·Plastic LCC 1.39W VCC 5V ±10% 
44L·Plastic LCC 1.92W Head Inductance (Lh) 5.0 /LH to 15 /LH 

DC Supply Voltage Damping Resistor (External) 
VOOI and VOO2 -0.3Vto +14V RD (DP501 X Only) 500n to 2000n 
VCC -0.3Vto +6,OV RCT Resistor gon ± 5.0% (1f2W) 

Digital Input Voltage Range -0.3VtoVcc + 0.3V Write Current Ow) 25 mAto 50 rnA 
Head Port Voltage Range -0.3VtoVDD + 0.3V 

DC Electrical Characteristics 
V001 = 12V ±10%, VCC = 5.0V ±10%, O'C s; TA s; +70'C, unless otherwise specified 

Symbol Parameter Conditions Min Max Units 

Icc Supply Current Readlldle Mode 25 
rnA 

Write Mode 25 

100 Supply Current Idle Mode 20 

Read Mode 40 rnA 

Write Mode 20+ Iw 

Pc Power Consumption 25'C S; TJ S; 135'C Idle Mode 400 

Read Mode 650 

Write Mode, 
Iw = 50 rnA, 880 

mW 
RCT = gon 

Write Mode, 
Iw = 50 rnA, 1060 
RCT= on 

VIL Digital Input Voltage LOW -0.3 0.8 V 

VIH 
Inputs: Input Voltage HIGH 2.0 VCC + 0.3 V 

IlL Input Current LOW VIL = 0.8V -0.4 rnA 

IIH Input Current HIGH VIH = 2.0V 100 /LA 

VOL WUSOutput IOL = 8.0 rnA 0.5 V 

IOH VOH = 5.0V 100 /LA 

VCT Center Tap Voltage Read Mode 4.0 (typ) V 

Write Mode 6.0 (typ) V 
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Write Characteristics V001 = 12V ±10%, Vee = 5.0V ±10%, O"C:s: TA:S: +70"C, Iw = 45 mA, Lh = 10 "H, 
Rd = 7500 (DP501X only), f(Data) = 5.0 MHz, CL (RDX, ROy) s: 20 pF, unless otherwise specified 

Parameter Conditions Min Max Units 

Write Current Range 10 50 mA 

Write Current Constant "K" 129 151 V 

Differential Head Voltage Swing 7.5 V (pk) 

Unselected Head Transient Current 5.0 "H s: Lh :s: 9.5 "H 2.0 mA(pk) 

Differential Output Capacitance 15 pF 

Differential Output Resistance Without Internal Resistors 10k 
0 

With Internal Resistors 560 940 

WDI Transition Frequency WUS = LOW 250 kHz 

Head Current Gain to Iwe C~e) 20 (typ) mA/mA 

Unselected Head Leakage Sum of X and Y Side Current 85 "A 

Read Characteristics V001 =' 12V ±10%, Vee = 5.0V ±10%, Iw = 45 mA, CL (RDX, ROy) :s: 20 pF, (VIN is 
referenced to VCT), O°C s: TA :s: + 70"C, Lh = 10 "H, Rd = 7500, f(Data) = 5.0 MHz unless otherwise specified 

Characteristic Condition Min Max Unit 

Differential Voltage Gain VIN = 1.0 mVpp at 300 kHz 
80 120 VIV 

RL (RDX), RL (ROY) = 1.0 kO (AC coupled) 

Dynamic Range Input Voltage, VI, where Gain Falls by 10% 
-3.0 3.0 mV 

VIN = VI + 0.5 mVpp at 300 kHz 

Bandwidth (-3 dB) IZsl < 5.00, VIN = 1.0 mVpp 30 MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh = 0 1.5 nVl.JHz 

Differential Input Capacitance f = 5.0 MHz 23 pF 

Differential Input Resistance f = 5.0 MHz, I Without Internal Resistors 2k 
0 

VIN:S: 6mVpp I With Internal Resistors 530 790 

Input Bias Current (per Side) 100 p.A 

Common Mode Rejection Ratio VCM = VCT + 100 mVpp at 5.0 MHz 50 dB 

Power Supply Rejection Ratio 100 mVpp at 5.0 MHz on VOOlo V002, or Vee 45 dB 

Channel Separation Unselected Channels: VIN = 100 mVpp at 
45 dB 

5.0 MHz and Selected Channel: VIN = 0 mVpp 

Output Offset Voltage -480 480 mV 

Common Mode Output Voltage I Read Mode 5.0 7.0 
V 

I Writelldle Mode 4.3 (typ) 

Single Ended Output Resistance f = 5.0 MHz 30 0 

External Resistive Load Per Side to GND 
100 0 

(AC Coupled to Output) 

Leakage Current (RDX, ROy) 5.0 < RDX, ROY < 8.0V Write or Idle Mode -50 50 "A 
Center Tap Output Impedance 0S:f:S:5.0MHz 150 0 

Output Current AC Coupled Load RDX to ROY 2.0 mA 
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Switching Characteristics V001 = 12V ± 1 0%, Vee = 5.0V ± 10%, O'C ,:;; T A ,:;; + 70'C, Iw = 45 rnA, Lh = 
10 p.H, Rd = 750n, f(Data) = 5.0 MHz, unless otherwise specified 

Symbol Parameter Conditions Min Max Units 

R/W R/W to Write Delay to 90% of Write Current 600 

R/WtoRead Delay to 90% of 100 mV, 10 MHz Read Signal 
600 

ns 
Envelope or to 90% Decay of Write Current 

CS CStoSelect Delay to 90% of Write Current or to 90% of 
600 

100 mV, 10 MHz Read Signal Envelope ns 

CS to Unselect Delay to 90% Decay of Write Current 600 

HSO to Any Head Delay to 90% of 100 mV, 10 MHz Read Signal 
HS1 Envelope 600 ns 
HS2 

WUS Safe to Unsafe-TD1 Iw = 50 rnA 1.6 8.0 
/'os 

Unsafe to Safe-TD2 Iw = 20 rnA 1.0 

Head Propagation Delay-TD3 Lh = 0 /'oH, Rh = on 
30 

Current from 50% Points 

Asymmetry WDI has 50% Duty Cycle and 
2 

ns 
1 ns Rise/Fall Time 

Rise/Fall Time 10%-90% Points 20 

Write Mode Timing Diagram 

WDI' ~ 
-102.==1 -101-

WUS \. 
I - ~103 

HEAO-
/ / \. / CURRENT 

(Ix - Iy) 
TL/F/9407-B 
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Connection Diagrams 
44-Lead PLCC 

& 5 4 3 2 1 44 43 42 41 40 
HZ)( 

H2Y 

H3X 9 

H3Y 10 

H4X 11 

H4Y 12 

H5X 13 

HIX 14 

H&X 15 

H&Y 1& 

He 17 

Top View 

39 He 

38 R{ii 

37 we 
36 ROY 

35 ROX 

34 HSO 

33 H51 

32 H52 

31 Vee 
3D WOf 

29 WU5 

TLlF/9407-2 

Order Number ,...A5018QC or ,...A5018RQC 
See NS Package Number V44A 

4G-LeadDIP 

HOX 1 40 GHD 

HOY 2 39 HC 

He 3 38 He 

He 4 37 He 

H1X 5 36 cs 
H1Y 6 35 R{ii 

H2X 7 34 we 

H2Y 8 33 RDY 

H3X 9 32 RDX 

H3Y 10 31 H50 

H4X 11 H51 

H4Y 12 H52 

H5X 13 Vee 

H5Y 14 WDf 

H6X 15 WU5 

H6Y 16 He 

HC 17 Ne 

He 18 VOOI 
H7X 19 VOD2 

H7Y 20 21 vcr 

TLlF/9407-1 

Top View 

Ceramic DIP 
·Order Number ,...A5018DC or ,...A5018RDC 

··see NS Package Number J40A 

Molded DIP 
·Order Number ,...A5018PC or ,...A5018RPC 

··see NS Package Number N40A 

·For most current order information, contact your local sales office. 

""For current package Information, contact product marketing. 
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28-Lead PLCC 

4321282726 
H2X 5 25 R{ii 

H2Y 6 24 we 
H3X 7 ROY 

H3Y 8 ROX 

H4X 9 HSO 

H4Y 10 H51 

H5X 11 HS2 

Tl/F/9407-3 

Top View 

Order Number ,...A5016QC or ,...A5016RQC 
See NS Package Number V28A 

28-LeadDIP 

HOX 1 2& GHO 

HOY 2 27 NC 

H1X 26 cs 
HIY 25 R{ii 

H2X 5 24 we 

H2Y 23 ROY 

H3X 22 ROX 

H3Y 8 21 HSO 
H4X 9 20 HSI 
H4Y 10 19 H52 

H5X 11 18 Vee 
H5Y 12 17 WDI 

vcr 13 16 WU5 

V0D2 14 15 VOO1 

TLlF/9407-5 

Top View 

Order Number ,...A5016DC or ,...A5016RDC 
See NS Package Number J28A 

Order Number ,...A5016PC or ,...A5016RPC 
See NS Package Number N28B 



Application Information 
5.0V 

100 pF 

Vee 
------..... --1wus 

------------~Rfo 

----------------~~ 

---------iHSO 
-----------------tHSl 
-----------------tHS2 

-----------------IWOI 

ROY 

1 kD. 1 kD. 

RWC 
..... -'\f\I'v---1 we 

..... ----IGNO 

12V 

RCT (NOTE 2) 

(NOTE 1) 

VOO1 VOD2 VCT (NOTE 4) 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4Y 

H4Y 

H5X 

H5Y 

H6X 

H6Y 

H7X 

H7Y 

TL/F/9407-7 

Note 1: An external %,W resistor, RCT, given by RCT = 90 (50/IW)fl, where Iw is in rnA can be used to limit internal power dissipation. Otherwise connect VOD2 to 
VDD1· 

Note 2: A ferrite bead (Ferroxcube 5659065/4A6) can be used to suppress write current overshoot and ringing induced by flex cable parasitics. 

Note 3: Limit DC current from RDX and ROY to 100 /LA and load capacitance to 20 pF. 

Note 4: Damping resistors required on DPSOI X only. 
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Pin Descriptions 
TABLE I. Description of Lead Functions 

Name Functions 

HSO-HS2 Head Select 

CS Chip Select: a low level enables device. 

R/W Read/Write: a high level selects read mode . 

WUS Write Unsafe: a high level indicates an unsafe 
writing position. 

WDI Write Data In: a negative transition toggles the 
direction of the head current. 

HOX-H7X X, Y Head Connections 
HOY-H7Y 

RDX,RDY X,Y Read Data: differential read signal out. 

WC Write Current: used to set the magnitude of 
the write current. 

VCT Voltage Center Tap: voltage source for head 
center tap. 

Vee +5.0V 

VOO1 +12V 

VOO2 Positive power supply for the center tap 
voltage source. 

GND Ground 

Circuit Operation 
The ""A510X/""A501XR functions as a write driver or as a 
read amplifier for the selected head. Head selection and 
mode control are described in Tables II and III. Both R/W 
and CS have internal pull-up resistors to prevent an acci
dental write condition. 

WRITE MODE 
The Write mode configures the ""A51 OX/ ""A501 XR as a cur
rent switch and activates the Write Unsafe Detector. Head 
current is toggled between the X- and V-side of the record
ing head on the falling edges of WDI, Write Data Input. Note 
that a preceding read operation Initializes the Write Data 
Flip-Flop, WDFF, to pass current through the X-side of the 
head. The magnitude of the write current, given by 

Iw = K/Rwc, where K = Write Current Constant 
is set by the external resistor, Rwc, connected from lead 
WCto GND. 

1-16 

HS2 

0 
0 
0 
0 
1 
1 
1 
1 

0= Low Level 

1 = High Level 

CS 

0 
0 
1 

TABLE II_ Mode Select 

R/W Mode 

0 Write 
1 Read 
X Idle 

TABLE III. Head Select 

HS1 HSO Head 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
0 0 4 
0 1 5 
1 0 6 
1 1 7 

Any of the following conditions will be indicated as a high 
levelon the Write Unsafe, WUS, open collector output. 

• Head open 
• Head center tap open 

• WDI frequency too low 
• Device In Read mode 
• Device not selected 

• No write current 
After the fault condition is removed, two negative transitions 
on WDI are required to clear WUS. 

READ MODE 
In the Read mode the ~510X/""A501XR Is configured as a 
low noise differential amplifier, the write current source and 
the write unsafe detector are deactivated, and the write data 
flip-flop is set. The RDX and ROY outputs are driven by 
emitter followers and are in phase with the "X" and "Y" 
head ports. They should be AC coupled to the load. 
Note that the internal write current source is deactivated for 
both the Read and the chip deselect mode. This eliminates 
the need for external gating of the write current source. 
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~National 
~ Semiconductor 

DP24H801 }-LA24H80 
Winchester Disk Servo Preamplifier 

General Description 
The DP24H801 ",A24H80 provides termination, gain, and im
pedance buffering for the servo read head in Winchester 
disk drives. It is a differential input, differential output design 
with fixed gain of approximately 100. The bandwidth is guar
anteed greater than 30 MHz. 

The internal design of the DP24H801",A24H80 is optimized 
for low input noise voltage to allow its use in low input Signal 
level applications. It is offered in 8-lead DIP, 10-lead flatpak, 
or SO-8 package suitable for surface mounting. 

Connection Diagrams 
8-Lead DIP and SO-8 Package 

+IN08 NC 
-IN 2 7 V+ 

NC 3 6 -OUT 

V- 4 5 +OUT 

Top View 

Ceramic DIP 
t Order Number ",A24H80RC 

:j: See NS Package Number J08A 

Molded Surface Mount 
t Order Number ",A24H80SC 

:j: See NS Package Number M08A 

Molded DIP 
t Order Number ",A24H80TC 

:j: See NS Package Number N08E 

TLlF/9408-1 

t For most current order information, contact your local sales office. 

:/: For current package information, contact product marketing. 

Features 
• Low input noise voltage 
• Wide power supply range (8V to 13V) 
• Internal damping resistors (1.3 kill 
• Direct replacement for SSI 101A, with improved per

formance 

10-Lead Ceramic Flatpak 

+IN- 1 

-IN- 2 

NC- 3 

V-- 4 

NC- 5 

Top View 

10 ~NC 

9 I-V+ 

8 I--OUT 

7 I-+OUT 

6 I-NC 

t Order Number ",A24H80FC 
:j: See NS Package Number F10B 

TL/F/9408-2 

Pin Descriptions 
Name Description of Functions 

v + Positive Differential Supply with Respect to V-

V - Negative Differential Supply with Respect to V + 
+ IN Positive Differential Input 

-IN Negative Differential Input 

+ OUT Positive Differential Output 

-OUT Negative Differential Output 

NC No Connection 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Internal Power Dissipation (Notes 1 & 2) 
contact the National Semiconductor Sales Office/ 8L-Ceramic DIP 1.S0W 
Distributors for availability and specifications. 8L-Molded DIP 0.9SW 

Storage Temperature Range SO-8 0.81W 

Ceramic DIP and Flatpak - 65·C to + 175·C 10L-Flatpak 0.79W 

Molded DIP and SO-8 - 65·C to + 150·C Supply Voltage 15V 

Operating Temperature Range O·Cto +70·C Output Voltage 15V 

Lead Temperature Differential Input Voltage ±10V 
Ceramic DIP and Flatpak Note 1: T J MAX ~ 150°C for the Molded DIP and 50·B. and 175°C for the 

(Soldering, 60 seconds) SOO·C Ceramic DIP and Flatpak. 
Molded DIP and SO-8 Note 2: Ratings apply to ambient temperature at 25°C. Above this tempera-

(Soldering, 10 seconds) 265·C ture, derate the BL-Ceramic DIP at B.7 mWrC, the BL-Molded DIP at 7.5 
mW rc, the 50-B at 6.5 mW rc, and the Flatpak at 5.3 mW rc. 

EJectrical Characteristics T A = 25·C, Vee = 8V to 1S.2V, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

G Gain (Differential) Rp = 1S0n, Vee = 12V 80 100 120 

(Note 4) 
Rp = 1S0n, Vee = 12V 
TA = O·Cto +70·C 

70 lS0 

BW Bandwidth (S.O dB) (Note 2) V, = 0.5 mVp_p SO 65 MHz 

R, Input Resistance 1040 lS00 1560 n 

C, Input Capacitance S pF 

V, Input Dynamic Range (Differential) Rp = 1 son, Vee = 12V S mVp_p 

Is Supply Current Vee = 12V 20 25 mA 

I:.VO Output Offset (Differential) Rp = lS0n, Rs = on 200 mW 

Vn Equivalent Input Noise Rs = on, BW = 4 MHz 
1.5 2 /LV 

(Notes 2 &S) 

PSRR Power Supply Rejection Ratio Rs = on, f = 5 MHz 
55 70 dB 

(Note 1) 

I:.G/I:.V Gain Sensitivity (Supply) Rp = 1 son, I:.Vee = ± 10% ±0.5 %/V 

I:.G/I:.T Gain Sensitivity (Temp) Rp = lS0n, T A = 25·C to + 70·C -0.1 %rC 

CMR Common Mode Rejection f = 5MHz 
60 75 dB 

(Note 1) (Input) 

Note 1: Tested at DC, guaranteed at frequency. Typ Max Unit Condition 
Note 2: Guaranteed, but not tested in production. S 4 ~V BW ~ 15MHz2 
Note 3: Equivalent input noise (additional specification): 0.B5 1.0 nV/,fHz BW ~ 15MHz2 

Typical Applications 
v+ 

Note 1: Leads shown for B-Iead DIP. 

RL RL 
Note 2: Req is equivalent load resistance. 

I 7 
RL· Req 

r~ 
Note 3: Rp ~ ---

SERV~ ~ ...... 5 RL + Req 

HEAD 1JP24H2. ~Cl-- Note 4: G ~ 0.77 Rp 
2 6 Where Rp ~ value from Note 3 (above) in ohms. 

4 

REO REO 

--
V- TLiF/940B-3 
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'?'A National 
~ Semiconductor 

DP25801 J-LA2580 
Winchester Disk Servo Preamplifier 

General Description Features 
The DP2580 provides termination, gain, and impedance 
buffering for the thin film servo read head in Winchester disk 
drives. It is a differential output design with fixed gain of 
approximately 250. The bandwidth is guaranteed greater 
than 30 MHz. 

• Low input noise voltage 
• Wide power supply range 
• Internal damping resistors 

Typ. 0.5 nV/JHz 
8V to 13V 

1 kO 

The internal design of the DP2580 is optimized for low input 
noise voltage to allow its use in low input signal level appli
cations. It is offered in 8-lead ceramic DIP, 10-lead Flatpak, 
and an 80-8 package suitable for surface mounting. 

Connection Diagrams 

8-Lead DIP and SO-8 Package 

+INOS NC 
-IN 2 7V+ 

NC 3 6 -OUT 

V- 4 5 tOUT 

Top View 

tOrder Number ,..A2580DC 
ttSee NS Package Number N08E 

tOrder Number ,..A2580SC 
ttSee NS Package Number M08A 

Pin Description 

TLlF/940S-1 

Name Function 

+ IN Positive Differential Input 

-IN Negative Differential Input 

NC No Connection 

10-Lead Ceramic Flatpak 

'-../ 
+IN- 1 10l-NC 

-IN- 2 9 i-V+ 

NC- 3 S i--OUT 

V-- 4 7 r-+OUT 

NC- 5 6 r-NC 

Top View 

tOrder Number ,..A2580FC 
ttSee NS Package Number F10B 

V- Negative Differential Supply with Respect to 
Vee 

+ OUT Positive Differential Output 

-OUT Negative Differential Output 

V+ Positive Differential Supply with Respect to Vee 

NC No Connection 

tFor most current order information, contact your local sales office. 
ttFor most current package information, contact product marketing. 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Internal Power Dissipation (Notes 1 and 2) 
contact the National Semiconductor Sales Office/ 8L-Ceramic DIP 1.3W 
Distributors for availability and specifications. 10L-Flatpak 0.79W 
Storage Temperature Range SO·8 15V 

Ceramic DIP and Flatpak - 65'C to + 175'C Supply Voltage 15V 
SO.a -65'C to + 150'C Output Voltage 15V 

Operating Temperature Range O'Cto +70'C Differential Input Voltage ±1V 
Lead Temperature Note 1: TJ Max = 15O'C for the SO-8. and 175'C for the Ceramic DIP and 

Ceramic DIP and Flatpak Flatpak. 
(Soldering, 60 seconds) 300'C Note 2: Ratings apply to ambient temperature at 25'C. Above this tempera· 

SO·8 ture, derate the 8L-Ceramic DIP at 8.7 mW/'C, the 10L-Flatpak at 5.3 

(Soldering, 10 seconds) 265'C mWI'C, and the S0-8 at 6.5 mW'C. 

Electrical Characteristics TA = 25'C, v+ - v- = 8Vto 13.2V, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

G Gain (Differential) Rp = lOOn, (V+) - (V-) = 12V 250 

BW Bandwidth (3 dB) V, = 0.5 mVp_p 30 65 MHz 

RI Input Resistance 300 n 

CI Input Capacitance 35 pF 

V, Input Dynamic Range (Differential) Rp = lOOn, (V+) - (V-) = 12V 1 mVpp 

Is Supply Current (V+) - (V-) = 12V 28 40 rnA 

l!.Vo Output Offset (Differential) Rs = on, Rp = loon 600 600 mV 

Vn Equivalent Input Noise BW = 4MHz 0.6 nVl.JHZ 

PSRR Power Supply Rejection Ratio Rs = on, f = 5 MHz 50 65 0.90 dB 

l!.G/V Gain Sensitivity (Supply) l!. (V+) - (V-) ±10%, Rp = lOOn 0.5 %/V 

l!.G/T' Gain Sensitivity (Temp.) T A = 25'C to 70'C, Rp = lOOn 0.16 %/'C 

CMR Common Mode Rejection (Input) f = 5MHz 60 70 dB 

Typical Applications (Notes 1-4) 

v+ 

RL RL 
1 7 

r~ SERVO~ 
..... 5 

DP258o» ~C~I HEAD ~ 
2 

" 6 " 
REQ REQ 

--v-
TLlF/9409-3 

Nate 1: Leads shown for 8-lead DIP. 
Nate 2: REO Is equivalent load resistance. 

Nate 3: Rp = :L • ~EO L + EO 
Note 4: G = 2.5 Rp 

Where Rp = value Note 3 (above) In n. 
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.-------------------------------------------------------------'c 
~National 
~ Semiconductor 
DP2460/DP2461, ,..,~2460/,..,A2461 Servo Control Chips 

General Description 
The DP2460 and DP2461 provide the analog signal pro
cessing required between a drive resident microprocessor 
and the servo power amplifier for Winchester disk closed 
loop head positioning. The DP2460 and OP2461 receive 
quadrature position signals from the servo channel; and 
from these, derive actual head seek velocity as well as posi
tion-mode off-track error. In the seek mode, the Digital to 
Analog Converter (DAC) is used to command velocity, while 
actual velocity is obtained by differentiating the quadrature 
position signals provided at V1 for external processing. The 
velocity signal (V2), obtained by integrating the motor cur
rent, is also available for extra damping, if desired. Further, 
the DAC may be used for detenting the hl!ail off-track for 
any purpose such as thermal compensation or soft-error re
!ries .. 

~onnection Diagrams 

28-Lead Ceramic DIP 

.'-/ 
DO - 1 28 V+ 

Dl- 2 27 DIRECTION IN/OUT 

D2 - 3 26 CLOCK IN 

D3 - -4 25 DAC OUT 

Do4-5 2-4 ~ MOTOR CUR-

D5 - 6 23 MOTOR CUR+ 

D6-7 22 VELOCITY 2 

D7 - 8 21 VELOCITY 1 

LATCH ENABLE - 9 20 POSITION OUT 

SEEK/fOLLQW - 10 19 ANALOG SW 

TRO- II 18 ANALOG SW 

TR2- 12 17 ~ QIN} QUAD 
TRl- 13 16 ~ N IN POSITION SIGNALS 

GND- 14 15 ANALOG COMMON 

TL/F/9410-1 

Top View 

tOrder Number p.A2460DC or p.A2461DC 
ttSee NS Package Number J28A 

tFor most current order Information, conlsct your local sales office. 

ttFor most current package information, conlsct product marketing. 
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Features 
ill Microprocessor compatible interface 

• Quadrature di-bit compatible 

• On board DAC 
• Velocity V1 derived from position signal 
Ii Velocity V2 derived from motor c~rrent 
• Quarter-Track-Crossing signal outputs 
• Minimal external components 
• Compatible with DP2470 demodulator 

28-Lead PLCC 

, 0 

D4- 5 

D5- 6 

D6- 7 

D7- 8 

LATCH ENABLE - 9 

SEEK/fOLLOW - 10 

TRO- 11 

4321282726 

12 13 14 15 16 17 18 

Top View 

25 r OAC OUT 

24 r MOTOR CUR-

23 r MOTOR CUR+ 

22 r VELOCITY 2 

21 t- VELOCITY 1 

20 t- POSITION OUT 

19 r ANALOG SW 

TL/F/9410-2 

tOrder Number p.A2460QC or ,...A2461QC 
ttSee NS Package Number V28A 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Internal Power Dissipation (Notes 1 and 2) 
contact the National Semiconductor Sales Office/ 2BL--Ceramic DIP 2.50W 
Distributors for availability and specifications. 2BL-PLCC 1.39W 
Storage Temperature Range Supply Voltage 15VMax 

Ceramic DIP -65'C to + 175'C Analog Common Voltage B.OVMax 
PLCC - 65'C to + 150'C All Inputs Vsupply Max 

Operating Temperature Range O'Cto +70'C Not. 1: TJ max - 150"C for the PLCC. and 175"C for the Ceramic DIP. 

Lead Temperature Note 2: Ratings apply to ambient temperature at 25"C. Above this tempera-

Ceramic DIP (Soldering, 60 sec.) 300'C 
ture. derate the 28L-Ceramlc DIP at 16.7 mWrC, and the 28L-PLCC at 
11.2 mWrC. 

PLCC (Soldering, 10 sec.) 265'C 

Electrical Characteristics 
TA = O'C to 70'C, Vcc = 12V, fClK = 2.0 MHz, Analog Common = 5.0V, unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

Digital 1/0 Input Voltage LOW O.B 

Input Voltage HIGH 2.0 
V 

Output Voltage LOW IOl = :i.5mA 0.45 

Output Voltage HIGH IOH = 40 ""A 2.4 

Input Load Current VI = OVtoVcc 0.2 mA 

Clock Input Input Comparator 
2.0 2.5 3.0 V 

Reference Level 

Input Impedance 15 20 kG 

DAC Linearity (Note 1) -1 1 LSB 

Resolution B.O bits 

Differential Nonlinearity Monotonicity Guaranteed 

Full Scale Output Voltage Direction in High 7.25 7.35 7.45 

Direction in Low 2.55 2.65 2.75 V 

Zero Scale Voltage 5.0 

Output Offset Voltage ±10 mV 

Settling TIme (Notes 2, 4) To % LSB All bits ON or OFF ""S 
Position Inputs Input Voltage Range 1.0 9.0 V 

Input Impedance 15 20 kG 

Analog Switch On Resistance VCM = OVto 12V 100 200 G 

Off Leakage (Note 3) 2.0 100 nA 

Position Output Output Voltage Swing Rl = 15k Follow Mode 1.0 9.0 V 

Voltage Gain 0.9 1.1 -
Output Offset Voltage ±20 mV 

Velocity Outputs Output Voltage Swing Rl = 15k 1.0 9.0 V 

Output Offset Voltage 

~ 
±20 

mV 
Vl 15 

Icc Positive Supply Vee = 13.2V 10 15 mA 

Iss Negative Supply VCC = 13.2V -15 -10 mA 

lAC Analog Common I -2.0 0 2.0 mA 

Vl-Differentiator Linearity fClK = 1.0 MHz to 4.0 MHz; 
0.25 % 

fN/Q s: 10 kHz 

V2-lntegrator Linearity fClK = 1.0 MHz to 4.0 MHz 1.0 % 
Not. 1: DAC Unearity la a function of the Clock frequency; Unearity at 1.0 MHz la typically ±Yz lSB. 
Note 2: DAC Settling Time Is approx. 5.0 p.a, plus a delay of maximum 32 X Clock period I.e., 5 + 32 p.s at Clock - 1.0 MHz Minimum could be 5.0 p.s. 
Note 3: Equivalent to 50 Mn. 
Note 4: Guarantaed, but not teated In production. 
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Pin Description 
Pin 

Name Function 
No. 

Pin Name Function 
No. 

INPUTS OUTPUTS 

1-8 DAClnput Programs DAC output. 11 Track 20 TTL signal whose frequency is 8 
Word (Do-D7) 00000000 = Analog Command (TAO) times N (or 0). 

Lead 1 = LSB Lead 8 = MSB 
12 Track 22 TTL signal indicating N > Q (for 

9 Latch Allows present DAC input word to be (TA2) DP2460). TTL signal whose 
Enable latched. frequency is 2 times N (or Q) (for 

10 Seek/Follow Configures the feedback loop for DP2461). 

Mode either seeking or track·following. 13 Track 21 TTL signal indicating N > Q (for 
(High = Seek. Low = Follow) (TA1) DP2460). TTL signal whose 

14 Ground frequency is 4 times N (or Q) (for 
DP2461). 

15 Analog Analog signal reference input level 
Common (5.0V) 18 Analog Analog switch to be used externally 

Switch for changing from seek to follow. 
16 N Normal position input signal. 19 Analog 
17 Q Quadrature position input signal. Switch 

23 Motor Motor current sense input to motor 20 Position Analog signal representing sensed 
Current + current integrator. Output off track ampitude. 

24 Motor 21 Velocity 1 Analog output representing velocity 
Current - processed from position signals N 

26 Clock 4.0 MHz (maximum) input square 
andO. 

wave. 22 Velocity 2 Analog output representing the 

27 Direction Changes the polarity of DAC output 
integral of motor current. 

In/Out from positive to negative consistent 25 DACOutput Used to command velocity and 
with the desired direction of head position. 
motion. 

28 V+ 12Vsupply 

• 

TUF/9410-3 

FIGURE 1. Head Actuator Control System 
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Functional Description 

N-It-.... 

QUADRATURE 
POSmON 
SIGNALS 

CLOCK IN 

ANALOG 

TRACK/ 
SUB-TRACK 

OUT 

DIREcnON IN/OUT 

LATCH DAC IN 
ENABLE r-. ---"----, 

DAC OUT 

.. _____ +. PosmON 
OUT 

~~ }~ r...;.;.-.;.--.;1+-----I-+ CURRENT 
SEEK/FOLLOW-+--L..-----..;....---....L---+j _ SENSE 

IN 
V+ 

ANLG COM 

GND 

L... _______ ~~ VELOCITY 2 

I------------t+ VELOCITY 1 

TL/F/941 0-4 

FIGURE 2. Block Diagram 
Figure 2 shows a block diagram of the DP2460/DP2461 The input signals Nand Q are quadrature quasi triangular 
Servo Controller. waveforms with amplitudes of ± 2.5V nominal referenced to 

POWER SUPPLY AND REFERENCE REQUIREMENTS 
The DP2460/DP2461 is designed to operate from a single 
supply of 10V to 12V. Also required is a reference voltage of 
5.0V called Analog Common which serves two functions; all 
analog signals will be referenced to this voltage and in addi
tion the internal DAC will use it to set full scale. 

A clock signal must be provided as a reference for the inter
na� switched capacitor position differentiator and motor cur
rent integrator. The clock signal should be a sine or square 
wave between Analog Common and ground at a maximum 
frequency of 4.0 MHz. 

All digital inputs and outputs are TTL compatible levels ref
erenced to ground. 

INPUT SIGNALS AND TRACK CROSSING OUTPUTS 
The input format selected for position feedback is consist
ent with a large class of sensors that generate two cyclical 
output signals displaced in space phase by 90 degrees 
(quadrature signal pairs). These sensors include resolvers. 
inducto-syns, optical encoders, and most importantly. servo 
demodulators designed for rigid diSk head position sensing. 

2-10 

Analog Common. The periods of the input signals are subdi· 
vided by internal comparators and logic and sent to the 
Track Crossing outputs To, T 1, and T 2. The relationship of 
these outputs to the inputs Nand Q is shown in Figure 3a 
(for DP2460) and Figure 3b (for DP2461). 

Note that different servo patterns may yield different num
bers of track centerlines for each period of the quadrature 
signal pair. The relationship of To. T 1. and T 2 to Nand Q is 
independent of track centerlines. leaving the correct inter
pretations to the microcontroller. 

DAC 
The DAC is an S-bit, buffered input. voltage output digital to 
analog converter. The output voltage with an input code of 
all zeros is equal to Analog Common. Full scale is equal to 
Analog Common ±2.35V. The polarity depends on the Di
rection In Signal; Direction In High will result in a positive 
DAC output. 

The DAC enable line when high will cause the DAC's input 
buffer to become transparent. i.e. input data will affect the 
output voltage immediately. When DAC enable is brought 



Functional Description (Continued) 

I I 
I I I I I 
I I I I I I 

TO 0 0 0 0 0 0 0 0 

T1 1 0 0 0 0 0 0 

T2 0 0 0 0 0 0 1 1 

Tl/F/9410-5 

FIGURE 3a. Track Crossing Outputs (for DP2460) 

low the data present on the input lines will be latched and 
any further changes to the input data will not change the 
output voltage. The DAC functions in both Seek and Follow 
Mode. During Seek Mode the DAC output is used as ave· 
locity reference. In Follow Mode the DAC output can be 
summed into the position reference signal to offset the 
heads from track center. 

ANALOG SWITCH 

An uncommitted single pole single throw analog switch with 
an ON resistance of approximately 1000. is provided. This 
switch is ON during Follow Mode. 

MODE SELECT 

The two major intended operating modes for the DP2460 
are controlled by the microcontroller via the SEEK/FOL
LOW input. Mode Select input high enables Seek Mode, low 
enables Track Follow Mode. 
SEEK, when asserted by the microcontroller along with DI
RECTION and a non-zero VELOCITY value as inputs, caus
es the actuator system to accelerate in the requested direc
tion. During the ensuing motion, the actuator system will 
come under velocity feedback control. The velocity feed
back signal is created by differentiation of the quadrature 
position signals and, additionally, by integration of motor 
current. 

FOLLOW, the negation of SEEK, changes the feedback 
loop to a track-following or position mode. Position servos 
are typically second order systems and without loop com
pensation are potentially unstable. External components are 
used, along with the DP2460, to achieve stable track follow-

2-11 

I 
I I I I 
I I I I I I I I I I 

TO 0 0 0 0 0 0 0 0 

T1 0 0 0 1 0 0 1 0 

T2 0 0 0 0 0 0 0 

TUF/9410-6 

FIGURE 3b. Track Crossing Outputs (for DP2461) 

ing performance. Velocity information (V1) is made available 
as an output in this mode to aid in stabilizing certain loops. If 
non-zero data is supplied to the velocity latches in this 
mode, it will result in a track offset in the direction indicated 
by DIRECTION IN/OUT. Figure 4 shows typical seek opera
tion. 

POSITION OUTPUT 

When the DP2460/DP2461 is set to Seek Mode the signal 
from Position Output lead is shown in Figure 5. This signal is 
made by switching the position inputs, (N and 0) through an 
inverter if required, (N and 0) to the output using the track 
crossing signals .. It can be used, if desired, to interpolate 
between DAC steps by attenuating it and summing it with 
the DAC output. 

Track Follow Mode is entered when the heads are near the 
end of a seek, usually within one half to one track away from 
the target track centerline. The final setting to the track cen
ter is done by the position loop. 

When the device is switched to Follow Mode, the position 
input signal (N, N, 0 or 0) that is currently selected to the 
output is latched and the Position Out signal follows the 
selected position input signal until the device is switched 
back to Seek Mode. This implies that the switch to Follow 
Mode must not be made until the signal that will be the 
correct Position error signal for the target track is present at 
the output. If track centers are defined as the zero crossings 
of both Nand 0 this means that the switch to Follow Mode 
must be made less than one-half track away from the target 
track. (This is with respect to the convention of 4 tracks per 
encoder cycle, so switching must be done within 90' of the 
period of N or 0.) 
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Functional Description (Continued) 

DAC OUT 

VELOCITY 
VI 

C01L 
CURRENT 

SEEK TACK FOLLOW 

FIGURE 4. Typical Seek 

VELOCITY OUTPUTS 

TUF/9410-7 

There are two analog signal outputs representing velocity. 
The first (Vl) is derived by differentiating the position input 
signals. The entire differentiator is on-chip. using switched 
capacitor techniques and requires no external components. 

The transfer function of the differentiator is: 

Vo = dv/dt (input) X 14.3/f (clock) Hz 

As an example; a 10 kHz triangular signal pair into Nand Q 
of 6.0V peak-to-peak amplitude (dv/dt = 120 kVls) would 
result in a velocity voltage output of 1.716V referenced to 
Analog Common with a clock of 1.0 MHz. The polarity will 
be positive if N is leading Q by 90 degrees and negative if Q 

OAC OUT 

N AND Q INPUTS 

N 
N~~~~~~~~~~~~~~~~ 

Q 

TL/F/9410-8 

FIGURE 5. Position Output during Seek Mode 

is leading N. This block functions during both Seek and Fol· 
low modes. 

The second velocity output is obtained by integrating a volt
age proportional to the current in the motor using the follow
ing function: 

dv/dt (out) = V (+ lin - - lin) X 2 X 10-4 f (clock) Hz. 

The motor current integrator output is clamped to Analog 
Common during Follow Mode and is released at the initia
tion of a seek. 

Figure 6 shows a typical application setup for the Servo 
Control chip. 

VEL 11-----.... 
SWITCH 
MATRIX 

ERROR 
SIGNAL 

PORT 1 8 - eITS DAC IN VEL 21------+1 
DP2460 

MICROCONTROLLER POS OUT 

3 - eITS TRK OUT 

PORT 2 

FIGURE 6. Typical Application Setup 
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~National 
~ Semiconductor 
2470A Servo Demodulator 

General Description 
The new 2470A servo demodulator decodes the quadrature 
di-bit pattern from the dedicated servo surface providing po
sition and data information. 

Features 
• Quadrature positions signals 
• Phase locked to servo pattern with embedded lock indi-

cation 
• Track data and track clock for data encoding 
• AGC amplifier with 36 dB range 
• Servo fields to 400 kHz 
• Compatible with the 24H80 servo preamp and 2460 

servo control chip 
• Standard 5V and 12V supplies 
• New phase detector eliminates jitter due to dropped 

sync's 

Connection Diagrams 

SHCAP3 

SYNCAP 

VCCO 

OIVPAG2 

28-Pln Molded DIP 

14 

Top View 

OIVPAGI 

SHCAP2 

COMPOUT 

SHCAPI 

VREF 

SHCAP4 

QOUl 

NOUT 

VEE 

t Order Number 2470PC 
:t See NS Package Number N28B 

TLfFf9411-1 

t For most current order Information, contact your local sales office. 

* For most current package Information, contact product markating. 

• New lock detector uses sync pulse location to deter
mine sync. Dropped pulses are not out of sync condi
tions. 

• New ±20% VCO with extended frequency capability 
(>30 MHz) 

• New totem pole TTL outputs 
• New sync detector eliminates one shot multivibrator 

setting 
• New sample and hold circuits eliminate output droop 

and glitching of the quadrature circuits 
• New reference centers the quadrature outputs in the 

12V supply 
• New sync window controller prevents erroneous pulses 

from reaching the phase detector for a second level of 
jitter prevention 

VCAPI 

RSET 

CURPRG 

RATE1 

RATE2 

ClK 

VCAP2 

28PLCC 

25 INP 

24 AGel 

23 OIVPAGI 

22 SHCAP2 

21 COMPOUl 

20 SHCAPI 

19 VREF 

TlfFf9411-2 

Top View 
t Order Number 2470QC 

:t See NS Package Number V28A 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Seles Office/ 
Distributors for availability and speclflcetlons. 

Storage Temperature -65'Cto + 175'C 

Operating Temperature O"Cto +70"C 
Lead Temperature 

Ceramic DIP (10 sec.) 300"C 

Internal Power Dissipation 2.5W 

Supply Voltage Vcco 6V 

Supply Voltage VCCA 15V 

2470A Electrical Specification TA = 25'C. Vcco = 5V. VVCCA = 12V 

Parameter I CondlUons I Min I Typ I Max I Units 

AGC AMPLIFIER 

Max Voltage Gain Input Freq. = 1 MHz 46 dB 
AGCRange Input Freq. == 1 MHz 40 dB 
Frequency Response 10 MHz 
Input Voltage Range 30 300 mV 
Output Voltage 3.5 Vpp 

QUADRATURE OUTPUTS 

Output Voltage RL = 20k 3.0 Vpp 
Output Impedance 100 n 
Output Offset Voltage 20 mV 
Common Mode Voltage 6 V 

VOLTAGE REFERENCE 

Output Voltage 

I I I 
6 

I I 
V 

Output Current 5 mA 

SYNC DETECTOR 

SYNCAP = 15.2E-6/(Frame Rate) in Farads 

Frame Rate Span -50% " . +100% 

Phase Detector &:Charge Pump 

Gain Po & CHGPMP. Kpo ICH/6.28 Amps/Rad 

CURPRG Pin Voltage to ICH 6.95E-4 AmpslV 

Vco 

Center Frequency = 0.20833/(RSET x VCAP) in Hz 

K(Vco) = 0.3 X Center Frequency in HzlV 

Tuning Range -20% +20% 

Max Frequency CEXT= 7pF raet = 350 40 MHz 

Logic 

0.8Vt03.6V 

Risetime 10%-90% 9 ns 

Falltime 10%-90% 4 ns 

DIVIDER TABLE 

DIVPAG1 DIVPAG2 RATIO 
0 0 32 
1 0 64 
0 1 96 
1 1 128 

Power Supply Ratings 

Vcco(5V) I I I 75 I I 
mA 

VCCA(12V) 35 mA 
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Features of the 2470A Servo Demodulator 
1) The sync detecting operation is based on the servo 3) The new lock detector ignores dropped pulses in testing 

disk's own timing and eliminates the need to precisely for in and out of lock conditions. Should a sync pulse 
set a resistor-capacitor time constant for the di-bit de- appear the detector records whether or not it appeared 
tecting one shot timer. The new circuit uses a single low in the normal sync window. The lock detector uses four 
precision capacitor. consecutive sync pulses either all out or all in the sync 

2) The phase detector has a linear phase vs. output detec- window to determine lock status. The lock detector en-

tion scheme as an improvement over the one shot abies and disables the aperature control for the phase 

scheme. The circuit performs no detection for dropped detector and the sync data detector. 

sync pulses and when in lock as defined by the lock 4) The 2470A has a VCO with improved performance. It 
detector, it will only detect in a predefined window. has> 30 MHz operation and a restricted tuning range of 
These features eliminate jitter caused by dropped pulses ±20%. Tuning circuits will reduce jitter due to parasitic 
and/or bad servo areas on the disk. Also eliminated are couplings into the VCO. 
the phase detector external components. 5) New sample hold circuits for the Nand Q decoders elimi-
Out of lock conditions require acquisition aids to achieve nate the droop in the Nand Q outputs. The sample holds 
lock. Should a sync pulse show outside the sync window are opened immediately after the peak detection is com-
(2 of 32 counts in a servo field), aperature control circuits plete. This eliminates droop induced offsets and glitch-
realign the sync pulse with the sync window by resetting ing. 
the decoder and enlarge the next window to find a sync 6) TIL totem pole outputs eliminates the need for resistive 
pulse with the VCO's ± 20% tuning range. The limited pull up for the output. SWitching times of 10 ns are 
range on the VCO prevents 2X locks. The aperature con- achieved. 
trol prevents the dropped pulse ignoring phase detector 

7) The analog reference is 6V. Centering in the 12V supply 
from achieving non-integral false locks. The window re-

lines is easier. The 6V reference maintains compatibility 
alignment and enlargement is disabled during lock to 

with the 2460 servo controller and the 24H80 preamp. 
prevent erroneous sync pulses from upsetting the de-
coder. 

List of Lead Functions 
Lead I Name I Function 

INPUT SIGNALS 

23 DIVPAG1 Programs the prescaler for the VCO 
4 DIVPAG2 Divide ratios are 32, 64, 96 and 128 

7 CURPRG Voltage sets PLL charge pump bias current 

15 VEE Ground OV 

3 VCCD +5Vsupply 

28 VCCA +12Vsupply 

25 INP CompOSite inputs to the AGC amplifier 
26 INN 

OUTPUTS 

13 TRKClK Clock output for data during lock, TIL 

14 TRKDAT Data from dropped sync pulses TIL 

10 ClK VCO output TIL 

21 COMPOUT Output of AGC amplifier @8.2V CM 

19 VREF 6V reference for Nand Q outputs 

16 NOUT Normal position signal @6V CM 

17 QOUT Quadrature position signal @6V CM 
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List of Lead Functions (Continued) 

Lead I Name Function 

EXTERNAL COMPONENTS 

2 

5-11 

8-9 

27 

24 

12 

6 

20,22, 
1,18 

SERVO 
INPUT 

SYNC PUMP 
CAPACITOR 

SYNC Drr 
APERATURE 

SYNCAP 

VCAP1 &2 

Rate 1 &2 

BALBYP 

AGC1 

AGC2 

RSEl 

SHCAP1 .•. 4 

Timing capacitor for the sync detector 

VCO timing capacitor 

PLL loop filter 

DC offset restore filter capacitor. 

AGC system loop filter 

Bypass capacitor for AGC system 

Sets the VCO bias currents I < 2 mA 

Four sample. hold capacitors 

sYNC PULSE n 
REoov~m ~ 1 ____________________________________ __ 

TLlF/94"-3 

The sync pulse gate Is triggered by Ihe sync det aperature and Is locked open unlll the sync goes to zero. The locking mechanism prevents clipping the 
negative edge of Ihe sync. 

FIGURE 1. Sync Detector Diagram 

SERVO 
INPUT 

LOCKm 

TRKCLK ______ ~n~ ____________________________ __ 
TRKDAT X 90TH DATA AND SYNC PULSES ARE PRESENT 

------ DATA AND/OR SYNC PULSES ARE MISSING 

UNLOCKED 
HI 

TRKCLK 

TRKDAT 
LO 

TL/F/94"-4 

FIGURE 2. Track Data Output Information 
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.---------------------------------------------------------------------------~ ~ 

INP 

INN 

VREF 

AGe (1..2) 
BALBYP 

COMPOUT 

TRKDAT 

TRKClK 

SYNCAP 

SHCAP(I .. 4) 
NOUT 
QOUT 

FIGURE 3. 2470A Block Diagram 

This test circuil runs at about a 136 kHz frame rate 

~:400PF 
• 2470W 
SHCAP3 VCCA 

SYNCAP BAlBYP 
5V II 75 pF -- *O.II'F 

VCCD INN 

~ 
DIVPAG2 INP 

VCAPI AGCl 
350 

-= RSET DIVPAGI 

;! 5.1k -- CURPRG SHCAP2 

750 0jO~I'F 510 
:~125pF H II 510 

RATEt COt.lPOUT 

-=::- II RATE2 SHCAPI 
_ VCO_ClOCK -= 01~'I'F 
~ ClK VREF 

VCAP2 SHCAP4 

O.331'F 

~~ AGe2 QOUT 
_ TRACK-CLOCK -
~ TRKCLK NOUT 
_ TRACK-DATA 

TRKDAT VEE --
DIVPAGI and DIVPAG2 ar. TTL divider controls. 

e.g. 10, 01,11 are divided by 1,2,3,4 respectively. 

SYNCAP (Min) = 7.6 "IF (Field Rate) 

TRKClK and TRKDAT are high and low respec
tively when unlocked. 

I(RSET) < 2 rnA II 
SYNCAP = (1.5 ... 2) = SYNCAP (Min) ICH = 695 "AN = V(CURPRG) 

Sample hold caps (4) are a balance of smoothing 
vs speed. 

FIGURE 4. 2470A Test Circuit 

2-17 

CURPRG 
MATE (1 •• 2) 

DIVPAG(I .. 2) 

-~I TO.'~ -

o.I~LII - a 
O.II'F :1 a 
0.33/.1F II 

II 

12V 

VCAP(I •• 2) 
RSET 
CLK 

TL/F/9411-5 

4O~~1-: -:..::- COMP OSllLOUT - --
400 pF II---::J.-

II _ 
VREF - --

400pF :~ 

UT - ~ -
--: 
!!;;.? UT -

4-
TL/F/94"-6 

K(PD + CHGPMP) = ICH/(2 = PI) 

F(CENTER) = 5/(24 x RC) 

F' = ('1\,) X F(CENTER) 

~ 

• 
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~National 
~ Semiconductor 
DP8464B Disk Pulse Detector 

General Description 
The DP8464B Disk Pulse Detector utilizes analog and digital 
circuitry to detect amplitude peaks of the signal received 
from the read/write amplifier fitted with the heads of disk 
drives. The DP8464B produces a TIL compatible output 
which, on the positive leading edge, indicates a signal peak. 
Electrically, these peaks correspond to flux reversals on the 
magnetic medium. The signal from the read/write amplifier 
when reading a disk is therefore a series of pulses with 
alternating polarity. The Disk Pulse Detector accurately rep
licates the time position of these peaks. 

The DP8464B Disk Pulse Detector has three main sections: 
the Amplifier, the time channel and the gate channel. The 
Amplifier section consists of a wide bandwidth amplifier, a 
full wave rectifier and Automatic Gain Control (AGC). The 
time channel is made from the differentiator and its follow
ing bi-directional one shot, while the gate channel is made 
from the differential comparator with hysteresis, the D flip
flop and its following bi-directional one shot. 

The Disk Pulse Detector is fabricated using an advanced 
oxide isolated Schottky process, and has been designed to 
function with data rates up to 15 Megabits/second. The 
DP8464B is available in either a 300 mil wide 24-pin dual-in
line package or a surface mount 28-pin plastic chip carrier 

Block Diagram 

package. Normally, it will be fitted in the disk drive, and its 
output may be directly connected to the DP8461 or the 
DP8465 Data Separator. 

Features 
• Wide input signal amplitude range-from 20 mVpp to 

660 mVpp differential 
• Data rates up to 15 Megabits/sec 2,7 code 
• On-chip differential gain controlled amplifier, differentia

tor, comparator gating circuitry, and output pulse 
generator 

• Input capacitively coupled directly from the disk head 
read/write amplifier 

• Adjustable comparator hysteresis 
• AGC and differentiator time constants set by external 

components 
• TIL compatible digital Inputs and Outputs 
• Encoded Data Output may connect directly to the 

DP8461 or DP8465 Data Separator 
• Standard drive supply: 12V±10% 
• Available in 300 mil wide 24-pin dual-in-line package or 

a surface mount 28-pin plastic chip carrier package 

Pin 5-No connection 

+12V GATE TIME 
R. Co Pin 8-No connection 

AMP OUT CHANNEL CHANNEL 
INPUT INPUT 

19 18 
" 22 

.. I Z4 

_'{~"SV 4V 

CAGC_+-,----1 

iiWl VREF DIBITAL ANAUIG 
WRffE GROUND GROUND 

Note: All pin numbers in this data sheet refer to the 24-pln dual·ln·line package. 
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IV 

15 

SET CHANNEL 
HYSTEIIESIS ALIGIIMENT 

OUTPUT 

10 

SET 
PULSE 
WIDTH 

TUF/5283-7 

• 



m 
~ 
CD 
Go 
CI 

Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Storage Temperature -65'C to + 150'C 
contact the National Semiconductor Sales Office/ Lead Temp. (Soldering, 10 seconds) 300'C 
Distributors for availability and specifications. Maximum Power Dissipation at 25'C 

Pins Umlt 
. Molded DIP Package 

Supply Voltage 9 14V 
TIL Input Voltage 11,13 5.5V 

(derate 15.6 mW I'C above 25'C) 1950mW 

TIL Output Voltage 12,14,15 5.5V Plastic Chip Carrier Package 

Input Voltage 3,4 5.5V (derate 12.5 mW I'C above 25'C) 1560mW 

Minimum Input Voltage 3,4 . -0.5V 
Operating Conditions . Differential Input 6-7,21-22, 3Vor ~3V 

Voltage 2-23 Symbol Parameter Min Typ Max Units 

ESD Susceptibility (see Note 5) Vee Supply Voltage 10.8 12.0 13.2 V 

TA Ambient Temperature 0 70 'C 

DC Electrical Characteristics Over Recommended Operating Temperature and Supply Range VREF = 
0.5V, Set Hysteresis = 0.3V. Read/Write = 0.3V unless otherwise noted. All Pin Numbers Refer to 24 Pin Dual-In-Llne 
Package. 

Symbol I Pins I Parameter I Conditions I Min I Typ I Max I Units 

AMPLIFIER 

ZINAI 6,7 Amp In Impedance TA = 25'C 0.75 . 1.0 1.25 kO 
(Note 1) 

AVMIN 18,19 Min Voltage Gain AC Output 4 Vpp 6.0 VIV 
Differential 

AVMAX 18,19 Max Voltage Gain AC Output 4 Vpp 200 VIV 
Differential 

VCAGC 16 Voltage on CAGC Av = 6.0 4.5 5.5 V 
Av = 200 2.8 3.7 V 

GATE CHANNEL 

ZINGCI 21,22 Gate Channel Input TA = 25'C 1.75 2.5 3.25 kO 
Impedance (Note 1) 

ICAGC- 16 Pin 16 Current which VPIN 16 = 3.9V -1.5 -2.5 -3.5 mA 
Charges CAGC IVPIN21-

VPIN22 1 = 1.3 Vec 

ICAGC+ 16 Pin 16 Current which VPIN16 = 5V 1 5 /LA 
Discharges CAGC 1 VPIN21-

VPIN 221 = 0.7 Vec 

IVREF 4 VREF Input Bias -20 -100 /LA 
Current 

VTHAGC 22,21 AGC Threshold (Note 2) 0.88 1.0 1.12 V 
4,16 VPIN 16 =4.2V 

ISH 3 Set Hysteresis Input -60 -100 /LA 
Bias Current 

VTHSH 22,21 Set Hysteresis (Note 3) 0.48 0.6 0.72 V 
3,15 Threshold 

TIME CHANNEL 

ZINTC 2,23 Time Channel Input TA = 25'C 3.5 5.0 6.5 kO 
Impedance (Note 1) 

ICd 24 Current into Pin 1 and 1.4 1.8 2.50 mA 
24 that Discharges 

Cd 
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DC Electrical Characteristics Over Recommended Operating Temperature and Supply Range VREF = 
0.5V, Set Hysteresis = 0.3V. Read/Write = 0.3V unless otherwise noted. All pin numbers refer to the 24 pin dual-in-line 
package. (Continued) 

Symbol I Pins I Parameter I Conditions I Min I Typ I Max I Units 

WRITE MOOE 

ZINAI 6,7 Amp In Impedance VPIN 11 =2.0V 50 250 n 
in Write Mode 

leAGe- 16 Pin 16 Current VPIN 11 =2.0V 1 5 IJ.A 
in Write Mode VPIN 16 =3.9V 

IVPIN21-
VPIN 221 = 1.3 Voe 

OIGITAL PINS 

VIH 11,13 High Level Input 2 V 
Voltage 

VIL 11,13 Low Level Input O.S V 
Voltage 

VI 11,13 Input Clamp Vee = Min -1.5 V 
Voltage II = -1SmA 

IIH 11,13 High Level Input Vee = Max 20 IJ.A 
Current VI = 2.7V 

II 11,13 Input Current at Vee = Max 1 mA 
Maximum Input VI = 5.5V 
Voltage 

IlL 11,13 Low Level Input Vee = Max -200 IJ.A 
Current VI = 0.5V 

VOH 12,14, High Level Output Vee = Min 2.7 V 
15 Voltage 10H = -401J.A 

(Note 4) 

VOL 12,14, Low Level Output. Vcc = Min 0.5 V 
15 Voltage 10L = SOOIJ.A 

(Note 4) 

los 12,14, Output Short Vee = Max -100 mA 
15 Circuit Current VO= OV 

ICC 9 Supply Current Vee = Max 54 75 mA 

AC Electrical Characteristics Over Recommended Operating Temperature and Supply Range • Symbol Pins Parameter Conditions Typ Max Units 

OP8464B-2 14 Pulse Pairing (See Pulse Pairing Set Up) ±1.5 ±3 ns 
tpp 

OP8464B-3 14 Pulse Pairing (See Pulse Pairing Set Up) ±2 ±5 ns 
Ipp 

Note 1: The temperature coefficient of the Input Impedance is typically 0.05% per degrea e. 
Note 2: The AGC Threshold Is defin8d as the voltsge across the Gate Channel Input (pins 21 and 22) when the voltage on CAGe (pin 16) Is 4.2V. 

Note 3: The Set Hysteresis Threshold Is defined as the minimum differential AC signal across the Gate Channel Input (pins 21 and 22) which causes the 
voltsge on the Channel Alignment Output (pIn 15) to change state. 
Note 4: To prevent inductive coupling from the digital outputs to Amp In, the TIL outputs should not drive more than one ALS TIL load each. 
Note 5: The following pins did not meet the 2000V ESO test with the human body model, 120 pF thru 1.5 kll: Pins 1. 2,3,10,11,12,14,21,24. 
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Pulse Pairing Set Up 

O.3V 

V'" 

T1 

r€J11 

12.DV 

50 F 

~ 
D.3V 

DP8464B-2 
f = 3.33 MHz and 1.25 MHz 
VIN = 40 mVpp Differential 
VREF = 0.44V 
Co=68pF 
Ro = 300n 

DP8464B·3 
f = 2.5 MHz 
VIN = 40 mVpp differential 
VREF = 0.50V 
Co =50 pF 
Ro = 430n 

Filter 
R1 = 240n 

C1 = 15 pF 

L1 = 4.7 p.H 

R2 = 680n 

C2 = 100pF 

Cd lid 

1 1:0+ 1:0-" 

2 TIIIEIN+ lIME 1M· 23 

3 SErHYST. GAlE IN 22 

4 WREF UlEINZ1 

"'ALDB aROUND aD 

AMP OUT- 19 

AMPOUT+ 18 

DIG. BRDUND 17 

• Vee Cgc 11 

II IllP.W. CH .... AUDN OUT 11 

n IIDD"IWRIT£ EHCDDEO DATA 14 

12 nMEPULlEDUT nMEPUL.IN 13 

This is a 3 pole Bessel with the corner frequency at 7.5 
MHz. 

TLlF/5283-4 

D.DM 0.01,., 

.". •• 

• Transformer (Tl) is 
Tektronix CT-2 current 
probe or equivalent 

Pulse Pairing Measurement 

TL/F/5283-3 

Connect a scope probe to pin 14 (Encoded Data Out) and 
trigger off its positive edge. Adjust the trigger holdoff so the 
scope first triggers off the pulse associated with the positive 
peak and then off the pulse associated with the negative 
peak (as shown in the scope photo below). Pulse pairing is 
displayed on the second pair of pulses on the display. If the 
second pulses are separated by 4 ns, then the pulse pairing 
for this part is ± 2 ns. 

Circuit Operation 
The output from the read/write amplifier is AC coupled to 
the Amp Input of the DP8464B. The amplifier's output volt
age is fed back via an external filter to an internal fullwave 
rectifier and compared against the external voltage on the 
VREF pin. The AGC circuit adjusts the gain of the amplifier 
to make the peak to peak differential voltage on the Gate 
Channel Input four times the DC voltage on VREF. Typically 
the Signal on Amp Out will be set for 4 Vpp differential. 
Since the filter usually has a 6 dB loss, the signal on the 
Gate Channel Input will be 2 Vpp differential. The user 
should therefore set 0.5V on VREF which can be done with a 
simple voltage divider from the + 12V supply. 

The peak detection is performed by feeding the output of 
the Amplifier through an external filter to the differentiator. 
The differentiator output changes state when the input pulse 
changes direction, generally this will be at the peaks. How
ever, if the signal exhibits shouldering (the tendency to re
turn to the baseline), the differentiator will also respond to 
noise near the baseline. To avoid this problem, the Signal is 
also fed to a gating channel which is used to define a level 
either side of the baseline. This gating channel is comprised 
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Circuit Operation (Continued) 

of a differential comparator with hysteresis and a D flip-flop. 
The hysteresis for this comparator is externally set via the 
Set Hysteresis pin. In order to have data out, the input am
plitude must first cross the hysteresis level which will 
change the logic level on the D input of the flip-flop. The 
peak of the input Signal will generate a pulse out of the 
differentiator and bi-directional one shot. This pulse will 
clock the new data at the D input through to the output. In 
this way, when the differentiator is responding to noise at 
the baseline, the output of the D flop is not changing since 

the logic level into the D input has not changed. The com
parator circuitry is therefore a gating channel which pre
vents any noise near the baseline from contaminating the 
data. The amount of hysteresis is twice the DC voltage on 
the Set Hysteresis pin. For instance, if the voltage on the 
Set Hysteresis pin is O.SV, the differential AC signal across 
the Gate Channel Input must be larger than O.6V before the 
output of the comparator will change states. In this case, 
the hysteresis is SO% of a 2V peak to peak differential sig
nal at the gate channel input. 

Connection Diagrams 
Dual-In-Llne (DIP) Package 

CD+ CD-

TIME CHANNEL INPUT + TIME CHANNEL INPUT -

SET HYSTERESIS GATE CHANNEL INPUT 

VREf BATE CHANNEL INPUT 

NO CONNECTION ANALOG GROUND 

AMP IN + AMP OUT -

AMP IN - AMP OUT + 

NO CONNECTION DIGITAL GROUND 

Vee CAGe 

SET PULSE WIDTH 
CHANNEL 
ALIGNMENT OUTPUT 

READ/WRITE ENCODED DATA OUTPUT 

TIME PULSE OUT TIME PULSE IN 

Top View 

Order Number DP8464BN-3 or DP8464BN-4 
See NS Package N24C 

Plastic Chip Carrier (PCC) Package 

VREf HYSTs:JESlS TIMEIN+ Co+ Co- TIME IN- IlATEIH 

432.2827 
NC 5 1 

NC 8 

AMPIN+ 7 

AMPIN- 8 

NC 9 

VCC 10 

NC n 

TDPVIFM 

12 

BATE IN 

24 AIIAUIfl GND 

23 AMPOUT-

22 AMPOUT+ 

21 NC 

20 DIGITAL DNO 

19 CAGC 

SET 11m/WRITE TIME TIME ENCOOBI CHAII n NC 
PULSE PULSE PULSE DATA ALIGN 
WIDTH OUT IN 

TLlF/5283-2 

TL/F/5283-30 

Order Number DP8464BV-S or DP8464BV-4 
See NS Package V28A 
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Pin Definitions CD 
"'It 
CD (All pin numbers refer to the 24 pin dual-in-line package) 
D. 
ell Pln# Name Function 

Power Supply 
9 Vee The supply is +12V±10%. 

17 Digital Digital signals should be referenced 
Ground to this pin. 

20 Analog Analog signals should be referenced 
Ground to this pin. 

Analog Signals 
6 Ampln+ These are the differential inputs to 
7 Amp In- the Amplifier. The output of the read/ 

write head amplifier should be capac-
itively coupled to these pins. 

18 AmpOuH These are the differential outputs of 
19 Amp Out- the Amplifier. These outputs should 

be capacitively coupled to the gating 
channel filter (if required) and to the 
time channel filter. 

22 Gate These are the differential inputs to 
21 Channel the AGC block and the gating chan-

Inputs ne!. These inputs must be capacitive-
Iy coupled from the Amp Out. 

2 Time These are the differential inputs to 
Channel the differentiator in the time channel. 
Input + In most applications, a filter between 

23 Time the Amp Out (pins 18 and 19) and 
Channel these inputs is required to band limit 
Input- the noise and to correct for any 

phase distortion introduced by the 
read circuitry. In all cases this input 
must be capacitively coupled to pre-
vent disturbing the DC input level. 

1 Cd+ The external differentiator network is 
24 Cd- connected between these two pins. 

3 Set The DC voltage on this pin sets the 
Hysteresis amount of hysteresis on the differen-

tial comparator. Typically this voltage 
can be established by a simple resiS-
tive divider from the positive supply. 

4 VREF The AGC circuit adjusts the gain of 
the amplifier to make ttie differential 
peak to peak voltage on the Gate 
Channel Input equal to four times the 
DC voltage on this pin. This voltage 
can be established by a simple resis-
tive divider from the positive supply. 

5 No connection 
8 No connection 

16 CAGe The external capacitor for the AGC is 
connected between this pin and Ana-
log Ground. 
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Pln# Name Function 

Digital Signals 
10 Set Pulse An external capacitor to control the 

Width pulse width of the Encoded Data Out 
is connected between this pin and 
Digital Ground. 

11 Read/Write If this pin is low, the Pulse betector is 
in the read mode and the chip is ac-
tive. When this pin goes high, the 
pulse detector is forced into a stand-
by mode. This is a standard TIL in-
put. 

12 Time This is the TIL output from the bi-di-
Pulse rectional one shot following the dif~ 
Out ferentiator. In most applications this 

can be connected directly to the 
Time Pulse In. 

13 Time This is the TIL input to the clock of 
Pulse the D flip-flop. Usually this is con-
In nected directly to the Time Pulse Out 

pin. 

15 Channel This is the buffered output of the dif-
Alignment ferential comparator with hysteresis. 

This is usually used in the initial sys-
tem design and is not used in produc-
tion. 

14 Encoded This is the standard TIL output 
Data Out whose leading edge, indicates the 

time position of the peeks. 

Application. Information 
GENERAL DESCRIPTION 

All pin numbers refer to 24 pin dual-in-line package. 

The DP8464B Disk Pulse Detector utilizes analog and digital 
circuitry to detect, amplitude peaks of the signal received 
from the Read/Write Amplifier. The analog signal from a 
disk is 1I series of pulses, the peaks of which correspond to 
l's or flux reversals on the magnetic medium. The pulse 
detector must· acCurately determine the time position of 
the~ peaks. The peaks are indicated by the positive lead
Ing edge of a TIL compatible O!ltput pulse. This task is com
plicat~d by variable pulse amplitui:les depending on the me
Ilia type, head position, head type and read/write amplifier 
circuit gain. Additionaily, as the bit density on the disk in
creases, the amplitude decreases and significant bit interac
tion occurs resulting in pulse distortion and shifting of the 
peak~. . 

The graph in F/fJu(9 1. shows how the pulse amplitude varies 
with the.nulTlber of flux reversals per inch (or recording den
sity) for a given head disk system. The predominant disk 
applications a,re associated with the first two regions on this 
graph, Regions 1 and 2. Typical waveforms received by the 
pulse detector for these regions are shown next to the 
graph. 



Application Information (Continued) 

Region 1 is the high resolution area characterized by a large 
spread between flux reversals and a definite return to base
line (no signal) between these peaks. Pulses of this type are 
predominantly found in drives which use either thin film 
heads or plated media, or in drives which utilize run length 
limited codes (like the 2,7 code) which spread the distance 
between flux reversals. 

A Region 2 waveform will vary from a tendency to return to 
the baseline (called shouldering) to almost sinusoidal at the 
higher frequencies. These pulses come from drives which 
use limited frequency codes (such as MFM). The pulses 
may contain shouldering on the outer tracks of the disk and 
be nearly sinusoidal on the inner tracks since the flux densi
ty increases towards the inner track. 

Detecting pulse peaks of waveforms of such variable char
acteristics requires a means of separating both noise and 
shouldering-caused errors from the true peaks. In the past, 
mild shoulder-caused errors were blocked by self-gating cir
cuits (such as the "de-snaker"). These circuits fail when 
shouldering is extensive, hence the need for the DPB464B 
which includes a peak sensing circuit and an amplitude sen
sitive gating channel in parallel. 

The main circuit blocks of the DP8464B are shown in Figure 
2. The output from the read/write amplifier is fed directly to 
the Amp Input of the DP8464B. This is the input of a Gain 
Controlled Amplifier. The amplifier's output voltage is fed 
back via an external filter to an internal fullwave rectifier and 
compared against the external voltage on the VREF pin. The 
AGC circuit adjusts the gain of the amplifier to make the 
peak-to-peak differential Gate Channel input voltage four 
times the DC voltage on VREF. 

The peak detection is performed by feeding the output of 
the Gain Controlled Amplifier through an external filter to 
the differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this will 
be at the peaks. However, if the signal exhibits shouldering 
(the tendency to return to the baseline) as seen in Region 1 
and the upper part of Region 2, the differentiator will also 
respond to noise near the baseline. To avoid this, the signal 
is also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel com
prises a differential comparator with hysteresis and a D flip
flop. The hysteresis for this comparator is externally set via 
the Set Hysteresis pin. In order to have valid data out, the 
input amplitude must first cross the hysteresis level. This will 
change the logic level on the D input of the flip-flop. The 
peak of the input signal will generate a pulse out of the 
differentiator and bi-directional one shot. This pulse will 
clock in the new data on the D input, which will appear at 
the Q output. In this way, when the differentiator is respond
ing to noise at the baseline, the output of the D flop is not 
changing since the logic level into the D input has not yet 
changed. The comparator circuitry is therefore a gating 
channel to prevent any noise near the baseline from con
taminating the data. 

The amount of hysteresis is twice the DC voltage on the Set 
Hysteresis pin. For instance, if the voltage on the Set Hys
teresis pin is O.3V, the differential Gate Channel Input must 
be larger than O.6V (± O.3V) before the output of the com
parator will change states. The Time Pulse Out, Encoded 
Data, and Channel Alignment Output are designed to drive 1 
standard TIL gate. 

REGION 1 WAVEFORM A 1\1\1\/ 
/r\TVV 

REGION 2 WAVEFORM A. I\AAI 
rVV\TV 

1.00 1------__ 
i 0.75 

~ 
~ 0.50 
i 

0.25 

REGION 1 

TL/F/52B3-5 

O~--------------~----~----~~--~ 
BIT DENSITY (BPI) 

TLlF/52B3-6 

FIGURE 1_ Pulse Amplitude vs. Bit Density with Typical Waveforms 
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Application Information (Continued) 

GAIN CONTROLLED AMPLIFIER 

The purpose of the Gain Controlled Amplifier is to increase 
the differential input signal to a fixed amplitude while main
taining the exact shape of the input waveform. The Gain 
Controlled Amplifier is designed to accept input signals from 
20 mVpp to 660 mVpp differential and amplify that signal to 
4 Vpp differential. The gain is therefore from 6 to 200 and is 
controlled by the automatic gain control (AGC) loop. The 
amplifier output is actually capable of delivering typically 5 
Vpp differential output but the parts are only tested and 
guaranteed to 4 Vpp. 

The input to the Gain Controlled Amplifier is shown in Figure 
3. The value of the input capacitors should be selected so 
that the pole formed by the coupling capacitor and the 1 k 
bias resistor is a factor of 10 lower than the lowest signal 
frequency. These input bias resistors have a ± 20% toler
ance and a temperature coefficient of 0.05% per degree C. 
When the pulse detector is in the write mode, these bias 
resistors are automatically shunted by 4250. resistors. This 
allows the input circuit to recover quickly from the large tran-

- - -I ~--
FROM 
READ AMP IN 

AMPUFIER 

--i~--

sients encountered during a write to read transition. The 
input impedance to the amplifier is therefore 1 k during read 
operations and 300n during write operations. 

The output of the Gain Controlled Amplifier is shown in Fig
ure 4. The outputs are biased at (12V - (0.75 mA x 2.4k) 
- 0.75V) or 9.5V. Since each output will swing ± 1V (4 Vpp 
differential), each output pin will swing from S.5V to 10.5V. If 
the total differential load placed on the output is 1 k, (see 
Figure 5) then the circuit must supply 2V 11 k or 2 mAo Since 
the output is class A, external resistors to ground must be 
used to provide the sink current. In this case, in order to sink 
2 mA at the lowest voltage, then (S.5V 12 mAl or an external 
4.3k resistor from each output to ground is required. Note 
that the circuit has additional margin since the internal 2 mA 
current sources were not included in the calculation. Typi
cally the output impedance of the Gain Controlled Amplifier 
is 170., and the -3 dB bandwidth is greater than 20 MHz. 

lk 

6.5V 

lk 

TL/F/5283-8 

FIGURE 3. Input to Gain Controlled Amplifier 
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FIGURE 4. Output of Gain Controlled Amplifier 
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Application Information (Continued) 

AUTOMATIC GAIN CONTROL (AGC) 

The Automatic Gain Control holds the signal level at the 
Gate Channel Input at a constant level by controlling the 
gain of the Gain Controlled Amplifier. This is necessary be
cause the amplitude of the input signal will vary with track 
location, variations in the magnetiC film, and differences in 
the actual recording amplitude. The Gain Controlled Amplifi
er is designed for a maximum 4 Vpp differential output. To 
prevent the Gain Controlled Amplifier from saturating, the 
VREF level must be set so the maximum amplifier output 
voltage is 4 Vpp. The AGC will force the differential peak-to
peak signal on the Gate Channel Input to be four times the 
voltage applied to the VREF pin. Normally some kind of filter 
is connected between the Gain Controlled Amplifier's output 
and the Gate Channel Input. Typically this filter has a 6 dB 
insertion loss in its pass band. Since the AGC holds the 
amplitude at the Gate Channel Input constant, this 6 dB loss 
through the Gate Channel filter will cause the Gain Con
trolled Amplifier's output to be 6 dB larger than the Gate 
Channel Input. 

The AGC loop starts out in the high gain mode. When the 
input signal is larger than expected, the AGC loop will quick
ly reduce the amplifier gain so the peak-to-peak differential 
voltage on the Gate Channel Input remains four times the 
voltage on VREF. If the input amplitude suddenly drops, the 
AGC loop will slowly increase the amplifier gain until the 
differential peak-to-peak Gate Channel Input voltage again 
reaches four times VREF. The AGC loop requires several 
peaks to react to an increased input Signal. In order to re
cover the exact peak timing during this transition, the VOUT 
level must be set somewhat lower than the maximum of 
4 Vpp. For instance, if the VREF is 0.5V, and if the loss in the 
gate channel filter is 6 dB, then the Amp Output is 4 Vpp. If 
the Amp Input suddenly increases 30%, the amplifier may 
saturate and the timing for a few peaks may be disturbed 
until the AGC reduces the amplifier gain. If the peak detec-

tion is critical during this time, the system may fail. The prop
er operation, for this example, is to set the VREF at 0.35V so 
the amplifier will not saturate if the input suddenly increases 
30%. 

A simplified circuit of the AGC block is shown in Figure 6. 
When the full wave rectified signal from the Gate Channel 
Input is greater than VREF, the voltage on the collector of 
transistor T1 will increase and charge up the external ca
paCitor CAGe through T2. The typical available charging cur
rent is 2.5 mA. Conversely, if this input is less than VREF, 
transistor T2 will be off, so the capacitor CAGe will be dis
charged by the base current going into the Darlington T3 
and T4. This discharge current is approximately 1 ,...A. The 
voltage across CAGe controls the gain of the Gain Con
trolled Amplifier. This voltage will vary from typically 3.4V at 
the highest gain to 4.5V at the lowest gain. 

When the AGC circuit has not received an input signal for a 
long time, the base current of the Darlington will discharge 
the external CAGe to 3.4V. The amplifier will now be at its 
highest gain. When a large signal comes in, the external 
CAGe will be charged up with the 2.4 mA from T2 thereby 
reducing the gain of the amplifier. The formula, I = C x 
(dV Idt) can be used to calculate the time required for the 
amplifier to go from a gain of 200 to a gain of 6. For in
stance, if CAGe = 0.01 ,...f, the charging current I is 2.4 mA, 
and the dV required for the amplifier to go through its gain 
range is 1.1V, then 

dt = (0.01,...F x 1.1V)/(2.4mA)or4.6,...s. 

In reality, the gain does not change this quickly since the 
CAGe would only be charging during a portion of the input 
waveform. 

By using the same argument, the time required to increase 
the amplifier gain after the input has been suddenly reduced 
can be calculated. This time, the discharging current is only 
1 ,...a so 

dt = (0.01,...F x 1.1V)/1 ,...A)or11 ms. 

INTERNAL6.5V ---------41--.... ---------_----~ 
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~INPUT 
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FIGURE 6. Simplified AGC Circuit 
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Application Information (Continued) 

This time can be decreased by placing an external resistor 
across the CAGe. For instance, if a 100k resistor is placed in 
parallel with CAGe, then the discharge current is 40 /JoA. The 
time required to increase the amplifier gain is now 40 times 
faster or 275 p.s. If this external resistor is made even small
er, say 10k, then the discharge time will go to 27.5 /Jos. Now 
however, there is another problem introduced. The re
sponse time of the AGC is so fast that it distorts the signal 
at the output of the Gain Controlled Amplifier. Distortion of 
the signal at the Amplifier Output can affect the time posi
tion of the peaks of this signal. Be sure to check this distor
tion over the range of input levels you expect to encounter, 
when choosing the external Rand C values for the AGC. 

If the value of the bleed resistor across the CAGe is de
creased (in order to equalize the AGC attack and decay 
times) the value of CAGe must be increased in order to 
maintain an AGC response that does not distort the signal. 
There is a second order effect on the amplitude that results 
from this attack and decay time equalization. Referring to 
Figure 2, notice that the AGC is driven from a full wave 
rectified version of the Gate Channel Input signal. When the 
AGC is operated normally (ie. fast attack and slow decay) 
the voltage that appears across CAGe is the peak detected 
value of this full wave rectified waveform. However, if you 
equalize the AGC attack and decay times the voltage 
across CAGe Is the RMS voltage (0.707 times the peak) of 
the full wave rectified waveform. Thus, the voltage across 
CAGe is less and the amplitude out of the Gain Controlled 
Amplifier will consequently be 1.4 times larger. 

It is possible to externally drive the CAGe pin to control the 
gain of the amplifier. It must be noted that the gain of the 
amplifier is not always exactly 200 when the voltage on 
CAGe is 3.4V. The transfer curve between the gain of the 
amplifier and the voltage on CAGe is only approximate. This 
transfer curve will vary between parts and with temperature. 
Care should be taken to prevent the voltage on the CAGe 
pin from going below ground or above 5.5V. Figure 7 shows 
a typical curve of the Gain Controlled Amplifier Gain vs. the 
voltage across CAGe (Vpin 16.) 

300 r-...,.....,.......,.-r-...,.....,..-.., 

2&0 ~::+~~,-l-W 
~ 200 

Iii 150 I--l--I--f-i--l--I-""" 
!:j 

~ 100 I--l--I--f--tl--l--I-""" 

50 I-+-+-+-+I\~-I--l 
\ .... -0L-~~~~~~== 

2.00 2.40 2.80 3.20 3.&0 4.00 4.404.80 

VPIN 16 (VOLTS) 
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FIGURE 7. Gain Controlled Amplifier Gain vs. Vpln 16 

It is possible to change the time constant of the AGC circuit 
by switching in different external components at the desired 
times. For instance, as shown in Figure 8, an external open 
collector TIL gate and resistor can be added in parallel with 
CAGe to decrease the AGC response time. Similarly, an ex
ternal capacitor could be switched in to increase the re
sponse time. Since in the absence of an external resistor 
the discharge time of CAGe is much longer than the attack 

time there may be some applications where it is desirable to 
switch in a parallel resistor to quickly discharge CAGe then 
switch it out to force a quick attack. Because of the quick 
attack time, the AGC obtains the proper level quicker than it 
would had CAGe Simply been allowed to discharge to the 
new level. 

There are some applications where it is desirable to hold the 
AGC level for a period of time. This can be done by raising 
the READ/WRITE pin. This will shut off the input circuitry, 
and it will take time (about 2.5 /Jos) for the circuit to recover 
when going back into the read mode. Figure 9 shows a 
method to hold the AGC level while remaining in the read 
mode (which could be used in embedded servo applica
tions). If the voltage on VREF is raised to 3V, then the ampli
fier output voltage cannot get large enough to turn on the 
circuitry to charge up CAGe. For this to work properly, there 
can not be a large discharge current path (resistor in parallel 
with CAGel across CAGe. The AGC block can be bypassed 
altogether by connecting VREF to 3V. In this way, the user 
can use his own AGC circuit to drive the CAGe pin directly. 

OPEN 
COLLECTOR 

OP8484B 
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FIGURE 8, Circuit to Decrease AGC Response Time 

OPEN 
COLLECTOR 

.. po- -po-

FIGURE 9. Circuit for AGC Hold 

READ/WRITE 

TL/F/5283-14 

In the normal read mode, the signal from the read/write 
head amplifier is in the range of 20 mVpp to 660 mVpp. 
However, when data is being written to the disk, the signal 
coming into the analog input of the pulse detector will be on 
the order of 600 mV. Such a large signal will disturb the 
AGC level and would probably saturate the amplifier. In ad
dition, if a different read/write amplifier is selected, there will 
be a transient introduced because the offset of the pream
plifiers are not matched. A READ/WRITE input pin has 
been provided to minimize these effects to the pulse detec
tor. This is a standard TIL input. 

When the READ/WRITE pin is low, the pulse detector is in 
the read mode. When the READ/WRITE pin is taken high, 
three things happen. First, the 1 k resistors across the AMP 
IN pins are shunted by 3000 resistors, as described previ
ously in the Gain Controlled Amplifier section. Next, the am
plifier is squelched so there is no signal on the Amp Output. 
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Application Information (Continued) 

Finally, the previous AGC level is held. This AGC hold func
tion is accomplished by not allowing any current to charge 
up the external CAGC. The voltage across this capacitor will 
slowly reduce due to the bias current into the Darlington 
(see Figure 6) or through any resistor placed in parallel with 
CAGC. Therefore, as described in the Automatic Gain Con
trol section, the gain of the amplifier will slowly increase. All 
of these three events happen simultaneously. 

When the READ/WRITE input is returned low, the pulse 
detector will go back to the read mode in a specific se
quence. First of all, the input impedance at the Amp In is 
returned to 1 k. Then, after approximately 1 fLs, the Gain 
Controlled Amplifier is taken out of the squelch mode, and 
finally approximately 1 fLs after that, the AGC circuit is 
turned back on. This return to the read mode is designed to 
minimize analog transients in order to provide stable opera
tion after 2.5 fLs. It is very important that the analog input be 
stable before the chip is returned to the read mode. It is 
recommended that other than when writing, the Pulse De
tector be in the read mode at all times in order to prevent 
the 2.5 fLs delay from slowing up the system. The READ/ 
WRITE pin may be connected to the Write Gate output of a 
controller (such as the DP8466 Disk Data Controller). 

TIME CHANNEL FILTER 

The peak detection is performed by feeding the output of 
the Gain Controlled Amplifier through an external filter to 
the differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this will 
be at the peaks. The differentiator can also respond to 
noise near the baseline, in which case the comparator gat
ing channel will inhibit the output. The purpose of the exter
nal filter is to bandwidth limit the incoming signal for noise 
considerations. Care must be used in the design of this filter 
to ensure the delay is not a function of frequency. For this 
reason, a high order Bessel filter with its constant group 
delay characteristics can be used in this application. Often, 
this filter must be specifically designed to correct errors in
troduced by the non-ideal phase characteristics of the input 
read head. The typcial - 3 dB point for this filter is around 
1.5 times the highest recorded frequency. The design of this 
filter is complex and will not be discussed here. However, 
the following discussion does give a feel for some of the 
considerations involved in the filter design. The reader is 
referred to reference #3 listed at the end of the Applica
tions Notes for further filter design information. 

Figure 10 shows a typical Region 1 waveform where there is 
no bit interaction. This waveform is primarily the sum of the 
fundamental frequency and its 3rd harmonic (higher odd 
harmonics are present when there is more shouldering). 

If the filter is to preserve this wave shape (this would be the 
case if no read/write head phase compensation were nec
essary) then the phase relationship between the fundamen
tal frequency and its harmonics must not be altered. Figure 
11 shows the output when the 3rd harmonic has the proper 
magnitude, but the phase relationship is not maintained. 
The result is that the output waveform is not the same 
shape as the input (in a severe case it may be almost unrec
ognizable) and the time position of the peaks has been al
tered. 

One electrical parameter which describes how well a filter 
will preserve a wave shape is called group delay. Group 
delay is defined as the change in phase divided by the 
change in frequency. If the group delay is constant over the 

TL/F/528S-15 

FIGURE 10. Typical Region 1 Waveform 

TL/F/528S-16 

FIGURE 11. Region 1 Waveform with 
the Incorrect Phase Relationship 

frequencies of interest, then the wave shape will be main
tained. An MFM coded signal will contain three basic fre
quency components for the various digital patterns of data. 
For instance, a 10 Megabit/sec MFM signal will consist of 
analog frequencies of 2.5 MHz, 3.33 MHz and 5 MHz. On 
the outer track the bit density is the lowest and the 5 and 
3.33 MHz Signals will look sinusoidal while the 2.5 MHz sig
nal will have a tendency to return to the baseline. This re
turning to the baseline is called shouldering and is illustrated 
in Figure 10. Since this shouldering is rich in 3rd harmonic
the 2.5 MHz Signal will have a strong 7.5 MHz component. 
The 10 Megabit/sec MFM signal will therefore have 
2.5 MHz, 3.33 MHz, 5 MHz, and 7.5 MHz components which 
must be filtered with constant group delay in order to repro
duce the original waveform. For example, if the phase shift 
through the filter at 2.5 MHz is 33.3', then at 3.33 MHz the 
phase shift must be 44.3', at 5 MHz-66.6', and at 

7.5 MHz-99.9'. The group delay ~~ for this case is 

13.32' /MHz. This can be better interpreted as a time delay. 
33.3' of a 2.5 MHz signal is equivalent to (33.3/360) X 
(1/2.5 MHz) or 37 ns. Similarly, 66.6' on a 5 MHz signal is 
(66.6/360) X (1/5 MHz) = 37 ns. 

The third order Bessel Filter as shown in the 10 Mbit/ sec. 
pulse pairing measurement board on the data sheet is de
signed for a constant group delay and a -3 dB point of 
7.5 MHz. At this frequency the delay through the filter is 35 
ns. The Gain Controlled Amplifier of the DP8464B is de
signed for a group delay of a 7.8 ns ± 0.5 ns for frequencies 
up to 7.5 MHz. The 7.8 ns delay in the Gain Controlled 
Amplifier and the 37 ns delay in the Bessel Filter do not 
introduce any timing error, only a delay of 44.3 ns from the 
Amp Input to the output of the filter. 

DIFFERENTIATOR 

A simplified circuit of the first stage of the differentiator is 
shown in Figure 12. The voltages at V3 and V4 are simply 
two diodes down from V1 and V2. Therefore the voltage 
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Application Information (Continued) 
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FIGURE 12. Simplified Differentiator First Stage 

across the external differentiator network (Cd in series with 
Rd) is the differential input voltage Vl - V2. When Rd is 
zero, the current through Cd is I = C X (dV/dt) or Cd X 
(dVIN/dt). The 02 collector current is the sum of the 1.8 mA 
current source plus the current through Cd or 

1.8 mA + Cd X (dVIN/dt). 

Similarly, the 03 collector current is 

1.8 mA - Cd X (dVIN/dt). 

Therefore, the differentiator output voltage, VS - V6, is 

1.Sk X 2 X Cd X (dVIN/dt). 

The input is at a peak when VS - V6 = OV. 

The differentiator network (Cd and Rdl should be selected 
so the maximum current into the differentiator network is not 
greater than the minimum current of 11 and 12 over tempera
ture. In the electrical specifications, the minimum current is 
specified for 1.4 mA (ICd Current into Pin 1 and 24 that 
discharges Cd). For example, the highest analog frequency 
in a 10 Megabit/sec, MFM signal is S MHz. Since the AGC 
loop has forced the input to the differentiator to 2 Vpp 
(which includes the 6 dB loss of the filter), then the voltage 
across the capacitor (assuming Rd is 0) is: 

VIN = 1 X sin(2 X 1T" X SE6 X t) 

and 

dVIN/dt = 1 X 2 X 1T" X SE6 X cos(2 X 1T" X SE6 X t) 

and the maximum slope is 

(dVIN/dt)max = 1 X 2 X 1T" X SE6 = 314ES V/sec. 

For this example, Cd can now be calculated. Since I = C X 
(dV/dt), then for I = 1.4 mA, dV/dt = 314ES, then the 
maximum Cd must equal4S pF. From this example, a follow
ing simple design equation for the value of Cd can be de
rived. 

where 

Cd is the maximum external differentiator capacitor in pF 

VIN is the peak to peak differential Time Channel input 
voltage 

fmax is the maximum analog frequency in MHz 

Note that this is the maximum value for the capacitor when 
the series resistor Rd is zero. The value of the capacitor can 
be increased if a series resistor is used, but the maximum 
current through the differentiator network must not exceed 
1.4 mAo If too large a value for Cd is used, the delay through 
the differentiator will become dependent on frequency. This 
will not show up in a single frequency test such as a test for 
pulse pairing. 

For the MFM code, the maximum analog frequency is % the 
data rate. For the %(2,7) code, the maximum analog fre
quency is V3 the data rate. The above sinusoidal analysis is 
valid as long as the highest frequency on the outer track is 
nearly sinusoidal. If, however, there is significant shoulder
ing of this signal then the value of Cd should be reduced 
accordingly. 

The following table summarizes the value of Cd to use for a 
2 Vpp differential signal to the time channel input. 

Data Rate Code Maximum Frequency Cd 

S mbits/sec MFM 2.S MHz 90pF 

S mbits/sec 2,7 1.6 MHz 140pF 

10 mbits/sec MFM S.O MHz 4SpF 

10 mbits/sec 2,7 3.3 MHz 67pF 

As noted above, the value of the capacitor can be increased 
if a series resistor is used, but the maximum current through 
the differentiator network must not exceed 1.4 mAo For ex
ample, the components used in the Pulse Pairing Setup 
(see AC Electrical Specifications) are for a typical 10 Mbits/ 
sec MFM drive. The combination of the Cd of SO pF and the 
Rd of 430n gives a combined impedance of 768n at the 
highest frequency of S MHz. This gives a maximum current 
of 1.3 mA-well below the 1.4 mA limit. 

A resistor is placed in series with Cd in order to bandlimit the 
differentiator response. This resistor also has an effect on 
the phase linearity of the differentiator. An ideal differentia
tor produces an output that is 90 degree phase shifted from 
the input regardless of the input frequency. The presence of 
the series resistor produces an output phase shift that is 
less than 90 degrees and changes with the input frequency. 
This resistor can be used to correct for frequency related 
phase problems encountered elsewhere in the read path. 
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To properly decode the information on the disk, the read 
channel must determine if there is a peak (or a "I ") during a 
period of time called a detection window. The detection win
dow for MFM and the (2,7) code is 

1/(2 x data bit rate). 

This detection window must accommodate errors in many 
parts of the system including filters, data separator, and 
peak shift variations in the data pattern. The pulse pairing of 
the DP6464B should be included in the error budget calcu
lation. 

Unequal delays through the bi-directional one shots will 
contribute to pulse pairing. To minimize this effect, pin 2 
should be connected to 22 and pin 23 should be connected 
to 21. If connected this way, the delays tend to cancel. For 
the PCC Package, Pin 26 to Pin 2, and Pin 25 to Pin 27. 

DIFFERENTIAL COMPARATOR WITH HYSTERESIS 

The actual peak detection is done in the time channel with 
the differentiator. Unfortunately, the differentiator not only 
responds to signal peaks but also responds to noise at the 
baseline. In order to prevent this noise from generating false 
data, the signal at the output of the Gain Controlled Amplifi
er is also passed through a gating channel which prevents 
any output change before the input signal has crossed an 
established level. This gating channel comprises a differen
tial comparator with hysteresis and a D flip-flop. The hyster
esis for this comparator is set externally via the Set Hystere
sis pin. The amount of hysteresis is twice the voltage on the 
Set Hysteresis pin. For instance, if the voltage on the Set 
Hysteresis pin is 0.3V, the differential input signal must be 
larger than 0.6V{ ± 0.3V) before the output of the compara
tor will change states. The 0.6V hysteresis represents 30% 
of a typical 2V differential input signal level to the 

gating channel. The hysteresis level is usually set between 
15% to 40% of the differential input signal. 

The operation of the gating channel is shown in Figure 13. 
At the top is a typical Region 1 waveform which exhibits 
shouldering on the lowest frequency and is almost sinusoi
dal on the highest frequency. In this example, this waveform 
is fed to both the timing and the gating channel. The hyster
esis level (of about 25%) has been drawn on this waveform. 
The second waveform is the output of the differentiator and 
its bi-directional one shot. This is the waveform on the Time 
Pulse Out pin. While there is a positive edge pulse at each 
peak, there is also noise at the shoulders. In this example, 
the Time Pulse Out is connected directly to the Time Pulse 
In without any external delay. This output is therefore the 
clock for the D flip-flop. 

The third waveform in Figure 13 is the output of the Compar
ator with Hysteresis which goes to the D input of the flip
flop. The true peaks are the first positive edges of the Time 
Pulse Out which occur after the output of the comparator 
has changed states. The D flip-flop will "clock" in these 
valid peaks to the output bi-directional one shot. Therefore, 
the noise pulses (due to the differentiator responding to 
noise at the baseline) just "clock" in the old data through 
the flip-flop and the output does not change. 

The Q output of the flip-flop drives the output bidirectional 
one-shot which generates the positive edges corresponding 
to the peaks. The width of the data pulses can be controlled 
by an external capaCitor from the Set Pulse Width pin to 
ground. This pulse width can be adjusted from 20 ns to Vz 
the period of the highest frequency. Typical values for this 
capaCitor are 20 pF for a 25 ns pulse width to 100 pF for a 
100 ns pulse. 

INPUT ...,...-.,.~+-.....:!I"":---If-+-~.q-"""'~--..,. 

TIME PULSE OUT ~~&.IIIII"I-&&....u;IiI.Io..&.l*""''''''''''.milfoo'''''ut ... ...: 

0 

0 

0 0 0 0 0 0 ENCODED DATA _ ..... 0 ... _ ..... ___ ...... _ .. _____ ..... .-
TLlF/5283-19 

FIGURE 13. Time and Gate Channel Operation for Region 1 Signals 

3-17 

• 



mr-------------------------------------------------~ 

i 
~ c 

Application Information (Continued) 

PULSE DETECTOR OPERATION IN REGIONS 1 AND 2 

Figure 14 shows the input waveform for the lowest frequen
cy followed by the highest frequency for an MFM code. In 
MFM the highest frequency is twice the lowest frequency. 
The outer track has the least flux changes per inch (FCI) 
and is illustrated in the waveforms at the top. There is so 
much room between the pulses that the signal returns to the 
baselin~ for the lowest frequency while there is shouldering 
at the highest frequency. As you go towards the inner track, 
the pulses become more crowded and bit interaction oc
curs. At the third curve down (N x 1.7 FCI), there is shoul
~ering at the lowest frequency while the highest frequency 
IS almost sinusoidal. At higher bit densities, the lowest fre
quency looks sinusoidal, while the highest frequency is de
creasing in amplitude. In Figure 14, the first three wave
forms are examples of Region 1 operation (very little 
change in amplitude with frequency). The last two wave
forms are examples of Region 2 operation. 

In a disk system, the bit density changes about a factor of 
1.7 between the inner and the outer track. For instance, if 

No1.0 FCI A J\AAL 
rr\fVV 

No13FCI A 1\ 1\ 1\ I . rrV\{V 

No1.7FCI A A 1\ 1\ I 
/VVVV 

No22FCI A A A A I . T\Tvvv 
No2.9 FCI /\ 1\ J\ J\ , ]V vvv 

TL/F/5283-20 

FIGURE 14. MFM F-2F Pulse Waveforms 
for Various Flux Changes per Inch 

the input waveform for the F-2F signal on the inner track of 
a system looks similar to waveform #4 in Figure 14 (N x 
2.2 Fel), then the outer track will have a bit density that is 
approximately N x 2.2/1.7 or N x 1.3 Fel. This is shown in 
the second waveform. Tracks half the way in will have a bit 
density of the average between the inner and outer tracks 
in this case N x 1.7 FCI which is illustrated in the third 
waveform. Note that the analog waveforms change consid
erably with track location. Self-gating circuits (Udesnakers") 
can be used in MFM systems which operate in these last 
three curves (from N x 1.7 Fel to N x 2.9 Fel). If the Fel 
becomes much less, the shouldering on the lowest frequen
cy willl~t in too much noise. If the Fel is increased, the peak 
resolution gets very poor. Now we can compare these 
waveforms to longer run length limited codes. 

Figure 15 shows the analog waveform for the lowest fre
quency followed by the highest frequency for a 2,7 code. In 
the 2,7 code, the frequency range is from F to 2.66 x F. 
Unlike the MFM code, there is no region where the self-gat
ing "desnaker" will work on both the inner and outer tracks. 

No1.0 FCI y£J\J\J\ 
VTV\ 

A 1\1\1\ 
No1.3 FCI "'V:~~-V-r-l-\-V...f-.\-V-I-\-\ 

No1.7 FCI A 1\1\1\ 
V¥VV\ 

No2.2 FCI A I\AA 
VVVV\ 

No2 9 FCI 7\. I\. I\. I\. 
. JVV'W"\ 

TLlF/5283-21 

FIGURE 15. F-2.66 x F Pulse Waveforms 
for Various Flux Changes per Inch 
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Application Information (Continued) 

The simplest operation is for systems operating entirely in 
Region 1, that is, no amplitude reduction between the high
est and the lowest frequency at the inner track. The inner 
track is specified because the pulse interaction is most se
vere on the inner track. For Region 1 operation, only the 
Time Channel filter is required, so the Gate Channel Input Is 
connected to the Time Channel Input. Since no external 
time delay is required to align the time and gate channels, 
the Time Pulse Out is connected directly to the Time Pulse 
In. The Region 1 connection is shown in Figure 2. The inter
nal timing for this operation is shown in Figure 13. 

If there is significant amplitude reduction at the highest fre
quency, the peak detection becomes more complex. If the 
worst case waveform is like the fourth waveform on Figure 
14, then the Region 1 connection might still work satisfacto
rily. However, if the input begins to approach the fifth wave
form, this system configuration will completely fail. One 
problem is that the AGC will respond to the frequency de
pendent amplitude modulation and distort the waveform. 

Figure 16 illustrates this problem which is encountered in 
systems operating in Region 2. If the input digital pattern 
suddenly shifts from a high frequency to a low frequency, 
the bit density may shift from the 70% level on the BPI 
curve of Figure 1 to a pOint at 90% on the BPI curve. As 
shown, the AGC loop is correcting for this frequency-in
duced change in amplitude by quickly decreaSing the ampli
fier gain. The situation gets worse if the input digital pattern 
shifts back to a high frequency. The AGC loop now cannot 
quickly increase the amplifier gain, so the output waveform 
will very slowly increase. The AGC response to frequency 
related amplitude change is not desirable since the AGC is 
now distorting the input waveform. This can be prevented by 
Inserting a lead network between the Gain Controlled Ampli
fier's output and the AGC input, as shown in Figure 17. This 
will increase the amplitude of the higher frequency into the 
AGC, thereby preventing the AGC from changing gain. 

Another problem encountered in Region 2 operation is that 
the amplitude of the highest frequency may be so low that it 
may not trip the hysteresis level. If this happens, these 
peaks would not be gated on to the output. This problem 
can also be corrected by placing a separate filter to the 
gating channel which will make the amplitude of the highest 
frequency equal the amplitude of the lowest frequency. This 
is illustrated in the following example. 

Consider a disk system which uses the 2,7 code and has an 
input at the inner track which looks like the fifth waveform in 
Rgure 15. Since the flux density on the outer track is 1 /1 .7 
times the flux density of the inner track, the outer track 
waveform will look like the third waveform. Orie filter cannot 
perfectly compensate both these extremes, so we design to 

compensate a waveform between these two. The track 
which is % of the way in towards the inner track is a good 
compromise. The filter in this example is a single zero 
placed such that the lowest frequency followed by the high
est frequency have the same amplitude on the track % of 
the way in. Figure 18 shows the operation of the inner track 
of this example. While the gating channel filter has made 
the amplitudes of the two frequencies nearly the same, the 
time relationship to the Time Channel Input has not been 
preserved. The proper operation is to have the positive 
edge of the signal at the Time Pulse In pin, which corre
sponds to a peak, be the first positive edge after the output 
of the comparator has changed states. This can be accom
plished either of two ways. One way is to insert an external 
delay between the Time Pulse Out and the Time Pulse In as 
shown in Figure 18. The required delay can be determined 
by comparing the Time Pulse Out to the Channel Alignment 
Output with both external filters in the circuit. Another way is 
to design the Time Channel Filter with more group delay. 
This will probably require additional poles. 

Figure 19 shows the outer track operation of our example. 
Notice how the system has taken care of the shoulder-in
duced-noise on the Time Pulse Out. The external delay has 
shifted the Time Pulse In so the noise is not clocking in new 
data to the flip-flop. It is important to select this delay such 
that the positive edge corresponding to a Signal peak is al
ways the first positive edge after the output of the compara
tor has changed states. 

While the gating filter has equalized the amplitudes between 
the highest and the lowest frequency, the amplitude be
tween the inner and the outer track has not been held con
stant. This can be seen by comparing the Gate Channel 
Input between Figure 18 and Figure 19. In order to avoid 
saturating the Gain Controlled Amplifier, the voltage on the 
VREF pin must be set so that the voltage out of the Gain 
Controlled Amplifier is 4 Vpp or less for all tracks. The low 
frequency signal on the inner track contains far more funda
mental frequency than the low frequency signal on the outer 
track. Consequently, the low frequency inner track signal 
will experience more attenuation than the low frequency 
outer track signal in passing through the gating channel fil
ter which, for this example, has been optimized to pass 
higher frequencies. The AGC tends to hold the input to the 
gating channel constant for a fixed VREF level. Therefore 
the largest output from the Gain Controlled Amplifier is for 
the low frequency inner track signal. The voltage on VREF 
should be adjusted so that the differential output swing of 
the Gain Controlled Amplifier is 4 Vpp maximum for this 
Signal. This means that the output voltage on the outer track 
will be less than 4 Vpp. 

" .... -.......... 
TL/F/5283-22 

FIGURE 16. Improper AGe Response to Region 2 Signal 
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Application Information (Continued) 

BATE ................. .. 
CHANNEL :7 .. :7 .. :7 .. ~:7:7:7:7:7:7~~~~E~,:,::=.~~,:,::=.F~ 

INPUT 

nMEPULSEOUT 

nME PULSE IN 

OUTPUT OF 
olFF CoMPMATDR 
WITH HYSTERESIS 

Q 

ENCODED DATA 

FIGURE 18. Region 2 Inner Track Operation 

TIME PULSE OUT 

TIME PULSE IN 

OUTPUT OF 
olFF COMPARATOR 
WIT" HY~TERESIS 

Q 

ENCODED DATA 

FIGURE 19. Region 2 Outer Track Operation 
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Application Information (Continued) 
Another troublesome input pattern which should be investi
gated is a high frequency triplet surrounded by the lowest 
frequency as shown in Figure 20. Since the center bit of the 
triplet does not rise very much above the baseline, there is 
the possibility it will not trip the hysteresis level. This pattern 
should be checked to ensure the gating channel filter raises 
this center bit enough for the proper operation of the gating 
channel. The operation of the triplet in the previous example 
is shown in Figure 21. 

LAYOUT CONSIDERATIONS 
F/{Jure 22 is a top view of the component layout for the 
DP8464B application board whose schematic is shown in 
Figure 23. Care must be exercised in the board layout in 
order to isolate all digital signals from analog signals. The 
layout shown in Figure 22 is a good example of what is 

required in this regard. In particular the Amp. In pins (pins 6 
and 7) and the COIFF pins (pins 1 and 24) must be isolated 
from all digital signals. An analog ground plane will greatly 
aid in this isolation as will separate digital and analog 
grounds. The Vee (pin 9) should have a 0.1 ,...f bypass ca
paCitor to analog ground located close to the DP8464B. The 
component list is provided as an example. These compo
nents will need to be optimized for a specific read channel. 

/\.I\/\. 
\/V v 

FIGURE 20. (2,7) Triplet 
TLlF/5283-26 

CHA~~~~ 7\ 1\ 7\ 
INPUT\Z~V 

nME PULSE OUT 

nME PULSE IN 

OUTPUT OF 
DlFF COMPARATOR 
WITH HYSTERESIS 

Q ---1 
ENCOOEO DATA 

FIGURE 21. Region 2 Triplet Operation 
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Application Information (Continued) 

Encoded 0111 OUt 

FIGURE 22. DP8464B Component Layout-Top View 
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Application Information (Continued) 

PARTS LIST FOR DP8464B BOARD 

Component Note 
Function 

Value for Value for 
Name # Value 5 Mblts/sec 10 Mblts/sec 

R2 3 Adjustment for VREF (AGC amplitude) 1kpot 
R3 3 Adjustment for Set Hyst. (threshold) 1kpot 
R4 2 Adjustment for differentiator network Q 5kpot 
R5 Low pass filter resistor 560n 
R6 Low pass filter resistor 240n 
R7 Low pass filter resistor 240n 
R8 Amp Out emitter bias resistor 4.3k 
R9 Amp Out emitter bias resistor 4.3k 

R10 Pull down resistor for Read/Write Pin 5.1k 
R11 Resistor in parallel with CAGC 100k 
R12 Encoded Data Out damping resistor 510 
R13 Read/Write damping resistor 51n 
R14 Divider network for Set Hyst. and VREF 2.4k 
R17 6 Series resistor for Time Channel Input Not required on DP8464B 
R18 6 Series resistor for Time Channel Input Not required on DP8464B 

C1 VREFcap 0.1 p.F 
C2 Set Hyst. cap 0.1 p.F 
C3 2 Differentiator cap 100pF 50pF 
C4 Time and Gate Channel In coupling cap 0.Q1 p.F 
C5 Time and Gate Channel In coupling cap 0.01 p.F 
C6 Low pass filter cap 
C7 Low pass filter cap 
C8 4 CAGCcap 

C10 VCccap 
C11 Vcccap 
C13 5 Amp In coupling cap 
C14 5 Amp In coupling cap 
C16 Set Pulse Width cap 

L1 2 Differentiator inductor 
L2 Low pass filter inductor 
L3 Low pass filter inductor 

BREADBOARD OPERATION NOTES 

1. The low pass filter is a 3 pole Bessel with the corner 
frequency at 3.75 MHz for the 5Mbits/sec board (7.5 
MHz for the 10 Mbits/sec board). 

2. The differentiator is a simple RLC filter with the break 
frequency at 8.5 MHz for the 5 Mbits/sec board (17 MHz 
for the 10 Mbits/sec board). The resistor can be adjusted 
to correct for phase distortion in the channel. 

3. The VREF should be set at 0.5V. Since the low pass filter 
has a 6 dB loss, the signal on AMP OUT is 4 Vpp differen
tial while the amplitude into the gate channel is 2 Vpp 
differential. The Set Hyst. should be nominally set at 
0.3V. 

4. The AGC attack time (the response to an increased input 
amplitude) is about 2 p.s. To increase this time, increase 
the value of C8 (the AGC capacitor). The AGC decay time 
(the response to a decrease in amplitude) is about 10 ms. 
To increase this time, increase the value of R11. care 
must be taken to not allow the response ofthe AGC loop 
to become too fast, otherwise loop instability may occur. 

200pF 100pF 
30pF 15 pF 

0.Q1 p.F 
1.0 p.F 
0.1 p.F 

2200 pF 
2200pF 

100 pF 50pF 

3.6p.H 1.6p.H 
10p.H 4.7 p.H 
10p.H 4.7 p.H 

5. The input pole is set at 72 kHz (1 k input impedance and a 
2200 pF input coupling capacitor). 

6. Pulse pairing (described in the differentiator section of 
this data sheet) can be caused by unequal delays through 
the Bi-directional one shots. To minimize this effect, pin 2 
should be connected to pin 22, and pin 23 should be 
connected to pin 21. If connected this way, the delays 
tend to cancel. 

REFERENCES 

1. I. H. Graham, "Data Detection Methods vs. Head Resolu
tion in Digital Recording," IEEE Transactions on Magnet
ics Vol. MAG-14, No.4 (July 1978) 

2. I. H. Graham, "Digital Magnetic Recording Circuits," to be 
published. 

3. Anatol I., Zverev, Handbook of Filter Synthesis, John Wi
ley & Sons publisher, 1967. 
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! ~National 
~ ~ Semiconductor 

PRELIMINARY 

DP8468B Disk Pulse Detector + Embedded Servo 
Detector 
General Description 
The DP8468B Disk Pulse Detector + Servo utilizes analog 
and digital circuitry to detect amplitude peaks of the signal 
received from the read/write amplifier fitted with the heads 
of disk drives. The DP8468B produces a TIL compatible 
output which, on the positive leading edge, indicates a sIg
nal peak. Electrically, these peaks correspond to flux rever
sals on the magnetic medium. The signal from the read/ 
write amplifier when reading a disk is therefore a series of 
pulses with alternating polarity. The Disk Pulse Detector ac
curately replicates the time position of these peaks. 

The DP8468B also incorporates two gated detectors which 
detect embedded servo information, used for head position
ing. It is primarily intended for detecting a burst type servo 
pattern as shown in Figure 16. However, with external sync 
detection circuitry it will detect a tri-bit type servo pattern 
also shown in Figure 16. The DP8468B provides two buff
ered low impedance voltage outputs which represent the 
peak detected level of each servo burst. These voltages are 
suitable for digitizing by an analog to digital converter, as 
would typically be done in a system that utilizes stepper 
motors for head positioning. The DP8468B also provides a 
low impedance output that represents the difference volt
age, centered about an external reference voltage, between 
the two servo channels. This voltage is useful in servo sys
tems using a linear voice coil for head pOSitioning. 

The Disk Pulse Detector + Servo is fabricated using an 
advanced oxide isolated Schottky process, and has been 
designed to function with data rates up to 15 Megabits/ sec
ond. The DP8468B is available in a surface mount 28-pin 
plastic chip carrier package. Normally, it will be fitted in the 

Block Diagram 

122 '17 

.. lEI "'.... -l15C1W1GE=fIICtI 

disk drive, and its. output may be directly connected to any 
of National's Data Separators or Synchronizers. 

Features 
• Wide input signal amplitude range-from 20 mVpp to 

660 mVpp differential 
• Data rates up to 15 Megabits/sec %(2,7) code 
• On-Chip differential gain controlled amplifier, differentia

tor, comparator gating circuitry, and output pulse 
generator 

• Input capacitively coupled directly from the disk head 
read/write amplifier 

• Adjustable comparator hysteresis 
• Dynamic hysteresis tracks Signal amplitude 
• AGe and dlfferentiator time constants set by external 

components 
• TIL compatible digital Inputs and Outputs 
• Encoded Data Output may connect directly to any of 

National's Data Separators or Synchronizers 
• Standard drive supply: 12V ±10%, 5V ±5% 
• Built in embedded servo detector 
• On chip buffers provide low impedance servo output 

voltages 
• User adjustable servo time constants 
• Differentiator and time pulse outputs available as pins 

on special engineering parts 
• Available in a surface mount 28-pin plastiC chip carrier 

package 

I" 

,.. 125 '" arFERD4TIATOR T1UE PULSE SET PULSE 
OUT OUT ..... 
Y-(OPTlOM)-Y 

CHAN .... 

AUGII."" 
OUT ,==-+-----1--+-c I" 

I" 
LPZ LP1 
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Absolute Maximum Ratings 
If Military I Aerospace specified devices are required, Limit 
contact the National Semiconductor Sales Offlcel Storage Temperature - 65'C to 150'C 

Distributors for availability and specifications. Lead Temp. (Soldering, 10 seconds) 300'C 
Pins Limit Maximum Power Dissipation at 25'C 

Supply Voltage 9 14V Plastic Chip Carrier Package 1560mW 
TTL Input Voltage 8,17,20,22 5.5V (derate 12.5 mWrC above 25'C) 

TTL Output Voltage 12,11 5.5V 
Operating Conditions Input Voltage 23,5 5.5V 

Minimum Input Voltage 23,5 -0.5V Min Typ Max Units 

Differential Input Supply Voltage, (Vccl 10.8 12.0 13.2 V 

Voltage 6-7,4-1, 3Vor -3V Logic Supply, (V5V) 4.75 5 5.25 V 
ESD susceptibility rating is to be determined. Ambient Temperature, (T A) 0 70 'c 

DC Electrical Characteristics Over Recommended Operating Temperature and Supply Range VREF = 0.5V, 

Set Hysteresis = 0.3V. Read/Write = 0.3V, VPIN 17 = VPIN 20 = 2V, VPIN 22 = 0.3V, unless otherwise noted. 

Symbol Pins Parameter Conditions Min Typ Max Units 

AMPLIFIER 

Z,NAI 6, 7 Amp In Impedance TA = 25'C 
2.0 kO 

(Note 1) 

AVMIN 28,27 Min Voltage Gain AC Output 4 Vpp 
6.0 VIV 

Differential 

AVMAX 28,27 Max Voltage Gain AC Output 4 Vpp 
200 VIV 

Differential 

VCAGC 14 Voltage on CAGC Av = 6.0 4.5 V 

Av = 200 3.7 V 

CHANNEL 

ZINCI 4,1 Channel Input TA = 25'C 
2.5 kO 

Impedance (Note 1) 

ICAGC- 14 Pin 14 Current which VPIN 14 = 3.9V -5 rnA 
Charges CAGC IVPIN 4 - VPIN 11 = 1.3V 

ICAGC+ 14 Pin 14 Current which VPIN14 = 5V 
1 ",A 

Discharges CAGC IVPIN4 - VPIN 11 = 0.7V 

IVREF 5 VREF Input Bias 
-20 ",A 

Current 

VTHAGC 4,1 AGC Threshold (Note 2), 
1.0 V 

5, 14 VPIN 14 = 4.2V • 
ISH 23 Set Hysteresis Input 

-60 ",A 
Bias Current 

VTHSH 4,1 Set Hysteresis (Note 3) 
0.6 V 

23,11 Threshold 

ICd 2,3 Current into Pin 2 and 
1.8 rnA 

3 that Discharges Cd 

WRITE MODE 

Z,NA, 6, 7 Amp In Impedance VPINB = 2.0V 
68 0 

in Write Mode 

ICAGC- 14 Pin 14 Current VPINB = 2.0V 
in Write Mode VPIN 14 = 3.9V 1 ",A 

IVPIN 4 - VPIN 11 = 2.6V 
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DC Electrical Characteristics Over Recommended Operating Temperature and Supply Range VREF = 0.5V, 
Set Hysteresis = 0.3V. Read/Write = 0.3V, VPIN 17 = VPIN 22 = 0.3V, unless otherwise noted. (Continued) 

Symbol I Pins I Parameter I Conditions I Min I Typ I Max I Units 

DIGITAL PINS 

VIH 8,17,20,22 High Level Input Voltage 2 V 

VIL 8,17,20,22 Low Level Input Voltage 0.8 V 

VI 8,17,20,22 Input Clamp Voltage V5V = Min, II = -18 mA -1.5 V 

IIH 8,17,20,22 High Level Input Current V5V = Max, VI = 2.7V 20 /LA 

II 8,17,20,22 Input Current at V5V = Max, VI = 5.5V 1 mA Maximum Input Voltage 

IlL 8,17,20,22 Low Level Input Current V5V = Max, VI = 0.5V -200 /LA 

VOH 12 High Level Output Voltage V5V = Min, 2.7 V 10H = -40 /LA (Note 4) 

VOL 12 Low Level Output Voltage V5V = Min, 0.5 V 10L = 800 /LA (Note 4) 

ILH 11 High Level Output VPin 11 = 5.5V Measure 10 /LA Leakage Current Current into Pin 11 

VOL 11 Low Level Output Voltage IplN 11 = 5mA 0.5 V 

los 12 Output Short Circuit Current V5V = Max, Vo = OV -100 mA 

SERVO CHANNEL 

ZOIS 18,19 Discharge Impedence VPIN = 2V 1.5 kO Force 3Von Pins 18 or 19. 

VBOa 15,16 Buffer Quiescent VPIN 17, 20, 22 = 0.3V 
Output Level Vel = OV, VPIN 21 = 5V 1.26 V 

Pull 0 mA from Pins 15 and 16. 

Ava 15,16 Quiescent Output VPIN 17, 20, 22 = 0.3V 
Level Gain to Pin 21 Vel = OV, VPIN 21 = 4.5V 0.226 VIV Pull 0 mA from Pin 15 and 16. 

A _ VBOg - VPIN150r16 
va - 5V - 4.5V 

VPOOa 24 Peak Detector Quiescent VPIN 21 = 5V, Vel = OV, 0.45 V Output Level Pull 200 /LA from Pin 24 

IL 18,19 Gated Off Leakage Current VPIN 22 = O.3V 
VPIN 20 = VPIN 17 = 2V 0.2 /LA Force 6.6Von Pin 18 or Pin 19 

VOSBO 16,15 Buffer Output Offset Voltage VplN 17, 20, 22 = 0.3V 
ForVel = 1Vpk-Pk VPIN 1 = 4.25V 

VPIN4 = 3.75V ±3 mV Pull 0 mA from Pin 15 and 16. 
VOSBO = VPIN 16 - VPIN 15 

VOSSYS 25,21 System Output Offset Voltage VPIN 17,20, 22 = 0.3V 
ForVel = 1Vpk-pk VPINI = 4.25V, VPIN4 = 3.75V 

Pull 0 mA from Pin 25 ±5 mV 
VOSSVS = VPIN 25 - VPIN 21 

AvOAI2V 25,21 Difference Amplifier Gain, VPIN 17, 20 = 2V 
2V Differential Input VPIN 22 = 0.3V 

VPIN 19 = 5.4V, VPIN 18 = 3.4V 0.5 VIV 

AVOA = VPIN 21 - VPIN 25 
VPIN 19 - VPIN 18 

AVOAlw 25,21 Difference Amplifier Gain, VPIN 17, 20 = 4V 
1V Differential I nput VPIN 22 = 0.3V 

VPIN 19 = 4.9V, VPIN 18 = 3.9V 0.5 VIV 
AVOA = VPIN 21 - VPIN 25 

VPIN 19 - VPIN 18 
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DC Electrical Characteristics Over Recommended Operating Temperature and Supply Range VREF = 0.5V, 
Set Hysteresis = 0.3V. Read/Write = 0.3V, VPIN 17 = VPIN 22 = 0.3V, unless otherwise noted. (Continued) 

Symbol I Pins I Parameter I Conditions I Min I Typ I Max I Units 

SERVO CHANNEL (Continued) 

GLDA 25 Difference Amplifier I AVda 12V I 0.5 % GLDA = --- - 1 x 100 Gain Linearity AVda Iw 

ZPDO 24 Peak Detector Out VPIN 17, 20, 22 = 0.3V, VCI = 1V 
Source Output Impedence Measure VPIN 24 with 200 ,...A and 3 mA Pulled 

out of the Pin. 270 n 
ZPRO = Ichange in VPIN 241 

ource 3mA - 0.2mA 

AVgd 12V 15,16 Gated Detector Gain VPIN 22, 20, 17 = 0.3V 
ForVCI = 2Vpk.pk VPINI = 4.5V, VPIN4 = 3.5V 1.75 VIV 

AVgd = 
VPIN 150r16 - VSOQ 

VCI 

AVgd Iw 15,16 Gated Detector Gain VPIN 22, 20, 17 = 0.3V 
ForVCI = 1Vpk.pk VPIN1 = 4.25V, VPIN4 = 3.75V 2 VIV 

AVgd = 
VplN 150r16 - VSOQ 

VCI 

AVPDO 12V 24 Peak Detector Output VPIN1 = 4.5V, VPIN4 = 3.5V 
Voltage Gain 

AVPDO = 
VPIN 24 pk-pk 1.9 VIV 

For VCI = 2Vpk.pk VCI 

AVPDO Iw 24 Peak Detector Output VPIN1 = 4.25V, VPIN4 = 3.75V 
Voltage Gain A - VPIN24AC 2.0 VIV 
ForVCI = 1Vpk-pk vPDO - VCI 

GLgd 15,16 Gated Detector Gain Linearity IVPIN 16 - VplN 151eighth 
- 0.5 

Glgd = 
IVPIN 16 - VPIN 151quarter 

X 100 
0.5 fO.5 % 

IVPIN 16 - VPIN 151eighth = (Note 5) 
IVPIN 16 - VPIN 151quarter = (Note 6) 

ICC 9 VCC Supply Current VCC = Max 41 mA 

15V 21 5V Supply Current V5V = Max 7 mA 

AC Electrical Characteristics Over Recommended Operating Temperature and Supply Range Refer to AC 
Test Setup. f = 2.5 MHz unless otherwise indicated. 

Symbol Pins Parameter Conditions Min Typ Max Units 

!charge 15,16 Gated Detector Charge Time VCI = 2V pk-pk, VPIN 22 = 0.3V, 
S1 & S2 = Closed. With LP1 and 
LP2 discharged, measure the time 11 ,...S 
from Pin 17 or 20 going from 2V to 
0.3V, to Vb01 or Vb02 respectively, 
reaching 90% of their final value. 

tdischarge 15,16 Gated Detector Discharge Time VCI = 2V, pk-pk,S1 & S2 = Closed. 
With LP1 charged, measure the time 
from Pin 22 going from 0.3V to 2V, to 56 ,...S 
the voltage at Vb01 or Vb02 reaching 
90% of their final value. 

tON 18,19 Gated Detector Turn On Time VCI = 1V DC, VPIN 22 = 0.3V, 
S1 & S2 = Open. With LP1 
discharged, measure the time from 
Pin 17 gOing from 2V to 0.3V, to the 8 ns 
voltage on Pin 18 increasing 0.1 V 
Do a similar measurement with LP2, 
Pin 20 and Pin 19. 
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AC Electrical Characteristics Over Recommended Operating Temperature and Supply Range Refer to AC 

Test Setup. f = 2.5 MHz unless otherwise indicated. (Continued) 

Symbol Pins Parameter Conditions Min Typ Max Units 

!oFF 18, 19 Gated Detector Tum Off Time 

DP8468B-2 
tpp 

DP8468B-3 
tpp 

12 

12 

Pulse Pairing 

Pulse Pairing 

Vel = 1V DC, VPIN 22 = 2V, 
S1 & S2 = Open. Measure the 
time from Pin 17 going from 
0.3V to 2V, to the voltage on 
Pin 18 decreasing by 0.1V. 
Do a similar measurement with 
Pins 20 and 19. 

f = 2.5 MHz and f = 3.33 MHz 
VAl = 60 mVpp differential. 

f = 2.5 MHz and f = 3.33 MHz 
VAl = 60 mVpp differential. 

Note 1: The temperature coefficient 01 the input Impedance is typically 0.05% per degree C. 

10 

Note 2: The AGC Threshold is defined as the voltage across the Channel Input (pins 4 and 1) when the voltage on CAGe (pin 14) is 4.2V. 

ns 

±3 ns 

±5 ns 

Note 3: The Set Hysteresis Threshold is defined as the minimum differential AC Signal across the Channel Input (pins 4 and 1) which causes the voltage on the 
Channel Alignment Output (pin 11) to change state. 

Note 4: To prevent Inductive coupling lrom the digital outputs to Amp In, the TTl. outputs should not drive more than one ALS TTL load each. Pin 11 is an open 
collector output which Is tested with an external 1 k pullup resistor to the 5V supply. 

Note 5: IVPIN 16 - VPIN 151e1ghlh = The difference In the buHer output voltages with the channel Input level set to simulate the read head mlsposiUoned by one 
eighth 01 a track, This Is done by selling Vel = 1.25V and measuring VplN 16 then set Vel = 0.75V and measure VPIN 16. The absolute value of the difference 
between Pins 15 and 161s tha quantity of Interest The part is also tested with Pin 16 measured at a Vel = 1.25V and Pin 15 measured wHh Vel = 0.75V. 

VPIN 17 = VPIN 16 = 0.3V 
Note 8: IVPIN 16 - VPIN 161quarter = The differenoe In the buHer output voltages with the channel input level set to simulate the read head mispositioned by one 
quarter 01 a track, This Is done by setting Vel = 1.5V and measuring VPIN 15 then set Vel = O.5V and measure VPIN 16. The absolute value 01 the dlfferenoe 
between Pins 15 and 161s the quantity 01 Interest The part Is also tested with Pin 16 measured at a Vel = 1.5V and Pin 15 measured with Vel = 0.5V. 

VPIN 17 = VPIN Is = 0.3V 

AC Test Set Up 

-

GENERATOR '" Tektronix CT·2 current 
Vs FILTER" probe or equivalent. 

SINE ~ 'I Transformer (Tl) Is 

'2 Five Pole Low Pass n8. . l'2v Filter with I -3 dB = 4 MHz 
=TI'I To. .iiiiiii\' v required to reduoe distortion 

1 l50pl i" 1":"".,-_1 'j' 01 slnewave generator. 
r----ILI--~IO~--L,--~B----~7~~6----~5--~ 

CHAN SEt Vee R!W -AliP. .AWP V'" 
ALIGN P.W. IN IN 

12:~D~ 

-CD 3 

~-,----------------------~14~ 
o'02I'F1d::: lOOk 

+CD 2 

Vb .. o----.------..JV\,...---!IS ~::rFrER2 
UK 

.iiI"" I 
O.ooIP~ 

, r. '7 v 

bolD.DDIP~ UK 
·aIl12B t---:---------i 

vJ. 
(HIGII = HOLD) LOG~ _ t7 GATEt 

IBLPI 

LP2 
19 

~27r_~1~------------t--+ 
Uk 1.8k 

SET 
GAlE2 vsv ~SCHARGE Hm. PDO D.A. OUT 
~ ~ n ~ ~ ~ 

L~C .tv 
IN 

(HIOH = HOLD) 

Ll lv q~ IN Uk 
(HIGH. DISCHARGE) r. '7 J; D.ODI pI 

TLiF 16828-2 
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AC Test Set Up (Continued) 

The channel filter is a 3 pole Bessel with the corner frequen
cy at 7.5 MHz which is similar to filters used in 10 Mbits/sec 
2,7 drives. 

TL/F/8828-3 

Pulse Pairing Measurement 

Connect a scope probe to pin 12 (Encoded Data Out) and 
trigger off its positive edge. Adjust the trigger holdoff so the 
scope first triggers off the pulse associated with the positive 
peak and then off the pulse associated with the negative 
peak (as shown in the scope photo below). Pulse pairing is 
displayed on the second pair of pulses on the display. If the 
second pulses are separated by 2 ns, then the pulse pairing 
for this part is ± 1 ns. 

Chip Operation 
The output from the read/write amplifier is AC coupled to 
the Amp Input of the DP8468B. The amplifier's output volt
age is fed back via an external filter to an internal fullwave 
rectifier and compared against the external voltage on the 
VREF pin. The AGC circuit adjusts the gain of the amplifier 
to make the peak to peak differential voltage on the Gate 
Channel Input four times the DC voltage on VREF. Typically 
the signal on Amp Out will be set for 4 Vpp differential. 
Since the filter usually has a 6 dB loss, the signal on the 
Gate Channel Input will be 2 Vpp differential. The user 
should therefore set 0.5V on VREF which can be done with a 
simple voltage divider from the + 12V supply. 

The peak detection is performed by feeding the output of 
the Amplifier through an external filter to the differentiator. 
The differentiator output changes state when the input pulse 
changes direction, generally this will be at the peaks. How
ever, if the signal exhibits shouldering (the tendency to re
turn to the baseline), the differentiator will also respond to 
noise near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a level 
either side of the baseline. This gating channel is comprised 
of a differential comparator with hysteresis and a D flip-flop. 
The hysteresis for this comparator is externally set via the 
Set Hysteresis pin. In order to have data out, the input am
plitude must first cross the hysteresis level which will 
change the logic level on the D input of the flip-flop. The 
peak of the input signal will generate a pulse out of the 
differentiator and bi-directional one shot. This pulse will 
clock the new data at the D input through to the output. In 
this way, when the differentiator is responding to noise at 
the baseline, the output of the D flop is not changing since 
the logic level into the D input has not changed. The com-
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parator circuitry is therefore a gating channel which pre
vents any noise near the baseline from contaminating the 
data. The amount of hysteresis is twice the DC voltage on 
the' Set Hysteresis pin. For instance, if the voltage on the 
Set Hysteresis pin is 0.3V, the differential AC signal across 
the Gate Channel Input must be larger than 0.6V before the 
output of the comparator will change states. In this case, 
the hysteresis is 30% of a 2V peak to peak differential Sig
nal at the gate channel input. 

The signal at the Channel Input pins # 1 and #4 is amplified 
and fed to a full wave rectifier. This full wave rectified signal 
is then presented to the inputs of two separately gated de
tectors which, when gated on, will generate a DC voltage 
level proportionate to the peak level of the full wave rectified 
Signal. When recovering embedded servo information each 
channel is independently gated, thereby detecting a signal 
whose amplitude represents the relative pOSitioning of the 
read head. The difference of the DC voltages from the gat
ed detectors is the head positioning information. The DC 
voltages appear across external RC networks connected to 
pins 16 and 19. The output buffers level shift these DC volt
ages which then appear at the low impedance output pins 
15 and 16. The voltages at these pins are differenced and 
appear at the low impedance output pin 25 centered about 
the external reference voltage applied to pin 21. 

Connection Diagram 

ENCODED 
DATA 

DIGITAL 
GND 

CAOC 

BUF2 

BUFI 

GATE 1 

LPI 

12 

13 

14 

15 

16 

17 

18 

Plastic Chip Carrier (PCC) Package 

SEl 

~~,~~: ':il~~ vee R/W tJlP- tJlP+ VREF 

DP8468B 

25 

V5V SEl HYST. 
DISCHARGE PDO 

OR 
DlFFERENTIATOR' 

OUT 
'AVAILABLE AS ENGINEERIN~ SAYPLES ONLY. 

PlastiC Chip Carrier (V) 
Order Number DP8468BV 

See NS Package Number V28A 

Pin Definitions 
Pin # Name Function 
POWER SUPPLY 

fiF-

CD-

CD+ 

~HAN+ 

28 aH~+ 

27 ~H~-

26 ANALOG 
GND 

TL/F/8828-4 

9 Vee The supply is + 12V ± 1 0%. 

21 V5V Supplies internal chip logic and 
provides a reference voltage for the 
zero level of the difference amplifier 
output on pin 25. Supply tolerance is 
5V ±5%. 
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Pin Definitions (Continued) 

Pin"" Name Function 
POWER SUPPLY (Continued) 

26 Analog Analog signals should be referenced 
Ground to this pin. 

t 3 Digital Digital signals should be referenced to 
Ground this pin. 

ANALOG SIGNALS 

6 Amp.in+ 
7 Amp. in-

28 Amp.out+ 
27 Amp. out-

4 Channel 
1 Inputs 

2 Cd+ 
3 Cd-

23 Set 
Hysteresis 

24 PDO 

14 CAGe 

18 LP1 
19 LP2 

16 Buffer Out 1 
15 Buffer Out 2 

25 D.A.Out 

DIGITAL SIGNALS 

10 Set Pulse 
Width 

8 READ/ 
WRITE 

These are the differential inputs to the 
Amplifier. The output of the read/write 
head amplifier should be capacitively 
coupled to these pins. 

These are the differential outputs of 
the Amplifier. These outputs should be 
capacitively coupled to the channel 
filter. 

These are the differential inputs to the 
time, gating and servo channels. 
These inputs must be capacitively 
coupled to the channel filter at the 
amp. outputs. 

The external differentiator network is 
connected between these two pins. 

The DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 

This is a Peak Detector Output signal 
that is used in conjunction with the set 
hysteresis pin 23 to provide a dynamic 
hysteresis function. 

The AGC circuit adjusts the gain of the 
gain controlled amplifier to make the 
differential peak to peak voltage at the 
Channel Inputs equal to four times the 
DC voltage on this pin. 

The external capacitor for the AGC is 
connected between this pin and 
Analog Ground. 

The peak detected servo signal 
voltage appears across the RC 
networks connected from these pins 
to analog ground. 

These low impedance pins, output the 
DC level at pins 18 and 19 
respectively, level shifted down by two 
diode drops. 

This low impedance pin outputs the 
difference in voltage between pins 16 
and 15 about a zero level set by the 
voltage on pin 21. 

An external capacitor to control the 
pulse width of the Encoded Data Out 
is connected between this pin and 
Digital Ground. 

If this pin is low, the Pulse Detector is 
in the read mode and the chip is 
active. When this pin goes high, the 
pulse detector is forced into a stand
by mode. This is a standard TIL input. 
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Pin # Name Function 
DIGITAL SIGNALS (Continued) 

11 Channel This is the buffered, open collector, 
Alignment output of the differential comparator 

12 

17 
20 

Output with hysteresis. 

Encoded 
Data Out 

Gate 1 
Gate 2 

This is the standard TIL output whose 
leading edge indicates the time 
position of the peaks. 

These inputs accept TIL levels. When 
a low level is present the embedded 
servo signal is allowed to charge the 
RC network at pins 18 and 19 
respectively. A high level will force a 
hold condition of the DC voltage 
across the RC network and will also 
disable the servo channel. 

22 Discharge This input accepts a TIL level. A high 
level connects a 1.5k internal resistor 
to ground on pins 18 and 19. 

SPECIAL ENGINEERING PIN OUT AVAILABLE 

On an engineering basis only, the Differentiator Output and 
the output of the time channel bi-directional one shot (re
ferred to from now on as 'Time Pulse Output') will be 
brought out as pins. The Differentiator and Time Pulse Out
put pins will not be available on production parts. They are 
only available by special request on an engineering basis. 

In order to bring out these pins it is necessary to eliminate 
two other pins. The pin trade off and operation details are as 
follows: 

1. The Differentiator Output replaces the Peak Detector 
Output (PDO), pin 24. The Differentiator Output is buff
ered by an emitter follower which has a 3k resistor in 
series with the emitter connected to the output pin. This 
is shown in Figure 12. An external resistor to ground 
must be connected to this pin in order to bias the output 
emitter follower. The combination of the 3 kG output re
sistor and the external resistor pull down, form a voltage 
divider that attenuates the level of the differentiator out
put signal. Please note that the differentiator signal will 
only be linear near the differentiator output zero crOSSing 
because the signal peaks at the differentiator output are 
clamped by the Schottky diodes across the collectors of 
02 and 03 as shown in Rgure 12. 

2. The Time Pulse Output replaces the Difference Amplifier 
Output (D.A. Out), pin 25. This pin is a standard TIL 
output capable of driving one ALS load. 

DIFFERENCES BETWEEN THE DP8468B AND 
THE DP8464B 

The DP8468B is a DP8464B type pulse detector in combi
nation with two gated detectors which are used to detect 
embedded servo information in a Winchester disk drive. In 
order to fit into a 28-pin PCC package and provide the addi
tional embedded servo detection functions, some of the 
pins on the DP8464B were eliminated. Other changes were 
made to reduce power dissipation. A summary of the differ
ences between the two parts is given here for the benefit of 
those who are familiar with the DP8464B. 

1. The Time Channel Inputs are now internally connected 
to the Gate Channel Inputs. 



Pin Definitions (Continued) 

2. The Time Pulse Out pin is now internally connected to 
the Time Pulse In pin, and not normally brought out as 
an output. 

3. The Channel Alignment Output is now open collector 
and requires an external pull up resistor for use. 

4. The internal logic is powered from an external 5V sup
ply connected to pin 21. 

5. The output impedance that drives CAGe, pin 14, has 
been reduced from 7000 to 3500. This allows you to 
double the external capacitance on this pin and still 
achieve the same attack time as with the DP84648. 
The large capaCitor allows for longer AGC hold times, 
which is useful during the embedded servo sectors. 

6. The internal leakage current from pin 14 to ground has 
been reduced by a factor of 5. 

7. The combined differential input impedance of the Gate 
Channel and the Time Channel has been increased 
from 1.67 kO to 2.5 kO. 

8. The internal current sources on the Amp. Output pins 
have been eliminated. The current in the output emitter 
followers is now entirely set by the external pull down 
resistors on pins 27 and 28. 

9. In addition to the embedded servo circuitry, a Dynamic 
Hysteresis function has been added. The hysteresis 
level can be set as before or the set hysteresis pin can 
be connected through an external RC network to the 
PDO output, pin 24, to implement the Dynamic Hyster
esis function. 

10. The gain controlled amplifier input impedance in read 
mode has been increased to 2 kO. 

Application Information 
GENERAL DESCRIPTION OF PULSE DETECTION 

The DP84688 Disk Pulse Detector utilizes analog and digital 
circuitry to detect amplitude peaks of the signal received 
from the Read/Write Amplifier. The analog Signal from a 
disk is a series of pulses, the peaks of which correspond to 
1's or flux reversals on the magnetic media. The pulse de
tector must accurately determine the time position of these 
peaks. The peaks are indicated by the positive leading edge 
of a TTL compatible output pulse. This task is complicated 

by variable pulse amplitudes depending on the media type, 
head position, head type and read/write amplifier circuit 
gain. Additionally, as the bit density on the disk increases, 
the amplitude decreases and significant bit interaction oc
curs resulting in pulse distortion and shifting of the peaks. 

The graph in Figure 2 shows how the pulse amplitude varies 
with the number of flux reversals per inch (or recording den
sity) for a given head disk system. The predominant disk 
applications are associated with the first two regions on this 
graph, Regions 1 and 2. Typical waveforms received by the 
pulse detector for these regions are shown next to the 
graph. 

Region 1 is the high resolution area characterized by a large 
spread between flux reversals and a definite return to base
line (no signal) between these peaks. Pulses of this type are 
predominantly found in drives which use either thin film 
heads or plated media, or in drives which utilize run length 
limited codes (like the 2,7 code) which spread the distance 
between flux reversals. 

A Region 2 waveform will vary from a tendency to return to 
the baseline (called shouldering) to almost sinusoidal at the 
higher frequencies. These pulses come from drives which 
use limited frequency codes (such as MFM). The pulses 
may contain shouldering on the outer tracks of the disk and 
be nearly sinusoidal on the inner tracks since the flux densi
ty increases towards the inner track. 

Detecting pulse peaks of waveforms of such variable char
acteristics requires a means of separating both noise and 
shouldering-caused errors from the true peaks. In the past, 
mild shoulder-caused errors were blocked by self-gating cir
cuits (such as the "de-snaker"). These circuits fail when 
shouldering is extensive, hence the need for the DP8468B 
which includes a peak sensing circuit and an amplitude sen
sitive gating channel in parallel. 

The main circuit blocks of the DPB4688 are shown in Figure 
1. The output from the read/write amplifier is fed directly to 
the Amp Input of the DPB46B8. This is the input of a Gain 
Controlled Amplifier. The amplifier'S output voltage is fed 
back via an external filter to an internal fullwave rectifier and 
compared against the external voltage on the VREF pin. The 
AGC circuit adjusts the gain of the amplifier to make the 
peak-to-peak differential Channel input voltage four times 
the DC voltage on VREF. 

The peak detection is performed by feeding the output of 
the Gain Controlled Amplifier through an external filter to 

REGION 1 WAVEFORM A AI\I\I 
7~\l\TV 

REGION 2 WAVEFORM 1\ 1\1\1\/ 
!\TVvv 

1.00 1-----__ -'" I!i 
~ 0.75 

iii 
!!l 0.50 
;e 

0.25 r 

REBION1 .~ 
oL-____________ ~ ____ ~ ____ ~ __ ~ 

TL/F/8828-5 

lIT DatSITY (IAI 
TLlF/8828-6 

FIGURE 2. Pulse Amplitude vs_ Bit Density with Typical Waveforms 
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Application Information (Continued) 

the differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this will 
be at the peaks. However, if the Signal exhibits shouldering 
(the tendency to return to the baseline) as seen in Region 1 
and the upper part of Region 2, the differentiator will also 
respond to noise near the baseline. To avoid this, the signal 
is also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel com
prises a differential comparator with hysteresis and a 0 flip
flop. The hysteresis for this comparator is externally set via 
the Set Hysteresis pin. In order to have valid data out, the 
input amplitude must first cross the hysteresis level. This will 
change the logic level on the '0 input of the flip-flop. The 
peak of the input signal will generate a pulse out of the 
differentiator and bi-directional one shot. This pulse will 
clock in the new data on the 0 input, which will appear at 
the Q output. In this way, when the differentiator is respond
ing to noise at the baseline, the output of the 0 flop is not 
changing since the logiC level into the 0 input has not yet 
changed. The comparator circuitry is therefore a gating 
channel to prevent any noise near the baseline from con
taminating the data. 

The, amount of hysteresis is twice the OC voltage on the Set 
Hysteresis pin. For instance, if the voltage on the Set Hys
teresis pin is 0.3V, the differential Channel Input must be 
larger than 0.6V (± 0.3V) before the output of the compara
tor will change states. The Encoded Oata Output is de
signed to drive 1 standard TTL gate. The Channel Align
ment output is an open collector which requires a pull up 
resistor, if you want to monitor this pOint, otherwise this pin 
can be left floating. 

fill. -AllPUFB 
AIIP .. 

GAIN CONTROLLED AMPLIFIER 

The purpose of the Gain Controlled Amplifier is to increase 
the differential input signal to a fixed amplitude while main
taining the exact shape of the input waveform. The Gain 
Controlled Amplifier is designed to accept input signals from 
20 mVpp to 660 mVpp differential and amplify that signal to 
4 Vpp differential. The gain is therefore from 6 to 200 and is 
controlled by the automatic gain control (AGC) loop. The 
amplifier output is actually capable of delivering typically 
5 Vpp differential output but the parts are only tested and 
guaranteed to 4 Vpp. 

The input to the Gain Controlled Amplifier is shown in Figure 
3. The value of the input capaCitors should be selected so 
that the pole formed by the coupling capaCitor and the 2k 
bias resistor is a factor of 10 lower than the lowest Signal 
frequency. These input bias resistors have a ±20% toler
ance and a temperature coefficient of 0.05% per degree C. 
When the pulse detector is in the write mode, these bias 
resistors are automatically shunted by 4250 resistors. This 
allows the input circuit to recover quickly from the large tran
sients encountered during a write to read transition. The 
input impedance to the amplifier is therefore 2k during read 
operations and 3500 during write operations. 

The output of the Gain Controlled Amplifier is shown in Fig
ure 4. The outputs are biased at (12V - (0.75 mA X 2.4k) 
- 0.75V) or 9.5V. Since each output will swing ± 1V (4 Vpp 
differential), each output pin will swing from S.5V to 10.5V. If 
the total differential load placed on the output is 1 k, (see 
Figure 5) then the circuit must supply 2V11 k or 2 mAo Since 
the output is class A, external resistors to ground must be 

2k 

I.IV 

2k 

TUF/882B-7 

FIGURE 3. Input to Gain Controlled Amplifier 

L.._-I_w\r-+_-I-___ .. Pin #27 

AIIPOUT 

TUF/882B-B 

FIGURE 4. Output of Gain Controlled AmplHler 
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Application Information (Continued) 

used to provide the sink current. In this case, in order to sink 
2 mA at the lowest voltage and provide a 2 mA safety mar
gin, then (B.5V14 mAl or an external 2k resistor from each 
output to ground is required. The additional 2 mA margin 
insures that the output emitter followers never turn off. Typi
cally the output impedance of the Gain Controlled Amplifier 
is 170, and the -3 dB bandwidth is greater than 20 MHz. 

AUTOMATIC GAIN CONTROL (AGC) 

The Automatic Gain Control holds the signal level at the 
Channel Input at a constant level by controlling the gain of 
the Gain Controlled Amplifier. This is necessary because 
the amplitude of the input signal will vary with track location, 
variations in the magnetic film, and differences in the actual 
recording amplitude. The Gain Controlled Amplifier is de
Signed for a maximum 4 Vpp differential output. To prevent 
the Gain Controlled Amplifier from saturating, the VREF level 
must be set so the maximum amplifier output voltage is 
4 Vpp. The AGC will force the differential peak-to-peak sig
nal on the Channel Input to be four times the voltage ap
plied to the VREF pin. Normally some kind of filter is con
nected between the Gain Controlled Amplifier's output and 
the Channel Input. Typically this filter has a 6 dB insertion 
loss in its pass band. Since the AGC holds the amplitude at 
the Channel Input constant, this 6 dB loss through the 
Channel filter will cause the Gain Controlled Amplifier's out
put to be 6 dB larger than the Channel Input. 

Vaur 
Pin #28 

The AGC loop starts out in the high gain mode. When the 
input signal is larger than expected, the AGe loop will quick
ly reduce the amplifier gain so the peak-to-peak differential 
voltage on the Channel Input remains four times the voltage 
on VREF. If the input amplitude suddenly drops, the AGC 
loop will slowly increase the amplifier gain until the differen
tial peak-Io-peak Channel Input voltage again reaches four 
times VREF. The AGC loop requires several peaks to react 
to an increased input signal. In order to recover the exact 
peak timing during this transition, the VOUT level must be 
set somewhat lower than the maximum of 4 Vpp. For in
stance, if the VREF is 0.5V, and if the loss in the channel 
filter is 6 dB, then the Amp Output is 4 Vpp. If the Amp Input 
suddenly increases 30%, the amplifier may saturate and the 
timing for a few peaks may be disturbed until the AGC re
duces the amplifier gain. If the peak detection is critical dur
ing this time, the system may fail. The proper operation, for 
this example, is to set the VREF at O.35V so the amplifier will 
not saturate if the input suddenly increases 30%. 

A simplified circuit of the AGC block is shown in Figure 6. 
When the full wave rectified signal from the Channel Input is 
greater than VREF, the voltage on the collector of transistor 
T1 will increase and charge up the external capaCitor CAGC 
through T2. The typical available charging current is 2.5 mA. 
Conversely, if this input is less than VREF, transistor T2 will 
be off, so the capaCitor CAGC will be discharged by the base 
current going into the Darlington T3 and T 4. This discharge 
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FIGURE 5_ Output Stage with 1k Differential Load 
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Application Information (Continued) 

current is approximately 1 pA The voltage across CAGe 
controls the gain of the Gain Controlled Amplifier. This volt
age will vary from typically 3.4V at the highest gain to 4.5V 
at the lowest gain. , 

When the AGC circuit has not received an input signal for a 
long time, the base current of the Darlington will discharge 
the external CAGe to 3.4V. The amplifier will now be at its 
highest gain. When a large signal comes in, the, external 
CAGe will be charged up with 5'mA from T2 thereby reduc
ing the gain of the amplifier. The formula, I = C X (dV/dt) 
can be used to calculate the time required for the amplifier 
to go from a'gain of 200 to a gain of 6. For instance, if CAGe 
= 0.Q1 p.F, the charging current I is 5 mA, and the dV re-' 
quired for the amplifier to go through its gain range is 1.1 V, 
then 

dt = (0.01 p.F x 1.1V)/(5mA)or2.3p.s. 

In reality, the gain does not change this quickly since the 
CAGe would only be charging during a portion of the input 
waveform. 

By using the same argument, the time required to increase 
the amplifier gain after the input has been suddenly reduced 
can be calculated. This time, the discharging current is only 
1 p.A so 

dt =(0.Q1 p.F x 1.1V)/1 p.A)or11 ms. 

This time can be decreased by placing an external resistor 
across the CAGe. For instance, if a 100k resistor is placed in 
parallel with CAGe, then the discharge current is 40 p.A. The 
time required to increase the amplifier gain is now 40 times 
faster or 275 p.S. If this external resistor is made even small
er, say 10k, then the discharge time will go to 27.5 p.s. Now 
however, there is another problem introduced. The re
sponse time of the AGC is so fast that it distorts the signal 
at the output of the Gain Controlled Amplifier. Distortion of 
the signal at the Amplifier Output can affect the time posi
tion of the peaks of this signal. Be sure to check this distor
tion over the range of input levels you expect to encounter, 
when choosing the external Rand C values for the AGC. 

If the value of the bleed resistor across the CAGe is de
creased (in order to equalize the AGC attack and decay 
times) the value of CAGe must be increased in order to 
maintain an AGC response that does not distort the signal. 
There is a second order effect on the amplitude that results 
from this attack and decay time equalization. Referring to 
Figure 1, notice that the AGC is driven from a full wave 
rectified version of the Channel Input signal. When the AGC 
is operated normally (ie. fast attack and slow decay) the 
voltage that appears across CAGe is the peak detected val
ue of this full wave rectified waveform. However, if you 
equalize the AGC attack and decay times the voltage 
across CAGe is the RMS voltage (0.707 times the peak) of 
the full wave rectified waveform. Thus, the voltage across 
CAGe is less and the amplitude out of the Gain Controlled 
Amplifier will consequently be 1.4 times larger. 

It is possible to externally drive the CAGe pin to control the 
gain of the amplifier. When properly filtered, the peak detec
tor output, Pin 24, can be used in this regard. It must be 
noted that the gain of the amplifier is not always exactly 200 
when the voltage on CAGe is 3.4V. The transfer curve be
tween the gain of the amplifier and the voltage on CAGe is 
only approximate; This transfer curve will vary between 
parts and with temperature. Care should be taken to prevent 
the voltage on the CAGe pin from going below ground 
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or above 5.5V. Figure 7 shows a typical cOrve of the Gain 
Controlled Amplifier Gain vs. the voltage across CAGe (Vpin 
14.) 
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FIGURE 7. Gain Controlled Amplifier Gain vs. Vpln 14 
It is possible to change the time constant of the AGC circuit 
by switching in different external components at the desired 
times. For instance, as shown in Figure 8, an external open 
collector TIL gate and resistor can be added in parallel with 
CAGe to decrease the AGC response time. Similarly, an ex
ternalcapacitor could be switched in to increase the re
sponse time. Since in the absence of an external resistor 
the discharge time of CAGe 'is much longer than the attack 
time there may be some applications where it is desirable to 
switch in a parallel resistor to quickly discharge CAGe then 
switch it out to force a quick attack. Because of the quick 
attack time, the AGC obtains the proper level quicker than it 
would had CAGe simply been allowed to discharge to the 
new level. 

There are some applications where it is desirable to hold the 
AGC level for a period of time. This can be done by raising 
the READ/WRITE pin. This will shut off the input Circuitry, 
and it will take time (about 2.5 p.s) for the circuit to recover 
when going back into the read mode. 

The AGC must be disabled during the servo sector. This is 
necessary in order to insure that the AGC does not respond 
to the servo signal and adjust the signal amplitude to the 
AGC threshold. The method of raising the READ/WRITE 
pin voltage high will not work in this instance as the servo 
circuitry uses the input amplifier. 

Rgure 9 shows a method to hold the AGC level while re
maining in the read mode (which could be used in embed
ded servo applications). If the voltage on VREF is raised 
above 2V, then the amplifier output voltage cannot get large 
enough to turn on the circuitry to charge up CAGe. For this 
to work properly, there cannot be a large discharge current 
path (resistor in parallel with CAGe> across CAGe. The 
scheme, as shown in Figure 9, removes the parallel resistor 
when the gate output is high. 

The AGC block can be bypassed altogether by connecting 
VREF to 3V. In this way, the user can use his own AGC 
circuit to drive the CAGe pin directly. 
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FIGURE 8. Circuit to Decrease AGC Response Time 
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In the normal read mode, the signal from the read/write 
head amplifier is in the range of 20 mVpp to 660 mVpp. 
However, when data is being written to the disk, the signal 
coming into the analog input of the pulse detector will be on 
the order of 600 mV. Such a large signal will disturb the 
AGC level and would probably saturate the amplifier. In ad· 
dition, if a different read/write amplifier is selected, there will 
be a transient introduced because the offset of the pream
plifiers are not matched. A READ/WRITE input pin has 
been provided to minimize these effects to the pulse detec
tor. This is a standard TIL input. 

When the READ/WRITE pin is low, the pulse detector is in 
the read mode. When the READ/WRITE pin is taken high, 
three things happen. First, the 1 k resistors across the AMP 
IN pins are shunted by 4250 resistors, as described previ
ously in the Gain Controlled Amplifier section. Next, the am
plifier is Squelched so there is no signal on the Amp Output. 

Finally, the previous AGC level is held. This AGC hold func
tion is accomplished by not allowing any current to charge 
up the external CAGe. The voltage across this capacitor will 
slowly reduce due to the bias current into the Darlington 
(see Figure 6) or through any resistor placed in parallel with 
CAGe. Therefore, as described in the Automatic Gain Con
trol section, the gain of the amplifier will slowly increase. All 
of these three events happen simultaneously. 

When the READ/WRITE input is returned low, the pulse 
detector will go back to the read mode in a specific se
quence. First of all, the input impedance at the Amp In is 
returned to 1 k. Then, after approximately 1 pos, the Gain 
Controlled Amplifier is taken out of the squelch mode, and 
finally approximately 1 pos after that, the AGC circuit is 
turned back on. This return to the read mode is designed to 
minimize analog transients in order to provide stable opera
tion after 2.5 pos. It is very important that the analog input be 
stable before the chip is returned to the read mode. It is 
recommended that other than when writing, the Pulse De
tector be in the read mode at all times in order to prevent 
the 2.5 pos delay from slowing up the system. The READ/ 
WRITE pin may be connected to the Write Gate output of a 
controller (such as the DP8466 Disk Data Controller). 
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CHANNEL FILTER 
The peak detection is performed by feeding the output of 
the Gain Controlled Amplifier through an external filter to 
the differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this will 
be at the peaks. The differentiator can also respond to 
noise near the baseline, in which case the comparator gat
ing channel will inhibit the output. The purpose of the exter
nal filter is to bandwidth limit the incoming signal for noise 
considerations. Care must be used in the design of this filter 
to ensure the delay is not a function of frequency. For this 
reason, a high order Bessel filter with its constant group 
delay characteristics can be used in this application. Often, 
this filter must be specifically designed to correct errors in
troduced by the non-ideal phase characteristics of the input 
read head. The typcial -3 dB point for this filter is around 
1.5 times the highest recorded frequency. The design of this 
filter is complex and will not be discussed here. However, 
the following discussion does give a feel for some of the 
considerations involved in the filter design. The reader is 
referred to reference '" 3 listed at the end of the Applica
tions Notes for further filter design information. 

Figure 10 shows a typical Region 1 waveform where there is 
no bit interaction. This waveform is primarily the sum of the 
fundamental frequency and its 3rd harmonic (higher odd 
harmonics are present when there is more shouldering). 

If the filter is to preserve this wave shape (this would be the 
case if no read/write head phase compensation were nec
essary) then the phase relationship between the fundamen
tal frequency and its harmonics must not be altered. Figure 
11 shows the output when the 3rd harmonic has the proper 
magnitude, but the phase relationship is not maintained. 
The result is that the output waveform is not the same 
shape as the input (in a severe case it may be almost unrec
ognizable) and the time position of the peaks has been al
tered. 

One electrical parameter which describes how well a filter 
will preserve a wave shape is called group delay. Group 
delay Is defined as the change in phase divided by the 
change in frequency. If the group delay is constant over the 
frequencies of interest, then the wave shape will be main
tained. An MFM coded signal will contain three basic fre
quency components for the various digital patterns of data. 
For instance, a 10 Megabit/sec MFM signal will consist of 
analog frequencies of 2.5 MHz, 3.33 MHz and 5 MHz. On 
the outer track the bit density is the lowest and the 5 and 
3.33 MHz signals will look sinusoidal while the 2.5 MHz sig
nal will have a tendency to return to the baseline. This re
turning to the baseline is called shouldering and is illustrated 
in Rguf9 10. Since this shouldering is rich in 3rd harmonic
the 2.5 MHz signal will have a strong 7.5 MHz component. 
The 10 Megabit/sec MFM signal will therefore have 
2.5 MHz, 3.33 MHz, 5 MHz, and 7.5 MHz components which 
must be filtered with constant group delay in order to repro
duce the original waveform. For example, if the phase shift 
through the filter at 2.5 MHz is 33.3°, then at 3.33 MHz the 
phase shift must be 44.3°, at 5 MHz-66.6°, and at 

7.5 MHz-99.9°. The group delay ~~ for this case is 

13.32°/MHz. This can be better interpreted as a time delay. 
33.3° of a 2.5 MHz signal is equivalent to (33.3/360) x 
(1/2.5 MHz) or 37 ns. Similarly, 66.6° on a 5 MHz signal is 
(66.6/360) x (1/5 MHz) = 37 ns. 
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FIGURE 10. Typical Region 1 Waveform 

TL/F/8828-15 

FIGURE 11. Region 1 Waveform with 
the Incorrect Phase Relationship , 

The third order Bessel Filter as shown in thEl10 Mbitlsec. 
pulse pairing measurement board on the data sheet is de
signed for a constant group delaY and a -3 dB point of 
7.5 MHz. At this frequency the delay through the filter is 
35 ns. The Gain Controlled Amplifier of the DP8488 Is de
signed for a group delay of a 7.8 ns for frequencies up to 
7.S MHz. The 7.8 ns delay in the Gain Controlled Amplifier 
and the 37 ns delay in the Bessel Filter do not introduce any 
timing error, only a delay of 44.3 ns from the Amp Input to 
the output of the filter. 

DlFFERENTIATOR 
A simplified circuit of the first stage of the differentiator is 
shown in Figure 12. The voltages at V3 and V4 are simply 
two diodes down from V1 and V2. Therefore the voltage 
across the external differentiator network (Cd in series with 
Rd) is the differential input voltage V1 - V2. When Rd is 

zero, the current through Cd is I = C x (dV/dt) or Cd x 
(dV,N/dt). The 02 collector current is the sum of the 1.8 mA 
current source plus the current through Cd or 

1.8 mA + Cd x (dV'N/dt). 
Similariy, the 03 collector current is 

1.8 mA - Cd x (dV'N/dt). 
Therefore, the differentiator output vOitage, V5 - V6, is 

1.Sk x 2 x Cd x (dV'N/dt). 
The input is at a peak when VS - V6 = OV. 
The differentiator network (Cd and Rd) should be selected 
so the maximum current into the differentiator network is not 
greater than the minimum current of 11 and 12 over tempera
ture. In the electrical specifications, the minimum current is 
specified for 1.4 mA (led Current into Pin 1 and 24 that 
discharges Cd). For example, the highest analog frequency 
in a 10 Megabit/sec, MFM signal is S MHz. Since the AGC 
loop has forced the input to the differentiator to 2 Vpp 
(which includes the 6 dB loss of the filter), then the voltage 
across the capaCitor (assuming Rd is O) is: 

V,N = 1 x sin(2 x 7T x SE6 x t} 
and 

dV,N/dt = 1 x 2 x 7T x 5E6 x cos(2 x 7T x 5E6 x t} 
and the maximum slope is 

(dV,N/dt}max = 1 x 2 X 7T X SE6 = 314E5 V/sec. 
For this example, Cd can now be calculated. Since I = C x 
(dV/dt), then for I = 1.4 mA, dV/dt = 314E5, then the 
maximum Cd must equal 45 pF. From this example, a follow
ing simple design equation for the value of Cd can be de
rived. 

Cd = 445/(V'N X fmax) 
where 

Cd is the maximum external differentiator capacitor in pF 
V,N is the peak to peak differentiai Channel input voltage 
fmax is the maximum analog frequency in MHz 

Note that this is the'maximum value for the capaCitor when 
the series resistor Rd is zero. The value of the capacitor can 

INTERNAL ~V,----.... -.-------.--.... - .... - ... 
1.Sk 

FIGURE 12. Simplified Dlfferentlator Firat Stage 
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Application Information (Continued) 
be increased if a series resistor is used, but the maximum 
current through the differentiator network must not exceed 
1.4 mAo If too large a value for Cd is used, the delay through 
the differentiator will become dependent on frequency. This 
will not show up in a single frequency test such as a test for 
pulse pairing. 
For the MFM code, the maximum analog frequency is % the 
data rate. For the %(2,7) code, the maximum analog fre
quency is % the data rate. The above sinusoidal analysis is 
valid as long as the highest frequency on the outer track is 
nearly sinusoidal. If, however, there is significant shoulder
ing of this signal then the value of Cd should be reduced 
accordingly. 
The following table summarizes the value of Cd to use for a 
2 Vpp differential signal to the channel input. 

Data Rate Code Maximum Frequency Cd 

5 mbits/sec MFM 2.5 MHz 90pF 

5 mbits/sec 2,7 1.6MHz 140 pF 

10 mbitsl sec MFM 5.0 MHz 45pF 

10 mbits/sec 2,7 3.3 MHz 67 pF 

As noted above, the value of the capacitor can be increased 
if a series resistor is used, but the maximum current through 
the differentlator network must not exceed 1.4 mAo 
A resistor is placed in series with Cd in order to bandlimit the 
differentiator response. This resistor also has an effect on 
the phase linearity of the differentiator. An ideal dlfferentia
tor produces an output that is 90 degree phase shifted from 
the input regardless of the input frequency. The presence of 
the series resistor produces an output phase shift that is 
less than 90 degrees and changes with the input frequency. 
This resistor can be used to correct for frequency related 
phase problems encountered elsewhere in the read path. 
To properly decode the information on the disk, the read 
channel must determine if there is a peak (or a "1") during a 
period of time called a detection window. The detection win
dow for MFM and the (2,7) code is 

1/(2 X data bit rate). 

This detection window must accommodate errors in many 
parts of the system including filters, data separator, and 
peak shift variations in the data pattern. The pulse pairing of 
the DP8468 should be included in the error budget calcula
tion. 

DIFFERENTIAL COMPARATOR WITH HYSTERESIS 
The actual peak detection is done in the time channel with 
the differentiator. Unfortunately, the differentiator not only 
responds to signal peaks but also responds to noise at the 
baseline. In order to prevent this noise from generating false 
data, the signal at the output of the Gain Controlled Amplifi
er is also passed through a gating channel which prevents 
any output change before the input signal has crossed an 
established level. This gating channel comprises a differen
tial comparator with hysteresis and a D flip-flop. The hyster
esis for this comparator is set externally via the Set Hystere
sis pin. The amount of hysteresis Is twice the voltage on the 
Set Hysteresis pin. For instance, if the voltage on the Set 
Hysteresis pin is 0.3V, the differential input signal must be 
larger than 0.6V(±0.3V) before the output of the compara
tor will change states. The 0.6V hysteresis represents 30% 
of a typical 2V differential Input signal level to the gating 
channel. The hysteresis level Is usually set between 15% to 
40% of the differential Input signal. 
The operation of the gating channel is shown In Figure 13. 
At the top is a typical Region 1 waveform which exhibits 
shouldering on the lowest frequency and Is almost sinusoi
dal on the highest frequency. In this example, this waveform 
is fed to both the timing and the gating channel. The hyster
esis level (of about 25%) has been drawn on this waveform. 
The second waveform is the output of the dlfferentlator and 
its bi-dlrectional one shot. While there is a positive edge 
pulse at each peak, there Is also noise at the shoulders. 
This waveform is the clock for the D flip-flop. 
The third waveform In Figure 13 is the output of the Compar
ator with Hysteresis which goes to the D Input of the flip
flop. The true peaks are the first positive edges of the dlffer
entiator's bi-dlrectional one shot output which occur after 
the output of the comparator has changed states. The D 
flip-flop will "clock" in these valid peaks to the output bi-di
rectional one shot. Therefore, the noise pulses (due to the 

INPUT ~-7~-..30,,,,-""'-\--~4-~..--_ 

OUTPUT OF DlFFERENTIATOR'S 
BI·DIRECnONAL 

ONE SHOT 

OUTPUTOF , 
DIFF COMPARATOR n 
WITH HYSTERESIS ._.&. __ ..L __ ..... _ ... _.&.. __ .... __ .... _ 

n 
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FIGURE 13. Pulse Detector Operation for Region 1 Signals 
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Application Information (Continued) 

differentiator responding to noise at the baseline) just 
"clock" in the old data through the flip-flop and the output 
does not change. 

The a output of the flip-flop drives the output bidirectional 
one-shot which generates the positive edges corresponding 
to the peaks. The width of the data pulses can be controlled 
by an external capacitor from the Set Pulse Width pin to 
ground. This pulse width can be adjusted from 20 ns to Yz 
the period of the highest frequency. Typical values for this 
capacitor are 20 pF for a 25 ns pulse width to 100 pF for a 
1 00 ns pulse. 

DYNAMIC HYSTERESIS 

A dynamically changing hysteresis level (as a function of 
signal level at the Channel Input pins) can easily be imple
mented with the DPB46BB. An amplified full wave rectified 
peak detecting output, pin 24, is made available for this 
function. A resistor capacitor network is connected from pin 
24 to pin 23 as shown in Figure 14. The RC time constant 
determines the rate at which the hysteresis level can dy
namically change as a function of the signal level out of the 
Gain Controlled Amplifier. 

This time constant can be made to be much faster than the 
response time of the AGC of the Gain Controlled Amplifier. 
In this manner the hysteresis level can maintain a nearly 
constant percentage of the peak amplitude of the Signal at 
the Channel Input Pins. 

The charge time of the pin 24 capacitor, CPDO, is set by the 
pin 24 output resistor. Ro, (approx. 2700) and the capacitor 
value. The discharge time is longer since the external bleed 
resistor, RB, across the pin 24 capacitor is much larger than 
Ro. The charge time can be made longer by adding an ex
ternal resistor in series with pin 24. 

Fl{Jure 15 shows a plot of the hysteresis level obtained as a 
function of the peak to peak differential channel input level, 
pins 1 and 4, for the circuit shown in Figure 14. Note that 
VHYST does not go to zero when there is no Signal at the 
Channel Input. This is because pin 24 has a DC quiescent 
output level of approximately .BV. Consequently, a 50% re
duction in the Channel Input level results in a 36% reduction 
in the hysteresis level in the linear region of Figure 15. 
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FIGURE 14. Dynamic Hysteresis Circuitry 
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EMBEDDED SERVO DETECTION SCHEMES 

A"gure 16 shows the two types of embedded servo patterns 
the DP8468B is capable of detecting. By far the simplest 
pattern to detect and to write onto the disk, is the Burst 
Pattern. Two servo bursts are written on alternate half 
tracks on the disk surface. These bursts are each generally 
10 JJ.s to 30 JJ.s in duration. 

When the read head is exactly centered between the two 
half tracks, the amplitude of each servo burst will be equal 
and one half the level that would be detected had the read 
head been exactly centered over the servo burst. If, for ex
ample, the read head is not centered but closer to the A 
burst, then the detected amplitude of the A burst will be 
proportionately larger than the detected amplitude of the B 
burst. If the A and B signals are gated into separate peak 
detectors then the levels of the A and B burst signals are 
detected. Comparing the relative levels of the resulting DC 
voltage yields a correction term for repositioning the read/ 
write head. 

The two burst scheme is particularly easy to write on the 
disk surface because the A and B patterns do not overlap. 

Consequently, an inexpensive servo writer can be used to 
lay down the servo pattern. The disadvantage of this two 
burst approach is that because of the physical separation of 
the A and B burst, an error term is introduced in the relative 
amplitudes when this pattern is used to detect the head 
position during a fast seek. For example if the head is mov
ing across the A track in the direction of the B track, then by 
the time the A burst is detected the head will have moved 
closer to the B burst, resulting in an error term. This error 
term mayor may not be important depending on the appli
cation. 
This error term during a fast seek can be eliminated with the 
'Interlaced Tri-Bit Pattern', also shown in Figure 16. This 
pattern uses accurately positioned A and B pulses written 
on alternate half tracks. When the read head is exactly cen
tered between the two half tracks the recovered A and B 
amplitudes will be exactly equal. If, for example, the read 
head is positioned closer to the A half track, then the A 
pulse will be proportionately larger than the B pulse. Be
cause the A and B pulses are so close together in time, a 
third negative going Sync pulse is required to synchronize 

Burst Pattern 

A BURST 

f\ f\ f\ v f\ v V 
HALF TRACK 

TRACK CENTER 
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V V 
B BURST 
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Interlaced Pattern: Tri-Blt 
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FIGURE 16. Servo Patterns 
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the gating of the A and B signals. Without the Sync pulse, 
there would be no way to gate the A and B pulses into the 
separate servo channels. 

Because of the close proximity of the A and B pulses, the 
seek error term is eliminated. The price that is paid for this is 
high, however. Writing this servo pattern on the disk surface 
requires an expensive and very accurate servo writer. Also, 
external Sync detection circuitry must be added to the 
DP8468B. The Channel Alignment Output can be used for 
this purpose. Once the Sync pulse is detected then gating 
signals must be generated to control the Gated Detectors 
on the DP8468B. 

GATED SERVO DETECTORS 

Figure 17 is a simplified schematic of one of the gated de
tectors. The gated detectors require TTL gating signals 
which overlap the duration of the servo burst pattern. The 
gated detectors are basically peak detectors, but by adding 
a resistor in series with the peak detector capacitors, Cp1 
and Cp2, filtering of the servo signal is accomplished. How
ever, the RC time constant of this series combination should 
be shorter than the length of the servo burst. This allows the 
capacitor to fully charge up to the peak of the servo burst. 
Consequently, the longer the servo burst is, the longer RC 
time constant can be used and the less sensitive will be the 
Peak Detectors to noise spikes. 

A separate TTL input is provided to Implement the dis
charge of the peak detector capacitors. This discharge 
drains the capacitors of the charge they acquired during the 
previous servo sector. When discharge (pin 22) is high, ap
proximately 1 kO is connected through two diodes and 1 
schottky diode from the peak detector pins, 18 and 19, to 
ground. The discharge time will then depend on the RC time 
constant of the sum of the external resistor + 1 kO times 
the external capaCitor. 

15k 

15k 

The gated detectors are placed in a hold mode (i.e., gated 
off) when the gating pins 17 and 20 are high and pin 22 is 
low. In this mode a small leakage current (less than 1 ,.A) 
will slowly discharge the peak detector capaCitors. 

When centered on track, the channel input signal level from 
the servo burst should equal 1V peak to peak differential. 
Thus when on track, the servo burst is half the amplitude of 
the channel input signal in the data field. The channel filter 
should not be designed to increase the amplitude of the 
servo signal. The DP8468B has a built in amplifier that will 
boost the signal level. This amplifier saturates when the 
channel input Signal exceeds 2V peak to peak differential. 
All that happens if this amplifier saturates is that the recov
ered DC level at the buffer outputs will not linearly track the 
amplitude of the channel input Signal. 

The output of the gated detectors drive two high input im
pedance unity gain buffers which provide a level shifted low 
impedance output voltage representation of the voltage 
across the peak detector capacitors. A simplified schem1!tic 
of one of the buffers is shown in Figure 18. Though the 
output buffers do some level shifting, they do not level shift 
all the way down to a ground reference. In fact the minimum 
output voltage from the output buffers is approximately 1.2V 
for Vpin21 = 5V. 

This minimum output voltage is designed to be a constant 
percentage of the 5V input level at pin 21 independent of 
temperature. This minimum output level is important when 
calculating an error correction term using the expression 
(A - B)/(A + B) where A and B represent the amplitudes 
of the servo burst signals. Since the A and B voltages at the 
buffer outputs do not go to zero, an additional term, C, must 
be accounted for. The modified expression then becomes: 

error = (A - B)/(A + B - 2C) 

where C = minimum output level of each buffer. 

BurrER 
OUT 

>--O()PIN#15 OR PIN#16 

TUF/8828-22 

FIGURE 17. Gated Detector 
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Application Information (Continued) 

TL/F/BB2B-23 

FIGURE 18. Buffer 

If C is not accounted for, a gain error will result. As men
tioned above, C is designed to be a constant percentage of 
the voltage applied to pin 21, independent of temperature. 
Thus, 

C = K. Vpin21 
where K = a constant (approx. = 0.22). 

Therefore, C will represent a constant number of bits in a 
system that digitizes the buffer outputs and uses the voltage 
applied to Vpin21 as an ADC (analog to digital converter) 
reference. 

BUFFER OUTPUTS USED WITH ADC 
The output voltage levels from the buffer have been specifi
cally designed to allow them to be directly connected to a 
muxed A to D converter. Some muxed ADC's allow for a 
reduced span by tying one of the inputs to a level that will 
represent all O's when converted. This can be accomplished 
with the above scheme by tying the ADC input to a resistor 
voltage divider from pin 21 to ground with the ratio of the 
resistors given by: 

[R1/(R1 + R2)1 = K 
With this technique, the full resolution of the ADC can be 
utilized. The span of the voltage at the buffer outputs be
tween minimum and maximum detected signals is approxi
mately 3.5V. Because of this large voltage span at the buff
er outputs, it may not be necessary to use the above re
duced span technique. The 3.5V span allows for better than 
7 bits of ADC resolution when digitizing with an B-bit ADC 
between OV and the ADC reference (which should be tied to 
pin 21). 

The output buffers have been designed so that their output 
levels never exceed the voltage on pin 21. Thus the user 
need not be concerned that the buffer outputs will exceed 
the maximum allowed Input voltage to the ADC. 

The buffers are capable of sourcing up to 3 mA of current 
and can sink about 300 p,A. This sink current can be in
creased by adding an external pull down resistor from the 
buffer outputs to ground. 

3-43 

DIFFERENCE AMPLIFIER USE WITH AN ADC 
Though muxed ADCs are very common today and often 
available as part of a microprocessor, there may be some 
users who do not have muxed inputs. The DPB46BB can still 
be used in these applications by using the difference ampli
fier output. 
A simplified schematic of the difference amplifier is shown in 
Figure 19. When the voltage at the buffer outputs are equal 
(i.e., on track center) the voltage at the difference amplifier 
output will equal the voltage on pin 21. The DC transfer 
function for the difference amplifier output is given below 
and plotted in Figure 20; 

VOUT = (1/2) [A - BI + Vpin 21 
Using the above equation the maximum and minimum volt
age for VOUT can be calculated. They are: 
VOUTmax. = (1/2)([(2.1.75) + 1.21-1.2) + 5 = 6.75V 

VOUT min. = (1/2)(1.2 - [(2.1.751 + 1.2)1 + 5 = 3.25V 
Since most ADCs can only digitize voltages below 5V, the 
difference amplifier's output must some how be level shifted 
down. The easiest way to accomplish this is to use a resis
tor voltage divider from the difference amplifier output to 
ground. In this case a divider ratio of 5/6.75 is required to 
insure that the center of the divider never goes above 5V. 
For a symetric span about the on channel voltage (on chan
nel voltage = (5/6.75).5V = 3.704V) the total output span 
will now be 2.592V. This is a large enough span to still allow 
for greater than 7 bits of accuracy from an B-bit ADC. 
The above technique is only valid if the AGC has been al
lowed to settle to a known and constant level prior to the 
servo sector. Also the AGC must be put into a hold mode 
during the servo sector. If the AGC is allowed to adjust the 
signal levels to a known and constant level prior to the ser
vo sector then the (A + B - 2C) denominator term is a 
constant independent of the track. Consequently, this term 
can be neglected from the gain error calculation and only 
the one difference output need be digitized. 

C 
"0 
CD 
"., 
en 
CD 
m 
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I Application Information (Continued) 

BUF2 
PIN 15 20k 
A o--¥.fv--........ 

B o--¥.fv--........ 
PIN 16 20k 
SUFI 

10k 

BV 

.... _ ..... OOlFFERENCE AWPLI'IER OUTPUT 
PIN 25 

FIGURE 19. Difference Amplifier 

PIN 2S 
D.A. OUT 

BY 

FIGURE 20. Difference Amplifier DC Transfer Curve 
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Application Information (Continued) 

The output stage of the difference amplifier is capable of 
sourcing about 3 mA of current and can sink about 500 JJA 
The sink current can be increased by adding an external 
resistor from the DA output, pin 25, to ground. 

DIFFERENCE AMPLIFIER OUTPUT USED IN A LINEAR 
FEEDBACK SYSTEM 

The difference amplifier provides an accurate difference be
tween the two servo detector voltages. However, this differ
ence is only an accurate representation of the positioning 
error after both servo channels have been updated. Conse
quently, the difference output is meaningless during the ser
vo sector and only accurate after the servo sector. A linear 
system that is providing positioning feedback based on the 
output from the difference amplifier, will probably require an 
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external sample and hold at the difference amplifier output 
in order to prevent a false correction during the servo sec
tor. A sample would then be taken after the servo sector 
when both detectors are gated off. 
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~National 
~ Semiconductor 

DP8461/65 Data Separator 
DP8451/55 Data Synchronizer 

General Description 
DP8461/65 
The DP8461 165 Data Separators are designed for applica
tions in disk drive memory systems, and depending on sys
tem requirements, may be located either in the drive or in 
the controller. They receive digital pulses from a pulse de
tector circuit (such as the DP8464 Disk Pulse Detector) if 
situated in the drive, or from an ST506 type interface if situ
ated in the controller. After locking on to the frequency of 
these input pulses, they separate them into synchronized 
data and clock signals. While in the non-read mode, both of 
these circuits employ a phase-frequency comparator to 
keep the VCO locked to the 2F input (this signal may be 
derived from a crystal or a servo track). The DP8465 
switches to a phase only comparator when the read mode is 
entered. The DP8461 continues to use a phase-frequency 
comparator until the preamble detection circuit has detect
ed two bytes of preamble. This feature thus restricts the 
DP8461 to use with codes employing the 1010 ... pream
ble. MFM, and certain RLL Codes such as 1,7 and 1,8 em
ploy such a preamble. If a Run Length Limited code is used 
or if the user wishes to do his own data separation, the 
synchronized data output is available to allow external cir
cuitry to perform the data decoding function. 

All of the digital input and output signals are TTL compatible 
and only a single + 5V supply is required. The chip is 
housed in a narrow 24-pin dual-in-line package (DIP) and is 
fabricated using Advanced Schottky bipolar analog and digi
tal circuitry. This high speed I.C. process allows the chip to 
work with data rates up to 20 Mbitlsec. There are two ver
sions of the chip, each having a different decode window 
error specification. These two versions (-3, -4) are de
signed to operate from 2 to 20 Mbitlsec and are tested for 
their respective window tolerances, as specified in the Elec
trical Characteristics Table. 

The DP8461 165 feature a phase-lock-loop (PLL) consisting 
of a phase-frequency comparator, pulse gate (to allow for 
phase-only operation in the read mode), charge pump, buff
ering amplifier, and voltage-controlled-oscillator (VCO). Pins 
are provided for the user to select the values of the extemal 

\ filtering components required for the VCO, and two current 
setting resistors for the charge pump. The DP8461 165 have 
been designed to be capable of locking onto the incoming 
preamble data pattern within the first two bytes, using an 
available high rate of charge pump current. Once lock-on 
has been achieved, the charge pump can be switched to a 
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lower rate (both rates being determined by the external re
sistors) to improve bit-jitter immunity for the remainder of 
the read operation. At this time the READ CLOCK OUTPUT 
switches, without glitching, from half the 2F-CLOCK fre
quency to half the VCO CLOCK frequency. After lock-on, 
with soft sectored disks, the MISSING CLOCK DETECTED 
output indicates when a missing clock occurs so the control
ler can align byte boundaries to begin deserialization of the 
incoming data. 

DP8451 155 

The DP8451/55 perform the same data synchronization 
function of the DP8461 165 with no MFM related circuitry. As 
with the DP8461, the DP8451 continues in the phase-fre
quency comparison mode until two bytes of preamble are 
detected. The DP8451/55, which are packaged in 20 pin 
DIPs or 20-pin PCC's, exclude the READ CLOCK generating 
circuitry along with the MFM Decoder, Missing Clock Detec
tor, and Read Enable Delay. Users who require only the 
SYNCHRONIZED DATA OUTPUT and VCO CLOCK OUT
PUT can use the DP8451/55 as alternatives to the 
DP8461/65. 

Features 
• Operates at data rates up to 20 Mbitlsec 
• Phase-Frequency comparison in non-read mode 
• Phase-Frequency comparison in preamble-DP8461/51 
• Separates MFM data into read clock and serial NRZ 

data (DP8461/65) 
• 4 byte preamble-lock indication capability 
• Preamble recognition of MFM encoded "O"s or "1 "s 
• User-determined PLL loop filter network 
• PLL charge pump has two user-determined tracking 

rates 
• External control of track rate switchover 
• No glitch on READ CLOCK at switchover (DP8461/65) 
• Synchronized data provided as an output (for RLL 

codes) (all four devices) 
• ORed phase comparator outputs for monitoring bit-shift 
• Missing clock detected for soft sectored disks 
• Less then '/zW power consumption 
• Standard narrow 24-pin DIP or 28 pin Plastic Chip Car

rier Package 
• Single + 5V supply 
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Simplified Block and Connection Diagrams 

ENCODED 
DATA 

2I·CLOCK 

READ 
DATE 

EXTERNAL COMPONENTS 

"" 
,. 

I 

"-. r-+ PHASE-LOCtlED·LOOP -+ - / -+ -
+2 

... , 
MFMDECDDER 
ANDMISSINB 

f---+ 
CLOCtI DETECTOR 

READ ENABLEI 

--+ LOCK DETECT ' 
CONTROLS 

1 1 
DELAY' 'ZERDESI SET PLL LOCK 

DISABLE ONES 
PREAMBLE 

, 
r-+ / 

f 

PHASE COMPARATOR 
TEST 

VCO 
CLOCK 

READ' 
CLOCK 

SYNCHRONIZ£D 
DATA 

MHZ READ' 
DATA 

MIISING' 
CLOCK 
DETECTED 

'Available only on DP8461 165 TL/F/B445-1 
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16w 
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CI\)UT 

Cl 

C2 

RYCD 

YCO CLOCK 
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ZEROES/iINEf PREAMBLE 

MISSINO CLOCK DETECTED 

GNO 

DP8461165 
Dual·ln·Line Package 

24 Vee 

23 PGl 

22 PG3 

2I·CLOCK 

ENCODED DATA 

READ CLOCK 

lB ~ 

17 DELAY DISABLE 

16 READ BRTE 

10 15 LOck DETECTED 

11 14 NRZ READ DATA 

12 13 SYNCHRONIZED DATA 

Top View. TUF/8445-2 

Order Number DP8461/65J or N 
See NS Package Number J24F or N24C 
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PG2 
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DP8451/55 
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Order Number DP8451155N 
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Pin Descriptions* 
Power Supply 

24 Vee +5V ±5% 

12 Ground 

TIL Level Logic Inputs 

16 READ GATE: This is an active high input signal that sets 
the DPB461/65 Data Separator into the Read Mode. 

17 DELAY DISABLE: This input determines the delay from 
READ GATE g'oing high to the time the DPB461/65 enters 
the Read Mode. If DELAY DISABLE is set high, this delay is 
within one cycle of the Veo-CLOCK signal. If DELAY DIS
ABLE is set low, the delay is thirty two-cycles of the VCO 
CLOCK, as shown in Figure 1. 

18 SET PLL LOCK: This input allows the user to control the 
on-chip PLL track rate. A high level at this input results in 
the PLL being in the high track rate. If this input is connect
ed to the LOCK DETECTED output, the PLL will go into the 
low track rate mode immediately after lock is detected. A 
low level on this pin is also used to enable the MFM Decod
er, the Missing Clock Detector, and to switch the Read 
Clock Multiplexer from half-2F-CLOCK to half-VCO. 

10 ZEROES/ONES PREAMBLE: A high level on this input 
enables the MFM Decoder circuit to recognize an All Zeros 
data preamble. A low level results in the recognition of an 
All Ones data preamble. 

20 ENCODED DATA: This input is connected to the output 
of the head amplifier/pulse-detecting network located in the 
disk drive. Each positive edge of the ENCODED DATA 
waveform identifies a change of flux on the disk. In the case 
of MFM encoded data, the input will be raw MFM. 

21 2f-CLOCK: This is a system clock input, which is either a 
signal generated from the servo track (for systems utilizing 
servo tracks), or a signal buffered from a crystal. 2f CLOCK 
MUST ALWAYS BE APPLIED TO THIS INPUT FOR PROP
ER OPERATION. 

TIL Level Logic Outputs 

8 VCO CLOCK: This is the output of the on-chip VCO, 
transmitted from an Advanced SChottky-TIL buffer. It is 
synchronized to the MFM data output. 

15 LOCK DETECTED: This output goes active low only af
ter both PLL Lock has occurred and 16 pulses of the pream-

ble pattern have been recognized. It remains low until READ 
GATE goes inactive. 

14 NRZ READ DATA: This is the NRZ (decoded MFM) data 
output, whose leading edges coincide with the trailing edge 
of READ CLOCK. 

13 SYNCHRONIZED DATA: This output is the same encod
ed data that is input to the chip, but is synchronous with the 
negative edge of the VCO CLOCK. 

11 MISSING CLOCK DETECTED: When an MFM missing 
clock is detected, this output will be a single pulse (of width 
equal to one cycle of READ CLOCK) occurring as shown in 
Figure 2. 

19 READ CLOCK: This is half VCO CLOCK frequency when 
SET PLL LOCK is low; it is half 2f-CLOCK frequency at all 
other times. A deglitcher is utilized to ensure that no short 
clock periods occur during either switchover. 

9 PHASE COMP TEST: This output is the logical "OR" of 
the Phase Comparator outputs, and may be used as a bit
shift indicator on for PLL analysis purpose. 

Analog Signals 

23,22, PG1, PG3: The external capacitors and resistor of 
the Pulse Gate filter are connected to these pins. PG1 
should be connected directly to the ground pin, pin 12. 

1 PG2: This is the Pulse Gate current supply. 

3 IRSET: The current into the rate set pin (VSE/RRATE) is 
used to set the charge pump output current for the low 
tracking rate. 

2 IBSET: The current into the boost set pin (VSE/RsOOST) 
is used to set the amount by which the charge pump current 
is increased for the high tracking rate. (IINPUT = IRATE Set 
+ ISOOST Set). 
4 CPOUT: CHARGE PUMP OUT/BUFFER AMP IN is avail
able for connection of external filter components for the 
phase-lock-loop. In addition to being the charge pump out
put node, this pin is also the noninverting input to the Buffer 
Amplifier. 

7 RVCO: The current at this pin determines the operating 
currents within the VCO. 

5, 6 VCO C1, C2: An external capacitor connected be
tween these pins sets the nominal VCO frequency. 

'Pin N~mber Designations apply only to the DP8461/65. See Connection Diagram for DP8451 155. 

Absolute. Maximum Ratings 
Output Voltages 

Input Current 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
DistributorS for availability and specifications. 

Supply Voltage . , 7V 
(CPOUT, IRSET, IBSET, RVCO) 

TIL Inputs 7V 
Storage ;-emperature 

Operating Conditions 
Symbol Parameter Conditions Min Typ 

Vee Supply Voltage 4.75 5.00 

TA Ambient Temperature 0 25 

IOH High Logic Level Output Current VCOClock 
Others 

10L Low Logic Level Output Current VCOClock 
Others 
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Max 

5.25 

70 

7V 

2mA 

- 65·C to 150·C 

Units 

V 

·C 

2000 p.A 
-400 

20 mA 
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Operating Conditions (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

fDATA Input Data Rate 2.0 20 Mbit/sec 

tWCK Width of 2f-CLOCK, High or Low 10 ns 

tWPD Width of ENCODED HIGH 5 ns + 0.10t ns 
DATA Pulse, (Note 2) LOW 0.4t 

VIH High LogiC Level Input Voltage 2 V 

VIL Low LogiC Level Input Voltage 0.8 V 

tsETUP Min. Amount of Time Which a 20 ns 
(READ Gate) Positive Edge of READ Gate 

Must Precede a Negative Edge 
of a VCO (Pin 8) 

tHOLD Min. Time Required for a 10 ns 
(READ Gate) Positive Edge of a READ Gate 

to be Held after a Negative 
Edge of a VCO (Pin 8) 

DC Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol Parameter Conditions Min Typ Max Units 

VIC Input Clamp VCC = Min., -1.5 V 
Voltage II = -18mA 

VOH High Level Output VCC = Min., Vee- 2V VCc-1.6V V 
Voltage 10H = Max. 

VOL Low Level Output Vee = Min., 0.5 V 
Voltage 10L = Max. 

IIH High Level Input Vee = Max., 20 ".A 
Current VI = 2.7V 

IlL Low Level Input Vee = Max., -200 ".A 
Current. VI = 0.4V 

10 Output Drive VCC = Max., -12 -110 mA 
Current (Note 1) Vo = 2.125V 

ICC Supply Current VCC = Max. 100 mA 

lOUT Charge Pump 500 ".A s: IRSET + ITYP - .18 (IR + Ie) 1.95 (IRSEr + leSET) ITYP + .18 (IR + Ie) 
Output Current leSET s: 2000 ".A - 30".A -70".A + 30 p.A p.A 

200 ".A s: IRSET + ITYP - .08 (lR + Ie) 1.95 (IRSET + leSET) ITYP + .08 (IR + Ie) 
leSET < 500 ".A - 80 p.A -70".A + 80".A 

Note 1: This value has been chosen to produce a currenllhal closely approxlmales one·half of Ihe true short·circult output currenl. los. 
Note 2: lis defined as the period of Ihe encoded MFM data, or two times the veo period. 

AC Electrical Characteristics Over Recommended Vcc and Operating Temperature Range. 
(All Parts unless stated otherwise) (tR = tF = 2.0 ns, VIH = 3.0V, VIL = OV) 

Symbol Parameter Min Typ Max Units 

tREAD 
Positive READ CLOCK transitions from READ GATE set active 

16 17 
until PLL Lock sequence begins (DELAY DISABLE low) -

tREAD 
Positive READ CLOCK transitions from READ GATE set active 

1 1 
until PLL Lock sequence begins (DELAY DISABLE high) -

tDECODENRZ 
Number of READ CLOCK cycles required to output - 2 3 T-clock 
each decoded MFM data bit (Note 3, 4) 

tTRANSMIT MFM 
Positive READ CLOCK transitions required to transmit 

1 2 3 -input MFM to output 
Note: For Further Information Reier 10 Appllcallon Nole. AN-414, AN-415, and AN-416. 
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AC Electrical Characteristics Over Recommended Vee and Operating Temperature Range. (Continued) 
(All Parts unless stated otherwise) (tR = tF = 2.0 ns, V,H = 3.0V, V,L = OV) 

Symbol Parameter Min Typ Max Units 

tREAD ABORT 
Number of READ CLOCK cycles after READ GATE 2 T-clock set low to read operation abort 

tWINDOW 
Variance of center of decode window from nominal DP84XX-3 6 ns (Note 7) DP84XX-4 10 

"'LINEARITY Phase range for charge pump output linearity (Note 2) -'IT + 'IT Radians 

Kl. Phase Comparator-Charge Pump gain constant (Note 5) 1.78VBE 
Amps/rad 

(N = fveo/f,NPUT DATA, 2 s: N s: 4 for MFM) N2'ITR 

VeONTROL Charge pump output voltage swing from nominal ±100 mV 

Kveo(= AXK2) VCO gain constant (ooveo = VCO center frequency in rad/s) 1.20ooe 1.40ooe 1.60ooe 
rad/sec. V (Note 1, 6) VBE VBE VBE 

'veo VCO center frequency variation over temperature and Vee -5 +5 % 

fMAxveo VCO maximum frequency 60 MHz 

tHOLD 
Time READ CLOCK is held low during changeover 

1% T-clock after lock detection has occurred (Note 3) 

tpHL Prop. Delay. VCO Neg. Edge to Synchronized Data Neg. Edge 15 30 ns 

tpLH 
Prop. Delay. VCO Negative Edge to 

10 25 ns Synchronized Data Positive Edge 

t2F/Re 
Delay from 2F positive edge to READ CLOCK positive on 10 35 ns 
negative edge (SET PL[ COCK high) 

Note 1: A sample calculation of frequency variation va. control voltage: V,N = ±0.1V; 

K OIOUT O.401C 2.00lc (rad/sec) 
vco = v;- = 0Tv" = -v- (Voii) 

Note 2: -IT to + IT with respect to 2f veo CLOCK 
Note 3: T ·clock Is defined as the time required for one period of the READ CLOCK to occur. 
Note 4: This number remains fixed aiter PLL Leek occura. 
Note 6: With respect to VCO CLOCK; IpUMP oUT = 1.91sET 

ISET = VeE 
RSET 

Note e: Although specified as the VCO gain constant, this Is the gain from the Buffer Amplifier Input to the VCO output. 
Note 7: This specification Is guaranteed only for the conditions under which the parts were tested. However, significant variation from the formula Is not expected 
for other data rates and filters. The filter values below were chosen for operation In an automatic test system (statiC window) environment. Different criteria may 
apply for choosing filter values In a disk system. See Loop Filter section for sample calculations of other finer values. 

Static Window Margin Test Loop Filter Component Values 
Part Type Data Rate Tested Cl Cz Rl RRATE RaooST 

DP8451 155/61 165-4 5 MbitlSec 0.02/LF 150 pF 2000 750!l 1.6k!l 

DP8451 155/61/65-3 10 MbitlSec .082/LF 1600 pF 270 820!l 619!1 

External Component Selection (All Parts) (Note 1) 

Symbol Component Min Typ Max Units 

Rveo VCO Frequency Setting Resistor (Note 2) 990 1010 !l 

CvCQ VCO Frequency Setting CapaCitor (Note 3, 4) 20 245 pF 

RRATE Charge Pump IRATE Set Resistor (Note 6) 0.4 4.0 k!l 

RBOOST Charge Pump (High Rate) IBOOST Resistor (Note 6) 0.5 00 k!l 

CR IRATE Bypass CapaCitor (Note 5) .01 "F 

CB IBOOST Bypass CapaCitor (Note 5) .01 "F 

Note 1: External component values for the Loop Filter and Pulse Gate are shown In tables 1 & 2. 

Note 2: A 1 % Component Tolerance is Required. 
Note 3: These MIN and MAX values correspond to the MAX and MIN data rates respectively. 
Note 4: The Component Tolerance is system dependent on how much center frequency deviation can be tolerated. 
Note 5: Component Tolerance 15%. 
Note e: The minimum value of the parallel combination of RRATE and ASOOST Is 350n. 
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Note 1: Not included on the DP6451 155. 

Cp, Dp ~ preamble clock and preamble data bits respec1lvely. 

L ~ Number of 2f-clock cycles required for VCO to lock, determined by extemal loop filter component values 

At 32 + L, VCO has lust locked. 

At 64 + L, circuit has confirmed lock (has been In lock for 16 MFM clock bits). This sequence shows the MFM all·zeros preamble pattem. 

For DP8451155 delay dIsable does not exIst and part func1lons as If thIs Input is always hIgh. 

FIGURE 1. Lock-on Sequence Waveform Diagram 
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• READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period depending on the phase of the internal clock at activation of READ GATE input. 

<D MISSING CLOCK DETECTED is one READ CLOCK period ahead of the chip Issuing D8 on the NRZ READ DATA output when READ CLOCK Is delayed by one VCO clock period. 

(j) MISSING CLOCK DETECTED is synchronous with the chip Issuing D8 on the NRZ READ DATA Output when READ CLOCK Is not delayed. 

@ Not Included on the DP8451155. 

@) The AI byte is shown only as an example address mark byte. Any missing clock bit which is framed by two existing clock bits will produce a missing clock detected pulse. 

FIGURE 2. Missing Clock Detection Waveform Diagram 
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READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period with respect to Synchronized Data depending on the phase of the Internal clock at activation of READ GATE Input. 

Note 1: Not included on the DP8451 155. 

FIGURE 3. Locked-On Waveform Diagram 
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Circuit Operation 
When the READ GATE input goes high, the DPB461 /65 will 
enter the read mode after a period determined by the state 
of the DELAY DISABLE pin. This may be either one or thirty 
two VCO CLOCK cycles. Once in the read mode the 
DPB465 switches from using a phase-frequency comparator 
to a phase-only comparator, i.e. the pulse gate is activitated. 
At this time, however, the DPB461 continues to use a 
phase-frequency comparator. Referring to Figure 1, as the 
read mode is entered, the phase-locked-loop reference sig
nal is switched from 2F-CLOCK INPUT to the ENCODED 
DATA. The PLL, initially in the high-tracking rate mode, then 
attempts to lock onto the incoming encoded data stream. 
As soon as two bytes of the selected preamble are detect
ed, (the selection is determined by the ZEROES/ONES 
PREAMBLE pin) the LOCK DETECTED OUTPUT goes low. 
At this time the DPB461 switches from using a phase-fre
quency comparator to using the pulse gate, thus beginning 
phase only comparisons. In a typical MFM disk drive appli
cation, the LOCK DETECTED OUTPUT is directly connect
ed to the SET PLL LOCK INPUT. With this connection, track 
rate selection, clock output switchover, and data output en
abling will occur after two consecutive preamble bytes have 
been detected by the chip. Typically it takes less than one 
byte time for the VCO to lock to the data sufficiently for 
preamble detection to begin following the start of the Read 
operation. 

A low level on the SET PLL LOCK causes the PLL Charge 
Pump to switch from the high to low tracking rate. At the 
same time, the source of the READ CLOCK signal is 
switched from half the frequency of the 2F-CLOCK to half 
the VCO CLOCK. The MFM decoder also becomes enabled 
and begins to output decoded NRZ data. If a zeroes data 
preamble is present, the NRZ READ DATA OUTPUT will 
remain low until the end of the preamble. It will then output 
whatever NRZ data is present after the preamble field has 
ended, as shown in Figures 2 and 3. 
When the READ GATE goes low, signifying the end of a 
read operation, the DPB461 /65 will return to phase-frequen
cy comparator operation. Figure 4 shows the sequence 
when READ GATE goes low. The PLL reference signal is 
switched back to half the 2F-CLOCK and the LOCK DE
TECTED OUTPUT (and therefore the SET PLL LOCK IN
PUT) goes high. The PLL then returns to the high track rate, 
and the output signals return to their initial conditions. The 
2F-CLOCK MUST BE APPLIED AT ALL TIMES to the 
DPB461/65 and DPB451/55 for proper operation. 

Since the DPB461/51 employs a phase-frequency compar
ator until two bytes of the preamble (actually any 16 pulses 
within a 1010 ... pattern) have been detected, care must be 
taken to ensure that when using this circuit the READ GATE 
is applied only within a field containing the 1010 ... pattern. 
In soft sectored drives the head may be positioned any
where on the track when initiating a read operation. There
fore, either a controller which only issues READ GATE 
when a high frequency synchronization field is present, or a 
simple external circuit between the controller and 
DPB461/51 to qualify the READ GATE, must be used. 

CIRCUIT DESCRIPTION 
1. Read Enable and Delay (DPB461 /65 only): If the DELAY 
DISABLE input is connected low, then thirty two VCO 
CLOCK cycles after READ GATE goes active, the 
DPB461/65 will go into the read mode. If the DELAY DIS-
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ABLE input is connected high, the chip will go into the read 
mode one VCO CLOCK cycle after READ GATE goes ac
tive. (The 32 cycle delay is permanently disabled in the 
DPB451/55). 

2. Pulse Gate, including Multiplexer and Data Synchronizer: 
The Input Multiplexer selects the input to the phase-Iock
loop. While the chip is in the bypassed (non-read) mode, the 
VCO frequency is phase and frequency locked to the 2F
CLOCK INPUT frequency. In the read mode the Input Multi
plexer switches to the ENCODED DATA signal and the VCO 
CLOCK then begins to synchronize with the ENCODED 
DATA signal. Also, as soon as the read mode is entered, the 
DPB455/65 cease phase and frequency comparisons by 
employing the Pulse Gate. 

In the DPB461/51 option, switchover from the phase-fre
quency comparator to the pulse gate (phase-only compara
tor) occurs after two bytes of the 1010 ... pattern have 
been detected by the preamble pattern detector. 

The Pulse Gate allows a reference pulse from the VCO into 
the Phase Comparator only after an ENCODED DATA bit 
has arrived. It utilizes a scheme which delays the incoming 
data by one-half the period of the 2F-CLOCK. This optimiz
es the position of the decode window and allows input jitter 
of approximately half the 2F-CLOCK period. The decode 
window error can be determined from the specification in 
the Electrical Characteristics Table. 

3. Phase Comparator: The Phase Comparator receives its 
inputs from the Pulse Gate, and is edge-triggered from 
these inputs to provide charge-up and charge-down out
puts. 

4. Charge Pump: The high speed charge pump consists of a 
switch able constant current source and sink. The charge 
pump constant current is set by connecting external resis
tors to Vee from the charge current rate set (IRSEl) and 
current boost set (IBSET) pins. Before lock is indicated, the 
PLL is in the high tracking rate and the parallel combination 
of the resistors determines the current. In the low tracking 
rate after lock-on, only the IRSET resistor determines the 
charge pump current. The output of the charge pump sub
sequently feeds into external filter components and the 
Buffer Amplifier. 

5. Buffer Amplifier: The input of the Buffer Amplifier is con
nected to the charge pump's constant current source/sink 
output as well as the external Loop Filter components. The 
Buffer Amplifier is configured as a high input impedance am
plifier which allows for the connection of external PLL filter 
components to the Charge Pump output pin CPOUT. The 
output of the Buffer Amplifier is internally connected to the 
VCO control input. 

6. VCO: The Voltage-Controlled-Oscillator requires a resis
tor from the RVCO pin to ground and a capacitor between 
pins C1 and C2, to set the center frequency. The VCO fre
quency can be varied from nominal by approximately 
± 20%, as determined by its control input voltage. 

7. PLL Lock-on/Preamble Pattern Detector: To recognize 
preamble, the preamble pattern from the disk must consist 
exclusively of either MFM data bit zeroes (encoded into 
..10 .. MFM clock pulses) when the ZEROES/ONES PRE
AMBLE pin is set high, or MFM data bit ones (encoded into 
.. 01 .. MFM pulses) when set low (DPB461/65 only). The 
preamble pattern must be long enough to allow the PLL to 
lock, and subsequently for the Preamble Pattern Detector 
circuit to detect two complete bytes. 

Once the chip is in the read mode, the VCO proceeds to 
lock on to the incoming data stream. The Preamble Pattern 
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Circuit Operation (Continued) 

Detector then searches for a continuous pattern of 16 con
secutive pulses at one-half the VCO frequency to indicate 
lock has been achieved. 

The LOCK DETECTED output then goes low. At this time, in 
the DP8461/51 option, the PLL switches from using a 
phase-frequency comparator to employing a pulse gate and 
thus doing only phase comparisons. Any deviation from the 
above-mentioned one-zero pattern at any time before PLL 
Lock is detected will reset the PLL Lock Detector. The lock 
detection procedure will then start again. 

8. MFM Decoder (DP8461/65 only): The MFM Decoder re
ceives synchronized MFM data from the Pulse Gate and 
converts it to NRZ READ DATA. For run-length-limited 
codes the MFM Decoder and Missing Clock Detector will 
not be used. 

9. Missing Clock Detector (DP8461/65 only): This block is 
only required for soft-sectored drives, and is used to detect 
a missing clock violation of the MFM pattern. The missing 
clock is inserted when writing to soft-sectored disks to Indi
cate the location of the Address Mark in both the 10 and the 
Data fields of each sector. Once PLL Lock has been indicat
ed, the Missing Clock Detector circuit is enabled. MISSING 
CLOCK DETECTED will go active if at any time the incom
ing data pattern contains one suppressed clock bit framed 
by two adjacent clock bits. (This condition Is not constrained 
to any particular byte pattern such as "A 1. ") The output 
signal goes high for one cycle of READ CLOCK. 

1 O. Clock Multiplexer and Deglitcher (DP8461/65 only): 
When the SET PLL LOCK input changes state this circuit 
switches the source of the READ CLOCK signal between 
the half 2f-CLOCK frequency and the half VCO CLOCK fre
quency. A deglitcher circuit is utilized to ensure that no short 
clock periods occur during either switchover. 

BIT JITTER TOLERANCE 
The spec, t-window, as defined in the AC Electricai Charac
teristics tabie, describes the distance from the optimum win
dow boundary a single shifted data bit may be placed (fol
lowing complete PLL lock and stabilization) before It risks 
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being interpreted as residing in the adjacent synchronization 
window. This is known as the static window measure
ment, which combines all contributing factors of window jit
ter and displacement within the data separator into a single 
specification. 

The two options of the DP8451 /55/61 /65, the -4 and -3 
offer decreasing static window errors (respectively) so that 
the parts may be selected for different data rates (up to 20 
Mbitlsec). The -4 part will be used in most low data rate 
applications. As an example, at the 5 Mbitlsec MFM data 
rate of most 5% inch drives, the chip contributes up to 
± 10 ns of window error, out of the total available window of 
100 ns. This allows the disk drive to have a margin of 40 ns 
of jitter from nominal bit position before an error will occur. 

ANALOG CONNECTIONS 
External passive components are required for the Pulse 
Gate, Charge Pump, Loop Filter and VCO as shown in Fig
ure 5. The information provided here is for guidelines only. 
The user shouid select values according to his own system 
requirements. Phase-Locked Loops are complex circuits 
that require detailed knowledge of the speCific system. Fac
tors such as loop gain, stability, response to change of sig
nai, lock-on time, etc are all determined by the external 
components. In many disk systems these factors are crit
icai, and National Semiconductor recommends the designer 
be knowledgeable of phase-locked-loops, or seek the ad
vice of an expert. Inaccurate design will probably result in 
excessive disk error rates. The phase-locked-loop in the 
DP8461/65 has many advantages over all but the most so
phisticated discrete deSigns, and if the component values 
are selected correctly, it will offer Significant performance 
advantages. This should result in a reduction of disk error 
rates over equivalent discrete designs. Please refer to the 
National Semiconductor Application Note AN-414, Precau
tions for Disk Data Separator Designs, AN-415, Designing 
with the DP8461, AN-416, DeSigning with the DP8465, and 
to the Disk Interface Design Guide and User's Manual, 
Chapter 1. 
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Circuit Operation (Continued) 

Pulse Gate 

There are four external components connected to the Pulse 
Gate as shown in Figure 6 with the associated internal com
ponents. The values of RpGl, RpG2, CPG1, and CPG2 are 
dependent on the data rate. CPGl and CPG2 are proportion
al to the data rate, while RpGl and RpG2 are inversely pro
portional. Table I shows component values for the data 
rates given. Component values are calculated by selecting 
RpG2 from Table I. Next calculate 

CPGl = ( 2.12Xl05 )( 1 )2 
890 + RpG2 100 X Rs 

1 (890+RPG2) 
~PG2 = 10 CPG1, and RpGl = 2.38xl05 (100 X Rs). 

In the above equations Rs is the rotational speed and, for 
3600 RPM, Rs = 60 Hz. A rotational speed of 3600 RPM 
was assumed for the calculations in Table I. For data rates 
not listed, RpG2 may be approximated as (30 k0./fOATN 
- 1.20 ko. = RpG2 where fOATA is the data rate in Mega
bitsl second. 

TABLE I. Pulse Gate Component Selection Chart 
Components with 10% tolerance will suffice 

Data Rate RPG2 RpGl CPG1 CPG2 

2 Mbitlsec 15ko. 4300. .391£F .0391£F 

5 Mbitlsec 4.7ko. 1500. 1 I£F 0.1 I£F 

10 Mbitlsec 1.8ko. 680. 2.21£F .221£F 

15 Mbitlsec 7500. 390. 3.91£F . 391£F 

5k 

PG3 PGl 

Charge Pump 

Resistors RRATE and RBOOST determine the charge pump 
current. The Charge Pump bidirectional output current is ap
proximately 1.9 x the input current (See DC Electrical Char
acteristics for exact relationship). In the high tracking rate 
with SET PLL LOCK high, the Input current is IBSET + IR. 
SET, i.e., the sum of the currents through RBOOST and 
RRATE from Vee. In the low tracking rate, with SET PLL 
LOCK low, this input current is IRSET only. 

A recommended approach for selecting values for RRATE 
and RBOOST is described in the design example in the Loop 
Filter Section. A typical loop gain change of 2:1 for high to 
low tracking rate would require RBOOST = RRATE. Select
ing RRATE to be 8200. would then result in RBOOST equal
ing 8200.. Referring to Figure 7, the input current is effec
tively VBE/RRATE in the low tracking rate, where VBE is an 
internal voltage. This means that the current into or out of 
the loop filter is approximately (1.95 x VBE/820) - 70 I£A 
= 1.72 mA. Note that although it would seem the overall 
gain is dependant on VBE, this is not the case. The VCO 
gain is altered internally by an amount inversely proportional 
to VBE, as detailed in the section on the Loop Filter. This 
means that as VBE varies with temperature or device 
spread, the gain will remain constant for a particular fixed 
set of values of RRATE and RBOOST. This alleviates the 
need for potentiometers to select values for each device. 
The tolerance required for these two resistors will depend 
on the total loop gain tolerance allowed, but 5% would be 
typical. Also Vee bypass capaCitors are required for these 
two resistors. A value of .01 I£F is suitable for each . 

Vee 

5k 

TL/F/8445-10 

FIGURE 6. Pulse Gate Controls 
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Circuit Operation (Continued) 
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Circuit Operation (Continued) 

VCO 

The value of RvCO is fixed at 1 kG ± 1 % in the External 
Component Limits table. Figure 8 shows how RvCO is con
nected to the internal components of the chip. This value 
was fixed at 1 kG to set the VCO operating current such that 
optimum performance of the VCO is obtained for production 
device spreads. This means fixed value components will be 
adequate to set the VCO center frequency for production 
runs. The value of Cvco can therefore be determined from 
the VCO frequency fvco, using the equation: Cvco = [1/ 
(Rvco) (fvco)] - 5 pF where fveD is twice the input data 
rate. As an example, for a 5 Mbitlsec data rate, fvco = 10 
MHz, requiring that CveD = 95 pF. This does not take into 
account any inter-lead capacitance on the printed circuit 
board; the user must account for this. The amount of toler 
ance a particular design can afford on the center frequency 
will determine the capacitor tolerance. The capacitor is con-

2k 

GND 0<111---....... 

Rvco 
1k 
±1% 

TL/F/8445-12 

FIGURE 8. YCO Current Setting Resistor 

CvCD (pF) 

1~ ~------------~~ 

95 r---------------+---~~ 

ected to internal circuitry of the chip as shown in Figure 9. 

As the data rate increases and CveD gets smaller, the ef
fects of unwanted internal parasitic capacitances influence 
the frequency. As a guide the graph of Figure 10 shows 
approximately the value of Cvco for a given data rate . 

The VCO control input operational range (pin 4) lies at ap
proximately 1.4 volts with a control swing of ± 100 millivolts. 
The veo itself is constrained to swing a maximum of ap
proximately ±20% of its center frequency, and will remain 
clamped if the voltage at pin 4 exceeds its operational limit. 
The VCO center frequency may then be determined by: 1) 
holding pin 4 at ground potential and measuring the veo 
frequency (-20% value); 2) holding pin 4 at approximately 
3 volts and measuring the VCO frequency (+ 20% value); 3} 
averaging the two measured frequencies for the equivalent 
center frequency. 

50 
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FIGURE 9. YCO Capacitor 

Cvco=( 1 )-5 PF 
Rvcofvco 

45 ~--------------_+----~------~~ 

5 

2.5 
10 20 

10 
IVCD MHz 
DATA RATE (MBIT/SEC) FOR MFM 

FIGURE 10. VCO capacitor Value for Disk Data Rates 

4-18 

TUF/8445-14 



~----------------------------------------------------------~c 

Circuit Operation (Continued) 

Loop Filter 

The input current into the Buffer Amplifier is offset by a 
matched current out of the Charge Pump, and even so is 
much less than the switching current in or out of the Charge 
Pump. It can therefore be assumed that all the Charge 
Pump switching current goes into the Loop Filter compo
nents Rl and Cl and C2. The tolerance of these compo
nents should be the same as RRATE and RBaasT, and will 
determine the overall loop gain variation. The three compo
nents connected to the Charge Pump output are shown in 
Figure ". Note the return current goes to analog GND, 
which should be electrically very close to the GND pin itself. 

The value of capacitor Cl determines loop bandwidth ... 
the larger the value the longer the loop takes to respond to 
an input change. If Cl is too small, the loop will track any 
jitter on the ENCODED DATA input and the VCO output will 
follow this jitter, which is undesirable. The value of Cl 
should therefore be large enough so that the PLL is fairly 
immune to phase jitter but not large enough that the loop 
won't respond to longer term data rate changes that occur 
on the disk drive. 

The damping resistor Rl is required to regulate the second
order behavior of the closed-loop system (overshoot). A val-

10k 

ue of Rl that would give a phase margin of around 45 de
grees would be a reasonable starting point. 

The main function of the capacitor C2 is to smooth the ac
tion of the charge pump at the VCO input. Typically its value 
will be less than one tenth of Cl. Further effects of C2 will 
be discussed later. 

Figure 12 shows the relevant phase-locked-loop blocks that 
determine system response, namely the Phase Detector, 
Filter/Buffer Amplifier, and VCO. The Phase Detector 
(Phase Comparator and Charge Pump) produces an aggre
gate output current i which is proportional to the phase dif
ference between the input signal and the VCO signal. The 
constant (Kl) is 

1.78VBE d· h N fvca 
N21TR amps per ra lan, were = fOATA· 

R is either RRATE or RRATE II RBaaST. The amplified aggre
gate current feeds into or out of the filter impedance (Z), 
producing a voltage to the VCO that regulates the VCO fre
quency. The VCO gain constant is 0.4 f»VCOIVBE radians 
per second per volt. Under steady state conditions, i will be 
zero and there will be no phase difference between the in
put signal and the VCO. Any change of input signal will pro-
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FIGURE 11. Charge Pump Out 
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Circuit Operation (Continuedj 

duce a change in VCO frequency that is determined by the 
loop gain equation. This equation is determined from the 
gain constants Kl, A and K2 and the filter vII response. 

The impedance Z of the filter is: 

_1_11 (_1_ + R1) _ 1 + SC1Rl 

SC2 SCl - SC1 (1 + ~~ + sC2R1 ) 

If C2 0( C1 then the Impedance Z approximates to: 

1 + sC1R1 

SC1 (1 + SC2R1) 

The overall loop gain is then 

G(s) = K1AK2 X 1 + sC1R1 
s SC1(1 + sC2R1) 

Let G(K) = K1 A K2 

F(s) = 1 + SC1 R1 
SC1 (1 + SC2R1) 

The Overall Closed Loop Gain Is: 

</lOUT G(I<l F(s) 

cf>IN = s + G(K) F(s) 

Substituting, We Get 
</lOUT _ G(K) (SC,R1 + 1) 

cf>IN - S3 R1 C1 C2 + S2 C1 + GK (SC1R1 + 1) 
= (G(K)/C1) (SR1C1 + 1) 

S3R1C2 + S2 + SG(K)R1 + G(K)/C1 

If C2 0( C1, we can ignore the 3rd Order Component 
introduced by C2 then: 

cf>OUT (G(K)/C1) (SR1C1 + 1) 

cf>IN = 52 + SG(K)R1 + G(K)/C1 

This is a second Order Loop and can be solved as follows: 

S2 + SG(K)R1 + G(K)/C1 = 52 + 2, CIInS + CIIn2 

. G(K) 
"C1=-2 

CIIn 

R1 = 2tClln 
G(K) 

C = 1.0 For Critically Damped Response 

From the above equations: 

CII = ~G(K) 
C1 

G K A K 0.89 X VeE 0.4 x CIIveo 
(K) = 1 2 = 2'ITR X VeE x 3.5 

MFM encoded data has a two to one frequency range within 
the data field. The expression K = (0.89 X VeE I 2'ITR) is 
valid when the MFM data pattern is at its maximum frequen
cy. In order to make this equation more general, it may be 
written as follows: K = (1.78 X VeE I 2'ITRN) where N is 
defined as the Veo frequency divided by the encoded data 

frequency, or, N is equal to Fveo/FoATA (N = 2 for maxi
mum data rate I.e., MFM = 101010 •.. and N = 4 for 
minimum data rate) i.e., MFM = 100010001 .... Now G(K) 
can be written as follows: 

G _ 1.78 X VeE 0.4 x CIIveo 
(K) - 2'ITRN X VeE x 3.5 

= 2.5 x Fvco 
RN 

R = RRATE in the low track rate 

R = RRATE II ReooST in the high track rate 

From the above equations: 

_ R,G(K) 
CIIn - 2, 

G(K) = C1 CIIn2 

, = (damping factor) = R1 ~n C1 

The damping factor should approach, but not fall below, 0.5 
when CIIn is minimum. Response to bit shift is minimized 
when the damping factor is small; however, if the damping 
factor drops much below 0.5, the system tends to be oscilla
tory (underdamped). 

Additionally, loop performance is poor (excessive phase ac
quisition times) if the damping factor becomes significantly 
greater than 1.0. Any increase in loop bandwidth (due to R 
decreasing in the high track rate) produces a proportional 
increase in the damping factor, and this should be limited to 
the pOint where the maximum damping factor does not sig. 
nificantly exceed 1.0. With the damping factor range estab
lished, loop design can now proceed. The following design 
example is for a 5 Mbitlsec MFM system. 

A 1550 Krads/sec bandwidth in the non read mode results 
in a wide capture range; a 4% frequency difference be
tween the crystal and recorded data would not cause an 
acquisition problem. (This bandwidth may seem excessive 
to some and if the user does not think it is necessary, he 
may design his filter with a more desirable bandwidth. For 
an in-depth discussion of this point, it is suggested that the 
reader refer to the Disk Interface Design Guide and User's 
Manual, chapter 1, sections 1.3 through 1.7. 

This design example assumes that the S""E=T ....... P,..,LL,....,...LO"""""CK pin 
is tied to the PLL LOCK DETECTED pin. This results in the 
track rate being switched from high to low after two bytes of 
preamble are detected. As an alternative, the SET PLL 
~ pin may be tied to an inverted READ GATE signal, 
resulting in the track rate switching immediately to low when 
READ GATE is asserted. This is discussed further in the 
above mentioned reference material. 

TABLE II. 

Data Rate 
Non-Read Read Charge Pump LoOp Filter 

(NRZ) CIIn(MAX) t CIIn(MIN) t RRATE RaooST Rl Cl C2 
rads/sec Rads/sec n n n ,...F pF 

5 Mbitlsec 1550K 1.12 797K 0.55 820 820 120 0.012 300 
5 Mbitlsec 903K 0.99 435K 0.48 1500 1300 100 0.022 390 
5 Mbitlsec 659K 1.55 248K 0.52 1500 590 69 0.068 1500 
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Circuit Operation (Continued) 

In the non read mode or high track rate. 

_ /2.5 x FVCO 

Ctln -" C1 RN 

Choose R = RRATE II RSOOST = 410 
In the non-read mode N = 2 

1....-:2;;-.5~X"I;;;0,.,.7 -
1550 Krads/sec = " Cl X 410 x 2 

Cl = 0.012,...F 

In the preamble, aiter two bytes are detected and PLL 
LOCK DETECT goes low 

_ /2.5 X Fvco 

Ctln -" C1 RN 

R = RRATE = 820 

N=2 

Ctln = 1127 Kradsl sec 

Again, in the data field, the minimum data frequency is equal 
to one half the preamble frequency. This means that N = 4 
in the bandwidth equation. This reduces the bandwidth to: 

1 
Ctln(min) = J2 X 1107 Krads/sec = 797 Krads/sec 

Before, we stated that the minimum value of , should be 
0.5; knowing Ctln(min) we can now solve for Rl ,= CtlnRl Cl 

2 

GAIN 

Choose '(min) = 0.55 
2, 

Rl=-
CtlnCl 

(choose 1200.) 

The maximum damping value occurs in the high track rate; 

'(max) = Ctln(max) R2 C1 /2 
= 1550 Krads/sec X 120 X 0.012 ,...F/2 

'(max) = 1.12 
The maximum damping value in the read mode is as follows: 

'(max-read) = 1127 Krads/sec X 120 X 0.012,...F/2 

'(max-read) = 0.81 
The continuous behavior (non-quantized) approximation 
used to predict loop performance assumes that the phase 
detector output is constantly proportional to the input phase 
difference. In reality, the phase detector output is a pulse 
applied for a period of time equal to the phase difference. 
The function of C2 is to smooth the phase detector output 
(VCO control voltage) over each cycle. ~ also adds a sec
ond pole to the filter transfer function. This pole should be 
far enough outside the loop bandwidth (at least one order of 
magnitude) that its phase and amplitude contribution is neg
ligible in the loop bandwidth. If: 

C2 = C1/50 = 240 pF (choose 300 pF) 

The final loop component is ReoOST. Since RRATE and the 
parallel combination of RRATE and ReoosT are known, we 
can calculate ReooST. 

ReoosT = (Rp) (RRATElI (RRATE - Rp) = 8200. 

The above filter values and those for other bandwidths are 
listed on preceding page. 

W 
OdB~------~~~----~~~--------~~~--~~W~V-CO--· 

W 

-9~~------~--------~~~--------~------------~ 

-135" 
PHASE I/> 

FIGURE 13. Bode Plot of Loop Response 
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Circuit Operation (Continued) 

The calculated values are only a guide, the user should then 
empirically test the loop and determine stability, lock-on 
time, jitter tolerance, etc. 

The desired Bode plot of gain and phase is shown in Figure 
13, with 20 dB/decade slope at (1)0 for stability at unity gain. 

CapaCitor C2 governs the PLL's ability to reject instanta
neous bit jitter. As C2 increases in value, the effective jitter 
rejection will also increase. However, as the frequency of 
the pole R1 and C2 produce (while increaSing C2) decreas
es, loop stability will decrease, and the second-order ap
proximation used to analyze the circuit becomes inaccurate. 
Thus, it is recommended that C2 remain one tenth (or less) 
the value of C1. 

The value of resistor R 1 inversely effects the break frequen
cies on the Bode plot, and directly effects the loop's damp
ing ratio (overshoot response). The capaCitor C1 governs 
the bandwith of the loop. Too high a value will slow down 
the response time, but make the PLL less prone to jitter or 
frequency shift whereas too low a value will improve re
sponse time while tending to increase the PLL's reaction to 
jitter. 

Other filter combinations may be used, other than R1 in se
ries with C1, all in parallel with C2. For example the filter 
shown in Figure 14 will also perform similarly, and in fact for 
some systems it will yield superior performance. 

DIGITAL CONNECTIONS TO THE DPB461/65 

Figure 17 shows a connection diagram for the DP8461/65 
in a typical application. All logic inputs and outputs are TTL 
compatible as shown in Figure 15 and 16. The VCO CLOCK 
output is 74AS compatible. All other outputs are 74ALS 
compatible. All inputs are 74ALS compatible and therefore 
can be driven easily from any 74 series devices. The raw 
MFM from the pulse detector in the drive is connected to 
the ENCODED DATA input. The DELAY DISABLE input de-

termines whether attempting lock-on will begin immediately 
after READ GATE is set or after 2 bytes. Typically in a hard
sectored drive, READ GATE is set active as the sector 
pulse appears, meaning a new sector is about to pass under 
the head. Normally the preamble pattern does not begin 
immediately, because gap bytes from the preceding sector 
usually extend just beyond the sector pulse. Allowing 2 
bytes to pass after the sector pulse helps ensure that the 
PLL will begin locking on to preamble, and will not be chas
ing non-symmetrical gap bits. Thus DELAY DISABLE should 
be set low for this kind of disk drive. 

r---, 
I CLr7U r l LfrJ I L ___ .J 
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FIGURE 14. Alternate Loop Filter Configuration 
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FIGURE 15. Logic Inputs 
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FIGURE 16. logiC Outputs 
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MUST BE CONNECTED TO 
EITHER SERVO ClOCK OR 

CONTROLlED REfERENCE CLOCK 

1) MFM Data Input, 5 Mbitlsec Data Rate 

2) 32 BR Delay to Enable 

3) All Zeroes (NRZ) Preamble 
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FIGURE 17. Typical Connection to DP8461/65 
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Block Diagram 

ENCODED 
DATA 

CPGl 

DElAY 
REFERENCE 
GENERATOR 

TO 
CHARGE 
PUMP 

Q D Q 

2-1 CLOCK 

INTERNAL 
READ 
GATE 

DIVIDE 
BY 2 o 

/0 

VCO/2 

SYNCHRONIZED 
DATA 
(INTERNAl) 

MULTIPLEXER CONTROL: 

DP8455/65; A SELECTED 
WilEN INTERNAL 
READ GATE ACTIVE 

DP84s1/61; A SELECTED 
WHEN INTERNAL 
LOCK DETECTED 
ACTIVE 

L-____ ..... ____ --... INTERNAL VCO 

Circuit Operation (Continued) 
For soft sectored drives, the controller normally will not wait 
for the index pulse before it attempts lock-on, so that READ 
GATE may go active at any time. Chances are th? hea!l will 
not be over a preamble field and therefore there IS no need 
to wait 2 bytes before attempting lock-on. DELAY DISABLE 
can therefore be set high. If a non-preamble field is passing 
by as READ GATE goes active, the DP8461 165 will not indi
cate lock, and no data decoding will occur nor will MISSING 
CLOCK DETECTED go active. Normally, if lock-on has not 
been achieved after a certain time limit,' the controller will 
de-activate READ GATE and then try again. 
For MFM encoded disk drives, the rl""O.,.C"'K--.D"'ET ..... E""C .. T ... E""D out
put will be connected back to the SET Pll lOCK input. As 
the Pll achieves lock-on, the DP8461 165 will automatically 
switch to the lower tracking rate and decoded data will ap
pear at the NRZ READ DATA output. Also the READ 
CLOCK output will switch from half the 2F-ClOCK frequen
cy to the disk data rate frequency. If a delay is required 
before the changeover occurs, a time delay may be inserted 
between the two pins. 
Some drives have an all-ONES data preamble instead of all
ZEROES and the DP8461 165 must be set to the type being 
used before it can properly decode data. The ZEROESI 
ONES PREAMBLE input selects which preamble type the 
chip is to base its decoding phase on. 
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USE WITH RUN-lENGTH-LIMITED CODES (RLL) 
If the drive uses a Run-length-Limited Code (fill) s!l,ch as 
1,7 or 1,8 instead of MFM, the user millht choos" to use the 
DP8451/55. These circuits contain the PlL portion of the 
DP8461/65 and thus perform the data synchronization 
function. RAW DATA is input to pin 16 and the 2F-ClOCK is 
applied to pin 17:'lns!ead of supplying NRZ DATA, SYN
CHRONIZED DATA OUTPUT is issued at pin 12. The VCO 
CLOCK, pin 8, is used to clock this data into external decod
ing circuitry. As long as thf!l high frequency pattern of ..• 
1010 ... is used for the preamble, the user may choose the 
DP8451 if he desires to have the circuit perform phase and 
frequency comparisons until.two bytes of preamble are de
tected by the on chip preamble pattern detector. 
If a 2,7 code is being used the DP8465/55 may be used. 
Again, since the DP8465 MFM decoding function will not be 
used, the user may chopse to use the DP8455. However, 
the National Semiconductor DP8462 is deSigned specifically 
for the 2,7 code. It is recommended that the user reviews 
the DP8462 specification for the added advantages the cir
cuit offers with the 2,7 format. 



Applications of the DP8461/65 
Data Separator 
The DPB461 165 are the first integrated circuits to place on 
one chip a PLL with features that offer the improved speed 
and reliability required by the disk industry. Not only does 
each chip simplify disk system design, but also provides fast 
lock-on to the incoming preamble. Once locked on, the loop 
is set into a more stable mode. This inherent loop stability 
allows for a sizeable amount of jitter on the data stream, 
such as is encountered in many disk systems. Once in the 
stable tracking rate, the SYNCHRONIZED DATA output rep
resents the incoming ENCODED DATA and is synchronous 
with VCO CLOCK. If the disk is MFM encoded, then the chip 
can decode the synchronized data into NRZ READ DATA 
and READ CLOCK. These are available as outputs from the 
chip allowing the NRZ READ DATA to be deserialized using 
the READ CLOCK. 

The DPB461/65 are capable of operating at up to 20 
Mbits/sec data rates and so are compatible with a wide 
assortment of disk drives. The faster data rates of the B-inch 
and 14-inch disk drives will mandate the selection of the 
DPB461 165-3 parts with their narrower window margins on 
the incoming data stream. This will also be the case when 
5%-inch drives achieve higher data rates. Some B-inch and 
14-inch disk drives incorporate the functions of the 
DPB461 165, but use many discrete ICs. In these cases, re
placing these components with the DP8461 165 will offer re
duced P.C. board area, lower cost, and improved perform
ance while simplifying circuit testing. 

Most 5%-inch and many 8-inch and 14-inch disk drives 
manufactured at present do not incorporate any of the func
tions of the DP8461/65. This is so primarily because the 
PLL function is difficult to design and implement and re
quires circuitry which covers a large area of the printed cir
cuit card. This is undesirable both from the drive size aspect 
and from the cost aspect (the cost includes soldering, test
ing, and adjusting the components). Consequently, most 
smaller disk drives output MFM encoded data so that the 
phase-locked-loop and data separation have to be per
formed by the controller. The DP8461/65 will therefore re
place these functions in controller designs, as shown in Fig
ure 18. 
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System design criteria has become more flexible because 
the DP8461 165 provide a one-chip solution, requiring only a 
few external passive components with fixed values. Each 
operates from a + 5V supply, typically consumes about 
O.3W, and is housed in a narrow 24-pin package. The cir
cuitry has been designed so that the external resistors and 
capacitors need not be adjustable; the user chooses the 
values according to the disk drive requirements. Once se
lected, they will be fixed for that particular drive type. These 
features make it possible to transfer these functions to the 
disk drive, as shown in Figure 19. Apart from a slight in
crease in board area, the advantages outweigh the disad
vantages. First, the components selected are fixed for each 
type of drive and this facilitates the problem of interchange
ability of drives. At present, controllers are adjusted to func
tion with each specific drive; with the DP8461/65 in the 
drive, component adjustment will no longer be required. 
Second there is often a problem of reliability of data trans
fer. The data returning from the disk drive is susceptible to 
noise, bit shift, etc. Soft errors will occur when the incoming 
disk data bit position is outside the Pulse Gate window as it 
is being synchronized to the VCO clock in the phase-Iocked
loop. Obviously, the nearer the PLL is to the data source, 
the less chance there is that extraneous noise or transmis
sion line imbalances will cause errors to occur. Thus placing 
the DP8461/65 in the drive will increase the reliability of 
data transfer within the system. 

A third advantage is data rate upgrading. Most 5%-inch 
drives have 5 Mbitlsec data rate because the early drives 
were made with this data rate. This meant the controllers 
had to be designed with PLLs which operate at this data 
rate. It is therefore difficult for drive manufacturers to intro
duce new drives that are not compatible with existing con
trollers. Since no new standard data rate has emerged, they 
must continue to produce drives at this data rate to be com
patible with the controllers on the market. With the 
DP8461 165 in the drive, and associated components set for 
the drive's data rate, it no longer becomes a problem to 
increase the data rate, assuming the controllers digital cir
cuitry can accommodate the change. This will allow the 
manufactures to increase the bit density and therefore the 
capacity of their drives. 
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Applications of the DP8461/65 Data Separator (Continued) 
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FIGURE 18. DP8461/65In the Controller 
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FIGURE 19. DP8461165 in the Disk Drive 

PRECAUTIONS IN BREADBOARDING AND PCB 
LAYOUT 

The DP8461/65 contains a high performance analog PLL 
and certain precautions must be taken when breadboarding 
or deSigning a PCB layout. The following guidelines should 
be adhered to when working with the DP8461 165: 

1) Do not wire wrap. 

2) Keep component lead lengths short, place components 
as close to pins as possible.This applies to R1, C1, R2, 
Cvco, RRATE, ReoOST, CRATE, CeOOST, RPG1, RPG2, 
and CPG1. 

3) Provide a good ground plane and use a liberal amount of 
supply bypassing. The quieter a PLL's environment, the 
happier it is. 

4-26 

4) Avoid routing any digital leads within the vicinity of the 
analog leads and components. 

5) Keep inter-pin capacitance to a minimum; i.e., avoid run
ning traces or planes between pins. 

6) Minimize digital output pin capacitive loading to reduce 
current transients. 

NSC has used a PC board approach to breadboarding the 
DP8461 165 that gives an excellent ground plane and keeps 
component lead lengths very short. With this setup very sta
ble and reliable operation has been observed. Illustration of 
component layout is shown in Figure 20. 
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Applications of the DP8461/65 
Data Separator (Continued) 

ADDITIONAL NOTES 

1. PG1 should be grounded to improve noise immunity. 

2. 2F clock must be applied at all times; without the 2F 
clock, the pulse gate circuitry will not operate properly 
making it impossible to lock onto the incoming data 
stream. 

3. The programming capacitor for the Veo can be calculat
ed as: 

Cveo = 1/(fveo x Rveo} - 5 pF 

Connection Diagrams 

The 5 pF value is due to parasitic and pin to pin capaci
tance. An additional accomodation must also be made for 
PC board capacitance. 

4. Care must be taken in final PC board layout to minimize 
pin to pin capacitance, particularly in multi-layer printed 
circuit boards. 

5. Please refer also to Precautions for Disk Data Separator 
Designs, NSC Application Note AN-414. 

DP8461165 

Vee '-----:-0, 

ENCOOEO OATA 

OELAY OISABLE 

ZEROES/ONES PREAMBLE 

MISSING CLOCK DETECTEO NRZ REAO OATA 

SYNCHRONIZED DATA 

TL/F/8445-24 

FIGURE 20. Recommended Component Layout 

4-27 

"tJ 
01) 
.1:10 
0) 
...... ....... 
0) 
U1 ....... 
C 
"tJ 
01) 
.1:10 
U1 ...... 
....... 
U1 
U1 

• 



Connection Diagrams (Continued) 
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~National 
~ Semiconductor 

PRELIMINARY 

DP8459 All-Code Data Synchronizer 
General Description 
The DPB459 Data Synchronizer is an integrated phase 
locked loop circuit which has been designed for application 
in magnetic hard disk, flexible (floppy) disk, optical disk, and 
tape drive memory systems for data re-synchronization and 
clock recovery with any standard recording code, operating 
to 24 Mb/s with 2,7 code and 33 Mb/s with 1,7 code. The 
DPB459 is provided in a 2B-pin PCC package. Zero phase 
start is employed during both data and reference clock lock 
sequences for rapid acquisition. An optional (Customer-con
trolled) synchronization field frequency-acquisition feature 
guarantees lock, accommodating the preamble types used 
with GCR (Group Code Recording), MFM (Modified Fre
quency Modulation), the [1,N] run length limited (RLL) 
codes, and either of the standard 2,7 RLL codes. Precise 
synchronization window generation is achieved via an inter
nal, self-aligning delay line which remains accurate indepen
dent of temperature, power supply, external component and 
IC process variations. The DPB459 also incorporates a digi
tally controlled (MICROWIRETM bus compatible) strobe 
function with 5-bit resolution which allows for margin testing, 
error recovery routines, and precise window calibration. The 
PLL filter resides external to the chip, with two ports provid-

Connection Diagram 

ed to allow significant design flexibility. Synchronization pat
tern detection circuitry issues a PREAMBLE DETECTED 
signal when a pre-determined length of the user-selected 
pattern is encountered. All digital input and output signals 
are TTL compatible and a single, + 5V power supply is re
quired. 

Features 
• Fully integrated dual-gain PLL 
• Zero phase start lock sequence 
• 250 Kbitlsec-33 Mbitlsec data rate range 
• Frequency lock capability (optional) for all standard re-

cording codes 
• Digital window strobe control, 5-bit resolution 
• Two-port PLL filter network 
• PLL free-run (Coast) control for optical disk defects 
• Synchronization pattern (preamble lock) detection 
• Non-glitching multiplexed read/write clock output 

• +5V supply 
• DPB459 supplied in 2B-pin plastic chip carrier (PCG) 

package 

25 ,... RNOMINAL 

24,... COAST 

READ GATE- 5 

RANGE SELECT 0 - 6 

RANGE SELECT 1- 7 

RANGE SELECT 2 - 8 DPB459V 

23 rPUMP DOWN 

22 ,... PUMP UP 

CONTROL REGISTER ENABLE - 9 

CONTROL REGISTER DATA - 10 

21 ,... SYNC DATA OUT 

20 ,... SYNC PAmRN SELECTO 

CONTROL REGISTER CLOCK - 11 19 I- SYNC PAmRN SELECT 1 
12 13 14 15 16 17 18 

FIGURE 1. DP8459In 28-Pin Plastic Chip Carrier 
(PCC) V-Type Package Order Number DP8459V 
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1.0 Pin Descriptions 
DP8459 28-pin PCC package 

Pin '" I 
POWER SUPPLY 

16 DIGITAL Vee: 5.0V ± 5%. 

4 ANALOG Vee: 5.0V ±5%. 

13 DIGITAL GROUND. 

3 ANALOG GROUND. 

TTL LEVEL LOGIC INPUTS 

5 READ GATE (RG): Read mode control input, active high (logical-one). Assertion causes the PLL to lock to 
the ENCODED READ DATA, employing a zero phase start routine. Deassertion causes the PLL to lock the 
REFERENCE CLOCK input, also employing a zero phase start routine. READ GATE timing is allowed to be 
fully asynchronous. 

6,7,8 RANGE SELECT 0,1,2 (RSO, RS1, RS2): Control the operating frequency range of the VCO. A 2:1 
continuously variable sub-range is available within each of 6 allowed selections, enabling the VCO to 
operate at any frequency within a 96:1 range from 500 kHz to 48 MHz. 

9 CONTROL REGISTER ENABLE (CRE): A logical Low level allows the CONTROL REGISTER CLOCK to 
clock data into the Control Register via the CONTROL REGISTER DATA input; a logical HIGH level 
latches the register data and issues the information to the appropriate circuitry. 

10 CONTROL REGISTER DATA (CRD): Control Register data input. 

11 CONTROL REGISTER CLOCK (CRC): Negative edge triggered Control Register clock input. 

12 ENCODED READ DATA (ERD): Incoming TTL-level data derived from the storage media; issued from a 
pulse detector circuit. Each positive edge represents a single recorded code bit. 

14 REFERENCE CLOCK (RFC): A reference frequency input required for DP8459 operation. The RFC 
frequency must be accurate and highly stable (crystal or servo derived) and equivalent to the 2F frequency 
for the MFM or [2,7) codes (i.e., equal to, but not derived from the VCO frequency). 

18 FREQUENCY LOCK CONTROL (FLC): Selects or de-selects the frequency lock function during a READ 
operation. Has no effect with READ GATE deasserted; frequency lock is automatically employed for the 
full duration of time READ GATE is deasserted regardless of the level of the FLC input. With READ GATE 
high and FLC low (logical-zero) the PLL is forced to lock to the pattern frequency selected via the SYNC 
PATTERN SELECT inputs. When high (logical-one) frequency lock action is terminated and the PLL 
employs a pulse gate to accommodate random disk data patterns. FLC may be tied to PREAMBLE 
DETECTED output pin for self-regulated frequency lock control. FLC timing is allowed to be fully 
asynchronous. 

20 SYNC PATTERN SELECT 0, 1 (SPO, SP1): Control inputs for selection of the preamble type being 
19 employed. These inputs determine the pattern to which the PLL will frequency-lock during preamble 

acquisition (if frequency lock is employed) and for which the PREAMBLE DETECTED circuitry searches. 

24 COAST (CST): Control for Coast function. The Coast function may be activated when READ GATE is 
either high or low. When the COAST input is low (logical-zero), the phase comparator is disabled and held 
in a cleared state, allowing the VCO to coast regardless of ENCODED READ DATA input activity (READ 
GATE high) or REFERENCE CLOCK input activity (READ GATE low). No other circuit functions are 
disturbed. When high (logical-one), the phase comparator operates normally. 

27 HIGH-GAIN DISABLE (HGD): Charge Pump gain switch control. When low (logical-zero), the charge pump 
input current is the combined value of the currents at both R800ST and RNOMINAL pins. When high 
(logical-one), charge pump input current is taken from the RNOMINAL pin only. HGD may be tied either to 
READ GATE or PREAMBLE DETECTED for self-regulated gain control. 
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1.0 Pin Descriptions (Continued) 
DP8459 28-pin PCC package 

Pin # I 
TTL LEVEL LOGIC OUTPUTS 

15 SYNCHRONIZED CLOCK (SCK): Issues the VCO signal following READ GATE assertion and completion 
of zero phase start sequence: issues REFERENCE CLOCK input signal when READ GATE is deasserted. 
Multiplexer switching is achieved without glitches. 

17 PREAMBLE DETECTED (PDT): Issues a high level (logical-one) following assertion of READ GATE, 
completion of the zero phase start sequence, and the detection of approximately 32 sequential pulses of 
n, 2T or 3T period preamble, or 16 sequential pulses of 4T period preamble, depending on state of SYNC 
PATTERN SELECT inputs (T = VCO period). Following preamble detection, the output remains latched 
hi9h until de-assertion of READ GATE. The PDT output will be at a logical zero state whenever READ 
GATE is inactive. 

21 SYNCHRONIZED DATA (SO): A reconstructed replica of the ENCODED READ DATA signal, time-
stabilized and synchronized to the SYNCHRONIZED CLOCK output. 

22 PUMP UP (PU): Active HIGH whenever the phase comparator issues a pump-up signal to the charge 
pump. The PU pin is an open-emitter output requiring an external passive pull down resistor whenever in 
active use. The output should be allowed to float when not needed. 

23 PUMP DOWN (PO): Active HIGH whenever the phase comparator issues a pump-down signal to the 
charge pump. The PD pin is an open-emitter output requiring an external passive pull down resistor 
whenever in active use. The output should be allowed to float when not needed. 

ANALOG SIGNAL PINS 

28 CHARGE PUMP OUTPUT: The output of the high-speed, switching bi-directional current source circuitry of 
the charge pump. The external, passive PLL filter network is established between this pin, the VCO INPUT 
pin, and ground. 

1 VCO INPUT: The high-impedance control voltage input to the voltage controlled oscillator (VCO). The 
external, passive PLL filter network is established between this pin, the CHARGE PUMP OUTPUT pin, and 
ground. 

2 TIMING EXTRACTOR FILTER: A pin for the connection of external, passive components employed to 
stabilize the delay line timing extraction circuitry. Delay accuracy is not a function of external component 
values or tolerances. 

25 RNOMINAL: A resistor is tied betWeen this pin and Vee to set the charge pump nomina/operating current. 
The current is internally multiplied by 2 for charge pump use. 

26 RBOOST: A resistor is tied between this pin and Vee to set the charge pump boost (or adder) current. The 
ReoosT resistor is effectively paralleled with the RNOMINAL resistor when the HIGH GAIN DISABLE input 
is inactive (logical-zero): thus the sum of the resistor currents sets the total input current. The input current 
is multiplied by 2 within the charge pump circuitry. 

• 
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2.0 Circuit Operation 
In the non-Read mode, the DP8459 PLL is locked to the 
REFERENCE CLOCK signal. This permits the VCO to re
main at a frequency very close to the encoded data clock 
rate while the PLL is "idling" and thus will minimize the fre
quency step and associated lock time encountered at the 
initiation of lock to ENCODED READ DATA. Frequency ac
quisition is employed in the non-Read mode to ensure lock. 
Note: The REFERENCE CLOCK signal is employed by clrcuilry which sets 

the time delay of the internal delay line. This requires the REFER
ENCE CLOCK signal to be present a/ a/l limBS at a stable and accu· 
rate frequency lor proper DP8459 operation. 

At the assertion of READ GATE, which is allowed to be 
done asynchronously (no timing requirements), and follow
ing the completion of two subsequent VCO cycles, the 
DP8459 VCO is stopped momentarily and restarted in accu
rate phase alignment with the second data bit which arrives 
following the VCO pause. This minimization of phase misa
lignment between the ENCODED READ DATA and the VCO 
(referred to as zero phase start, or ZPS) significantly reduc
es data lock acquisition time. 

The DP8459 incorporates a preamble-specific frequency 
acquisition feature which may be employed at the user's 
option. The frequency acquisition feature is intended specifi
cally for use within hard or pseudo-hard sectored systems 
where READ GATE is asserted only within a preamble. With 
the READ GATE active (logical-one) and the 
FREQUENCY LOCK CONTROL (FLC) input active (logical
zero), the DP8459 will be forced to lock to the exact pream
ble frequency selected at the SYNC PATTERN SELECT in
puts. The frequency discriminating action of the PLL provid
ed in this mode produces a lock-in range equivalent to the 
available VCO operating range and thus eliminates the pos
sibility of fractional-harmonic lock. Windowing (pulse gate 
action; see Pulse Gate, Section 2.1) is not employed in the 
frequency acquisition mode and thus quadrature lock is pre
vented (see National Semiconductor Application Note 
AN-414, APPS Mass Storage Handbook '" 1, 1986, for an 
explanation of typical false lock modes). The DP8459 will 
remain in the frequency acquisition mode until the FLC input 
is deactivated (logical-one). In ordinary hard sectored or 
pseudo-hard sectored operation, the PREAMBLE DETECT
ED (PDn output is tied to the FLC input for automatic 
switching from frequency acquisition to phase lock following 
internal detection of the selected preamble by the DP8459. 
The Customer may choose to intervene in this path and 
extend the frequency lock period. However, the DP8459 
must be placed in the phase lock mode (FLC deactivated
logical-one) prior to encountering the end~he preamble, 
or loss of lock will result. Switching of the FLC input may be 
done asynchronously (no set-up or hold timing require
ments). 

The PREAMBLE DETECTED (PDT) output will become ac
tive (logical-one) following READ GATE assertion, comple
tion of the ZPS sequence and the subsequent detection of 
approximately 32 ENCODED READ DATA (ERD) pulses of 
the 1 T, 2T or 3T preamble types, or 16 ENCODED READ 
DATA (ERD) pulses of the 4T preamble type (see specifica
tion tables), and will remain active (logical-one) until deas
sertion of READ GATE. 

4-34 

The Customer has the option of employing an elevated PLL 
bandwidth during preamble acquisition (or at any other time) 
for an extended capture range. An ReoOST pin is provided 
to allow for an increase in charge pump gain above the level 
set by the RNOMINAL pin. When the HIGH GAIN DISABLE 
pin (HGD) is inactive (logical-zero), the ReOOST resistor is 
electrically paralleled with the RNOMINAL for an elevated 
charge pump gain. When HIGH GAIN DISABLE is active 
(logical-one), only the RNOMINAL resistor is employed to set 
the pump current. The Charge Pump throughput gain is IcPO 
= 2 X IRp where IRp = 0.25Vcc/Rp, Rp = RNOM with 
HGD high, and Rp = RNOMllReooST with HGD low. The 
Customer may choose to configure the system for high gain 
prior to DP8459 preamble detection by tying the HGD pin to 
the PDT output pin, or for high gain only during REFER
ENCE CLOCK lock by tying the HGD pin to the READ GATE 
pin. Other configurations may be employed, if desired. 

The DP8459 issues a clock waveform from the SYNCHRO
NIZED CLOCK output which is derived from the REFER
ENCE CLOCK input when the READ GATE is inactive (logi
cal-zero), and from the VCO signal following READ GATE 
assertion (logical-one) and completion of the zero phase 
start sequence. The REFERENCE CLOCK signal is issued 
from the SYNCHRONIZED CLOCK output during non-Read 
activity and may be used as a write clock, if desired. Once 
data lock is achieved and the SYNCHRONIZED CLOCK 
output is issuing VCO, the SYNCHRONIZED DATA output 
and the SYNCHRONIZED CLOCK output are held in a fixed, 
specified timing relationship for use by decoding/deserializ
ing circuitry. The SYNCHRONIZED CLOCK output multi
plexer switching is achieved without glitches, i.e., no pulse is 
narrower than 50% of the VCO or REFERENCE CLOCK 
period. 

The DP8459 provides a COAST control input which serves 
to clear the phase comparator and disable charge pump 
action whenever taken to an active, logical-zero level. This 
function is made available to allow the PLL to be set to free
run, undisturbed, while a detectable defect is being read 
from the media in a region where re-initiation of the lock 
procedure is impractical (e.g., data field). External data con
troller circuitry is responsible for the detection of the defect 
and issuance of the COAST command. The primary applica
tion of this feature is expected to be optical disk bright-spot 
avoidance, though it will lend itself to other applications as 
well. 

As in the previous family of National Semiconductor data 
separators/synchronizers, the DP8459 provides phase 
comparator activity information to the Customer. The phase 
comparator's pump-up and pump-down outputs are brought 
out to separate pins, PUMP UP (PU) and PUMP DOWN 
(PD). The outputs are of the open-emitter type, requiring an 
external "pull-down" resistor when in active use. These out
puts serve to indicate the relative displacement of the cur
rent data bit with respect to the internal VCO phase (window 
center). When in completely stabilized lock with no bit dis
placement, the output(s) will issue a pulse of a finite, mini
mum-valued width for each arriving data pulse. If any data 
pulse is displaced with respect to the VCO phase, the corre
sponding output pulse will widen by an amount equivalent to 
the bit displacement. These output signals may be integrat-



2.0 Circuit Operation (Continued) 

ed over time and employed to determine the average mag- The DP8459 allows for flexible synchronization window 
nitude of media bit shift. Additionally, the pulse wideningl strobe control. The inputs CONTROL REGISTER DATA 
narrowing effect bit displacement has on the PU/PD out- (CRD), CONTROL REGISTER CLOCK (CRC), and 
puts produces an amplitude modulation of the output's CONTROL REGISTER ENABLE (CRE) are configured to 
waveform. The waveform envelope, when observed with a permit interfacing of the DP8459 to the MICROWIRETM (or 
relatively slow oscilloscope time base, can be employed for equivalent) bus for entry of strobe information. Information 
observation of PLL dynamics. This is particularly useful if is serially shifted into the CONTROL REGISTER via the 
intrusive probing of the PLL filter nodes is not desirable. CRD and CRC pins whenever the CRE pin is active (Iogical-

It is strongly recommended that the PU/PD outputs be left zero). When the CRE pin is inactive (logical-one), CRD and 

"floating" (unconnected to any net or circuit element, in- CRC are ignored. The strobe function allows the Customer 

cluding the output pull-down resistor) in any application to shift the synchronization window in 31 equal steps of 

where they are not specifically needed. This will serve to magnitude ts = M X [1.8% X Tveo] from approximately 
minimize unnecessary, spurious digital switching transients 27% early to 27% late with respect to nominal window posi-

in the vicinity of the DP8459, and thus improve noise per- tion. This function may be employed for margin testing (eg., 

formance. approximately ± 12%) or error recovery read re-try opera-

The DP8459 provides a wide operating data rate range to 
tions (eg., approximately ±2% to ±3%). Additionally, this 

facilitate use within a broad base of applications, including feature allows the Customer to align the center of the syn-

multiple data rate systems or constant density recording chronization window to within one half strobe step of ideal, 

(CDR). In order to achieve the specified 250 kbit Isec to 24 
regardless of the initial performance or specification of the 

Mbitlsec span, the operation of the VCO has been divided DP8459. This window centering function may be performed 

into 6 contiguous frequency sub-ranges, with approximately 
completely within the drive system itself (auto-alignment) 

a 2:1 ratio between adjacent range selections. Three inputs 
given the employment of an intelligent window alignment 

are provided for selecting of the sub-ranges, RANGE SE- routine. Such a routine would be configured to determine 

LECT 0, 1 and 2. Some code type restrictions have been 
the maximum error free early and late window positions via 

placed on the higher ranges of operating veo frequency. 
the strobe function, and then would fix the DP8459 window 

See Figure 3 for the operating data rate truth table and al-
in the arithmetic mean position (Section 4.3.3). See Figure 4 

lowed code type versus veo range selection. 
for a window strobe truth table. 
Nole: In all DP8459 applications, provision must be made to load the appro· 

priate information Into the Control Register. 

RANGE SELECT Input Equivalent 
Minimum N (Allowed Code Type) 

(Note 1) VeORange NRZ Data Rate 
MHz MFM or 2,7 1 2 3 4 

2 1 0 
(Mblt/sec) (GCR) (MFM; 1,N) (2,7) (2,7) 

1 1 X 0.50 :;;: Fvco :;;: 1.25 0.250:;;: Fnrz :;;: 0.625 y' y' y' y' 

1 0 1 1.25 < Fvco :;;: 2.5 0.625< Fnrz :;;: 1.25 y' y' y' y' 

1 0 0 2.5 < Fvco:;;: 5 1.25< Fnrz:;;: 2.5 y' y' y' y' 

0 1 1 5 < Fvco:;;: 10 2.5< Fnrz:;;: 5 y' y' y' y' 

0 1 0 10 < Fvco:;;: 20 5< Fnrz:;;: 10 N/A y' y' y' 

0 0 X 20 < Fvco:;;: 48 10< Fnrz :;;: 24 N/A y' y' y' 
Nole 1: Nt A-Not Allowed. 

Nole 2: Operation slightly beyond listed range boundaries may be acceptable in some applications. At or near range boundaries, range selection should be made 
to place the operating frequency near the UPPER boundary; e.g., use RS2 = 0, RSI = 1, and RSO = 0 for 10 Mbts. 

FIGURE 3. Code Type Allowance Versus veo Frequency Range 

4-35 

C -a 
CD 
0l:Io 
en co 



m 
'<:I' 
CD 
D. 
C 

2.0 Circuit Operation (Continued) 

Strobe Bit Strobe Window Strobe 
4 3 2 1 0 WordM Ts (Typical) 

0 1 1 1 1 -15 -0.270 x 7I/CO 
0 1 .1 1 0 -14 -0.252 x 7I/CO 
0 1 1 0 1 -13 -0.234 x 7I/CO 
0 1 1 0 0 -12 -0.216 X 7I/CO 
0 1 0 1 1 -11 -0.198 x 7I/CO 
0 1 0 1 0 -10 -0.180 x 7I/CO 
0 1 0 0 1 -9 -0.162 x TVCO 
0 1 0 0 0 -8 -0.144 x TVCO 
0 0 1 1 1 -7 -0.126 x TVCO 
0 0 1 1 0 -6 -0.108 x TVCO 
0 0 1 0 1 -5 -0.090 x TVCO 
0 0 1 0 0 -4 -0.072 X TVCO 
0 0 0 1 1 -3 -0.054 x TVCO 
0 0 0 1 0 -2 -0.036 x TVCO 
0 0 0 0 1 -1 -0.018 x TVCO 
0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
1 0 0 0 1 1 0.018 x 7I/eo 
1 0 0 1 0 2 0.036 x 7I/eo 
1 0 0 1 1 3 0.054 X 7I/CO 
1 0 1 0 0 4 0.072 x 7I/eo 
1 0 1 0 1 5 0.090 x Tveo 
1 0 1 1 0 6 0.108 x 7I/eo 
1 0 1 1 1 7 0.126 x 7I/CO 
1 1 0 0 0 8 0.144 x TVCO 
1 1 0 0 1 9 0.162 x TVCO 
1 1 0 1 0 10 0.180 X TVCO 
1 1 0 1 1 11 0.198 x Tveo 
1 1 1 0 0 12 0.216 x Tveo 
1 1 1 0 1 13 0.234 x Tveo 
1 1 1 1 0 14 0.252 x Tveo 
1 1 1 1 1 15 0.270 x Tveo 

FIGURE 4. Window Strobe Truth Table 

• 
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Customers who employ the DP8459 in a system without a 
MICROWIRETM (or functionally equivalent) bus configura
tion and who wish to fix the synchronization window in the 
nominal position while deselecting the test mode need only 
load all-zero's into the Control Register following power-up; 
this may be easily achieved in some system configurations 
(requiring no additional hardware) by tying CRE to RG, tying 
CRC to ERD and tying CRD. to ground, providing the neces
sary waveforms are present for register loading prior to the 
first read operation. 

The DP8459 provides two pins for PLL filtering purposes, 
CHARGE PUMP OUTPUT (CPO) and VCO INPUT (VCOI). 
These provide the Customer with great flexibility in fliter de
sign, permitting high-order filter functions for optimization of 
PLL lock characteristics and bit jitter rejection. For basic 3rd 
order applications, CPO and VCOI may be tied together (sin
gle-node) with a simple lead-lag, CII(R+C) filter tied be
tween these pins and ground. More esoteric filter designs 
may be implemented if the pins are electrically separated 
and a two-port filter network is established between CPO, 
VCOI, and ground. National Semiconductor supplies initial 
PLL filter recommendations for the single-node configura
tion within this data sheet with the qualifying statement that 
they are very general in nature, intended primarily for pro
duction testing of static window margin, and are NOT opti
mized for any particular disk system. For optimum perform
ance, the Customer should pursue a filter design which is 
individualized and tailored to the requirements of the specif
ic system involved. This is particularly true for the two-port 
filtering technique. See Figure 5 for initial single-node filter 
deSign recommendations. 



2.0 Circuit Operation (Continued) 

Code MFM MFM MFM 2,7 2,7 Units 

Rate 0.500 2 5 10 20 Mbitlsec 

VCOfreq. 1 4 10 20 40 MHz 

Sync bytes 12 12 12 12 12 bytes 

pulses/byte 8 8 8 4 4 fluxtran's 

sync length 192 48 19.2 9.6 4.8 ",s 

sync freq 0.500 2 5 5 10 MHz 

Nsync 2 2 2 4 4 none 

Nmax/Nmin 4/2 4/2 4/2 8/3 8/3 none 

'min 0.5 0.5 0.5 0.5 0.5 none 

'max 0.7 0.7 0.7 0.8 0.8 none 

'sync 0.7 0.7 0.7 0.7 0.7 none 

"'sync 35 144 353 606 1230 Krad/sec 

C1 0.5 0.12 0.05 0.Q18 8200pF ",F* 

R1 82 82 82 150 150 .a 
C2 0.01,...F 2700 1000 510 200 pF 

Note 1: Preamble (sync) natural frequency has been chosen to yield phase error :s;; 0.063 radians (Le., 1 % X 27T) at sync field end, given a 1 % frequency step at 
READ GATE assertion. Room = Rboost = 2.4k for all above loop filter selections. HGD is tied to RG, FLC is tied to PO and CPO Is tied to VCOI as well as to the 
loop flter components. 
Note 2: Component values are listed for purposes of window specification testing and correlation. These values do not necessarily yield optimum performance in 
actual system applications. PLL dynamics and code characteristics are presented for Customer information and convenience only. See Section 3.1. 

'Unless otherwise noted. 

FIGURE 5_ Test Conditions and Component Values for Static Window Truncation Testing 

The DP8459 veo is constrained at all times to operate with- at the Customer's request: contact National Semiconductor 
in a frequency swing of approximately ± 50% of the fre- logic Marketing Group or logic Applications Group. 
quency present at the REFERENCE CLOCK input. Internal 
frequency detector/comparator circuitry senses when the 2.1 Functional Block Description 
vco overruns the 50% boundary and forces the charge 
pump to move the VCO back toward the REFERENCE PULSE GATE 

CLOCK frequency until the 50% constraint is again satis- The function of the Pulse Gate within the DP8459 is twofold. 
fied-thus preventing VCO runaway in the event of loss of First, the block contains the ECl flip-flop which captures 
lock or during extended periods where ENCODED READ each arriving ENCODED READ DATA bit and transmits the 
DATA is not present. Additionally, this technique causes the bit to the SYNCHRONIZED DATA output. The very high 
filter node voltage to behave as if a voltage clamp were switching speed of the bit-capture ECl flip-flop minimizes 
present at the Charge Pump Output, preventing the control the portion of window margin loss caused by flip-flop me-
voltage, in the event of loss of lock, from drifting outside of tastability at window boundaries. Second, the Pulse Gate 
its operating range and inadvertently extending lock recov- regulates the transmission of the VCO waveform into the 
ery time. Phase Comparator, allowing only one VCO pulse to pass 

A special test mode feature has been incorporated into the with each arriving ENCODED READ DATA pulse. See Fig-

DP8459 which allows a specific input pin to change function ur8 6 for a simplified logical representation of the Pulse 

and act as an excitation source (substitute VCO) for clock- Gate block. The one-to-one datalVCO pulse ratio produced 

ing internal logic circuitry. When the last bit in the CON- by the Pulse Gate permits the multiple-harmonic nature of 

TROl REGISTER is taken to a logical ONE, the VCO is encoded data to be accommodated by the phaselfrequen-

stopped, and the HGD input is redirected to act as a clock cy comparator. During the non-Read mode or during the 

source for the VCO divider circuitry. Additionally, the Delay portion of the Read mode within which the Customer has 

Une and Timing Extractor blocks are disabled when the set the FREQUENCY lOCK CONTROL pin to a logical-zero 

Test Mode is entered, and thus the device will not function (low), the Pulse Gate is inactive (bypassed) and the VCO 

normally and should not be operated in this mode for pur- frequency is divided as appropriate to match the incoming 

poses other than internal gate exercising. Further informa- frequency source (ENCODED READ DATA or the REFER-

lion regarding application of the Test Mode will be furnished ENCE CLOCK input). 

4-37 



a» 
Ln 
:; 2.1 Functional Block Description (Continued) 
D. 
C ~_~ 

ENCODE READ DATA DELAYED DATA 
PUMP PUMP 

UP DOWN 

PULSE GATE -----------------------------
PHASE LOCKED LOOP ----------. ..... ---" ... 

PHASE 
rt:~ji;iUxll_-:....~~1 COMPARATOR 

I--------i-----...;...--.SYNC DATA 

VCO (EXTERNAL) 
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FIGURE 7. Capture of Nominally Positioned ENCODED READ DATA Pulse 
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2.1 Functional Block Description (Continued) 

To 

ENCODED READ DATA 

~ I 
I 

DELAYED E.R.D. 
=,,~ I 

GATE ENABLE I I 

I 
VCO I I I I I L...-_ ...... I 1,--_ 

I 
GATED VCO I I 

I 
SYNCHRONIZED DATA I I 

PUMP UP II 
PUMP DOWN n 

TL/F/9322-13 

FIGURE 8. Capture of Early-ShIfted ENCODED READ DATA Pulse 
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FIGURE 9. Capture of Late-ShIfted ENCODED READ DATA Pulse 
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2.1 Functional Block Description (Continued) 

DELAY LINE PHASE COMPARATOR 

The DP8459 employs an internal silicon delay line to estab
lish synchronization window alignment. The delay is nomi
nally equivalent to one half of the period of the REFER
ENCE CLOCK waveform, and is variable in fine increments 
via the Control Register in order to achieve the window 
strobe function. The TIming Extractor circuitry derives real
tive timing information soley from the REFERENCE CLOCK 
signal and regulates the magnitude of the delay within the 
Delay Line. The Delay Line thus remains insensitive to the 
external components associated with the extractor as well 
as to supply voltage, temperature, and IC process varia
tions. 

TIMING EXTRACTOR 

This block extracts timing information from the REFER
ENCE CLOCK input for use by the variable silicon delay line. 
External passive components (tied to the Timing Extractor 
Filter pin) are associated with this block, although the accu
racy of the circuit's function remains independent of the 
general value and tolerance of the components. The resis
tor-capacitor net is employed by the Timing Extractor for 
stabilization putpQse&-no monostable multivibrator (one
shot) circuitry is employed by the DP8459. Note that the 
performance of the delay line is directly dependent upon the 
accuracy of the REFERENCE CLOCK input waveform. Ei
ther a crystal reference generator or a stable servo clock 
source must be applied to this input. Multiplexing of the 
REFERENCE CLOCK waveform between read operations 
(within multiple data rate systems) is acceptable, although 
sufficient Timing Extractor stabilization time must be al
lowed following any perturbation at this pin before a read 
operation may be performed (see Figure 10 for timing table). 

RFC Frequency 1 4 

CT1 0.82 0.2 

RT1 68 68 

Settling Time 192 96 

The DP8459 employs a digital Phase Comparator (non-har
monic discriminator circuit) which has the capability of forc
ing the frequency of the PLL VCO toward the frequency of 
the reference input regardless of the magnitude of the fre
quency difference. The function of the Phase Comparator 
circuit can be represented in a diagrammatically simplified 
form as in Figure 11. 
The Phase Comparator's action can be disabled at any time 
(cleared) via the COAST input pin, allowing the VCO to free
run. 

CHARGE PUMP 

The Charge pump is a high speed, switching, dual-gain, bi
directional current source whose current flow Is controlled 
by the digital Phase Comparator circuit. The current pulses 
at the CHARGE PUMP OUTPUT (CPO) pin thus reflect the 
magnitude and sign of the phase error seen at the Input of 
the Phase Comparator. The CPO pin is connected external
ly to a passive component network whose impedance trans
lates the aggregate current Into a voltage for the veo IN
PUT while providing Ii. low-pass filter function for the PLL. 
The matched source and sink current generators' operating 
currents are set via the RNOMINAL and ReoOST pins, which 
are supplied current from V cc through external resistors. 
The bias voltages at the RNOMINAL and ReoOST pins are 
set to 0.75 x Vee; the current into each of these pins is 
internally multiplied by 2 for Charge Pump use. The CPO 
current is defined as follows: 

10 

0.082 

68 

19.2 

IcPO = (Vcc/2)/RNOM 
HIGH GAIN DISABLE high (logical-one) 

IcPO = (Vcc/2)/(RNoMIiReoos'r) 
HIGH GAIN DISABLE low (logical-zero) 

20 40 

0.056 0.027 

68 68 

9.6 4.6 

MHz 

,..F 

n 
,..S 

Values may be interpolated for Intermediate data rat~s. Timing Extractor settling times are given which indicate time required for the DP8459 to accommodate a 
change of Strobe setting from nominal selection to either extreme (ea~y/late), or vice versa, to within approximately t % of final value. 

FIGURE 10. TIMING EXTRACTOR FILTER Component Values for Various Data Rates 

+VL r--
D 01---...... CHARGE UP 

TO CHARGE PUMP ~.P~~~ 

L DCLRO 1---........ CHARGE DOWN 

GATED OR 
DIVIDED veO - L 

FIGURE 11_ Simplified Digital Phase-Frequency Comparator 
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2.1 Functional Block Description (Continued) 

VOLTAGE CONTROL OSCILLATOR (VCO) CONTROL REGISTER 

The DP8459 vce is comprised of two portions-a self con
tained, high frequency oscillator (no external components) 
whose frequency is regulated by the voltage at the vce 
INPUT pin, and a programmable modulus digital divider. The 
oscillator is only required to operate over approximately a 
2:1 frequency range; the divider modulus is programmable 
in factors of 2. The two blocks work in conjunction to 
achieve a continuous range of equivalent vce operating 
frequencies from 500 kHz to 48 MHz. (See Figure 12.) 

Within the DP8459, the Control Register is a MICReWIRE 
compatible, 6-bit shift register block with bits 0 through 4 
employed to control the window strobe function and bit 5 
employed to regulate the device test mode (see Figures 13 
and 14). Information is serially shifted into the Control Reg
ister via the CRD and CRC (negative edge clock) pins when
ever the CRE pin is active (logical-zero). When the CRE pin 
is inactive (logical-one), CRD and CRC are ignored. Figure 3 
shows the truth table for the vce range select function; 
Figure 4 shows the truth table for the window strobe func
tion. 

RANGE 
SELECT 
LINES 

VCO INPUT -. CONTROL 
PIN BLOCK 

OSCILLATOR DIVIDER 
BLOCK 

INTERNAL 
VCO BUS 

TL/F/9322-1 

FIGURE 12 

TEST 
STROBE CIRCUITRY CONTROL WORD "1.1" BIT 

LSB MSB SIGN 
o 2 3 4 5 

CONTROL REG DATA 

CONTROL REG CLOCK 

FIGURE 13. Control Register 

-j CRE SETUP J-
CRE -..., I- CRC WIDTH -j 

I 
r- CRC WIDTH 

CRC 

CRD 

I I 
--_ .... 

I 0 o 

-lSETUPIj 

-l \-HOLD 

FIGURE 14. Mlcrowlre Compatible 
Control Register Serial Load Timing Diagram 
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2.1 Functional Block Description (Continued) 

SYNCHRONIZATION FIELD MATCHING DIVIDER 
The Synchronization field Matching Divider is a programma
ble modulus counter employed for implementation of the 
preamble frequency lock function. It is placed in the veo 
feedback path to match the relative frequency of the VCO 
seen at the Phase Comparator to the frequency of the EN
CODED READ DATA (preamble) during the read operation 
whenever the FREQUENCY LOCK CONTROL input is ac
tive (logic-zero). The modulus of the divider, M, is deter
mined by the states of the SYNC PATTERN SELECT 0 and 
1 inputs, as defined by the table in Figure 15. 

SyncPattem Sync Matching 
Expected Code 

Select Divider Modulus 
Preamble 

1 0 M 

0 0 1 GCR 
0 1 2 MFM;1,N 
1 0 3 2,7 
1 1 4 2,7 

FIGURE 15. SYNC PATTERN SELECT Input Truth Table 
Prior to the assertion of READ GATE, the divider is held in a 
known count state and is enabled at the end of the zero 
phase start sequence in correct phase relationship with the 
ENCODED READ DATA. Re·assertion (logical zero) of the 
FREQUENCY LOCK CONTROL pin within a read opera
tion (following the normal FCC deassertion after lock is 
achieved) is permissible; however, it should be noted that 
the initial phase error of the Synchronization Field Matching 
Divider with respect to the ENCODED READ DATA at 
FREQUENCY LOCK CONTROL re·assertion may be as 
large as M x 1'\100 in magnitude, possibly resulting in an 
extended PLL settling time. 

ZERO PHASE START 
The function of the zero phase start (ZPS) block is to clear 
the Phase Comparator and freeze the veo in a known 
phase when a transition occurs at the READ GATE input 
(either high or low), and restart the VCO in a precise, con· 
trolled phase with respect to the newly selected input (EN· 
CODED READ DATA or REFERENCE CLOCK + 2, respec
tively). The ZPS circuit also resets the count state of the 
Synchronization field Matching Divider in anticipation of 
lOCking to specific preamble information (when frequency 
lock is being employed), and controls the operation of the 
REFERENCE CLOCK multiplexer. ZPS operation at READ 
GATE assertion is aimed at optimizing initial window align
ment and thus minimizing initial phase step and the resulting 
phase lock acquisition time. ZPS is also employed 
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at deassertion of READ GATE; however, the ZPS phase 
alignment for the REFERENCE CLOCK signal at READ 
GATE deassertion has been made less stringent than for 
ENCODED READ DATA at READ GATE assertion. 

PREAMBLE PATTERN DETECTOR 
The Preamble Pattern Detector block has a pattern-specific 
recognition circuit keyed to search the ENCODED READ 
DATA for the pattern selected at the SYNC PATTERN SE
LECT inputs. The pattern search begins following the asser
tion of READ GATE and the completion of the zero phase 
start sequence, and continues until approximately 32 unin
terrupted ENCODED READ DATA pulses of the 1T, 2T or 
3T pattern have been detected, or until 16 uninterrupted 
ENCODED READ DATA pulses of the 4T pattern have been 
detected (see speCification tables). When this event occurs, 
the PREAMBLE DETECTED output becomes active high 
(logical-one). The output will then remain latched in the high 
state until READ GATE is deasserted. The PREAMBLE DE
TECTED output may be tied to the HIGH GAIN DISABLE 
input to regulate the gain of the PLL during the preamble 
lock sequence, and/or tied to the FREQUENCY 
LOCK CONTROL input for self-regulation of frequency ac
quisition in hard or pseudo-hard sectored systems. 

±50% VCO FREQUENCY OFFSET DETECTOR 
The Frequency Offset Detector is employed to constrain the 
VCO frequency swing, preventing VCO runaway associated 
with standard, wide-range voltage controlled oscillators. The 
cirCUitry will sense the relative difference between the REF
ERENCE CLOCK frequency and the VCO frequency, send
ing a "charge-up" Signal to the Charge Pump to correct the 
VCO should a limit of approximately -50% in frequency 
differential (VeO w.r.t. REF CLOCK) be exceeded, and 
sending a "charge-down" signal to the Charge Pump to cor
rect the VCO should a limit of approximately + 50% in fre
quency differential be exceeded. The resulting voltage
clamping action at the filter node(s) also prevents out-of
range control voltage straying and thus speeds lock recov
ery. 

SYNCHRONIZATION CLOCK OUTPUT MULTIPLEXER 
This block issues the VCO Signal following READ GATE 
assertion and completion of the zero phase start sequence, 
and issues the REFERENCE CLOCK input signal when the 
READ GATE is deasserted. Multiplexer switching is 
achieved without glitches. The output is intended to be used 
both for read and write clock purposes. (Please note output 
loading recommendations for this pin in Section 6.) 



2.2 SPECIFICATION TABLES 

Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Input Current 
contact the National Semiconductor Sales Office/ (RNOM, RBOOST, CPO, VCOI, TEF) 
Distributors for availability and specifications. Storage Temperature 
Supply Voltage 7V Operating Temperature Range 
TTL Inputs 7V ESD Susceptibility (Note 4) 
Output Voltages 7V 

Operating Conditions 
Symbol Parameter Conditions Min Typ 

VCC Supply Voltage 4.75 5.00 

TA Ambient Temperature 0 25 

IOH High Logic Level Output Current SYNC CLOCK 
Others 

IOL Low Logic Level Output Current SYNC CLOCK 
(Note 2) Others 

VIH High Logic Level Input Voltage 2 

VIL Low Logic Level Input Voltage 

fNRZ Operating Data Rate Range (Note 1) 0.5 

tpw-RFC Width of REFERENCE CLOCK, High or Low 8 

tpW-ERD Width of ENCODED READ DATA, High or Low 15 

tpW-CRE Width of CONTROL REGISTER ENABLE, 
20 

High or Low (Note 3) 

tSU-CRD CONTROL REGISTER DATA Set-Up Time 
20 

with Respect to CRC (Note 3) 

tH-CRD CONTROL REGISTER DATA Hold Time 
5 

with Respect to CRC (Note 3) 

tSU-CRE CONTROL REGISTER ENABLE Set-Up Time 
20 

with Respect to CRC (Note 3) 

tH-CRE CONTROL REGISTER ENABLE Hold Time 
0 

with Respect to CRC (Note 3) 

tPW-CRC CONTROL REGISTER CLOCK Pulse Width 
40 

Positive or Negative (Note 3) 

ICPIN Combined RNOM & RBOOST Input Current 
Nole I: Minimum data rate is for Yz (M,N) code such as 2,7 or MFM; maximum data rate is for % (M,N) code such as 1,7. 

Note 2: PUMP UP and PUMP DOWN outputs have no current sinking capability and thus are excluded from this specification. 
Nole 3: Parameter guaranteed by correlation to characterization data. No outgoing test performed. 
Nole 4: Human body model; 120 picofarads through 1.5 kfi. 
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AC Electrical Characteristics 
Symbol Parameter Min Typ Max Units 

tSTOP SYNC CLOCK Negative Transitions following READ 
GATE until Data Lock ZPS Sequence Begins 2 3 -
(VCO Freezes) 

tRESTART Positive ENCODED READ DATA Transitions following 
2 -VCO Freeze until VCO Restarts 

tREAD ABORT Number of REF CLOCK Cycles following READ GATE 
Deactivation until REF CLOCK Lock ZPS Sequence 4 -
Begins 

tT Window Truncation (Half Window Loss); 
4% X "veo ns 10 and 20 Mbit/sec (Note 1) 

." Linearity Phase Range for Charge Pump Linearity ±1T Radians 
(wrtVCO) 

Kveo VCO Gain Constant 1.0 ClIO 1.2 ClIO 1.6 ClIO Rad/SecV 

fMAXVeo VCO Maximum Frequency; RSO = RS1 = RS2 = 
70 MHz 

Logical ZERO 

tsDo Time Skew between SYNC CLOCK Negative Edge and 
0 10 ns 

SYNC DATA Negative Edge 

tsDl Time Skew between SYNC CLOCK Negative Edge and 
0 10 ns 

SYNC DATA Positive Edge 

tZPSR Zero Phase Start Trigger Bit Targeting Accuracy, 
2 ns 

READ GATE Activation (READ) (Note 3) 

.tpwPC Width of PCT, PU or PO Outputs in Fully Stabilized 
10 ns 

Lock (ERD Free of Jitter); R-Pull-Down = 510n 

a1veo/fRFC Automatic fveo Range Limiting 50 % 

tHOLD SYNC CLOCK Rest Period (Logical One) at Assertion 
% 3 TVCO or De-Assertion of READ GATE 

tpDT SCK Negative Edge to PREAMBLE DETECTED 
25 ns 

Positive Edge at End of Detection Sequence 

LPDTI Length of Valid 1 T Preamble Pattern Required for 
33 34 35 

ERD 
Occurrence of PREAMBLE DETECTED Pulses 

LpDT2 Length of Valid 2T Preamble Pattern Required for 
32 33 34 

ERD 
Occurrence of PREAMBLE DETECTED Pulses 

LpDTS Length of Valid 3T Preamble Pattern Required for 
31 32 33 

ERD 
Occurrence of PREAMBLE DETECTED Pulses 

LpDT4 Length of Valid4T Preamble Pattern Required for 
15 16 17 

ERD 
Occurrence of PREAMBLE DETECTED Pulses 

ts Window Strobe Time Step (M = Hex Value of Bits 0-3 M X (1.8%) 
ns 

in CONTROL REGISTER; Bit 4 = Sign Bit) X tRFC 

tRFC-SCKl Positive Transition Propagation Delay from 
REF CLOCK INPUT to SYNC CLOCK OUTPUT, 15 ns 
READ GATE Low 

tRFC-SCKO Negative Transition Propagation Delay from 
REF CLOCK INPUT to SYNC CLOCK OUTPUT, 15 ns 
READ GATE Low 

Note 1: The preliminary DP6459 static window speCification, IT, applies only to the lactory·tested 2,7'code data rates 0110 Mb/s (with RSO,1,2 = 010) and 
20 Mb/s (with RSO,1,2 = 000), with the component values as listed lor each corresponding data rate In Figures 5 and 10, test configuration as shown In Figure23, 
test procedure as shown in Figure 24, and strobe word M = - 2. Significant variation In IT due to the use of other Iliters and data ralas Is not e>cpacted. 
Note 2: liN = VCC/(4 x RIN). RIN = RNOM (HGD High) or RNoMIiRBooST (HGD Low). 
Note 3: tZPSR (ZPS Read) gauges the accuracy wHh which the ZPS circuitry aligns the veo to the triggering ERD bit intemally (I.e., Initial phase step) at the 
completion 01 a ZPS operation lollowing READ GATE assertion. 
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DC Electrical Characteristics 
Symbol Parameter Conditions Min Typ Max Units 

Vie Input Clamp Voltage Vee = Min, 11= -16 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max Vee- 2V Vee-1.6V V 

VOL Low Level Output Voltage (Note 5) Vee = Min, 10L = Max 0.5 V 

IIH High Level Input Current Vee = Max, VI = 2.7V 20 /LA 

IlL Low Level Input Current Vee = Max, VI = 0.4V -200 /LA 

10 Output Drive Current (Note 1) Vee = Max, Va = 2.125V -12 -110 mA 

lepo Charge Pump Output Current (K1) 100 ,;:; IRp ,;:; 1000 (Note 2) 1.71Rp 2.01Rp 2.51Rp /LA 

lepO.OFF Charge Pump Output Inactive Current 100 ,;:; IRp ,;:; 1000 (Note 2) -0.65 +0.65 /LA 

Iveol VCOI Offset Current VCOI Voltage 1.5V -0.25 +0.25 /LA 

VRNOM Voltage across R·NOM Resistor 1.2 kO:S; R·NOM ,;:; 12 kO Typ. -16% 0.26 Vee Typ. +16% V 

VRBST Voltage across R·BOOST Resistor 1.2 kO ,;:; R·BOOST';:; 12 kO Typ. -16% 0.26 Vee Typ. +16% V 

ICCI Supply Current, Nominal Strobe Vcc = Max (Note 3) 190 mA 

ICC2 Supply Current, Early Strobe Vce = Max (Note 4) TBD mA 

Nole 1: This value has been chosen to produce a current that closely approximates one·half of the true short·circuit output current, lOS. 
Nole 2: lAp = 'NOM + IBooST. 
Nole 3: ICCl is measured with the window strobe set at nominal timing (Strobe Bits ° through 5 = 0,0,0,0,0,0); VCO operating at maximum allowed frequency 
within any given range selection. 

Note 4: ICC2 Is measured with the window strobe set to maximum early timing (Strobe Bits 0 through 5 = 1,1,1.1,0,0) VCO operating at maximum allowed 
frequency within any given range selection. 

Nole 5: PUMP UP and PUMP DOWN outputs have no current sinking capability and thus are excluded from this specification. 
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External Component Selection 
Symbol Parameter Min Typ Max Units 

RNOM Charge Pump Nominal Operating 
1.2 12 kO 

Current Setting Resistor (Note 1) 

ReoOST Charge Pump Boost Current 
1.2 00 kO 

Setting Resistor (Note 1) 

CNOM RNOM Bypass Capacitor (Note 2) 0.01 ,..F 

CeOOST ReOOST Bypass Capacitor (Note 2) 0.01 ,..F 

Rpu PUMP UP Open Emitter Output 
510 n 

Pull-Down Resistor 

RpD PUMP DOWN Open Emitter Output 
510 n 

Pull-Down Resistor 
Note 1: The minimum allowed value for the parallel combination of RNOM and RBOOST Is 1.2 kG. 

Note 2: CNOM and CBOOST should be high quality. high frequency type. 

3.0 PLL Applications: Loop Filter Design 
In order to maintain greatest design flexibility for the Cus- Mathematical gain representations for each block are: 
tomer, all PLL filter components and Charge Pump gain set- KpG = 1/N Pulse Gate equivalent gain 
ting elements reside external to the DP8459. All PLL dy- Kpc = 1/(2'7T) Phase Comparator gain 
namics are thus under the control of the system deSigner. 
The following is a brief analysiS of the DP8459 PLL; Section Kcp = Vcc/2Rp Charge Pump gain where 

3.1 contains a derivation of component values based on Rp = RNOM, HGD high; 
projected requirements within an example hard disk drive Rp = RNoMIiReoosT, HGD low 
system. Kvco = 1.2f1lO VCO gain (fIlO = operating center 
Figure 16 represents the DP8459 PLL in simplified form. frequency) 

-r- r-
~ ~I Rl 

~ 1 ~ c .a crr Do: Do: 

INPUT • r+ 
PHASE CHARGE VCO 

~ r~ 
COMPARATOR PUMP 

r+ 
Kpg= liN Kpc= 1/2.- Kcp = V ccl2Rp Kyco=I.2 "'. 

TLIF/9322-18 

FIGURE 16. Basic DP8459 Phase Locked Loop Block Diagram 
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3.0 PLL Applications: Loop Filter Design (Continued) 

N is defined as the number VCO cycles per recorded EN
CODED READ DATA pulse, or conversely, the ratio of the 
VCO frequency to the ENCODED READ DATA frequency. 
The aggregate block gain equation (excluding the loop filter) 
can be written as: 

KB = 1.2Veefo/(2RpN) 

The impedance of the loop filter is 

Z(s) = _1_11 (_1_ + Rl) = 1 + SR1Cl 
SC2 SCl SC1(1 + C2/Cl + sR1C2) 

The open loop system response G(s) is given by 

G(s) = KB X 1 + SR1Cl 
S SCl (1 + C2/Cl + SR1C2) 

This last equation reveals the PLL with this filter configura
tion is a third order system, which is typically difficult to ana
lyze. However, if C2 < < Cl, it can be argued that the be
havior of the third order loop closely resembles that of a 
second order system, allowing for a greatly simplified analy
sis. 

If C2 < < Cl, the impedance Z(s) approximates to 

1 + SR1Cl 

SCl 
The overall open loop gain (including the filter) is then 

G(s) = KB X 1 + SR1Cl 
S SCl 

Substituting KB into the equation, 

G(s) = 1.2 fo Vee x 1 + SR1Cl 
s2N SRpCl 

'1'1 = RpCl and '1'2 = R1Cl are the pole and zero, respec
tively, which govern the system response. The closed loop 
gain H(s) is 

H(s) = cf>OUT = ~ 
cf>IN 1 + G(s) 

Substituting, 

H(s) = KB (SR1Cl + 1) 
s2Cl +KB(sR1Cl + 1) 

(KB/C1)(sR1Cl + 1) 

s2 + sKBRl + KB/Cl 

The second order characteristic equation can be written as 
follows: 

s2 + sKBRl + KB/Cl = s2 + S2CClln + CIIn2 

Extracting the component values from these results, 

KB 1.2 Vee fo/(2RpN) 
Cl = - = -----:,...-.:.....-

CIIn2 CIIn2 

Rl = 2tClln = 2CClln 
KB 1.2 Vee fo/(2RpN) 

C2 ~ (1!.o) Cl 
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Thus, one is able to select component values in accordance 
with specific system requirements, i.e., with given VCO cen
ter frequency (equivalent to REFERENCE CLOCK frequen
cy), Rp (in either high or low gain mode), N (the ratio of the 
VCO frequency to the ENCODED READ DATA frequency), 
the desired natural frequency of the loop, and the desired 
damping ratio. 

The natural frequency and the damping ratio may be ex
tracted from the component values to determine system be
havior under various conditions (differing data patterns, i.e., 
varying N value; high gain or low gain; read or non-read 
mode): 

CIIn = [1.2 Vee fo/2RpNC1)lO.5 Natural frequency 

C = CIIn R1C1/2 Damping ratio 

3.1 2,7 CODE,10 MBIT/SEC LOOP FILTER 
DESIGN EXAMPLE 

Initial Requirements and Definitions 

This example illustrates a 10 MBit/sec 2,7 hard disk system 
employing a 4T preamble field (recorded at % the VCO fre
quency, i.e., N = 4). The component derivations are not 
meant to produce values which will be optimum for all sys
tems employing this data rate, code, and preamble type; this 
exercise is for exemplary purposes only. (See National 
Semiconductor Advanced Peripheral Processing Solutions 
Mass Storage Handbook # 1, 1986, AN-413, section 3.4, 
pages 1-43 through 1-48 for additional information regarding 
disk system PLL filter design.) 

Although the DP8459 provides a frequency acquisition fea
ture intended for use within the preamble, this design exam
ple will be approached so as to achieve PLL dynamics 
which will avoid the cycle-slipping phenomenon frequency
lock action is normally employed to accommodate. Thus, 
the design will be valid both for systems which do employ 
frequency lock as well as for those which do not. Advan
tages gained by the use of frequency·lock beyond that of 
extended lock-in range, however, such as harmonic false 
lock avoidance and quadrature lock avoidance, make the 
use of this feature strongly advisable even with the intrinsic 
lock-in range achieved by design In this example. 

The DP8459 is configured here with the "'FRF;;E ... O,..,L"'O"'C""K-C"'O"'N'
TROL input tied to the PREAMBLE DETECTED output, the 
HIGH GAIN DISABLE input tied to the READ GATE input, 
and the CHARGE PUMP OUTPUT tied to the VCO INPUT 
pin as well as to the external loop filter components (see 
Figure 11). This establishes self-regulated frequency lock 
control, READ GATE regulated Charge Pump gain, and sin
gle node loop filtering. • 



m f 3.0 PLL Applications: Loop Filter Design (Continued) 
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FIGURE 17. DP8459In a Typical System Configuration 
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3.0 PLL Applications: Loop Filter Design (Continued) 

System constraints: 

fNRZ DATA = 10 Mbitlsec 

fvco = 20 MHz 

fREFERENCE CLOCK = 20 MHz 
Code type = 1fz (2. 7) 

Nmin = 3 (highest recorded frequency) 

Nmax = B (lowest recorded frequency) 

Npreamble = 4 (fpreamble = 5 MHz) 
Preamble Length = 11 NRZ bytes (ESDI min.) = B.B p.s 
(44 recorded pulses) 

Disk formatting = pseudo hard sectored 

The DPB459 provides a zero phase start function which 
minimizes the initial phase step encountered at the start of 
preamble lock acquisition and thus the phase stabilization 
time within the preamble is significantly reduced with re
spect to a fully random-phase lock sequence. However. the 
PLL will encounter a finite frequency step at the start of 
preamble acquisition due to variations in disk rotational ve
locity which may be as large as ± 1 % (more pronounced in 
exchangable media systems). The lock-in range of the PLL 
at the time of preamble acquisition must then be at least 
± 0,01 x fpreamble. Given that the PLL lock sequence in
volves only an adjustment to a frequency step. the following 
requirements will be set for final PLL dynamics within the 
filter design procedure: 

1. Residual phase error 8e at the end of the preamble (a full 
11 NRZ bytes allowed for PLL stabilization) will be 2 ns or 
less (4% of the total synchronization window). 
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2. The lock-in range ~ClIL must be at least 1.5 times the 
expected frequency step range. 

3. The minimum 3 dB bandwidth ClI-3 dB in the data field 
must be twice the expected maximum mechanical vibra
tion frequency (10kHz). 

4. The natural frequency of the loop ClIn and damping ratio t 
will be minimized in the data field in order to achieve a 
high level of jitter rejection. (Minimum damping ratio t will 
be 0.5 (phase margin of 52°) for adequate stability). 

5. Re-Iock time to the REFERENCE CLOCK will be mini-
mized. 

First. some definitions will be established. Regarding re
quirement '" 1. the equations for phase error due to a fre
quency step are1: 

8e(t) = [~ClI/ClIn] [1I(1-t2)0.5 sin(1-,2)0.5Cl1nt]exp(-tCllnt) 

fort < 1; 

8e(t) = [~ClII ClIn] [ClIntlexp( - ClInt) for' = 1; 
8e(t) = [~ClI/ClIn] [1/(,2 - 1)0.5 sinh (,2 - 1)0.5 ClIntl X 

exp( - ,ClInt) for, > 1. 

These equations are plotted in Figure 18. The equations for 
phase error due to a phase step are1: 

8e(t) = ~8{ cos (1-,2)0.5 ClInt 

- [,/(1-,2)0.5] sin (1-t2)0.5 "'ntl exp(-tCllnt) for ,<1; 

8a(t) = ~8[1-ClIntlexp(-ClInt) for' = 1; 

8e(l) = ~8 {cosh(,2-1)0.5Cl1nt-

[,/(,2-1)O.5]sinh(,2-1)O.5 ClIntlexp(-'ClInt) for ,> 1. 

(These equations are plotted in Figure 19 and are supplied 
for informational purposes only; an ideal zero phase start 
function would not produce a phase step at lock initiation.) 
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FIGURE 18. Transient Phase-Error Versus the Dimensionless Parameter ClInt Due to a Step in 
Frequency for Various Loop Damping Factors, ,(from Ref. 4 by Permission of L. A. Hoffman) 
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FIGURE 19. Phase·Error Versus the Dimensionless Parameter ClInt Due to a Step In 
Phase for Various Loop Damping Factors, , (from Ref. 4 by Permission of L. A. Hoffman) 

Note that the phase error 99 is measured with respect to the 
divided (or gated) veo phase, i.e., 211 radians = 
N/(20 MHz) = 200 ns in this example. 

Regarding requirement # 2, the lock·in range (with no cycle· 
slipping) can be shown to be equal to the open loop transfer 
function multiplied by the loop filter impedance evaluated at 
infinite frequency2: 

aCIIL:::: ± KBZ,(s)ls -+ 00 

The 3 dB bandwidth for requirement #3 is defined by the 
equationS: 

CII-SdB = CIIn [2,2 + 1 + (2,2 +1)2 + 1}0.5)0.5 

Requirement #4 has been established in order to maximize 
the available window margin via PLL dynamics. Conceptual
ly, window margin is preserved if the loop phase response 
to individually displaced bits (jitter) is not allowed to cause 
subsequent windows to be readily shifted from the "aver
age" position. Any window movement from nominal position 
can readily degrade the window margin. It can be seen from 
Figure 19 that systems employing low values of damping 
ratio exhibit a reduced instantaneous response to phase 
step and thus display improved jitter rejection with respect 
to higher damping ratio systems. Damping ratio, fortunately, 
is easily regulated by loop filter design. It also follows that a 
low natural frequency and its associated "slower" instanta
neous phase response will assist in achieving the .goal 
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of jitter. rejection. However, the minimum natural frequency 
limit for the PLL may actually be imposed on the system by 
the 99 (t) settling time requirement, the aCIIL requirement, or 
the CII-S dB requirement. Whichever of these produces the 
highest minimum CIIn value must, by necessity, dominate in 
the design. The goal of minimizing the natural frequency in 
order to maximize jitter rejection, therefore, may have to 
defer to one of these other three criteria. 

Requirement #5 is addressed in three ways: 1) the DP8459 
itself engages the frequency discriminating action of the 
Phase Comparator whenever the READ GATE is deassert
ed and the PLL locks to the REFERENCE CLOCK signal, 
thus guaranteeing re-Iock regardless of the initial frequency 
step; 2) tying the HIGH GAIN DISABLE pin to the READ 
GATE input places the Charge Pump in the high gain mode 
whenever the PLL is locked to the REFERENCE CLOCK, 
producing an elevated natural frequency and a more rapid 
locking action; 3) N = 2 whenever the READ GATE is deas
serted, which, in this example, effectively increases the loop 
gain by another factor of 2 with respect to the gain within 
the preamble, where N = 4. 

Determining PLL Response Characteristics 

It is expected that the minimum value of CIIn will be deter
mined by the residual phase error requirement of # 1 rather 
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than the lock-in range requirement of #2 or the W-3 dB wn(min) = wn(preamble) x 1IV(NMAX/NpREAMBlE) 
requirement of #3. This assumption will be checked at the = 600 Krls X 11'112 = 424 Krls 
end of the analysis. System requirements then are as fol-
lows: W-3 dB = Wn(min) [2C2 + 1 + [(2C2 + 1)2+ 1)0.5]0.5 

1. 8e(t) s: (2 ns) X (27T radl 200 ns) = 0.063 radians, 

where t = preamble length 8.8 ,...s 

2. aWL ~ ±KBz,(s)ls_ 00 ;;, 0.015 X 5 MHz X 27T = 
471 Krad/sec 

3. w-3 dB = wn[2C2 + 1 + {(2C2 + 1)2 + 1)0.5]0.5 

;;, 2 X 10 kHz X 27T = 126 Krls 

Requirement # 1 calls for 8e(8.8 ,...s) s: 0.063 radians. 
Damping ratio C varies as the inverse square root of N (see 
the equation for Damping Ratio in Section 3.0) such that 
CPREAMBlE = V(NMAX/NpREAMBlE) X CMIN = '112 X 0.5 
= 0.707. Solving the appropriate equation for 8e(t) for vari
ous values of Wn with C = 0.707, t = 8.8 ,...s and an expect
ed frequency step of 0.01 x 5 MHz X 27T = 314 Krls: 

Wn 8e(8.8,...s) t., 

200 Krls 0.732 rad 23.3 ns 

300 Krls 0.392rad 12.5 ns 

400 Krls 0.211 rad 7.0 ns 

500 Krls 0.113 rad 3.6 ns 

600 Krls 0.061 rad 1.94 ns 

700 Krls 0.033 rad 1.05 ns 

8e (8.8,...s)1600 Krls = 0.061 radian < 0.63 radian 

te = 0.061 radian X 200 ns/27T radian = 1.94 ns < 2 ns 

Thus 600 Krls is chosen as the desired natural frequency 
within the preamble to satisfy requirement # 1. 

If the assumption that 8e(t) dominates the minimum natural 
frequency requirement is correct, then the aWL requirement 
of #2 and the W-3 dB requirement of #3 should be met by 
the Wn obtained above. First, examining requirement #2, 

Z,(s)ls _ 00 = R1 (C2 neglected). 

Thus, 

Rearranging for Rf 

R1 = aWl/KB 

The equation for R1 previously derived shows 

R1 = 2C wn/KB 

Thus, 

aWl/KB = 2Cwn/KB 

aWL = 2,wn 

In this case, Wn = 600 Krls and, = 0.707 (preamble), thus 

aWL = 600 Krls X 2 X 0.707 = 848 Krls > 471 Krls 

Thus, requirement # 2 is met. 

Examining requirement #3, where W-3dB;;' 2 X 10 kHz X 
27T when N equals its maximum value of 8 (minimum fre
quency data pattern; C = 0.5): 
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=424 Krls X 1.817 = 771 Krls 

771 Krls + 27T = 123 kHz> 2 X 10 kHz 

Thus requirements #1 through #3 are met, and #4 defers 
to the minimum Wn established by # 1. 

Regarding requirement # 5, the DP8459 has been config
ured externally in this example such that when the READ 
GATE is deasserted, the loop gain will be increased by a 
factor of 2 due to the Charge Pump gain switching (RNOM = 
RBOOST; HGD tied to RG) and by an additional factor of 2 
due to the decrease in N from 4 (preamble) to a fixed inter
nal value of 2. The resulting factor of 4 effective gain eleva
tion results in an increase in both the natural frequency, Wn, 
and the damping ratio, C, by '114 = 2. Thus, when READ 
GATE is deasserted, 

Wn = 2 X 600 Krls = 1.2 Mrls 

C = 2 X 0.707 = 1.414 

aWL = 2Cwn = 2 X 1.414 X 1.2 Mrls = 3.4 Mrls 

COMPONENT CALCULATIONS 

The formulae for the filter components, derived previously, 
are 

C1 = ~ = 1.2Vcc fo/ (2RpN) 
wn2 wn2 

R1 = 2Cwn = 2,wn 
KB 1.2 Vee fo/(2RpN) 

C2:S: (1/10) C1 

A 2:1 ratio of high-to-Iow Charge Pump gain was chosen for 
the derivation of RNOM and RBOOST. To achieve the 2:1 
gain ratio, RNOM must be equal to RBOOST while the parallel 
combination RNOM IIRBOOST must be equal to or greater 
than 1.2 kO as per specification. Note that in the equation 
for C1 above, the capaCitor value is inversely proportional to 
Rp. Thus, external field interference immunity can be 
achieved if C1 is maximized through the minimizing of Rp. 
The selection of RNOM = RBOOST = 2.4 kO satisfies the 
requirements for the Charge Pump resistors and the gain 
ratio. Rp will be equal to RNOM with READ GATE high, and 
thus 
C1 = [1.2 X 5 X 20 MHz/(2 X 2.4k X 4)]/(600 Krls)2 

= O.017,...F 

A standard value of 0.018 ,...F is chosen. R1 can now be 
calculated: 

1.2 X!: ~~~H:/~~~K~~:k x 4) = 1360 

A standard value of 1500 is chosen. Since C2 s: 0.1 X C1, 
C2 will be chosen to be 510 pF. A table listing the dynamics 
of the PLL under standard operation conditions and with 
component values adjusted to industry standards is shown 
in Figure 20. 
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3.0 PLL Applications: Loop Filter Design (Continued) 

Field Preamble Min Freq Data Max Freq Data Ref Clock 

N 4 8 3 2 

CPGain Low Low Low High 

Natural 
Freq. 606 Krad/s 429 Krad/s 700 Krad/s 1.2 Mrad/s 

Oln 

Damping 
Ratio 0.7 0.5 0.8 1.4 , 

FIGURE 20. 2,7 Code, 10 Mblta/Sec Design Example PLL Dynamics 

4.0 Window Margin and Bit Jitter Tolerance 
A key performance specification for the DP8459 involves 
the integrity of the synchronization window. The synchroni
zation window is defined as a continuously repeating time 
cell, nominally equal in span to the period of the VCO, within 
which an ENCODED READ DATA pulse will be recognized 
(captured) regardless of its position within the window (see 
Figure 21). The captured ERD bit is then transmitted to the 
SYNCHRONIZED DATA output on the next occurring SYNC 
CLOCK negative edge. The SYNCHRONIZED DATA and 
the SYNC CLOCK are held in a fixed, specified timing rela
tionship for use by the data controller in deserialization and 
decoding. The synchronization window (with strobe setting 

at nominal position) is centered about the mean location of 
the ERD pulses via the delay line and the time-averaging 
action of the PLL. National Semiconductor specifies the 
static window truncation (IT) of the DP8459 data synchro
nizer as the maximum expected loss of the synchronization 
window seen adjacent to the ideal window boundary follow
ing complete PLL stabilization with the strobe control setting 
at the M = -2 position (see Figure 22). Static lock condi
tions are defined as having been achieved when the PLL 
has been allowed to establish fully stabilized lock to a con
sistent preamble-type pattern of nominally positioned, non
shifted ERD pulses. 

ENCODED READ n n n n. 
DATA INPUT ..-II . 

WINDOW POSITIONING r-.--l I I I I I I I I I I 
SYNCHRONIZED~ DATA OUTPUT ___ +..1 _ _ _ 

.. SYNC CLOCK 
OUTPUT 

SYNCHRONIZATION 
WINDOW T= l/Fyc. 

FIGURE 21. Synchronization Window 

MAXIMUM IDEAL WINDOW MAXIMUM 
FRONT END CENTER BACK END 

LOSSt I ~ LOSS 

tT - AVAILABLE WINDOW - - tT 

IDEAL WINDOW WIDTH 

1 tw= l/Tyco 1 
_ IDEAL WINDOW _ 
'------ BOUNDARIES -----' 

Figure 22. Window Specification Diagram 
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4.0 Window Margin and Bit Jitter Tolerance (Continued) 

4.1 SYNCHRONIZATION WINDOW GENERATION or average ERD pulse will open the pulse gate at to - 0.5 x 
The DP8459 employs a pulse gate·delay line scheme in the Tvee. precisely the midpoint between VCO edges. ERD 
generation of the synchronization window. Figure 6 shows Ii pulses are then free to shift to any position (ideally) between 
simplified block diagram of the pulse gate and delay line VCO edges. that is. they have an allowed displacement of 
circuitry coupled with the phase locked loop. All elements ±0.5 Tvee from the mean. while yet opening the pulse gate 
except the delay line are assumed to be delayless for sim- f()r the passing of the appropriate VCO edge to the phase 
plicity of analysis. The pulse gate allows a single VCO edge comparator and at the same time being properly captured 
to be transmitted to the pump down input of the phase com- by the data synchronization latch (flip-flop D. Figure 6). The 
parator for each arriving ENCODED READ DATA pulse. ±0.5 Tvce rElgion is referred to as the synchronization 
while the delay line allows the ENCODED READ DATA (capture) window. 
pulse to open (enable) the pulse gate at a predetermined Any variation in the value of the time delay t.J causes the 
time (t.J) prior to the arrival of the ERD pulse at the pump up time at which the pulse gate is enabled (to-t.J) to shift away 
input of the phase comparator. Figures 7, 8 and 9 show from the VCO waveform midpoint. and thus produces a cor-
waveform diagrams of the capture of nominal. early and late responding shift in the position of the synchronization (cap-
ERD pulses. respectively. In normal operation where stable ture) window. This action. when done in a controlled fash-
lock has been achieved. the time-integrating action of the ion. is known as window strobing and is useful for purposes 
PLL has established time alignment between the waveforms of window skew compensation. determination of system 
at the phase comparator inputs. i.e .• both events occur at to. window margin. and recovery routines for non-readable data 
on average. If td is set equal to 0.5 x Tvce. the nominal (see Section 4.3). 

~ £f C2 -= RTI Cl 

Vee 

25 
RNO .. 

6 24 
CST 

3V 
RSI 

7 OP8459V 23 
PO 

NC 
RS2 

8 22 
PU 

HC AS04 
CRE 

9 21 
SO 

CRO 
10 20 

SPO 

CRC 
19 

SPI 

O.lI'F 

POWER 

100a AS04 
TUF/9322-24 

NOles: SO and SCK outputs are buffered by Advanced SchoHky gates to provide standardized. typical loading condftions. 

CRC, CRD. CRE. RG. and ERD are driven by a paHern generator providing the appropriate sequences both to load the 
control register with the appropriate strobe position information and 10 cycle the RG and ERD test routine as per Figure 24. 

FIGURE 23. DP8459 Window Measurement Configuration 
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4.0 Window Margin and Bit Jitter Tolerance (Contin'ued) 

4.2 WINDOW TRUNCATION TESTING displacement of the DP8459 synchronization window from 
The DP8459 static window truncation specification is an ag- its nominal (strobe centered) position and is typically 
gregate figure within which the window margin loss contribu- ts = M x [1.8% x Tveo] 
tions from all relevant blocks in the data synchronization where M is the value of the strobe control word (-15 
chain are combined into the single parameter, tT' through + 15; see Figure 4) set by the first 5 bits within the 
The preliminary DP8459 static window specification, IT, Control Register. (Note that M is equivalent to the hexideci-
applies only to the factory-tested data rates of 10 Mb/s mal value of the five strobe control bits where bits 0 through 
(with RSO,1,2 = 010) and 20 Mb/s (with RSO,1,2 = 000), 3 are the LSB through MSB and bit 4 is the Sign bit.) 
with the component values as listed for each corre- The changing of the strobe value Is is not an instantaneous 
spondlng data rate In Figures 5; and 10, test configura- event following the changing of the control word in the Con-
tlon as shown In Figure 23, test procedure as shown In trol Register. The response time of the strobe control cir-
Figure 24, and strobe word M = -2. Significant varia- cuitry to any change in strobe setting is a function of the 
tlon In tT due to the use of other filters and data rates Is timing elements connected to the TIMING EXTRACTOR 
not expected. FILTER pin and the data rate at which the device is being 
The test algorithm employed in the outgoing factory mea- operated. A finite settling time must be allowed for the delay 
surement (screening) of Iy emUlates an ENCODED READ circuitry to respond following the loading and latching of the 
DATA stream consisting of a long synchronization field with new control word (latching occurs and strobe changes be-
a single, movable test bit at its end. This method is referred gin at de-assertion of CONTROL REGISTER ENABLE, i.e., 
to as static window testing, since the window in which the at transition to logical ONE). It is recommended that any 
test bit is inserted is fully stabilized and unable to react in- changes to the strobe setting be done with READ GATE 
stantaneously to the phase step introduced by the displaced deasserted and with a sufficient allowance for settling time 
bit. The standard screening procedure employed for deter- prior to the initiation of a subsequent read operation. Ap-
mining DP8459 static window truncation is divided into two proximate settling times are given In Figure 10 for various 
portions, one which determines the location of the leading TEF component values at specific data rates. 
(front) window boundary and one which determines the trail
ing (back) window boundary. The DP8459 is made to cycle 
through the read operation many times as a variable bit is 
moved, once per read cycle, from outside the target window 
across the ideal leading boundary and into the window. The 
bit is advanced toward the center of the target window until 
it resides in a position where it is able to be detected a large 
number of times consecutively, guaranteeing VCO jitter im
munity. The time displacement between the bit's valid de
tection position and the ideal leading window boundary is 
recorded as Iyf (front). (This value may be negative if the 
actual window boundary resides outside the ideal window.) 
The variable bit is then placed outside the trailing window 
boundary and the variable bit is again moved, once per read 
cycle, from outside the target window across the ideal 
boundary and into the window. The bit continues to ad
vanced toward the center of the recognition region until it is 
in a position where it is able to be read a large number of 
times consecutively. The time displacement between the 
bit's valid detection pOSition and the Ideal trailing window 
boundary Is recorded as tTb (back). (Again, the value may 
be negative if the actual window boundary resides outside 
the Ideal window due to window encroachment.) The larger 
(more positive) of the two (lyf, Iyb) values Is taken as Iy. A 
flow chart of the test sequence is shown in Figure 24. Ta
bles of external component values used for production 
screening of the DP8459 at various data rates are shown in 
Figures 5 and 10. 
Window truncation evaluated within data patterns contain
ing shifted bits Is a direct function of PLL dynamics which 
are under Customer control, and thus is neither tested nor 
specified. 

4.3 WINDOW STROBE 

The DP8459 incorporates a window strobe function capable 
of shifting the synchronization window either early or late 
with respect to its nominal position in small, specified steps. 
The strobe step Is is defined as the controlled time 
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4.3.1 MARGIN TESTING 

The read channel window margin of a diskltape memory 
system is the portion of the synchronization window remain
ing after the subtraction of ali possible sources of degrada
tion such as media bit shift, head-amplifier anomalies, pulse 
detector anomalies, cable-induced skew, synchronizer loss
es, and extraneous noise. The remaining margin must be 
sufficient to allow the system to perform with an acceptable 
media error rate under all operating conditions. Acceptable 
media error rates will vary between systems depending on 
ECC codes, data redundancy, and other factors. The mea
sured value of the synchronization window margin is often 
used as a performance criteria for HDA (head-disk assem
bly) and read channel qualification, and for gauging the 
probability of encountering data errors on the media. 

The DP8459 strobe function can be readily used to measure 
the window margin within a drive system. Margin tests have 
been most frequently employed only during outgoing factory 
tests of storage media systems with specialized and costly 
test apparatus employed for the purpose; however, the 
DP8459 allows media/system qualification at any time in 
the factory or the field during the system's operational life, 
given the incorporation of an appropriate margin test algo· 
rithm within the disk system controller. The algorithm may 
be configured first to record the most bit-interactive (shift
producing) pattern possible with the recording code being 
employed (eg., a repeating hex 60 B6 pattern in MFM) in an 
area of the media where recording density is its highest (in
ner-most track in constant-angular velocity or constant data 
rate disk systems), and secondly to read the track repeated
ly while Incremently advancing the degree of window 
"strobe" (controlled shift) first in the early direction until the 
data error rate crosses a pre-determined threshold and then 
in the iate direction until the same threshold is again 
crossed. The smaller of the two DP8459 window strobe 
measurements (either the early or the late value) deter
mined at the error rate threshold crOSSing points is then 
equal to the read channel window margin. 
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4.0 Window Margin and Bit Jitter Tolerance (Continued) 

FIGURE 24. DP8459 Static Window Truncation Test Flow Chart 
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4.0 Window Margin and Bit Jitter Tolerance (Continued) 

4.3.2 ERROR-BOUND SECTOR/TRACK 
DATA RECOVERY 

A standard technique exists for attempting to recover illegi
ble data from a sector or track within a disk system which 
involves the re-reading of the bad data while shifting the 
data synchronizer window a small amount early/late with 
respect to the nominal position. A typical early /late strobe 
value for data retrieval is in the range from approximately 
2% to 3% of the total window width. The strobe step size 
produced by the DP8459 window control circuitry easily al
lows for this type of data recovery procedure, and is in fact 
small enough to feasibly permit more than one degree of 
window movement within the data recovery algorithm. 

4.3.3 AUTO WINDOW ALIGNMENT (DE-SKEW ROUTINE) 

It is possible to configure an intelligent drive system to em
ploy the DP8459 strobe feature in a window auto-calibration 
(de-skew) routine implemented to center the detection win
dow about the mean position of the bit distribution curve. 
The de-skew routine would maximize the read channel win
dow margin and correspondingly minimize the bit error rate 
(BER). The auto-calibration routine would be configured as 
an extension of the window margin routine (Section 4.3.1), 
where the early and late strobe values determined at the 
error rate threshold crossing pOints would be numerically 
combined to determine the window center skew. For exam
ple, if the strobe-until-error value in the "early" direction 
were found to be 25 ns and the "late" value 23 ns, window 
skew would be determined as follows: 

tskew = [(!strobe early) - (tatrobe late)1/2 
= [(25 ns) - (23 ns)]!2 = + 1.0 ns 

The window has an apparent shift of 1.0 ns in the positive 
(late) direction. The strobe setting in the DP8459 would then 
be set to compensate for the skew (i.e., same magnitude, 
opposite sign), centering the synchronization window and 
maximizing the available read channel window margin. In 
this case, the strobe setting would be 1.0 ns early (or as 
close to this value as the granularity of the strobe control 
function will allow). This routine could be executed at sys
tem power-up and perhaps on a regular, specified time 
schedule during system operation to maintain a fine-tuning 
of the read channel timing characteristics under varying op
erating conditions (conceivably eliminating the need for an 
error-strobe routine). 
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Early Strobe Window Position 
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5.0 Multiple Data Rate Applications 
The DP8459 may be rapidly and easily switched from one 
data rate to another, conceivably from its highest to its low
est specified data rate and vice versa, with a minimum of 
adaptation effort. This capacity facilitates the employment 
of the DP8459 for stepped data rate disk applications (con
stant density recording, or CDR), or for the employment of a 
Single data synchronizer for multiple-media controllers as a 
cost and space conserving measure, e.g., allowing a con
troller to address tape, floppy disk and hard disk read chan
nels on a multiplexed basis while employing a single data 
separator. DP8459 data rate changes require only the ap
propriate new REFERENCE CLOCK frequency be applied 
and the necessary new RANGE SELECT information be 
presented to the chip in cases where the Customer chooses 
to employ compromise loop and Timing Extractor filters. 
The Customer may alternatively choose to employ a trans
mission gate technique to multiplex between appropriate fil
ter elements for various operating data rates should the fre
quencies be sufficiently different (e.g., streaming tape drive 
versus hard disk drive). 



6.0 PC Board Layout 
Recommendations 
The DP8459 data synchronizer circuit has been designed to 
minimize the sensitivities normally associated with phase 
locked loops which operate within digital environments, and 
in particular those within disk and tape memory systems. A 
list of recommendations and precautions is made available 
here for the Customer, however, such that the DP8459 envi
ronment can be optimized and the best possible perform
ance achieved with the device. 

1. A localized Vee supply net or island should be estab
lished for the device and all its associated passive com
ponents, supplied by but separated from the main Vee 
plane. The local Vee net should be tied to the main Vee 
plane at only one point and bypassed to the ground 
plane at that point. 

2. The DP8459 Vee pins should be bypassed to ground 
through the shortest electrical path possible between 
the supply pins the ground pins themselves. Bypassing 
should be achieved with a 0.1 /LF ceramic capacitor in 
parallel with a 1000 pF silver mica capacitor. 

3. The main digital ground plane should be used for all 
grounding associated with the device. Both Analog and 
Digital ground pins should be tied to this plane. 

4. All passive components associated with the DP8459 
should be located as close to their respective device 
pins as possible. Lead length should be minimized. 

5. External passive components should be oriented so as 
to minimize the length of the ground-return path be
tween the component's ground plane tie point and the 
DP8459 Analog ground pin. 

6. In order to minimize pin parasitic capacitances, planing 
(supply or ground) should not be placed between device 
pin eyelets. 

7. Digital signal lines should not be run adjacent to exter
nal passive analog components associated with the de
vice. Digital signal lines should not be run between ana
log signal pins or traces associated with the device. 
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8. Digital input noise experience by the device should be 
minimized, i.e., it may be advisable to condition input 
waveforms in order to reduce transient noise. This may 
be done with a series damping resistor at the REFER
ENCE CLOCK input (and perhaps at the ENCODED 
READ DATA input) in high frequency systems. This 
would terminate board traces and thus prevent under
damped, noise-producing switching transients at the de
vice inputs. 

9. Digital output loading should be minimized, i.e., if out
puts must drive large loads or long traces, employ buff
ering. Pre-termination of PC traces driven by the SYN
CHRONIZED CLOCK and SYNC DATA outputs may be 
advisable in high frequency systems (i.e., include series 
resistance equivalent to the characteristic impedance of 
the PC board trace). 

10. All unused digital output pins should be allowed to float, 
unconnected to any trace. 

11. The device should not be located in a region of the PC 
board where large Vee or ground plane currents are ex
pected, or where strong electric or magnetic fields may 
be present. The lowest ambient noise region of the 
board should be chosen for device location. 

12. If device socketing is desired, a low-profile, low mutual 
capacitance, low resistance, forced-insertion socket 
type should be employed. 

13. Wire-wrapping should not be employed, even in an eval
uation set-up. 

14. Capacitors used for the loop filter, the Timing Extractor 
filter, and all bypassing purposes should be ultra-stable 
monolithic ceramic capacitors or equivalent timing quali
ty capacitors. Silver-mica capacitors should be em
ployed for values 1000 pF and below. 

15. In order to achieve very close proximity of passive com
ponents to the DP8459 device, it is acceptable to have 
axial-lead resistors standing upright; however, the short
er component lead should be connected to the device 
pins to obviate noise induction into sensitive nodes . 

• 
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7.0 Application Support 
It is National Semiconductor's policy to offer and maintain a 
high level of direct Customer support on all of its mass stor
age products. National's experience in supporting the disk 
data memory industry has allowed the DP8459 to be de
signed to directly address the unique challenges of serial 
data synchronization within the areas of magnetic and opti
cal media data storage and local area networks, facilitating 
straightforward use of the device in a diverse range of appli
cations. In the event that questions arise regarding the use 
of the DP8459 or any other associated NSC mass stor-

age device, the Customer is encouraged to contact the log
ic Applications Group or logic Marketing Group at 

ZPS TRIGGER BIT "-

National Semiconductor Corporation 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
Telephone (408) 721-5000 

ENCODED READ DATA [\\\\\\1 n ri1"' __ -If2l"' __ -Ir3l"' __ ....I!"7L-
000 0 0 000 000 

DELAYED DATA (INTERNAL) ---------------J 
REFERENCE CLOCK INPUT 

REFERENCE CLOCK + 2 
(INTERNAL) 

READ GATE INPUT __ +-_--' 

INTERNAL VCO 

INTERNAL VCO + 2 

SYNC CLOCK OUTPUT 

SYNC MATCH DMDER n n n 11 (INTERNAL) __________ ...... ... __ .... ... __ .... ... ___ ' L...-

GATEO VCO(INTERNAL) _________________________________ _ 

PATTERN VALID(INTERNAL) ______________ __' 

PREAMBLE DETECTED _________________________________ _ 

SYNCHRONIZED DATA _____________ .... ri1 .. __ ---if2l .. __ ---ir3l .. ___ 17L 
FIGURE 25. Zero Phase Start Lock Acquistlon Sequence and Start of 

Preamble Detection; Frequency Lock Employed, 4T Pattern 
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7.0 Application Support (Continued) 

ZPS TRIGGER BIT """" 

EllCODED READ DATA LSSSSSSl rl ~~ ____ ~~ 
1 0 0 1 

DELAYED DATA (INTERNAL) ______________ ~ 

REFERENCE CLOCK INPUT 

REFERENCE CLOCK + 2 
(INTERNAL) 

READ GATE INPUT -----f 
INTERNAL VCO 

INTERNAL VCO + 2 

SYNC CLOCK OUTPUT 

PREANBLE DETECTED ______________ ~+_------------------

GATED VCO(INTERNAL) ______________ .... rL....Jl ------'-4 -3"----

PATTERN VALlD(INTERNAL) _________________________________ _ 

SYNCHRONIZED DATA ______________ --' 

TUF/9322-27 

FIGURE 26. Zero Phase Start Lock Acquisition Sequence, Frequency Lock not Employed (Soft Sectoring) 

BEGINNING OF 4T PATTERN """" 

ENCODED READ DATA 

DELAYED DATA (INTERNAL) 

REFERENCE CLOCK INPUT 

READ GATE INPUT 

INTERNAL VCO 

SYNC CLOCK OUTPUT 

PREANBLE DETECTED ________________________________ _ 

GATED VCO(INTERNAL) ----1l~ ____ ---'nL--__ .... nL.. __ ____1nL.. __ ____1n ... ____ ... rL 
-1 0 1 2 3 4 

PATTERN VAUD(INTERNAL) ______________ -' 

SYNCHRONIZED DATA 

TUF/9322-28 

FIGURE 27. Start of Preamble Detection; 4T Pattern, Frequency Lock not Employed (Soft Sectoring) 
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7.~ Application Support (Continued) 

ENCODED READ DATA ~ 
o 1 000 1 0 0 

DELAYED DATA (INTERNAL) ___ .... [";1 .... __ ......1 

REFtRENCE CLOCK INPUT 

READ GATE INPUT 

INTERNAL VCO 

SYIIC CLOCK OUTPUT 

1.ruuL 

~ 
GATED VCO (INTERNAL) ___ .....In n 

4'----15'---1 .'--_.....1 '-_---' .'--~I-_ ..... n... 
PATTERN VALID (INTERNAL) II I~ 

PREAMBLE DETECTED ------------IIr----J II 

SYIICHRONIZED DATA ___ ..... [";1 .. ___ ,.j~ 

TLlF/9322-29 
FIGURE 28. Occurrance of Preamble Detection; 4T Pattern, Frequency Lock not Employed (Soft Sectored) 

ENCODED READ DATA ~ 
001000100 

DELAYED DATA(INTERNAL) ___ ...... 

REFERENCE CLOCK INPUT 

READ GATE INPUT 

INTERNAL VCO 

SYNC CLOCK OUTPUT 

SYIIC IIATCH DIVIDER 
(INTERNAL) ___ .....I 

GATED VCO(INTERNAL) n n n ------------;1I1r-------..... 16 ..... ----',7~!--.....I I-

PATTERN VALID (INTERNAL) 

PREAMBLE DETECTED ------------IIr----J II 

SYIICHRONIZED DATA ___ ..JI7I .. __ ...... ~ 
TLlF/9322-30 

FIGURE 29. Occurrance of Preamble Detection, Frequency Lock Employed 
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7.0 Application Support (Continued) 

ENCODED READ DATA ----f"lL...-__ .Il.b\..lo\..lo\ ... \ ... \.l..\.l..\ .. \ .. \~\"'_l\~\~\\..lo\..lo\"'\"'\.l..\"\"\"\~\"'_l\~\~\\..lo\..lo\"'\"'\.l..\ .. \ .. \ .. \~\ ...... \l 

REFERENCE CLOCK 
INPUT 

READ GATE INPUT 

INTERNAL VCO 

INTERNAL veo.;. 2 

SYNC CLOCK OUTPUT 

REF CLOCK';'2 
(INTERNAL) 

----------~--~~ 

PREAMBLE DETECTED --------. 
OUTPUT 

SYNCHRONIZED DATA r: OUTPUT -----J I~ __________________________ __ 

TLiF/9322-31 

FIGURE 30. End of Read Cycle; REFERENCE CLOCK Lock Sequence 

TLiF/9322-32 

FIGURE 31. Typical TTL Digital Output 
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TLiF/9322-33 

FIGURE 32. Open Emitter TTL Output 
(PU and PD Outputs) 
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TLlF/9322-34 

FIGURE 33. RNOMINAL and RBOOST Pin Configurations 

TL/F/9322-35 

FIGURE 34. Typical TTL Digital Input 
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7.0 Application Support (Continued) 

CHARGE 
PUMP 

OUTPUT PIN 
(CPO) 

EXTERNAL 
PASSIVE 

PLL FILTER 

TL/F 19322-36 

FIGURE 35. Charge Pump Output and VCO Input Circuit Configurations 

References 

TIMING 
EXTRACTOR 

t---+-I FILTER PIN 
(TEF) 

EXTERNAL 
PASSIVE 

ELEMENTS 

FIGURE 36. Timing Extractor Filter Pin Circuit Configurations 

1. Phase/ock Techniques, Floyd M. Gardner, Second Edition, John Wiley & Sons, 1979, pp. 48. 
2. ibid, pp. 70. 
3. ibid, pp. 14. 

TL/F/9322-37 

4. Receiver Design and the Phase Locked Loop, L.A. Hoffman, Aerospace Corporation, EI Segundo, Ca., May 1963. 
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~ Semiconductor 
DP8462 2,7 Code Data Synchronizer 
General Description 
The DP8462 Data Synchronizer is designed for application 
in disk drive memory systems employing Run Length Limit
ed Codes using 1-0-0 or 1-0-0-0 preamble patterns, and de
pending on system requirements, may be located either in 
the drive or in the controller. It receives digital pulses from a 
pulse detector circuit (such as the DP8464 Disk Pulse De
tector) if the DP8462 is situated in the drive, or from an 
interface if it is situated in the controller. In the read mode, 
the circuit locks onto and detects either a 100 or 1000 pre
amble pattern depending on the state of the pattern select 
input pin. The synchronized data and clock are then avail
able for decoding and deserialization by a decoder circuit. 
All of the digital input and output signals are TTL compatible 
and only a single + 5V supply is required. Although separate 
Analog and Digital Vee and Ground pins are provided, they 
are expected to be tied together by the user. The chip is 
housed in a standard narrow 24-pin dual-in-line package 
(DIP) and is fabricated using Advanced Schottky bipolar an
alog and digital Circuitry. This high speed I.C. process allows 
the chip to work with data rates up to 20 Mbits/sec. There 
are two versions of the chip, each having a different decode 
window error specification. These two versions (-3 and -4) 
will operate from 4 to 20 Mbits/sec, with respectively in
creasing window errors, as specified in the Electrical Char
acteristics Table. 

The DP8462 features a phase-locked-loop (PLL) consisting 
of a pulse gate, phase comparator, charge pump, buffering 
amplifier, and voltage-controlled-oscillator (VCO). Pins are 
provided for the user to select the values of the external 
filtering components required for the pulse gate and PLL, 
the frequency setting components required for the veo, two 
current setting resi!ltors for the charge pUI1)P, and current 
setting resistors for the pulse gate that control the delay 
line.' . 

Connection Diagrams 
Dual-In-Llne Package 

PG2 - 1 

IBSEr - 2 

IRSEr - 3 

CPOUT - 4 

Cl- 5 

C2- 6 

RVCO - 7 

VCO ClK- 8 

PHASE caMP TEST - 9 

PREAMBLE SELECT - 10 

ANALOG GROUND - 11 

DIGITAL GROUND - 12 

DP 8462 

Top View 

24 ~ PG4 

23 ~ ANALOG VCC 

22 ~ DIGITAL VCC 

21 rPG1 

20 ~ PG3 

19 ~ 2F-ClOCK 

18 - ENCODED DATA 

17 - IBOOST ENABLE 

16 - lOCK CTL 

15 - READ GATE 

14 - PREAMBLE DETECTED 

13 - SYNCHRONIZED DATA 

TLlF/8418-2 

Order Number DP8462N 
See NS Package N24C 

The on-board PLL's phase comparator has two modes of 
operation: phase and frequency comparison or phase only 
comparison. In the non-read mode, the comparator per
forms phase and frequency comparison, but once in the 
read mode, it switches to phase only comparison. The user 
selects whether this mode change occurs as soon as read 
mode is entered or after the preamble pattern is detected. 
The charge pump also has two modes of operation: high 
track rate-intended to be used in the non-read mode and 
in the read mode while acquiring lock, and low track rate
intended to be used in the read mode to retain lock. Both 
track rates are selected by the user with external compo
nents; the user is given control over when the track rate 
switch takes place. 

Features 
• Phase-Frequency PLL in non-read mode and during 

preamble if desired 
• Operates at data rates up to 20 Mbitlsec 
• Detects either 1-0-0 or 1-0-0-0 preamble patterns 
• User determined PLL loop filter network 
• PLL charge pump has two user-determined tracking 

rates 
• External control of track-rate switchover 
• External control of phase comparator switchover 
• Delay line may be externally adjusted if desired 
• ORed phase comparator outputs for monitoring bit-shift 
• Standard narrow 24-pin DIP or 28-pin Plastic Chip Carri

er package 
• Less than %W power consumption 
• Single + 5V supply 

Plastic Chip Carrier 

NC- 6 

Cl- 7 

C2- 8 

RVCO- 9 

vco- 10 

24 PG. 

23 2F-CLOCK 

22 - ENCODED DATA 

21 -IBOOST ENABLE 

20 ,... LOCK COIITROL 

TL/F1B418-24 

Order Number DP8462V 
See NS Package V28A 
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Block Diagram 

READ 
GATE 

PREAMBLE 
SELECT 

Pin Descriptions* 
POWER SUPPLY 
22,23 Digital and Analog Vee = +5V ±5% 

Should be tied together and bypassed by user. 

11,12 Analog and Digital Ground 
Should be tied together by user. 

TTL Level Logic Inputs 

15 READ GATE: When asserted, this signal sets the 
DP8462 into the Read Mode. The PLL then begins to 
lock onto the encoded data. 

10 PREAMBLE SELECT: A high level on this input en
ables the circuit to recognize a 1-0-0-0 pattern while 
a low level results in the recognition of a 1-0-0 pat
tern. Also, in the non-read mode, if 1-0-0 is selected 
VCO/3 will lock onto 2F/3 while if 1-0-0-0 is selected 
VCO/4 will lock onto 2F/4. 

16 LOCK CTL: This input allows the user to determine 
when the circuit will switch from Phase-Frequency 
comparison to Phase only comparison once in the 
Read Mode. A low level on this pin causes the circuit 
to switch from the phase-frequency comparison 
mode as soon as READ GATE is asserted while a 
high level means that the circuit will switch after 4 
bytes of preamble have been detected and 
PREAMBLE DETECTED output has been asserted. 
(See the Truth Table at the end of this Section.) 

17 IBOOST ENABLE: This input allows the user to con
trol the PLL's track rate by turning Iboost current on 
and off. A high level at this input causes Iboost to be 
added to Irate-placing the PLL in the high track 
rate. In a typical system IBOOST ENABLE may be 
tied to READ GATE or PREAMBLE DETECTED. 

VCO CLOCK 

SYNCHRONIZED 
DATA 

TLlF/B41B-1 

18 ENCODED DATA: This input is for the incoming en
coded data from the output of the head amplifierl 
pulse-detecting network located on the disk drive. 
Each positive edge of the ENCODED DATA wave
form identifies a flux reversal on the disk. 

19 2F-CLOCK: This is a system clock input, which is ei
ther a signal generated from the servo track, or a 
signal buffered from a crystal. It operates at twice the 
NRZ DATA rate. 2F-CLOCK MUST ALWAYS BE AP
PLIED TO THIS INPUT FOR PROPER OPERATION. 

TTL Level Logic Outputs 

8 VCO CLOCK: This is the output of the on-chip VCO, 
transmitted from an Advanced Schottky TTL buffer. It 
is synchronized to the SYNCHRONIZED DATA out
put so that it can be used by the encoder/decoder 
circuitry. 

13 SYNCHRONIZED DATA: This is the same encoded 
data that is input to the chip, but is synchronous with 
the VCO CLOCK. 

14 PREAMBLE DETECTED: After READ GATE is as
serted, this output goes low after detecting approxi
mately 4 bytes of preamble and remains low until 
READ GATE goes inactive. 

9 PHASE COMP TEST: This output is the logical "OR" 
of the Phase Comparator outputs, and may be used 
for the testing of the disk media. 

Analog Signals 

21,20 PG1, PG3: The external capacitors and resistor of 
the Pulse Gate filter are connected to these pins. 
PG 1 should be tied directly to ground. 

PG2: This is the Pulse Gate delay reference pin. The 
delay reference generator establishes a voltage at 
this pin; thereby producing the bias current for the 
Pulse Gate delay section in the resistor tied between 
this pin and Vee for the DP8462-4 and in the current 
splitting network for the DPB462-3. 

'Pin Number Designations apply for the 24 Pin DIP. See Connection Diagram for the Plastic Chip Carrier Pin Designations. 
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Pin Descriptions (Continued) 

24 PG4: This is the Pulse Gate delay control pin. This 4 CPOUT: This pin is the output node of the charge 
pin can be tied to the PG2 pin if the user desires to pump and also the noninverting input of the Buffer 
adhere to the DP8462-4 standard synchronization Amplifier. It is made available for connection of exter-
window specification. For the DP8462-3 it should be nal filter components for the phase-locked-loop. 
tied to PG2 and Vee through a "current splitting" net- 5,6 VCO C1, C2: An external capacitor connected across 
work (see Figure 6) for optimal window positioning. these pins sets the nominal frequency. 

3 IRSET: The current into the rate set pin (Vbe/Rrate) 7 RVCO: The current into this pin determines the oper-
is approximately half the charge pump output current ating currents within the VCO. 
for the low tracking rate. Note: ANALOG and DIGITAL Vee pins must be tied together by the user. 

2 IBSET: The current into the boost set pin (Vbel ANALOG and DIGITAL GND pins must also be tied together by the 
Rboost) is approximately half the amount by which user. 
the charge pump current is increased for the high 
tracking rate. 
(Ihirate = Irate Set + Iboost Set). 

Truth Table of Pulse-Gate's Modes 

LOCKCTL READ GATE PREAMBLE Pulse-Gate DETECTED Comments (Pin 16) (Pin 15) (Pin 14) Comparison Mode 

LO LO LO N/A N/A 

LO LO HI Phase and Frequency Non-Read Mode 

LO HI HI Phase only Read Mode 

LO HI LO Phase only Read Mode 

HI LO LO N/A N/A 

HI LO HI Phase and Frequency Non-Read Mode 

HI HI HI Phase and Frequency Read Mode 

HI HI LO Phase Only Read Mode 

Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Output Voltages 7V 
contact the National Semiconductor Sales Office/ Input Current 
Distributors for availability and specifications. (CPOUT, IRSET, IBSET, RVCO) 2mA 
Supply Voltage 7V 

Storage Temperature - 65·C to + 150·C 
TTL Inputs 7V 

Operating Temperature Range O·Cto +70·C 

Operating Conditions 
Symbol Parameter Conditions Min Typ Max Units 

Vee Supply Voltage 4.75 5.00 5.25 V 

TA Ambient Temperature 0 25 70 ·C 

IOH High Logic Level Output Current VeoClock -2000 /LA 
Others -400 

IOL Low Logic Level Output Current VCOClock 20 mA 
Others 8 

fDATA Input Data Rate 4.0 20 Mbit/sec 

tweK Width of 2f-CLOCK, High or Low 10 ns 

tWPD Width of ENCODED DATA Pulse I High 18 ns 
(Note 1) I Low 0.4t ns 

VIH High Logic Level Input Voltage 2 V 

VIL Low Logic Level Input Voltage 0.8 V 

tsu Min Time Required for a Positive 20 ns 
Read Gate Edge of Read Gate to Occur 

Before a Negative Edge of VCO 

tHOLD Min Time Required for a 10 ns 
Read Gate High Level on Read Gate 

to be Held After a Negative 
EdgeofVCO 

Note 1: t is defined as the period of the NRZ data (t = 2/Fvcol. 
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DC Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol Parameter Conditions Min Typ Max Units 

Vie Input Clamp Voltage Vee = Min, II = -18 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max Vee -2V Vee -1.6V V 

VOL Low Level Output Voltage Vee = Min, 10L = Max 0.5 V 

IIH High Level Input Current Vee = Max, VI = 2.7V 20 ",A 

IlL Low Level Input Current Vee = Max, VI = 0.4V -200 ",A 

10 Output Drive Current (Note 1) Vee = Max, Vo = 2.125V -12 -110 mA 

lee Supply Current Vee = Max 85 mA 

lOUT Charge Pump Output Current 200,;; IRATE+leoOST';; 2000 0.91TYP -25 2.0 (IRATE + IBOOST) 1.11TYP +25 ",A 
Note 1: This value has been chosen to produce a current that closely approximates one·half of the true short-circuit output current, los. 

AC Electrical Characteristics Over Recommended Vee and Operating Temperature Range 

(All Parts unless stated otherwise) (tR = tF = 2.0 ns, VIH = 3.0V, VIL = OV) (Note 1) 

Symbol Parameter Min Typ Max Units 

tREAD 
Positive VCO CLOCK transitions from READ GATE set active 

1 1 until PLL Lock sequence begins (DELAY DISABLE high) -

tTRANSMIT 
Positive VCO CLOCK transitions required to transmit 

1 2 3 -
input encoded data to output 

tREAD AeORT 
Number of VCO CLOCK cycles aiter READ GATE 2 T-clock 
set low to read operation abort (Note 3) 

tWINDOW Variance of center of decode window from nominal DP8462-3 6 ns 
{Note 6) DP8462-4 10 

cf>LlNEARITY Phase range for charge pump output linearity (Note 2) -7r +7r Radians 

Kl 
Phase comparator-Charge Pump gain constant 1.78 VeE 

Amps/rad 
(N = Iveo/f input data) (Note 4) N27rR 

VeONTROL Charge pump output voltage swing from nominal ±100 mV 

Kveo (= A x K2) 
VCO gain constant (wveo = VCO center frequency in rad/s) 1.20 we 1.40 we 1.60 we 

rad/sec V 
(NoteS) VeE VeE VeE 

fveo VCO center frequency variation over temperature and Vee -2 +2 % 

fMAxveo VCO maximum frequency 60 MHz 

tpHL Propagation delay from VCO negative edge to synchronous DATA 2 18 ns 
negative edge 

tpLH Propagation delay from VCO negative edge to synchronous DATA 4 20 ns 
positive edge 

Note 1: A sample calculation of frequency variation VS. control voltage: VIN = ±O.1V; 

KvCO = .,OUT = 0.4 we = 2.0 wc(rad/SeC). 
VIN 0.2V V (volt) 

Note 2: - '1r to + '1r with respect to 2f VCO CLOCK. 
Note 3: T ·clock is defined as the time required for one period of the VCO CLOCK to occur. 
Note 4: With respect to veo CLOCK; IpUMP OUT = 1.9 ISET 

ISET = Vee 
RSET 

Note 5: Although specified as the VCO gain constant, this is the gain from the Buffer Amplifier input to the veo output 
Note 6: This specification is guaranteed only for the conditions under which the parts were tested. However, significant variation from formula is not expected for 
other data rates and filters. The DP8462-4 specification is for the condition when PG2 and PG4 are tied together. The DP8462-3 specification is for the condition 
when a 3300 resistor is tied from PG2 to PG4 and a 1.5 kO resistor is tied from PG4 to Vee. Extemal adiustment can be used to optimize the window as described 
in the pulse gate section. The filter values below were chosen for operation in an automatic test system (static window) environment. Different criteria may apply for 
choosing filter values in a disk system. See Loop Filter Section for sample calculations of other filter values. 

Part Type Data Rate Tested Filter 
Cl I C2 I Rl I RRATE I RBOOST 

DP8462-4 5 Mbit/sec 0.031'F I 600pF I 1000 I B200 I 1.5kO 
DPB462·3 10 Mbitlsec O.0221'F 510pF Bl0 BOOkO 1.8kO 

Note: For further Informtlon refer to AppllcaUon Note AN-414 
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External Component Selection (All Parts) (Note 1) 

Symbol Component Min 

Rveo veo Frequency Setting Resistor (Note 2) 990 

Cveo veo Frequency Setting Capacitor (Notes 3,4) 20 

RRATE Charge Pump IRATE Set Resistor (Note 6) 0.4 

RBOOST Charge Pump (High Rate) IBOOST Resistor (Note 6) 0.5 

CR IRATE Bypass Capacitor (Note 5) 0.Q1 

CB IBOOST Bypass Capacitor (Note 5) 0.Q1 

Note 1: Extemal component values for the Loop Filter and Pulse Gate are given in Table II and Table I respectively. 

Note 2: A 1 % Component Tolerance is Required. 

Note 3: These MIN and MAX values correspond to the MAX and MIN data rates respectively. 

Note 4: The Component Tolerance is system dependent on how much center frequency deviation can be tolerated. 

Note 5: Component Tolerance 15%. 

Note 6: The minimum value of the parallel combination of RRATE and RBoaST is 350n. 

Detailed Block Diagram 

READ 

PH.lSE-FREQ/PH.lSE ONLY 
-CONTROL 

Typ Max 

1010 

120 

4.0 

00 

Units 

I~~~ATOR 
lEST 

I SYNCHRONIZED 
OATA 

I PREAMBLE 
DETECTED 

0 

pF 

kO 

kO 

I£F 

I£F 

GATE -------- --------------------

TLlF/8418-3 

"For DP8462-4 window testing. RPG3 = RPG4 = on and RPG2 = 4.7 kn. For DP8462·3 window tesHng RPG4 = on, RPG3 = 330n and RPG2 = 1.5 kn. 

Circuit Operation 
In the non-read mode,the DP8462 Data Separator remains 
locked to the 2f CLOCK signal divided by 3 or 4 (depending 
upon the preamble used) in anticipation of a preamble when 
read mode is entered. When the READ GATE input goes 
high, the DP8462 enters the read mode after 1 VCO CLOCK 
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cycle. Referring to Figure 1, once in the read mode, the PLL 
reference signal is switched from the 2f-divided-by-3-or-4 
signal to the ENCODED DATA input. The PLL is at this point 
in the high-tracking rate mode and also in the Phase and 
Frequency Comparison mode. The PLL then attempts to 
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Circuit Operation (Continued) 

quickly lock onto the incoming ENCODED DATA stream 
and starts looking for 16 consecutive preamble pulses
chosen by the user to be either 100 (PATIERN SELECT: 
LO) or 1000 (PATIERN SELECT: HI). If the user has cho
sen to switch to Phase Only Comparison as soon as read 
operation begins (LOCK CTL: (0), then the Phase Compar
ator will start to compare ENCODED DAtA with VCO-gated
by-DATA immediately (see Figure 2); otherwise, it will keep 
comparing ENCODED DATA with VCOdivided by 3 or 4-
i.e., remain in Phase and Frequency Comparison mode until 
after 16 consecutive preamble pulses have been detected. 
At this time, PREAMBLE DETECTED output goes low and 
the circuit now starts to compare ENCODED DATA with 
VCO,gated-by-DATA (see Figure 1). 

The user is given control over when to switch the charge
pump current rate through the use of the IBOOST ENABLE 
input. One way the user can' accomplish this is by tying 
PREAMBLE DETECTED output to the IBOOST ENABLE in
put directly. Thus, once PREAMBLE DETECTED is assert
ed, the circuit will go into low track rate and Phase Only 
Comparison mode (if LOCK CTL: HI) so that a more stable 
lock can be retained. The .. incoming ENCODED DATA 
stream is now synchronized with the VCO CLOCK and ap
pears at the SYNCHRONIZED DATA output (see Figure 3). 
(If the user wishes to switch to low track rate as soon as the 
Circuit enters the read mode, then the READ GATE Signal 
should be inverted and applied to the IBOOST ENABLE in
pul). 
Figure 4 shows the sequence when READ GATE goes low, 
signifying the el)d of a read operation. The PLL reference 
signal is ~witched back to 2f divided by 3 or 4 input and the 
PREAMBLE DETECTED output goes high (causing the 
charge-pump to go to the high tracking rate, if PREAMBLE 
DETECTED is tied to the IBOOST ENABLE input). Also, the 
Phase. Comparator goes back to Phase and Frequency 
Comparison mode and the circuit attempts to lock onto the 
2f' divided by 3 or 4 signal, thus returning to the initial 
conditions. 

CIRCUIT DESCRIPTION 

1. Divide by 3 or 4: Depending on the preamble pattern 
being used, these circuits divide 2f CLOCK and internal 
VCO CLOCK signals by 3 or 4. During the non-read mode, 
the VCO remains phase and frequency locked to these di
vided Signals so that when read mode is entered, the PLL 
cap quickly acquire lock because the data stream that con
sists of the preamble pattern is very close in frequency to 
the VCO divided by 3 or 4. 

2. Pulse Gate: Once in the read mode, the PLL has to lock 
the VCO CLOCK to the ENCODED DATA stream; outside of 
the preamble, however, the data signal is not cyclic like the 
VCO CLOCK and therefore cannot be frequency compared 
to the VCO. It Is for this reason that the Pulse Gate 'Is used 
to allow a reference signal from the VCO into the Phase 
Comparator only when an ENCODED DATA bit is valid. The 
Pulse Gate also utilizes a scheme which delays the incom
ing data by one-half the period of the 2f-CLOCK. This opti-
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mizes the position of the decode window and allows input 
jitter up to ± half the 2f-CLOCK period, assuming no error in 
the decode window position. The decode window error can 
be determined from the specification in the Electrical Char
acteristics Table. 

3. Multiplexers at the Phase Comparator's inputs: These 
multiplexers are used to determine which signals the Phase 
Comparator will compare during different modes of opera
tion. Either 2F divided by 3 or 4 or ENCODED DATA is 
compared with either VCO divided by 3 or 4 (Phase and 
Frequency Lock) or with VCO gated by DATA (Phase Only 
Lock). 

4. Phase Comparator: The Phase Comparator receives its 
inputs from the Multiplexers mentioned above, and is edge
triggered from these inputs to provide charge-up and 
charge-down outputs. 

5. Charge Pump: The high speed charge pump consists of a 
switch able constant current source and sink. The charge 
pump constant current is set by connecting external resis
tors to Vee from IRSET and IBSET pins. With IBOOST EN
ABLE HIGH, the PLL is in the high tracking rate and both 
resistors determine the current. With IBOOST ENABLE 
LOW, the PLL is in the low tracking rate and only the IRSET 
resistor determines the charge pump current. The output of 
the charge pump feeds into external filter components and 
the Buffer Amplifier. Thus, through the use of the IBOOST 
ENABLE pin, the user can determine when the circuit 
switches track rates. 

6. Buffer Amplifier; The Buffer Amplifier is configured as a 
high input impedance amplifier which is inserted between 
the charge pump and the VCO, thus allowing connection of 
external PLL filter components to the charge pump output 
pin CPOUT. The output of the Buffer Amplifier is internally 
connected to the VCO control input. 

7. VCO: The Voltage-Controlled-Oscillator requires a resis
tor from the RVCO pin to ground and a capacitor between 
pins C1 and C2, to set the center frequency. The VCO fre
quency can be varied from nominal by approximately 
±20%, as determined by its control input voltage (CPOUn. 

8. Preamble Pattern Detector: Two types of preamble pat
terns are commonly used in RLL 2,7 code disk systems-
1-0-0 and 1-0-0-0. The user selects the preamble pattern to 
be used by setting PREAMBLE SELECT input either HI for 
the 1-0-0-0 pattern or LO for the 1-0-0 pattern. The DP8462 
divides 2F Clock and VCO Clock signals by 3 or 4 depend
ing upon whether 1-0-0 or 1-0-0-0 pattern is selected, re
spectively, and remains locked to this divided pattern in an
ticipation of a preamble. Once the chip is in the read mode, 
the VCO proceeds to lock onto the incoming data stream. 
The Preamble Pattern Detector then searches for 16 con
secutive patterns (i.e., 100100100 ... or 100010001000 ... ) to 
indicate lock has been achieved. The PREAMBLE DETECT
ED output then goes low. Any deviation from the above
mentioned continuous stream of patterns before 16 of these 
are detected will reset the Pattern Detector and the proce
dure will then start over again. 

." 
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C 

2F CLOCK 
INPUT 

RWlI~~ ______ ... 

INTERNAL RWI WODE _______ -! 

veo (INTERNAL) 

VCO+5 
{INTERNAL) 

2F+5 
(INTERNAL) 

PiffiilE DmciD 
OUTPUT 

LOCKCTL!;pW1--I-----+--....g-t----+-...--ss--t------t---

SYNCHRONIZED DATA OUTPUT ___ ...;;;I 

Yeo CLOCK 
OUTPUT 

Note 1: L = Number of VCO cycles required for veo to lock-typically 20 but delermlned by external component value. 
Nole 2: At L + 42 (Pattem = 1-0-0) or L + 56 (Pattern = 1-0-0-0), 15 patterns have been detected. 
Note 3: veo +3 (or 4) being compared with 2F +3 (or 4) in Ihe non-read mode and Preamble In the Read Mode. 
Nol. 4: veo GATED BY DATA being compared with ENCODED DATA. 
Nol. 5: PREAMBLE SELECT = La; 100 pattern selecte~o 2F & VCO are being divided by 3. 

TL/F/8418-4 

FIGURE 1. LOCk-On Sequence Waveform Diagram-Pulse Gate Mode Switches after Preamble Detection 
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ENCODED DATA 
INPUT 

2r CLOCK 
INPUT 

READ GATE 
INPUT 

INTERNAL 
READ MODE 

VCO (INTERNAL) 

VCO+3 (INTERNAL) 
(NOTE 5) 

2r+3 (INTERNAL) 
(NOTE 5) 

PRWiLE DEi'lliEo 
OUTPUT 

PULSE- GATE 
MODE CONTRO~ 

(INTERNAL) 

LOCK!lTL (=Lol 
INPut 

PAmRNII PAmRN ,2 PATTERN ,15 

Nole 1: L = Number of veo cycles required for veo 10 lock-typically 20 bul delermlned by eldemal component value. 
Note 2: At L + 42 (Pallern = 1-0-0) or L + 56 (Pallern = 1-0-0-0), 15 pallarns have been detected. 
Nole 3: veo + 3 (or 4) being compared with 2F + 3 (or 4) in Ihe non-read mode. 
Nole 4: veo gated by DATA being compared with ENCODED DATA. 
Nole 5: PREAMBLE SELECT = LO; 1-0-0 pallern selected-so 2F & veo are being divided by 3. 

FIGURE 2. Lock·On Sequence Waveform DIagram-Pulse Gate Mode SwItches 
ImmedIately After READ GATE Is Asserted 
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Q 
EQUIV. 

'(H) HEXAD£C1NAL I 
DATA I I 

I I 
I 

EGUIV. I I BINARY DATA I 
I 

0 I 
I 

I 
.1 

o I ' 
ENCODEGDM I 

INPUT 

2F CLOCK 
INPUT 

READ GATE (aHI) 
INPUT 

INTERNAL REAO 
MODE (-HI) 

YCO (INTERNAL) 

YCO-tl 
(INTERNAL) 

2F-tI 
(INTERNAL) 

iNiiiiiAt DATi 

PiWii:E iiEitcTED 
OUTPUT (=LO) 

PULSE-GATE 
WODE CONTROL 

(INTERNAL) (=LO) 
PHASE ONLY COWPARISON MODE 

LDCK CTL 
INPUT 

SYNCHRONIZED 
DATA OUTPUT 

YCOCLOCK 
OUTPUT 

TL/F/8418-6 

FIGURE 3. Locked-On Waveform Diagram 
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ENCODED DATA 
INPUT 

2FClOCK 
INPUT 

READ GATE 
INPUT 

INTERNAL 
READ MODE 

YCO (INTERNAL) 

YCO+3 (INTERNAL) 

2F+3 (INTERNAL) 

Piiffiiii DiiEcTED 
OUTPUT 

PULSE- GATE 
WODE CONTROL 

(1HTERNAL) 

SYNCHRONIZED 
DATA OUTPUT 

YCO CLOCK 
OUTPUT 

PHASE ONLY COMPARISONS 

Note 1: L indicates the number of cycles required for the veo to lock to the 2f·Clock. 

Note 2: PREAMBLE SELECT = LO; 1'()·O Pattern selected-so 2F & veo being divided by 3. 

PHASE AND FREQUENCY COMPARISONS 

FIGURE 4. Lock-Ending Sequence Waveform Diagram 
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CD Circuit Operation (Continued) 
a. 
Q 

vee 

2.5RA 

RA A=3.5 

VREF (INT) 

PHASE 
COMPARATOR 
TEST 

TUF/B41B-B 

For DP8462-4 window testing RPG4 = RPG3 = on and RPG2 = 4.7 kn. For DP8462-3 window lesting RPG4 = on. RPG3 = 330n and RPG2 = 1.5 kn. 
FIGURE 5_ Phase-locked-Loop Section 

BIT JITTER TOLERANCE 
The two options of the DP8462, the -4 and -S offer decreas
ing window errors (respectively) so that the parts may be 
selected for different data rates (up to 20 Mbit!sec). The -4 
part will be used in most low data rate applications. As an 
example, at the 5 Mbit/sec data rate of most 5% inch 
drives, T = 200 ns so that from the Electrical Characteris
tics Table, tWINDOW = 10 ns. The chip therefore contrib
utes up to 10 ns of window error, out of the total allowable 
error of 50 ns (half the 2f-clock period of 100 ns). This al
lows the disk drive to have a margin of 40 ns of jitter on the 
transition position before an error will occur. The bit jitter 
tolerance can be improved by adjusting the window' center 
using PG2 and PG4. A current splitting network consisting 
of RPGS and RPG4 can be used to adjust the delay line_ 
This adjustment is internally compensated for Vee and tem
perature variation. 

ANALOG CONNECTIONS TO THE DP8462 
External passive components are required for the Pulse 
Gate, Charge Pump, Loop Filter and VCO as shown in 
Figure 5. The information provided here is for guidelines 
only. The user should select values according to his own 
system requirements. Phase-Locked Loops are complex cir
cuits that require detailed knowledge of the specific system. 
Factors such as loop gain, stability, response to change of 
signal, lock-on time, etc. are all determined by the external 
components. In many disk systems these factors are crit
ical, and National Semiconductor recommends the designer 
be knowledgeable of phase-locked-loops, or seek the ad
vice of an expert. Inaccurate design will probably result in 
excessive disk error rates. The phase-locked-loop in the 
DP8462 has many advantages over all but the most sophis
ticated discrete designs, and if the component values are 
selected correctly, it will offer significant performance ad
vantages. This should result in a reduction of disk error 
rates over equivalent discrete designs. 
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PULSE GATE 
There are 6 external components connected to the Pulse 
Gate as shown in Figure 6 with the associated internal com
ponents. Of these, RPGS and RPG4 are optional and may 
be omitted if adjustment of the delay line is not desired. The 
values of RPG1, RPG2, RPGS, RPG4, CPG1, and CPG2 are 
dependent on the data rate. RPG1 and RPG2 are inversely 
proportional to the data rate, while CPG1 and CPG2 are 
proportional. Table I shows component values for the data 
rates given. Component values are calculated by selecting 
RPG2' from Table I [RPG2' = RPG2 + (RPGSIIRPG4)j. If 
RPG4 = ~O, RPG2' = RPGS + RPG2. Next calculate 

PG1 _ ( 2.12 X 105 ) ( 1 )2 
C - 890 + RPG2' 100 X Rs 

1 
CPG2 = 10 CPG1, and 

RPG1 = (890 + RPG2')(100 X Rs). 
2.S8 X 105 

In the above equation Rs is the rotational speed and, for 
S600 RPM, Rs = 60 Hz. A rotational speed of S600 RPM 
was assumed for the calculations in Table I. For data rates 
not listed, RPG2 may be approximated as (SO kO/fDATA) 
- 1.2 kO = RPG2 where fDATA is the data rate in Mega
bits per second. RPGS and RPG4, in conjuction with RPG2, 
form a "current-splitting-network" that can be used to adjust 
the delay line; thus adjusting the decode window early or 
late. RPG2 should be made large with respect to RPGS and 
RPG4 and a potentiometer can be used for RPG4-with its 
value centered around that of RPGS. For example, at Data 
Rate = 5 Mbits!sec., Table I dictates that RPG2' should be 
4.7k. If the delay line is to be made adjustable, then one 
could pick RPG2 = 4.Sk and RPGS = 8000. Now, using a 
1.6 kO potentiometer for RPG4, RPG4 = 8000 would give 
RPG2' = 4.7 kO and would provide standard window syn
chronization; varying RPG4 high or low, however, would 



Circuit Operation (Continued) 

shiflthe window late or early, respectively. If no adjustment 
is desired, then PG2 and PG4 should be tied together and 
only RPG2 should be used. Components with 5% tolerance 
will suffice. 

TABLE I. Pulse Gate Component Selection Chart 

Data Rate RPG2' RPG1 CPG1 CPG2 

5 Mbillsec 4.7kO 150n 1 JLF 0.1 JLF 

10 Mbillsec 1.8kO 680 2.2 JLF 0.22 JLF 

15 Mbit/sec 7500 390 3.9 JLF 0.39 JLF 

Where [RPG2' = RPG2 + RPGSIIRPG41 

IS0kD. 

vee~2 

RPG' p- f RPG3 

6.5 kD. 6.5 kD. PG, PG2 

I.BkD. 

- ..... --+-........... --t--GND .. ,tiiJ 
FIGURE 6. Pulse-Gate Controls 

CHARGE PUMP 

TL/F/8418-9 

Resistors RRATE and RBOOST determine the charge pump 
current. The Charge Pump bidirectional output current is re
lated to the input current according to the relationship speci
fied in the DC Electrical Characteristics Table. In the high 
tracking rate with IBOOST ENABLE high, the input current is 
IBSET + IRSET, i.e., the sum of the currents through 
RBOOST and RRATE from Vee. In the low tracking rate, with 
IBOOST ENABLE low, this input current is IRSET only. 

A recommended approach would be to select RRATE first. 
The External Component limits table allows RRATE to be 
0.4 kO to 4.0 kO, so for simplicity select RRATE = 8200. A 
typical loop gain change of 2:1 for high to low tracking rate 
would require RBOOST = RRATE or 8200. Referring to Fig
ure 7the input current is effectively VBE/RRATE in the low 
tracking rate, where VBE is an internal voltage. This means 
that the current into or out of the loop filler is approximately 
2.0 VBE/RRATE, or in this example approximately 1.8 mA. 
Note that although it would seem the overall gain is depen
dent on VBE, this is not the case. The VCO gain is altered 
internally by an amount inversely proportional to VBE, as 
detailed in the section on the Loop Filter. This means that 
as VBE varies with temperature or device spread, the 
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gain will remain constant for a particular fixed set of values 
of RRATE and RBOOST' This alleviates the need for potenti
ometers to select values for each device. The tolerance re
quired for these two resistors will depend on the total loop 
gain tolerance allowed, but 5% would be typical. Also Vee 
by-pass capacitors are required for these two resistors. A 
value of 0.01 JLF is suitable for each. 

VCO 

The value of Rveo is fixed at 1 kO ± 1 % in the External 
Component limits table. Figure 8 shows how Rveo is con
nected to the internal components of the chip. This value 
was fixed at 1 kO to set the VCO operating current such that 
optimum performance of the VCO is obtained for production 
device spreads. This means fixed value components will 
be adequate to set the VCO center frequency for produc
tion runs. The value of Cveo can therefore be determined 
from the VCO frequency fveo, using the equation: Cveo = 
[1/(Rveo)(fveoll - 5 pF where fveo is twice the input 
data rate. As an example, for a 5 Mbit/sec data rate, fveo 
= 10 MHz, requiring that Cveo = 95 pF. This does not take 
into account any lead capacitance on the printed circuit 
board; the user must account for this. The amount of toler
ance a particular design can afford on the center frequency 
will determine the capacitor tolerance. The capacitor is con
nected to the internal Circuitry of the chip as shown in 
Figure 9. 

As the data rate increases and Cveo gets smaller, the ef
fects of unwanted parasitic capacitances influence the fre-

10 SET vee 

12Ul 

6 kD. 

.... -4---..... -_-- GND 
TLlF/8418-10 

FIGURE 7. IRATE Set and IBOOST Set 

• 



Circuit Operation (Continued) 

quency. As a guide the graph of Figure 10 shows approxi
mately the value of Cvco for a given data rate. 

The veo center frequency may be determined by: 1) hold
ing pin 4 at ground potential and measuring the VCO fre
quency (-20% value); 2) holding pin 4 at approximately 3 
volts and measuring the veo frequency (+ 20% value); 3) 
averaging the two measured frequencies for the equivalent 
center frequency. 

2k Hyco 
1k 
±1% 

GND O<III~-""'" TLlF/8418-11 

FIGURE 8. VCO Current Setting Resistor 

Cvco (pF) 

195 I---------~"""_ 

95 ~------------_i----~ 

LOOP FILTER 

The input current into the Buffer Amplifier is offset by a 
matched current out of the Charge Pump, and even so is 
much less than the switching current in or out of the Charge 
Pump. It can therefore be assumed that all the Charge 
Pump switching current goes into the Loop Filter compo
nents R1 and C1 and C2. The tolerance of these compo-

50 

~~--~------------~~GND 
TL/F/8418-12 

FIGURE 9. VCO Capacitor 

Cvco = ( 1 ) -5 pF 
Rvcofvco 

45 ~---------------r----;-------~ 

5 
2.5 

10 
5 

20 

10 
'yeo MHz 
DATA RATE (MBIT ISEC) FOR MFM 

FIGURE 10. VCO capacitor Value for Disk Data Rates 
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nents should be the same as RRATE and RSOOST, and will 
determine the overall loop gain variation. The three compo
nents connected to the Charge Pump output are shown in 
Figure 11. Note the return current goes to analog GND, 
which should be electrically very close to the GND pin itself. 

The value of capacitor Ct determines loop bandwidth-the 
larger the value the longer the loop takes to respond to an 
input change. If Ct is too small, the loop will track any jitter 
on the ENCODED DATA input and the VCO output will fol
low this jitter, which is undesirable. The value of Ct should 
therefore be large enough so that the PLL is fairly immune 
to phase jitter but not large enough that the loop won't re
spond to longer term data rate changes that occur on the 
disk drive. 

The damping resistor Rt is required to damp any oscillation 
on the VCO input that would otherwise occur due to step 
function changes on the input. A value of R t that would give 
a phase margin of around 45 degrees would be a reason
able starting point. 

The main function of the capacitor C2 is to "smooth" the 
VCO input voltage. Typically its value will be less than one 
tenth of Ct. 

Figure 12 shows the relevant phase-locked-loop blocks that 
determine system response, namely the Phase Detector, 

10k 

Filter/Buffer Amplifier, and VCO. The Phase Detector 
(Phase Comparator and Charge Pump) produces an aggre
gate output current i which is proportional to the phase dif
ference between the input Signal and the VCO signal. The 

1.78 VSE fveo 
constant (Kt) is ---amps per radian where N =-f --. 

27TRN DATA 
R is either RRATE or RRATE II RSOOST. This aggregate cur
rent feeds into or out of the filter impedance (Z), producing a 
voltage to the VCO that regulates the VCO frequency. The 
VCO gain constant is 0.4 WveolVSE radians per second per 
volt. Under steady state conditions, i will be zero and there 
will be no phase difference between the input signal and the 
VCO. Any change of input signal will produce a change in 
VCO frequency that is determined by the loop gain equa
tion. This equation is determined from the gain constants 
Kt, A and K2 and the filter v/i response. 

The impedance Z of the filter is: 

J....II (_1_ + Rt) = 1 + sCt Rt 
sC2 sCt C2 

sCt(1 + - + SC2Rt) 
Ct 

If C2 < Ct then the impedance Z approximates to: 

1 + sCtRt 

......... *-.... 1 SWITCHED 

I~CI'oUT 

INPUT 

-
IRsEl I ISsEI 1 
SWITCHED 

GND 

FIGURE 11. Charge Pump Out 

PHASE 
DETECTOR 

Kl = 1.18VBE 
2"RN 

VCD 
K2=D.4Wo 

VeE 

FIGURE 12. Loop Response Components 
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Circuit Operation (Continued) 

The overall loop gain is then 

G(s) = K1AK2 X 1 + sC1Rl 
s SC1(1 + sC2Rl) 

Let G(K) = Kl A K2 

F(s) = 1 + SC1 Rl 
SCl (1 + SC2Rl) 

The Overall Closed Loop Gain is: 

</>OUT = G(K) F(s) 

</>IN s + G(K) F(s) 
Substituting, We Get 

</>OUT = G(K) (SC1Rl + 1) 
</>IN S3 Rl Cl C2 + S2 Cl + GK (SC1Rl + 1) 

(G(!()/Cl)(SR1Cl + 1) 

S3 R1C2 + S2 + SG(K)Rl + G(K)/Cl 

If C2 « Cl, we can ignore the 3rd Order Component intro
duced by C2 then: 

</>OUT _ (G(K)/Cl)(SR1Cl + 1) 

</>IN - S2 + SG(K)Rl + G(K)/Cl 

This is a second Order Loop and can be solved as follows: 

S2 + SG(K)Rl + G(K)/Cl = S2 + 2, (dnS + (dn2 

. -5!9 .. Cl - 2 
(dn 

R - 2t(dn 
1 - G(K) 

From the above equations: 

(d = (G(K)/C1)% 

G(K) = K1 X A X K2 = 
[(0.89 X VeEl/(2 X PI X R») X [(0.4 X Wvco)lVeE) X [3.5) 

2,7 coded data has a 2.67 to 1.0 frequency range within the 
data field. The expression K = (0.89 X VeE/2 X Pi X R) is 
valid when the VCO frequency Is twice the ENCODED 
DATA frequency. In order to make this equation more gen
eral,lt may be written as follows: K = (1.78 X VeE)/(2 X Pi 
X R X N) where N is defined as the VCO frequency divided 
by the encoded data pulse frequency, or N = FvCO/FOATA 
(N = 3 for maximum data rate and N = 8 for minimum data 
rate). Now G(K) can be written as follows: 

where, 

G(K) = [{1.78 X VeE)/(2 X Pi X R X N») X 

[{O.4 X (dyco)lVeE) X [3.5) 

= (2.5 X Fyco)/(R X N) 

(dn = [{2.5 X Fvco)/(C1 X R X N»)% 

R = RRATE in the low track rate; 

R = (RRATE/ /ReoOST) in the high track rate. 

From the above equations: 

(dN = (R1 X G(K»/(2t) 

G(K) = C1 X «(dN2) 

t = (damping factor) = (R1 X (dN X C1)/2 

The damping factor should be approximately 0.5 when (dN is 
minimum. Response to bit shift is minimized when the 
damping factor is small; however, if the damping factor 
drops much below 0.5, the system tends to be OSCillatory 
(underdamped). Additionally, loop performance is poor (ex
cessive phase-acquisition times) if the damping factor be
comes much larger than 1.0. Any increase in loop band
width (due to R decreasing in the high track rate) produces 
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a proportional increase in the damping factor, and should be 
limited to the point where the maximum damping factor is 
1.0. With the damping factor range established, loop design 
can proceed. 

From the Disk Interface Design Guide And User's Manual 
Chapter 1, Section 1.3-1.7, it is shown that a 946 krads/sec 
loop bandwidth during acquisition results in a 7 byte crystal 
reference clock acquisition and data frequency acquisition 
(VCO settled to within 2 ns of window center). We recom
mend that these design guide sections be reviewed in con
junction with the DP8462 data sheet in order to obtain a 
more detailed explanation of the loop bandwidth selection 
used here, as well as for disk system PLLs in general. 

This deSign example is for a 10 MBit/sec data rate and 
assumes that the IBOOST ENABLE pin is tied to the 
PREAMBLE DETECTED pin. This results in the track rate 
being switched from high to low after four bytes of preamble 
are detected. As an alternative, the IBOOST ENABLE pin 
may be tied to an inverted READ GATE signal, resulting in 
the track rate switching immediately to low when READ 
GATE is asserted. This is discussed further in the Design 
Guide. 

We will assume a 1-0-0-0 ... preamble. During acquisition 
we are in the high track rate and thus (dN is at maximum 
value. In the read mode the highest frequency pattern we 
can encounter is 1-0-0 ... ; however, (dN will be lower since 
we will be in the low track rate. 

(dN = [(2.5 X Fvco)/(C1 X R XN»)% 

Choose Rp = RRATE /I ReoOST = 5750* 
946 X 103 = [(2.5 X 20 X 106)/(C1 X 575 X 4))% 

C1 = 0.028 /LF Choose C1 = 0.022 /LF 

We don't want C to exceed 1.0. Therefore, 

t = (dN X R1 X C1 
2 

(946 X 103 X R1) X 0.022 X 10-6 
1.0 = 2 

R1 = 960 

Choose R1 = 1000 
'Note: Designing a PLL I. an iterative procedure. For the DP8462, de.lgn 

value. for RRATE and ReoosT typically range from 7000 to 1.5 kO. 
The application note provide. a more thorough discussion for choos· 
ing these values. 

The continuous-behavior (non-quantized) approximation 
used to predict loop performance assumes that the phase 
detector output is constantly proportional to the input phase 
difference. In reality, the phase detector output is a pulse 
applied for a period of time equal to the phase difference. 
The function of C2 is to "smooth" the phase detector output 
(VCO control voltage) over each cycle. C2 also adds a sec
ond pole to the filter transfer function. This pole should be 
far enough outside the loop bandwidth (at least one order of 
magnitude) that its phase and amplitude contribution is neg
ligable in the loop bandwidth. If 

C2 = C1/50 = 390 pF 

the acquisition performance and the margin loss are not 
significantly changed from the predictions. If a larger C2 is 
used, the margin loss can be reduced at the expense of the 
acquisition time. This may be desirable for some systems. 
Please see the Disk Interface Design Guide And User's 
Manual Chapter 1, Sections 1.3 -1.7 for a discussion of the 
function of C2. 
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As soon as the PREAMBLE DETECTED output goes low we 
switch to the low track rate. To maintain stability we must 
ensure that tmin :2: 0.5. 

tmin occurs when CIlN is minimum; i.e., when we have seven 
consecutive zeroes (N = 8). 

t . - (CIlNmin X Rl X Cl) 
min - 2 

05= (CIlNmin X 100 X 0.022 X 10-6) 
. 2 

CIlNmin = 454.5 krads/sec 

We can now calculate RRATE 

CIlNmin = [(2.5 X Fvco)/(Cl X RRATE X N))% 
454.5 X 103 = [(2.5 X 20 X 106)/(0.022 X 

10-6 X RRATE X 8))% 

Therefore, RRATE = 1.375 kO 

Choose, RRATE = 1.2 kO 

Now we calculate CIlNmax and 'max in the low track rate 

CIlNmax = [(2.5 X 20 X 106)/(0.022 X 10-6 X RRATE X 3)1% 

CIlNmax = 794 krads/sec 

(CIlNmax X Rl X Cl) 
'max 2 

'max = 0.87 
The final component to be determined is ReoOST 

Since, Rp = ReoOST X RRATE 
ReoOST + RRATE 

575 = ReoOST X 1.2 X 103 

ReoOST + 1.2 X 103 

Therefore, ReoOST = 1.1 kO 

DIGITAL CONNECTIONS TO THE DP8462 

Figure 16 shows a connection diagram for the DP8462 in a 
typical application. All logic inputs and outputs are TTL com· 
patible as shown in Figure 14 and 15. The VCO Clock out· 
put is 74AS compatible. All other outputs are 74ALS com· 
patible. All inputs are 74ALS compatible and therefore can 
be driven easily from any 74 series devices. 

r---, 
I C4U:W 
t-L Yl-J j 
L ___ ...J 

TL/F/8418-17 

FIGURE 13. Alternate Loop Filter Configuration 

----+----Vcc 
20k 

-
~~ 

INPUT ---..... +-~-""""'f-+--
...; .. 
~, 

~ 
............ ~, 

- ......4j ......... -+-_ ..... -GND 
TUF/8418-16 

FIGURE 14. Logic Inputs 

- Vee 

40k 30 

2Ic 

-~""""""GND 
TL/F/8418-18 

FIGURE 15. Logic Outputs 

TABLE II. Loop Filter External Component Values 

Data Rate Pulse Gate Components (Note 3) Charge Pump (Note 1) Loop Filter (Note 2) 
(NRZ) 

RpG2 RpG1 CPG1 CPG2 RRATE RaoosT R1 C1 

5 Mbitlsec 4.7k 1500 1.0,..,F O.I,..,F 8200 1.5 kO 1000 0.03,..,F 
10 Mbitlsec 1.8k 680 2.2,..,F 0.22,..,F 1.2kO 1.1 kO 1000 0.022,..,F 
15 Mbitlsec 0.75k 390 3.9,..,F 0.39,..,F 8200 2.7kO 330 0.082,..,F 

Nota 1: Component tolerances are system dependent. they depend on how much loop gain deviation can be tolerated. 

Note 2: Component tolerances are typically 5% but they depend on the amount of Loop Bandwidth tolerance that can be accepted. 

These values have been altered from calculated values based on empirical tests of the loop. 

Note 3: Component tolerances typically 10%. not critical. 
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CD i Circuit Operation (Continued) 
C The incoming data from the pulse detector in the drive is 

connected to the ENCODED DATA input. PREAMBLE SE
LECT input is tied high or low depending on whether the 
user's system is employing 1000 or 100 preamble pattern. 
The LOCK CTL input is to be tied high or low depending on 
whether or not it is desired to keep the PLL in Phase and 
Frequency comparison mode while detecting preamble. 
Phase and Frequency comparison lock while detecting pre
amble will eliminate the chances of the PLL locking onto a 
harmonic of the preamble frequency when Read mode is 
first entered. (Susceptibility to a harmonic lock is increased 
when using the 1000 preamble). Since a high level on 
IBOOST ENABLE input puts the PLL in high track rate, it 
should be held high during Non-Read (standby) mode so 
that a quick lock is achieved upon entering Read mode. 
Once the PLL is locked onto the incoming data, however, 
this input should be taken low. Although the user is free to 
do tllis anytime, one possible method is to tie this input to 
the PREAMBLE DETECTED output of the chip-as shown 
In Figure 16. The READ GATE input is used to place the 
chip in and out of Read mode and therefore should be tied 
to the controller and/or a 2, 7 code Encoder/Decoder). 

As for the outputs, SYNCHRONIZED DATA and VCO 
CLOCK may be tied to the Encoder/Decoder-which in turn 
would deseriallize and decode the data before sending it to 
the controller. PREAMBLE DETECTED output can be tied 
to the controller and/or the Encoder/Decoder to provide an 
indication when 4 consecutive bytes of preamble pattern 
have been detected. The only output that is not shown in 
Figure 16 is the PHASE COMPARATOR TEST output. This 
output is the logical OR of the Phase Comparator's outputs 
(Charge-Up and Charge-Down inputs of the Charge-Pump). 
As such, pulses generated at this output provide information 
about the loop filter's behavior in that the envelope of the 
pulses generated at this output is a waveform that repre
sents the loop filter's response to any phase difference de
tected by the Phase Comparator. 

Finally, to improve noise immunity, Digital and Analog VCC 
pins should be tied together and also the Digital and Analog 
Ground pins should be tied together. PG1 pin should also 
be grounded. 

Applications of the DP8462 Data 
Synchronizer 
The DP8462 is part of National Semiconductor's DP8460 
Series Disk Chip Set and therefore, is designed to work in 
conjunction with other members of this family; such as 
DP8464-the pulse detector, and DP8466-the disk data 
controller. A tYpical system application employing these 
components is shown in Figure 17. The DP8462 is based 
upon the proven circuitry of the DP8465 (Data synchronizer 
and separator for the MFM code)-the first integrated circuit 
to place on one chip a PLL with features that offer the im
proved speed and reliability required by the disk industry. 
Not only does the chip simplify disk system deSign, but also 
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provides fast lock-on to the incoming preamble. Once 
locked on, the loop is set into a lower bandwidth mode. This 
inherent loop stability allows for a sizable amount of jitter on 
the data stream, such as is encountered in many disk sys
tems. Once in the stable tracking rate, the SYNCHRONIZ
ED DATA output represents the incoming ENCODED DATA 
and is synchronous with VCO CLOCK. This synchronized 
data is then deserialized by the ENDEC using the VCO 
CLOCK. 

The DP8462 is capable of operating at up to a 20 Mbits/sec 
data rate and so is compatible with a wide assortment of 
disk drives. The faster data rates of the 8-inch and 14-inch 
disk drives will mandate the selection of the DP8462-3 parts 
with narrower window margin on the incoming data stream. 
This will also be the case when 5%-inch drives achieve 
higher data rates. Some 8-inch and 14-inch disk drives in
corporate the functions of the DP8462, but use many dis
crete ICs. In these cases, replacing these components with 
the DP8462 will offer reduced P.C. board area, lower cost, 
and improved performance while simplifying circuit testing. 

Most 5%-inch and many 8-inch and 14-inch disk drives 
manufactured at present do not incorporate any of the func
tions of the DP8462. This is so primarily because the PLL 
function is difficult to design and implement and requires 
circuitry which covers a large area of the printed circuit card. 
This is undesirable both from the drive size aspect and from 
the cost aspect (the cost includes soldering, testing, and 
adjusting the components). Consequently, most smaller 
disk drives output RLL encoded data so that the phase
locked-loop and data separation have to be performed by 
the controller. The DP8462 will therefore replace these 
functions in controller designs, as shown in Figure 18a. 

System design criteria may now change because the 
DP8462 is a one-chip solution, requiring only a few external 
passive components with fixed values. It operates from a 
+ 5V supply, consumes about 0.5W, and is housed in a nar
row 24-pin package. The circuitry has been designed so that 
the external resistors and capacitors need not be adjusta
ble; the user chooses the values according to the disk drive 
requirements. Once selected, they will be fixed for that par
ticular drive type. These features make it possible to trans
fer these functions to the disk drive, as shown in Figure 18b. 
Apart from a slight increase in board area, the advantages 
outweigh the disadvantages. First, the components select
ed are fixed for each type of drive and this facilitates the 
problem of interchangeability of drives. At present, compo
nents in the controller are adjusted to function with each 
specific drive; with the DP8462 in the drive, component ad
justment will no longer be required. Second, there is often a 
problem of reliability of data transfer. The incoming data 
signal is susceptible to noise, bit shift, etc. Soft errors will 



Applications of the DP8462 Data Synchronizer (Continued) 

A third advantage is data rate upgrading. Most 5%-inch 
drives have 5 Mbitlsec data rate because the early drives 
were made with this data rate. This meant the controllers 
had to be designed with PLLs which operate at this data 
rate. It is therefore difficult for drive manufacturers to intro
duce new drives that are not compatible with existing con
trollers. Since no new standard data rate has emerged, they 

1.5 k.o. 

VCC 

VCC 

330.0. 0.22 
JJF 

must continue to produce drives at this data rate to be com
patible with the controllers on the market. With the DP8462 
in the drive, and its associated components set for the 
drive's data rate, it no longer becomes a problem to in
crease the data rate, assuming the controller's digital cir
cuitry can accommodate the change. This will allow the 
manufacturers to increase the bit density and therefore the 
capacity of their drives. 

39pF 

1 k.o. :tn" 

VCC 

PG4 PG2 PG1 PG3 IRSET IBSET CPOUT C1 C2 RVCO 

LOCK CTl DIGITAL vee 

ANALOG VCC DP8462-3 READ GATE 

2F CLOCK PREAWBLE DETECTED 

ENCODED PREAWBLE SYNCHRONIZED VCO ANALOG 
GND 

DIGITAL IBOOST 
DATA SELECT DATA CLOCK 

FROW PULSE DETECTOR 

CRYSTAL DERIVED OR 
FROW SERVO CLOCK 

GND 

GND ENABLE 

GND 

2, 7 CODE ENDEC 

FIGURE 16. Typical Connection to DP8462 For: 

1) RLL (2.7 Code) Data Input. 10 Mbitlsec Data Rate 

2) 1.Q-0 Preamble Pattern 

3) PLL to stay in Phase·Frequency Comparison mode until 4 bytes of Preamble Detected 

4) PLL to stay in high Track Rate until PREAMBLE DETECTED asserted 

5) Delay line left unadjusted (PG2 & PG4 shorted together) 
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CD 
: Applications of the DP8462 Data Synchronizer (Continued) 
a. 
Q 

EXT. COMPONENTS 

(2,7) 1 1 
ENCODED DATA 

DP8462 
READ GATE 

PULSE SYNCHRONIZER 

~ 
2F CLOCK (PLL) DETECTOR I--< 

(SUCH AS DP8464) 
(2.7) 

VCO 
SYNCH 

CLOCK o FROM SERVO CLOCK DATA 
DISK 

~. OR XTAL OSC DISK DATA 
CONTROLLER 

... CONTROLS ... (SUCH AS DP8466) 

2,7 ENDEC 
... P' 

I DRIVER I (2,7) WRITE DATA ... READ/WRITE,DATA &: CLOCK.,. 

1(+ PRECOMP ?) I I'" 
,. 

TL/F/8418-20 

FIGURE 17. Typical Application of DP8462In a System Employing RLL (2,7) Code 

a) DP8462 In the Controller 

DISK DATA 
CONTROLLER 

TUF/8418-21 

ESDI OR SMD 
INTERFACE 

b) DP8462In the Drive 

DISK DATA 
CONTROLLER 

TUF/8418-22 

FIGURE 18. Two Different Methods of Utilizing DP8462 

PRECAUTIONS IN BREADBOARDING AND PCB 
LAYOUT 

The DP8462 contains a high performance analog PLL and 
certain precautions must be taken when breadboarding or 
designing a PCB layout. The following guidelines should be 
adhered to when working with the DP8462: 

1) Do not wire wrap. 

2) Keep component lead lengths short, place components 
as close to pins as possible. This applies to A1, C1, A2, 
Cveo, ARATE, AaOOST, CRATE, CaOOST, APG1, APG2, 
and CPG1. 

3) Provide a good ground plane and use a liberal amount 
of supply bypassing. The quieter a PLL's environment, 
the happier it is. 

4) Avoid routing any digital leads within the Vicinity of the 
analog leads and components. 

We have used a PC board approach to breadboarding the 
DP8462 that gives us an excellent ground plane and keeps 
component lead lengths very short. With this setup we have 
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found very stable and reliable operation. Illustrations of 
component layout is shown in Figure 19. Note that the 
board layout is a recommendation not a requirement. 

ADDITIONAL NOTES 

1) PG1 should be grounded to improve noise immunity. 

2) 2F clock must be applied at all times; without the 2F 
clock, the pulse gate circuitry will not operate properly 
making it impossible to lock onto the incoming data 
stream. 

3) The programming capacitor for the Veo can be calculat
ed as: 

Cveo = 1/(fveo· Aveo) - 5 pF 
The 5 pF value is due to parasitic internal device capaci
tance. 

4) Care must be taken in final PC board layout to minimize 
pin to pin capacitance, particularly in multi-layer printed 
circuit boards. 

5) Please refer also to Precaution For Disk Data Separator 
Designs, NSC Application Note AN-414. 
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Connection Diagram 
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2 23 

3 22 

4 21 

5 20 

6 19 

RyCO RYCO 
DP8462 

7 18 ENCODED DATA 

17 
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PHASE COMP TEST 9 

PREAMBLE SELECT 10 

ANALOG GND 11 PREAMBLE DETECTED 

12 SYNCHRONIZED DATA 

FIGURE 19. Recommended Component Layout 

4·83 

TUF/B41B-23 

"U 
CD 
.j:o. 
0) 
N 



ID 
CO) 

! ~National 
~ ~ Semiconductor 

DP8463B (2,7) ENDEC 

General Description 
The DPB463B (2,7) ENDEC performs the encoding and de
coding for a disk memory system using a (2,7) Run-Length
Umited (RLL) code. This code gives a disk system the ability 
to record up to 50% more message data in the same media 
space without any increase in the Flux Changes per Inch 
(FCI) density, when compared to a system using Modified 
Frequency Modulation (MFM) coding. The DPB463B also 
performs other functions of writing or reading format seg
ments that can not be done by a disk data controller. These 
additional functions Include the writing and reading of Pre
ambles (PLL synchronization fields) and various soft-sector 
format Address Marks that are compatible with (2,7) RLL 
code. The user may also select different lengths of pream
ble to count before the DPB463B issues a Lock Detect sig
nal. The encoded CODE OUT output is automatically resyn
chronized to the 2f CRYSTAL/SERVO CLOCK for perfect 
periodic writing regardless of the duty cycle of the WRITE 
CLOCK input and regardless of the phase relationship be
tween the WRITE CLOCK and the 2f CRYSTAL/SERVO 
CLOCK. The READ/REFERENCE CLOCK output is 
switched between clock sources without generating any 
short pulses. In addition to the detecting of standard ESDI 
and SMD Address Marks, there is an optional noise tolerant 
mode that allows the recognizing of an address mark gap 
even with a bit or two of noise. 

The DPB463B is compatible with the Storage Module Drive 
(SMD) and Enhanced Small Device Interface (ESDI) func
tional specifications, and has a format mode similar to the 
one used in ST-506 devices. The Input/Output (I/O) of the 
DPB463B are active-high, except LOCK DETECT, so invert
ing line drivers should be used for interfacing with the ac
tive-low I/O of ESDI. The term "Message" is used to desig
nate unencoded data, also referred to as NRZ Data in disk 
literature. The term "Code" designates the encoded data. 

Features 
• Up to 50% increase in message data density over 

MFM 
• Encodes and decodes using IBM (2,7) Message/Code 

Table 
• Programmable Formats 

- Hard Sector 
- Soft Sector with Address Mark preceding Preamble 
- Soft Sector with Address Mark following Preamble 

• Programmable Address Marks 
- ESDI 3-Byte transitionless gap, preceding Preamble 
- ESDI 3-Byte transitionless gap, noise tolerant 
- SMD 3-Byte transltionless gap, preceding Preamble 
- SMD 3-Byte transition less gap, noise tolerant 
- IBM 2-Byte gap with three transitions, preceding Pre-

amble 
- N7V 2-Byte Address Mark with code word not in 

message/code table that does not violate (2,7) code 
constraints, following Preamble 
(Above gap lengths are in message-bytes) 

• Programmable Preamble length counted before LOCK 
DETECT issued 
- Externally determined (e.g., from DPB462 Data Syn

chronizer) 
- 6 Message Bytes 
- 8 Message Bytes 

• Code output is resynchronized to 2f CRYSTAL/SERVO 
CLOCK 

• Glitchless Multiplexer is used to switch between READ/ 
REFERENCE CLOCK sources 

• Strobe available to clock CODE OUT output into exter
nal register 

• ADDRESS MARK FOUND appears after first "1" bit fol
lowing Address Mark 

• Message Data Rate to 20 Megabits/second (Code rate 
= 40 Mb/s) 

• Compatible with ESDI 
• Compatible with SMD 
• Compatible with DP8462 Data Synchronizer 
• Compatible with DP8466 Disk Data Controller 
• 2-micron dual metal CMOS 
• Single + 5V Supply 

• Packages 
- 28-pin Dual-In-Line Package 
- 28-pin Plastic Chip Carrier 
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Connection Diagrams 
Dual-In-Llne Package (DIP) Plastic Chip Carrier 

(Signal Assignments to the Pin 

AM MODE1- 1 
'-/ 

28 -AM MODE3 
Numbers 

are Identical to DIP) 
41/31 PREAMBLE MODE - 2 27 i-AM MODEO 

I I I I I I I NO CONNECTION - 3 26 ~Ycc (VDD) , 4 3 2 1 28 27 26 
READ/REFERENCE CLOCK - 4 25 i- ADDRESS MARK ENABLE 

-5 25 -CODE IN- 5 24 i- UNSYNCHRONIZED CODE 
- 6 24 -YCO CLOCK- 6 23 i- ADDRESS MARK FOUND 
-7 23 -MESSAGE OUT- 7 22 i-WRITE GATE 
-8 22 -CODE OUT- 8 21 i-READ GATE 
- 9 21 -MESSAGE IN - 9 20 t- EXTERNAL PREAMBLE COMPLETE 

10 20 - ~ 
WRITE CLOCK- 10 19 t-AM MODE2 - 11 19 t-

GROUND (YSS)- 11 18 t- LOCK DETECT 12 13 14 15 16 17 18 
21 CRYSTAL/SERYO CLOCK- 12 17 i- PREAMBLE LENGTH 1 I I I I I I I 

CODE OUT STROBE- 13 16 i- PREAMBLE LENGTH 0 TLIF/9058-2 

RESET- 14 15 i-WRITE CLOCK MODE Order Number DP8463BV 
See NS Package Number V28A 

TLIF/9058-1 

Order Number DP8463BN 
See NS Package Number N28B 

Absolute Maximum Ratings Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ Temperature Range (T A) + O.O'C to + 70'C Distributors for availability and specifications. 
Supply Voltage -0.5Vto +7.0V 

ESD rating is to be determined. 

Input or Output Voltage -0.5VtoVee +0.5V 
Storage Temperature -65'C to + 150'C 
Lead Temperature 260'C 

DC Electrical Characteristics 
Vee = + 5V ± 10%; Min.lMax. limits apply across temperature range TA unless otherwise specified. 

Symbol Parameter Conditions Min Max Units 

VIH High Level 
2.25 V 

Input Voltage 

VIL Low Level .-
Input Voltage 

0.65 V 

VOHI High Level VI = Vee or GND 
Vce - 0.1 V 

Output Voltage 10 = 20j.LA 

VOH2 High Level VI = Vee or GND 
3.5 V 

Output Voltage 10H = -4.0mA 

VOLI Low Level VI = Vee or GND 
0.1 V 

Output Voltage 10 = 20j.LA 

VOL2 Low Level VI = VeeorGND 
0.4 V 

Output Voltage 10L = +4mA 

IIH High Level VI = Vee +10 j.LA 
Input Current 

lee DY Supply Current, VI = Vee or GND 
60 mA 

Dynamic TA = 25'C, fYeo = 40 Mb/s 

Ice SS Supply Current. VI = Vee or GND 10 mA 
Standby TA = 25'C.fveo = 1Mb/s 
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AC Electrical Characteristics 
(VCC = 5V ±10%; Min.lMax.limits apply across temperature unless otherwise specified. Output Load = 50 pF.) 

Symbol Parameter Part No. Min Typ Max Units 

fDATA Maximum Message Data Frequency DP8463B-12 12 Mb/s 
(NRZData) DP8463B-20 20 25 Mb/s 

!vCO Maximum VCO Frequency DP8463B-12 24 Mb/s 

fC/S 
Maximum CRYSTAL/SERVO CLOCK 

frequency DP8463B-20 40 50 Mb/s 

tMISU Set-Up Time of MESSAGE IN Before 
10 ns 

WRITE CLOCK Positive Edge 

tMIH Hold Time of MESSAGE IN After WRITE 
10 

CLOCK Positive Edge 
ns 

tMOSU Set-Up Time of MESSAGE OUT Before 
24 ns 

READ/REFERENCE CLOCK Positive Edge 

tMOH Hold Time of MESSAGE OUT After READ/ 
14 

REFERENCE CLOCK Positive Edge 
ns 

tclSU Set-Up Time of CODE IN Before VCO 
7 ns 

CLOCK Positive Edge 

tclH Hold Time of CODE IN After VCO CLOCK 
10 

Positive Edge 
ns 

tcosu Set-Up Time of CODE OUT Before CODE 
10 ns 

OUT STROBE Positive Edge 

tecH Hold Time of CODE OUT After CODE OUT 
5 

STROBE Positive Edge 
ns 

tPWUC Pulse Width of UNSYNCHRONIZED CODE 10 ns 

tpwpc Pulse Width of EXTERNAL PREAMBLE VCO 
COMPLETE 4 Clock 

Periods 

tpdlE Propagation Delay of IBM Encoder from 
7 7 

Code 
WRITE CLOCK Positive Edge to CODE OUT Bits 

+5 +45 ns 

tpdlDC Propagation Delay of IBM Decoder from 
5.5 5.5 

Code 
VCO CLOCK Postive Edge to Bits 
READ/REFERENCE CLOCK Positive Edge +5 +62 ns 

WCL WRITE CLOCK Low 200/. 80% WRITE 

WCH WRITE CLOCK High CLOCK 
20% 80% Period 

Nota 1. Mb/s ~ Megablts/second 
Code bit = period of 21 or veo Clock 
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Pin Descriptions 
Pin No Description Pin No Description 

POWER 21 READ GATE. An active high level input places 

11 GROUND (Vss) 
the DP84638 in the read mode. During this mode: 
the source of the READ/REFERENCE CLOCK is 

26 Vcc(Voo) switched to the VCO CLOCK/2, the address mark 

INPUT SIGNALS 
is searched for (if selected), the length of the 
preamble is counted as programmed, and the 

5 CODE IN. This is the encoded data output of the CODE IN signal is decoded and output as 
data synchronizer (e.g., DP8462). Each flux MESSAGE OUT at the appropriate time per the 
transition on the disk is a high level signal here programming of the mode pins. 
with a width of one VCO clock period. The CODE 
IN Is read by the DP84638 at the time of the 
positive going edge of the VCO CLOCK. 

22 WRITE GATE. An active high level input places 
the DP84638 in the write mode. During this mode: 
the MESSAGE IN data is encoded and output as 

6 VCO CLOCK. This is the VCO clock output of the CODE OUT, and during the programmed time 
data synchronizer (e.g., DP8462). During the read (when selected), the preamble and address 
mode, the VCO CLOCK is phase locked to the marks appear at CODE OUT. 
flux transitions on the disk. 24 UNSYNCHRONIZED CODE. This is the encoded 

9 MESSAGE IN. This is the unencoded "write data" data output of the pulse detector (e.g., DP84648). 
from the disk data controller (e.g., DP8466). A flux transition on the disk produces an active 
MESSAGE IN is read into the DP84638 by the high pulse for this pin. This input is used to detect 
positive going edge of the WRITE CLOCK input. the ESDI, SMD, and IBM address marks. 

10 WRITE CLOCK. This clock strobes the 25 ADDRESS MARK ENABLE (AM E). An active 
MESSAGE IN "write data" into the encoder. high level, while WRITE GATE is also active high, 

12 21 CRYSTALISERVO CLOCK (21 CIS CLOCK). 
This is the clock output of a disk drive's dedicated 
servo track or the buffered output of a crystal 
oscillator. This signal is the reference clock for 
generating the CODE OUT Signal when the 
WRITE CLOCK MODE pin is low. 

will write the address mark prescribed by the AM 
MODE pins. The AME must be high for the 
complete address mark. An active high level of 
AME while WRITE GATE and READ GATE are 
both low causes the 8463B to search for an 
Address Mark when in the ESDI Mode (AM2 & 
AM1 low). An active high level of AME when 

14 RESET. An active low input resets various flip-
flops when the next 2f CIS CLOCK positive edge 
occurs, so RESET should have a pulse width of 

READ GATE is active high causes the 84638 to 
search for an AM when in the SMD Mode (AM2 
low, AM1 high). 

two 2f CIS CLOCK periods. The DP84638 should 
be reset after each time power is applied. 

PROGRAMMING INPUTS 

20 EXTERNAL PREAMBLE COMPLETE. With PL 1 
and PLO both low, an "active" level on this pin 

1 ADDRESS MARK MODE 1 (AM MODE 1). 
Defined in Table I. A logiC "1" is a high level. 

signals the DP84638 that the reading of the 2 4T 13T PREAMBLE MODE. A high level places 
preamble, for phase locking purposes, is the DP84638 in the mode to generate and detect 
complete. The DP8463B then switches into its "4T" preamble patterns (i.e., 1000 in code which 
normal decoding mode and issues an active low is four time periods). In this mode, the MESSAGE 
LOCK DETECT signal. This mode could be used IN input is inverted in the DP84638 before being 
for short preamble lengths in conjunction with the encoded so that a 4T preamble can be generated 
DP8462. The DP8462 Lock Detect output would from an all zeros MESSAGE IN data stream. The 
be connected to the EXTERNAL PREAMBLE output of the decoder is also inverted in this mode 
COMPLETE (observing polarities, see pin 28). 
The DP8462 will issue a "Lock Detect" after 

so the double inversion is transparent to the user. 
The double inversion is always done In this mode, 

counting 16 code ones (3 to 4 Message Bytes not just during the preamble. 
depending upon which preamble pattern is used, A low level input on this pin places the DP84638 
3T or 4T). The DP8463B must receive at least two in the mode to accept the "3T" pattern as the 
4T preamble patterns before an EXTERNAL preamble (3T pattern is 100 in code). The Input! 
PREAM8LE COMPLETE signal is received. The Output is not inverted in this mode. If the 3T 
"active" level of this pin is determined by the preamble pattern is used with the IBM code, a 
state of pin 28, ADDRESS MODE 3. non-zero three-bit repeating input pattern is 

required which 
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~ Pin Descriptions (Continued) 
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Pin No Description Pin No Description 

PROGRAMMING INPUTS (Continued) OUTPUT SIGNALS 

2 is typically impossible for a disk data controller to 4 READ/REFERENCE CLOCK. This is the clock 
(Cont.) generate. Therefore there is a special mode that is provided to the disk data controller where it 

during which the disk data controller's input to is typically labelled "read clock". It is, however, 
MESSAGE IN is ignored by the encoder section necessary for both reading and writing. The 
and the DP8463B internally generates a 3T code source of the clock is different during reading 
output; as long as the MESSAGE IN input is all compared to writing. When READ GATE is active 
zeros. This 3T preamble starts after the initiation (high) the READ/REFERENCE CLOCK is the 
of WRITE GATE going active (high) and VCO CLOCK divided-by-two. The MESSAGE 
continues until the first "1" is seen at the OUT data is read by the disk data controller using 
MESSAGE IN pin. This mode of internally the positive going edge of READ/REFERENCE 
generating a 3T preamble with IBM code is CLOCK. When READ GATE is inactive (low), the 
activated by having high levels on the two READ/REFERENCE clock is the 2f CIS CLOCK 
PREAMBLE LENGTH 0 and PREAMBLE divided-bY·two. This clock is used by the disk data 
LENGTH 1 pins (16 & 17). controller as the timing source for its WRITE 

3 NO CONNECTION. This pin must be left open-
DATA and WRITE CLOCK outputs. 

circuited or tied to Vee. 7 MESSAGE OUT. This is the "Read Data" input to 

15 WRITE CLOCK MODE. A low level enables the 
automatic resynchronization Circuitry for the IBM 
encoder. The WRITE CLOCK is resynchronized to 
the 2f CIS CLOCK and used for clocking the IBM 
encoder. The same 2f CIS is used to clock a flip-
flop that provides the CODE OUT signal. A high 

the disk data controller. A high level represents a 
"one" of decoded (NRZ) data. It is read by the 
controller using the positive going edge of the 
READ/REFERENCE CLOCK. MESSAGE OUT is 
held at a low level when READ GATE is inactive 
(low) and other intervals specified in Table I. 

level WRITE CLOCK MODE input allows the 8 CODE OUT. A high level for a 2f clock period is 
WRITE CLOCK to directly clock the IBM encoder. output for each "1" in code that is to be written on 
In this mode the CODE OUT signal comes directly the disk as a flux transition by a write amplifier 
from the encoder and does not get strobed out by, containing a write flip·flop that changes state 
the 2f CIS CLOCK. every time a positive going pulse edge is 

16 PREAMBLE LENGTH 0 (PLO). This input and 
PREAMBLE LENGTH 1 (PL 1) determine the 
length of preamble that is read before an active 
low LOCK DETECT signal is issued. These two 
pins also control the internal generation of a 3T 
preamble pattern for use with an all zeros 

received. Since (2,7) code always has at least two 
zeros between adjacent ones, this output is a 
Return-to·Zero (RZ) code. If the CODE OUT is to 
be sent to another register, instead of directly to 
the Write Amplifier, it can be clocked out by using 
the CODE OUT STROBE. 

MESSAGE IN input. 13 CODE OUT STROBE. The positive going edge of 

PL1 PLO 
LENGTH OF PREAMBLE/ 

OTHER FUNCTION 

this signal should be used as the clock input to an 
external shift register for applications where the 
CODE OUT is transformed before being sent to 

0 0 Length Set by External 
Preamble Complete 

the Write Amplifier, e.g., for precompensation of 
some code patterns on some tracks. 

0 1 6 Message Bytes 18 LOCK DETECT. A low level signifies that a 
1 0 8 Message Bytes minimum, uninterrupted length of the 
1 1 6 Message Bytes/Generate prpgrammed preamble pattern has been read. 

3T Preamble Internally 

17 PREAMBLE LENGTH 1 (PL 1). See pin 16. 

The length of the preamble read is programmed 
by PREAMBLE LENGTH 0 and 1. The LOCK 
DETECT level'returns to a high when READ 

19 ADDRESS MODE 2. Defined in Table I. GATE goes inactive (low). 

27 ADDRESS MODE O. Defined in Table I. 23 ADDRESS MARK FOUND (AMF). A high level 

28 ADDRESS MODE 3. Defined in Table I. The level 
of this pin also determines the active level polarity 

appears when an address mark has been sensed 
and, depending upon programming, other 
conditions may also be required before the AMF 

of the pin 20 EXTERNAL PREAMBLE 
COMPLETE input. This is possible since the 

goes active (high). Table I specifies the various 
conditions under which AMF becomes active and 

Table 1 function is a Don't Care for all except one inactive. Also see the Address Mark section 
type of the N7V Address Mark. If ADDRESS 
MODE 3 is high or open-circuited, then pin 20 is 

under "Description of Format and Circuit 
Characteristics" . 

active high. If ADDRESS MODE 3 is low, then pin 
20 is active low. 
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TABLE I. Address Mark Modes 

Program Inputs Output 

AM Mode 
Inputs AM AM Read Gate AME 

Written Read AMFGoes AMFReturns 
AM AM AM AM During AM During AM 

Active When: Inactive When: 
3 2 1 0 Search Search 

ESDI, Fully Compatible X 0 0 0 ESDI ESDI Inactive (L) Active (H) AM Found & 1 st AME Goes 

ESDI, Noise Tolerant X 0 0 1 ESDI ESDI or IBM Inactive (L) Active (H) 
Code "1" Inactive 
Following AM 

SMD, Fully Compatible X 0 1 0 SMD SMD Active (H) Active (H) 

~ SMD, Noise Tolerant X 0 1 1 SMD SMD or IBM Active (H) Active (H) 
Co 
'" Hard Sector X 1 0 0 None (ESDIISMD None Don't Care Don't Care NA NA 

Signals) 

ESDIISMD (8466 Comp.) X 1 0 1 ESDI = SMD ESDI = SMD Don't Care Don't Care AM Found & 1 st 2nd Code "1" 

IBM X 1 1 0 IBM IBM Don't Care Don't Care 
Code "1" Following AM is 
Following AM Read 

N7V·A (Note 1) 1 1 1 1 N7V (In Header & N7V (In Header & Active (H) Don't Care AM Found & 1 st Read Gate Goes 
Data Data Segments) Message "1" Inactive (L) 

Segments) Following AM 

N7V·B 0 1 1 1 N7V (In Header Only) N7V (In Header Only) Active (H) Active (H) 

x = Don't Care NA = Not Applicable 

(Continued on next page) 
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TABLE I. Address Mark Modes (Continued) 

Program 
Inputs Phase Sync (Byte) 

AM Mode 
Requirements: AM AM AM AM 

3 2 1 0 

ESDI, Fully Compatible X 0 0 0 1. With 4T Preamble: Function 

ESDI, Noise Tolerant X 0 0 1 
done by all zeros preamble. 

2. With 3T Preamble: 
SMD, Fully Compatible X 0 1 0 Recommend writing 10111100 

SMD, Noise Tolerant X 0 1 1 which is read as 00000000. 

Hard Sector X 1 0 0 

ESDIISMD = (8466 Comp.) X 1 0 1 

IBM X 1 1 0 

N7V-A (Note 1) 1 1 1 1 1. With 4T Preamble: Write 8 

N7V-8 0 1 1 1 zeros. 

2. With 3T Preamble: Write 8 
ones. 

--- '-----

x ~ Don't Care NA ~ Not Applicable 

Nole 1. Use only for 8463A compatibility where there is an N7V AM in both header & data segments. 

Nole 2. After Ihe time MESSAGE OUT ~ 0, MESSAGE OUT ~ Decoded CODE IN 

Note 3. Data segment has no AM 

Byte Sync (Byte) 
Requirements 

1, With 4T Preamble: Must have 
one or more "1 "s; with one in 
leading position, preferably. 

2. With 3T Preamble: Must have 
one or more "1 "s; Leading two 
bits should be zeros. 

3. With 4T Preamble: Use 
00000010 & 00000011. 

Same as 1 and 2 Above. 

DP8463B 

MESSAGE OUT = 0 Until: 
(& Phase Sync Mode Ends) (Note 2) 

1, With 4T Preamble: After 6 or Programmed number of 
bytes of preamble are read. 

2. With 3T Preamble: After two 4T patterns in phase sync 
byte are read. 

[N7V AM is Detected) 

~N7V AM Detected • AME~ + ,N7V AM Detected. (AME} 
T T 

For Header For Data 
Segment (Note 3) 



TABLE II. Message Data/Code Tables 

IBM (2,7,1,2,3) Message Data/Code Table 

Normal Inverted 
Message Data Message Data Code 

MSB LSB MSB LSB MSB 

000 111 000100 
10 01 0100 

010 101 100100 
0010 1101 00100100 

11 00 1000 
011 100 001000 

0011 1100 00001000 

Most Significant Bit (MSB) is read/written first. 

LSB 

Use the Normal Message Data column when 4T/3T PRE· 
AMBLE MODE (pin 2) is low. 

Use the Inverted Message Data column when 4T /3T PRE· 
AMBLE MODE is high. 
NOTE: The IBM (2,7,1,2,3) Code and some implementa1ions of it are patent· 

ed by IBM. National Semiconductor Corporation (NSC) has a license 
agreement with IBM enabling NSC to incorporate a particular imple· 
menta1ion of the IBM (2,7) Endec in an integrated circuit for sale to 
others. Also see the Patent Indemnification section in NSC's Stan· 
dard Terms and Conditions for Sales. 

Note: Definition of (2,7,1,2,3): 

2 = minimum number of zeros between adjacent code ones 

7 = maximum number of zeros between adjacent code ones 

1 = {ratio of message data b~s to code bits with first number (1) 

2 = being the number of message bits 

3 = number of different lengths of message data words 

Description of Format and Circuit 
Characteristics 
1. Address/Sector Marks 

1A. Hard Sector Format-Sector Mark 

In this format the sector mark signal from the disk drive is 
sent directly to the disk data controller and the DP8463B is 
not involved. 

1B. Soft Sector Format-Address Mark (AM) 

1B-1. ESDI Address Mark 

This is a gap on the disk without any flux transitions for a 
length of three message bytes. The gap appears at the start 
of each sector, It is written by having the ADDRESS MARK 
ENABLE (AM E) active (high) for 3 message bytes while 
WRITE GATE is also active (high). The AM is detected 
when an interval of 16 message bit times passes without a 
flux transition. Table I shows three different modes for using 
the ESDI AM. The "ESDI, FULLY COMPATIBLE" is the ful
ly-compatible-with·ESDI specifications mode where AME is 
active (high) while READ GATE and WRITE GATE are inac
tive (low) when looking for an AM. When the AM is found, 
ADDRESS MARK FOUND (AMF) goes active (high), the 
disk data controller receives this and responds by having 
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READ GATE go active (high) and AME go inactive (low). 
The AME going inactive will cause the 8463B's AMF to go 
inactive (low). A second mode "ESDI, NOISE TOLERANT" 
has the ability to accept a few noise bits in the AM gap and 
still output an AMF. (See Noise Tolerant ESDI/SMD AM 
section for full explanation). A third mode of ESDI AM has 
the state of the AME, during an AM search, as a "don't 
care" for compatibility with the DP8466 controller. In all 
these modes, the AMF appears only after both the AM is 
sensed and the first code "1" bit of the preamble is detect
ed. 

1B-2. SMD Address Mark 

This AM is the same 3 message byte gap as ESDI. The 
difference is the state of READ GATE during the search for 
an AM. For SMD compatibility, READ GATE must be active 
(high) during the AM search. The three SMD modes shown 
in Table I are analogous to the three ESDI modes. 

1B-3. IBM Address Mark: 

This AM is a gap of 32 code bits which has no flux tran
sitions except for two transitions in bit positions 8 and 20. 
The first 7 bit positions are "don't cares" per IBM's defini
tion. The DP8463B writes a "1" (transition) in positions 3, 8 
and 20. The DP8463B detects these AMs by detecting two 
gaps of 10 bits with a "1" between the two gaps. If the first 
gap is larger than 16 bits, the detector will reset and begin 
again. 
1B-4. NOise Tolerant ESDIISMD AM: 

These modes will accept a perfect 2-message-byte ESDI or 
SMD gap or a gap which contains some noise bits. The 
ESDI/SMD AM gap detector is ORed with the IBM AM de
tector so an AMF will appear if either a 2-message-byte gap 
(32 code bits), or two 10-code-bit gaps with a "1" in be
tween, is detected in the 3-message-byte (48 code bits) 
gap. The 16-bit limit on the first gap of the IBM AM detector 
is disabled. 

1B-5. N7V Address Mark (N7V = Non 7 Violation): 

This AM is a unique code word that does not violate the 
(2,7) RLL constraints but can not be generated by any mes
sage input to the IBM encoder. The N7V AM is a two-mes
sage-byte AM that must follow the preamble, since the de
coder must be in phase sync to read the AM properly. The 
first byte of the AM consists of 4T phase sync patterns, the 
second byte is the unique N7V pattern. If the disk data con
troller randomly asserts READ GATE, the possibility of the 
N7V AM being detected in the write splice or in the data, 
before phase sync has been achieved, must be avoided. 
This can be done by not routing the CODE IN input to the 
8463B until several bytes of the preamble have been de
tected externally. For example, this is done simply with the 
DP8462 by ANDing its SYNCHRONIZED DATA output with 
its inverted LOCK DETECT output, since the LOCK DE
TECT only appears after 3 or 4 bytes of the preamble have 
been read. 

See Table I for more detail of Inputs/Outputs during AM 
reading and writing. 



I Description of Format and Circuit Characteristics (Continued) 

2. Ph ... Sync Pattern "1"s. With "4r' preambles, the Byte Sync should, prefer-
The decoder must be able to distinguish between the odd ably, have a "1" in the leading bit positio~. With "aT" p.re-
and even code bits to decode properly. This is impossible to ambl~s, the Byte S~c s~ould have zeros In the two leading 
do with the maximum frequency "aT" code pattern (100) In positions (to buffer it In time from the phase sync byte). 
a preamble because the "1" alternates between odd and 4. Error Propagation: 
even positions. The "4T" code pattern (1000) must be used, Since a single bit-shift error in a code word may be decoded 
along with the knowledge of what message pattern was as a different message word, there is error propagation. The 
used to generate it. A "ar' preamble can be used if it is longest error burst found for the IBM Code is 5 message 
followed by two "4r' patterns before data is read. See FIfJ- bits. Therefore, the disk system must have Error Checking 
Uf'B 1 formats for examples, and Table II for encode/decode and Correcting (ECC) circuitry capable of correcting these 
definitions. errors. 
3. Byte Sync Pattern: 

5. Format Examples: 
The purpose of the Byte Sync (or Sync Byte) is to define the 
message byte boundary for the disk data controller. The 
Byte Sync message byte should consist of one or more 

Figuf'B 1 illustrates the sector formats and timing of various 
control signals for each of the Address Mark Modes and 
Preamble types for both reading and writing. 

Formats 

1lP8466 F'DRIIAT 
WRITE /READ: 

WRITE 
HEADER/DATA: 

WRITEGATE....J 

COIIPARE HEADER 
~ 

READ GATE ---1 

4T4BLE I ~I H~ I ~/I PAD I:&il 4T PR~8LE 

ID PREAMBLE 1+11! 1"1=1 I DATA PREAIIBLE 

U 

WRITE GATE ______________ --' 

COMPARE HEADER 
~ 

READ GATE ---I L.J 
FIGURE 1·1. Hard Sector, 4T Preamble 
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I~I ~!A I ECClpADI 

1'1 DATA I DATA I DlT~ I ECC = 
L 

L 

L 
TUF/9058-3 



Formats (Continued) 

FORMAT: I GAP I AM 4T PR~MBLE 4T PR~MBLE I~~~I D~~A I ECC I PAD I 
DP8466 FORMAT I p~~- I IIDIHEADERI'DI'DI IDA" I I DATA I p"tJt-1 WRITE/READ: 10 SYNC#l SYNC BYTES CRe / POST- DATA PREAMBLE SYNC DATA AMBLE 12 ,0-5 ECC AWBLE II ECC AMBLE 

WRITE 
HEADER/DATA: 

WRITE GATE ..J u 
AME~~ ____________________________________________ ___ 

ESDI 
COMPARE HEADER 

WRITE DATA: 
AME~~ ____________________________________________ _ 

AMF r-l~ ________________________________________________ _ 

READ GATE ____ -' 

WRITE GATE _________________ ..J 

ESDI 
COMPARE HEADER 
~ 
AME~~ ____________________________________________ __ 

AMF ____ --'r1~ ______________________________________________ __ 

READ GATE ____ -' 

TL/F/905B-4 

FORMAT: I GAP I 
MESSAGE IN: 

FORMAT WRITING 
DP8466 FIELDS: 

READING 
DP8466 FIELDS: 

WRITE 
HEADER/DATA: 

WG..J 

AM 

1 10 1 PRE-
AMBLE 

1 ID 1 PRE-
AMBLE 

FIGURE 1-2. SMD, ESDI, IBM Address Mark, 4T Preamble 

10 1 HEADER 1 HEADER 
1 10 1 10 1 DATA 1 DATA 1 DATA 1 1 DATA 1 DATA 1 10 SYNC#l SYNC BYTE BYTES eRe/ POST- PREAMBLE SriC ~C DATA ECC mfLi #2 #0 #1-5 ECC AIIBLE 

1 i c 1 

HEADER 
1 ID 1 ID 1 

1 g~~ 1 
SAME AS ABOVE 

·1 
10 SYNC#l BYTES CRC/ POST- DATA PREAMBLE 

,1-5 ECC AIIBLE 

u 
AME~ ________________________________________________ _ 

SMD 
COMPARE HEADER 

~ 

AME ..J 

AMF ____ -..Jr1~ ______________________________________________ ___ 

RG ..J 

WG __________________________________ --' 

SMD 
COMPARE HEADER 

READ DATA: 

AME..J 

AMF ____ -..Jrl~ ______________________________________________ __ 

RG ..J L-J 
TLiF/905B-5 

FIGURE 1-31. ESDI, SMD, or IBM AM, 3T Preamble 
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I 
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Formats (Continued) 

8466 
FORIlATWRIllNGAELDS: ID PREAIIBLE I II H~fOIHEADEII ~c ~ I DATA I DATA I I I DATA I PR£At.tBLE srtc DATA ECC mrLi 

8466 
READING AELDS: ID PR£At.tBLE ~C ~I--------------~S~AII=E~~~A~~~V~E~---------------~~I 

WRIIE 
HEADER/DATA: 

WG...J 

AME _____ -I 
COMPARE HEADER 
~ 

AMMODE 3 ...... LOW 
AIIE ___ ..I 

RG ___ -! 

INTERNAL AMr ,1 ___ -;. _____ ..1 

u 

L 

LATE PH~E DET. FF --.J i ...,.-T'1L-.. _____ +_--I ,I .. ______ _ 
L-..I :L 

PHASE DET. TIME ______ --'i-------:.. _______________ -! ______ -IH::-PREAIIBLE COMPLETE 

MESSAGE OUT BLOCKED 

AMr 

COMPARE HEADER 
~ 

ANMODE 3. AilE. RG. INT. AMr #1 ...... SAME ~ ABOVE 

LATEP~EOET.Fr--.J ~~ _____ ~-------------
PHASE DET. TINE _____ ..... 

MESSAGE OUT BLOCKED 

AIIr----------.... 

WG-------------------~ 

TL/F/B058-7 

FIGURE 1·4. 4T Preamble. N7Y AM (N7Y·B Mode) 
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Formats (Continued) 

FORMAT: I GAP I AM 4T PR~MBLE 4T PR+OLE I ~~ I D~~A I ECC I PAD I 
WRITE 
HEADER/DATA: 

WRITE GATE ..J u 
AME~~ ____________________________________________ __ 

COMPARE HEADER 
~ 

AUF r1~ __________________________________________________ ___ 

AME ..... DON'T CARE 

READ GATE _____ ....... 

WRITE GATE ________________ ..... 

COMPARE HEADER 
~ 

AMF r1~ ________________________________________________ __ 

AUE ••••• DON'T CARE 

READ GATE _____ ....... 

FIGURE 1·5. ESDI, SMD, or IBM AM; 41 Preamble (with Read Gate & 
AME as "don't cares" during search for AM) 

Timing Waveforms 
IBM Encoder 

1 

I~I 
MESSAGE IN .J "I" "0" 

WRITE CLOCK 

TL/F/B058-B 

L 

CODE OUT---.---r--r--j--i---;---1 rI :-----------------
.--~---~--~--.--~---~--~--~ ~----------------------. TLlF/9058-14 
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Timing Waveforms (Continued) 

IBM Decoder 

1 

(. VC~I I I I I I I I I 

CODE IN JI __ ... r1 ...... _ ... II ... _ ...... r1L.. ____ ....... II ... __ 

YCO CLOCK 

I ------.------ .. MESSAGE OUT _ ••••• =- .... .; ... ___ "" 

READ/REFERENCE 
CLOCK 

MESSAGE IN .J 

I 

tM~ult~IH 

WRITE CLOCK I..JI--.r
TL/F/905B-16 

CODEIN~ 

Ic~UI ~IH 
YCO CLOCK L.I1.J"'U'1J'"L 

TLlF/905B-1B 
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TL/F/905B-15 

MESSAGE OUT .J 
tMo~ul t~OH 

READ/REFERENCE..., ,......., ~ 
CLOCK L......I L......I 

TLlF/905B-17 

CODEOUT~ 

~Ult~OH 

CODE OUT STROBE L...r1.rl..I"l 
TL/F/905B-19 



Typical Applications 

DP84638 (2, 7) Endec Block Diagram 

WESSAGE IN __ -...,,, ___ ,, 

EXTERNAL 
PREAMBLE 

ADDRESS MARK FOUND COMPLETE:~;:~~~~~::::::=it:::::::::!::::::::::t::::::::::~::::r-~ COOE IN ~--------., J---------..... 

UNSYNC CODE 

WRITE CLOCK 
WRITE GATE 

ADDRESS MARK 
ENABLE 

RESET 

4T / 3T PREAMBLE 
EXTERNAL WRITE 

CLOCK MODE 
AM MODE 3 

AM WODE 2 

AW WODE I 

PREA.LENGTH 1 

PREA.LENGTH 0 
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D MESSAGE OUT ------+. 

READ/REFERENCE CLOCK 

CODE OUT STROBE 

TL/F/9058-12 
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CD 
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CD 
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i" 
'" 0> 

CRmAL 
OSCILLAlOR 

OR SERVO 
CLOCK 

R/W HEAD 

R/W HEAD 

.... 

... 

14 

DP8464B 
PULSE 

DETEClOR 

11 

... 
u 

d 
S 
N 

WRITE 
AMPLIFIER 

21 CLOCK 
19 

ENCODED DATA 
18 

17 

READ/WRITE 

i 
In 

~ 

~ 
0 
u 

fI 
~ 

I~ 
i! 
'" u ; 

18 

CODE OUT .... 
24 

8 
12 

vcc .... 26 

GND .... 11 

RESET .... 14 
16 

Hard Disk Chip Set with (2, 7) RLL Codes 

DP8462 
DATA SYNCHRONIZER 

8 13 
POSSIIll 
BUFFERS 

.... 
~I READ GATE ;! a 
~ 

fI 
t:! READ CLOCK 
z 

~ 
u 

~ ADDRESS MARk ENABLE 

U. ADDRESS UARK roUND 
SECO!I!. .. 

~ A,."M-;- SECTOR MARK 9 
u 

~ ARST 
~ ~ 

\j 

~ 
lil WRITE Ct.OCK 

9 ill ~ u 3 

~ 
.. 

m >i >i ~ ;::5 
8 .. c c 

WRIT[ GATE 

I 
6 5 21 4 25 23 10 22 MESSAGE IN WRITE NRZ DATA 

9 

MESSAGE OUT READ NRZ DATA 

DP8463 7 
(2.7) ENDEC 

I I EXTERNAL PREAMBLE COMPLETE 
20 USER 

17 27 1 19 28 15 2 3 I CIRCUIT 

t 
PROGRAMMING PINS 

NC 
(DPIIONAL) 

4T / 3f PREAMBLE 

WRITE CLOCK MODE 

-] AMM2 ADDRESS MARK MODE: 
AMMI HARD SECTOR; SOFT SEClOR: SMD. IBM. N7V 

AMMO 

PL 1 J PREAMBLE LENGTH READ 
PLO 6 BYTES. 8 BYTES. It m. SELECT 

,. 
2. 

13 

11 DPme 
DISl< DATA 

22 CONTROLLER 

21 

2. 

11 

15 

DP8463B 

~ 
'a 

~ 
~ 
'a 
"2-
(;' 
!. 
0' 
::1 
fn 

i 
:::J 
c: 
CD .s 
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~National 
~ Semiconductor 

PRELIMINARY 

DP8469 Synchronizer/2,7 Endec 

General Description 
The DP8469 data synchronizer/2,7 endec is intended for 
use in magnetic disk, optical disk, or tape drives during read
ing and writing operations. The device utilizes a fully inte
grated PLL to synchronize 2,7 serial code and convert data 
between one of several hard and soft sectored versions of 
2,7 RLL (Run Length Limited) and serial NRZ code format. 
The DP8469 synchronizer / endec incorporates both the 
DP8459 synchronizer and the DP8463 2,7 code endec func
tions together in a 28-pin PCC package. 

In the read mode, the device receives 2,7 RLL coded data 
from the drive's pulse detector, optionally compensates it 
for pulse pairing, next resynchronizes it, and then decodes 
the data to NRZ format for output to the controller. 

In the write mode, the device receives NRZ data from the 
disk controller, encodes it in one of nine different 2,7 RLL 
hard/soft sectored formats, and then sends the data out to 
the drive with optional 3T precompensation. 

The device generates and recognizes the following 2,7 ad
dress mark formats; ESDI, ESDI noise tolerant, SMD, SMD 
noise tolerant, ST506, hard sector and three variations of 
ESDI, IBM, & ST506 optimized for the DP8466 controller. 
The address mark format is selected by 4 bits in a control 
register. A 3T or 4T pattern preamble can be used in any of 
the address mark modes determined by one bit in a control 
register. 

The synchronizer provides a dual gain phase locked loop 
which offers a high bandwidth mode for preamble lock ac-

Block Diagram 

quisition and a low bandwidth mode for reading data. Two 
ports are provided for the PLL filter to enable use of higher 
order filter designs. The synchronizer has a Zero-Phase
Start feature which helps to minimize acquisition time in 
both read and write modes. A PHASE COMPARATOR 
TEST function is also provided for observation of PLL loop 
dynamics and determination of average media bit shift. The 
2,7 OUTPUT pin provides the logical OR of the phase com
parator's pump up and down outputs when operated in one 
of the test modes. (Continued) 

Features 
• NRZ to 2,7 RZ RLL encoding/decoding 

• 3T and 4T preamble generation/detection 

• 1.5 Mbitls to 24 Mbitls data rates 
• ESDI, SMD, and ST506 soft sectoring 

• Hard sectoring 
• Fully integrated dual-gain PLL 
• Zero-Phase-Start lock sequence 

• Digitally controlled window strobe 

• Digital write precompensation 
• Digital pulse pairing compensation 

• TTL compatible inputs and outputs 

• +5V supply 
• Packaging availability: 

- 28-pin Plastic Chip Carrier (PCC) 

DP8469 Synchronizer12,7 Endec 

CPO Rboost 
VCO VCCA VCCD GNDA GND D 

TEf In Rnomlnal ...L...L...L...L 

Coast 

Reference ------1~ 
RdjRef Clock 

r--+lL-~_J~;;;;"':;'=l,--_..,.,..._..J""-"P"At.4f 
Oscillator 

2,7 
In 
2,7 
Out 

pulse 
paired 

2,7 

Pulse Pairing 

i i 
TIming Pulse 

Capacitor Polarity 

2,7 RLL 
Encoder 

i f 
NRZ Write 
In Clock 
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At.4E 
Read Gate 

Write 
Gate 

CR Data ..... .....,-_-r-_ ....... ..--CR Clock 

Bit Out RC Ad) 

TLIF/938S-2 
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General Description (Continued) 

A precise synchronization window is provided on chip using 
a self-aligned silicon delay line which remains accurate in
dependent of temperature, power supply, external compo
nents and IC process variations. A strobe early/late function 
is provided which allows the synchronization window to be 
digitally adjusted to allow for error recovery or margin test
ing. The window can be shifted up to 20% in steps of 1.25% 
by 5 bits in a control register. 

The synchronizer's data rate range is 1.5 Mbitls to 
24 Mbitls. This range is divided into four operating regions 
each providing a 2 to 1 span in VCO frequency. Selection of 
one of the four data rate regions is controlled by two bits in 
a control register. 

A READ/REFERENCE CLOCK is provided to serve as both 
a read and write clock source for the controller. The READ/ 
REFERENCE CLOCK outputs the VCO divided by two dur
ing the read mode, after READ GATE has gone active and 
the Zero-Phase-Start sequence has been completed. In the 
non-read mode, READ/REFERENCE CLOCK outputs REF
ERENCE OSCILLATOR divided by two. The circuitry incor
porates a non-glitching multiplexer to ensure no erroneous 
clock pulses occur during the switch between input sources. 

A digital precompensation feature is provided for write oper
ations to compensate for bit shift due to data crowding on 
the media. The device will precompensate 3T code which is 
adjacent to greater than 3T code by selecting 1 of 6 bit 
shifted steps determined externally on the TC pin with an 
RC time constant by the user. 

A digital pulse pairing feature is provided to compensate for 
any pulse detector or line driver induced pulse dissymmetry. 
The device uses the channel polarity output provided by the 
DP8464/68 pulse detectors to adjust every other pulse by 1 
of 6 bit shifted steps determined externally on the TC pin 
with an RC time constant by the user. The RC time constant 
can be programmed to be different from the write precom
pensation time constant by connection of an additional re
sistor from the RC pin to the open collector RC ADJ pin. 
The RC ADJ pin can be programmed to go active LOW 
when WRITE GATE is either at a HI or LOW level state via 
one bit in a control register. 

Pin Out 

4 3 2 1 28 27 26 

2.7 Out - 5 25 I- ANF 

2.7 In - 6 24 I- AWE 

CR Enable - 7 

Pulse Polarity - 8 

Coast - 9 

DP8469V 
23 I- BIT Out 

22 I-RC Adj 

21 I- Write Gate 

20 I- Write Clock 

19 I-NRZ In 

TL/F/9386-1 
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Pin Descriptions 
Pin 
No. 

Description 

POWER SUPPLIES 

18 ANALOG Vee: Analog positive 5V supply, ±5%. 

2 DIGITAL Vee: Digital positive 5V supply, ± 5%. 

17 ANALOG GND: Analog negative supply pin. 

4 DIGITAL GND: Digital negative supply pin. 

CONTROLLER INPUTS 

11 CR DATA: Data input for a 24-bit control register 
which selects strobe window, precompensation, 
pulse pairing bit shift, data rate range, and 
address mark modes. This input is also used to 
set test mode conditions as described in 'the Test 
Mode Operation section. 

IOCR CLOCK: Positive edge triggered clock input 
for the 24·bit control register. This input is also 
used to set test mode conditions 'as described in 
the Test Mode Operation section. 

7 CR ENABLE: A control input which enables 
loading of mode information via CR DATA and 
CR CLOCK when active LOW. Mode information 
is latched into the part when CR ENABLE is 
transitioned HI. This input is also used to set test 
mode conditions as described in the Test Mode 
Operation section. 

9 COAST: The control input for a coast function 
which may be activated when READ GATE is 
either HI or LOW. When the coast Input is LOW, 
the phase comparator is disabled and held in a 
cleared state, allowing the VCO to coast 
regardless of 2,7 code input or reference 
oscillator activity. No other circuit functions are 
disturbed. When CST is inactive HI, the 
synchronizer operates normally. 

28 READ GATE: A mode control input from the disk 
controller. In the ESDI address mark modes of 
operation, READ GATE should not be 
transitioned HI until AMF is active HI. In the 
ST506 modes of operation, READ GATE is 
prevented from being passed to the synchronizer 
until four consecutive 3T or 4T preamble 
patterns are recognized by the device. In Hard 
Sector mode of operation, READ GATE should 
not be transitioned HI until the Index Sector Gap 
is found. After READ GATE has transitioned HI, 
the synchronizer will lock to the 2,7 INPUT data 
rate using a Zero-Phase-Start and frequency lock 
routine. When READ GATE is transitioned LOW, 
the synchronizer will lock to the REFERENCE 
OSCILLATOR input using a Zero·Phase-Start 
and frequency lock routine. READ GATE timing 
is allowed to be fully asynchronous. 

21 WRITE GATE: A mode control input from the 
controller which allows 2,7 encoding and writing 
of header and data to the disk when active HI 
and which prohibits writing of header or data 
when LOW. 



Pin Descriptions (Continued) 

Pin 
Description 

No. 
Pin 

Description 
No. 

CONTROLLER INPUTS (Continued) DRIVE INPUTS 

20 WRITE CLOCK: Clock input from the controller 6 2,7 IN: Incoming data derived from the storage 
for writing NRZ WRITE DATA to the disk in 2,7 media, issued from a pulse detector circuit. Each 
encoded format. positive edge represents a single recorded bit. 

t9 NRZ IN: NRZ data input from the controller B PULSE POLARITY: Input derived from 
which is encoded on the disk in 2,7 Rll format DPB464/B pulse detector's channel polarity 
on the positive transition of WRITE CLOCK after output which enables the pulse pairing circuitry 
address mark and preamble field write to identify which pulse transition to shift. 
operations. In non-ST506 mark modes of 
operation, the NRZ IN must remain lOW 
throughout the address mark and preamble field 

DRIVE OUTPUTS 

5 2,7 OUT: Outgoing 2,7 Return-to-Zero (RZ) data 
write operations and transition HI and remain HI for recording onto the storage media. Each 
for a minimum of tWo NRZ bits after termination positive edge represents a single recorded code 
of preamble to indicate the start of byte sync. In bit. The 2,7 OUT's positive or negative phase 
the ST506 address mark modes of operation, the transition edge can be shifted by programming 
NRZ IN must remain lOW until the termination of Bits 5 through 7. 
the address mark write operation and then must 
transition HI for a minimum of one NRZ bit to EXTERNAL SOURCE INPUTS 

indicate the start of byte sync. 1 REFERENCE OSCILLATOR (REF OSC): A 

24 ADDRESS MARK ENABLE (AME): This input 
must be held HI while writing an Address Mark. 
During a read operation, in the ESDI and SMD 
address mark modes, the AME pin must be held 
HI to search for an address mark. Termination of 

reference frequency input required for DPB469 
operation. The signal must be crystal or servo 
derived (accurate and highly stable), at a 
frequency approximately equal to the 2,7 code 
rate. (i.e., twice the NRZ data rate.) 

the AME HI condition will reset AMF to the lOW 14 CHARGE PUMP OUTPUT (CPO): The output of 
state. The AME logic level is not relevant during the high-speed, bi-directional current source 
a read operation in the non-ESDI and SMD switching circuitry of the charge pump. The 
modes of operation. external, passive Pll filter network is 

CONTROLLER OUTPUTS established between this pin, the VCO INPUT 
pin, and ground. 

27 READ/REFERENCE CLOCK (READ/REF 
ClK): An output which clocks NRZ OUT data for 
the controller. In the read mode, after the zero· 
phase·start sequence is completed, READ/REF 
ClK issues the VCO divided by two signal. In the 
non·read mode, READ/REF ClK will issue the 

15 VCO IN: The high-impedance control voltage 
input to the voltage controlled oscillator (VCO). 
The external, passive Pll filter network is 
established between this pin, the CHARGE 
PUMP OUTPUT pin, and ground. 

REF OSC input signal divided by two. 16 TIMING EXTRACTOR FILTER (TEF): A pin for 

26 NRZ OUT: Decoded output data for the 
controller which is strobed on the positive 
transition of READ/REFERENCE CLOCK. This 
output can be programmed by Bit 11 to become 
tri·stated when READ GATE is inactive lOW so 

the connection of external, passive components 
employed to stabilize the delay line timing 
extraction circuitry. The delay line accuracy is not 
a function of external component values or 
tolerances. 

it can share a common lead trace with NRZ IN. If 22 RC ADJ: A bipolar open collector output which 
separate traces are used for NRZ IN and NRZ can be used to adjust the precompensation or 
OUT, Bit 11 should be programmed to a lOW pulse pairing Timing Capacitor (TC) pin RC time 
state, keeping NRZ OUT always active HI or constant by connection of a resistor between the 
lOW. RC ADJ and TC pins. The RC ADJ output is the 

25 ADDRESS MARK FOUND (AM F): An active HI 
output for the controller to indicate the first 2,7 

logic true or complement state of WRITE GATE 
programmed by Bit B in the control register. 

pulse beyond a valid address mark has been 23 BIT OUT: A bipolar open collector output who's 
found. The AMF remains HI until AME transitions state is determined by the control register Bit 10 
lOW in the ESDI and SMD address mark modes. logical state. This undedicated output could be 
The AMF remains HI until READ GATE is used to provide additional RC time constant 
deasserted in the ST506a mode. In the three variability or window strobe adjustment by 
DPB466 address mark modes, ESDI, IBM, and connection of resistors between the BIT OUT 
ST506b, AMF returns lOW after the second 2,7 and the TC or CPO pins. 
code is encountered beyond a valid address 
mark gap. AMF is not a relevant output in Hard 
Sector mode. 
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Pin Descriptions (Continued) 

Pin 
Description 

No. 

ANALOG SIGNAL PINS 

12 RNOMINAL (RNOM): A resistor is tied between 
this pin and Vee to set the charge pump nominal 
operating current. The current is internally 
multiplied by 2 for charge pump use. This pin is 
also used to enable the test modes as described 
in the Test Mode Operation section. 

13 RBOOST: A resistor is tied between this pin and 
Vee to set the charge pump boost (or adder) 
current which is multiplied by 2 for use by the 
charge pump. The RBOOST resistor is 
electrically paralleled with the RNOMINAL 
resistor until preamble lock is acquired. If no 
boost current is desired, a high value resistor 
must be tied to this pin to ensure its level is not 
allowed to drop below 2V and activate the 
production test mode circuitry. 

Synchronizer Operation 
The DP8469 is initialized by loading the desired mode selec
tions, such as address mark format and 3T/4T Preamble 
pattern, via the CR DATA, CR CLOCK and CR ENABLE 
inputs. Loading is accomplished by taking the ENABLE in
put active LOW, and clocking in the mode selection data on 
the positive going edge of CR CLOCK. The modes are 

Connection Diagram 

latched into the device when the CR ENABLE input is tran
sitioned HI. The mode selections are indicated in the Truth 
Tables section. 

In the non-Read mode, the DP8469 PLL is locked to the 
REFERENCE OSCILLATOR Signal. This permits the VCO to 
remain at a frequency very close to the media bit-rate while 
the PLL is "idling" and thus will minimize the frequency step 
and associated lock time requirement encountered at the 
initiation of lock to 2,7 INPUT data. When READ GATE is 
transitioned low to begin the non-Read mode, a Zero
Phase-Start and frequency acquisition sequence are em
ployed to insure lock. The REFERENCE OSCILLATOR sig
nal is also used during this time to set the time delay of the 
internal delay line. Note that this requires the REFERENCE 
OSCILLATOR signal to be present at all times at a stable 
and accurate frequency for proper DP8469 operation. 

In the non-ST506 modes of operation, at the assertion of 
READ GATE, which is allowed to be done asynchronously 
(no timing requirements), and following the completion of 
two subsequent VCO cycles, the DP8469 VCO is stopped 
momentarily. The VCO is then restarted in accurate phase 
alignment with the second data bit which arrives subse
quent to the VCO pause. This minimization of phase mis
alignment between the 2,7 READ DATA and the VCO (re
ferred to as Zero-Phase Start, or ZPS) significantly reduces 
the data lock acquisition time. 

The DP8469 incorporates a preamble-specific acquisition 
feature which is employed for all non-ST506 modes of oper
ation where READ GATE is asserted only within a pream
ble. In these modes, after READ GATE is asserted HI, the 
device will be forced to lock to the exact 3T or 4T selected 
preamble frequency. The frequency discriminating action of 

Reference 
Oscillator Disk 
(or .ervo Drive 

clock) Head 

T T 

Charge Pump VCC Reference Pulse 2.7 2,7 
Output Analog Digital Oscnlator Polarity In out 

VCO Input CR Data 
CR Clock Status 
CR Enable Controller 

TIming DP8469 Coast 

Extractor 
RHer 

Read Gato 
Rboost Write Gate 

Write Clock 
Host 

Rnomlnal NRZ In 
AME System 

Data 
Controller 

NRZ Out 

TIming Road/RofClock 

Cop AMF 

RC Ad) 
Analog Digital 

Gnd 
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Synchronizer Operation (Continued) 

the PLL provided in these modes produces a lock-in range 
equivalent to the available VCO operating range and thus 
eliminates the possibility of fractional-harmonic lock. Win
dowing (pulse gate action; see Pulse Gate Section) is pre
vented. (National Semiconductor's Application Note AN-
414, in the APPS Handbook # 1, 1986, Mass Storage, has 
an explanation of typical false lock modes). 

In the ST506 modes of operation, at the assertion of READ 
GATE, the 2,7 IN data pattern is first sampled asynchro
nously and the synchronizer ZPS lock-on sequence is pre
vented until four serial preamble patterns are recognized. 
The synchronizer only operates in a (pulse gate action) 
phase lock mode during ST506 operation. 

The user is provided, in the non-ST506 modes, the option of 
an elevated PLL bandwidth during preamble acquisition for 
an extended capture range. An ReoOST pin is provided to 
allow for an increase in charge pump gain over and above 
the level set by the RNOMINAL pin. The net current through 
either RNOMINAL or RNOMINAL II ReOOST is multiplied inter
nally by 2 for use by the charge pump. The user should 
connect a high value resistor to ReoOST if an elevated PLL 
bandwidth is not desired to ensure the pin does not fall 
below the 2V test inactive HI logic threshold. 

The READ/REFERENCE CLOCK issues a waveform de
rived from the REFERENCE OSCILLATOR input during the 
non-read mode (i.e., READ GATE inactive). In the read 
mode, following the assertion of READ GATE, the comple
tion of the Zero-Phase-Start sequence, and in the case of 
ST506 modes, the recognition of a short 3T or 4T preamble 
pattern, REFCLK issues a waveform derived from the VCO 
signal. Once data lock is achieved in the read mode and the 
first bit of the byte sync field is encountered, the NRZ OUT 
and the READ/REFERENCE CLOCK outputs are held in a 
fixed, specified timing relationship. The READ/REFER
ENCE CLOCK output switches between input sources with
out glitches. 

A COAST control input is provided which serves to clear the 
phase comparator and disable charge pump action whenev
er taken to an active LOW level. This function is made avail
able to allow the PLL to free-run, undisturbed, while a de
tectable defect is being read from the media in a region 
where re-initiation of the lock procedure is impractical (e.g., 
data field). External data controller circuitry is responsible 
for the detection of the defect and issuance of the COAST 
command. The primary application of this feature is expect
ed to be optical disk bright-spot avoidance, though it will 
lend itself to other applications as well. 

As in the previous family of National Semiconductor data 
separators/synchronizers, the DP8469 provides a PHASE 
COMPARATOR TEST function in TEST MODE 4 on the 2,7 
OUT pin. This PCT output issues a signal which is the logical 
OR of the phase comparator's pump-up and pump-down 
outputs. In lock, this output serves to indicate the relative 
displacement of the current data bit with respect to the in
ternal VCO phase (window center) on a one-for-one basis. 
When in completely stabilized lock with no bit displacement, 
the PCT output will issue a pulse of a finite, minimum-valued 
width for each arriving data pulse. If any data pulse is dis
placed with respect to the VCO phase, the PCT output pulse 
will widen by an amount equivalent to the bit displacement. 
This signal may be integrated over time and employed to 
determine the average magnitude of media bit shift. Addi
tionally, the amplitude modulations on this output resulting 
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from phase corrections occurring over time produces a 
waveform envelope which can be employed for observation 
of PLL dynamics. This is particularly useful if intrusive prob
ing of the PLL filter nodes is not desirable. 

The DP8469 provides a 1.5 Mbits/s to 24 Mbits/s data rate 
operating range. In order to achieve this span, the operation 
of the VCO has been divided into four regions, each of 
which contains a 2:1 frequency range. This provides contin
uous frequency coverage from the lowest to the highest 
data rate. Selection of one of the four data rate regions is 
made by latching bits 16 and 17 in a control register as 
shown in the Data Rate Truth Table. 

The DP8469 also allows for flexible control of the synchroni
zation window. The strobe function allows the user to shift 
the sync window in equal steps (-1.25% of the total oper
ating window width per step, eg., -0.7 ns at 10 Mbitls) 
from approximately 20% early to 20% late with respect to 
nominal window position. This function may be employed for 
(1) margin testing (e.g., ±15%), or (2) error recovery read 
re-try operations (e.g., ±2% to ±3%). Additionally, a win
dow alignment routine could be incorporated within the sys
tem which would enable the user to obtain a window margin 
which is within ± 1.25% of nominal, regardless of the initial 
window performance of the DP8469. Such a routine could 
be configured to determine the maximum allowable early 
and late window positions via the strobe function, and then 
fix the device's window in the arithmatlc mean position. Se
lection of sync window shift is made by latching Bits 19 
through 23 in the control register. 

The DP8469 provides two pins for PLL filtering purposes, 
CHARGE PUMP OUTPUT (CPO) and VCO INPUT (VCO IN). 
These provide the user with great flexibility in filter design. 
They permit high-order filter functions for greater bit jitter 
rejection and PLL lock characteristic optimization. For sim
ple 2nd or 3rd order applications, CPO and VCO IN are tied 
together (single-node) and a simple CIi(R+C) filter is tied 
between these and ground. More esoteric filter designs may 
be implemented if the pins are electrically separated and a 
two-port filter network is established between CPO, VCO IN, 
and ground. National Semiconductor only supplies a PLL 
filter recommendation for the single-node configuration, with 
the qualifying statement that they are very general in nature 
and are NOT optimized for any particular system. For opti
mum performance, the user should pursue a filter design 
which is individualized and tailored to the requirements of 
their specific system. This is particularly true for the two-port 
filtering technique. Reference the Connection Diagram for 
initial single-node filter design recommendations. 

The DP8469 VCO is constrained at all times to operate with
in a frequency swing of approximately ± 30% of the fre
quency present at the REFERENCE OSCILLATOR input. 
Internal frequency detector/comparator circuitry senses 
when the VCO overruns the 30% boundary and forces the 
charge pump to charge in the direction necessary to move 
the VCO back toward the REFERENCE OSCILLATOR fre
quency. This charge pump action will continue until the 30% 
constraint is again satisfied. VCO runaway is thus avoided in 
the event that lock is lost or during extended periods where 
2,7 READ DATA is not present. Additionally, this technique 
causes the VCO INPUT voltage to behave as if a voltage 
clamp were present which prevents the control voltage from 
drifting outside of its operating range and inadvertantly ex
tending lock recovery time. 

• 
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! Precompensation/Pulse Pairing ~~~!~I!d~:tl~::) t~~eg~D~~~~~ti~~~~, ~~~~~f ~:{~~ 
~ Operation goes active HI and remains HI until the controller deasserts 

AME. The ENDEC's NRZ output will remain at a blanked La Write precompensation circuitry is provided which allows 
the user to compensate for media bit shift. The tightest 2,7 level during the entire address mark read operation. 
code bit pattern, a 1001 sequence, can be compensated for PREAMBLE FIELD 

when adjacent to 4T or greater sequences by shifting the Writing a preamble field in the header segment is initiated by 
appropriate bit either early or late by as much as 50%. The the deassertion of the AME input (WRITE GATE being al-
compensation amount is controlled digitally with control reg- ready active HI). Writing a preamble field in the data seg-
ister Bits 5 through 7. The amount of shift is determined by ment is initiated by the deassertion and then reassertion of 
the user with an external RC time constant on the Timing WRITE GATE while AME input remains inactive La. A La 
Capacitor pin. The amount of shift per step can be as little level is required on the NRZ input prior to writing either the 
as 0.25 ns or as much as 10% of the window. A precompen- header or data segment preamble fields. Writing a minimum 
sation algorithm could be devised by the user to calibrate of 11 bytes of preamble will ensure that the synchronizer 
the disk at each startup to maximize the window margin. has sufficient time to reach a stable lock condition in the 
Read pulse pairing Circuitry is provided which allows the read mode. The preamble field length is determined by pro-
user to compensate for pulse detector induced dissymme- viding a positive going transition on the NRZ input (signify-
try. The device uses the Channel Polarity output of the ing the beginning of the sync byte field). This HI level on the 
DP8464/8 to sense the polarity source of the 2,7 IN pulses NRZ input causes the insertion of a phase sync mark prior 
and shift every other pulse sent to the synchronizer up to as to writing the byte sync and subsequent NRZ fields to the 
much as 50% of the window. The amount of shift is deter- disk. The phase sync mark is a variable (2 bit maximum) 
mined by the user with an external RC time constant on the code inserted into the data stream to enable the ENDEC to 
Timing Capacitor pin. The circuit provides six bit shift set- properly align the phase of the 2,7 RLL code during the 
tings programmed by the control register bits 0 through 3 decoding operation. 
with a 0.25 ns minimum resolution between settings. An al- The header segment's preamble field is identified in the 
gorithm can be devised by the user to calibrate the disk at read mode when the AMF output transitions HI. Assertion of 
each startup to maximize data throughput. (The pulse paired READ GATE in ESDI Address mark mode activates the syn-
2,7 data pulses with which the synchronizer is pres.ented chronizer to begin lock-on. The SMD Header field preamble 
can be observed in TEST MODE 2 on the 2,7 OUT pin.) read operation commences when AMF transitions to an ac-
The RC ADJUST and BIT OUT pins allow the user to set the tive HI level. Correct data segment preamble lock-on re-
ranges for precompensation and pulse pairing independent- quires READ GATE to be deasserted just prior to the write 
Iy from one another. The RC ADJUST pin's output state can splice field and reasserted no sooner than one bit into the 
be programmed to be either the same or inverse of WRITE preamble field. During header or data field preamble lock-on 
GATE by Bit 8 in the control register. The BIT OUT pin's the READ/REFERENCE CLOCK source is switched over 
state is simply the state of Bit 10 in the control register. from the reference oscillator to the internal VCO source af

ESDI and SMD Address Mark 
Operation 
ADDRESS MARK FIELD 

An ESDI or SMD address mark can be written at the start of 
each sector by the assertion of WRITE GATE. Assertion of 
ADDRESS MARK ENABLE after write head stabilization has 
occurred causes the address mark (a three byte wide no 
flux transition gap) to be written on to the disk. Deassertion 
of AME terminates the address mark write operation. 

To begin a search for an ESDI address mark, AME should 
be asserted while READ GATE and WRITE GATE are both 
held La. To begin a search for an SMD address mark, AME 
and READ GATE should both be Simultaneously asserted. 
These actions instruct the ENDEC to begin searching for 
the presence of a no flux transition gap which exceeds 2 
NRZ bytes in length. Fully compliant ESDI and SMD modes 
require that no flux transitions occur during the entire 2 byte 
wide gap. Noise tolerant ESDI and SMD modes allow 1 flux 
transition any time during a 2 byte wide gap. When the 
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ter the zero-phase-start sequence and two data bits have 
occurred. Control register bit 18 selects when the PLL 
switches between HI and LOW gain operation. With bit 18 
= HI, the synchronizer switches from HI gain to LOW gain 
on the assertion of READ GATE, and with bit 18 = LOW, 
the gain switch takes place after the preamble has been 
detected; 15 continuous 4T or 31 continuous 3T preamble 
patterns. The ENDEC will blank the NRZ output throughout 
the entire preamble field read operation with a La level. The 
phase sync mark written at the close of preamble enables 
the ENDEC to phase align the 2,7 decoder and then acti
vate the NRZ output on the first bit of the sync byte field. 

SYNC BYTE FIELD 

A sync byte field can be written any time after a minimum of 
11 bytes of preamble field have been written to the disk. 
The sync byte word must contain a logical ONE in the lead
ing two bit positions for the ENDEC to properly terminate 
the preamble field write operation. The sync byte and sub
sequent fields until READ GATE is deasserted can be any 
desired byte length. 
During a read operation, the sync byte word will be the first 
non-zero NRZ output level output to the controller after 
READ GATE is asserted. 
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ST506 Address Mark Operation 
PREAMBLE FIELD 

Writing a header segment preamble field is initiated by the 
assertion of WRITE GATE. In the data segment, writing a 
preamble field is accomplished by the deassertion and then 
reassertion of WRITE GATE. Writing a minimum of 11 bytes 
of preamble will ensure that the synchronizer has sufficient 
time to reach a stable lock condition in the read mode. The 
preamble field length is determined by providing a positive 
gOing transition on the AME input (signifying the beginning 
of the address mark field). This AME HI level causes the 
insertion of a phase sync mark prior to writing the address 
mark and subsequent fields to the disk. The phase sync 
mark is a variable (2 bit maximum) code inserted into the 
data stream to enable the EN DEC to properly align the 
phase of the 2,7 RLL code during the decoding operation. 

Preamble field lock-on begins when the controller asserts 
READ GATE. During preamble lock-on in either the header 
or data segments, the READ GATE input is prevented from 
activating the synchronizer until 4 consecutive occurrences 
of the selected 3T/4T preamble. Once the synchronizer's 
zero-phase·start lock sequence has been completed and 
two data bits have occurred the READ/REFERENCE 
CLOCK source is switched over from the reference oscilla
tor to the internal VCO source. In ST506 mode, the PLL gain 
is automatically switched from HI gain to LOW gain on the 
assertion of READ GATE. Control register bit 18 is overrid
den, and has no effect on circuit operation. A typical pream
ble field read operation in the data segment includes the 
deassertion of READ GATE just prior to the write splice field 

ST506 MODE Control Waveforms 

and reassertion no sooner than one bit into the preamble 
field. An address mark must be provided in the data seg
ment. The NRZ OUTPUT remains LOW throughout the en
tire preamble field read operation. 

ADDRESS MARK FIELD 

Writing an ST506 address mark can begin after a sufficient 
number of preamble field bytes have been written. Assertion 
of AME causes the address mark (an eight-bit non-2,7 RLL 
code violation pattern) to be written on to the disk. Deasser
tion of AME terminates the address mark write operation. 

During a read operation, the device will not recognize an 
address mark event until preamble detection is established. 
In the standard ST506 address mark mode, the ADDRESS 
MARK FOUND output, upon detection of the address mark 
pattern, will transition active HI a minimum of 2 NRZ bits 
prior to the start of the sync byte field and remain active HI 
until the deassertion of READ GATE. In the DP8466 version 
of ST506 operation, the AMF output will pulse HI for one 
NRZ data bit duration after detection of the address mark. 
The ENDEC's NRZ OUTPUT will be held at an active LOW 
level during the entire address mark read operation. 

SYNC BYTE FIELD 

A sync byte field can be written by deasserting AME while 
WRITE GATE is HI. The sync byte and subsequent fields 
until READ GATE is deasserted can be any desired byte 
length. During a read operation, the sync byte word will be 
the first non-zero NRZ OUTPUT level provided to the con
troller after READ GATE is asserted. 

Write Cycle 

DISK fiElD REGIONS 

Writ, Gat, 

Read Gate 

Address Mark Enable 

NRZ Input 

I Preamble Address 
Mark Gap 

Sync I H •• d" I CRC/ECC I Pad I Write I 
Byte SpOce 

Preamble I Address 
Mark 

I I I I %0;:_. (1) I ~o;:.- (1) 

___ --I. L.)IOOOOOOO()@~: ~..liI..lOA0000()4~~ ___ ----l1 OOXX:@T~XX 
TL/F/9386-8 
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ST506 MODE Control Waveforms (Continued) 

Read Cycle 

DISK FIELD REGIONS 

Writ. Gat, 

R .. d Gate 

Add .... Marie Found -- --~ ~ 

NRZ Output __ ..;.(b_lln_kod,;..> _...II L;DOOOOOOO€I~:~~~JOOOOO4~~L-......::(bIa:;;n:::kod::...> __ ......JI DOO(!)OC@T~XX 

Hard Sector Operation 
PREAMBLE FIELD 

Writing a header segment preamble field is initiated when 
the controller responds to an Index Sector Pulse (ISG) and 
asserts WRITE GATE. Writing a data segment preamble 
field is initiated only after the deassertion and then reasser
tion of WRITE GATE. A LOW level is required on the NRZ 
INPUT prior to writing the preamble field in either the header 
or data segments. Writing a minimum of 11 bytes of pream
ble will ensure that the synchronizer has sufficient time to 
reach a stable lock condition in the read mode. The pream
ble field length is determined by providing a positive going 
transition on the NRZ INPUT (signifying the beginning of the 
sync byte field). This HI level on the NRZ INPUT causes the 
insertion of a phase sync mark prior to writing the byte sync 
and subsequent fields to the disk. The phase sync mark is a 
variable (2 bit maximum) code inserted into the data stream 
to enable the ENDEC to properly align the phase of the 2,7 
RLL code during the decoding operation. 

The preamble field read operation commences in the head
er segment when the controller responds to the ISG pulse 
from the drive and asserts READ GATE. Correct preamble 
field lock-on requires READ GATE to be deasserted just 
prior to the write splice field and reasserted no sooner than 
one bit into the preamble field. During preamble field lock-
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on in either the header or data segments, the READ/REF
ERENCE CLOCK source is switched over from the refer
ence oscillator to the internal VCO source after the zero
phase-start sequence and two data bits have occurred. 
Upon detection of 31 continuous 3T or 15 continuous 4T 
preamble patterns, the synchronizer automatically reverts 
from a high gain to a low gain loop bandwidth. The EN DEC 
will hold the NRZ OUTPUT LOW throughout the entire pre
amble field read operation. The phase sync mark written at 
the close of preamble enables the ENDEC to phase align 
the 2,7 decoder and then activate the NRZ OUTPUT on the 
first bit of the sync byte field. 

SYNC BYTE FIELD 
A sync byte field can be written any time after a minimum of 
11 bytes of preamble field have been written to the disk. 
The sync byte word must contain a logical ONE in the lead
ing bit position for the ENDEC to properly terminate the pre
amble field write operation. The sync byte and subsequent 
fields until READ GATE is deasserted can be any desired 
byte length. 

During a read operation, the sync byte word will be the first 
non-zero NRZ OUTPUT level provided to the controller after 
READ GATE is asserted. 



ST506 (DP8466) MODE Control Waveforms 
Write Cycle 

DISK fiElD REGIONS 

Preamble Address Sync I Header I CRC/ECC I Pod I Write I Preamble I Address s~~q Data I ECC I Pad I Wark Byte Splice Mark 

I 
Write Gate -
Rea.d Gate 

Address Mark Enable Il 
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Hard Sector MODE Control Waveforms 

DISK FIELD REGIONS 

Writ. Gale 

Read Gal. 

NRZ Input 

DISK FIELD REGIONS 

Wrile Gale 

R .. d Gale 

NRZ Outpul 

Preamble 

(blanked) 

Sync 
Byl. 

Write Cycle 

Read Cycle 
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Reference Tables 
Precompensatlon Bit Patterns 

Bit Bit Bit 
Target 

Bit Bit Bit 
t-3 t-2 t-1 

Bit 
t+1 t+2 t+3 

t 

0 0 0 none 0 0 0 
1 0 0 none 0 0 1 
1 0 0 < early 0 0 0 
0 0 0 late> 0 0 1 

NRZ to 2,7 Code Conversion Table 

NRZ 2,7 Code 
First Last First Last 

0 0 0 0 0 0 1 0 0 
1 0 0 1 0 0 

0 1 0 1 0 0 1 0 0 
0 0 1 0 0 0 1 0 0 1 0 0 

1 1 1 0 0 0 
0 1 1 0 0 1 0 0 0 

0 0 1 1 0 0 0 0 1 0 0 0 

(2,7 1,2,3) RLL Code Definition 
2 = Minimum number of Zeroes between adjacent ones 
7 = Maximum number of Zeroes between adjacent ones 
1 = NRZ data bits for relative conversion ratio 
2 = 2,7 data bits for relative conversion ratio 
3 = Number of different word lengths 

Test Mode Operation 
The DP8469 provides 7 special test modes. With the excep
tion of the Conditioned 2,7 Inut (CIN-2,7) and Phase Com
parator Test (PCn, these special test modes are intended 
for production testing. The CIN-2,7 data is the pulse-pairing 
corrected data from the pulse detector, and can be used to 
determine the proper RC combination and timing step to 
use. The PCT data is the logical ORing between charge 
Pump Up and charge Pump Down, and can be used to ex
amine the locking action of the PLL. Together, they will al
low the user to fine tune the application to insure minimum 
jitter during readback. The PCT function is present on the 
2,7 OUT pin in test mode 4 (load 100, LSB first). The CIN-
2,7 function is present on the 2,7 OUT pin in test mode 2 
(load 010, LSB first). 

The test modes are set by a 3 bit test register that is ac
cessed via the ReoOST and RNOMINAL inputs. In an applica
tion, both ReoOST and RNOMINAL are held above the 2V 
threshold clearing the test register to mode 0, and allowing 
both HI and LOW gain PLL action. This insures that the 
device will always power-up in the normal operating mode. 
By pulling ReOOST below the 2V threshold, the test register 
can now accept 3 bits of data that will decode to one of 
seven test modes (the eighth mode is normal operation 
000). The RNOMINAL input is used to select between loading 
the 24 bit control register and the 3 bit test register; RNOMI
NAL = HI sends the data to the 24 bit register while RNOMI
NAL = LOW sends the data to the 3 bit test register. The 
test register is then loaded using CR ENABLE, CR CLOCK, 
and CR DATA. After loading the test register, return RNOMI
NAL HI to allow normal synchronizer operation. Maintain 
ReoOST LOW to preserve the test mode. This combination 
will only allow low gain PLL action during testing. CR DATA 
and CR CLOCK must also be returned LOW, and held there 
during testing as they are used as special testing inputs. 
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~National 
~ Semiconductor 

PRELIMINARY 

DP8466A Disk Data Controller 

General Description 
The DP8466A Disk Data Controller (DDC) is an intelligent 
peripheral which interfaces Winchester or Floppy disk drives 
to microprocessor based systems. It transfers data between 
a buffer memory or host system and the serial bit data 
stream with disk rates up to 25M-bits per second. High 
speed system data transfer is possible with full on-Chip DMA 
control of buffer or main memory. The 16-bit system I/O 
interface allows use with any popular 8-bit, 16-bit or 32-bit 
microprocessor. Programmable track format enables recon
figuration of the DDC for different drive types in a multiple 
drive environment. Using other National DP8460 series disk 
data path chips, the DP8466A conforms to ST506, SMD 
and ESDI standard drive interfaces, as well as to intelligent 
standard interfaces such as SCSI (SASI) and IPI. 

The DP8466A is available in three performance versions 
DP8466AN-12, DP8466AN-20 and DP8466AN-25. 

Part Max Disk MaxDMA 
Number Data Rate Transfer Rate 

DP8466AN-25 25 Mbitlsec 10 Mbyte/sec 

DP8466AN-20 20 Mbitlsec 8 Mbyte/sec 

DP8466AN-12 12 Mbit/sec 6 Mbyte/sec 

I PULSE I DETECTOR DATA 
DP8464 SEPARATOR 

DP8460/5 DISK 
DISK DATA 

Features 
• Easily conforms to any standard drive interface 
• Compatible with floppy, hard and optical disk drives 
• Compatible with 8, 16 or 32-bit microprocessor systems 
• Programmable disk format 
• Sector lengths up to 64k bytes, with up to 255 sectors 

per track 
• Programmable 32 or 48-bit ECC polynomial 
• Internal ECC correction in less than a sector time 
• Disk data rate to 25M bits per second 
• Multiple sector transfer capability 
• 32 byte internal FIFO data buffer with interleavable 

burst capability 
• 8 or 16-bit wide data transfers 
• Single 32-bit or dual 16-bit DMA channel addresses 
• Up to 10M bytes per second DMA transfer rate 
• +5V supply, 48 pin DIP, microCMOS process 

I MICRO- I 
PROCESSOR 

CONTROLLER I MEMORY I 
ST 506 DP8466 

ESDI. ANSI, SMD I I/O PORT I ~HOST 
SCSI (SASI) 

TUFf52B2-1 

FIGURE 1. Typical System Configuration 
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1.0 Introduction 
National's DP8466A Disk Data Controller (DOC) chip is de
signed to concentrate only on the data aspects of a disk 
system, leaving the control signals to either a low cost sin
gle chip controller or an 1/0 port from a microprocessor. For 
this reason, the DOC will work with any standard drive inter
face. 

The DP8466A is an advanced VLSI chip, fabricated in Na
tional's latest 2 ,.. CMOS technology, that allows for opera
tion with disk data rates from the slowest floppy to the fast 
Winchester and Optical data rates of 25 megabits per sec
ond. 

The CMOS design significantly helps the system designer 
because of reduced power consumption. The chip typically 
consumes 100 mW. 

The DOC is designed for maximum programmability that not 
only allows the user to select any drive type he wishes, but 
also allows for different types of drives to be used on the 
same system. The chip contains 64 registers that can be 
loaded at any time by a microprocessor connected to the 
chip's bus. These registers determine the number of bytes 
in each field of the format, and the byte pattern that each of 
these fields will repeat. The number of data bytes per sector 
is selectable from 1 byte to 64k bytes. Finally, both the 
header field and the data field can each be appended with 
either a Cyclic Redundancy Check (CRC) field (the 16-bit 
code used on floppies) or a programmable Error Check and 
Correct (ECC) field. 

The DOC allows the user to load in any 32 or 48-bit ECC 
polynomial from the microprocessor along with the format 

Block Diagram 

COMPARATOR 

t 
DESERIALIZER 

parameters. Once an error has been detected, the micro
processor decides whether to re-read the sector during the 
next revolution of the disk, or to attempt a correction. The 
DOC can correct errors in a time shorter than that required 
to read the next sector. 

Key blocks in the DOC include a 32-byte FIFO and two 16-
bit DMA channels that give the chip a 10 megabyte per 
second memory transfer capability. This high system data 
throughout is needed for the high speed drives now becom
ming available. The small FIFO allows for bursts of data to 
take place on the bus, thereby leaving the bus free for use
ful periods of time. The threshold for FIFO data storage is 
selectable to allow for some degree of system latency. The 
DOC allows for bursts of 2, 8, 16 or 24 bytes of data to be 
transferred between the FIFO and memory. The width of the 
data bus is selectable for either 8 or 16-bit transfers. The 
system designer selects the threshold so that when the 
FIFO contains the selected amount of data, the DOC will 
issue a request. The CPU can continue its operation and 
then stop to acknowledge the DOC, which then bursts the 
data between FIFO and memory, before the FIFO has time 
to overflow or underflow. With a 10 megabit per second disk 
data rate and a 10 megabyte per second memory transfer 
cycle, the bus will only be occupied for one-eighth of the 
time transferring data between FIFO and memory. This 
leaves the bus free for microprocessor usage for over 80% 
of the time. 

COMMAND 

~RSO-S 

I/O 
PORT +-+ ADO-7 

SERIAL DATA VALID (SDV) 
EXTERNAL ECC FIELD (EEF) 

EXTERNAL STATUS ---+ .4------.1 +-+ ADS-IS 

WRITE DATA(WDATA) 
WRITE CLOCK (WCLK) ....--_____ ...... 

WRITE GATE 
READ GATE 
AMF/EPRE 
AME/LPRE 

SECTOR PULSE 

DISK DATA 
TIMING 

AND 
CONTROL 

INDEX PULSE ---+' ..... ___ ...... 

16-BIT DMA 
COUNTER 

16-BIT DMA 
COUNTER 

DATA BUS 
TIMING 

AND 
CONTROL 

TUF/5282-2 

FIGURE 2. DDC 
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Connection Diagrams 
.... I"') N ..... 0 

Dual-In-Line Package o 0 ~ Q ceo 8 880 ~ a ~ ~ u 0 

iifiiiiiiiiiiiiii 
AD8- 1 48 -ADD 9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

NC- lD 60 -NC 
AD9- 2 47 -ADI NC- 11 59 -ADS 

AD10- 3 46 -AD2 ADI5- 12 58 -AD7 
AD"- 4 45 -AD3 ADSO- 13 57 -BCLK 
ADI2- 5 44 -AD4 iYR- 14 56 -LACK 
ADI3- 6 43 ,...AD5 ilO- 15 55 -GND 
ADI4- 7 42 ,-AD6 GND- 16 54 -RACK 
ADI5- 8 41 r-AD7 GND 17 53 - ADS1/RRQ 
ADSD- 9 40 r- BCLK NC- 18 52,-NC 

iYR- 10 39 r-LACK ANE/LPRE- 19 51 -LRQ 
ilO- 11 38 r- RACK VCC- 20 50,-NC 

GND- 12 37 r- ADS1/RRQ VCC- 21 49 r-RSO DP8466A 
ANE/LPRE- 13 36 r-LRQ RDATA- 22 4B r-RSI 

Vee - 14 351-RSO ANP/EPRE- 23 47 r-RS2 
RDATA- 15 341-RSI EXT. STAT- 24 46 I-RS3 

ANF/EPRE- 16 331-RS2 NC- 25 45I-NC 
'EXT STAT- 17 321- RS3 NC- 26 44 I-NC 

WDATA- 18 31 I-RS4 27 28 29 30 31 32 33 34 35 36 37 38 39 4D 41 42 43 

RGATE- 19 30 -RSS ~~~~~~~I~~~~I~I~~~!~ 
WGATE- 20 29 -00 z ~ ~ ~ u ~ c ~ 0 ~ _ z ~ ~ z 

WCLK- 21 28 -cs 
~ D::: :J: :J: ~ :!5 CI:: a::: 

'SECTOR- 22 27 -SOY 
TLlF/52B2-76 

INDEX 23 26 -Err 
Top View 

RESET 24 25 -RCLK Order Number DP8466AN 
See NS Package Number N48A 

TLlF/52B2-3 

Top View Order Number DP8466AV 

*This pin must be grounded if not used. 
See NS Package Number V68A 

FIGURE 3 

2.0 Pin Descriptions 
2_1 BUS INTERFACE PINS 

Symbol DIP Pin No. PCCPlnNo. Type Function 

CS 28 38 I CHIP SELECT: Sets DDC as a standard 1/0 port for reading and writing 
registers. Configures RD and WR pins as inputs when DMA is inactive. 
This pin is ignored if on-chip DMA is enabled and performing a transfer. 

INT 29 39 0 INTERRUPT: An interrupt can be generated on any error, or after 
completion of a command, a correction cycle or any header operation. 

RESET 24 34 I RESET: Clears FIFO, Status and Error registers. Halts DMA immediately. 
Halts disk read and write immediately. Does not affect parameter and 
most count and command registers. On power-up, must be held low for at 
least 32 RCLK cycles and 4 BCLK cycles. Note that both RCLK and BCLK 
must be active for the reset cycle to complete. 

RD 11 15 I/O READ: 
• MICROPROCESSOR ACCESS MODE, with CS pin low and DMA • inactive (RACK AND LACK low): Places data from FIFO or register as 

selected by pins RSO-5 onto the ADO-7 bus. 
• SLAVE MODE, with LACK pin high: Places data from FIFO onto the 

ADO-7/ADO-15 bus. 
• MASTER MODE: When DMA is active, RD pin enables data from the 

addressed device onto the address/data bus. 

WR 10 14 I/O WRITE: 
• MICROPROCESSOR ACCESS MODE, with CS low and DMA inactive 

(RACK and LACK low): Latches data from ADO-7 bus to internal 
registers selected by RSO-5. 

• SLAVE MODE, with LACK pin high: Latches data from ADO-71 AD0-15 
bus to FIFO. 

• MASTER MODE: When DMA is active, WR pin enables data from the 
addressl data bus to the addressed device. 
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2.0 Pin Descriptions (Continued) 

2.1 BUS INTERFACE PINS (Continued) 

Symbol DIP Pin No. PCCPlnNo. Type 

BCLK 40 57 I 

RACK 38 54 I 

LACK 39 56 I 

RSO-5 35-30 41,42 I 
46-49 

ADO-7 48-41 58,59 1/0 
63-68 

LRO 36 51 0 

AD8-15 1-8 1-7 1/0 
12 

ADSO 9 13 1/0 

ADS1/RRO 37 53 0 

2.2 DISK INTERFACE PINS 

Symbol DIP Pin No. PCCPlnNo. Type 

RCLK 25 35 I 

Function 

BUS CLOCK: Used as a reference clock when DOC is bus master. Used 
only during reset and DMA operations. Maximum ratio of RCLK/BCLK is 4 
for Word Mode, and 2 for Byte Mode. 

REMOTE DMA ACKNOWLEDGE: System input granting use of the bus 
for a remote DMA bus cycle. If RACK is de-asserted during a transfer, the 
current transfer cycle will complete. 

LOCAL DMA ACKNOWLEDGE: System input granting use of bus for a 
local DMA bus cycle. If LACK is deasserted during a transfer, the current 
transfer cycle will complete. LACK has priority over RACK. 

REGISTER SELECT: Used as address inputs to select internal registers 
when CS pin is low. 

ADDRESS/DATA 0-7: These pins float if CS pin = 1 and DMA is 
inactive. 
• STANDARD I/O PORT, With DMA inactive and CS pin low: Command, 

Parameter, Count and Status register data is transferred. 
• SLAVE MODE, with external DMA controller active and LACK pin high: 

00-7 are transferred between FIFO and memory. 
• MASTER MODE, with internal DMA active, and LACK pin high: A 16-23, 

AO-7 and 00-7 are transferred depending on DMA mode and bus 
phase. 

LOCAL DMA REQUEST: Requests are automatically generated when the 
FIFO needs to have data transferred. 

ADDRESS/DATA 8-15: 
• STANDARD 1/0 PORT, with DMA inactive and CS pin low: These pins 

become indeterminate, but are driven (low impedance). 
• SLAVE MODE, with external DMA active and LACK pin high: 08-15 are 

transferred between FIFO and memory. 
• MASTER MODE, with internal DMA active and LACK pin high: A24-31 , 

A8-15 and 08-15 are transferred, depending on DMA mode and bus 
phase. 

ADDRESS STROBE 0: 
• INPUT with DMA inactive: ADSO latches RSO-5 inputs when low. When 

high, data present on RSO-S will flow through to internal register 
decoder. 

• OUTPUT: ADSO latches low order address bits (AO-15) to external 
memory during DMA transfers. 

ADDRESS STROBE 1/REMOTE REQUEST: In 32-bit DMA Mode, ADS1 
latches high order address bits (A 16-31) to external memory. For remote 
DMA modes, RRO pin is active high when SRI or SRO bits in the OC 
register are set in non-tracking mode, or during a remote transfer in 
tracking mode. (See RT register description in DMA REGISTERS Section.) 

Function 

READ CLOCK: Disk data rate clock. When RGATE is high, RCLK input 
will be the recoveredlseparated clock from the recorded data and is used 
to strobe data into the DOC. When RGATE is low, this input should 
become the referenced clock which will be delayed and is used as WCLK 
to strobe data to the drive. The transition between the recoveredl 
separated clock and reference clock must be made with no short pulses. 
Short pulses are pulses that are less than the specified minimum RCLK 
pulse widths which are specified in the AC timing section as rcl and rch. In 
the event of any short pulses on RCLK or if RCLK is inactive for greater 
than 10 !'-S, then the DOC could go into an indeterminant state. If this 
happens, then the DOC needs to be reset and the format parameters must 
be updated to ensure normal operation. Maximum ratio of RCLK/BCLK is 
4 for word mode, and 2 for byte mode. 

5-6 



2.0 Pin Descriptions (Continued) 

2.2 DISK INTERFACE PINS (Continued) 

Symbol DIP Pin No. PCC Pin No. Type Function 

RGATE 19 29 0 READ GATE: Set active high during any disk read operation. This pin 
commands data separator to acquire lock. Enables RDATA input pin. 

RDATA 15 22 I READ DATA: Accepts NRZ disk data from the data separator/decoder. 

WCLK 21 31 0 WRITE CLOCK: Used when NRZ data is on WDATA pin. Also active when 
MFM data is used, but normally not utilized. WCLK frequency follows 
RCLKpin. 

WGATE 20 30 0 WRITE GATE: When writing data onto a disk, WGATE is asserted high 
with the first bit of data and deasserted low after the last bit of data. 
WGATE is also de-asserted on reset or on detection of an error. 

WDATA 18 28 0 WRITE DATA: During any write operation, MFM or NRZ encoded data is 
output to disk, dependent upon MFM bit status in the DF register. This pin 
is inactive low when WGATE is low. 

AMF/EPRE 16 23 I/O ADDRESS MARK FOUND/EARLY PRECOMPENSATION: Address mark 
input is monitored if the HSS bit in the DF register is low (for 50ft 
sectoring). If the MFM bit in the DF register and the EP bit in the OC 
register are both set, then this pin becomes the EPRE control. If both 
functions are used, WGATE pin determines the function as follows: 
• WGATE asserted: EPRE output. 
• WGATE de-asserted: AMF input. 

AME/LPRE 13 19 0 ADDRESS MARK ENABLE/LATE PRECOMPENSATION: If the MFM bit 
in the DF register is low, AME will indicate that an address mark byte(s) is 
being output on WDATA pin. If the MFM bit in the DF register and the EP 
bit in the OC register are t-'lth set, LPRE control is output (if internal MFM 
encoding is used). 

SECTOR 22 32 I SECTOR PULSE: In hard sectored drives, this signal comes from the start 
of a sector. In a 50ft sectored drive this pin must be tied low. 

INDEX 23 33 I INDEX PULSE: This signal comes from the disk drive, indicating the start 
ofa track. 

SDV 27 37 0 SERIAL DATA VALID: Asserted when the DDC is either issuing or 
receiving header field, internal header CRC/ECC, data field, or internal 
data CRC/ECC information. Mainly used for external ECC and 
diagnostics. 

EEF 26 36 0 EXTERNAL ECC FIELD: Only used if the External ECC Byte Count 
register(s) are non-zero. Asserted when external ECC check bits are being 
generated (WGATE high) and checked (RGATE high). 

EXT STAT 17 24 I EXTERNAL STATUS: /MPORTANT NOTE: This pin MUST be tied low ifit 
is not to be used. This pin has three functions: 
• 1: If EEW bit in the RT register is set, the read and write strobes are 

extended for both remote and local transfers as long as this pin is high. 
This is the External Wait State function. 

• 2: If the EEW bit in the RT register is low, this pin will accept a pulse 
granting valid byte alignment on the last bit of the synch byte before 
header or data bytes. This is an OR function with the internal synch 
detect. 

• 3: External ECC Check. Only used if External ECC Byte Count 
register(s) are non-zero, and EEW bit in the RT register is low. After the 
last byte of external ECC, this pin will accept a pulse confirming that 
there has been no error. A CRC/ECC error will be flagged if this pulse is 
not received. 

Vee 14, 20,21 POWER, GROUND: + 5V DC is required. It is suggested that a decoupling 
GND 12 16,17 capacitor be connected between these pins. It is essential to provide a 

path to ground for the GND pin with the lowest possible impedance. 
Otherwise any voltage spikes resulting from transient switching currents 
will be reflected in the logic levels of the output pins. 
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3.0 Internal Registers of the DDC 
The numerous registers within the DDC are presented be
low, grouped according to their function. A key is given as 
an aid for the use of each register. The key data is only 
suggested for common operation, and should not be con
sidered as an absolute requirement. Following this listing is 
a description of each register, in the order of which they are 
listed below. The HA column at the left of this listing gives 
the Hex Address of each register. 

KEY 
D May be updated when a different drive type is se-

lected 

C May be updated before each command 

HA 

10 

11 

35 

00 

01 

12 

13 

OF 

36 

R May be read at any idle time 

F Used during formatting 

Used during initialization 

NO Operation is not possible 

COMMAND 

Register 

Drive Command Register (DC) 

Operation Command Register (OC) 

Disk Format Register (DF) 

Status Register (S) 

Error Register (E) 

Sector Counter (SC) 

Number of Sector Operations 
Counter (NSO) 

Header Byte Count (HBC)/Interlock 

Header Diagnostic Readback (HDR) 

DMA 

Bits Write 

8 C 

8 C 

8 D 

8 NO 

8 NO 

8 C 

8 C 

3 F 

8 NO 

HA Register Bits Write 

37 DMA Sector Counter (DSC) 8 NO 

37 Remote Transfer Register (RT) 8 I 

36 Local Transfer Register (L T) 8 I 

1A Remote Data Byte Count (L) 8 C 

1B Remote Data Byte Count (H) 8 C 

1C DMA Address Byte 0 8 C 

10 DMA Address Byte 1 8 C 

1E DMA Address Byte 2 8 C 

1F DMA Address Byte 3 8 C 

FORMAT (See Note) 

HA Register Bits Write 

21 ID Preamble Byte Count 5 D 

31 ID Preamble Pattern 8 D 

22 ID Synch # 1 (AM) Byte Count 5 D 

32 ID Synch # 1 (AM) Pattern 8 D 

23 ID Synch #2 Byte Count 5 D 

33 ID Synch #2 Pattern 8 D 

24 Header Byte 0 Control Register (HCO) 5 D 

14 Header Byte 0 Pattern 8 D 

25 Header Byte 1 Control Register (HC1) 5 D 

15 Header Byte 1 Pattern 8 D 

Read 

NO 

NO 

NO 

R 

R 

R 

R 

R 

R 

Read 

R 

NO 

NO 

R 

R 

R 

R 

R 

R 

Read 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

FORMAT (Continued) 

HA Register Bits Write Read 

26 Header Byte 2 Control Register (HC2) 5 D R 

16 Header Byte 2 Pattern 8 D R 

27 Header Byte 3 Control Register (HC3) 5 D R 

17 Header Byte 3 Pattern 8 D R 

28 Header Byte 4 Control Register (HC4) 5 D R 

18 Header Byte 4 Pattern 8 D R 

29 Header Byte 5 Control Register (HC5) 5 D R 

19 Header Byte 5 Pattern 8 D R 

2B ID External ECC Byte Count 5 D R 

2C ID Postamble Byte Count 5 D R 

3C ID Postamble Pattern 8 D R 

2D Data Preamble Byte Count 5 D R 

3D Data Preamble Pattern 8 D R 

2E Data Synch # 1 (AM) Byte Count 5 D R 

3E Data Synch # 1 (AM) Pattern 8 D R 

2F Data Synch # 2 Byte Count 5 D R 

3F Data Synch #2 Pattern 8 D R 

3B Data Format Pattern 8 F R 

38 Sector Byte Count L 8 D R 

39 Sector Byte Count H 8 D R 

2A Data External ECC Byte Count 5 D R 

20 Data Postamble Byte Count 5 D R 

30 Data Postamble Pattern 8 D R 

34 Gap Byte Count 8 F R 

3A Gap Pattern 8 F R 

CRC/ECC 

HA Register Bits Write Read 

02 ECCSROutO 8 NO R 

03 ECCSR Out 1 8 NO R 

04 ECCSROut2 8 NO R 

05 ECCSROut3 8 NO R 

06 ECCSROut4 8 NO R 

07 ECCSROut5 8 NO R 

02 Polynomial Preset Byte 0 (PPBO) 8 D NO 

03 Polynomial Preset Byte 1 (PPB1) 8 D NO 

04 Polynomial Preset Byte 2 (PPB2) 8 D NO 

05 Polynomial Preset Byte 3 (PPB3) 8 D NO 

06 Polynomial Preset Byte 4 (PPB4) 8 D NO 

07 Polynomial Preset Byte 5 (PPB5) 8 D NO 

08 Polynomial Tap Byte 0 (PTBO) 8 D NO 

09 Polynomial Tap Byte 1 (PTB1) 8 D NO 

OA Polynomial Tap Byte 2 (PTB2) 8 D NO 

OB Polynomial Tap Byte 3 (PTB3) 8 D NO 

OC Polynomial Tap Byte 4 (PTB4) 8 D NO 

OD Polynomial Tap Byte 5 (PTB5) 8 D NO 

OE ECC/CRC Control (EC) 8 D NO 

08 Data Byte Count L 8 NO R 

09 Data Byte Count H 8 NO R 
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DUAL-PURPOSE REGISTERS RED: Re-enable DOC 

Some of the above listed registers have dual functions de
pending on whether they are being written to or read from. 
These registers are repeated below to help clarify their op
eration. 

HA Register Bits Write Read 

02 ECCSR OutO 8 NO R 

02 Polynomial Preset Byte 0 (PPBO) 8 D NO 

03 ECCSR Out1 8 NO R 

03 Polynomial Preset Byte 1 (PPB1) 8 D NO 

04 ECCSROut2 8 NO R 

04 Polynomial Preset Byte 2 (PPB2) 8 D NO 

05 ECCSROut3 8 NO R 

05 Polynomial Preset Byte 3 (PPB3) 8 D NO 

06 ECCSROut4 8 NO R 

06 Polynomial Preset Byte 4 (PPB4) 8 D NO 

07 ECCSROut5 8 NO R 

07 Polynomial Preset Byte 5 (PPB5) 8 D NO 

08 Polynomial Tap Byte 0 (PTBO) 8 D NO 

08 Data Byte Count (0) 8 NO R 

09 Polynomial Tap Byte 1 (PTB 1) 8 D NO 

09 Data Byte Count (1) 8 NO R 

36 Header Diagnostic Readback (HDR) 8 NO R 

36 Local Transfer Register (L T) 8 I NO 

37 DMA Sector Counter (DSC) 8 NO R 

37 Remote Transfer Register (RT) 8 I NO 

Format Note: It is recommended that the Format Registers be reloaded 
after the following events: 

1. A hardware or software reset of the chip 

2, A Sector Not Found error 

3. A Sector Overrun error 

4. A Data Sync Error 

3.1 COMMAND REGISTERS 
DRIVE COMMAND (DC) Hex Address (10) Write Only 

The locations within this register, when written to, initiate 
disk commands and chip functions. For a disk operation, 
after the DOC has been configured, this register is loaded to 
initiate command execution. 

Loading the DC register constitutes the initiation of a disk 
operation and will hence generate an operation complete 
interrupt. 
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A 1 should be written into this location during the power up 
initialization process (see POWER UP AND INITIALIZA
TION Section), or after an error has been encountered in 
order to re-enable the DOC to accept commands. (NOTE: If 
the RES bit in the OC register has been set, a 0 should be 
written to that location before this operation is performed.) If 
no error has been encountered, and a command is being 
issued, a zero should be written to this bit. The Re-enable is 
an operation by itself and hence an interrupt will be generat
ed on completion of the operation. 

SAIS: Start at Index or Sector 

o Operation begins only upon receipt of an index 
pulse. 

Operation begins on either an index pulse or sector 
pulse for hard sector drives or immediately for soft 
sector drives. 

MSO: Multi-sector Operation 

o Single-sector operation. 

Multi-sector operation using NSO register. 
FMT: Format Mode 

o No Format Operation. 

When set, along with other DC register bits, will initi
ate disk formatting upon receipt of an index pulse. 

H01, 2: Header Operation Bits: 
H02 H01 
o 0 IGNORE HEADER: associated data transfer 

operation will take place with any valid sector en
countered. 

o COMPARE HEADER: Normal mode used to find a 
specific sector. The Header Pattern registers con
tain the comparison pattern. 

o WRITE HEADER (Write 10): Normally used only 
during Format mode to write 10 patterns to disk. 
READ HEADER (Read 10): Reads header informa
tion from disk for diagnostic purposes. 

001, 2: Data Operation Bits: 
002 D01 
o 0 NO OPERA nON: Can be used only with an Ignore 

Header command. No disk operation is performed 
with this combination, and it can be used along 
with the RED command to re-enable the DOG (see 
OPERATING MODES). 

o CHECK DA TA: No DMA action and no data move
ment between disk and FIFO. GRG/EGG checks 
are calculated and interrupts, if enabled, are as
serted on proper conditions. DFE bit in Error regis
ter will be set if a data GRG/EGG error occurs un
less in Interlock Mode. 

o WRITE DA TA: Initiates local DMA action to fill the 
FIFO. Writes data to disk with the proper pre and 
post appendages in the data field. FIFO is replen
ished by local DMA. 
READ DATA: Data enters FIFO from disk, and lo
cal DMA transfer is initiated when the FIFO con
tains the number of bytes specified by the Burst 
Length in the L T register. 

The following table shows a list of valid commands combin
ing the H01, H02, D01, D02, FMT bits from the DG register 
and the FTF bit in the DF register. No other DG register 
combinations are allowed. 

C 
"'tJ 
CD 
-'=" en 
en 
l> 



3.0 Internal Registers of the DDC (Continued) 

Valid DDC Commands 

DC Register 
D02 D01 H02 

0 0 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

OPERATION COMMAND (OC) 
Hex Address (11) 

H01 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

I DFReg 
FMT FTF 

0 X 

0 X 

0 X 

0 X 

0 X 

0 X 

0 X 

1 0 

1 1 

0 X 

0 X 

0 X 

Write Only 

The fields within this register enable on-chip operations. In 
non-tracking mode, a remote DMA operation will be initiated 
by loading the SRO or SRI bits in this register. 

II~ I S~C I E: I S~O I S:I I E~I I EI I R~S I 

RES: Reset DDC 

o Clears a previously set RES function. Allows 
normal operation. 

DDC immediately enters a stand-by mode. The 
FIFO is reset, Status and Error registers are 
cleared and all operations in progress are 
stopped. DDC is placed in the Reset mode (see 
OPERATING MODES). RGATE and WGATE 
pins are de-asserted if active. All DMA counters 
are cleared. Format Parameter, DMA Address 
and ECC registers are unaffected. 

EI: Enable Interrupts 

o Disabled, INT pin remains inactive high. 

Enables interrupts generated by the following: 

• Correction cycle complete. 

• Error which sets ED bit in Status register. 

• Command successfully completed (including 
independent remote DMA transfer). 

EHI: Enable Header Interrupt 

EI bit must be set if this bit is set. 

o Disabled. 

Interrupt issued at start of ID postamble field 
when: 

• Header matches in Compare Header opera
tion. 

• Header finished in Read, Write or Ignore 
Header operation. 

Operation 

No Operation 

Check Data, Compare Header 

Check Data, Write Header 

Check Data, Read Header 

Write Data, Ignore Header 

Write Data, Compare Header, (normal write) 

Write Data, Write Header 

Write Data,Write Header, Format with No FIFO Table 

Write Data, Write Header, FIFO Table Format 

Read Data, Ignore Header, (recover data) 

Read Data, Compare Header, (normal read) 

Read Data, Read Header 
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SRI, SRO: Start Remote Input, Start Remote Output 

These bits are only operational in non-tracking mode. The 
Remote Start Address and Remote Data Byte Count regis
ters must be loaded first. 

SRI SRO 

o 0 
o 

o 

Remote DMA operation unchanged. 

START REMOTE OUTPUT: Asserts RRQ pin 
and RCB flag in Status register, to begin a re-
mote DMA operation from memory to I/O Port. 

START REMOTE INPUT: Asserts RRQ pin and 
RCB flag in Status register, to begin a remote 
DMA operation from I/O Port to local memory. 

STOP CURRENT REMOTE OPERA TION. RRQ 
pin is de-asserted and RCB flag is reset in 
Status register. 

EP: Enable Precompensatlon 

o Early and late precompensation signals are 
forced low during a disk write operation. 

Permits precompensation signals to be output to 
external precompensation circuitry (see MFM 
ENCODED DATA). This bit is only valid if the 
MFM bit is set in the DF register. 

SCC: Start Correction Cycle 

o No correction is attempted. 

Setting this command will begin the internal cor
rection cycle. The CCA flag in the Status register 
is set and drive commands should not be issued 
during this time. At the completion of the cycle, 
an interrupt is issued. 

IR: Interlock Required (Interlock Mode) 

o No interlock function. 

The interlock (HBC) register must be written to 
after the header operation has completed and 
before the DDC encounters the data postamble 
field. This allows updating of header bytes dur
ing a Format operation or changing of drive 
commands during a multi-sector operation. Nor
mally used with the header interrupt enabled. 



3.0 Internal Registers of the DDC (Gontinued) 

DISK FORMAT (OF) Hex Address (35) Write Only 

11~211~1 11~211~1 I ~F I H;S SAM M~M 
MFM: MFM Encode 

(See MFM Encoded Data section.) 

o NRZ data is output on the WDATA pin when 
WGA TE is active. 

MFM data is output on the WDA T A pin when 
WGATE is active. Also configures AMF/EPRE 
and AME/LPRE pins as EPRE and LPRE out
puts when Write Gate is active. Precompensat
ed outputs are enabled by the EP bit in the OG 
register. 

SAM: Start with Address Mark 

(See Formatting section) 

o Address Marks will be generated in the synch 
# 1 fields if MFM bit = 1, or AME will be gener
ated if MFM bit = O. 

Address Mark Enable will be generated in 10 
preamble if MFM bit = O. 

HSS: Hard or Soft Sectored 

(See Hard Sector vs. Soft Sector Operation). 

o Sets DOG for soft sectored operation. 

Sets DOG for hard sectored operation. 

FTF: FIFO Table Format 

o Formatting is done without the use of DMA. 

The local DMA channel loads the correct num
ber of header byles (HBG register) per sector 
into the FIFO from local memory. This data is 
then substituted for the header byles during a 
format operation. 

IH1, 2: Internal Header Appendage 

IH2 IH1 

o o No GRG/EGG is internally appended, but exter
nal EGG must be attached. 

o 16-bit GRG GGID polynomial is appended. 

o 32-bit programmable EGG code is appended. 

48-bit programmable EGG code is appended. 

Ex1ernal EGG may be used with any internal GRG/EGG se
lection. 1 to 31 byles of external EGG may be added. 

101,2: Internal Data Appendage 

102,101 

o 0 No GRG/EGG internally appended. 

o 1 16-bit GRG GGID polynomial is appended. 

o 32-bit programmable EGG code is appended. 

48-bit programmable EGG code is appended. 

External EGG can be appended to any of the 
four cases dependent upon the Data External 
EGG Byle Gount register. 
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STATUS (S) Hex Address (00) Read Only 

The RESET pin and the RES bit in the OG register reset all 
of the bits in this register. 

HF: Header Fault 

SET 

This bit is valid after a Gompare Header or Read 
Header operation. 

GRG/EGG error detected in a header field. 

RESET This bit is reset when the DOC begins the next 
disk operation after a new disk command has 
been issued. 

All 10 fields entering the DOG during the opera
tion are checked. The HF bit will be set if an 
error is detected in any header field encoun
tered. However, if the header being sought is 
found and has no GRG/EGG error, the HF bit is 
reset. This bit does not produce an error that will 
stop operation, assert an interrupt, or set the ED 
bit in the Status register in a compare header 
operation, but will in a read header operation. 

This bit could provide useful diagnostic informa
tion if a Sector Not Found error occurs (see Er
ror Register in this section). 

NOC: Next Disk Command 

SET DOG will accept a new command into the DG 
register. The header operation is completing the 
last sector being operated on. 

RESET On receipt of a new disk command. 

HMC: Header Match Completed 

SET 

For each of the following, this bit is set and the 
interrupt is generated at the start of the header 
postamble field. 

Compare Header Operation: 

Header field correctly matched with no GRG/ 
EGG error. 

RESET At beginning of subsequent header operation. 

Read Header Operation: 

SET Header field has been read with no GRG/EGG 
error. 

RESET At beginning of subsequent header operation. 

Ignore Header or Write Header Operation: 

SET Always set at end of header field. 

RESET At beginning of subsequent header operation. 

LRQ: Local Request 
This bit follows the LRQ pin, and allows applica
tion of the DOG in a polled mode. 

SET LRQ pin is asserted. 

RESET LRQ pin is not asserted. 

RCB: Remote Command Busy 

Non- Tracking Mode: 

SET When OG register is loaded with a DMA instruc
tion. 

RESET Upon completion of the instruction or upon inter
nal or external reset. 
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Tracking Mode: 

SET When RRQ pin is first asserted in a disk write 
mede, .or when the Drive Cemmand register is 
leaded in a disk read mede. 

RESET Upen cempletien .of the instructien .or upen inter-
nal .or external reset. 

LCB: Local Command Busy 

SET When cemmand requiring lecal DMA is leaded. 

RESET Upen cempletien .of the last lecal .or remete 
DMA transfer (in tracking mede) .or upen internal 
.or external reset. 

CCA: Correction Cycle Active 

SET On asserting SCC bit in the OC register. 

RESET At the end .of the cerrectien cycle, simultaneeus
Iy with the INT pin, if enabled. 

ED: Error Detected 

SET On assertien .of .one .or mere bits in the Errer 
register. 

RESET Upen internal .or external reset. 

ERROR(E) Hex Address (01) Read Only 
Any bit set in this register generates an interrupt (if EI bit in 
the OC register is set) and steps the current eperatien. The 
RESET pin and the RES bit in the OC register reset all .of 
the bits in this register. 

I ;1 I C: I F~L I N~S I S~ I S~F I D~E I HF~SM I 
HFASM: Header Failed Although Sector Number 
Matched 

(See HFASM descriptien in ADDITIONAL FEA
TURES) 

SET The header bytes(s) marked with the EHF bit in 
the cerrespending HC register(s) matched cer
rectly, but ether header bytes were in error. 

RESET Upen internal .or external reset. 
DFE: Data Field Error 

SET On detectien .of a data field CRC/ECC errer in a 
Read Data .or Check Data eperatien. This bit 
may be set when anether errer .occurs; especial
ly an errer .occurring during a Write eperatien. 
These errers weuld be Sect.or Overrun .or FIFO 
Data Lest. 

RESET Upen internal .or external reset. 

The RED cemmand must be leaded inte the DC 
register if errer cerrectien is te be attempted. 

SNF: Sector Not Found 

SET When header can net be matched fer twe cen
secutive index pulses in any Cempare Header 
eperatien. 

RESET Upen internal .or external reset. 
SO: Sector Overrun 

SET If RGATE is active and FIFO is being written te 
when a secter .or index pulse is received. If 
WGATE is active, this bit is set when a secter .or 
index pulse is received. 

RESET Upen internal or external reset. 

An SO errer will net .occur during a Fermat eper
atien. 
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NOS: No Data Synch 

SET If a secter .or index pulse .occurs while the DOC 
is waiting te byte align en the first data synch 
field (synch #1 .or synch #2), .or if the DOC byte 
aligns te the first synch werd .of the data field but 
dees net match te subsequent bytes (synch # 1 
.or synch #2). 

RESET Upen internal .or external reset. 

FDL: FIFO Data Lost 

SET During a disk read eperatien if the FIFO ever
flews, .or during a disk write eperatien if the FIFO 
is read when it is empty. 

RESET Upen internal .or external reset. 

CF: Correction Failed 

SET If cerrecti.on is attempted (SCC bit set in OC reg-
ister) and cerrectien failed. 

RESET Upen internal .or external reset. 

LI: Late Interlock 

Will .only .occur if IR bit in OC register is set. 

SET Centrolling legic has failed te write te the Inter
l.ock (HBC) register befere the end .of the data 
field .of the present secter. 

RESET Upen internal .or external reset. 

SECTOR COUNTER (SC) 

Allowable Value 0-255 Hex Address (12) Read/Write 

In a multi-secter eperatien, the SC register is first leaded 
with the starting secter number. It is incremented after each 
header eperatien is cempleted. The centents .of the SC reg
ister will replce any header Byte if the SSC bit is set in the 
cerrespending HC register. 

NUMBER OF SECTOR OPERATIONS COUNTER (NSO) 

Allowable Value 0-255 Hex Address (13) Read/Write 

In a multisecter eperatien, the NSO register is leaded with 
the number .of secters te be .operated en. It is decremented 
after every header .operatien. When zere, the cemmand is 
finished. This ceunter must be releaded after a reset .of the 
DOC. 

HEADER BYTE COUNT (HBC)/INTERLOCK 

Allowable Value 2-6 Hex Address (OF) Read/Write 

This register leads the DMA with the number .of header 
bytes te expect in a Read Header, .or a Fermat eperatien 
where FIFO table fermatting is used. This register is alse 
used in interleck mede te signal cempletien .of update. The 
upper five bits .of this register are pulled lew when read. 

HEADER DIAGNOSTIC READBACK (HDR) 

Hex Address (36) Read Only 

If a C.ompare Header/Check Data eperatien is perfermed 
and an HFASM error .occurs, the header bytes fer that sec
ter will have been leaded inte the FIFO. By censecutively 
reading this address, the header bytes are read from the 
FIFO te the micreprocesser. Data will be valid fer .only the 
number .of header bytes specified in the parameter RAM. 
(NOTE: This is a dual functien register, sharing eperatien 
with the Lecal Transfer register, see DMA REGISTER.) 

SECTOR BYTE COUNT REGISTER (L, H) 

Allowable Value 1-64k Hex Address (38, 39) Read/Write 

The twe bytes (mest and least significant) that cemprise this 
register are leaded during initializatien, and define the data 
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field size for each sector. The number of bytes transferred 
with local DMA is always equal to what has been loaded into 
this register. Loading both with zero is not allowed. 

3.2 DMA REGISTERS 
LOCAL TRANSFER (L T) Hex Address (36) Write Only 

This is a dual function register, sharing operation with the 
Header Diagnostic Readback (HDR) register (see COM
MAND REGISTERS). IMPORTANT NOTE: If any internal 
DMA is being used, or if the Remote Data Byte Count regis
ters will be read by the processor, the L T (and RT) register 
must be loaded before the Sector Byte Count and Remote 
Data Byte Count register pairs. 

I LB7L21 L~L1 I LT:B I L: I LS:W I R~O I L~DT I S~D I 
SLD: Select Local DMA Mode 

a SLA VE MODE: External DMA must be used in 
place of on-chip DMA. 

NON-TRACKING MODE: Local DMA is enabled. 
Whenever local transfers are needed, the DDC 
becomes the bus master. 

TRACKING MODE: Local and remote DMA are 
enabled. DMA transfers are interleaved (see 
DMA in DATA TRANSFER section). 

When DMA tranfer is needed, the FIFO will re
ceive (when writing) or deliver (when reading) an 
exact burst of data. 

LBL1, 2: Local Burst Length 

LBL2 LBL1 

a a 
a 1 

1 word (2 byte) 

4 word (8 byte) 

a 8 word (16 byte) 

12 word (24 byte) 

When reading from disk, these bits select the 
number of bytes needed in the FIFO in order to 
generate an LRO signal. When writing, these 
bits select the number of bytes that need to be 
removed from a full FIFO in order to generate an 
LRO. In either case, if the L TEB bit is set, this bit 
pair indicate how many data transfers will be al· 
lowed before LRO is removed. 

Note: Please refer to Section 17, Helpful Hints #29. 

REMOTE TRANSFER (RT) Hex Address (37) Write Only 
This is a dual function register, sharing operation with the 
DMA Sector Counter (DSC) (see DSC at the end of this 
section). If any internal DMA is being used, or if Remote 
Data Byte Count registers will be read by the processor, the 
RT (and L n register must be loaded before the Sector Byte 
Count and Remote Data Byte Count register pairs. 

LWDT: Local Word Data Transfer 

a Address increments by 1, 8 bit wide transfers. I R~L21 R~L 1 I RT5EB I T~ I RS~W I E~W I R~DT I S~D I 
Address increments by 2, 16 bit wide transfers. 
Address, AO, remains unchanged as it was set 
by the DMA address. 

RBO: Reverse Byte Order 

Valid if LWDT bit is set. 

a First byte to/from FIFO is mapped onto the 
ADO-7 bus. 

First byte to/from FIFO is mapped onto AD8-15 
bus (e.g. 68000). 

LSRW: Local Slow Read And Write 

a DMA cycles are four clock periods. 

DMA cycles are five clock periods. RD and WR 
strobes are widened by one clock period. 

LA: Long Address 

a 

Valid only if SLD = 1, and SRD = a in Remote 
Transfer register. 

16 address bits are issued and strobed by the 
ADSO pin. ADS1/RRO is available for use by the 
remote DMA. 

32 address bits are issued, the lower 16 are 
strobed by ADSO pin. The most significant 16 
address lines are only issued when a rollover 
from the least significant 16 address lines oc
curs, or after loading the upper half of the 32-bit 
address. When the upper 16 address lines are 
issued, that DMA cycle is five clock cycles long 
if no internal or external wait states are used. 

L TEB: Local Transfer Exact Burst 

a When DMA tranfer is needed, the FIFO will be 
filled when writing to disk or emptied when read
ing from disk. 
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SRD: Select Remote DMA 
a Remote DMA inhibited, ADS1/RRO pin is con

figured as ADS1. 

Remote DMA enabled. This is necessary but not 
sufficient to start remote transfer. 

RWDT: Remote Word Data Transfer 
a Remote address increments by 1. 

Remote address increments by 2. Address AO 
remains unchanged as it was set by the starting 
DMA address. 

EEW: Enable External Wait 
a No external wait states acknowledged. Func

tions 2 and 3 of EXT STAT pin are enabled (see 
PIN DESCRIPTIONS). 
The EXT STAT pin will lengthen RD and WR 
strobes during DMA transfers as long as it is 
maintained at a high level. 

RSRW: Remote Slow READ/WRITE 
a Remote DMA cycles are four clock periods long. 

Remote DMA cycles are five clock periods long, 
if external wait states are not asserted. 

TM: Tracking Mode 
See Tracking Mode description in DATA 
TRANSFER Section. 

a DMA channels are independent and addresses 
are allowed to overlap. 

DMA channel addresses are not allowed to 
overlap. 

RTEB: Remote Transfer Exact Burst 
a If a remote transfer has been initiated, the RRO 

pin will remain asserted until the number of 
bytes specified by the Remote Data Byte Count 
registers has been transferred, or until the oper-

• 
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ation is reset or SRI and SRO bits in the OC 
register are both set when in non-tracking mode, 
or when DMA sector counter reaches zero when 
in tracking mode. 

If a remote transfer has been initiated, the RRQ 
pin will remain asserted until the exact number 
of bytes specified by RBL 1 and RBL2 has been 
transferred, or if any of the conditions described 
in the previous paragraph occur. 

RBL 1, 2: Remote Burst Length 
LBL2 LBLl 

o 0 
o 1 

o 

1 word (2 byte) 

4 word (8 byte) 

8 word (16 byte) 

12 word (24 byte) 

REMOTE DATA BYTE COUNT (L, H) 
Allowable Value 0-64k Hex Address (lA, lB) READ/ 
WRITE 
This pair of registers specifies the number of bytes in one 
remote transfer using the 16-bit address of the remote DMA 
channel. In the non-tracking mode, the remote DMA can 
transfer 1-64k bytes independent of the local DMA. Load
ing both registers with zero will be interpreted as a 64k byte 
count. These registers are ignored in tracking mode. 

DMA ADDRESS BYTE 0-3 

Allowable Value 0-255 Hex Address (lC-1F) READ! 
WRITE 
These address bytes are configured dependent on the cur
rent DMA mode. In 32-bit mode, all four bytes form the 
physical address with 1 F containing the most significant 
byte. In 16-bit mode, bytes 0 and 1 form the low and high 
bytes of the local DMA channel, and bytes 2 and 3 form the 
low and high of the remote DMA channel, if enabled. 

DMA SECTOR COUNTER (DSC) 
Hex Address (37) Read Only 
This counter is only valid during tracking mode and holds 
the difference between the number of sectors transferred by 
the local and remote DMA channels. in tracking mode, 
when DSC = 0, remote transfer is disabled in a disk read 
operation so invalid data is not exchanged between local 
and host memory. This is a dual function register, sharing 
operation with the Remote Transfer (RT) register described 
earlier in this section. 

3.3 FORMAT REGISTERS 
The disk format is defined by using the format pattern and 
control registers. Generally, these registers are set up in 
pairs. In each pair, one register is loaded with an appropri
ate 8-bit pattern that will be written to the disk during a 
Format or Write command, or will be used during a Read or 
Compare command for byte alignment or a comparison in 
iocating a sector. Refer to Figure 4, below, for a listing of the 
format registers, and the manner in which they are paired. 
The FORMAT, READ AND WRITE Section contains a listing 
and description of each of the format fields. 

The other register in the pair is used to control the use of 
the corresponding pattern register. These Byte Count regis
ters are loaded with a 5-bit binary number indicating the 
number of times the associated pattern will be repeated, 
therefore defining the size of that particular field (0-31 
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bytes). The Gap Byte Count register is the only one with 8 
bits, allowing a field of up to 255 bytes in length. 

The External ECC Count registers do not perform any pat
tern repetition. The external ECC appendage is provided 
from outside the DDC, and must be fit into the field whose 
length is defined by these registers (0-31 bytes). If any field 
is to be excluded from the disk format, the Byte Count regis
ter associated with that field must be loaded with zero. This 
is particularly important with the External ECC Byte Count 
registers. If these are non-zero, the EXT STAT pin will ex
pect a pulse for each external ECC field during a Read oper
ation. If these pulses are not supplied, the operation will be 
aborted in an error condition. Also, no more than two con
secutive format fields may be deleted at one time. 

The Header Byte Control registers also do not perform any 
pattern repetition, nor do they define field size. They are 
provided for controlling the function of each corresponding 
header byte. 

HEADER CONTROL (HCO-5) 

Hex Address (24-29) Read/Write 
There is one HC register for each of six Header Byte pattern 

Irng;~:". N;' E~F sse ":' 

HBA: Header Byte Active 
o The corresponding Header Byte is not included 

in the header byte field and will not be used in 
the ID operation. All other bits in each HC regis
ter in which this bit is set to zero must also be 
set to zero. A minimum of two Header Bytes 
must be enabled out of six, with no more than 
two disabled consecutively. 

The corresponding Header Byte contains valid 
data and will be used in the ID operation. 

SSC: Substitute Sector Counter 
o The corresponding Header Byte as stored in the 

pattern register is directly written to the disk for 
a Write Header command, and will be compared 
for Compare Header command. 

The contents of the Sector Counter (SC) are 
substituted for this Header Byte during a Write 
Header command and compared during a Com
pare Header command. This is normally used in 
multisector operations. 

EHF: Enable HFASM Function 
See HFASM function description in ADDITIONAL FEA
TURES. 

o HFASM function is disabled. 

HFASM function is enabled. The corresponding 
Header Byte is designated as that byte that 
must match in order to generate an HFASM er
ror, typically the sector number. 

NCP: Not Compare 
o The corresponding Header Byte will be com

pared normally. 

A valid comparison will always be assumed, re
gardless of the true outcome. 

NU: Not Used 
This bit must be set to zero. If set to 1 unspeci
fied operations may occur. 



3.0 Internal Registers of the DDC (Continued) 
Hex Pattern Control 
Addr Source Function 

Pattern Register Hex 
Addr 

Control Register 

IDPreamble 
ID Synch # 1 (AM) 

31 
32 
33 
14 
15 
16 
17 
18 
19 

Internal RepeatO-31x 21 
22 
23 
24 
25 
26 
27 
28 
29 
2B 
2C 
2D 
2E 
2F 
38 
39 
2A 
20 
34 

ID Preamble Byte Count 

IDSynch #2 
Header Byte 0 
Header Byte 1 
Header Byte 2 
Header Byte 3 
Header Byte 4 
Header Byte 5 

Define/Control 

ID Synch #1 (AM) Byte Count 
ID Synch #2 Byte Count 
Header Byte 0 Control 
Header Byte 1 Control 
Header Byte 2 Control 
Header Byte 3 Control 
Header Byte 4 Control 
Header Byte 5 Control 

ID External ECC 
ID Postamble 

Data Preamble 
Data Synch # 1 (AM) 

Data Synch # 2 
Data Format 

External 0-31 Bytes ID External ECC Byte Count 
ID Postamble Byte Count 
Data Preamble Byte Count 

3C 
3D 
3E 
3F 
3B 

Internal RepeatO-31x 

Field Size 

Data Synch # 1 (AM) Byte Count 
Data Synch # 2 Byte Count 
Sector Byte Count L 

1-64kBytes Sector Byte Counl H 
Data External ECC 

Data Postamble 
Gap 

External 0-31 Bvtes Data Extemal ECC Byte Count 
Data Postamble Byte Count 
Gap Byte Count 

30 
3A 

Internal RepeatO-31x 
Repeat 0-255x 

·These are not pattern registers. 
FIGURE 4. Format Registers 

3.4 CRC/ECC REGISTERS 
The following registers are for programming and controlling 
the CRC/ECC functions of the DDC. Many of these regis
ters have dual functions, depending on whether they are 
being written to or read from. Take care in noting which 
these are, to avoid confusion later. Only a basic functional 
description of these are provided here. Detailed instructions 
on their use can be found in the CRC/ECC section. 

ECC SR OUT 0-5 Hex Address (02-07) Read Only 

The syndrome bytes for performing a correction are avail
able from these registers, and are externally XOR'ed with 
the errored data bytes. These are dual function registers, 
sharing operation with the Polynomial Preset Bytes. 

POLYNOMIAL PRESET BYTES 0-5 (PPBO-5) 

Hex Address (02-07) Write Only 

The ECC shift registers can be preset by loading a bit pat
tern into these registers. These are dual function registers, 
sharing operation with the ECC SR Out registers. 

POLYNOMIAL TAP BYTES (PTBO-5) 

Hex Address (08-00) Write Only 

These registers are used for programming the taps for the 
internal 32 or 48-bit ECC polynomial. PTBO and PTB1 are 
dual function registers, sharing operation with the Data Byte 
Counters. 

DATA BYTE COUNTER 0,1 (LS, MS) 

Hex Address (08, 09) Read Only 

The Data Byte Counters indicate the location of the byte in 
error after an ECC cycle. These are dual function registers, 
sharing operation with the Polynomial Tap Bytes 0 & 1. The 
Sector Byte Count Register must be reloaded with the sec
tor length plus the number of ECC bytes before the start of 
a correction cycle. If the CF bit in the Error register is reset 
after a correction, the Data Byte Counter will contain an 
offset pOinting to the first byte in error. 
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CSO-CS3: Correction Span Selection Bits 

These four bits program the number of bits that 
the ECC circuit will attempt to correct. Errors 
longer than the correction span will be treated 
as non-correctable. The allowable correction 
span is 3-15 bits. If a span outside this range is 
loaded, the DOC will automatically default to a 
span of three bits. 

For example, a five bit correction span would load as: 
CS3 CS2 CS1 CSO 
o 0 

HNE: Header Non-Encapsulation 

o Header address mark and/or synch fields are 
encapsulated in the CRC/ECC calculation. 

Header address mark and/or synch fields are 
not encapsulated in the CRC/ECC calculation. 

NOTE: The SAM bit in the OF register must be 
reset when performing a Compare or Read 
Header operation, and the HNE bit is active low. 
If this is not done, the CRC/EGG calculation will 
begin at the synch word of the header, resulting 
in a Header Fault that will abort a Read opera
tion or a Sector Not Found error for a Compare 
Header operation. 

lEO: Invert ECC Out 

See note under 101 bit, below. 

o Checkbits exiting ECC/CRC shift register are 
unaltered. 

Checkbits exiting ECC/CRC shift register are in
verted. 

• 



3.0 Internal Registers of the DDC (Continued) 

101: Invert Data In 

o Data and checkbits entering the ECC/CRC shift 
register are unaltered. 

Data and checkbits entering the ECC/CRC shift 
register are inverted. 

NOTE: This inversion option has been included 
for compatability with a few systems that require 
ECC input and lor output inversion. 

ONE: Data Non-Encapsulation 

o Data address mark andlor synch fields are en
capsulated in the CRCIECC calculation. 

Data address mark andlor synch fields are not 
encapsulated in the CRCIECC calculation. 

4.0 DDC Operation 
4.1 MICROPROCESSOR ACCESS 
The DOC requires microprocessor control to initiate opera
tions and commands, and to check chip status. All registers 
in the DOC appear as unique memory or 1/0 locations. Each 
can be randomly accessed and operated on. When the 
DMA is not performing a memory transfer, the chip can be 
accessed as a memory location or standard 1/0 port. Only 
eight bits of data may be transferred at this time, using pins 
ADO-7 (the upper 8 bits of a 16 bit microprocessor are not 
used). Six dedicated address pins (RSO-5) individually se
lect all of the DOC's internal registers. By using these dedi
cated lines with an address strobe input (ADSO), the chip 
can be used in both multiplexed and demultiplexed address 
bus environments. The ADSO and RSO-5 pins operate as a 
fall through type latch. By asserting CS active low, the DOC 
recognizes it has to be a slave and allows RD and WR to 
effect the internal registers. With multiplexed address and 
data lines, a positive strobe pulse on ADSO will latch the 

OP8466A (SLAVE) 

-
CS 

;-

~ 
..... RSO-RS5 

~ 
DECODE LATCH 

• ~ 

!. 
A 
I ADSO 

RD 
WR 

ENABLE SELECTED 
1 

REGISTER 

+ ADO-AD7 ... ,. 
1R'i' 

address. The ADSO line may be derived from a microproc
essor address strobe such as ALE. In systems with a dedi
cated address bus (de multiplexed), ADSO may be pulled 
high to allow address information to flow through the latch. 
Finally, by applying CS and a RD or WR strobe, any of the 
64 internal locations can be accessed. It is important to note 
that most registers are read or write only. Some registers, 
however, change function dependent on whether they are 
being read from or written to (see Dual Function register list 
in INTERNAL REGISTERS). 

4.2 OPERATING MODES 
The DOC can be thought of as operating in four modes: 
RESET, COMMAND ACCEPT, COMMAND PERFORM and 
ERROR. These modes are given here in order to provide a 
functional operating description of the DOC, particularly 
when an error has been encountered. 

Mode 1 RESET: All functions are stopped, and no com
mand can be issued. During power up and be
fore initalization, the DOC is held in this mode. 
To leave this mode, pin 24 (RESET) must be 
high, a 0 must be written to the RES location in 
the OC register, and a RED command loaded 
into the DC register. This places the DOC into 
MODE 2. 

Mode 2 COMMAND ACCEPT: The DOC is free and 
ready to receive the next command (NDC bit set 
in Status register). Upon receipt of a command, 
the DOC will enter MODE 3. 

Mode 3 COMMAND PERFORM: The directed operation 
is performed. If no error is encountered, the 
DOC will return to MODE 2. An error will put the 
DOC into MODE 4. 

Mode 4 ERROR: The error needs to be serviced, and 
then the DOC can be reset by MODE 1. 

MICROPROCESSOR -
;- SELECT 

~ 
DECODE ..... DOC 

A14-An 
~ 

!. 

..... REGISTER ADDRESS A8-A13/ 
~ AD8-AD13 

ALE/ADS 
RD/imlliii 
WR/MEMWR 

..... DATA ... 00-071 

.... ,. ADD-AD7 

INTERRUPT 

TL/F/5282-4 

FIGURE 5_ Microprocessor Access to OP8466A 
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4.0 DDC Operation (Continued) 

r- POWER UP 

MODE 1 RE-ENABLE MODE 2 

RESET COMMAND 
ACCEPT 

COMMAND 
RESET COMPLETE 

NO ERROR 

MODE 4 ERROR DETECTED MODE 3 

ERROR COMMAND 
PERFORM 

DISK 
COMMAND 

TL/F/52B2-5 

FIGURE 6. DDC Operating Modes 

4.3 POWER UP AND INITIALIZATION 
In powering up the DDC, the counters and registers must be 
initialized before a drive can be assigned and the appropri
ate information loaded. This can be done by either holding 
pin 24 (RESET) low, or by setting the internal RES bit in the 
OC register. Both require that the DDC be held in the reset 
condition for a minimum of 32 RCLK periods and 4 BCLK 
periods before the reset condition can be cleared. Figure 7 
shows a general algorithm for both methods. After power 
up, and whenever a new drive is assigned, the appropriate 
drive format registers need to be loaded before any drive 
operation is performed. 

TLlF/52B2-6 

Note 1: If tha RE-ENABLE operation is accomplished by polling the status register and not enabling interrupt, than it should ba polled for NDC bit sat. Whan set, it 
should remain sat for at least 30 RCLKs before RE-ENABLE can be considered complete. The REN operation undar worst casa condition could taka as long as 
270 RCLKs. 

Note 2: As shown various methods are possible for power up, and it is up to the user as to which is more suitable. The DOC should be reset and RCLK and BCLK 
should be applied after power uP. otherwise it may draw an excessive amount of current, and may cause bus contention. 

FIGURE 7_ Power Up and Initialization Algorithm 
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5.0 Format, Read and Write 
5.1 DISK FORMATTING 
The formatting process is carried out through the format 
parameter and pattern registers (see FORMAT REGIS
TERS). These registers should be loaded during the initiali
zation process for the particular drive in use. The pattern 
registers are loaded with the specific 8-bit pattern to be writ
ten to the disk. The count registers specify the number of 
times each 8-bit pattern is to be written. In loading these 
registers, several things need to be kept in mind: 

• If any byte count register is loaded with zero, that field 
will be excluded, and no pattern for the corresponding 
pattern register need be loaded. 

At least two header bytes must be used, with no more 
than two consecutive unused header bytes. This also 
applies to all the fields in the format, where no more 
than two consecutive fields may be deleted. The one 
exception is the internal header EGG and external head
er EGG field. At least one of these fields must be pres
ent. 

• If the disk is hard sectored, no gap byte count needs to 
be loaded. See Hard Vs. Soft Sector Operation in the 
FORMAT, READ AND WRITE Section. 

The sector format options that are provided with the DDG 
are shown in Figure 8. The fields common to the ID and 
data fields, such as the preamble, Synch, GRG/ECG and 
postamble fields, perform similar functions, and are briefly 
discussed below. 

PREAMBLE: Allows the PLL in the data separator to 
achieve phase lock. 

SYNCH # 1 and 2: Synch # 1 contains the missing clock ad
dress mark for use with soft sectored 
disks. Generally, this field is not used in 
hard sectored disks. The synch # 1 field 
can be used to extend the preamble or 
the synch fields in hard sectored mode. 
Synch # 1 and # 2 fields allow for byte 
alignment of the DDG. 

HEADER BYTES: Used to uniquely identify each sector. 
Examples are sector number, cylinder 
number, track number, etc. 

DATA: Information to be stored. 

CRG/EGG: 

EXT. EGG: 

This field is generated and checked in
ternally. 

Used with external EGG circuitry. Pro
vides space for externally generated 
EGG bytes. 

POSTAMBLE: 

GAP 3: 

Allows read gate turn off time for the PLL 
to unlock. Provides a pad so that the 
write splice does not occur at the end of 
the GRG. 

Provides protection against speed varia
tion. In soft sectored mode, its length is 
determined by the Gap Byte Count regis
ter. In hard sectored mode, this gap will 
continue until the next sector pulse. 

Format operations always start with an index pulse, and end 
with the next index pulse, thus making one track. The DDG 
has three approaches for formating disks: 

Internal Sequential 
FIFO Table 
Interlock Type 

INTERNAL SEQUENTIAL 

This mode is used where the sector number is incremented 
for each physically adjacent sector, that is, for an interleave 
of one. This mode may be used on a multi-sector operation 
to format a whole track of sequential sectors. The header 
bytes other than the sector number, such as cylinder num
ber and head number, are loaded. The Sector Gounter (SG) 
is loaded with the first sector number desired on the track 
and the HG register with SSG=1. The Number of Sector 
Operations (NSO) counter is loaded with the number of sec
tors per track. Finally, the FMT bit is set in the DC register 
in addition to bits for a Write Header/Write Data, multi
sector operation. Formatting begins upon loading the DG 
register. The last sector number written will therefore be 
[SCI + [NSOI-1. 

FIFO TABLE 

This approach is ideal for sector interleaving and offers the 
minimum of microprocessor intervention during the format 
operation. The microprocessor sets up the header bytes of 
each sector, contiguously in memory. The local DMA chan
nel or external DMA is used to transfer the header byte sets 
into the FIFO. Each set transferred is used once for each 
header field. The local DMA transfers a new set for each 
sector. The number of sectors transferred is determined by 
the NSO register. 

The format operation follows the sequence below: 

(1) Before the format operation, a full track of header byte 
sets is loaded into a memory area accessible to the 
local DMA channel. Each header byte set must contain 
an even number of bytes. If it contains an odd number 
of bytes, an extra "dummy" byte must be inserted so 
that each header byte set will be contained in an even 
byte boundary. 

(2) The DMA address is loaded with the location of the first 
byte of the first header byte set. 

10 FIELD 

10 SYNCH # 1 (AM) 
0-31 Bytes 

HEADER BYTES 10 CRC/ECC' 
2-6 Bytes 0, 2, 4 or 6 Bytes 

DATA FIELD 

Note 1: The ID GRG/EGG field and the ID EXT EGG field must not be set to zero simultaneously. 

Note 2: The ID and DATA preamble fields need to be at least 3 bytes for proper operation. 

FIGURE 8. Sector Format Fields 
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10 POSTAMBLE 
0-31 Bytes 



5.0 Format, Read & Write (Continued) 
(3) The Header Byte Count (HBC) is loaded with the num

ber of header bytes in each sector (2-6 bytes). 

(4) The Disk Format (OF) register is loaded with the FTF bit 
set. 

(5) The Drive Command (DC) register is loaded for a Write 
Header/Write Data, multi-sector, format operation. 

INTERLOCK TYPE 

This approach offers the most versatility, but requires fast 
microprocessor intervention. It may be used to format a 
whole track of interleaved sectors. It can also be used for 
creating files of varying sector length, but this can be very 
tricky. The DOC can format sectors with data lengths from 1 
to 64k bytes with single byte resolution. 

Interlock type formatting uses the interlock mode and the 
header complete interrupt to enable the microprocessor to 
directly update any format parameter bytes. The Operation 
Command (OC) register is loaded wth IR (Interlock Mode), 
EHI and EI bits set. The Disk Format (OF) register should be 
loaded with the FTF bit reset. The header byte pattern for 
each selected header byte must be loaded into the relevant 
register. The NSO register is loaded with the number of sec
tors to be formatted. The DC register is then loaded for a 
Write Header/Write Data, multi-sector, format operation. 

After the header field is written in the first sector, the DOC 
issues the header complete interrupt. With interlock mode 
set, the contrOlling microprocessor has the block of time 
until the preamble field of the next sector to read status, 
load the next sector's header bytes into the DOC registers 
and confirm this had been accomplished by writing to the 
Interlock (HBC) register. This must be done after the HMC 
interrupt for every sector, including the last sector of the 
operation. If this is not done, a Late Interlock error will occur 
when a subsequent command is loaded in the DC register. 

In a non-format operation, the user has only until the end of 
the data field to write to the HBC register (see Data Recov
ery Using The Interlock Feature in ADDITIONAL FEA
TURES). This operation is repeated until the NSO register 
decrements to zero. An interrupt will then be issued indicat
ing that the operation has completed. 

5.2 READ AND WRITE 
For initiating Read/Write operations, the necessary format 
registers need to be loaded with the appropriate information 
to enable the DOC to identify the desired sector. Multi-sec
tor operations will also require the Number of Sector Opera
tions (NSO) counter and the Sector Counter (SC). Algo
rithms outlining the read/write operations are shown in Fig
ures 10 and 11. For each of these, it is assumed that the 
parameters for the desired sector(s) have been loaded, and 
that the head is positioned over the proper track. 

READ 

During a read operation, header data passing under the disk 
head is compared to the header bytes in the DOC parame
ter RAM. If a match is found after a read command is is
sued, the data field of the identified sector will start filling 
the FIFO. Once the selected threshold data level (burst 
length) is reached, the Local DMA Request (LRQ) pin will be 
asserted, signaling that a transfer is required. When the 
LACK pin grants the bus, either the exact burst length or the 
entire FIFO contents are transferred to memory. The FIFO 
continues filling, and this process repeats until the entire 
data field has been transferred to memory. 
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WRITE 
A similar process occurs in reverse for a write operation. 
The DMA fills the FIFO, and when the correct sector is 
found, this data begins to be written to disk. When the data 
in the FIFO falls by an amount equal to the burst length, a 
transfer request is issued on LRQ. When LACK is granted, 
the DMA either fills the FIFO or transfers the exact number 
of bytes specified in the burst length. This process contin
ues until a number of bytes specified by the Sector Byte 
Count register has been written to the disk. 

Multi-sector operations follow the same procedure, but the 
operation is repeated on the number of sectors specified in 
the Number of Sector Operations (NSO) counter, with an 
interrupt being generated on completion of the last sector. 

5.3 HARD SECTOR vs. SOFT SECTOR 
OPERATION 

The choice between hard and soft sectored operation is 
made through the use of the HSS bit in the Drive Format 
register. This bit, in conjunction with other control bits can 
set the DOC to perform a number of functions depending on 
whether a read, write or format operation is to be enacted. 
HSS = 0 sets the DOC for soft sectored operation, and 
HSS = 1 sets the DOC for hard sectored operation. 

FORMAT 
In hard sectored operation, the DDC assumes that sector 
pulses are present, and will ignore the gap count. Gap bytes 
will be written until a pulse is detected on the SECTOR pin. 
In soft sectored operation, the gap count will be used for 
every sector except the last. The Gap Byte Count register 
determines the Gap 3 length. For the last sector, gap bytes 
will be written until an index pulse is received. 

READ 
When reading, the need for the AMF input pulse is deter
mined by the HSS bit. For soft sectoring, the AMF input is 
required for at least one bit time within the Synch # 1 fields 
in both the 10 and Data sections of the sector. For hard 
sectoring, the AMF input is not required. 
The HSS bit in the OF register, and the SAIS command in 
the DC register define when RGA TE is asserted for various 
sector formats This is outlined below 

HSS SAIS RGATE ASSERTED: 

0 0 On index pulse 
0 1 On receipt of instruction 
1 0 On index pulse 
1 1 On index or sector pulse 

WRITE 
The HSS, MFM and SAM bits in the OF register determine 
the use of the address mark and the AME pin as follows· 

HSS MFM SAM FUNCTION 

0 0 0 AME pin activated during 10 and data 
synch # 1 fields. 

X 0 1 AME pin activated during 10 preamble. 

0 1 X Missing clocks inserted in ID and data 
synch # 1 fields. 
AME pin indicates LPRE (if enabled). 

1 0 0 AME pin disabled. 

1 1 X Synch # 1 fields written without 
missing clock pulse. 

• 
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CD 
~ 5.0 Format, Read & Write (Continued) 
co 
Il. 
C 

INTERNAL SEQUENTIAL 

'SELECT AND LOAD HEADER BYTES 
'ASSIGN HEADER BYTE(S) AS 

SECTOR NUMBER(S) WITH SSC = 1 
'LOAD SC REGISTER WITH INITIAL 

SECTOR NUMBER DESIRED AFTER 
INDEX PULSE 

'LOAD NSO REGISTER WITH NUMBER 
OF SECTORS PER TRACK 

'LOAD OF REGISTER WITH FTF = 0 

SET DOC FOR A WRITE HEADER, 
WRITE DATA, MULTI- SECTOR 
FORMAT OPERATION (LOAD DC 
REGISTER WITH AC) 

( CONTINUE) 

'SET UP ARRAY OF HEADER BYTES 
ONLY, FOR EACH SECTOR ON TRACK 
TO BE FORMATTED. ARRAY IS 
TRANSFERRED BY LOCAL DMA. 

'LOAD HBC REGISTER WITH 
NUMBER OF HEADER BYTES (2-6) 

'LOAD DMA ADDRESS BYTES 0 &: 1 
WITH ARRAY START ADDRESS 

'LOAD OF REGISTER WITH FTF = 1 

'UPDATE HEADER BYTE(S) TO NEXT 
SECTOR NUMBER 

'WRITE TO INTERLOCK (HBC) 
REGISTER (NUMBER OF HEADER 
BYTES) 

FIGURE 9. Format Track Algorithm 
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'LOAD HEADER BYTE WITH SSC = 1 
IN HC REGISTER WITH FIRST SECTOR 
NUMBER 

'LOAD OC REGISTER WITH IR = 1, 
EI = 1 AND EHI = 1 

SET DOC FOR A WRITE HEADER, 
WRITE DATA, MULTI- SECTOR FORMAT 
OPERATION (LOAD DC REGISTER 
WITH AC) 

NO 

TLlF/5282-7 



5.0 Format, Read & Write (Continued) 

I RESET ERROR BIT ISSUE RED COMMAND I 

IF ERROR REPEATS IN RETRIES, 
REPOSITION HEAD 

ADDRESS MARKS OR SYNCH WORDS DID 
NOT MATCH; IF ERROR REPEATS IN ... ---< 
RETRIES, CHECK SYSTEM SET-UP 

COULD INDICATE SPEED INCOMPATI
BILITY BETWEEN SYSTEM AND DISK 
DRIVE; IF ERROR REPEATS IN 
RETRIES, CHECK SYSTEM 

CRC/ECC ERROR IN DATA FIELD; IF 
ERROR REPEATS IN RETRIES, GO TO 
CORRECTION CYCLE 

DISK FIELD TOO LARGE FOR ALLOTTED 
>-----~. MEMORY SPACE; CHECK SYSTEM SET-UP 

MICROPROCESSOR TOO SLOW FOR 
>---""""i~. INTERLOCK MODE, OR TOO MANY 

CHANGES ATTEMPTED; CHECK SOFTWARE 

TL/F/52B2-B 

FIGURE 10. Simple Read Operation 
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~ 5.0 Format, Read & Write (Continued) 
CD a. 
C 

I RESET ERROR BIT ISSUE RED COt.1t.1AND I 

IF ERROR REPEATS IN RETRIES, 
REPOSITION HEAD 

COULD INDICATE SPEED INCOMPATI
BILITY BETWEEN SYSTEM AND DISK 
DRIVE; IF ERROR REPEATS IN 
RETRIES, CHECK SYSTEM 

LOAD NSO REGISTER WITH NUMBER OF 
>-;';';';;"'---1~1 SECTORS, AND SC REGISTER WITH 1 ST 

SECTOR ADDRESS IF" USED 

t.1ICROPROCESSOR TOO SLOW FOR 
>-----1~ INTERLOCK MODE, OR TOO t.1ANY 

CHANGES ATTEMPTED; CHECK SOFTWARE 

~..;;.;.._~~ DATA FIELD TOO LARGE FOR ALLOTTED 
t.1EMORY SPACE; CHECK SOFTWARE 

TL/F/5282-9 

FIGURE 11, Simple Write Operation 
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5.0 Format, Read & Write (Continued) 

5.4 MFM ENCODED DATA 
MFM encoding of write data is controlled by the MFM bit in 
the OF register MFM = 1 sets the DOC to write MFM data 
to the disk. MFM = 0 sets the DOC to write NRZ data to the 
disk. 

PRECOMPENSATION OF MFM ENCODED DATA 

When the MFM bit in the OF register and the EP bit in the 
DC register are set, precompensation will be indicated on 
the EPRE and LPRE pins. Precompensation is issued for 
the middle bit of a 5-bit field. In the DP8466A, early and late 
precompensation will be enacted for all of the combinations 
as shown below. All other patterns will not require precom
pensation. Precompensation can be disabled by setting the 
EP bit in the DC register inactive low. 

EPRE NRZ PATTERNS 
00010 
00011 
01100 
01 101 
11100 
11 101 

LPRE NRZ PATTERNS 
00110 
00111 
10000 
10001 
101 10 
101 11 

Precompensation outputs are aligned to provide symmetri
cal set-up and hold times relative to the rising edge of the 
WDATA outputs. This gives a half period of RCLK set-up 
time on precompensation outputs. This is shown in Figure 
12. Two bits of zero precede the preamble fields at the lead
ing edge of the write gate when writing MFM data due to 
MFM encoded delays. 

o o 
WDATA 

o 

EPRE 1----+---+----+-....1 

LPRE f----+---+--' 

5.5 ADDRESS MARK PATTERNS, MISSING 
CLOCK 

During writing and formatting a sector with MFM encoding 
enabled, a clock violation, or missing clock pulse, will be 
inserted in the synch # 1 field. This indicates the address 
mark. For an example of this, refer to Figure 13. 

When writing MFM encoded data with precompensation en
abled, only the following hex values are allowed to be load
ed into the synch # 1 pattern registers: 

A1,C2,C3,E1,84,85,86,87 

With no precompensation, any pattern containing 100001 is 
valid. 

During a soft sectored read operation, an AMF pulse will be 
expected on the AMF/EPRE pin during each byte of the 
synch # 1 field. 

o o 

TL/F/5282-10 

FIGURE 12. Example of EPRE and LRPE Outputs 

TL/F/5282-11 

FIGURE 13. Missing Clock Example 
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6.0 CRC/ECC 
6.1 PROGRAMMING CRC 
The DDC is set for internal CRC by programming the disk 
Format (DF) and ECC/CRC Control (EC) registers. The 
CRC-CCITT polynomial used by the DDC for the CRC code 
is given below: 

P(x) = x16 + x 12 + x5 + 1 

The DDC uses the pattern preset to all 1 's for the GRG 
calculation. Nofe: If no CRG/EGG is used for the ID fields, 
an external EGG must be used. 

6.2 PROGRAMMING ECC 
There are two sets of six registers used to program the 
EGG. One set of six is used to program the polynomial taps, 
while the other set is used to establish a preset pattern 
(typically all 1 's). Bits contained in the EGG Control (EG) 
register are used to control the correction span. The DF 
register contains bits for choosing the desired type of ap
pendage: Either 32 or 48-bit programmable ECC polynomi
als, or the 1S-bit GGITT GRG polynomial is possible. A 48-bit 
computer generated polynomial is also available from Na
tional Semiconductor free of charge. 

PROGRAMMING POLYNOMIAL TAPS 

To program a polynomial into the shift register, each tap 
position used in the code must !le set to 0, and all unused 
taps should be set to 1. The bit aSSignment for these regis
ters in 48 and 32-bit modes is shown in the tables that fol
low. It is important that for 32-bit codes, PTB2 and PTB3 all 
be set to 1 'so Failure to do so will result in improper opera
tion. Also, ~8 and JfJ2 are implied, i.e., a 32-bit EGG will 
always contain the JfJ2 term and a 48-bit EGG will always 
contain the ~8 term. For both EGG',,!, the term XJ (or 1) is 
also implied, even though this bit is accessible. 

Tap Assignment 48-Blt Mode 

REG# ADDR 
BITNUMBER 

DB7 DBS DBS DB4 DBS DB2 DB1 DBO 

PTBO 08 x7 ~ x5 ~ JfJ x2 xl XJ 
PTB1 09 x 15 x14 x 13 x 12 x ll x lO x9 x8 
PTB2 OA x23 x22 x21 x20 x 19 x18 x17 x16 

PTB3 08 JfJl JfJo x29 x28 x27 x26 x25 x24 

PTB4 OC JfJ9 JfJ8 JfJ7 JfJ6 JfJ5 JfJ4 JfJ3 JfJ2 

PTB5 OD ~7 ~6 ~5 x44 ~3 ~2 ~1 ~o 

Tap Assignment 32·Blt Mode 

BITNUMBER 
REG# ADDR 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

PTBO 08 x7 ~ x5 ~ JfJ x2 xl XJ 
PTB1 09 x15 x14 x13 x12 xII x lO x9 x8 
PTB2 OA 1 1 1 1 1 1 1 1 
PTB3 08 1 1 1 1 1 1 1 1 
PTB4 OC x23 x22 x2l x20 x 19 x 18 x 17 x16 

PTB5 OD JfJl JfJO x29 x28 x27 x26 x25 x24 
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PROGRAMMING PRESET PATTERN 

To program the preset pattern that the shift registers will be 
preset to, PPBO-PPB5 must be initialized. As in the polyno
mial taps, ~8, JfJ2, and XJ are implied. The assignment of 
the bits for 48 and 32 bit modes is shown in the tables on 
the following pages. 

The value programmed into each register will be the preset 
pattern for the eight bits of the corresponding shift register. 
For typical operation, these will be programmed to all 1 'so 
All unused presets must be set to O. In 32-bit mode, PPB2 
and PPB3 must be set to all O's. Failure to do so will result in 
improper operation. 

Preset Bit Assignment 48-Bit Mode 

BITNUM8ER 
REG# ADDR 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

PPBO 02 x7 ~ x5 ~ JfJ x2 xl XJ 
PPB1 03 x 15 x14 x13 x12 x ll x 10 x9 x8 
PPB2 04 x23 x22 x2l x20 x19 x 18 x17 x 16 

PPB3 05 JfJl JfJo x29 x28 x27 x26 x25 x24 

PPB4 06 JfJ9 JfJ8 JfJ7 JfJ6 JfJ5 JfJ4 JfJ3 JfJ2 

PPB5 07 ~7 ~6 ~5 ~4 ~3 ~2 ~1 ~o 

Preset Bit Assignment 32-Bit Mode 

BITNUMBER 
REG# ADDR 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBD 

PPBO 02 x7 ~ x5 ~ JfJ x2 xl 

PPB1 03 x15 x14 x 13 x12 xlI x10 x9 
PPB2 04 0 0 0 0 0 0 0 
PPB3 05 0 0 0 0 0 0 0 
PPB4 06 x23 x22 x21 x20 x19 x18 x17 

PPB5 07 JfJl JfJo x 29 x28 x27 x26 x25 

RECOMMENDED POLYNOMIAL AS AN EXAMPLE 

To program the 32-bit polynomial of the form: 

XJ 
x8 
0 
0 

x 16 

x24 

JfJ2 + x28+ x26 + x19 + x17 + x 10 + x5+ x2 + 1 

with a preset of all 1 's, a correction span of 5-bits with no 
header/data encapsulation, the following registers would be 
programmed as shown. Note that PTB2 and PTB3 must be 
all 1 's and PPB2 and PPB3 must be all O's in 32-bit mode. 



6.0 CRC/ECC (Continued) 

Polynomial Taps 

REG# 
BIT NUMBER 

7 6 5 4 3 2 1 0 

PTBO 1 0 1 1 1 0 1 0 
PTB1 1 1 1 1 1 0 1 1 
PTB2 1 1 1 1 1 1 1 1 
PTB3 1 1 1 1 1 1 1 1 
PTB4 1 1 1 1 0 1 0 1 
PTB5 1 1 1 0 1 0 1 1 

Preset Pattern 

REG# 
BITNUMBER 

7 6 5 4 3 2 1 0 

PTBO 1 1 1 1 1 1 1 1 
PTB1 1 1 1 1 1 1 1 1 
PTB2 0 0 0 0 0 0 0 0 
PTB3 0 0 0 0 0 0 0 0 
PTB4 1 1 1 1 1 1 1 1 
PTB5 1 1 1 1 1 1 1 1 

BIT# 
HH....:...j--=--!---=--!--44-=....J 

SET 

6.3 OPERATION DURING CORRECTION 
The DOC can be set to correct an error any time one has 
been detected and before another operation has begun. 
The user decides when to initiate the correction. The sector 
in question can be re-read several times to insure that the 
error is repeatable. If so, the error can be considered a hard 
error on the disk and a correction can be attempted. Since 
the DOC does not contain drive control circuitry, it is the 
user's responsibility to provide the programming for the exe
cution of any re-read operations and the associated deci
sion making. 

The syndrome bytes in the ECC shift register will contain the 
bit error information. The bytes in error will already have 
been transferred to memory. Once initiated, the correction 
is performed internal to the DOC, leaving the bus free for 
other operations. An interrupt will be issued within the time it 
takes to read a sector, indicating whether the error was cor
rected or not. During this time, the erroneous sector in 
memory will remain unchanged. 

Error correction time is determined by the error's location in 
the sector. The nearer to the start of the sector, the longer 
the DOC takes to locate the error. This time can be deter
mined using the formula shown at right. It should be noted 
that this is internal correction time only; more time is re
quired for the microprocessor to perform additional opera
tions. 

Before initiating a correction operation, the DOC needs to 
be reset, and re-enabled (see Operating Modes in DOC OP
ERA TION). The Sector Byte Count registers must be initial
ized to {sector length] + 4 for 32-bit mode or {sector 
length] + 6 for 46-bit mode. The correction command 
should be issued when the counter has been updated. 
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The DOC will issue an interrupt after the correction cycle is 
complete. Other activities (such as completion of remote 
DMA) may issue interrupts before this happens. These inter
rupts should be serviced to allow the Correction Cycle Com
plete interrupt to be issued. The CCA bit in the Status regis
ter will be high during the entire correction cycle. It will be 
reset when the cycle has completed. The ED bit in the 
Status register will remain active throughout the correction 
cycle. 

If after an interrupt, the Status register is read and the CCA 
bit is low, the Error register is read to see if the correction 
was successful. If the CF bit is set, this signifies that the 
error was non-correctable. This usually means that two er
rors have occurred with extremities exceeding the selected 
correction span. Failure to correct an error is serious and 
the system should be notified that the data from that sector 
is erroneous. 

If the CF bit was not set, the error was corrected. The micro
processor then computes the address of the first byte in the 
data field that contains the error. That address is: {current 
value of DMA Address Bytes 0 & 1] - {Sector Length] + 
{Data Byte Count L & H] - 1. 

Errors are corrected by XOR'ing syndrome bytes (ECC SR 
Out 0-5) with the bytes in the data record in memory that 
contain the error. The Data Byte Count can be used to de
termine whether the error is in the ECC or data field. If the 
Data Byte Count is greater than the maximum sector length, 
the error is in the ECC field and no correction should be 
attempted. If the Data Byte Count is less than the sector 
length, the error is in the data field (or it may straddle the 
data and ECC fields) and may be corrected. 

For performing a correction with 32-bit ECC, the following 
shift registers should be read sequentially to obtain the syn
drome byte pattern: 

ECC SR Out 1, ECC SR Out 4, ECC SR Out 5 

ECC SR Out 2 and 3 are not used in 32-bit mode and will 
contain O's if read. ECC SR Out 0 will contain all O's if the 
error is correctable, and may contain some set bits if it is 
not. 

ECC SR Out 1 will always contain the first bits in error. The 
succeeding bits will be contained in ECC SR Out 4 and 5. If 
the maximum span of 15 bits is used, all three registers may 
be needed, depending on where the first bit occurs. 

To correct the error, the syndrome bits in these registers are 
XOR'ed with the data bits contained in buffer memory. The 
corrected data is then written back to the buffer memory, 
replacing the data in error. The address of the first byte in 
error is computed by the microprocessor as described 
above. 

DATA FIELD I ECC 

TLlF/52B2-12 

Approximate Correction Time = (I - x)/f 
I = Entire length of data field and ECC appendage (in bits) 

x = Distance from least significant bit to first error location (in bits) 

f = read clock frequency (in hertz) 

FIGURE 14. Calculating Correction Time 



6.0 CRC/ECC (Continued) 

1 st Data Byte with Error -+ 

2nd Data Byte with Error -+ 

3rd Data Byte with Error -+ 

DATA BYTES 
FROM 

BUFFER MEMORY 

!. 
BYTE 27 

BYTE 28 

BYTE 29 

BYTE 30 

BYTE 31 

-+ E9 -+ 

-+ E9 -+ 

-+ E9 -+ 

CORRECTED 
DATA BYTES 

SYNDROME RETURNED TO 
BYTES BUFFER MEMORY 

ECCSR OUT 1 -+ BYTE 28 

ECCSROUT4 -+ BYTE 29 

ECCSROUT5 -+ BYTE 30 

FIGURE 15. 32-Blt ECC Correction Process 

To perform a 48-bit ECC correction, the following registers 
should be read sequentially: 

ECC SR Out 1, ECC SR Out 2, ECC SR Out 3 

ECC SR Out 0, 4 and 5 are not used for outputting syn
drome bits for correction in 48-bit mode and will contain O's 
for a correctable error. If the error is non-correctable, these 
registers may contain some set bits. Syndrome bit location 
and error correction is performed as in 32-bit mode. 

1 st Data Byte with Error -+ 

2nd Data Byte with Error -+ 

3rd Data Byte with Error -+ 

DATA BYTES 
FROM 

BUFFER MEMORY 

!. 
BYTE 13 

BYTE 14 

BYTE 15 

BYTE 16 

BYTE 17 

!. 

-+ 

-+ 

-+ 

EXAMPLE OF A 32-BIT CORRECTION 

Shown in Figure 17, is a record with several bits read in 
error from disk. Bits D4, D11, D13 and D14, now located in 
memory, were incorrectly and need to be corrected. As can 
be seen, the correction pattern provided in ECC SR Out 1 
and 2 can be used to correct bits D4, D11, D13 and D14. 
The CPU reads the Data Byte Count and computes that it 
pOints to the first byte read from disk. This byte is XOR'ed 
with ECC SR Out 1 and is written back to memory. The 
second byte read from the disk is XOR'ed with ECC SR Out 
4 and then written back. ECC SR Out 5 need not be used 
since it contains all O's. 

CORRECTED 
DATA BYTES 

SYNDROME RETURNED TO 
BYTES BUFFER MEMORY 

E9 -+ ECCSROUT1 -+ BYTE 14 

E9 -+ ECCSROUT2 -+ BYTE 15 

E9 -+ ECCSROUT3 -+ BYTE 16 

FIGURE 16. 48-Blt ECC Correction Process 

Syndrome Pattern Buffer Memory 

CORRESPONDING 
BUFFER DATA BIT PA TTERN 

REGISTER 
BITNUMBER 

7 6 5 4 3 2 1 0 

ECCSR OUT 1 0 0 0 1 0 0 0 0 D7 D6 D5 D3 D2 D1 DO 
ECCSROUT4 0 1 1 0 1 0 0 0 D15 D12 D10 D9 D8 
ECCSROUT5 0 0 0 0 0 0 0 0 D23 D22 D21 D20 D19 D18 D17 D16 

• = location of bits in error 

FIGURE 17. Example of a 32-Blt Correction 
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6.0 CRC/ECC (Continued) 

INmALIZE SECTOR BYTE COUNT REGISTER TO: 
• SECTOR LENGTH + 4 (FOR 32-BIT ECC) 
• SECTOR LENGTH + 6 (FOR 48-BIT ECC) 

ERROR IS 
NONCORRECTABLE 

ERROR IS ONLY IN ECC 
FIELD; DO NOT CORRECT. 
DATA IS GOOD 

COMPUTE ADDRESS OF FIRST DATA BYTE IN ERROR: 
(CURRENT ADDRESS OF DMA ADDRESS BYTES). 

- (SECTOR LENGTH) 
+ (DATA BYTE COUNT L Il< H) 
- 1 
= DESIRED ADDRESS 

NO 

YES 

FIGURE 18. Correction Cycle Algorithm 
THIS CYCLE CAN ONL Y BE 

INITIATED AFTER A READ 

DA TA OPERA TION HAS 

BEEN COMPLETED 
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6.0 CRC/ECC (Continued) 

A note of caution: If the DOC is in the tracking DMA mode 
when a data error occurs, the remote DMA channel will 
transfer the sector in error to its destination in the system. 
The DOC will still interrupt to indicate that it has detected an 
error. It is then up to the system to get the DOC to correct 
the error in buffer memory and retransfer the corrected data 
to the system. 

6.4 ECC CHECK USING LONG READ AND 
LONG WRITE 

During a normal read or write operation, the size of the data 
field is specified by the Sector Byte Count register pair. If 
the data field is extended during a read back, the ECC ap
pendage can be read in as data and analyzed outside the 
DOC. This is what is known as a long read. 

r--: NORWAL READ OF DATA'-----j 

I 256 BTTE DATA FIELD I 4 BYTE Etc I 
I-LONG READ OF DATA TO INCLUDE Etc APPENDAGE-I 

TL/F/52B2-14 

'Read length defined by Sector Byte Count register pair. 

FIGURE 19. Example of a Long Read 

Likewise, an externally generated ECC appendage can be 
added to the data and written to the disk as data with or 
without the onboard CRC/ECC generator enabled. This is 
known as a long write. 

By using long reads and long writes in conjunction with ex
ternal software used to produce data fields and external 
CRC/ECC appendages, various diagnostic programs can 
be devised to test the DOC's internal correction functions 
and ECC generation circuitry. These tests could be incorpo
rated in the initialization algorithm to test the chip each time 
it is powered up. 

7.0 Data Transfer 
7_1 DIRECT MEMORY ACCESS (DMA) 
The DOC is designed to work efficiently in two major system 
configurations: 

(1) A single system bus with shared data buffer/system 
memory (see Figure 20. 

(2) A dual bus environment with a local microprocessor, 
buffer memory and DP6466A on a local bus interfacing 
the host system bus through an I/O port (see Figure 21). 

All DMA activity is supported by the following three features: 

PROGRAMMABLE BURST LENGTH (THRESHOLD) 

Here, the transfer of data between the 32-byte FIFO on the 
DOC and the external memory (local or main) Involves the 
use of internal or external local DMA channel. While writing 
to the disk, the DOC will initiate a transfer when the FIFO 
has been depleted by the burst length. It will also initiate a 
transfer while reading from the disk when the FIFO fills to 
the burst length. This length is selectable from 2, 6, 16 or 24 
bytes, allowing for the variations in bus latency time encoun
tered in most systems. 
At the start of a write operation, the FIFO will be filled up in 
a series of bursts of the programmed length. 
If the exact burst option is not selected, the FIFO will be 
completely filled (if writing to disk) or emptied (if reading 
from disk) in one DMA operation. The burst length is always 
the threshold at which the transfer will be requested and is 
independent of the DMA mode, including slave. 
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At the end of a sector or an operation, the local burst coun
ter does not reset. This means that the first burst of a sub
sequent sector will not be what was programmed in the L TR 
if the burst length was not an exact multiple of the data 
length. The data length is equal to the sector length times 
the number of sectors. The DOC would have to be reset 
between operations if resetting the local burst counter is 
desired. It is not recommended to count bursts in order to 
monitor the amount of data transferred. 

8-BIT/16-BIT WIDE TRANSFERS 

Byte or word wide data transfer can be selected for both 
local and remote DMA channels. Word wide tranfers with 
local DMA use the ADO-15 pins, and byte wide use the 
ADO-7 pins. Both the local and the remote DMA addresses 
are incremented by 2 for word wide transfers, and 1 for byte 
wide transfers. Commands and DOC parameter registers 
are loaded and read only 8-bits at a time, using ADO-7. 

REVERSE BYTE ORDER 

This option is only valid for 16-bit wide transfers using the 
local DMA channel. This should not be used for 8 bit wide 
transfers. It enables the two bytes being transferred to be 
mapped with the high order byte to ADO-7 and the low 
order byte to AD8-15, or vice-versa. 

The DOC has provisions to accommodate five DMA modes. 
These are as follows: 

EXTERNAL DMA: 1. Slave Mode 

INTERNAL DMA, Single Bus: 2. 16-Bit Local Mode 

3. 32-Bit Local Mode 

Multiple Bus: 4. Non-Tracking Mode 

5. Tracking Mode 

All five modes accommodate the three configurations just 
described. All DMA modes, except external slave, use an 
incrementing address. Local channel transfers always have 
priority over remote channel transfers unless externally re
prioritized. If the local channel is used, its transfer length is 
always automatically loaded from the Sector Byte Count 
register pair. 

7.2 EXTERNAL DMA 

SLAVE MODE 

In this mode, no on-chip DMA control is used. LRQ and 
LACK pins are connected to an external DMA controller. 
After LACK has been granted, I/O RD and I/O WR from the 
DMA controller are used to strobe data between the internal 
FIFO and the DOC I/O port. 8-bit and 16-bit wide data trans
fers are possible. Throughout this data sheet, reference has 
been made to the use of on-chip DMA for the transfer of 
data. It is important to note here that external DMA can be 
used in place of this if so desired. 

7.3 INTERNAL DMA 
The following four modes all use on-chip DMA control with 
at least the local channel serving as bus master for data 
transfers between the internal FIFO and memory. 

SINGLE BUS SYSTEMS 

The following two modes support a single bus and a single 
shared buffer/system memory. Bus access should be guar
anteed before the FIFO overflows or empties during a disk 
transfer operation. A FIFO Data Lost error (FDL bit in Error 
register) will be flagged and the operation aborted if this fails 



7.0 Data Transfer (Continued) 

DP8466A DOC 

FIFO 
00-7/00-15 ADO-IS II.. 

I I DATA TO SYSTE 

LATCH A16-31 
DMA HIGH 

HIGHER A16-31 A t 
~ 

V> 
16-BITS ~ MEMORY 

'" Q ~4G BYTES AO-IS Q 
LOWER ... 

16-BITS LATCH 
~O~ I.!. ~ I- LOW 

"'I, ... , 
TO SYSTEM 

BUS 
ARBITER 

-+ LRQ AL HIGH -
'--- LACK AL LOW 

ADSI BRQ 
ADSO BACK TO MICROPROCESSOR 

ALE • 
TL/F/52B2-16 

FIGURE 20. Single System Bus, 32-Blt Address DMA 

MAIN SYSTEM OR STANDARDIZED 

DP8466A DOC BUS (SCSI, IPI, ETC.) ~ II. 

IF MAIN 

I FIFO 
00-7/00-15 ADO-IS DATA 

SYSTEM BUS, 
TO MAIN 

I I MEMORY 
AND MASTER 

AO-IS LOCAL MICROPROCESS~R 

DMA LATCH MEMORY 
ADDRESS ~64K BYTES 

... 
LOCAL AO-IS 

CHANNEL IF STANDARDIZED 

REMOTE AO-IS BUS, TO OTHER 
NODE IN SYSTEM 

CHANNEL 
I/o PORT 

II.. .. 
LOCAL 

~SYSTEM 
BUS 

BUS 
ARBITER 

4 LRQ AL 

- LACK BRQ 
RRQ BACK 4 

TO LOCAL 
MICROPROCESSOR 

RACK ALE 4 
ADSO ... , 

TL/F/52B2-15 

FIGURE 21. Dual System Bus, 16-Bit Address DMA 
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7.0 Data Transfer (Continued) 

to happen. Different system latency times can be accommo
dated by the selectable burst length. 

16-BIT LOCAL MODE 

SLD bit is set and LA bit is reset in the L T register. Only the 
16-bit local DMA channel is enabled. 64k bytes are directly 
addressable by the DDC. Address data is presented on 
ADO-15 and latched with ADSO. Transfers always take 4 
BCLK cycles if no wait states are issued. 

32-BIT LOCAL MODE 

SLD bit and LA bit are both set in the L T register. SRD bit in 
the RT register must be reset. The local DMA channel is 
now set to issue 32-bit addresses using the remote DMA 
channel as the upper 16-bit address register. 4 G bytes are 
addressable by the DDC. During the first DMA cycle of a 
newly programmed address, or after a roll-over of the lower 
16-bit address counter occurs, ADS1 strobes a new high 
order word (A16-31) into the external address latches. Each 
time this happens, the DMA cycle is 5 BCLK periods long. 
When a new high order address is not needed, the DMA 
cycle is 4 BCLK periods long. ADSO is used as an output to 
latch the low order word (AO-15) from the ADO-15 pins into 
the address latch. 

MULTIPLE BUS SYSTEMS 

The following two modes support a dual bus environment, 
where a local microprocessor, buffer memory and the 
DP8466A interface to the host through an 1/0 port. The 
difference between tracking and non-tracking mode is 
whether the DDC or the controlling microprocessor ensures 
that an attempt to read data from buffer memory does not 
occur before data has been written there. Basic algorithms 
for both are shown in Figures 22 and 23. 

TRACKING MODE 

SLD bit set and LA bit reset in the L T register. SRD bit and 
TM bit set in the RT register. The DDC ensures that data is 
not overwritten by data transferred from the FIFO. 

This mode effectively turns the buffer memory into a large 
FIFO. This is accomplished through the use of the DMA 
Sector Counter (DSC), which keeps track of the difference 
between sectors readlwritten to the disk and the sectors 
transferred tolfrom the host system. Each time the source 
transfers a sector of data into buffer memory (length deter
mined by the Sector Byte Count register pair), the DSC reg
ister is incremented. It is decremented each time the desti
nation has transferred a sector of data. Whenever the DSC 
register contents become zero, destination transfers are in
hibited. This mode facilitates multi-sector operations. 

Example: Tracking Mode, Disk Read 

• Source is local DMA 

• Destination is remote DMA 

• DSC register is reset automatically upon start of opera
tion 

• Local and remote start address, SC, NSO, OC and final
ly DC registers are loaded. Other registers may need to 
be updated, but this is a minimum set. 

A sector is read from the disk and is transferred in bursts 
from the FIFO to the buffer memory by local DMA. The DSC 
register then increments and the remote channel can begin 
transferring the first sector from the buffer memory to the 
host system. Burst transfers can be interleaved with local 
DMA, remote DMA and microprocessor all sharing the bus. 
The local channel bursts have priority over remote bursts. If 
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the remote channel manages to transfer a sector before the 
local channel has completed the next sector, the DSC regis
ter will decrement to zero. Further remote transfers are in
hibited until the local channel completes another sector and 
increments the DSC. In other words, each time a local sec
tor has been transferred, the DSC is incremented and each 
time a remote sector completes, the DSC is decremented. 
Therefore, the DDC prevents further buffer memory con
tents that have not been previously loaded with valid data 
by the local DMA from being transferred to the host system. 
The remote channel continues operation until the last byte 
from the buffer memory has been transferred. An interrupt is 
issued upon completion of the operation. 

NON·TRACKING MODE 

SLD bit set and LA bit reset in the L T register. SRD bit set 
and TM bit reset in the RT register. The remote and local 
channel addresses are completely independent. The con
trolling microprocessor must insure that the data to be 
transferred by the remote channel is not over-written by the 
local channel and vice-versa. DMA address and count regis
ters are set up independently. Remote start address (DMA 
Address Bytes 2 and 3) and Remote Data Byte Count regis
ters must be loaded before SRI or SRO bits are set in the 
OC register. Local or remote transfers may already be in 
progress when the other channel is started. The local chan
nel has priority over the remote channel. Local bus utiliza
tion is then interleaved between the local channel, the re
mote channel and the controlling microprocessor. 

By setting both SRI and SRO simultaneously, any non-track
ing remote DMA operation will stop. The present remote 
address and remote data byte count will be retained and the 
local DMA will be unaffected. Loading the original OC in
struction (input or output) will restart the original instruction 
from the last remote DMA address. 

DMA Mode Select Table 

DMAMode LTReglster RTReglster 
SLD LA SRD TM 

SLAVE 0 0 0 0 

16-BIT LOCAL 1 0 0 0 

32-BIT LOCAL 1 1 0 0 

TRACKING 1 0 1 1 

NON-TRACKING 1 0 1 0 

NOTE: In either tracking or non-tracking mode, if either 
channel Is loaded with an odd byte transfer count, the DDC 
will transfer the next higher even number of bytes. For ex
ample, if 511 was loaded into the Remote Data Byte Count 
registers, 512 bytes would be transferred, with valid data 
only in the first 511 bytes . 

DMA WAIT STATES 

INTERNAL 

Both DMA channels can independently be set to lengthen 
the RD and WR strobes by one clock cycle (LSRW bit in the 
L T register and RSRW bit in the RT register). This lengthens 
each transfer from 4 cycles to 5 cycles of the BCLK. 

EXTERNAL 

By enabling the external wait states (in the RT register), the 
EXT STAT pin is configured to insert wait states in each RD 
and WR pulse as long as this input Is high. This is valid for 
both the local and remote DMA channels. 
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LOAD DMA ADDRESS BYTE 
REGISTERS WITH LOCAL AND 
REMOTE START ADDRESSES 

• LOAD SC &: NSO REGISTERS 
FOR A MULTI-SECTOR 
OPERATION, IF NEEDED 

• LOAD OC REGISTER 
• LOAD OTHER APPROPRIATE 

REGISTERS AS NEEDED 

LOAD DC REGISTER FOR A 
COMPARE HEADER/WRITE 
DATA OPERATION 

CONTlNUE 

LOAD DC REGISTER FOR A 
COMPARE HEADER/READ 
DATA OPERATION 
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NOTE: DMA operation is completely automatic for the duration of the command. For example, when reading 
disk, local DMA empties/fills the FIFO and remote DMA transfers data at least one sector behind the local 
channel to an I/O port. For disk write, local channel will be at least one sector behind the remote channel. 

FIGURE 22. Tracking Mode for Normal Disk Read/Write 

II 

PERFORM DISK READ: 

LOAD DIIA ADDRESS BYTE 
REGISTERS WITH LOCAL AND 
REMOTE START ADDRESSES 

• LOAD SC &: NSO REGISTERS 
FOR A MULTl-SECTOR 
OPERATlON, IF NEEDED 

• LOAD OC REGISTER WITH 
SRI &: SRO BITS LOW 

• LOAD OTHER APPROPRIATE 
REGISTERS AS NEEDED 

PERFORM REIIOTE TRANSFER: 
LOAD DC REGISTER FOR A 
COMPARE HEADER/READ 
DATA OPERATlON 

SET SRI BIT IN OC 
REGISTER 

PERFORM REIIOTE TRANSFER: 
SET SRO BIT IN OC 
REGISTER 

CONTlNUE 

PERFORM DISK WRITE: 
LOAD DC REGISTER FOR A 
COMPARE HEADER/WRITE 
DATA OPERATlON 
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NOTE: This is the most basic of non·tracking mode operations, and unlimited, more versatile algOrithms 
can be built up from this. 

FIGURE 23. Non-Tracking Mode for Normal Disk Read/Write 
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8.0 Interrupts 
Interrupts can only occur if the EI bit in the DC register is 
set. If it is not set, the INT pin is always de-asserted high. 16 
RCLK periods (3.2 I'-s at 5 Mbitlsec data rate) must pass 
before servicing an interrupt (i.e. reading Status). Failure to 
do this will result in servicing the same interrupt twice. There 
are four general conditions that may cause an interrupt to 
occur: 

Operation Complete 
Header Complete 

Error 
Correction Cyc/e Complete 

OPERATION COMPLETE 
This interrupt indicates that the current DDC operation has 
completed and the DDC is ready to execute a new com
mand. Commands can be loaded sooner by setting EHI bit 
in the DC register. The Next Disk Command (NDC) bit in the 
Status register is set coincident with the Header Complete 
interrupt. New disk commands can be loaded before DMA 
operation is finished if NDC is set. If the command is a multi
sector operation, the end of operation interrupt will occur 
only after the operation is completed in the last sector of 
operation. The INT pin is asserted low when: 

• Disk operation is completed for any command that is not 
a disk read operation. 

• A read operation in the tracking DMA mode after the 
remote transfer is complete. 

• A read operation in the non-tracking DMA mode after the 
local transfer is complete. 

• A non-tracking mode remote DMA transfer is completed. 
This is independent of the disk operation or the local 
DMA. 

HEADER COMPLETE: 
If the EHI and EI bits are set in the DC register, an interrupt 
will occur when any header operation is complete. Multi
sector operations will generate an interrupt after each head
er in each sector has been operated on. It is asserted two 
bit times into the ID postamble. This function allows the 
changing of header bytes (and parameter RAM in general) 
on the fly. The Header Complete interrupt can be used in 
conjunction with the Interlock Required (IR) bit in the DC 
register set to insure that changes have been completed 
before the next sector is encountered (see Interlock Type 
formatting). Another normal mode of use would be to notify 
the contrOlling microprocessor when the next disk com
mand can be loaded. This interrupt is coincident with the 
Next Disk Command (NDC) bit being set in the Status regis
ter. 

ERROR 
Any bit set in the Error register sets the ED bit in the Status 
register and causes an interrupt. 

CORRECTION CYCLE COMPLETE 
An interrupt will occur at the end of an internal correction 
cycle, regardless of whether the error was corrected or not. 
If the error was non-correctable, the CF bit will be set in the 
Error register. This will not generate two interrupts. 
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CLEARING INTERRUPTS 
The INT pin will be forced inactive high any time the Status 
register is being read. If an interrupt condition arises during 
a status read, this condition will assert INT as soon as the 
status read is finished. 

Interrupts can also be cleared by setting the internal RES 
bit, or by asserting the external RESET pin. 

9.0 Additional Features 
9.1 DATA RECOVERY USING THE INTER-

LOCK FEATURE 
The potential use of the interlock feature is in recovering 
data from a sector with an unreadable header field. It is 
assumed that the number of the sector physically preceding 
the bad sector on the disk is known. A single-sector opera
tion will be performed on these sectors, and the Drive Com
mand register will be changed in between them. The follow
ing steps will recover the data: 

• The header bytes of the physical sector preceding the 
desired sector are loaded into the relevant byte pattern 
registers. 

• The DC register must be loaded with the EI, EHI and IR 
bits set. This enables the Header Complete interrupt as 
well as the interlock feature. 

• The DC register is loaded for a single-sector, Compare 
Header/Check Data operation. 

• After the Header Complete interrupt, the DC register 
must be loaded with an Ignore Header/Read Data oper
ation, and the Interlock (HBC) register written to. If the 
controlling microprocessor fails to write to the HBC regis
ter before the end of the data field of the first sector, a 
Late Interlock error (L1 bit in Error register) will be 
flagged, and the operation will be terminated with an in
terrupt. 

• When the HMC interrupt occurs on the second sector, 
the Interlock (HBC) register must be written to again in 
order to avoid LI error. 

• The operation will terminate normally when the data from 
the badly labeled sector has been read. 

9.2 HFASM FUNCTION 
The Header Failed Although Sector number Matched 
(HFASM) function on the DDC can be used to perform 
maintainance and diagnostic functions, both of which will be 
briefly outlined here. 

The HFASM function is enabled by setting the EHF bit in at 
least one of the Header Control registers, with a Compare 
Header command loaded into the DC register. More than 
one header byte may have its EHF bit set. If anyone of the 
header byte(s) with it's EHF bit set matched, but any other 
header byte(s) (regardless of the state of their EHF bit) 
don't match, an HFASM error will occur. 



9.0 Additional Features (Continued) 

LOAD HEADER BYTES 01' 
PHYSICALLY PRECEDING 
SECTOR INTO HEADER 
BYTE PATIERN REGISTERS 

LOAD DC REGISTER I'OR A 
SINGLE SECTOR, COMPARE 
HEADER/CHECK DATA 
OPERATION 

LOAD DC REGISTER FOR A 
SINGLE SECTOR, IGNORE 
HEADER/READ DATA 
OPERATION 

WRITE TO INTERLOCK 
REGISTER (LOAD WITH 
NUMBER 01' VALID HEADER 
BYTES) 

C CONTINUE ) 
"----~ 

SERVICE INTERRUPT 

FIGURE 24. Data Recovery Algorithm 
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9.0 Additional Features (Continued) 

In this way, the HFASM function performs a maintenance 
type function, and can often indicate that the head is posi
tioned over the wrong track. It is independent of whether or 
not a CRC failure has occurred. An HFASM failure will not 
stop operation until the header CRC bytes have been com
pared and the CRC check is completed. 

To perform a diagnostic function, the header can be read 
and analyzed. This can be done only during a Compare 
Header/Check Data operation with HFASM enabled. This 
causes the header patterns coming from the disk to be writ
ten into the FIFO. We must assume that the FIFO is empty 
(or has been reset before the operation) in order for this 
operation not to interfere with data transfers. If an HFASM 
error occurs during a Header Compare, the FIFO will be left 
intact and the header with the error can be read out of the 
FIFO from the Header Diagnostic Readback (HDR) register. 
(Note: LWDT of the local transfer register must be set to 
match the bus width of the accessing MP for this function.) 

If an HFASM error did not occur, the FIFO will be cleared 
and the header patterns that were stored there will be lost. 

I 
I 
I 
I 
I 
L ___ -.J 
I 
I 
I 
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This process can only be enabled for one disk command. 
The Compare Header/Check Data command will enable 
this function. Any other command will disable it. 

10.0 Typical System Configurations 
10.1 LOW COST SYSTEM 
In a single bus system, the DDC can directly address 4G 
bytes of main memory. The 16-bit I/O port (ADO-15) is ex
ternally demultiplexed and buffered with the octal latches 
and drivers. The main microprocessor, through a separate 
disk drive control I/O block, is responsible for commands 
like Head Select, Seek, TRK 000, Drive select, etc. Bus ac
cess must be guaranteed before the FIFO overflows or 
empties. A short burst length (L T and RT registers) accom
modates longer bus latency times and helps to insure this. 
The burst capability allows for other bus operations to be 
interleaved while the FIFO is filling (during a read) or empty
ing (during a write). If long, important CPU operations are 
required, the next configuration must be used. 

MAIN BUS 

FIGURE 25. Low Cost System Configuration TL/F/5282-20 
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10.0 Typical System Configuration (Continued) 

10.2 HIGH PERFORMANCE SYSTEM a cache for track or file buffering and command lists can be 
This configuration provides a local bus for the DOC to share down-loaded for execution by the microprocessor. The two 
with the local microprocessor and a buffer memory. Here, DMA channels can both directly address 64k bytes of buffer 
whole blocks of data can be transferred between the DOC memory. The local DMA channel transfers data between 
and buffer memory without interfering with the system bus. the buffer memory and the internal FIFO. The remote DMA 
This leaves the main CPU to perform important operations channel transfers data between the buffer memory and the 
and to allow data transfers when it is ready. This configura- host 1/0 port. With the addition of a bi-directional buffer 
tion is also used in intelligent drives or systems that comply isolating the DOC from the microprocessor, simultaneous 
to SCSI or IPI specifications. A local bus, dedicated micro- drive operations can be accomplished. While the DOC is 
processor and buffer memory are main characteristics of an transferring data via DMA with the buffer memory, the local 
intelligent disk interface. The buffer memory can be used as microprocessor can issue drive control commands. 
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~ 
CO a. 
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INDEX 
11.0 ABSOLUTE MAXIMUM RATINGS 13.17 Read Data Timing 

12.0 DC ELECTRICAL CHARACTERISTICS 
13.18 RGATE Assertion from Index or Sector Pulse Input 

13.19 Write Data Timing for NRZ Type Data 
13.0 AC ELECTRICAL CHARACTERISTICS & TIMING 13.20 WGATE Assertion from Index or Sector Pulse Input 

DIAGRAMS 13.21 Write Data Timing for MFM Type Data 
13.1 Register Read (Latched Register Select: 13.22 Positional Timing for SDV and EEF 

ADSO Active) 
13.23 Field Envelope Timing 

13.2 Register Read (Non-Latched Register Select: 
13.24 EXT STAT Timing When Used as External 8yte 

ADSO = 1) 
Synch 

13.3 Register Write (Latched Register Select: 
13.25 EXT STAT Timing When Using External ECC 

ADSO Active) 

13.4 Register Write (Non-Latched Register Select: 14.0 AC TIMING TEST CONDITIONS 
ADSO = 1) 

15.0 MISCELLANEOUS TIMING INFORMATION 13.5 LRO Timing with External DMA 

13.6A Reading FIFO Data in DMA Slave Mode 15.1 Status Register Timing 

13.68 Writing FIFO Data in DMA Slave Mode 15.2 Error Register Timing 

13.7 Additional Slave Mode DMA Timing 15.3 General Timing for Read Gate 

13.8 Local and Remote DMA Acknowledge 15.4 Write Gate Timing 

13.9 DMA Address Generation 15.5 Normal Interrupts 

13.10 DMA Memory Write 15.6 Derating Factor 

13.11 DMA Memory Read 16.0 DP8466A Functional Status 

13.12 DMA with Internal Wait States 17.0 Helpful Design Hints 

13.13 DMA with External Wait States 18.0 Appendix 

13.14 DMA Control Signals 

13.15 Local and Remote DMA Interleaving 

13.16 RRO Assertion after Writing to OC Register for a 
Remote Transfer 

11.0 Absolute Maximum Ratings* 
If Military/Aerospace specified devices are required, Storage Temperature Range (TSTG) -65'C to + 150'C 
contact the National Semiconductor Sales Office/ Power Dissipation (PD) 500mW 
Distributors for availability and specifications. Lead Temperature (TL) (Soldering 10 sec.) 260'C 
Supply Voltage (Vecl -0.5 to +7.0V 

ESD Tolerance: CZAP = 100 pF 1600V 
DC Input Voltage (VIN) , -0.5 to Vee+0.5V RZAP = 15000. 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V • Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 

12.0 DC Electrical Characteristics (Vee = 5V ± 10%, unless otherwise specified) T A = O'C to + 70'C 

Symbol Parameter Conditions Typ Limit Units 

VIH Minimum High Level Input Voltage (Note 1) 2.0 V 

VIL Maximum Low Level Input Voltage (Note 1) 0.8 V 

VOH1 Minimum High Level IIOUTI = 20".A Vee - 0.1 V 

VOH2 
Output Voltage ADSO, ADS1 IIOUTI = 4.0 mA 3.5 V 
(Note 2) For All Other Outputs IIOUTI = 2.0 mA 

VOL1 Maximum Low Level IIOUTI = 20 ".A 0.1 V 

VOL2 
Output Voltage ADSO, ADS1 !louTI = 4.0 mA 0.4 V 
(Note 2) For All Other Outputs IIOUTI = 2.0 mA 

liN Maximum Input Current VIN = Vee or GND ±1 ".A 
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12.0 DC Electrical Characteristics 
(Vee = 5V ±10%, unless otherwise specified) TA = O'C to +70'C (Continued) 

Symbol Parameter Conditions Typ Limit Units 

loz Maximum TRI-STATE Output VOUT = Vee or GND ±10 ".A Leakage Current 

lee Average Supply Current V,N = Vee or GND 
DP8466AN-12 BCLK = RCLK = 12 MHz 12 SO mA 
(Note S) lOUT = O".A 
Average Supply Current V,N = Vee or GND 
DP8466AN-20 RCLK = 20 MHz 20 40 mA 
(NoteS) BCLK = 16 MHz, lOUT = 0 ".A 

Average Supply Current V,N = Vee or GND 
DP8466AN-25 BCLK = 20 MHz 25 45 mA 
(NoteS) RCLK = 25 MHz 

lOUT = O".A 
Note 1: Limited functional test pallerns are performed at these levels. The maiority ollunctional test pallerns are perfonmed with input levels 01 OV and 3V lor Ae 
Timing Verification. 

Note 2: Outputs are "conditioned" for Tested States by normal functional test patterns. Device clocks are disabled and a purely static measurement is performed. 

Note 3: Device is in normal operating mode and is measured with bypass capacitor of 0.1 )LF between Vee and Ground. 

13.0 AC Electrical Characteristics & Timing Diagrams 
NATIONAL SEMICONDUCTOR PRELIMINARY TIMING FOR THE DP8466A 

Note: Refer to 11.4 for Ae Timing Test Conditions. 
Reier to 11.5.6 for derating factor. 

13.1 REGISTER READ (Latched Register Select: ADSO Active) 

~:-ca:~J 
( NEXT ADDRESS ) 

C:B.dh-
aswl 

Bsdy " 
cs \ 1 

I~C'dY_ '1--- c.dz 
0 rw . 

Rii \ 
i:rd .... _rdz-oo 

ADO-7 OCX -
TL/F/5282-22 

Symbol Parameter DP8466A-25/20 DP8466A-12 Units 
Min Max Min Max 

rss Register Select Setup to ADSO Low 10 15 ns 
III 

rsh Register Select Hold to ADSO Low 10 15 ns 

aswi Address Strobe Width In 20 30 ns 

asdv Address Strobe to Data Valid (Note 1) 150 200 ns 

csdv Chip Select to Data Valid 125 150 ns 

rdv Read Strobe to Data Valid 125 150 ns 

rw Read Strobe Width 10 10 ".S 
csdz Chip Select to Data TRI-STATE (Note 2) 20 80 20 90 ns 

rdz Read Strobe for Data to TRI-STATE (Note 2) 20 80 20 90 ns 

asdh Data Hold from ADSO (Note 1) 20 20 ns 
Note 1: asdv and asdh timing is referenced to the leading edge of ADSO or the leading edge of valid address. whichever comes las!. 
Note 2: TRI-STATE note: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns. enabling other devices to 
drive this line with no contention. 
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I 13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

Q 13.2 REGISTER READ (Non-Latched Register Select: ADSO = 1) 

RSo-S4 Emh- ) mv .' ... 
cs '\ I 

!=csdV_ . \.----.. csdz 

rw 

Ro '\ 
i:rdv ... I--rdz .... 

ADo-7 OCX -
TL/F/52B2-23 

Symbol Parameter DP8466A·25/20 DP8466A·12 Units 
Min Max Min Max 

rsdv Register Select to Data Valid (ADSO = 1) (Note 1) 150 200 ns 

csdv Chip Select to Data Valid 125 150 ns 

rdv Read Strobe to Data Valid 125 150 ns 

rw Read Strobe Width 10 10 ,""S 

csdz Chip Select to Data TRI·STATE (Note 2) 20 80 20 90 ns 

rdz Read Strobe for Data to TRI·STATE (Note 2) 20 80 20 90 ns 

rsdh Data Hold from Register Select Change (Note 1) 20 20 ns 
Note 1: rsdv and rsdh timing assumes that ADSO Is true when RSO-S changes. 

Note 2: TRI·STATE note: These limits Include the RC delay Inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to 
drive this line with no contention. 

13.3 REGISTER WRITE (Latched Register Select: ADSO Active) 

RSO-S--{ ADDRESS ) ( NEXT ADDRESS >--
ADSO r\ 

_asw~ 
cs \. 

I csws 

------ csdh 

WR \. 
asws I ww 

I::=.rwds rwdh 

ADD-7 

TL/F/52B2-24 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 

Units 
Min Max Min Max 

asws Address Strobe to Write Setup (Note 1) 15 20 ns 

csws Chip Select to Write Setup 50 70 ns 

csdh Chip Select Data Hold (Note 2) 7 10 ns 

rwds Register Write Data Setup 40 50 ns 

rwdh Register Write Data Hold (Note 2) 3 5 ns 

ww Write Strobe Width 50 70 ns 

aswh ADSO Hold from Write (Note 1) . 10 15 ns 

Note 1: asws and aswh timing is referenced to the leading edge of ADSD or the leading edge of valid address, whichever comes last. 

Note 2: Minimum data hold time for a register write Is referenced to ~ or WR, whichever goes Inactive high first. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.4 REGISTER WRITE (Non·Latched Register Select: ADSO = 1) 

RSQ-S X 
f- rswh~1 

CS \. 
I csws 

_csdh 

-
WR \. . rsws I ww r:::::. rwds rwdh 

AOO-7 

TL/F/52B2-25 

Symbol Parameter DP8466A-25/20 DP8466A-12 
Units 

Min Max Min Max 

rsws Register Select to Write Setup (Note 1) 10 15 ns 

csws Chip Select to Write Setup 50 70 ns 

csdh Chip Select to Data Hold (Note 2) 7 10 ns 

rwds Register Write Data Setup 40 50 ns 

rwdh Register Write Data Hold (Note 2) 3 5 ns 

ww Write Strobe Width 50 70 ns 

rswh Register Select Hold from Write (Note 1) 15 20 ns 
Note 1: rsws and rswh assume that ADSO is true when RSO-5 changes. 
Note 2: Minimum data hold time for a register write Is referenced to CS or WR, whichever goes Inactive high first. 

13.5 LRQ TIMING WITH EXTERNAL DMA 

BCLK~~~n.-rv-v-L 

LACK 

Rii,tWR \. / 

LRQ 

~ bchrqh bchrql ~ ~ bchlrqh 

TLlF/52B2-26 

Symbol Parameter DP8466A-25/20 DP8466AN-12 
UnIts 

Min Max Min Max 

bchrqh BCLK High to LRQ High 75 100 ns 

bchrql BCLK High to LRQ Low 75 100 ns 
Note 1: The "ON" condition for the slave mode DMA, once the lRO is active, is when both LACK and the RD or WA strobes are active. The lRO is then removed 
after the next BClK as shown. The "OFF" condition for the slave mode DMA is determined by the AD or WR strobe becoming inactive and the lRO could be 
deasserted from the next BClK rising edge. lack does not playa role in determining the "OFF" condition. 

Note 2: National recommends to use the same clock that generates the external RD & WR strobes for BClK. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.6A READING FIFO DATA IN DMA SLAVE MODE 

LACK "-
~ 

Ro I 
!--Iackdv_ Srd~ 

ADO-IS 
I TL/F/52B2-27 

Symbol Parameter 
DP8466A-25/20 DP8466A-12 Units 

Min Max Min Max 

lackdv LACK to Data Valid 80 90 ns 

srdv Slave Read Strobe to Data Valid 60 70 ns 

srdz Slave Read Strobe to Data TRI·STATE (Note 3) 20 80 20 90 ns 
Condilions: Disk read operalion, DMA disabled, LRO oulput Irue. 

Note 3: TAI·STATE Note: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to 
drive Ihls wilh no conlenlion. 

13.68 WRITING FIFO DATA IN DMA SLAVE MODE 

~m.d=-~ Wii \ 

ADO-IS 
TL/F/52B2-2B 

Symbol Parameter DP8466A-25/20 DP8466A-12 Units 
Min Max Min Max 

swds Slave Write Data Setup 5 10 ns 

swdh Slave Write Data Hold 20 28 ns 
Condilions: Disk wrile operalion, DMA disabled, LRO oulpullrue. 

13.7 ADDITIONAL SLAVE MODE DMA TIMING 

BCLK -.J \ / \ / 
~~c~;+-, Ikbcs slbch-

LACK I \. 

Ro/WR 
lackh ~ 

~ 
smsw TL/F/52B2-7B 

Symbol Parameter 
DP8466A-25/20 DP8466A-12 

Units 
Min Max Min Max 

smsw Slave Mode Strobe Width 40 (Note 2) 50 (Note 2) ns 

lacks Lack to Strobe Setup 50 60 ns 

lackh Strobe to Lack Hold 10 15 ns 

Ikbcs Lack to Bus Clock Setup 35 40 ns 

stbch Strobe from Bus Clock Hold 10 15 ns 

stbcs Strobe to Bus Clock Setup 20 25 ns 
Condilions: Disk read or disk wrile operalion, inlernal DMA disabled, and LRO oulpul aclive. 

Note 1: The Read or Wrile Cycle begins when Lack and (WR or RD) are Irue. From Ihis point Lack musl be held Irue for lackh and WR or RD musl remain true for 
smsw. 

Note 2: Disk Read or Write Byte Transfer Rate cannol exceed DMA Byte Transfer Rate. The inactive RD/WR pulse widlh must be at least 2 BCLK cycles. 
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13.0 AC IElectrical Characteristics & Timing Diagrams (Continued) 

13.8 LOCAL AND REMOTE DMA ACKNOWLEDGE 

,~,~~~,~~ 
RRO l' I 

.1 
LRO \. 

Cllks ~ I- eakh 

~ ~ 
LACK/RACK _-J \ 

Rii/Wii \ I TLlF15282-29 

Symbol Parameter DP8466A·25/20 DP8466A·12 Units 
Min Max Min Max 

crq Bus Clock to Request (Notes 5, 6) 85 100 ns 

caks Acknowledge Setup to Clock 20 25 ns 

cakh Bus Clock to Remote Status 10 15 ns 
Nole 1: The local and Remote Acknowledges are sampled at the beginning of bus cycles t4 and 11. 

Note 2: Local Acknowledge has internal priority over Remote Acknowledge. 

Note 3: Local and Remote Acknowledge are ignored if their respective Request output line is false. 

Note 4: Above timing is for 16 bit address updates. For 32 bit local address mode, cycle to occurs on the firsl transfer of an operation or when the lower 16 bits of 
the address rollover. 

Note 5: crq is implied to be the same for both assertion and deassertion of LRO or RRO. 

Note 6: LRO will deassert on t2 for the final deassertion. 

13.9 DMA ADDRESS GENERATION 

II OR 14 I 10 (NOTE t) I It I 
BCLK \. \. I 

__ bch _ 
_ bcl-.. • ~CYC~L 

bcash I~ 1---+ beasl beadz 

ADSt 

f..-aswo- 1- beash _ beasl 

ADSO 

r---aswo-

beadv It ads __ adh-ll-- ads --adh_ 

ADO-IS X ~ TLIF15282-30 

Symbol Parameter DP8466A·25/20 DP8466A·12 Units 
Min Max Min Max 

bcyc Bus Clock Cycle Time (Notes 2, 3) 50 10,000 80 10,000 ns 

bch Bus Clock High Time (Note 3) 22.5 10,000 32 10,000 ns 

bel Bus Clock Low Time (Note 3) 22.5 10,000 32 10,000 ns 

bcash Bus Clock to Address Strobe High 45 55 ns 

bcasl Bus Clock to Address Strobe Low 50 60 ns 

aswo Address Strobe Width Out bch bch ns 

bcadv Bus Clock to Address Valid 60 70 ns 

bcadz Bus Clock to Address TRI·STATE (Note 4) 20 80 20 90 ns 

ads Address Setup to ADSO/1 Low bch - 20 bch - 27 ns 

adh Address Hold from ADSO/1 Low bcl- 5 bcl- 10 ns 

Note 1: Cycle to occurs only on the first transfer of an operation or when the lower 16 bits of the address rolls over. 

Nole 2: The rate of bus clock must be high enough that data will be transferred to and from the FIFO faster than the data being transferred to and from the disk. 

Nole 3: For DP8466A-20, minimum bcyc ~ 60 ns minimum bch ~ bel ~ 28 ns. 

Nole 4: TRI·STATE note: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling olher devices 10 

drive this line with no contention. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.10 DMA MEMORY WRITE 

I I, I 12 I 13 I 14 I 
BCLK ~~~ 

ADSO ---F' / 

I----- bcw ~bcw 
I+-asds- drw 

-

)-1:9 
1 WR 

wds 

~'-f=b 
ADO-IS ---< 

TL/F/5282-31 

Symbol Parameter DP8466A·25/20 DP8466A·12 Units 
Min Max Min Max 

bew Bus Clock to Write Strobe 50 60 ns 

wds Data Setup to WR High (Note 1) 2beye - 35 2beye - 45 ns 

wdh Data Hold from WR high (Note 1, 3) 8 50 8 60 ns 

bewd Data Valid from t2 Clock (Note 1) 75 90 ns 

asds Address Strobe to Data Strobe (Note 2) bel + 10 bel + 20 ns 

aswd Address Strobe to Write Data Valid bel + 40 bel + 60 ns 

Conditions: DMA write, Local or Remote transfer, internal DMA. 

Note I: Data is enabled on ADO-IS only in local DMA transfers. 

Note 2: Data strobe is either RD or WR out 

Note 3: TRI-STATE Note: These limits include the RC delay inherent in our test method. 

13.11 DMA MEMORY READ 

I I, I 12 I 13 I 14 I 
BCLK ~~~ 

ADSO / 

-- ber __ ber 

drw 

-
RD 

...... ds __ 
I---dsado-

- dh 

ADO-IS 
~ 
~ 

TL/F/5282-32 

Symbol Parameter DP8466A·25/20 DP8466A·12 Units 
Min Max Min Max 

ber Bus Clock to Read Strobe 50 60 ns 

ds Data Setup to Read Strobe High 30 35 ns 

dh Data Hold from Read Strobe High 0 0 ns 

drw DMA Data Strobe Width Out 2beye - 10 2bcye - 15 ns 

dsada DMA Data Strobe to Address Bus Active beye - 10 bcye - 10 ns 

Nole 1: ds and dh timing are for Local transfers only. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.12 DMA WITH INTERNAL WAIT STATES 

I 14.10 OR I, I I, I 12 I Iw I 13 I 14 

BCLK 

ADSO r-\ 

Rii/WR \ I 
TLlF/5282-33 

Conditions: Local or Remote DMA transfer I read or write, internal OMA. 

Note 1: Addition of an internal wait state will lengthen RD/WR strobes by an additional bus clock cycle. 

Note 2: Internal wait states are enabled by setting the Slow Read/Write bits in the Local and Remote Transfer registers. 

Note 3: If used, external wait states will be added between cycles t3 and t4. 

13.13 DMA WITH EXTERNAL WAIT STATES 

I II I 12 I 13 I Iw I Iw I 14 

=~ = : 
EXT STAT 

ADSO~ 

Ro/WR \ I 
TL/F/5282-34 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 Units 

Min Max Min Max 

ews External Wait Setup to t3 Clock 15 20 ns 

ewh External Wait Hold after tw Clock 10 15 ns 
Conditions: Read or write, internal DMA mode. Local or Remote transfer. 

Note 1: Addition of external wait states will extend RD/WR strobes by an integral number of bus clock cycles. 

Note 2: If enabled, an internal wait state is added between cycles t2 and t3. 

Note 3: EXT STAT is sampled upon entering states t3 and tw, and adds wait states one bus clock cycle later. III 
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~ 13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

! 
Q 13.14 DMA CONTROL SIGNALS 

WR------~-t----~------------~~~~~---

A~O--------~--~ 
beete beetr 

TLlF/52B2-35 

Units DP8466A-25/20 DP8466A-12 Symbol Parameter 
Min Max Min Max 

bccte Bus Clock to Control Enable (WR, RD, ADSO) 55 70 ns 

bcctr Bus Clock to Control Release (WR, RD, ADSO) (Note 1) 60 70 ns 
Note 1: TRI·STATE note: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to 
drive this line with no contention. 

13.15 LOCAL AND REMOTE DMA INTERLEAVING 

---~-REMOTE 

II I 12 
REMOTE CYCLE -,---~---,--- LOCAL CYCLE 
~ I ~ ~ ~ ~ I ~ 

BCLK 

RRQ 

RACK 

ADSO _______ .I 

TLlF/52B2-36 

Note 1: Timing of the acknowledge pulses are used for illustration. Acknowledges need only to be set up with respect to t4 and tl clock cycle. 

Note 2: If both LACK and RACK are asserted with both LRO and RRO pending, a local DMA transfer will be performed. 

5-44 



,-----------------------------------------------------------------'0 
13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.16 RRQ ASSERTION AFTER WRITING TO OC REGISTER FOR REMOTE TRANSFER 

WR 

'''''------.... 11-. ----+I) wrqh 

RRQ 

TL/F 15282-37 

Symbol Parameter DP8466A·25/20 DP8466A·12 
Units 

Min Max Min Max 

wrqh Write Strobe to Remote Request High 100 150 ns 
Conditions: Non·tracking mode. writing "Start Remote Input/Output" to the Operation Command register. 

13.17 READ DATA TIMING 

RCLK~ 
rd. rdh 

RD~1:'F 
TL/F/5282-38 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 

Units 
Min Max Min Max 

rds Read Data/ AMF Setup to Read Clock 10 15 ns 

rdh Read Data/AMF Hold to Read Clock 10 15 ns 

13.18 RGATE ASSERTION FROM INDEX OR SECTOR PULSE INPUT 

rerg 

RGATE ~S----'"'\I 

Symbol Parameter 
DP8466A·25/20 

Min Max 

reye Read Clock Cycle Time (Notes 2, 3) 40 10,000 

reh Read Clock High Time (Note 2) 16 10,000 

rei Read Clock Low Time (Note 2) 16 10,000 

iss Index/Sector Setup to Read Clock 10 

ish Index/Sector Pulse Hold 10 

rerg Read Clock to Read Gate 55 

Note 1: INDEX/SECTOR low must meet iss/ish timing for proper INDEX/SECTOR pulse detection. 

Note 2: For DP8466A-20, minimum rcyc = 50 ns, minimum rch and rei = 20 ns. 

Note 3: For DP8466A-25. this parameter is not tested directly. but is guaranteed through correlation. 
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DP8466A·12 
Units 

Min Max 

80 10,000 ns 

32 10,000 ns 

32 10,000 ns 

15 ns 

15 ns 

70 ns 

." 
C» 
0Iloo 
Q) 

!: 



13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.19 WRITE DATA TIMING FOR NRZ TYPE DATA 

RCLK 

rcwch rcwcl 

WCLK 

~ ,-wgs_ 

WGATE 

dWdS, .1 dwdh 

;0< WDATA, 1 X X ~ AME .. 
TLlF/5282-40 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 

UnIts 
Min Max Min Max 

rcwch Read Clock to Write Clock High Delay 30 40 ns 

rcwci Read Clock to Write Clock Low Delay 30 40 ns 

rcwcs Absolute Value of (rcwcl- rcwch) 6 7 ns 

dwds Drive Write Data Setup to Write Clock rcl- 10 rcl - 15 ns 

dwdh Drive Write Data Hold to Write Clock rch - 5 rch - 8 ns 

wgs Write Gate Setup to Write Clock rcl- 10 rcl - 15 ns 

wgh Write Gate Hold to Write Clock rch rch ns 

Note 1: rei and rch are described In Timing Diagram 13.18. 

13.20 WGATE ASSERTION FROM INDEX OR SECTOR PULSE INPUT 

RCLK~~~~ 
rewg ~ rcwg -INDEX, \. SECTOR r 

~ ~ 

WGATE ~ 
rcapa_ l 

reapz __ t EPRE, 
(NOTE 1) S 

TL/F/5282-41 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 

Units 
Min Max Min Max 

rcwg Read Clock to Write Gate 40 50 ns 

rcepe Read Clock to Early Precomp Enabled 50 60 ns 

rcepz Read Clock to Early Precomp TRI-STATE 50 60 ns 

Note 1: Early Preccmpensation (EPRE) is used as an output only when writing MFM data. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.21 WRITE DATA TIMING FOR MFM TYPE DATA 

NRZ DATA 1 0 0 0 0 0 1 1 

RClK-J~~~~'-J"-.J~ -i2f\ relmwl_ {j\J: -(F: 
WDATA - / ~'" / 

""r---" - 1- reheph rcleph - I::.. 
EPRE 

rChePI_Il: 
I 

rclepl_ - rchl I 

lPRE 

rellph_ RrcIIP' rchlph_ H p 

TL/F/52B2-42 

Symbol Parameter 
DP8466A-25/20 DP8466A-12 

Units 
Min Max Min Max 

rchmwh RCLK High to MFM WDATA High 40 50 ns 

rchmwl RCLK High to MFM WDATA Low 40 50 ns 

rclmwh RCLK Low to MFM WDATA High 40 50 ns 

rclmwl RCLK Low to MFM WDATA Low 40 50 ns 

rcheph RCLK High to EPRE High 40 50 ns 

rchepl RCLK High to EPRE Low 40 50 ns 

rcleph RCLK Low to EPRE High 40 50 ns 

rclepl RCLK Low to EPRE Low 40 50 ns 

rchlph RCLK High to LPRE High 40 50 ns 

rchlpl RCLK High to LPRE Low 40 50 ns 

rcllph RCLK Low to LPRE High 40 50 ns 

rcllpl RCLK Low to LPRE Low 40 50 ns 

• 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.22 POSITIONAL TIMING FOR SDV AND EEF 

Read operation (Compare Header, Read Header, Compare Data or Read Data) 

preamble sYlnc sy2nc header/Internal ext ECC post-
data CRC/ECC amble 

ROATA 2 1 0 7 6 5 4 • 2 1 0 7 6 5 4 3 2 , , 3 2 1 0 7 6 5 4 , 2 1 0 7 6 5 4 

SOY 
(encapsulated) 

SOY I s 
(not encapsulated) 

EEF --t---s 
TL/F/5282-43 

Note 1: Data should be delayed 2 bit times before entering external ECC circuitry in order for it to properly align correctly with SOC and EEF. 

Note 2: Encapsulation is controlled by the HEN and DEN bits in the EC register, and causes the sync patterns to be included in the CRC/ECC calculation. 

Write operation (Write Header, Write Data or Format Track) 

preamble I sync sync header/ Internal ext ECC I post-
1 2. data CRC/ECC amble 

WOATA 2 1 0 7 6 5 4 • 2 1 0 7 6 5 4 3 2 , , 3 2 1 0 7 6 5 4 • 2 1 0 7 6 5 4 

SOY J-5 So---L 
(encapsulated) I 

SOY ISH S So---L 
(not encapsulated) I I 

EEF --t---s s' S s---r--s ~ 
TUF/5282-44 

Note 1: Write operation shown is for NRZ data. For MFM encoding, Write data is delayed two bit times relative to NRZ data. 

Note 2: Encapsulation is controlled by the HEN and DEN bits In the EC register, and causes the sync patterns to be included in CRC/ECC calculation. 

Write header operation (Start with Address Mark) 

(disk address mark) (disk preamble) (disk sync) 
preamble synel I syne2 I header 

WOATA 

SOY 
(encapsulated) 

SOY 

(not encapsulated) 

6543210765 .. 3210765 .. 107654 

Note 1: Field names within parenthesis are the names of the fields on disk. 

TLlF/5282-45 

Note 2: Encspsulation is controlled by the HEN bit in the EC register, and causes the sync patterns to be included in CRC/ECC calculation. 
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13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

13.23 FIELD ENVELOPE TIMING 

RCLK 

5~~~~ 1CSdV 
SOV 

reee -j rcee~ 
EEF 

5 ' I 
TLlF/5282-46 

Symbol Parameter 
DP8466A·25/20 DP8466A·12 

Units 
Min Max Min Max 

rcsdv Read Clock to Serial Data Valid 35 50 ns 

rcee Read Clock to External ECC 35 50 ns 

Note 1: SDV is asserted after sync fields. and is deasserted at the start of the postamble field. If sync field encapsulation is enabled. SDV is asserted at the start of 
the sync fields. 

Note 2: EEF is asserted at the start of the external EGG field, and is deasserted at the start of the postamble field. 

Note 3: When the DDG is receiving data from the disk, the SDV and EEF are delayed by two bit times from incoming read data due to internal delays. 

Note 4: If the external EGG count is set to zero, no EEF output will be generated. 

13.24 EXTERNAL STATUS TIMING WHEN USING EXTERNAL BYTE SYNC 

=~ : :yh EXT STAT 

ROATA ::DCDCDGJ~ITX:DCDG:X:DCI: 
byte sync , first byte of heoder or data 

TL/F/5282-47 

Symbol Parameter 
DP8466A-25/20 DP8466A-12 

Units 
Min Mal( Min Max 

esys External Byte Sync Setup to Rising 
15 20 ns 

Edge of Bit Clock 0 of Byte Sync 

esyh External Byte Sync Hold to Rising 
10 15 ns 

Edge of Bit Clock 0 of Byte Sync 

Note 1: The external sync feature can only be used if the Enable External Wait states (EEW) bit of the Remote Transfer (RT) register is not set. 

Note 2: External circuitry is needed to feed the DDG with NRZ zeros until the external sync signal has been generated to prevent the DDG from trying to detect • sync. 

Note 3: If External Sync and External Wait states are not being used, the EXT. STAT. pin must be false during preamble and sync fields. 
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i 13.0 AC Electrical Characteristics & Timing Diagrams (Continued) 

~ 13.25 EXTERNAL STATUS TIMING WHEN USED FOR EXTERNAL ECC 
Q 

RClK 

EXT STAT 

-------------------+-----------' 

SOV &: -------------------'\\. EEF '--______ _ 

Symbol 

eccs 

ecch 

Parameter 

External ECC Status Setup to Rising Edge of 
Bit Clock 4 of Postamble 

External ECC Status Hold to Rising Edge of 
Bit Clock 2 of Postamble 

DP8466A·25/20 

Min Max 

15 

10 

TLiF 15282-48 

DP8466A·12 
Units 

Min Max 

20 ns 

15 ns 

Note 1: The external ECC error delection fealure can only be used H Ihe Enable External Wail slales (EEW) bil of the Remole Transfer register (RT) is zero. 

14.0 AC Timing Test Conditions 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 
Input and Output Reference Levels 1.3V 

TRI·STATE Reference Levels Float (a V) ± 0.5V 
Output Load (See Figure 27) 

Capacitance (T A = 25'C, f = 1 MHz) 

Parameter Description Typ Max Unit 

CIN Input 7 12 pF 
Capacitance 

COUT Output 7 12 pF 
Capacitance 

Note: This parameter is sampled and noll 00% lesled. 
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Vee 8, NOTE ZJ 

O.l,.F 

INPUT 
DEVICE 
UNDER 
TEST 

FIGURE 27 

11:l'NOTE1J 

TL/F/5282-77 

Note 1: CL = 50 pF, includes scope and jig capacitance 

Note 2: 51 = Open for Push Pull Oulputs 

51 = Vee for High Impedance 10 aclive low and active low 10 High 
Impedance measurements. 

51 = GND for High Impedance 10 active high and active high 10 
High Impedance measuremenls. 
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15.0 Miscellaneous Timing Information 
15.1 STATUS REGISTER TIMING 

HEADER FAULT: This bit is set at the start of the Header 
Postamble field of a header with a CRC/ECC error. It is 
reset at the start of the Header Postamble of the header 
requested, or upon receipt of a new disk command. No in
terrupt is generated. 

NEXT DISK COMMAND: This bit is set at the start of the 
Header Postamble of the last sector of an operation, and is 
reset upon loading the Drive Command register. No inter
rupt is generated. 

HEADER MATCH COMPLETED: This bit is set at the start 
of the Header Postamble field of the header of interest. This 
bit is reset when the DDC begins the next header operation. 
An interrupt is generated if enabled. 

LOCAL REQUEST: This bit has the same timing as the Lo
cal Request pin. When the FIFO requires servicing, this bit is 
set. When service is no longer required, this bit is cleared. 
No interrupt is generated. 

REMOTE COMMAND BUSY: In the tracking mode, this bit 
is set 3-5 RCLK's after receipt of a drive command. In the 
non-tracking mode, this bit is set when either a Start Re
mote Input or Start Remote Output command is received in 
the Operation Command register. This bit is reset and inter
rupt is generated upon completion of the initiating operation. 

LOCAL COMMAND BUSY: This bit is set 3-5 RCLK's after 
receipt of a drive command which requires the use of the 
local channel. It is reset after the last transfer of the local 
channel if in the non-tracking mode or writing the disk, or 
after the last transfer of the remote channel if in the tracking 
mode and reading disk. Interrupt is generated upon comple
tion of the initiating operation. 

CORRECTION CYCLE ACTIVE: This bit is set upon receipt 
of the Start Correction Cycle in the Operation Command 
register, and is reset at the end of the correction operation. 
An interrupt is generated at the end of the correction cycle. 

ERROR DETECTED: This bit is a logical OR function of all 
the bits in the Error register. An interrupt is generated when 
an error is detected. 

15.2 ERROR REGISTER TIMING 

HFASM ERROR: If while in the HFASM mode the sector 
address matches and another header byte does not, this bit 
will be set at the start of the Header Postamble field. 

DATA FIELD ERROR: lithe Data field contains a CRC/ECC 
error, this bit will be set at the start of the Data Postamble 
field. 

SECTOR NOT FOUND: If the header of the desired sector 
is not located before two index pulses are received, this bit 
will be set upon receipt of the second index pulse. 

SECTOR OVERRUN: If an index or sector pulse is detected 
while reading the Header or Data field, or while writing and 
not in the Gap field, this bit will be set upon receipt of the 
sector/index pulse. 

NO DATA SYNC: If an index or sector pulse is received 
before data sync is detected, this bit is set upon receipt of 
the sector/index pulse. If there is a data sync error after the 
first sync byte has been detected, this bit will be set during 
the byte following the byte in error. 
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FIFO DATA LOST: If a transfer between the disk and FIFO 
causes the FIFO to underrun or overrun, this bit will be set 
within the next byte time creating a write splice if write gate 
was on. This is reflected as an ECC error and can be re
moved if sector is rewritten. 

CORRECTION FAILED: This bit is set at the end of the 
correction cycle if the error is non-correctable. 

LATE INTERLOCK: This bit is set at the start of Data Post
amble field for Read operations and at the end of the post
amble field for non-format Write operations. While format
ting, this bit is set at the end of the Gap field. 

15.3 GENERAL TIMING FOR READ GATE 

Whenever the DDC is reading, comparing, or in some cas
es, ignoring information, RGATE is asserted. The use of 
RGATE can be separated into three groups: Header search 
(soft sectored mode), header examination, and data exami
nation. 

SEARCHING FOR HEADERS 

When the DDC is searching for a header in the soft-sec
tored mode, RGATE is asserted in a somewhat random lo
cation in the format. After being asserted, if the DDC does 
not recognize the address mark pattern within eight bit 
times of detecting a one, RGATE will be de-asserted in 18% 
RCLK's. RGATE will then remain low for 17% RCLK's be
fore another search attempt is made. 

In modes where the DDC starts a Read, Compare or Ignore 
Header operation at an index or sector pulse, RGA TE will 
be asserted 3-4 RCLK cycles from detection of the index or 
sector pulse. 

DATA OPERATIONS 

After the header operation has completed, RGATE will be 
removed two bits after the start of the Header Postamble. If 
a Read or Check Data operation is to follow, RGATE will be 
reasserted 11 % bits after the Header Postamble. 

At the end of the Data field, RGATE will be removed two 
bits into the start of the Data Postamble. 

15.4 WRITE GATE TIMING 

Whenever the DDC is writing information, WGATE is assert
ed. WGATE can be separated into three uses: Writing head
er, writing data or track formatting. 

WRITING HEADERS 

When the DDC writes the header, the write operation does 
not begin until the receipt of an index or sector pulse. After 
the pulse is detected, WGATE will be asserted 2%-3% 
RCLKs from the detection of the pulse. WGATE will stay 
true until the end of the Header Postamble, unless the Data 
field is to be written. If the Data field is to be written, 
WGATE will not be de-asserted between the Header and 
Data fields. 

WRITING DATA 

After a header operation has properly completed, WGATE 
will be asserted 3 bit times into the Data Preamble. The 
WGA TE will remain active until the end of the Data Postam
ble. Because of internal delays within the DDC, the Write 
Data operation is delayed three bit times from the header 
patterns. 
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15.0 Miscellaneous Timing 
Information (Continued) 

FORMAT TRACK 

In a format track operation, WGATE is asserted 2%-3% 
RCLK's from the detection of the index pulse. WGATE will 
remain active until the next index pulse is detected, and will 
then be removed. 
Note: Detection of an index or sector pulse is defined as the rising edge of 
the RCLK where index/sector input has met the setup time. 

15.5 NORMAL INTERRUPTS 

Interrupts are generated by the DDC for a variety of rea· 
sons, but they all fall into one of three categories: Either 
they signal normal completion, a synchronization point, or 
an error condition. If an interrupt is generated because of an 
error, the interrupt will have timing as described in the Error 
register timing section. 

The Header Operation Complete int'srrupt is used for syn
chronization, and is enabled with the Enable Header Inter
rupt bit of the Operation Command register. This interrupt 
will occur when the DDC finishes the header operation, and 
starts the data operation. For Read, Compare, Write, or Ig
nore Header operations, the interrupt will be generated at 
the start of the Header Postamble field. 

The normal Operation Complete interrupt is dependent on 
the operation being performed. If the operation is to Check 
Data, the interrupt is generated at the start of the Data Post
amble field. For Write Data operations, an interrupt will be 
generated at the end of the Data Postamble. When the DDC 
is formatting, the interrupt will be delayed by the length of 
the Header Preamble after the format has finished. The 
fourth event is further defined by the DMA mode used. For 
all local channel operations except for tracking mode disk 
read, the interrupt will be generated during the last transfer 
of data from the FIFO. In the configuration, tracking mode 
disk read, the interrupt will be delayed until the last transfer 
is made by the remote DMA. For all non-tracking remote 
DMA operations, the interrupt will be generated during the 
last transfer of the remote DMA. 

When a correction operation is being performed, an inter
rupt is generated at the end of the correction cycle, regard
less of the outcome. 

15.6 DERATING FACTOR 

Output timings are measured with a purely capacitive load 
for 50 pF. The following correction factor can be used for 
other loads: 

DPB466A-25/20 CL:?: 50 pF: +.13 ns/pF (ADSO, ADS1) 
+ .20 ns/pF (all other out
puts) 

DPB466A-12 CL:?: 50 pF: +.IB ns/pF (ADSO, ADS1) 
+ .25 ns/pF (all other out
puts) 

16.0 DP8466A Functional Status 
Introduction 

This section is intended to provide some relevant informa
tion on the functional status of the Disk Data Controller, 
DPB466A. Several problems have been identified in the 
DPB466 from the numerous beta sites. All of these were 
investigated and many were rectified resulting in the 
DPB466A as the production version. However there are still 
a few shortcomings which are outlined below for reference: 
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1.0 Correction Cycle Failure 

If a correction cycle is attempted when an ECC/CRC error 
occurs in a multisectored disk operation with the sync word 
being encapsulated, then it will always fail because the ECC 
shift register gets preset. In order to ensure proper correc
tion, a single sector retry must be attempted on the errone
ous sector before correction cycle is initiated. 

2.0 Error-Correction Handling Feature in Tracking Mode 
(Remote transfer of data conditional on Data ECC Er
ror) 

During tracking-mode read data operation, data will be 
transferred to local memory and then to a remote port. The 
DMA should prevent a remote transfer of the data until the 
DDC has checked for a data ECC error, Hence if correction 
is to be attempted, then it can be done in the local memory 
and then remote transfer can continue. However, the bad 
data will be sent to remote system memory without regard 
to its integrity and hence it's the responsibility of the user to 
correct the data in his system memory or send the correct 
data block again. 

3.0 Odd Byte Remote DMA Transfer 

Odd byte remote transfers are not allowed by the DMA 
mode. Therefore if only one transfer is desired to the remote 
port, it cannot be done. The only way to overcome this prob
lem is to do a transfer of two bytes and ignore the second 
byte by reloading the remote data byte counter, etc. 

4.0 Parameter RAM Registers Losing Contents 

If at anytime the Read Clock input sees a glitch, then there 
is a good probability for some of the registers in the parame
ter RAM to lose their contents, e.g., ID sync #1, ID sync #2 
etc. Whenever the Read Clock goes below the minimum 
specifications of 'rch' (read clock high time) and 'rcl' (read 
clock low time), it is considered as glitching the Read Clock. 
Hence it is the users responsibility to ensure that there are 
no glitches in the Read Clock input. In the future version, 
redesign will be attempted to decrease or totally remove the 
susceptibility of the chip to glitches on the Read Clk. 

5.0 Remote DMA Interrupt Handling 

In the non-tracking-mode remote DMA operation the opera
tion complete interrupt could be held off or remain asserted 
despite servicing attempts whenever it happens while the 
disk header search is being attempted simultaneously, This 
will have to be taken care of in software. More details of this 
situation are provided in Chapter 2. 

6.0 AMEI AMF Handshake for ESDI (Softsectored 
Drives) 

The DDC does not incorporate the handshake for ESDlsoft 
sectored disk operation. The DDC generates the AME sig
nal only during the format operation and not during the 
read/write operation, when in the hardsectored, NRZ data 
mode. In the ESDI spec. Address Mark Found, AMF, re
sponds only after AME is asserted. If AME is not asserted 
then AMF from the drive will not occur and the beginning of 
the sector will not be determined. The external logiC and 
software methods needed to implement this handshake 
protocol is discussed in the design guide application note 
(AN413), in the MASS STORAGE data book. 

7.0 Post Index/Sector Gap Field 

The DDC has no defined field to implement the post index 
or post sector pulse gap. This can however be still imple-
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16.0 DP8466A Functional Status 
(Continued) 

mented using a combination of software manipulation and 
external circuitry, as outlined in the design guide application 
note (AN413) in the MASS STORAGE data book. 

8.0 Write Clock with Respect to Write Gate 

In the DOC, Write Clock is generated 0.5 bit times after 
Write Gate is asserted. However in case of the SMD and 
ESDI drives they expect write clock to be active 250 ns 
(worst case) before write gate is asserted. This would have 
to be accomplished using external circuitry if desired. 

17.0 Some Helpful Hints, When De
signing a Disk Controller Subsys
tem with National Semiconductor's 
DP8466A, Disk Data Controller 
(DDC) 
The following section provides some useful hints/applica· 
tion information for designing with the DP8466A. The sug· 
gestions given in this document are the results of situations 
encountered while debugging the designs at National and 
also from the feedback provided by the numerous beta site 
designs during their debug stages. This is an unending list 
and users are welcome to add their experiences, for they 
may save someone else a lot of trouble in the process. It 
should be understood that some of the situations outlined 
may be dependent on that particular system design ap· 
proach and may not necessarily present itself in a different 
system environment. Hence National assumes no guaran· 
tees regarding these situations. A lot of the suggestions are 
explanations of inherent operational rules that may not be 
very evident in the chips documentation. For a detailed 
technical reference for design purposes, users are recom· 
mended to consult the DP8466 design guide in the MASS 
STORAGE handbook, while the DATA SHEET gives the 
features and timing specifications of the chip. 

Sync # 1 and Sync # 2 Pattern Restrictions 

When the DOC is in the read mode, i.e., read/compare/ig· 
nore header! or read! check data, then it starts out looking 
for the sync byte. The data separator usually sends out ze· 
roes when it is attempting to lock and when it has, it sends 
out the data coming off the disk. Hence the DOC is looking 
for the first non·zero bit to initiate sync byte comparison. If 
the DOC is programmed in the soft sectored mode then it 
basically attempts to do a compare for eight clocks before it 
asserts the abort address mark function internally and recy· 
cles Read Gate. In the hard sectored mode it will essentially 
be waiting for the sync match forever, till two revolutions of 
the disk, after which it gives a SNF error. Therefore it is not 
advisable to use a pattern of zeroes for the sync # 1 or sync 
#2 bytes as that would result in an immediate sync byte 
alignment when read gate is asserted, as the serializer has 
been cleared to all zeroes. However, when writing informa· 
tion on the disk the sync # 1 and sync # 2 fields could be 
used to write a pattern of zeroes. This would probably be 
the case when some software'manipulation is being at· 
tempted with the various fields of the DDC to implement 
some additional function like the post index gap, etc. Hence, 
a pattern of zeroes is not recommended for sync # 1 and 
sync #2 fields during a READ operation. 
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Most Significant Bit of Sync Byte 

When the sync byte is included in the CRC/ECC calculation, 
i.e., the encapsulated mode, controlled by the ECC Control 
Register, then it is mandatory that the most significant bit 
of the first sync byte be a 1. Hence, the most significant bit 
of the sync byte must be a 1. 

Proper Sequence for Reset and Renable 

The proper reset sequence for the chip consists of holding 
the RESET line active or the reset bit set in the OC register 
for 32 RCLKS and 4 BCLKS. Then this is deactivated and 
the RENABLE operation is initiated with a 01 in the DC reg· 
ister. It is pOSSible, although not necessary for the renable 
operation to take as long as 260 RCLKS after which the 
operation complete interrupt would be generated. In case 
the status register is polled to detect operation completion, 
then the status register should be polled for the NDC bit set. 
Once set, it should be read after 30 RCLKS. If the NDC bit is 
still set then it signals the proper completion of the RENA· 
BLE operation. 

Read/Write Registers 

In the DOC some of the registers are defined as read only, 
while some are defined as write only. Care should be taken 
that read only registers should not be written to and write 
only registers should not be read from. 

Write Header-Write Data Operation Variations 

For the WRITE HEADER·WRITE DATA operation the DOC 
will fetch the data for the 10 and DATA fields from the on· 
chip parameter RAM if the FMT bit is set in the DC register, 
(this also constitutes a format operation). The same scener· 
io with the FTF bit set in the DISK FORMAT register will 
fetch the 10 and DATA information from the local buffer 
memory by the local DMA channel, and constitutes a full 
format operation. If however, the FMT bit is reset then the 
information is fetched from the local buffer memory by the 
local DMA channel and the operation is a regular one. 

Status Reads on Interrupts 

The STATUS register is read when an interrupt occurs to 
determine its cause and also serves to reset the interrupt 
line. However, if the status is read before 16 RCLKS after 
the interrupt, then the interrupt line will not be reset by the 
status register read. If the STATUS register is being con· 
stantly polled in the software, then it must not go faster then 
once in 16 RCLKS. 

LCB Bit Behaviour 

Whenever a disk operation is initiated, the LCB bit in the 
status register is set until the operation is complete. Howev· 
er if the operation is truncated due to any error condition in 
the header or the data fields, the LCB bit will remain set in 
the status register. 

Effect of Resetting the DOC 

When the DOC is reset none of the registers in the parame· 
ter RAM are affected. The STATUS and ERROR registers 
are cleared. The internal counters are reset and the FIFO 
pointers point to the beginning of the FIFO. 

Queing Disk Commands 

After header match is successfully accomplished in a disk 
operation, also indicated by the header match complete in· 
terrupt if enabled, the NDC bit is set in the status register, 
indicating that the DOC is ready to accept the next disk 
command. Hence the next disk operation could be queued 
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by a load of the DC register, however, it should be noted 
that the operation will not commence until the previous one 
has completed. Hence, care should be taken that registers 
being used while the data segment of the previous opera
tion is in progress should not be changed, e.g., the registers 
associated with the DMA etc. 

Assertlon/Deassertion of LRQ/RRQ 

In the burst DMA mode the request (LRQ/RRQ) is asserted 
when the set threshold is reached in the FIFO/LOCAL 
BUFFER MEMORY, and deasserted after the set burst is 
transferred even if the threshold has been reached again for 
the next transfer. The request is then reasserted for the next 
transfer. 

Causes of Interrupts 

There is only a single interrupt line on the DOC. There may 
be more than one source for the interrupt at times. It is 
hence recommended that every time an interrupt is serviced 
all the possibilities be checked to safeguard against more 
than one completion condition occurring at the same time. 

HMC Bit In the Status Register 

The HMC bit in the STATUS register is functional even if the 
header match complete interrupt is not enabled in the OC 
register. In a similar context it should be noted that even if 
the interrupts are not enabled in the OC register, the inter
rupt condition is generated internally when it happens. This 
EN bit in the OC register essentially controls the physical 
availability of the interrupt on the pin to the outside world. 

Correction Cycle Initiation Sequence 

When a CRC/ECC error occurs in a disk operation, the DOC 
has to be reset before a correction cycle can be attempted. 
On completion of the correction cycle the chip needs to be 
reset only if the correction cycle failed and hence an error 
condition resulted. In general, the DOC should be reset fol
lowing any operation terminating in an error condition. 

DFE (Data Field Error) Exceptions 

Usually the Data Field Error condition in the DOC is terminal 
and the operaiion is aborted with an interrupt. However 
there is one exception to the rule. This is if the operation is a 
multisector check data operation in the interlock mode, then 
the DFE error will set the bit in the ERROR register but will 
not generate an interrupt and hence will not terminate the 
operation. 

Read Header-Check Data Operation Exception 

Normally the operation complete interrupt comes at the end 
of the data field for the disk operation. It is usually signified 
by the LCB bit reset in the STATUS register in case of non
tracking mode or by the LCB and RCB bit reset in the track
ing mode. However there is one exception to the rule. In the 
case of a read header-check data operation, because local 
DMA transfers only the header and there is no DMA activity 
for the data field, the LCB bit is reset just after the header 
and the operation complete interrupt is generated. There is 
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no interrupt at the end of the check data unless there is an 
ECC error in which case the operation is terminated with the 
error signalled through the STATUS and ERROR registers. 

Header Fault Exceptional Behaviour 

The HF (header fault) bit in the STATUS register is a pas
sive error condition bit which is set if there is a CRC/ECC 
error in the header. This does not generate an interrupt nor 
terminate the operation normally. In a normal operation this 
bit is set if there is a header fault in the header, while 
searching for a sector and its gets reset, only if there is no 
CRC/ECC error in the header of the sector being sought. It 
should be noted that this behaviour is exhibited even when 
the DOC is searching for headers. However there is one 
exception to the rule. In case of a Read Header operation, if 
there is a CRC/ECC error in the header, then an interrupt is 
generated, the operation is terminated and the STATUS 
register will have the ED bit and the HF bit set while the 
ERROR register will read zeroes. 

SC and NSO Counter Updates 

The Number of Sector operations counter (NSO) in the DOC 
should be handled with care. Although addressed as one 
register, internally it is downloaded into two separate coun
ters; one for the disk side and the other for the DMA logic. 
Whenever a read is done of the NSO counter, the value 
read back is the contents of the disk side NSO counter. The 
disk side NSO counter is decremented just after the header 
match complete interrupt, while the DMA side NSO counter 
is decremented while the local DMA channel is transferring 
the last byte of the data field. If the SC and NSO counters 
have to be read/written by the microprocessor for some 
reason, care should be taken that they are not read/written 
when the DOC is accessing them internally, otherwise they 
might be zeroed. So it is recommended that they be read or 
updated about 1 /Ls after the HMC bit is set in the STATUS 
register. By the same token, this applies to other registers 
like the Remote Data Byte Count registers, Sector Byte 
Count registers, and DMA address registers. Also if the 
NSO counter has to be updated before the operation is 
completed to fool the DOC to go on some more without 
reloading the command then certain precautions need to be 
observed. Firstly the NSO register can be written to only 
after the DMA side NSO has been decremented. Secondly, 
the update cannot be done after the NSO on the DMA side 
has decremented to a 1, in other words the update cannot 
be done after the second to last sector, and hence has to 
be done at the latest before two sectors remain for the com
pletion of the current multi sector operation. 

L T and RT Register Loading Restrictions 

It is mandatory that the L T (Rn register must be loaded 
before the Sector Byte Count (Remote Data Byte) register 
pairs for any of the following situations. 

a) If any Internal DMA is being used or b) if the Remote Data 
Byte Count registers are going to be read by the processor, 
or c) if one needs to rewrite the L T or RT registers at any-
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time, (like when one wants to shift from tracking to non
tracking mode etc). 

DMA Burst Mode Behaviour 

One of the features of the DDC is that it can be programmed 
to do DMA transfers in the burst mode. The size of the burst 
is selectable through the L T & RT registers. Internally the 
burst value is downloaded to the burst counter which will 
reload itself only when the terminal count is reached or if the 
DDC is reset. The size of the DMA transfer is the length of 
the sector in case of a single sector transfer while in case of 
a multisector operation the DDC looks at it like one big 
transfer of length equal to the sector length times the num
ber of sectors requested for the operation. This value is 
divided by the burst length which determines the number of 
bursts in the total transfer. If the total transfer length were 
not an even multiple of the burst length, then the very last 
burst would be less than the burst length selected. Control 
logic in the FIFO ensures that the remainder bytes are 
transferred even though it is less than the burst threshold. 
However, the internal burst counter remains at that lesser 
number and does not get reinitialized to the original burst 
value at the end of the operation. Hence the length of the 
first burst transfer of the next DMA operation may not be the 
same as that specified in the L T & RT registers. 

Glitches on the Read Clock Input 

The DDC has a minimum specification for the RCLK high 
time (rch) and the RCLK low time (rei). Any RCLK not within 
these specifications is taken as a clock with the glitch. If 
such a situation is presented to the DDC then a number of 
things happen. This glitch results in throwing the Disk Se
quencer in an unknown state, away from the standby state. 
Hence, in order for the DDC to be able to accept commands 
the chip has to be reset and reenabled in order to bring the 
sequencer to standby. A glitch on the RCLK can also poten
tially cause a situation leading to the altering of some regis
ter contents in the parameter RAM. Hence it is the design
ers responsibility to ensure that there are no possibilities of 
a glitch as defined by the specs on the RCLK line to the 
DDC and if it does reach the DDC, he should be aware of 
what to expect. 

The DDC doesn't tolerate glitches on the RCLK Input. 

Remote DMA Completion Interrupt 

The DMA on board the DDC is controlled by a separate 
sequencer. This DMA sequencer is responsible for generat
ing the DMA completion interrupts and also controlling the 
LCB & RCB bits in the STATUS register. It is oblivious to the 
disk sequencer, in terms of the errors on the disk etc. How
ever the interrupt generating mechanism for the remote 
DMA uses a clock from the disk PLA for synchronization 
purposes. This clock becomes inactive at certain times re
ferred to as the freeze condition for the disk sequencer. This 
happens whenever a command is loaded in the DC register 
and the sequencer is waiting for a sync match in a disk read 
operation. Hence in the non-tracking mode if the remote 
DMA finishes at an instant when the disk sequencer is fro
zen then the remote DMA completion interrupt is held off till 
the next header comes along where the sequencer comes 
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out of the frozen state and the clock is available. So this is 
more apt to happen when the remote DMA is under way 
while the disk sequencer is off looking for a header match. 
The other instances where the disk sequencer freezes is in 
a multisector operation; 1) the time after the header CRC 
and before the sync match for the data field occurs; 2) the 
time after the data field and just before the sync match of 
the header of the next field. Hence, if the remote DMA fin
ishes around those instances then the completion interrupt 
could be delayed. The more serious implication of this situa
tion is if the remote happened to finish just before the disk 
sequencer was entering the freeze mode, than the remote 
DMA completion interrupt would be held active till the se
quencer comes out of the freeze state. Until then all efforts 
to service the interrupt by doing a status read will not deacti
vate the interrupt. 

Hence the recommendation would be to initiate a remote 
operation only after a header match has occurred and to 
wait for the remote DMA completion before issuing another 
disk command. The other alternative would be to accommo
date in software to look for such a situation and work 
around it. Software polling could be used to determine re
mote DMA completion and the interrupts from it ignored. 

LRQ/RRQ Synchronization and Hold Off 
In the DDC, the acknowledge signal in response to a re
quest is sampled at the T4 state of the DMA transfer cycle. 
The chip does not require cycling of the acknowledge signal 
with the request from the chip. Also the initial assertion of 
the LRQ/RRQ signals is not synchronous to the BClK. 

Read Gate Algorithm for Harmonic Lock 

If the read head was turned on over a write splice, the data 
separator may go into harmonic lock, which will prevent it 
from detecting the preamble pattern it is looking for. This 
forces zeroes data out of the data separator to the DDC and 
hence the DDC allows read gate to remain asserted, indefi
nitely. This is a lock up situation which must be avoided 
using external hardware. 

Write Splice During a Disk Write 

If a genuine FDl error occurs during a disk write function, 
the write gate will be deasserted as soon as the FIFO gets 
over-read. If this happens in the middle of a sector, it will 
result in a write splice to occur. 

Read Gate Timing 

Usually in most drives, when write gate is asserted, data 
actually gets written after 8 RCLKS, because of write driver 
delays etc. Hence the exists a write splice. In the DDC for a 
write data operation, the write gate is asserted 3 bit times 
into the data preamble. The read gate is asserted 8.5 bit 
times after the write gate, which is just sufficient to ensure 
assertion of read gate beyond the write splice associated 
with the write gate assertion. However at the beginning of 
the sector, both read and write gate are asserted 2-4 bit 
times from the index or sector pulse, hence resulting in the 
read gate being asserted in the write splice. External circuit
ry must be implemented to prevent this from happening. 
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FIFO Table Format 
In the FIFO TABLE format mode the local DMA loads the 
correct number of header bytes (given by the HBC register) 
per sector into the FIFO from the local buffer memory. This 
data is then substituted for the header bytes during a format 
operation. It should be noted that each header byte set 
must contain an even number of bytes. If it contains an odd 
number of bytes, an extra dummy byte must be inserted so 
that each header byte set starts at an even byte boundary. 

Two Interrupts In a Read Disk Operation 
In a read disk operation, there is a potential for the control
ler "p to see two interrupts from the DOC, if a DFE error 
occurred during the operation. One of them is due to the 
error condition reflecting the DFE error, while the other re
flects the operation completion by the local DMA, i.e., when 
the local DMA has finished transferring the data. Depending 
on the local DMA speed and bus latency, this could occur 
before or after the DFE interrupt, and they could be within 
16 RCLKS or further apart. If the two interrupts are within 16 
RCLKS of each other, the "p sees only one interrupts, while 
if they occur more than 16 RCLKS apart, then there is a 
potential of two interrupts being presented to the controller 
"P. This situation should be kept in mind and handled in 
firmware accordingly. 

ADSO Glitch During First DMA Transfer 
The ADSO line is a bidirectional line. Hence when the DMA 
transfer is initiated, the ADSO line changes from an input to 
an output. It is released from the input mode into a tristate 
condition. When released for the DMA operation, it tends to 
touch the high level and goes low when the address needs 
to be latched in the t1 cycle of the first DMA transfer. It has 
been observed that just prior to that instant due to an inter
nal race condition it is possible that the ADSO may momen
tarily go low in a glitch fashion. This does not really hurt the 
system because it will go low at the appropriate time to latch 
the correct address in the t1 cycle, however if the trailing 
edge of the strobe is monitored to initiate some operation in 
a system deSign, then this could pose a problem. This 
needs to be kept in mind while deSigning. 

Restrictions for the 2 Byte Exact Burst DMA Transfer 
Mode 
The two byte exact burst mode was intended to be used for 
systems with very fast BCLKS relative to the RCLKS, such 
as when using the DOC to write a floppy as back up. The 2 
byte exact mode is not needed for quick bus access since 
this can always be accomplished by the arbitration logic (in 
any burst mode) by deasserting LACK and waiting a mini-
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mum of 4 BCLKS. This is a better response than the 2 byte 
exact burst mode when waiting for the LRQ to be deassert
ed. 
The performance degradation of the DOC when in the exact 
burst mode is due to the following sequence of events. 
1. A burst of data is transferred causing the LRQ to go inac

tive. 
2. Because the FIFO is still in a condition which requires 

more data to be transferred, the LRQ must be reasserted. 
3. This reassertion of LRQ is held off until both the FIFO 

address counters match in parity; that is until both coun
ters are either odd or even. This results in the LRQ being 
held off until the disk strobe occurs which in some cases 
(see table below) will allow the DMA to transfer only at 
the same data rate as the disk. 

The most exaggerated effect of this problem is when in the 
2 byte exact burst mode when the data bus is in the byte 
mode. In this mode the following ratios of BCLK to RCLK 
must be observed for the corresponding DMA to disk trans
fer rates. 

Byte Mode 
BCLK/RCLK 

Ratio 
< 1/1.6 
> 1/1.6 but 
< 1/0.6 

> 1/0.6 

Word Mode 
< 1/1 

> 1/1 

Max DMA Transfer Rate 

Will not be able to keep up with disk rate, 
will get FDL. Can only transfer at the disk 
rate, therefore any bus sharing will result 
in depleting the FIFO, with no ability to 
refill it. 
Can transfer at least at 2X the disk rate. 
Can easily refill the FIFO if depleted. 

Can transfer only at the disk rate. 
Depleted FIFO cannot be refilled. 
Can transfer at least at 2X the disk rate. 

Lost BCLK Cycles In DMA Burst Mode 
During DMA burst mode operation, LRQ or RRQ is deas
serted for two BCLK cycles between bursts of local or re
mote DMA, i.e., When a remote burst is followed by another 
remote burst, an extra BCLK cycle occurs between t4 of the 
prior burst and the tl of the subsequent burst. Likewise this 
is true for a local burst followed by another local burst, with 
the exception that here there is a possibility of two dummy 
BCLK cycles being inserted between t4 and t1. However, if 
a remote burst is followed by a local burst or vice versa, no 
dummy BCLK cycles are introduced. 
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18.0 Appendix 
18.1 DDC REGISTERS, INDEX BY HEX ADDRESS 

The following is a repeat of what can be found in the DDC 
INTERNAL REGISTERS Section. This listing is arranged nu
merically by hex address, and is provided as a quick refer
ence. The section numbers provided indicate where the 
best description for the particular register can be located. 
For an explanation of the information contained in the WR 
and RD columns, refer to the key in the INTERNAL REGIS
TERS Section. 

COLUMN KEY: 

HA: Hex Address # B: Number of bits WR: Write RD: Read SC: Section 

HA REGISTER #B WR RD SC HA REGISTER 

00 Status Register (S) 8 NO R 3.1 10 DMA Address Byte 1 
01 Error Register (E) 8 NO R 3.1 1E DMA Address Byte 2 
02 ECCSROutO 8 NO R 3.4 1F DMA Address Byte 3 
02 Polynomial Preset Byte 0 (PPBO) 8 D NO 3.4 20 Data Postamble Byte Count 
03 ECCSR Out 1 8 NO R 3.4 21 ID Preamble Byte Count 
03 Polynomial Preset Byte 1 (PPB1) 8 D NO 3.4 22 ID Sync # 1 (AM) Byte Count 
04 ECCSROut2 8 NO R 3.4 23 I D Sync # Byte 2 Count 
04 Polynomial Preset Byte 2 (PPB2) 8 D NO 3.4 24 Header Byte 0 Control 
05 ECCSR Out3 8 NO R 3.4 25 Header Byte 1 Control 
05 Polynomial Preset Byte 3 (PPB3) 8 D NO 3.4 26 Header Byte 2 Control 
06 ECCSR Out4 8 NO R 3.4 27 Header Byte 3 Control 
06 Polynomial Preset Byte 4 (PPB4) 8 D NO 3.4 28 Header Byte 4 Control 
07 ECCSR Out 5 8 NO R 3.4 29 Header Byte 5 Control 
07 Polynomial Preset Byte 5 (PPB5) 8 D NO 3.4 2A Data External ECC Byte Count 
08 Data Byte Count (0) 8 NO R 3.4 2B ID External ECC Byte Count 
08 Polynomial Tap Byte 0 (PTBO) 8 D NO 3.4 2C ID Postamble Byte Count 
09 Data Byte Count (1) 8 NO R 3.4 2D Data Preamble Byte Count 
09 Polynomial Tap Byte 1 (PTB1) 8 D NO 3.4 2E Data Sync # 1 (AM) Byte Count 
OA Polynomial Tap Byte 2 (PTB2) 8 D NO 3.4 2F Data Sync # 2 Byte Count 
DB Polynomial Tap Byte 3 (PTB3) 8 D NO 3.4 30 Data Postamble Pattern 
DC Polynomial Tap Byte 4 (PTB4) 8 D NO 3.4 31 ID Preamble Pattern 
OD Polynomial Tap Byte 5 (PTB5) 8 D NO 3.4 32 ID Sync #1 (AM) Pattern 
DE ECC CONTROL (EC) 8 D NO 3.4 33 ID Sync #2 Pattern 
OF Header Byte Count (HBC)/lnterlock 3 F R 3.1 34 Gap Byte Count 
10 Drive Command Register (DC) 8 C NO 3.1 35 Disk Format Register (DF) 
11 Operation Command Register (OC) 8 C NO 3.1 36 Header Diagnostic Readback (HDR) 
12 Sector Counter (SC) 8 C R 3.1 36 Local Transfer Register 
13 Number of Sector Operations 8 C R 3.1 37 DMA Sector Counter (DSC) 

Counter (NSO) 37 Remote Transfer Register 
14 Header Byte 0 Pattern 8 C R 3.3 38 Sector Byte Count 0 
15 Header Byte 1 Pattern 8 C R 3.3 39 Sector Byte Count 1 
16 Header Byte 2 Pattern 8 C R 3.3 3A Gap Pattern 
17 Header Byte 3 Pattern 8 C R 3.3 3B Data Format Pattern 
18 Header Byte 4 Pattern 8 C R 3.3 3C ID Postamble Pattern 
19 Header Byte 5 Pattern 8 C R 3.3 3D Data Preamble Pattern 
1A Remote Data Byte Byte Count (L) 8 C R 3.2 3E Data Sync # 1 (AM) Pattern 
1B Remote Data Byte Byte Count (H) 8 C R 3.2 3F Data Sync # 2 Pattern 
1C DMA Address Byte 0 8 C R 3.2 
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#B WR 

8 C 
8 C 
8 C 
5 D 
5 C 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
5 D 
8 D 
8 D 
8 D 
8 D 
8 F 
8 D 
8 NO 
8 I 
8 NO 
8 I 
8 D 
8 D 
8 F 
8 F 
8 D 
8 D 
8 D 
8 D 

RD SC 

R 3.2 
R 3.2 
R 3.2 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 

NO 3.1 
R 3.1 

NO 3.2 
R 3.2 

NO 3.2 
R 3.2 
R 3.2 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
R 3.3 
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3.2 LBL1,2 Local Burst Length (bits in L T register) CD 
A. 18.2 ALPHABETICAL MNEMONIC 

LCB Local Command Busy (bit in Status register) 3.1 C GLOSSARY AND INDEX 
LI Late Interlock (bit in Error register) 3.1 

Listed on the following pages are the majority of the abbre- LPRE Late Precompensation 2.0 
viations used within this data sheet as mnemonics to de- (attached to AME, pin 13) 

2.0 scribe portions or functions of the DDC. The section num- LRO Local DMA Request (pin 36) 
bers referenced indicate where the terms are first defined. LRO Local Request (bit in Status register) 3.1 
Mnemonics from the specifications section are not included LSRW Local Slow Read/Write (bit in L T register) 3.2 
here. LT Local Transfer register 3.2 

MNEMONIC DESCRIPTION SECTION LTEB Local Transfer Exact Burst (bit in L T register) 3.2 
LWDT Local Word Data Transfer (bit in L T register) 3.2 

ADO-7 Address/Data 0-7 (pins 41-48) 2.0 MFM MFM Encode (bit in DF register) 3.1 
AD8-15 Address/Data 8-15 (pins 1 -8) 2.0 MSO Multi-Sector Operation 3.1 ADSO Address Strobe 0 (pin 9) 2.0 (command in DC register) ADS1 Address Strobe 1 2.0 NCP Not Compare (bit in HCO-5 registers) 3.3 

(attached to RRO, pin 37) 
NDC Next Disk Command (bit in Status register) 3.1 

AME Address Mark Enable 2.0 NDS No Data Synch (bit in Error register) 3.1 
(attached to LPRE, pin 13) 

NSO Number of Sector Operations counter 3.1 
AMF Address Mark Found 2.0 OC Operation Command register 3.1 

(attached to EPRE, pin 16) PPBO-5 Polynomial Preset Byte 0-5 3.4 
BCLK Bus Clock (pin 40) 2.0 PTBO-5 Polynomial Tap Byte 0-5 3.4 CCA Correction Cycle Active 3.1 RACK Remote DMA Acknowledge (pin 38) 2.0 

(bit in Status register) RBL 1, 2 Remote Burst Length (bits in RT register) 3.2 
CF Correction Failed (bit in Error register) 3.1 RBO Reverse Byte Order (bit in L T register) 3.2 
CS Chip Select (pin 28) 2.0 RCB Remote Command Busy (bit in Status register) 3.1 
CSO-3 Correction Span Selection 3.4 RCLK Read Clock (pin 25) 2.0 

(bits in EC register) RD Read (pin 11) 2.0 
DC Drive Command register 3.1 RDATA Read Data (pin 15) 2.0 
DNE Data Non-Encapsulation (bit in EC register) 3.4 RED Re-Enable DDC (command in DC register) 3.1 
DF Disk Format register 3.2 RES Reset DDC (bit OC register) 3.2 
DFE Data Field Error (bit in Error register) 3.1 RGATE Read Gate (pin 19) 2.0 
D01,2 Data Operation bits 3.1 RRO Remote Request (attached to ADS1, pin 37) 2.0 

(command in DC register) RSO-5 Register Select 0-5 (pins 30-35) 2.0 
DSC DMA Sector Counter 3.2 RSRW Remote Slow Read/Write (bit in RT register) 3.2 
E Error register 3.1 RT Remote Transfer register 3.2 
EC ECC Control register 3.4 RTEB Remote Transfer Exact Burst 3.2 
ED Error Detected (bit in Status register) 3.1 (bit in RT register) 
EEF External ECC Field (pin 26) 2.0 RWDT Remote Word Data Transfer 3.2 
EEW Enable External Wait (bit in RT register) 3.2 (bit in RT register) 
EHF Enable HFASM Function 3.3 S Status register 3.1 (bit in HCO-5 registers) SAIS Start At Index or Sector 3.1 
EHI Enable Header Interrupts 3.1 (command in DC register) 

(command in OC register) SAM Start at Address Mark (bit in DF register) 3.1 
FTF FIFO Table Format (bit in DF register) 3.1 SC Sector Counter 3.1 
HBA Header Byte Active (bit in HCO-5 registers) 3.3 SCC Start Correction Cycle 3.1 
HBC Header Byte Count register 3.1 (command in OC register) 
HCO-5 Header Byte 0-5 Control registers 3.3 SDV Serial Data Valid (pin 27) 2.0 HDR Header Diagnostic Readback register 3.1 SLD Select Local DMA (bit in L T register) 3.2 
HNE Header Non-Encapsulation (bit in EC register) 3.4 SNF Sector Not Found (bit in Error register) 3.1 
HF Header Fault (bit in Status register) 3.1 SO Sector Overrun (bit in Error register) 3.1 
HFASM Header Failed Although Sector SRD Select Remote DMA (bit in RT register) 3.2 

number Matched (bit in Error register) 2.0 SRI Start Remote Input (command in OC register) 3.1 
HMC Header Match Completed 3.1 SRO Start Remote Output 3.1 

(bit in Status register) 
3.1 

(command in OC register) 
H01,2 Header Operation bits SSC Substitute Sector Counter 3.3 

(command in DC register) 
3.1 

(bit in HCO-5 registers) 
HSS Hard or Soft Sectored (bit in DF register) TM Tracking Mode (bit in RT register) 3.2 
ID1,2 Internal Data Appendage (bits in DF register) 3.1 WCLK Write Clock (pin 21) 2.0 
IDI Invert Data In (bit in EC register) 3.4 WDATA Write Data (pin 18) 2.0 
IH1,2 Internal Header Appendage 3.1 WGATE Write Gate (pin 20) 2.0 

(bits in DF register) WR Write (pin 10) 2.0 
INT Interrupt (pin 29) 2.0 
LA Long Address (bit in L T register) 3.2 
LACK Local DMA Acknowledge (pin 39) 2.0 

5-58 



Section 6 
SCSI Bus Interface 
Circuits 

• 



Section 6 Contents 
DP8490 Enhanced Asynchronous SCSI Interface (EASI) ................................ 6-3 
DP5380 Asynchronous SCSI Interface (ASI) ........................................... 6-3 

6-2 



~National 
~ Semiconductor 

PRELIMINARY 

DP8490 Enhanced Asynchronous SCSI Interface (EASI) 
DP5380 Asynchronous SCSI Interface (ASI) 

General Description 
The DPB490 EASI and DP53BO ASI are CMOS devices de
signed to provide a low cost, high performance Small Com
puter Systems Interface. They both comply with the ANS 
X3.131-19B6 SCSI standard as defined by the ANSI X3T9.2 
committee. They can act as both INITIATOR and TARGET, 
making them suitable for any application. The EASI/ASI 
supports selection, reselection, arbitration and all other bus 
phases. High-current open-drain drivers on chip reduce ap
plication chip count by interfacing direct to the SCSI bus. An 
on-chip oscillator provides all timing delays. 

The DPB490 and DP5380 are pin and program compatible 
with the NMOS NCR53BO device. NCR53BO or AM53BO ap
plications should be able to use them with no changes to 
hardware or software. The DPB490 includes new features 
which make this part more attractive for new designs and 
performance upgrades. These new features include poP data 
bus parity, programmable parity for both SCSI and poP bus
ses, loopback test mode, improved arbitration support, fast
er timing and extended interrupt control logic. The DPB490 
and DP5380 are available in a 40-pin DIP or a 44-pin PCC. 

The EASII ASI is intended to be used in a microprocessor 
based application, and achieves maximum performance 
with a DMA controller. The device is controlled by reading 
and writing several internal registers. A standard non-multi
plexed address and data bus easily fits any poP environment. 

Data transfers can be performed by programmed-lID, pseu
do-DMA or via a DMA controller. The EASII ASI easily inter
faces to a DMA controller using normal or Block Mode. The 

Connection Diagram 
MPU BUS SCSI BUS 

DO .. 7,P DP8490 

AU 
A1 Enhanced 
A2 Asynchronous 

SCSI Interface 
CS 
Rii 

(EASI) WR 
RESET 

INT 
DRO 

DACK 
READY 

EOP 

GND 

TL/F/9387-1 
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EASII ASI can be used in either a polled or interrupt-driven 
environment. The EASI includes enhanced features for in
terrupt control. Although all future text refers to the EASI 
only, this data sheet applies to both the EASI and ASI ex
cept where specifically detailed. 

Features 
SCSI Interface 

• Supports TARGET and INITIATOR roles 
• Parity generation with optional checking 
• Programmable parity polarity (ODD/EVEN) 
• Arbitration support-can interrupt when done 
• Direct control/monitoring of all SCSI signals 
• High current outputs drive SCSI bus directly 
• Faster and improved timing 
• Very low SCSI bus loading 

poP Interface 

• Memory or lID-mapped control transfers 
• Programmed-lID or DMA data transfers 
• Normal or Block-mode DMA 
• Fast DMA handshake timing 
• Individually maskable interrupts 
• Active interrupts identified in one register 
• Optional data bus parity generationl checking 
• Programmable parity polarity (ODD/EVEN) 

• Loopback test mode 

Table of Contents 
1.0 FUNCTIONAL DESCRIPTION 

2.0 PIN DESCRIPTION 

3.0 REGISTER DESCRIPTION 

4.0 DEVICE OPERATION 

5.0 INTERRUPTS 

6.0 RESET CONDITIONS 

7.0 LOOPBACK TESTING 

8.0 EXTRA FEATURES/COMPATIBILITY 

9.0 APPLICATION GUIDE 

10.0 ABSOLUTE MAXIMUM RATINGS 

11.0 DC ELECTRICAL CHARACTERISTICS 

12.0 AC ELECTRICAL CHARACTERISTICS 

A 1 FLOWCHARTS 

A2 REGISTER CHART 

• 
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1.0 Functional Description 
1.1 OVERVIEW 

The EASI is designed to be used as a peripheral device in a 
J.£P-based application and appears as a number of read/ 
write registers. Write registers are programmed to select de
sired functions. Status registers provide indication of operat· 
ing conditions. In an application extensive use of interrupts 
is desirable. The EASI incorporates an improved interrupt 
structure which enables fully interrupt·driven operation. In 
the enhanced mode interrupts can be individually masked or 
enabled, and a status register identifies. all active interrupt 
requests. 

For best performance a DMA controller can be easily inter
faced direclly to the EASI. The EASI provides request/ac· 
knowledge and wait·state signals for the DMA interface. 

The SCSI bus is easily controlled via the EASI registers. Any 
bus signal may be asserted or deasserted via a bit in the 
appropriate register, and the state of every signal is avail· 
able by reading registers. This direct control over SCSI sig· 
nals allows the user to implement all or part of the protocol 
in firmware. The EASI provides hardware support for much 
of the protocol, and all speed·critical steps are handled by 
the EASI. 

The EASI provides the following SCSI support: 

• Programmed·/IO transfers for all eight information trans· 
fer types, with or without parity. 

• Data transfers via DMA, in either block or non·block 
mode. The DMA interface supports most devices. 

• Individual selling/reselling and monitoring of every SCSI 
bus signal. 

• Automatic release of the bus for BSY loss from a TAR· 
GET, SCSI RST, and lost arbitration. 

• Automatic bus arbitration with an optional interrupt upon 
completion-the J.£P has only to check for highest priori· 
ty. The 2.2 J.£s arbitration delay can be optionally per· 
formed by the EASI. 

SCSI 
BUS 

DP8490 
[ASI 

Data Address 

• Selection or Reselection of any bus device. The EASI will 
respond to both Selection and Reselection: 

• Optional automatic monitoring of the BSY Signal from a 
TARGET with an interrupt after releasing control of the 
bus. 

• Optional parity polarity selection. Default after reset is 
ODD, but EVEN generation and checking can be pro· 
grammed for diagnostic purposes and to determine 
whether a device supports parity when first making a 
connection. 

Figure 1 shows an EASI in a typical application, a low cost 
embedded SCSI disk controller. In this application the 8051 
single·chip J.£P acts as the controller and the dual DMA 
channels in the DP8475 allow one for the disk data and the 
other for SCSI data. The PAL provides chip selection as well 
as determining who has control of the bus. The advantage 
of using a J.£P with on-board ROM is that there is more free 
time on the external bus. 

1.2 J.£P INTERFACE' 
Figure 2 shows a block diagram of the EASI. Key blocks 
within the EASI are Read/Write registers with associated 
decode and control logic, interrupt and DMA logic, SCSI bus 
arbitration logic, SCSI drivers/receivers with parity and the 
SCSI data input and· output registers. The EASI has three 
interfaces, one to SCSI, one to a DMA controller and the 
third to a J.£P. The internal registers control a/l operation of 
the EASI. 

The J.£P interface consists of non·multiplexed address and 
data busses with associated control signals. The data bus 
can be programmed to use either ODD or EVEN parity. Ad· 
dress decode logic selects a register for reading or writing. 
The address lines AO-A2 select the register for fJoP access
es while for DMA accesses the address lines are ignored. 
The decode logic also selects different registers or func· 
tions to be mapped into address 7, according to the pro· 
grammed mode (see Section 8). 

DP8466 
Disk 

Controller 

DP8462 
PLL 

DP8464 
Pulse 

Oateet •• 
RAM 

at 
EPROM 

HPC16083 

14-++I---"'~ ",C 

Disk Drive Data 

TL/F/9387-2 

FIGURE 1. EASI Application 
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1.0 Functional Description (Continued) 

RST BSY SEL ACK ATN REO 

SCSI Interface Data Input Data Output 
Control Logic Register Register 

pP 
00-7 Bus 

OP Interface 

AO-2 

DMA Logic Interrupt Control 
Logic Registers 

TLlF/9387-3 

FIGURE 2. EASI Block Diagram 

The register bank consists of twelve registers mapped into 
an address space of eight locations. Upon an external chip 
reset the registers are cleared (all zeroes)-the same as the 
NCR5380. Once the ENHANCED MODE bit in the INITIA· 
TOR COMMAND REGISTER is set, three new registers can 
be accessed to utilize the extra features of the DP8490 
EASI. 

1.3 DMA INTERFACE 

The DMA logic interfaces to single-cycle, block mode, f1ow
through or fly-by controllers. Single byte transfers are ac· 
complished via the DRQ/DACK handshake signals. Block 
mode transfers use the READY output to control the speed 
(insert wait·states). An End Of Process (EOP) input from the 
DMA controller signals the EASI to halt DMA transfers. An 
interrupt can be generated for DMA completion or an error 
(see Section 5). All DMA data passes through the SCSI data 
input and output registers, automatically selected during 
DMAcycles. 

1.4 SCSI INTERFACE 

The EASI contains all logic required to interface directly to 
the SCSI bus. Direct control and monitoring of all SCSI sig
nals is provided. The state of each SCSI signal may be de
termined by reading a register which continuously reflects 
the state of the bus. Each signal may be asserted by writing 
a ONE to the appropriate bit. 

The EASI includes logic to automatically handle SCSI timing 
sequences too fast for I£P control. In particular there is 
hardware support for DMA transfers, bus arbitration, selec
tion/reselection, bus phase monitoring, BSY monitoring for 
bus disconnection, bus reset and parity generation and 
checking. 
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The EASI arbitration logic controls arbitration for use of the 
SCSI bus. The I£P programs the SCSI device ID into the 
EASI, then sets the ARBITRATE bit. The EASI will interrupt 
the I£P when one of three events occurs: arbitration is lost; 
arbitration has completed and the ID priorities need to be 
checked; or arbitration is complete and the 2.2 I£s SCSI 
Arbitration delay has expired. Arbitration can .be invoked 
with the enhanced feature of an interrupt on completion or 
the expiration of the SCSI Arbitration delay. These extra 
steps are programmed via the EXTRA MODE REGISTER 
(EMR). The INITIATOR COMMAND REGISTER (lCR) is 
read to determine whether arbitration has been won or lost. 

The BSY signal is continuously monitored to detect bus dis
connection and bus free phases. The EASI incorporates an 
on-board oscillator to determine Bus Settle, Bus Free and 
Arbitration Delays. The oscillator tolerance guarantees all 
timing to be within the SCSI specification. 

The EASI incorporates high-current drivers and SCHMITI 
trigger receivers for interfacing directly to the SCSI bus. This 
feature reduces the chip count of any SCSI application. The 
driver/receivers also incorporate loopback logic which is 
enabled by an EMR bit. The Loopback mode enables test
ing of all EASI functions without interfering with the SCSI 
bus. 

1.5 PARITY 

The EASI provides for parity protection on both the I£P and 
SCSI interfaces. Each data bus has eight data bits and one 
parity bit (only the PCC part provides I£P parity, both the DIP 
and PCC provide SCSI parity). In each case the parity may 
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1.0 Functional Description (Continued) 
be enabled via a register bit. A parity error can be pro· interrupt. In ENHANCED MODE two registers are used to 
grammed to cause an interrupt. Additionally the parity may control Interrupts-the INT STATUS REGISTER (ISR) and 
be programmed to be either ODD or EVEN. This has a par· the INT MASK REGISTER (IMR). Each interrupt can be 
ticular use on the SCSI interface where programming EVEN masked from interrupting via the IMR. When an interrupt is 
parity allows diagnostics, or determining whether a device recognized by the ,...P, reading the ISR will display all active 
supports parity. The inclusion of ,...p parity allows develop· interrupt sources. The ISR contents remain unchanged until 
ment of controllers that maintain data integrity right from the an interrupt reset is programmed. A shadow register behind 
media to the host system. the ISR guarantees that interrupts occurring while others 

1.6 INTERRUPTS are serviced will not be lost. 

The EASI is intended to be used in an interrupt·driven envi· 
ronment. Each function can be programmed to cause an 

2.0 Pin Descriptions 
Symbol DIP PCC Type Function 

CS 21 24 I Chip Select: an active low enable for read or write operations, accessing 
the register selected by AO-A2. 

AO-A2 30,32 33,36 I Address 0-2: these three signals are used with CS, RD, and WR to address 
33 37 a register for read or write. 

RD 24 27 I Read: an active low enable for reading an internal register selected by 
AO-A2 and enabled by CS. It also selects the Input Data Register when 
used with DACK. 

WR 29 32 I Write: an active low enable for writing an internal register selected by 
AO-A2 and enabled by CS. It also selects the Output Data Register when 
used with DACK. 

RESET 28 31 I Reset: an active low input with a Schmitt trigger. Clears all internal registers. 
(SCSI RST unaffected.) 

DO-D7, P 1,40-34 2,44-38 1/0 Data 0-7, P: bidirectional TRI·STATE@ signals connecting the active high 
1 ,...p data bus to the internal registers. The PCC part offers an optional parity 

on the,...p data bus. If the parity option is not enabled the pin is TRI·STATE. 

INT 23 26 0 Interrupt: an active high output to the ,...p when an error has occurred, an 
event requires service or has completed. 

DRO 22 25 0 OMA Request: an active high output asserted when the data register is 
ready to be read or written. DRO occurs only if DMA mode is enabled. The 
signal is cleared by DACK. 

DACK 26 29 I OMA Acknowledge: an active low input that resets DRO and addresses the 
data registers for input or output transfers. DACK is used instead of CS by 
the DMA controller. 

READY 25 28 0 Ready: an active high output used to control the speed of block mode DMA 
transfers. Ready goes active when the chip is ready to sendlrecelve data 
and remains inactive after the transfer until the byte is sent or until the DMA 
mode bit is reset. 

EOP 27 30 I End of Process: an active low signal that terminates a block of DMA 
transfers. It should be asserted during the transfer of the last byte. 

DBO-DB7 9-2,10 10-3,11 1/0 OBO-OB7, OBP: SCSI data bus with parity. DB7 is the MSB and is the 
DBP highest priority during arbitration. Parity is default ODD but can be 

programmed EVEN. Parity is always generated and can be optionally 
checked. Parity is not valid during arbitration. 

RST 16 18 1/0 Reset: SCSI reset, monitored and can be set by EASI. 

BSY 13 15 1/0 Busy: indicates the SCSI bus is being used. Can be driven by TARGET or 
INITIATOR. 
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2.0 Pin Descriptions (Continued) 

Symbol DIP PCC Type Function 

SEL 12 14 I/O Select: used by the INITIATOR to select a TARGET or by the TARGET to 
reselectan INITIATOR. 

ACK 14 16 1/0 Acknowledge: driven by the INITIATOR and received by the TARGET as 
part of the REal ACK handshake. 

ATN 15 17 1/0 Attention: driven by the INITIATOR to indicate an attention condition to the 
TARGET. 

REa 20 22 I/O Request: driven by the TARGET and received by the INITIATOR as part of 
the REa/ ACK handshake. . 

1/0 17 19 I/O Input/Output: driven by the TARGET to control the direction of transfers on 
the SCSI bus. This signal also distinguishes between selection and 
reselection. 

C/D 18 20 I/O Command/Data: driven by the TARGET to indicate whether command or 
data bytes are being transferred. 

MSG 19 21 1/0 Message: driven by the TARGET during message phase to identify 
message bytes on the bus. 

Vee 31 35 Vee. GND: + 5 VDe is required. Because of very large switching currents, -
GND 11 12,13 good decoupling and power distribution is mandatory. 

2.1 PINOUTS 

'-I 
DO- 1 40 -Dl 

DB7- 2 39 -D2 

DB6- 3 38 ~D3 , ... /'" '''' ,.... . m m m m 0 ~ _ N ~ ~ ~ 

DB5- 4 37 :-D4 'I 'I '1'1'1 'I 'I 'I '1'1'1 
DB4- 5 36 I-D5 6 5 4 3 2 1 44 43 42 41 40 

DB3- 6 35 I-D6 DB3- 7 39 -D6 

DB2- 7 34 ~D7 DB2- 8 38 -D7 

DB1- 8 33 ~A2 DB1- 9 37 -A2 

DBO- 9 32 ~Al DBO- 10 36 -AI 

DBP- 10 311-VCC DBP- 11 35 rVCC 
DP8490N 

GND- 11 DP5380N 30 I-AO GND- 12 DP8490V 34 I-

SEL- I-WR GND- 13 DP5380V 33 I-AO 12 29 

BSY- 13 28 i-RESET SEL- 14 32 I-WR 

ACK- 14 27 ~EOP BSY- 15 31 ~ RESET 

ATN- 15 26 I-DACK ACK- 16 30 ~EOP 

RST- 16 25 I-READY ATN- 17 29 ~ DACK 

i70- 17 24 Hiii 18 19 20 21 22 23 24 25 26 27 28 

Clii- 18 23 i-INT I~ ~ ~ I~'~ I I~ ~ ~ I~ ~ 'OP8490 only 

MSG- 19 22 ~DRQ 
~ - u 2 ~ c - ~ 

~ 

REQ- 20 211-CS TL/F/9387-5 • TL/F/9387-4 
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3.0 Register Description 
3.1 GENERAL 

The DP8490 EASI is a register-based device with eight ad
dressable locations used to access twelve registers. Some 
addresses have dual functions depending upon whether 
they are being read from or written to. Two basic operating 
"modes" result in differences in the registers accessed 
through address 7. Device operation is described in Section 
4 but mode differences are highlighted in this section and 
Section 8. Enhancements apply to the DP8490 only. The 
DP5380 has no functional enhancements. 

The EASI operates in one of two modes-NORMAL (MODE 
N) and ENHANCED (MODE E). Switching between the 
modes is performed by setting or resetting bit 6 in the Initia
tor Command Register. In the DP5380 bit 6 just enablesl 
disables all output drivers. 

In MODE N, EASI registers appear the same as the 
DP5380. In MODE E, address 7 accesses enhanced logic 
features. To help identify these differences the register de
scription is split into two subsections. The first describes the 
registers in MODE N. The second describes the register 
differences when in MODE E. The DP5380 only operates in 
MODE N. 
Figure 3.1 summarizes the register map in MODE N. Note 
that for registers reading or writing SCSI signals the SCSI 
name is used for each bit. Although the SCSI bus is active 
low, the registers invert the SCSI bus. This means an active 
SCSI signal is represented by a ONE in a register and an 
inactive signal by a ZERO. 

Hex 
Register Mnemonic Bits 

Adr 

0 Output Data Register ODR 
0 Current SCSI Data CSD 
1 Initiator Command Register ICR 
2 Mode Register 2 MR2 
3 Target Command Register TCR 
4 Select Enable Register SER 
4 Current SCSI Bus Status CSB 
5 Bus and Status BSR 
5 Start DMA Send SDS 
6 Start DMA Target Receive SDT 
6 Input Data Register IDR 
7 Start DMA Initiator Receive SDI 
7 Reset Parity/lnterrupts RPI 

FIGURE 3.1. Normal Mode Registers 

3.2 NORMAL MODE REGISTERS 

OUTPUT DATA REGISTER (ODR) 
a Bits HA 0 Write Only 

8 
8 
8 
8 
4 
8 
8 
8 
0 
0 
8 
0 
0 

R/W 

WO 
RO 
RW 
RW 
RW 
WO 
RO 
RO 
WO 
WO 
RO 
WO 
RO 

This is a transparent latch used to send data to the SCSI 
bus. The register can be written by ,...p cycles or via DMA. 
DMA writes automatically select the ODR at Hex Address 0 
(HA 0). This register is also written with the ID bits required 
during arbitration and selection/reselection phases. Data is 
latched at the end of the write cycle. 

~7 ~o 

I~I~I~I~I~I~I~I~I 
Output Data Register 
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CURRENT SCSI DATA (CSD) 
8 Bits HA 0 Read Only 
This register enables reading of the current SCSI data bus. 
If SCSI parity checking is enabled it will be checked at the 
beginning of the read cycle. The register is also used for ,...p 
accesses of SCSI data during programmed-I/O or ID check
ing during arbitration. Parity is not valid during arbitration. 
DMA transfers select the lOR (HA 6) instead of the CSD 
register., 

~7 ~O 

I~I~I~I~I~I~I~I~I 
Current SCSI Data 

INITIATOR COMMAND REGISTER (ICR) 
8 Bits HA 1 Read/Write 
This register is used to control the INITIATOR and some 
other SCSI signals, and to monitor the progress of bus arbi
tration. Most of the SCSI signals may also be asserted in 
TARGET mode. Bits 5 to 0 are reset when BSY is lost (see 
MR2 description). 

~7 ~O 

Initiator Command Register 

DBUS: Assert Data Bus Bit 0 
o Disable SCSI data bus driving. 

Enable contents of Output Data Register onto the 
SCSI data bus. SCSI parity is also generated and driv
en on DBP. 

This bit should be set when transferring data out of the EASI 
in either TARGET or INITIATOR mode, for both DMA or 
programmed-I/O. In INITIATOR mode the drivers are only 
enabled if: Mode Register 2 TARGET MODE bit is 0, and 
i7(j is false, and C/D, i7(j, MSG match the contents of the 
Target Command Register (phasematch is true). In TAR
GET mode only the MR2 bit needs to be set with this bit. 

Reading the ICR reflects the state of this bit. 

ATN: Assert Attention Bit 1 
o Deassert ATN 

Assert SCSI ATN Signal. The MR2 TARGET MODE bit 
must also be false to assert the signal. 

Reading the ICR reflects the state of this bit. 

SEL: Assert Select Bit 2 
o Deassert SEL 

Assert SCSI SEL Signal. Can be used in INITIATOR or 
TARGET mode. 

Reading the ICR reflects the state of this bit. 

BSY: Assert Busy Bit 3 
o Deassert BSY. 

Assert SCSI ~ signal. Can be used in INITIATOR or 
TARGET mode. 

Reading the ICR reflects the state of this bit. 



3.0 Register Description (Continued) 

ACK: Assert Acknowledge Bit 4 

o Deassert ACK. 

Assert SCSI ACK signal. The MR2 TARGET MODE bit 
must also be false to assert the signal. 

Reading the ICR reflects the state of this bit. 

DIFF: Differential Enable Bit 5 Write 

o This bit must be reset to o. 
Do not use. Reserved for future use on a differential 
pair device. 

LA: lost Arbitration Bit 5 Read 

o Normally reset to 0 to show arbitration not lost or not 
enabled. 

Will be set when the EASI loses arbitration, i.e. when 
SEl is true during arbitration AND the Assert SEl bit 
of this register is false. 

A 1 in this bit means the EASI has arbitrated for the bus, 
asserted BSY and its ID on the data bus and another device 
has asserted SEL. The ARBITRATE bit in MR2 or the EMR 
must be set to enable arbitration. 

MODE: Operating Mode Bit 6 Write 

o DP8490: Normal Mode (MODE N) is selected. 
DP5380: Output drivers are enabled. 

DP8490: Enhanced Mode (MODE E) is selected. 
DP5380: Output drivers disabled (Test Mode). 

AlP: Arbitration In Progress Bit 6 Read 

o Normally 0 to show no arbitration in progress. 

1 Set when the EASI has detected BUS FREE phase 
and asserted BSY and the Output Data Register con
tents onto the SCSI data bus. This bit remains set until 
arbitration is disabled. 

RST: Assert RST Bit 7 
o Deassert RST. 

Assert SCSI RST signal. RST is asserted as long as 
this bit is 1, or until a p.P Reset (RESET). 

After this bit is set the INT pin goes active and internal regis
ters are reset (except for the interrupt latch, MR2 TARGET 
MODE bit, and this bit). Reading the ICR reflects the state of 
this bit. 

MODE REGISTER 2 (MR2) 

8 Bits HA2 Read/Write 

This register is used to program basic operating conditions 
in the EASI. Operation as TARGET or INITIATOR, DMA 
mode and type as well as some interrupt controls are set via 
this register. This is a read/write register and when read the 
value reflects the state of each bit. 

~7 ~O 

I BlK I TARG I PCHK I PINT I EOP I BSY I DMA I ARB I 
Mode Register 2 

ARB: Arbitrate Bit 0 

o Disable arbitration 

Enable arbitration. The EASI will wait for a BUS FREE 
phase then arbitrate for the bus. Before setting this bit 
the Output Data Register should contain the SCSI de
vice I D-a Single bit set only. The status of the arbitra
tion process is given in the AlP and LA bits (6,5) in the 
Initiator Command Register. 
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DMA: DMA Mode Bit 1 

o Disable DMA mode 

Enable DMA operation. This bit should be set then one 
of address 5 to 7 written to start DMA. The TARGET 
MODE bit in the ICR and the phase lines in the TCR 
should have been set appropriately. The DBUS bit in 
the ICR must be set for DMA send operations. BSY 
must be active in order to set this bit. The phase lines 
must match the contents of the TCR during the actual 
transfers. In DMA mode EASI logic automatically con
trols the REO/ ACK handshakes. 

This bit should be reset by a p.P write to stop any DMA 
transfer. An EOP signal will not reset this bit. During 
DMA, CS and DACK should not be active simulta
neously. 

This bit will be reset if BSY is lost during DMA mode. 

BSY: Monitor Busy Bit 2 

o Disable BSY monitor. 

1 Monitor SCSI BSY signal and interrupt when BSY goes 
inactive. When this bit goes active the lower 6 bits of 
the ICR are reset and all signals removed from the 
SCSI bus. This is used to check for valid TARGET 
connection. 

EOP: Enable EOP Interrupt Bit 3 
o No interrupt for EOP. 

Interrupt after valid EOP condition. 

PINT: Enable SCSI Parity Interrupt Bit 4 
o No Interrupt on SCSI parity error. 

When SCSI parity is enabled via the PCHK bit, setting 
this bit enables an interrupt upon a SCSI parity error. 

PCHK: Enable SCSI Parity Checking Bit 5 

o No SCSI parity checking. 

Enable checking of SCSI parity during read operations. 
This applies to either programmed I/O or DMA mode. 

TARG: Target Mode Bit 6 

o I nitiator Mode 

Target Mode 

BlK: Block Mode DMA Bit 7 
o Non-block DMA 

When set along with DMA bit (1), enables block mode 
DMA transfers. In block mode the READY line is used 
to handshake each byte with the DMA controller in
stead of the DRO/DACK handshake used in non
block mode. 

TARGET COMMAND REGISTER (TCR) 

4 Bits HA3 Read/Write 
This register is used to control TARGET SCSI signals and to 
program the desired phase during INITIATOR mode. During 
DMA transfers the SCSI phase lines (C/D, MSG, I/O) must 
match the contents of the TCR for transfers to occur. A 
phase mismatch halts DMA transfers and generates an in
terrupt. 

Bit 7 Bit 0 

X X X X REO MSG C/D I/O 

Target Command Register 
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3.0 Register Description (Continued) 

This is a read/write register and the value read reflects the 
state of each bit, except bits 4-7 which always read O. 

1/0: Assert 1/0 Bit 0 
o Deassert 110. 

Assert SCSI i70 signal. The MR2 TARGET MODE bit 
must also be active. 

C/O: Assert CIO Bit 1 
o Deassert C/D 

Assert SCSI C7D signal. The MR2 TARGET MODE bit 
must also be active. 

MSG: Assert MSG Bit 2 
o Deassert MSG. 

Assert SCSI MSG signal. The MR2 TARGET MODE bit 
must also be active. 

REQ: Assert REQ Bit 3 
o Deassert REO. 

Assert SCSI REO signal. The MR2 TARGET MODE bit 
must also be active. This bit is used to handshake 
SCSI data via programmed-I/O. 

SELECT ENABLE REGISTER (SER) 
8 Bits HA 4 Write Only 
This write-only register is used to program the SCSI device 
ID for the EASI to respond to during Selection or Reselec
tion phases. Only one bit in the register should be set. When 
sa is true, BSY false and the SER iD bit active an interrupt 
will occur. 

This interrupt is reset or can be disabled by writing zero to 
this register. Parity will also be checked during Seiection or 
Reselection if the PCHK bit in MR2 is set. 

~7 ~o 

I DB7 I DB6 I DB5 I DB4 I DBS I DB2 I DB1 I DBO I 
Select Enable Register 

CURRENT SCSI BUS STATUS (CSB) 

8 Bits HA 4 Read Only 
This read-only register is used to monitor SCSI control sig
nals and the SCSI parity bit. The SCSI lines are monitored 
during programmed-i/O transfers and after an interrupt in 
order to determine the cause. A bit is 1 if the corresponding 
SCSI signal is active. 

~7 ~O 

1~1~1~1~1C7D1~1~1~1 
Current SCSI Bus Status 

BUS AND STATUS REGISTER (BSR) 

8 Bits HA 5 Read Only 
This read-only register is used to monitor SCSI signals not 
included in the CSB, and internal status bits. This register is 
read after an interrupt (in MODE N) to determine the cause 
of an interrupt. Bit 0 or 1 are set to 1 if the SCSI signal is 
active. 

~7 ~o 

I EDMA I DRO I SPER liNT I PHSM I BSY I A'i'N I ACK I 
Bus and Status Register 

6-10 

ACK: Acknowledge Bit 0 
This bit reflects the state of the SCSI ACK Signal. 

ATN: Attention Bit 1 
This bit reflects the state of the SCSI ATN Signal. 

BSY: Busy Error Bit 2 
o No error 

The SCSI BSY signal has become inactive while the 
MR2 BSY (Monitor BSy) bit is set. This will cause an 
interrupt, remove all EASI signals from the SCSI bus 
and reset the DMA MODE bit in MR2. 

PHSM: Phase Match Bit 3 
o Phase Match. The SCSI C/D, i70 and MSG phase 

lines are continuously compared with the correspond
ing bits in the TCR. The result of this comparison is 
reflected in this bit. This bit must be 1 (phase matches) 
for DMA transfers. A phase mismatch will stop DMA 
transfers and cause an interrupt. 

INT: Interrupt Request Bit 4 
o No interrupt 

1 Interrupt request active. Set when an enabled interrupt 
condition occurs. This bit reflects the state of the INT 
pin. INT may be reset by performing a Reset Parity/In
terrupt (RPI) function. 

SPER: SCSI Parity Error Bit 5 
o No SCSI parity error 

SCSI parity error occurred. This bit remains set once 
an error occurs until the RPI function clears it. The 
PCHK bit in MR2 must be set for a parity error to be 
checked and registered. 

ORQ: OMA Request Bit 6 

o No DMA request 

DMA request active. This bit reflects the state of the 
DRO pin. DRO is reset by asserting DACK during a 
DMA cycle or by resetting the DMA bit in MR2. A Busy 
error will reset the MR2 DMA bit and thus will also 
clear DRO. A phase mismatch will not reset DRO. 

EOMA: End of OMA Bit 7 

o Not end of DMA 

1 Set when DACK, EOP and either RD or WR are active 
Simultaneously. Normally occurs when the last byte is 
transferred by the DMA. During DMA send operations 
the last byte transferred by the DMA may not have 
been transferred on SCSI so REO and ACK should be 
monitored to verify when the last SCSI transfer is com
plete. This bit is reset when the MR2 DMA bit is reset. 

Note: In MODE E the EASI presents a true EDMA bit in bit 7 of the TeA. 
This feature removes the need to poll the REO and ACK Signals. 

START OMA SEND (SOS) 
OBits HA 5 Write Only 

This write-only register is used to start a DMA send opera
tion. A write of don't care data should be the last thing done 
by the ,...P. The MR2 DMA, BlK and TARG bits must have 
been programmed previously. 

Bit 7 BitO 

x x I X I X I X X X X 

Start OMA Send 



3.0 Register Description (Continued) 

START DMA TARGET RECEIVE 

OBits HA 6 Write Only 

This write-only register is used to start a DMA Target Re
ceive operation. Same comments as SDS apply. 

INPUT DATA REGISTER (lDR) 

8 Bits HA 6 Read Only 

This read-only register contains the SCSI data last latched 
during a DMA receive. Each byte from SCSI is latched into 
this register automatically by the EASI DMA logic. A DMA 
read (DACK and RD) automatically selects this register. Pro
grammed I/O SCSI data reads should use the CSD (HA 8). 

START DMA INITIATOR RECEIVE (SDI) 

OBits HA 7 Write Only 

This write-only register is used to start DMA INITIATOR Re
ceive Operation. Same comments as SDS apply. An alter
native method of performing the SDI function is available in 
the Enhanced Mode Register. 

RESET PARITY/INTERRUPT (RPI) 

OBits HA 7 Read Only 

This read-only register is used to reset the parity and inter
rupt latches. Reading this register resets the SCSI parity, fLP 
parity, Busy Loss and Interrupt Request latches. It also re
sets the interrupt latches presented in the Interrupt Status 
Register (available in MODE E). 

An alternative method of performing the Reset Parity Inter
rupt function is available in the Enhanced Mode Register. In 
MODE E writing a value of 01 to bits 2 and 1 of the EMR will 
reset the same bits as a read from HA 7 in MODE N. The 
EMR RPI will also reset enhanced logic that has bits set in 
the Interrupt Status Register. 

3.3 ENHANCED MODE REGISTERS 

Addresses 0 to 6 remain the same as MODE N except for 
bit 7 of TCR, as described below. Address 7 is the SDI and 
RPI functions in MODE N, but in MODE E it directly access
es the Enhanced Mode Register (EMR) and indirectly ac
cesses the Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR). 

When bit 6 in the ICR (HA 1) is set, HA 7 accesses the 
read/write EMR. The SDI and RPI functions performed 
when writing/reading HA 7 in MODE N are disabled. To 
perform these functions the EMR is used instead. 

Note that EMR functions are intended to be used in an inter
rupt-driven environment. Reading this register reflects the 
state of each bit. 

TARGET COMMAND REGISTER (TCR) 

5 Bits HA 3 Read/Write 
This is the same as MODE N except for bit 7 which is de
scribed below. Note bits 4-6 always read O. 

Blt7 BltO 

Target Command Register 
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EDMA: True End of DMA Bit 7 

o Not End of DMA 

Set when the last byte of data has been transferred. 
This bit is not set until REQ and ACK both go inactive 
following the DMA cycle during which EOP was assert
ed. Note that unlike the BSR EDMA bit, this bit reflects 
the true completion of DMA transfers. 

ENHANCED MODE REGISTER (EMR) 

8 Bits HA 7 Read/Write 

This register is accessed at HA 7 when the ICR MODE bit 
(6) is set. The register controls operation of enhanced logic 
and timing. Normally the application will leave the EASI per
manently in MODE N or MODE E. 

Blt7 Bit 0 

IAPHSI MPENI MPOLlsPOLI LOOP I EFN11 EFNOI ARB I 

Enhanced Mode Register 

ARB: Extended Arbitration Bit 0 

o Disable extended arbitration 

Enable extended arbitration. This is an alternative bit 
to the MR2 ARB function. The EASI waits for a BUS 
FREE phase then arbitrates for the bus, asserting the 
contents of the ODR onto the SCSI data bus and as
serting BSY. The EASI will then wait the 2.2 fLs SCSI 
Arbitration Delay, and set the Arbitration Complete bit 
in the ISR and cause an interrupt. As for the MR2 ARB 
function, the ICR LA and AlP bit can be examined to 
determine arbitration status. 

EFN1,O: Enhanced Function Bits 2,1 
00 No operation-these bits ALWAYS read 00. 

01 When this pattern is written the Parity and Interrupt 
latches are reset. This pattern should be followed by 
any other pattern to remove the reset (usually 00). 
This function replaces the RPI function performed 
when reading HA 7 in MODE N. Only the latches with 
ISR bits set to 1 will be reset. 

10 Start DMA Initiator Receive. At the end of the write 
cycle the SDI function is performed. There is no need 
to follow with another pattern as required with the RPI 
value (01). This function replaces the SDI function per
formed when writing HA 7 in MODE N. 

11 Read/Write ISRIIMR. When this pattern is written the 
NEXT read of HA 7 will access the ISR, or the NEXT 
write to HA 7 will access the IMR. This state ONLY 
lasts for the ONE following read OR write cycle. Fur
ther cycles will then access the EMR. 

LOOP: Loopback Mode Bit 3 

o Normal operation 

When set: SCSI drivers are disabled and the SCSI 
I/O's looped back inside the EASI, and both the TAR
GET and INITIATOR signals may be driven simulta
neously. This enables the fLP to check EASI operation 
without affecting the SCSI bus. 

SPOL: SCSI Parity Polarity Bit 4 
o SCSI parity is ODD (as per SCSI specification). 

SCSI parity is EVEN. This allows diagnostics to be per
formed. 
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3.0 Register Description (Continued) 

MPOL: /LP Parity Polarity Bit 5 
o /LP parity is ODD. 

/LP parity is EVEN. 

MPEN: /LP Parity Enable Bit 6 

o /LP parity checking and generation disabled. 

Enable checking of /LP data bus parity during /LP and 
DMA writes. Generate parity during /LP and DMA 
reads. Parity errors will cause an interrupt and set the 
ISA MPE bit if not masked. 

APHS: Any Phase Mismatch Bit 7 

o Disable phase mismatch detection 

Detect SCSI requests with a phase mismatch present. 
Is set when AEO goes active AND the SCSI phase 
lines do not match the contents of the TCA. Can be 
used in INITIATOA mode to interrupt on TAAGET 
phase changes. 

INTERRUPT STATUS REGISTER (ISR) 

8 Bits HA 7 (EFN = 11) Read Only 

This register is accessed during the first read cycle after the 
EFN bits in the EMA have both been set to 1. Once read, 
successive accesses of HA 7 go to the EMA. This register 
provides all interrupt status within one register. This is in
tended to make determination of interrupt sources easier in 
MODE E. In MODE N two registers must be read-the BSR 
and CSB. In MODE E only the ISA needs to be read. Addi
tionally each interrupt (except SCSI AST) has a correspond
ing status bit in the ISA. 

When the ISA is read all unmasked, enabled, active inter
rupt sources set their corresponding ISA bits to a ONE. The 
interrupt status is sampled at the beginning of the ISA read 
cycle. When an API function is performed via the EMA, only 
each interrupt latch with an ISA bit set will be reset. This 
means interrupts occurring since the last ISA read will not 
be lost. 

ISA bits may be individually masked via their corresponding 
bits in the IMA. 

~7 ~o 

I SPEI MPE I EDMAI DPHS I APHS I BSY I SEL I AAB I 

Interrupt Status Register 

ARB: Arbitration Complete Bit 0 
This bit is set when arbitration enabled by EMR AAB bit (0) 
has completed. Completion occurs in two ways: when the 
EASI loses arbitration and has asserted the LA bit in the 
ICA; or when the EASI has asserted the ID contained in the 
ODA onto the data bus, asserted BSY, then waited for the 
2.2 /Ls SCSI Arbitration Delay. 

SEL: Selectlon/Reselectlon Bit 0 

This bit is set when BSY is false, SE[ is active, and any SER 
bit set to 1 has an active corresponding SCSI data bus bits. 
This situation occurs during Selection or Aeselection phas
es. 

SSY: Busy Loss Bit 2 

This bit is the same as BSA bit 2. Set when the SCSI BSY 
Signal becomes inactive while the MA2 BSY (monitor BSY) 
bit is set. 
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APHS: Any Phase Mismatch Bit 3 

Set when a AEO occurs while the SCSI phase lines do not 
match. Bit is. set to enable detection of the contents of the 
TCA. EMA APHS (bit 7) must be 1 to allow this bit to be set. 

DPHS: DMA Phase Mismatch Bit 4 

Set when a SCSI DMA mode operation occurs with a phase 
mismatch. Similar to the APHS condition but restricted to 
DMA mode only. In MODE N this condition is not as easily 
determined. 

EDMA: End of DMA Bit 5 
Set when AEO and ACK are both false following the DMA 
cycle during which EOP was asserted. This represents the 
true end of DMA operation. 

MPE: /LP Parity Error Bit 6 

Set when /LP parity error is detected at the end of a /LP or 
DMA write cycle. The MPEN bit in the EMA must be set for 
/LP parity to be checked. 

SPE: SCSI Parity Error Bit 7 
Set when a SCSI parity error is detected when reading the 
CSD, during selection/reselection, or when the IDA is load
ed during DMA operation. The MA2 PCHK bit must be set 
for SCSI parity to be checked, and the MA2 PINT bit must 
be set to enable the interrupt. 

INTERRUPT MASK REGISTER (IMR) 

8 Bits HA 7 (EFN = 11) Write Only 

This register is accessed during the first write cycle after the 
EFN bits in the EMA have been set to 11. Once written, 
successive reads or writes at HA 7 access the EMA. 

This register has the same bit definition as the ISA. If a bit in 
the IMR is set to 1 that interrupt will be masked. The inter
rupt will be captured internally (if enabled) but will not cause 
an active INT signal. A bit reset to 0 will enable that interrupt 
to occur (if enabled) and will enable the ISA bit to be set to 
1. 

Bit 7 BitO 

I SPE I MPE I EDMAI DPHS I APHS I BSY I SEL I AAB I 
Interrupt Mask Register 

4.0 Device Operation 
4.1 GENERAL 
This section describes overall operation of. the EASI. More 
detailed information of data transfers, interrupts and reset 
conditions are covered in later sections. The operation de
scription covers /LP accesses, SCSI bus monitoring, arbitra
tion, selection, reselection, programmed-I/O, DMA inter
rupts. Programming and timing details are covered. 

For information regarding interfacing to /LPs and DMA con
trollers refer to Section 9. 
In the descriptions following, program examples are given in 
pseudo-C. This processor-independent approach should be 
clearest. These are backed up by flow charts in Appendix 
A1. 

For each section where appropriate the description is split 
into two, MODE N and MODE E. 



4.0 Device Operation (Continued) 

ADDR ::::x"--_____________ ...... >c= 
,~ ______________ __JI 

, 1 

' ..... ___ ----1 
DO .. 7,P X V--(Read) _________ --1 .... _______ "'--

DO •• 7,P X V--(Wrlt.) _______ ..J .... _________ "'--

TL/F/9387-6 

FIGURE 4.2. /-LP Cycles 

4.2 /-LP ACCESSES 

The /-LP accesses the EASI via the CS, RD, WR and address 
and data lines in order to read/write the registers. Figure 4. 1 
shows typical timing. Note the use of non-multiplexed ad
dress and data lines. 

4.3 SCSI BUS MONITORING/DRIVING 

The SCSI bus may be monitored or driven at any time. Each 
bus signal is buffered and inverted by the EASI and can be 
read via the CSB, BSR and CSD registers. An active SCSI 
signal reads a 1 in the status registers. 

Each SCSI signal may be asserted by setting a bit in the 
TCR or ICR. Setting the bit to 1 asserts the SCSI signal. 

The following code demonstrates a byte transferred via pro
grammed-I/O in INITIATOR mode. 

/* Transfer one byte as Initiator */ 
while (NOT (TCR: REQ)); 
/* wait till TARGET asserts REQ */ 

data = input (CSD); 
/* parity is checked if enabled */ 

output (ICR, Assert_ACK) ; 
while (TCR:REQ); 
/* wait till TARGET deasserts REQ */ 

output (ICR, 0); 
/* deassert ACK, ready for next byte */ 

4.4 ARBITRATION 

This sub-section describes the arbitration support provided 
by the EASI and how to program it. 

4.4.1 MODE N Arbitration 

Since the SCSI arbitration process requires signal sequenc
ing too fast for /-LPs, hardware support is provided by the 
EASI. The arbitration process is enabled by bit 0 MR2 
(ARB). Prior to setting this bit the ODR should be pro
grammed with the device's SCSI ID-a single bit. 

The EASI will monitor the bus for a BUS FREE phase. The 
BSY signal is continuously monitored. If continuously inac
tive for at least a SCSI Bus Settle Delay (400 ns) and SEL is 
inactive, a valid Bus Free Phase exists. After a period of 
SCSI Bus Free Delay (SOO ns) the EASI asserts BSY and 
the ODR onto the SCSI data bus. The /-LP should poll the 
ICR to determine when arbitration has started. The AlP bit in 
the ICR is set when the Bus Free Phase is detected and the 
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EASI is beginning the Bus Free Delay. Following the Bus 
Free Delay a 2.2 /-Ls SCSI Arbitration Delay is required be
fore examining the data bus to resolve the priorities of the 
10 bits. This delay must be implemented in firmware. The 
ICR Lost Arbitration (LA) bit must be examined to determine 
whether arbitration is lost. The LA bit is set if another device 
asserts SEL during arbitration. If the LA bit is 0 the data bus 
is read via the CSD register. The data is examined to re
solve 10 priorities. If this device is the highest 10, assert SEL 
by setting ICR bit 2 to a 1. After waiting Bus Clear + Bus 
Settle Delays (1200 ns), the Selection Phase begins. These 
2 delays must be implemented in firmware. 

4.4.2 MODE E Arbitration 

The extended arbitration in MODE E is enabled by bit 0 of 
the EMR (ARB). This alternative offers two significant ad
vantages over MODE N. First the 2.2 /-Ls SCSI Arbitration 
Delay is implemented by the EASI. Second the arbitration 
process may be interrupt driven. 

In MODE N the EASI must be polled to see when the ICR 
AlP bit is set. After the appropriate delays, the LA bit and 
data bus are examined. If arbitration is lost or this device is 
not the highest priority the MR2 ARB bit must be reset to 0, 
then set to 1 again and the whole process restarted. This 
means the EASI MUST be polled until arbitration is won
potentially many SECONDS, typically ms. This ties up the 
host /-LP. 

In MODE E when the EMR ARB bit is set the EASI will: wait 
for BUS FREE phase; delay SCSI Bus Free Delay; assert 
BSY and the ODR onto DBO-DB7; delay SCSI Arbitration 
Delay; interrupt the /-LP' 

The /-LP should read the ISR and if the ISR bit 0 (ARB com
plete) is set examine ICR bits 5 and 6 (LA and AlP) to deter
mine whether arbitration is lost. If not lost the data bus is 
examined to resolve 10 priorities. As for MODE N if arbitra
tion has failed the EMR ARB bit should be reset and then 
set again after first resetting the ARB interrupt. Note that the 
EMR ARB bit allows the /-LP to carry on with other tasks 
while the EASI arbitrates. This means there is NO NEED to 
poll the EASI. 

4.5 SELECTION/RESELECTION 

The EASI can be used to select or reselect a device. The 
EASI will also respond to selection or reselection. Selecting 
or reselecting a device is the same in MODE N or MODE E. 
Response to selection or reselection can differ between the 
bus modes. 
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4.0 Device Operation (Continued) 

4.5.1 Selectlng/Reselectlng 

Selection requires programming the ODR with the desired 
and own device IDs; the data bus via ICR DB US (bit 0); 
asserting ATN if required via ICR bit 1; asserting SEL via 
ICR bit 2; then resetting the MR2/EMR ARB bit. 

The SER should have been cleared to zero before Selec
tion/Reselection to ensure the EASI does not respond. If 
Reselection is desired the 1/0 line should also be asserted 
before SEC via TCR bit o. 
Resetting the ARB bit causes the EASI to remove BSY and 
the ODR from the data bus. Thus the ICR Assert data bus 
bit is required to assert the bits for desired and own device 
IDs. 

BSY is then monitored to determine when the device has 
responded to (re)selection. If the device fails to respond an 
error handler should sequence the EASI off the !ius. If the 
device responds the leR DBUS and SEL bits should be re
set to remove these signals. If this is a Reselection the ICR 
BSY bit (3) should be set before removing the other signals. 

The bus is now ready to handle Information Transfer Phas
es. 

4.5.2 MODE N (Re)Selectlon Response 

The EASI responds to Selection or Reselection when the 
SER is non-zero. A (re)selected interrupt is generated when 
~ is false for at least a Bus Settle Delay (400 ns); and 
SEL is true AND any non-zero bit in the SER has its corre
sponding SCSI data bus bit active. A Selection is disabled 
by zeroing the SEA. If parity is supported it should be valid 
during (re)selection so it must be checked via the SPE bit 
(5) in the BSA. SCSI specification states that (re)selection is 
not valid if more than 2 data bits are active. This condition is 
checked by reading the CSD. 

When the selection interrupt occurs it is determined by read
ing the BSR and CSB registers. There is no dedicated 
status bit for (re)selection in MODE N, it must be determined 
by the absence of other interrupts, and the active state of 
the SEL signal. Reselection occurs when 1/0 is also active. 
See Section 6. 

4.5.3 MODE E (Re)Selectlon Response 

The same conditions for valid (re)selection apply as for 
MODE N. A (re)selection interrupt is generated as per 
MODE N. The difference is that the interrupt sets the SEL 
bit (1) in the ISA. In MODE E, reading the ISR enables exact 
determination of interrupt sources. This interrupt can be 
masked via bit 1 of the IMA. The interrupt is reset by pro
gramming the RPI function to the EMA. See Section 6 for 
further details. 

4.6 MONITORING BSY 

While an INITIATOR is connected to a TARGET the TAR
GET must maintain an active BSY signal. During DMA oper
ations the BSY Signal is monitored by the EASI and will halt 
operations if it goes inactive. To enable BSY to be moni
tored at other times the MR2 BSY bit (2) should be set. An 
interrupt will be generated if BSY goes inactive while MR2 
BSY is set. 

In MODE N this interrupt sets bit 2 in the BSA. In MODE E 
this interrupt sets bit 2 in the BSR and bit 2 in the ISR. The 
interrupt may be masked via bit 2 of the IMA. 

4.7 COMMAND/MESSAGE/STATUS TRANSFERS 

Command, message and status bytes are transferred using 
programmed-I/O. The SCSI REOI ACK handshake is ac-
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complished by monitoring and setting lines individually. Data 
is output via the ODR and read in via the CSD register. 

The following code shows INITIATOR and TARGET pro
gramming for two of these cases. See Appendix A 1 for flow
charts. 

Initiator Command Send 

MR2 = monitor BSY 
rCR = Command Phase /* 02h */ 
while (bytes) to do) I 

while (REQ) inaotive) 
idle; /* CSB bit 5 = 0 */ 

if (BSR: phase_match==O) 
phase error; 

else I 
ODR = data byte; 
ICR = Assert_ACK; 
while (REQ active) 
idle; /* CSB bit 5==1 */ 
ICR = deassert_ACK 
/* byte transfer complete */ 
byte count - -; 

goto data phase; 

Target Message Receive 

I 
/* assumed Assert_BSY already set in ICR */ 
MR2 = rARG MODE OR PARlry CHECK 

OR PARlry INrERRUpr; 

rCR = Message_Out phase; /* 06h */ 
delay (Bus Settle) ; 
rCR = Assert_REQ; 
while (ACK inaotive) 

idle; /* BSR bit 0 */ 
data = CSD; /* parity is latched */ 
if (BSR: parity_error) 

error routine; 
else I 

rCR = deassert_REQ; 
while (ACK active) 

idle; 

/* message done. can change to next 
phase*/ 

4.8 NON-BLOCK DMA TRANSFERS 

Data transfers may be effected by DMA. This method 
should be used for optimum performance. Two methods of 
DMA are available-block and non-block mode. This sec
tion describes non-block mode transfers. MODE N opera
tion is covered first followed by MODE E. 
The interface to the DMA controller uses the ORO, DACK, 
EOP lines in non-block mode. Each byte is requested (ORO) 
and ack'd (DACK). Representative timing for a DMA read is 
shown in Figure 4.8.1. 
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FIGURE 4.8.1. Non-Block DMA Timing 

4.8.1 MODE N Non-Block DMA 

DMA operation involves programming the EASI with the set
up parameters. initiating the DMA cycles and checking for 
correct operation when the completion interrupt is received. 
The DMA controller should be programmed with the data 
byte count and the memory start address. Methods of halt· 
ing a DMA operation are covered in Section 4.10. 

Setting up the EASI requires enabling or disabling the fol· 
lowing: Data bus driving. DMA mode enable, BSY monitor· 
ing, EOP interrupt, parity checking, parity interrupt, TARGET 
Mode, bus phase. 

Once set up, DMA should be initiated by writing to address 
5, 6 or 7 as appropriate. The DMA controller should assert 
EOP during the transfer of the last byte, although this may 
be done by the p.P if the DMA transfers (n -1) bytes and the 
p.P transfers the last byte. See the application guide for 
more details (Section 9). 

Upon completion the p.P should check the following as reo 
quired: End of DMA, Parity Error, Phase Match, Busy Error. 
In MODE N the end of DMA occurs as a response to EOP. 
SCSI transfers may still be underway so REQ and ACK must 
still be checked to establish when the final byte is finished. 

The code below shows programming of the EASI in each of 
the four DMA cases. One of these cases is shown in a flow 
diagram in Appendix A. 
Initiator Send 1* DATA OUT PHASE *1 
( 

Program DMA Controller; 
TCR = OOh; 1* phase *1 
ICR = Olh; 1* Assert_DBUS *1 
MR2 = OEh; 
SDS = 00 ; 1* Start DMA Send *1 
while (NOT interrupt) 

idle; 
while (CSD:REQ.) 

idle; 1* wait for last SCSI byte 
transfer so phase 
is checked *1 

if(BSR:Busy_error OR NOT(BSR:End_of_DMA)) 
error routine; 

else 1* DMA END *1 
MR2 = 04h; 1* reset DMA bit *1 
ICR = 0; 
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Initiator Receive 1* DATA IN PHASE *1 
{ 

Program DMA Controller; 
TCR = Olh; 1* phase *1 
MR2 = 3Eh; 
SDI = 0; 1* Start DMA Init Rx *1 
while (NOT interrupt) 

idle; 
1* no need to wait for last SCSI handshake 

done since DMA done implies it is 
checked *1 

if (BSR:parity_error OR BSR:busy_error 
or NOT (BSR End of DMA)) 

do error routines; 
else 1* End of DMA *1 

while (CSD :REQ.) 
idle; 1* wait for REQ. inactive 
to deassert ACK *1 

MR2 = 04h; 

Target Receive 1* DATA OUT PHASE *1 
{ 

Program DMA controller; 
TCR = 0; /*phase*1 
ICR = 08h; 
MR2 = 7Ah; I*check parity*1 
SDT = 0; I*Start DMA Targ Rx*1 
while (not interrupt) 

idle; 
I*when End of DMA occurs the last byte 

has been read and checked*1 
if(BSR:parity_error OR NOT(BSR:End_of_DMA) 

error routine; 
else { 1* End of DMA *1 
while (BSR:ACK) 

idle; 
I*Not True End of DMA in MODE N, so wait 

until SCSI bus inactive before 
changing phase *1 

MR2 = 40h; 
change phase as required; 
I 
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4.0 Device Operation (Continued) 

Target Send /* DATA IN PHASE */ 
( 

Program DMA Controller; 
TCR = Olh; /* phase */ 
ICR = 09h; 
MR2 = 4Ah; 
SDS = 0; /* Start DMA Send */ 
while (NOT interrupt) 

idle; 
if (NOT(BSR:END_of_DMA» 

error; 
else ( 

repeat 
1* DMA end */ 

{ 

while (CSB:REQ OR BSR:ACK) 
loop count = 3; 
loop count - -;l 

/* decrement */ 
until (loop count == 0) ; 
MR2 = 40h; 

Change phase as required; 

l 

Some explanation of the final part of Target Send is re
quired. In this type of DMA operation it is very difficult to 
exactly determine the True End of DMA in MODE N. Simply 
detecting REO and ACK simultaneously inactive is not 
enough. 

Reference to Figure 4.8.2 will help to understand the follow
ing text. 

As shown in Figure 4.8.2, ACK going active causes the ORO 
for the next byte and also REO to go inactive. ACK going 
inactive allows REO to go active for the next byte. If the 
INITIATOR is slow removing ACK the ,...p may sample the 
SCSI bus after the EOP interrupt at point A. Here both REO 
and ACK will be inactive, but there is one more byte to 
transfer on SCSI. Due to chip timing delays this condition 
will not last more than 200 ns. A safe way to determine the 
True End of DMA is to sample REO and ACK and ONLY 
when both are inactive in three successive samples will the 
p.P be at pOint B in the figure. 

In MODE E, True End of DMA is correctly decoded and the 
End of DMA interrupt occurs as a result of this True condi
tion, thus there is no need to sample REO and ACK. For this 
and other reasons operation in MODE E is strongly recom
mended. 

4.8.2 MODE E Non-Block DMA 

Operation for the Non-Block DMA in MODE E is essentially 
the same as MODE N. A primary difference is that in MODE 

byte n-1 I 

,,----------------~I 
,'-___ -J1 

',-_~I 

E True End of DMA is decoded internally and this causes an 
interrupt. This feature removes the need to check for DMA 
End before moving to the next phase. Additionally, the use 
of the ISR allows easier determination of the end condition. 
For more information on interrupts see Section 6. 

Examples of code are given below. 

Initiator Receive /* DATA IN PHASE */ 
{ 

Program DMA controller; 
TCR = Olh; /* phase */ 
ICR = 40h; /* MODE E */ 
MR2 = BEh; 
EMR = 04h; /* Start DMA INIT Rx */ 
while (NOT interrupt) 

idle; 
if (ISR ! = 20h) 

error; 
else /* DMA end */ 

MR2 = 04h; 

Target Send /* DATA IN PHASE */ 
{ 

Program DMA controller; 
TCR = Olh; /* phase */ 
ICR = 49h; /* MODE E */ 
MR2 = CAh; 
SDS = 0; /* Start DMA Send */ 
while (NOT interrupt) 

idle; 
if (ISR! = 20h) 

error; 
else { /* DMA end */ 
MR2 = 40h; 
Change phase as required; 
l 

4.9 BLOCK MODE DMA TRANSFERS 
In Block Mode the DMA interface uses the DRO, DACK, 
EOP and READY lines, DRO is asserted once at the begin
ning of transfers and deasserted once DACK is received. 
DACK should be asserted continuously for the duration of 
all the transfer. EOP should be asserted during the last 
DMA byte signal when the next DMA byte transfers. The 
EASI asserts the READY signal when the next DMA byte 
should be transferred. 

,~ ______ ~_w_n ____ _J~ 

' __ ....Jr 

TL/F/9387-B 

FIGURE 4.8.2. Target Send DMA 
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4.0 Device Operation (Continued) 

As for non-block mode the End of DMA interrupt is just EOP 
in MODE N, but is a True End of DMA in MODE E. Also in 
block mode receive MODE N, the EASI does not return 
READY to an active signal after EOP. This means external 
logic must gate off READY if the p.P is not to be locked up. 
Alternatively use MODE E, where READY always returns to 
the active state after True End of DMA. For more details see 
Section 9. 

The block mode is intended for systems where the over
head of handing the system busses to and from the p.P and 
DMA controller is too great. The block mode handshake is 
not necessarily faster than non-block (it may be) but the 
overall transfer rate is improved once the bus exchange 
overhead is removed. Of course the p.P is prevented from 
executing for the whole DMA operation. 

If a phase mismatch occurs the READY signal is left in the 
inactive state. The DMA controller must hand back the bus 
to the p.P and the inactive READY signal may need to be 
gated off. 

When performing DMA as an INITIATOR the EOP Signal 
does not deassert ACK on the SCSI bus in MODE N. Firm
ware must determine when REO is inactive after the last 
SCSI transfer then reset the MR2 DMA bit to deassert ACK. 
In MODE E the EASI correctly handles the deassertion of 
ACK after True End of DMA. 

Programming the EASI in block.mode is the same as non
block mode except bit 7 in MR2 should also be set. 

4.10 PSEUDO DMA 

The system design can utilize EASI DMA logic for non data 
transfers. This removes the need to poll REO/ ACK and pro
gram the assertion/deassertion of the handshake signal. 
The p.P can emulate a DMA controller by asserting DACK 
and EOP signals. DRO may be sampled by reading the 
BSR. In most cases the chip decode logic can be adapted 
to this use for little or no cost. See Section 9 for further 
details. 

4_11 HALTING A DMA OPERATION 

There are three ways to halt a DMA operation apart from a 
chip or SCSI reset. These methods are: EOP, phase mis
match and resetting the DMA MODE bit in MR2. 

4.11_1 End of Process 

EOP is asserted for a minimum period during the last DMA 
cycle. The EOP Signal generates the End of DMA interrupt 
in MODE N, and enables the True End of DMA to occur later 
in MODE E. EOP does not cause the MR2 DMA mode bit to 
be reset. 

4_11.2 DMA Phase Mismatch 

If a REO goes active while there is a phase mismatch the 
DMA will be halted and an interrupt generated. The EASI 
will stop driving the SCSI bus when the mismatch occurs. A 
phase mismatch is when the TCR phase bits do not match 
the SCSI bus values. 

4.11_3 DMA Mode Bit 

If EOP is not used, the best method is to reset the MR2 
DMA Mode bit. This bit may be reset at any time, and should 
be reset after an End of DMA interrupt or a phase mismatch. 
Resetting the bit disables all DMA logic and thus should 
only be reset at the True End of DMA condition. Additional
ly, all DMA logic is reset, so this bit must be reset then set 
again to carry out the next DMA phase. 
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5.0 Interrupts 
5.1 OVERVIEW 

The EASI is intended to be used in an interrupt driven envi
ronment. MODE E has greatly enhanced the use of inter
rupts to relieve firmware overhead. This section describes 
the conditions for and use of each interrupt. Each descrip
tion explains MODE N then MODE E operation. 

Before individually describing each interrupt, an explanation 
of the use of interrupts is required. 

5.2 USING INTERRUPTS 

MODE N: In this mode interrupts are controlled by bits in 
MR2 if control is provided. Not all interrupts can be disabled 
under software control. When an interrupt occurs, both the 
BSR and CSD register must be read and analyzed to deter
mine the source of interrupt. Since status is NOT provided 
for each interrupt, great care should be exercised when de
termining the interrupt source. 

MODE E: In this mode every interrupt can be individually 
masked and enabled or disabled. In addition, when an inter
rupt occurs a single register (ISR) can be read to determine 
the source(s) of interrupt. An associated register (IMR) al
lows a mask bit to be set for each interrupt. Finally, the 
design of the logic prevents loss of interrupts occurring after 
the IRa signal goes Active and before the Reset Parity/In
terrupt function. In MODE N loss of interrupts can occur. 

5.3 SCSI PARITY ERROR 

MODE N: If SCSI parity checking is enabled via MR2 bit 5, 
an interrupt can occur as a result of a read from CSD, a 
(re)selection, or a DMA receive operation. The parity error 
bit (bit 5) in the BSR will be set if checking is enabled. An 
interrupt will occur if Enable Parity Interrupt (bit 4) of MR2 is 
set. The interrupt is reset by reading HA 7. Following an 
interrupt the BSR and CSD should contain the values shown 
below. 

Bil7 BitO 

I X X X X X X I 
EDMA DRO SPER INT PHSM BSY ATN ACK 

BSR 

~7 ~o 

o X X X X o X 

RST BSY REO MSG C/D I/O SEL DBP 
CSD 

5.4 p.P PARITY ERROR 

MODE N: p.P parity is not available under this mode. 

MODE E: If bit 6 of the EMR is 1, p.P parity will be checked 
on a write to the EASI via the p.P or DMA controller. The 
parity polarity is determined by bit 5 of the EMR. If bit 6 of 
the IMR is zero, a p.P parity error will set bit 6 of the ISR and 
cause an interrupt. The interrupt may be reset by writing 01 
to bits 2 and 1 of the EMR followed by any other pattern. 

5.5 END OF DMA 

MODE N: If EOP is asserted during a DMA transfer, bit 7 of 
the BSR will be set and an interrupt generated if bit 3 of 
MR2 is 1. EOP is recognized when EOP, DACK and either 
lOR or lOW are all simultaneously active for a minimum 
period. The interrupt may be reset by reading HA 7. Follow
ing an interrupt the BSR and CSD should contain the values 
shown on the next page. 
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5.0 Interrupts (Continued) 

Bit 7 Bit 0 

I 1 I X I X I 1 I X I X I 0 I X I 
EOMA ORO SPER INT PHSM BSY ATN Aa< 

BSR 

Bit 7 Bit 0 

I 0 I 1 I X I X I X I X I 0 I X I 
RST BSY REO MSG CIO I/O SEL OBP 

CSD 

5.6 DMA PHASE MISMATCH 

MODE N: When the SCSI REO goes active during a OMA 
operation the contents of the TCR are compared with the 
SCSI phase lines CIO, MSG and 1/0. If the two do not 
match an interrupt is generated. This interrupt will occur as 
long as the MR2 OMA bit is set (bit 1), i.e., it cannot be 
masked in MODE N. The mismatch removes the EASI from 
driving the SCSI data bus. The interrupt may reset by read
ing HA 7. Following an interrupt the BSR and CSD should 
contain the values shown below. 

Blt7 Bit 0 

o I X I X I X I 

EDMA DRO SPER INT PHSM BSY ATN ACK 
BSR 

~7 ~o 

10 I xl X I X I X I X I 0 I xl 

RST BSY REO MSG C7D UO ~ DBP 
CSD 

MODE E: Bit 4 of the ISR will be set by a DMA phase mis
match-the same conditions as MODE N. The interrupt and 
setting if ISR bit 4 may be masked by setting bit 4 of the 
IMR. The interrupt may be reset by writing 01 to bits 2 and 1 
of the EMR followed by any other pattern. 

5.7 ANY PHASE MISMATCH 

MODE N: This feature is not available under this mode. 

MODE E: This condition is similar to DMA Phase Mismatch 
except that it applies to all operations-not just DMA. If the 
TCR contents do not match the SCSI phase lines when 
REO goes active an interrupt is generated and bit 3 set in 
the ISA. The ISR bit and the interrupt may be masked by 
setting bit 3 in the IMR. The interrupt may be reset by writing 
01 to bits 2 and 1 of the EMR followed by any other pattem. 

5.a BUSY LOSS 

MODE N: If bit 2 in MR2 is set the SCSI BSY signal is 
monitored and an interrupt is generated if BSY is continu
ously inactive for at least a BUS SETTLE DELAY (400 ns). 
This interrupt may be reset by reading HA 7. Following an 
interrupt the BSR and CSD should contain the values shown 
below, where usually CSD = 00. 

Bit 7 

I X I X I X I 

EOMA ORO SPER 

Bit 0 

INT PHSM BSY ATN ACK 
BSR 
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Bit 7 BltO 

1010lxlxlxIxlxlxI 

RST BSY REO MSG C/D UO ~ DBP 
CSD 

MODE E: Bit 2 in MR2 performs the same function as in 
MODE N. When an interrupt is generated bit 2 in the ISR will 
be set. The ISR bit and the interrupt may be masked by 
setting bit 2 in the IMA. The interrupt may be reset by writing 
01 to bits 2 and 1 of the EMR followed by any other pattern. 

5.9 (RE)SELECTION 

MODE N: An interrupt will be generated when: SEL is active, 
BS'( is inactive, and the device 10 is true. The device ID is 
determined by the value in the SER. If ANY non-zero bit in 
the SER has its corresponding SCSI data bit active during 
selection, the device 10 is true. If UO is active this is a rese
lection. The interrupt is disabled by writing all zeroes to the 
SER, and reset by reading HA 7. 
if SCSI parity checking is enabled it will be checked and 
should be valid. Following an interrupt the BSR and CSO 
should contain the values shown below. 

Bit 7 Bit 0 

I 0 I X I 0 I 

EDMA ORO SPER INT PHSM 
BSR 

BSY ATN ACK 

Bit 7 

I 0 I o I o I 
BSY REO 

o I 0 I 0 I 

MSG C7D I/O 
CSD 

BltO 

1 I X I 
SEL DBP 

MODE E: The functioning of the (re)selection logic is the 
same as for MODE N. Additionally, bit 1 in the ISR will be 
set upon a (re)selection interrupt. The interrupt and setting 
of bit 1 in the ISR may be masked by setting bit 1 in the IMR. 
The interrupt may be reset by writing all zeroes to the SER 
then writing 01 to bits 2 and 1 of the EMR followed by any 
other pattern. 

5.10 ARBITRATION COMPLETE 

MODE N: No interrupt is generated in MODE N. 

MODE E: When bit 0 of the EMR is set to 1 the EASI moni
tors BSY and SE[ to determine a BUS FREE Phase. The 
EASI then carries out all steps required for bus arbitration. 
When either arbitration is lost or the arbitration process has 
completed, bit 0 in the ISR is set and an interrupt generat~d. 
The interrupt and bit 0 in the ISR can be masked by setting 
bit 0 in the IMR. Note that arbitration is not affected by the 
IMR, just the interrupt. 

6.0 Reset Conditions 
6.1 GENERAL 

There are three ways to reset the EASI; ""p chip RESET, 
SCSI bus reset applied externally, SCSI bus reset issued by 
the EASI. 

6.2 CHIP RESET 

When the RESET signal is asserted for the required dura
tion the EASI clears ALL internal registers and therefore 
resets all logic. This action does not create an interrupt or 
generate a SCSI reset. Since all registers contain zeroes, 
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the EASI is in MODE N under any of the three reset condi
tions. 

6.3 EXTERNAL SCSI RESET 

When an SCSI RST is applied externally the EASI resets all 
registers and logic and issues an interrupt. The only register 
bits not affected are the Assert RST bit (bit 7) in the ICR and 
the TARGET Mode bit (bit 6) in MR2. Note that the ISR will 
contain all zeroes. 

6.4 SCSI RESET ISSUED 

When the p.P sets the Assert RST bit in the ICR, the RST 
signal goes active. Since the EASI monitors RST also, the 
same reset actions as in 6.2 apply. The SCSI RST signal will 
remain active as long as bit 7 in the ICR is set-i.e., until 
programmed 0 or a chip RESET occurs. 

7.0 Loopback Testing 
7.1 GENERAL 

The DPS490 EASI features loopback testing, enabled by bit 
3 of the EMR. When the LOOP bit is set in the EMR all SCSI 
drivers are disabled at the pads and the signals looped back 
internally. Additionally, both TARGET and INITIATOR sig
nals may be simultaneously asserted-this is not possible in 
normal operation. All this enables testing of EASI operation 
without affecting the SCSI bus. 

7.2 SCSI SIGNAL DRIVING/MONITORING 

Since each SCSI signal is looped back, testing is accom
plished by asserting a signal via the ICR or TCR, then read
ing back via CSB and BSR to check its state. The code 
below provides examples. The first example tests SCSI con
trol signals and the second the SCSI data bus. Note that 
loopback mode must be enabled prior to asserting any sig
nals if they are not to drive the SCSI bus. 

SCSI_signal_test 
( 

ICR = 40h; /* MODE E */ 
EMR = OSh; /* LOOPback */ 
ICR = 5Eh; /* drive INIT controls */ 
TCR = OFh; /* drive TARG controls */ 
if((CSB==7Eh) AND (BSR==OEh)) 

ok; 
else error; 

ICR = 40h; /* MODE E */ 
EMR = OSh; /* LOOPback */ 
ICR = 41h; /* assert data bus */ 
MR2 = 30h; /* parity check & interrupt */ 
ODR = OAAh; 
if (CSD==OAAh) ok; 
else error; 
ODR = 55h; 
if (CSD==55h) ok; 
else error; 
if(interrupt) error; /* no parity errors */ 
else ok; 

6-19 

7.3 (RE)SELECTION AND ARBITRATION 

Both these features may be tested in loopback. Note that 
when checking BSY via the CSB register the "debounced" 
version of BSY is presented and will be active for 400 ns
SOO ns after BSY goes inactive. Logic within the EASI con
tinuously monitors BSY when it becomes inactive to detect 
a valid Bus Free Phase. One of the outputs of this logic is a 
clean version of BSY which is accessed through the CSB. 

7.4 DATA TRANSFERS . 

Both programmed-I/O and DMA transfers may be per
formed. When doing DMA transfers the MR2 TARGET 
MODE bit (6) must be programmed according to the type of 
DMA-i.e., set to 1 for TARGET Send or Receive, reset to 0 
for INITIATOR Send or Receive. Additionally, the actions of 
the other SCSI device must be programmed. For example, 
when testing INITIATOR operations the BSY signal must be 
set via ICR to simulate a TARGET connected, and the REQ 
signal must be programmed active and inactive to perform 
the handshake. The code below shows a single byte trans
fer as INITIATOR Send. 

DMA_test 
( 

) 

program DMA controller; 

ICR = 40h; /* MODE E */ 
EMR = OSh; 

ICR = 49h; 

MR2 = OAb; 

TCR = OSh; 

SDS = 0; 

/* LOOPback */ 
/* BSY & data bus on */ 
/* DMA & EOP interrupt */ 
/* assert REQ */ 
/* Start DMA Send */ 

/* DMA cycle with EOP is done here */ 
TCR = 0; /* deassert REQ */ 
if(IDR==data byte) ok; 

else error; 

if(BSR==90h) ok; 
else error; 

/* also should be an EOP interrupt */ 

8.0 Extra Features/Compatibility 
8.1 OPERATING MODES 
This section is intended to clearly indentify the differences 
between the DPS490 and DP53S0. The description covers 
registers, Signals, timing, "bugs" and enhancements. For a 
more detailed description of register programming and bit 
functions refer to Sections 3-7. 

Before discussing differences a reliiew of DPS490 operation 
is required. The EASI can be operated in two modes-Nor
mal Mode (MODE N) and Enhanced Mode (MODE E). The 
EASI is in one or the other mode at any time. MODE E is 
selected when bit 6 in the INITIATOR COMMAND REGIS
TER (ICR) is set to 1. A SCSI or external chip reset clears all 
registers (except MODE REGISTER 2 bit 6) so MODE N is 
selected as the default. MODE N may also be selected at 
any time by clearing bit 6 of the ICR to zero. If MODE E 
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8.0 Extra Features/Compatibility (Continued) 
functions have been invoked, selecting MODE N does not in abies the extra functions. Setting an EMR bit to 1 enables 
general affect their operation. This means MODE E is used the corresponding function while programming a 0 disables 
to enable selection of enhanced features which can be used it. Note on power-up or reset the EMR is zeroed so all extra 
in either mode. Normally an application will choose to re- functions are disabled. The INTERRUPT MASK REGISTER 
main in MODE E always since all functions are accessible in (IMR) provides the ability to individually mask out interrupts. 
this mode. MODE N is only required for downward compati- The INTERRUPT STATUS REGISTER (ISR) shows the 
bility with a standard 5380 device. The DP5380 operates status of the interrupt system at any time. When an interrupt 
ONLY in MODE N. occurs the ISR will contain 1 's for interrupts that are active, 
The MODE selection via bit 6 of the ICR enables existing enabled and not masked. Figure 8.2 shows the format of the 
5380 firmware to run unaltered with the EASI. On the 5380 three registers. 
this is a TEST MODE bit which disables ALL output driv- 8.4 EMR FEATURES 
ers-NOTHING ELSE! No logic is "tested" and no changes 
are made to internal logic. Since the ,...p data bus drivers are 8.4.1 Arbitration 
also disabled the internal state of the 5380 is inaccessible. In MODE N, ASI/EASI arbitration Is enabled via bit 0 of 
This means the TEST MODE bit has very limited application MR2. However this requires polling the 53BO for potentially 
for the end user. By comparison the LOOPBACK bit in the many milliseconds. The ,...p polls the ICR for the ARBITRA-
EASI enables thorough testing of device operation. TION IN PROGRESS bit (6) which is set once the ASI/EASI 
In summary, current operating firmware should not be using detects a bus free phase and enters arbitration. The ,...p 
bit 6 of the ICR so the DP8490 uses this bit to enable en- must then wait for the 2.2 ,...s ARBITRATION DELAY before 
hanced operation. As long as this bit is not set in the EASI checking IDs on the bus. No interrupt is given for any of 
the DP8490 appears the same as the NCR, AMD or these events. 
DP5380. Programming, device operation, and timing se- In MODE E, EASI arbitration is enabled by bit 0 of either 
quences are all the same as a 5380. MR2 or EMR. The EMR bit enables extended arbitration. 
8.2 INTERNAL REGISTERS The EASI will wait for bus free, arbitrate, wait the 2.2 ,...s 

ARBITRATION DELAY and the INTERRUPT the ,...p if not 
Figure 8.1 shows the register map of the EASI. Note that in masked in the IMR. An interrupt occurs if arbitration is com-
MODE N hex address 7 (HA 7) causes a Parity/Interrupt plete or has been lost. This feature removes the need to poll 
Reset when read and a Start DMA Initiator Receive when the EASI. 
written. In MODE E the read/write EXTRA MODE REGIS
TER (EMR) is mapped into HA 7. Since the two original 
functions at HA 7 would conflict, their functions are repro
duced by writing to bits 1 and 2 of the EMR. This removes 
any need to switch between modes. The INTERRUPT 
MASK REGISTER (IMR) and the INTERRUPT STATUS 
REGISTER (ISR) are accessed indirectly via the EMR. Set
ting both bits 1 and 2 of the EMR to 1 enables the next read 
of address 7 to access the ISR or the next write to access 
the IMR. Once the access is made subsequent uses of ad
dress 7 use the EMR. 

Hex Read Write 
Addr Register Register 

00 Current SCSI Data Output Data Register 
01 Initiator Command Initiator Command 
02 Mode Register 2 Mode Register 2 
03 Target Command Target Command 
04 Current SCSI Data Select Enable Register 
05 Bus and Status Start DMA Send 
06 Input Data Register Start DMA Targ Rx 
07 Reset Parity/Interrupt Start DMA Init Rx 

(MODEN) (MODEN) 
07 Extra Mode Register Extra Mode Register 

(MODE E) (MODE E) 
07 Interrupt Status Reg Interrupt Mask Reg 

(MODE E and bits 1 (MODE E and bits 1 
and 2 of EMR= 1) and20fEMR=I) 

FIGURE 8.2. EASI Register Map 

8.3 ENHANCEMENT MODE REGISTERS 
MODE E provides three new registers to provide control for 
the extra features of the EASI. The EXTRA MODE REGIS
TER (EMR) is a read/write register which enables or dis-
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00 = NOP 
01 = Res.t Parity /Int 
10 = Start DMA Inlt Rx 
11 = Rd/Wr ISR/lMR 

Loopback Mode 

SCSI Parity (ODD/EVEN) 

p.P Parity (ODD/EVEN) 

p.P Parity Enabl. 

Int.rrupt on any Phase Mismatch 

Busy Loss 

Any Phase Mismatch 

DMA Phase Mismatch 

DMA End 

p.P Parity Error 

SCSI Parity Error 

FIGURE 8.2. MODE E Registers 
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8.4.2 Loopback Mode 

When bit 3 is set in the EMR the EASI disables all SCSI 
drivers and loops back the signals internally. SCSI Data Out 
is linked to SCSI Data In. BSY, SEL, ATN, RST, I/O, C/D, 
MSG, REO and ACK outputs are fed back to their own in
puts. This enables testing of EASI operations, including 
DMA. 

8.4.3 SCSI Parity 

SCSI parity may be enabled and also cause an interrupt (or 
be masked). Bit 4 of the EMR allows the polarity of SCSI 
parity to be set to either ODD or EVEN, with a default of 
ODD. This feature allows checking of SCSI devices and ca
ble. It also allows an INITIATOR to automatically detect 
whether a device supports parity. (Send a parity error and 
check it is reported). 

8.4.4 ",p Parity 

The EASI includes parity for the ",p data bus. This enables 
controllers to validate data while it passes through their data 
buffers. In common with SCSI parity the ",p parity may be: 
enabled/disabled, interrupt or be masked, be EVEN or ODD 
polarity. 

8.4.5 Phase Mismatch 

In MODE N the EASI will only give a Phase Mismatch inter
rupt during DMA (normally data) transfers. In MODE E an 
interrupt can also be programmed for a phase mismatch 
during any phase. The mismatch is detected if REO is active 
and the phase lines do not match the phase expected as 
specified in the TCR bits 0 to 2. This feature allows com
pletely interrupt-driven operation of the EASI. 

8.5 INTERRUPTS 

The EASI has an improved interrupt structure to ease pro
gramming. In MODE N the structure is the same as a stan
dard 5380. In this mode interrupts can occur which may only 
be determined by the lack of other interrupts (e.g., Selection 
and Phase Mismatch). Interrupts can also be missed if they 
occur while servicing others. To determine the cause of an 
interrupt requires reading the BSR and CSB registers then 
interpreting the results, knowing what the 5380 was current
ly doing. 

In MODE E interrupts can be individually masked via the 
IMR and active ones determined by reading the ISR. Any 
unmasked interrupts sets an ISR bit to 1. After the interrupt· 
service routine the ",p should perform a Reset Parity/Inter
rupt function via the EMR-this will ONLY RESET interrupts 
which had a 1 in the ISR when it was last read. This feature 
means interrupts will not be lost. 

8.6 TIMING 

The NCR5380 timing has some aspects which have been 
improved for MODE E of the EASI. In MODE N timing de
tails are the same as the 5380. Of course the DP5380 ASI 
remains the same as the NCR5380. The timing improve
ments are listed below. 

1. True End of DMA: in MODE N the end of DMA is when 
the last byte is transferred by the DMA controller, not 
when the final SCSI transfer is done. In MODE E bit 7 of 
the TCR shows a True End of DMA status-i.e., the last 
byte transferred by the later of the two events. This bit is 
compatible with the NCR CMOS 53C80. 
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2. Ready after EOP: In block mode receive MODE N the 
5380 does not return the READY signal to a ready 
state-locking the bus and stopping ",p execution. In 
MODE E the EASI will always return to a ready state after 
the last byte has been transferred. 

3. SCSI Handshake after EOP: in MODE N, INITIATOR re
ceive when a REO is received after EOP has been given 
an ACK will be generated although no valid data exists 
since no DRO was issued. The EASI will NOT generate 
this invalid ACK while in MODE E. 

",p and DMA accesses have relaxed timing on both the 
EASI and ASI. Data setup/hold and read access times are 
reduced. Faster handshaking on the SCSI bus, along with 
faster response to the DMA signals means that higher 
transfer rates are possible with both devices-typically up to 
3 MBytes/s. 

9.0 Application Guide 
This section is intended to show the interface between the 
",P, EASI and DMA controller (DMAC). Figure 9.1 shows a 
general interface when the EASI and DMAC are 1/0-
mapped devices. This configuration will implement a 2 to 
2.5 MBytes/s SCSI port using 2 cycle compressed timing 
from the 5 MHz DMAC. 

Using a faster DMAC and memory may allow the EASI to 
operate at a higher rate-but of course any system will be 
limited by the available DMA rate from the SCSI device cur
rently connected to. The interface shown has several fea
tures that are examined more closely in the following text. 

All the interface signal requirements are satisfied by a PAL 
device. The memory interface is not shown, only the rele
vant DMAC and ",p lines are included. 

The EASI data and address lines connect directly to the 
",P/DMAC busses. The DRO output from the EASI goes 
direct to the DMAC. The EOP output from the DMAC goes 
to the EASI input, but can also be asserted via the PAL 
since the DMAC output is open-drain. 

The PAL is programmed so that the ",p can access the 
EASI in three ways. The three access types are: Register 
R/W, DMA R/W, DMA with EOP. Examination of the PAL 
equations below shows how the ",p may perform any of the 
three basic access types simply by accessing the EASI at 
different I/O address slots. This enables the ",p to simulate 
a DMAC (pseudo-DMA). DMA mode may then be used for 
all information transfer phases. 

In DMA mode the EASI generates all SCSI handshakes. At 
all other times the ",p is responsible for REO/ ACK hand
shakes. Using pseudo-DMA may reduce f-tP overhead. 

When dOing DMA transfers via BLOCK MODE and an error 
occurs, the ASI/EASI may not de assert the READY signal. 
For some DMA controllers this may lock the bus, so the PAL 
asserts READY and EOP to the DMA if an interrupt occurs 
while READY is false. This completes the current DMA cy
cle and prevents further DMA for the rest of the block thus 
allowing the bus to be handed back to the f-tP for servicing. 

The PAL generates RD and WR strobes while the ",p is bus 
master, but the DMAC provides the strobes while it is bus 
master so the PAL outputs are TRI-STATE. 

The PAL details are shown in Figure 9.2 with the signal 
definitions and equations following. 
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9.0 Application Guide (Continued) 

""p Interface 

... DATAt ... 
~ ADDRESS ~ , ~ ... .. DRO 

DREO 

EOP 

5t.1Hz 

K>~ ~ 
[ASI 

Dt.lAC 

PAL INT 
RD 

READY 
WR 

DACK 

READY NSC cs 
PAL 

AEN 20LlO 
EOP 

DACK 

t.lEt.lR 

t.lEt.lW 

iOR 

lOW I cs 
RD 

WR , 
TL/F/9387-11 

FIGURE 9.1. ""P/EASI/DMA Interface 

A7 CSEASI 
AS EDACK [ASI 
AS EEOP 

,..p A4 
IORO 

Rii 
WR DEOP . 

CSDt.lA 

Dt.lAC 
AEN DREADY 

DDACK lOR Dt.lAC 
lOW 

[ASI 
EREADY t.lEt.lR 

INT t.lEt.lW 

TL/F/9387-12 

FIGURE 9.2. Interface PAL 
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9.0 Application Guide (Continued) 

/CSEASI = /IORQ*/A7*/A6*/A5*/A4*/AEN ; EASI reg R/W chip select 
/EDACK = /IORQ*/A7*/A6*/A5* A4*/RD ~P pseudo-DMA cycle 

/IORQ*/A7*/A6*/A5* A4*/WR 
+/IORQ*/A7*/A6* A5*/A4*/RD ~P pseudo-DMA with EOP 
+/IORQ*/A7*/A6* A5* A4*/WR 
+/DDACK DMAC DMA cycle 

IF(/AEN)/EEOP = /IORQ*/A7*/A6*A5*/A4*/RD ; ~P pseudo-DMA with EOP 
+/IORQ*/A7*/A6*A5*/A4*/WR+/DEOP*EREADY 

IF(/DDACK*/EREADY*INT)/DEOP = /DDACK*/EREADY*INT 

/CSDMA = /IORQ*/A7*/A6*A5*A4 
/DREADY = /EREADY*/INT 

+/EREADY*/DDACK 
IF(/AEN) /IOR = /IORQ*/RD 
IF (/AEN) /IOW = /IORQ*/WR 
IF(/AEN) /MEMR = IORQ*/RD 
IF (/AEN) /MEMW = IORQ*/WR 

; DMA cycle with error 
; DMAC register R/W 
; EASI not READY and not INT 
; EASI not READY and DMA cycle active 
~P I/O Read cycle 
~P I/O Write cycle 
~P memory Read cycle 
~P memory Write cycle 

FIGURE 9.3. PAL Equations 

The ~p and DMA signals are defined below 
A7-A4 Address bus 
lORa Memory I/O cycle select 
RD Read Strobe 
WR Write Strobe 
AEN High DMA address enable asserted by DMAC 
DDACK DMAC DMA Acknowledge 
CSDMA DMA Chip Select 
DREADY Ready signal to DMAC-inserts wait·states when low 
lOR, lOW I/O data strobes to/from DMAC 

Memory data strobes from DMAC 
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10.0 Absolute Maximum Ratings* 
If Military/Aerospace specified devices are required, DC Output Voltage (YOUT) -O.SVtoVee + O.SV 
contact the National Semiconductor Sales OHlce/ Storage Temperature Range (T STG) - 6S·C to + 1S0·C 
Distributors for availability and specifications. Power Dissipation (PD) SOOmW 
Supply Voltage (Vee> -O.SVto +7.0V Lead Temperature (TLl 
DC Input Voltage (YIN) -O.SV to Vee + O.SV (Soldering, 10 seconds) 260·C 

"'Absolute maximum ratings are those valuBs beyond which damage to the device may occur. 

11.0 DC Electrical Characteristics 
TA = o·c to + 70·C, Vee = s.ov ± 10% unless otherwise specified 

Symbol Parameter Conditions Typ Limit Units 

VIH Minimum High Level 
2.0 V 

Input Voltage 

VIL Maximum Low Level 
0.8 V 

Input Voltage 

VOH1 Minimum High Level IIOUTI = 20 /LA Vee - 0.1 V 
VOH2 Output Voltage IIOUTI = 4.0 mA 2.4 V 

VOL1 Maximum Low Level SCSI Bus Pins: Ilod = 48 rnA 0.5 V 

VOL2 Output Voltage Other Pins: II0d = 20/LA 0.1 V 
VOL3 Ilod = 8.0 rnA 0.4 V 

liN Maximum Input Current VIN = Vee or GND ±1 /LA 

10Z Maximum TRI-STATE Output VOUT = Vee or GND ±10 /LA Leakage Current 

lee Supply Current VIN = Vee or GND 
10 rnA 

SCSI Inputs = sv 

Capacitance T A = 25·C, f = 1 MHz 

Symbol Parameter (Note 3) Typ Units .:!.~ 51 (Note 2) 
CIN Input Capacitance 5 pF 

~ COUT Output Capacitance 7 pF 

AC Test Conditions 
RL =1 k.o. 

Device 
Input 0-- Under Output 

Input Pulse Levels GNDto S.OV Test 

Input Rise and Fall Time 6ns %CL 

+ 
(Note 1) 

Input/Output Reference Levels 1.SV 

TRI-STATE Reference Levels active low + 0.5V TL/F/9387-13 

(Note 2) active high - 0.5V 

Note 1: CL = 50 pF including jig and scope capacitance. 
Note 2: 51 = Open for push·pull outputs. 

51 = VccforaclivelowtoTRI·5TATE. 
51 = GNDforactivehightoTRI.5TATE. 

Note 3: This parameter is not 100% tested. 
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12.0 AC Electrical Characteristics 
All parameters are preliminary and subject to change without notice 

Symbol Parameter 
DP8490 

Units 
Min Typ Max 

ahr Address Hold from End of Read Enable (Note 1) 10 ns 

ahw Address Hold from End of Write Enable (Note 2) 10 ns 

afrt ACK False to REO True (DACK or WR False) 50 70 ns 

as Address Setup to Read or Write Enable (Notes 1, 2) 10 ns 

atdt ACK True to DRO True (Target) 50 70 ns 

atrf ACK True to REO False (Target) 60 90 ns 

atrt ACK True to READY True (Block Mode Target Send) 30 60 ns 

atyt ACK True to READY True (Block Mode Target Receive) 30 60 ns 

bfas BSY False to Arbitrate Start 1200 1200 2200 ns 

bfbc BSY False to Bus Clear 600 800 ns 

csh CS Hold from End of RD or WR 0 ns 

ddv DMA Data Valid from Read Enable (Note 3) 25 45 ns 

dfaf1 DACK False to ACK False (Non-Block Initiator Send) 70 90 ns 

dfaf2 DACK False to ACK False (REO False, Non-Blk, In Rx) 70 90 ns 

dfdt DACK False to DRO True 90 ns 

dfrt DACK False to REO True (ACK False) 40 80 ns 

dhat SCSI Data Hold from ACK True (Note 8) 40 100 ns 

dhi SCSI Data Hold from Write Enable-Initiator 25 50 ns 

dhr Data Hold from End of Read Enable (Notes 1, 9) 20 30 60 ns 

dhra SCSI Data Hold from REO or ACK True (Receive) 10 ns 

dhw f£P Data Hold Time from End of WR 10 ns 

dhwr DMA Data Hold Time from End of WR 10 ns 

dkhr DACK Hold from End of RD 0 ns 

dkhw DACK Hold from End of WR 0 ns 

dsra SCSI Data Setup Time to REO or ACK True (Receive) 15 0 ns 

dsrt SCSI Data Setup to REO True (Target Send) (Note 8) 70 ns 

dsra Data Setup to End of Write Enable (no f£P Parity 25 20 ns 
(Note 2) (with f£P Parity) 25 20 ns 

dswd Data Setup to End of DMA Write Enable (no f£P parity) 25 20 ns 
(Note 4) (with f£P parity) 25 20 ns 

dtdf DACK True to DRO False 30 50 ns 

eop Width of EOP Pulse (Note 5) 45 ns 

rdv Data Valid from Read Enable (Note 1) 30 60 ns 

rdaf RD False from ACK False (REO False) 90 120 ns 

rfaf REO False to ACK False (DACK False) 20 35 ns 

rfdt REO False to DRO True 20 85 ns 

rfrt RD False to REO True (ACK False) 20 85 ns 

rfyf RD False to READY False 10 50 ns 

rfyt REO False to READY True 20 60 ns 

rst RESET Pulse Width 100 50 ns 

rtat1 REO True to ACK True (Initiator Send) 30 85 ns 
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12.0 AC Electrical Characteristics (Continued) 
All parameters are preliminary and subject to change without notice 

Symbol Parameter 
OP8490 

Units 
Min Typ Max 

rtat2 REa True to ACK True (Initiator Receive) 20 85 ns 

rtdt REa True to DRa True 20 85 ns 

rtyt REa True to READY True 20 70 ns 

rtwf READY True to WR False 50 ns 

rydv READY True to Data Valid 35 ns 

stbc SEL True to Bus Clear 500 ns 

wfat WR False to ACK False (REa False) 35 90 ns 

wfrf WR False to READY False 10 50 ns 

wfrt WR False to REa True (ACK False) 20 85 ns 

ww Write Enable Width (Note 2) 60 10 ns 

wwb DMA Write Enable Width (Note 4) 60 10 ns 

wwn DMA Non-Block Mode Write Enable Width (Note 4) 60 10 ns 
Note 1: Read enable (,.P) Is CS and RD active. 

Note 2: Write enable (,.P) Is CS and WR active. 

Note 3: Read enable (DMA) Is DACK and RD active. 

Note 4: Write enable (DMA) Is DACK and WR active. 

Note 6: EOP, DACK, RD/WR must all be true for recognition of EOP. 

Note 6: All outputs loaded with 50 pF unless otherwise statad. 

Note 7: SCSI pins terminated with SCSI specIfIcation values. 

Note 8: dhat=atdt+dhl, dsrt=dfrt+dswd. 

Note 9: This Includes the RC delay Inherent In the test method. These signals typically tum off after 25 ns, enabling other devices to drive these lines with no 
contention. 

12_1 ARBITRATION 

SEL--./ ~ stbc ,I 

I 
BSY of-

'I bfas 
.1 

OBO •• 7 3JI.: 

J 
bfbc ,I 

m 
TLlF/9387-14 

12.2 poP RESET 

RESET ~ f rst 
TL/F/9387-15 
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12.0 AC Electrical Characteristics (Continued) 

12.3 ",p WRITE 

AO •• 2 ----E-a-s ------------ah-w3-----

t----WW--~-csh 

00 .. 7 __________ ~j.:::::-dS-W~::::.!:! .:::~_d_hW_=1-----

12.4 ",p READ 

AO .. 2 ~ ~ 
---'~as=-1 ~ ahr ::=:1'----

~ ~ !--------

Rii -------""\\. ______ -:--E=:"h-~--------
00 .. 7 :::::::::::::::::::F ""~ dh'=1-----

12.5 DMA WRITE (NON-BLOCK MODE) TARGET SEND 

,I 1 
ORQ f- ~ -f-

I---dtdl -did=..! 

OACK 

I---wwn dkhw_ 

WR 

I---dswd dhW:=1 
00 .. 7 * * '!.='eop 'I 

-f-
'I 

I- atrf_ dirt 

f- ~ 

atdt- - -alrt-
~~ .., 

TL/F/9387-16 

TL/F/9387-17 

dsrt 
OBO .. 7.P------B-Yt-e-n-----~x~---~-----B-Yt-e-n-+-l-----

TL/F/9387-18 
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12.0 AC Electrical Characteristics (Continued) 

12.6 DMA WRITE (NON-BLOCK MODE) INITIATOR SEND 

ORO -------"'1 

00 •• 7 ---------r"-+-------'r'------f------

dIal 1 

OBO.J.P __ .......... _~_ ......................... -J'~ ..... - ............... ....I''-............... B~yt-e-n-+-1 ..... - ..... ---

TLIF193B7-19 

12.7 DMA READ (NON-BLOCK MODE) TARGET RECEIVE 

ORO _______ ..J! 
dtdf=1---------d-fd-tF 

00 .. 7 

f--dd:::l _dhr_ 

}E Byte n 
'I 

eop 
I 

T 
'I 

f-- atdt --+ _dfrt_ 

f-
~ 

atrf- I- ~afrt_ 

., 
dSrB 

dhrB.=1 _I • Byte n • -I I 
TLIF193B7-20 

6·28 



,-----------------------------------------------------------------------, C 

12.0 AC Electrical Characteristics (Continued) 

12.8 DMA READ (NON-BLOCK MODE) INITIATOR RECEIVE 

ORO _________ / 

dtdf=1---------d-fd-t::r 

i--dd:=J I---- dhr ------0 

00 .. 7 ... Byte n 

eop 'I 
1 

-f-
·1 

i-- rldt --- j4-rfaf 

~ 

j4-rlat~ ~ 

-\: 
dsra dh~ _I 

---f Byte n * 
'1 

TLlF/93B7-21 

12.9 DMA WRITE (BLOCK MODE) TARGET SEND 

_______________________________________________ ~:_f~ __________________________________________________ __ 
t:WWb~ 

\ \ 
_____________ t=dSWd~ dhWr=-?: ____ _ 

~ Byten+l ~ 

ORO / 

DACK 

WR 

00 .. 7 

EOP 

I. atr! 
-------------------------------------------------f .. ~~---wfrl-----I. 1 

REO 

ACK 

atrl ---I-o_---rlwf----i-_--wfr! 

READY 

dhat 

OBO .. 7,P Byte n --------------~------~----By-te-n-+-l------
TLlF/93B7-22 
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I 12.0 AC Electrical Characteristics (Continued) 

Q 12.10 DMA WRITE (BLOCK MODE) INITIATOR SEND 

i ~ 
~ J" .. -r-------------------------

1=wwb 

_-I+---dhwr 

i+'''*--t--rtwf---t_--wfrf 

Byte n+l 

TL/F/93B7-23 

12.11 DMA READ (BLOCK MODE) TARGET RECEIVE 

DRQ _____ --11 

00 .. 7 ----------------------------'r .... ----.:...;....;...-----'r .... -------

~---rfrt----~ 

REO 

-----------------'1 I+--------afrt 

at:tt _rY_dY_-I _____ rf_Yf=-:J 

READY 1'-------
DBD .. 7.P-----~---d-.-.:. '""1----------------

TLlF/93B7-24 
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.-----------------------------------------------------------------------.0 
12.0 AC Electrical Characteristics (Continued) 

12.12 DMA READ (BLOCK MODE) INITIATOR RECEIVE 

DRO ______ ..,,/ 

_dtd! 

t::::1 
DO •• 7 ~ 

3--
I. 

T 
dh:.=::l. 

Byte n Jl 
I 

eop_ 

I-\: f-
.1 ria! 

/ - rtat2 ~rda!_ 

t f-

rydv-j 
rlY:=::! rtyt I 

READY f ~ 
dsra I 

.1 dh~ 

* Byte n * I 'I 
TL/F/9387-25 
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AppendixA1 
Arbitration & (Re)Selectlon 

Set 

No 

ODR = device ID 

Set MR2 : TARGET 
MODE (Bit 6) 

Set TCR: ASS_I/O 
(bit 0) 

TL/F/9387-26 
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(Normal Mode) 

Information 
Transfer Pha ... 

'Only set ATN If Select with ATN is desired. 

TL/F/9387-27 



r-----------------------------------------------------------------------.c 
Appendix A 1 (Continued) 

Arbitration" (Re)Selectlon (Enhanced Mode) 

Set 

No 

ODR = device ID 

Read !SR. check ARB 
Complete (Bit 0) Is set 

Set EMR: EFN =01 
(Bits 2,1) to reset Interrupt 

Set EMR: ErN = 00 to 
remeve Interrupt reset 

Set IiIR2: TARGET 
MODE (Bit 6) 

Set TCR: ASs..J/O 
(bit 0) 
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Appendix A 1 (Continued) 

·This step unnecessary In MODE E If the EMR : 
APHS (bit 7) is enabled. Logic automatically 
checks the phase on any transfer and Interrupts 
on an error. 

Command Transfer (Initiator) 

Next Phase 
TUF/9387-29 
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.-----------------------------------------------------------------------,0 
Appendix A 1 (Continued) 

Command Transfer 

6-35 

(Target) 

TUF/9387-30 
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Appendix A 1 (Continued) 

Block Mode DMA Transfer 
Initiator Receive (MODE E) 

TUF/9387-31 
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Block Mode DMA Transfer 
Target Send (MODE E) 
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.-----------------------------------------------------------------------.0 
AppendixA2 

Register Chart 

Read 

Bit 7 Current SCSI Data (CSD) Bit 0 

I~I~I~I~I~I~I~I~I 

Bit 7 Initiator Command Register (lCR) Bit 0 

I RST I AlP I LA I ACK I BSY I SEl I ATN I DBusl 

Bit 7 Mode Register 2 (MR2) Bit 0 

I BlK ITARGlpCHKI PINT I EOP I BSY I DMA I ARB I 

Bit 7 Target Command Register (TCR) Bit 0 

I 0 I 0 I 0 I 0 I REO I MSG I C/D I I/O I 

Bit 7 Current SCSI Bus Status (CSB) Bit 0 

1~1~1~1~1~lool~I~1 

Bit 7 Bus and Status Register (BSR) Bit 0 

IEDMAI DRO ISPERIINT IPHSMI BSY I ATN I ACK I 

Bit 7 Input Data Register (IDR) Bit 0 

I DB7 I DB6 I DB5 I DB4 I DB3 I DB2 I DB1 I DBO I 

Blt7 

I X I X I 

Reset Parity/Interrupt 
(RPI}-MODE N 

X I X I X I X 

BltO 

X I X I 
Bit 7 Enhanced Mode Register (EMR) Bit 0 

IAPHSIMPENIMPOlisPOlilOOpIEFN11EFNOIARBI 

Bit 7 Interrupt Status Register (lSR) Bit 0 

I SPE I MPE I EDMA I DPHS I APHS I BSY I SEl I ARB I 

Target Command Register 
Bit 7 (TCR}-MODE E Bit 0 

I~~:~I 0 I 0 I 0 I REa I MSG I C7D I va I 
x = Unknown 
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Write 

Bit 7 Output Data Register (ODR) Bit 0 

I DB7 I DB6 I DBS I DB4 I DBS I DB2 I DB1 I DBO I 

Bit 7 Initiator Command Register (ICR) Bit 0 

I RSf I M~DE I D~~ I ACK I BSY ISEL I Am I DBUS I 

Bit 7 Mode Register 2 (MR2) Bit 0 

I BlK I TARG I PCHK I PINT I EOP I BSY I DMA I ARB I 

Bit 7 Target Command Register (TCR) Bit 0 

I X I X I X I X I REO I MSG I C/D I I/O I 

Bit 7 Select Enable Register (SER) Bit 0 

I DB7 I DB6 I DB5 I DB4 I DB3 I DB2 I DB1 I DBO I 

Bit 7 Start DMA Send (SDS) BltO 

I X I X I X I X I X I X X I X I 
Start DMA Target Receive 

Bit 7 (SDn Bit 0 

I X I X I X I X I X I X I X I X I 

Start DMA Initiator Receive 
Bit 7 (SDI}-MODE N Bit 0 

I X I X I X I X I X I X I X I X I 

Bit 7 Enhanced Mode Register (EMR) Bit 0 

IAPHSIMPENIMPOlisPOlilOOpIEFN11EFNOIARBI 

Bit 7 Interrupt Mask Register (IMR) Bit 0 

I SPE I MPE I EDMA I DPHS I APHS I BSY I SEl I ARB I 

Target Command Register 
Bit 7 (TCR}-MODE E Bit 0 

I X I X I X I X I REO I MSG I C/D I I/O I 
x = Don't Care 
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r------------------------------------------------------------------,c 
~National 
~ Semiconductor 
DS8921/DS8921A Differential Line Driver 
and Receiver Pair 

General Description 
The DS8921, DS8921 A are Differential Line Driver and Re
ceiver pairs designed specifically for applications meeting 
the ST506, ST412 and ESDI Disk Drive Standards. In addi
tion, these devices meet the requirements of the EIA Stan
dard RS-422. 

The DS8921 A receiver offers an input sensitivity of 200 mV 
over a ± 7V common mode operating range. Hysteresis is 
incorporated (typically 70 mY) to improve noise margin for 
slowly changing input waveforms. An input fail-safe circuit is 
provided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8921 A driver is designed to provide unipolar differ
ential drive to twisted pair or parallel wire transmission lines. 
Complementary outputs are logically ANDed and provide an 
output skew of 0.5 ns (typ.) with propagation delays of 
12 ns. 

Power up/down cirCUitry is featured which will TRI-STATEGD 
the outputs and prevent erroneous glitches on the trans-

Connection Diagram 

mission lines during system power up or power down opera
tion. 

The DS8921A is designed to be compatible with TTL and 
CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew - 0.5 ns typical 
• Meet the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 

• Receiver input fail-safe circuitry 
• Receiver input hysteresis-70 mV typical 
• Glitch free power up/down 

RI-

L..-_-+";" 00-

TUF/8512-1 

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921AJ 
See NS Package Number J08A, M08A or N08E 

Truth Table 
Receiver Driver 

Input VOUT Input VOUT VOUT 

VID ;;: VTH (MAX) 1 1 1 0 

VID ~ VTH (MIN) 0 0 0 1 

For complete specifications see the Interface Databook. 
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'?'A National 
~ Semiconductor 
DS8922/22A/DS8923/23A TRI-STATE® RS-422 
Dual Differential Line Driver and Receiver Pairs 
General Description 
The DS8922/22A and DS8923/23A are Dual Differential 
Line Driver and Receiver pairs. These devices are designed 
specifically for applications meeting the ST506, ST412 and 
ESDI Disk Drive Standards. In addition, the devices meet 
the requirements of the EIA Standard RS-422. 

These devices offer an input sensitivity of 200 mV over a 
±7V common mode operating range. Hysteresis is incorpo
rated (typically 70 mV) to improve noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro
vided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8922A and DS8923A drivers are designed to pro
vide unipolar differential drive to twisted pair or parallel wire 
transmission lines. Complementary outputs are logically 
ANDed and provide an output skew of 0.5 ns (typ.) with 
propagation delays of 12 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent control functions common to a driver and 
receiver pair. The DS8923/23A have separate driver and 
receiver control functions. 

Connection Diagrams 
DSB922A Dual·ln·L1ne 

RI2+ ' 

Order Number DS8922N, J, M, 
DS8922AN, AJ, AM 

TL/F/8511-1 

See NS Package Number N16A, J16A or M16A 

Truth Tables 
DS8922/22A 

EN1 EN2 R01 R02 D01 D02 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

0 HI-Z ACTIVE HI-Z ACTIVE 

0 ACTIVE HI-Z ACTIVE HI-Z 

HI-Z HI-Z HI-Z HI-Z 

Power up/down Circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis
sion lines during system power up or power down operation. 
The DS8922/22A and DS8923/23A are designed to be 
compatible with TTL and CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew-±0.5 ns typical 
• Meets the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 
• Receiver input fail-safe circuitry 
• Receiver input hysteresis-± 70 mV typical 
• Glitch free power up/down 
• TRI-STATE outputs 

DS8923A Dual·ln·Llne 

Rl2+ 

Order Number DS8923N, J, M 
DS8923AN, AJ, AM 

TUF/8511-2 

See NS Package Number N16A, J16A or M16A 

DS8923/23A 

DEN REN R01 R02 D01 002 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

0 ACTIVE ACTIVE HI-Z HI-Z 

0 l' HI-Z HI-Z ACTIVE ACTIVE 

1 HI-Z HI-Z HI-Z HI-Z 

For complete specifications see the Interface Databook. 
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~National 
~ Semiconductor 

PRELIMINARY 

DS26C31C CMOS Quad TRI-STATE® 
Differential Line Driver 

General Description 
The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26C31 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS26C31 accepts TTL or CMOS input levels and trans
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS26C31 also in
cludes special power up and down circuitry which will TRI
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has enable and 

Logic and Connection Diagrams 

mlIItE ENABLE INPUT D INPUTC INPUT B 

! ! 

disable circuitry common to all four drivers. The DS26C31 is 
pin compatible to the AM26LS31 and the DS26LS31. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delays: 8 ns 
• Typical output skew: 0.5 ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• Operation from single 5V supply 
• TRI-STATE outputs for connection to system buses 
• Low quiescent current 

Dual-In-Line Package 
INPUT A 

INPUTA I 

z 
CHANNEL A \ 

OUTPUTS 3 

4 
ENABLE 

5 

1& 5V 

6NO VCC OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
CHANNELB\ 

OUTPUTS 6 

~ M U ~ ~ ~ M M 

Truth Table 
Active High Active Low 

Enable Enable 

L H 

All other 
combinations of 

enable inputs 

L = Low logic stale 

H = High logic state 

X = Irrelevant 

Input 

X 

L 

H 

Z = TRI-STATE (high impedance) 

TUF/8574-2 

Non-Inverting Inverting 
Output Output 

Z Z 

L H 

H L 

GND 

TUF/8574-1 

Top View 
Order Number DS26C31CJ, 
DS26C31CM or DS26C31CN 

See NS Package Number J16A, 
M16Aor N16A 

For complete specifications see the Interface Databook. 
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~ 
~ ~National 
~ ~ Semiconductor 

PRELIMINARY 

DS26C32C Quad Differential Line Receiver 

General Description 
The DS26C32 is a quad differential line receiver designed to 
meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis
sion, while retaining the low power characteristics of CMOS. 

The DS26C32 has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Each receiver is 
also equipped with input fail-safe circuitry, which causes the 
output to go to a logic "1" state when the inputs are open. 

The DS26C32 provides an enable and disable function 
common to all four receivers, and features TRI-STATEI!> 
outputs with 6 mA source and sink capability. This product is 
pin compatible with the DS26LS32A and the AM26LS32. 

Logic Diagram 

Features 
• Low power CMOS design 
• ± 0.2V sensitivity over the entire common mode range 

• Typical propagation delays: 20 ns 
• Typical input hysteresis: 50 mV 
• Input fail-safe circuitry 
• Inputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 

mm ENABLE IN D2 IN DI IN C2 IN CI IN B2 IN BI IN A2 IN AI 

GND VCC 

Connection Diagram 
Dual-In-Llne Package 

OUTPUT A "":'&-_...J 

ENABLE 

Top View 

OUTPUT 0 

TLlF/8764-2 

Order Number DS26C32CJ, DS26C32CM, 
DS26C32CN, DS26C32MJ or DS26C32MN 

See NS Package J16A, M16A or N16A 

OUTPUT C OUTPUTB OUTPUT A 

7-6 

TL/F/8764-1 

Truth Table 
ENABLE ENABLE Input Output 

0 X Hi-Z 

See 
VIO ;;, VTH (Max) 

Note Below VIO s: VTH (Min) 0 

Open 

HI·Z = TRI·STATE 

Note: Input conditions may be any combination not defined for ENABLE and 
~. 

For complete specifications 
see the Interface Databook. 



~National PRELIMINARY 

~ Semiconductor 
DS34C86 Quad CMOS Differential Line Receiver 

General Description Features 
• Low power CMOS design The OS34C86 is a quad differential line receiver designed to 

meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis
sion, while retaining the low power characteristics of CMOS. 

The DS34C86 has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Hysteresis is 
provided to improve noise margin and discourage output 
instability for slowly changing input waveforms. 

• ±0.2V sensitivity over the entire common mode range 
• Typical propagation delays: 20 ns 
• Typical input hysteresis: 50 mV 
• Inputs won't load line when Vee ~ OV 
• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 

Separate enable pins allow independent control of receiver 
pairs. The TRI-STATE® outputs have 6 mA source and sink 
capability. The OS34C86 is pin compatible with the OS3486. 

Logic Diagram 

IN A2 IN Al IN C2 IN Cl ENABLE ENABLE IN B2 IN Bl IN 02 IN 01 

6 6 
GNO Vee OUTPUT A OUTPUT C OUTPUT B OUTPUT 0 

Connection Diagram 
Dual·ln·Llne Package 

16 Vee 

INPUTS A { - 15 

} INPUTS B + 14 

OUTPUT A + 
13 

TRI-STATE OUTPUT B 

CONTROL Ale 
12 TRI-STATE 

OUTPUT C 
CONTROL BID 

6 + 
11 

OUTPUT 0 

INPUTS C { + 10 
7 

9 } INPUTS D 

GND 

TL/F/8699-1 

TUF/8699-2 

Top View 

Order Number DS34C86J, DS34C86M, and DS34C86N 
See NS Package Number J16A, M16A and N16A 

For complete specifications see the Interface Databook. 
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~ ~National 
~ ~ Semiconductor 

PRELIMINARY 

DS34C87 CMOS Quad TRI-STATE® 
Differential Line Driver 

General Description 
The DS34C87 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS34C87 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS34C87 accepts TTL or CMOS input levels and trans
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS34C87 also in
cludes special power up and down circuitry which will TRI
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has separate 
enable circuitry for each pair of the four drivers. The 
DS34C87 is pin compatible to the DS3487. 

Connection and Logic Diagrams 

Dual-In-Llne Package 

INPUlA 

OUTPUTSA 1....;;.+-_ ... 
AlB CONTROL 

OUTPUTS BI 

INPUTB 

GNO 

Top View 

Order Number DS34C87J, 
DS34C87N or DS34C87M 
See NS Package Number 

J16A, M16A or N16A 

TL/F/B576-1 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delays: 8 ns 
• Typical output skew: 0.5 ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• Operation from single 5V supply 
• TRI-STATE outputs for connection to system buses 

• Low quiescent current 

7-8 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

Input 
Control 
Input 

H H 
L H 
X L 

L = Low logic state 

H = High logic state 

10--0 NON·INVERTING 

"'-_OUTPUTS 

10 ..... 1-0 INVERTING 

TLlF/B576-2 

Non-Inverting Inverting 
Output Output 

H L 
L H 
Z Z 

x = Irrelevant 
Z = TRI-STATE (high impedance) 

For complete specifications 
see the Interface Databook. 
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~National 
~ Semiconductor 

PRELIMINARY 

DP84 72/DP84 7 4 Floppy Disk Controller PLUS 

General Description 
The DP8472 and DP8474 are complete floppy disk drive 
controllers. They are software compatible with the 
/LPD765A but also include many additional enhancements. 
This includes an internal analog data separator, internal 
write precompensation, a motor on/off control, internal disk 
I/O drivers, low power mode, and some software enhance
ments that simplify the programming. 

A high performance analog data separator is included 
in the DP8472174. The data rate is programmable up to 
1.25 Mbyte/sec. The data separator requires only four ex
ternal passive components. Due to internal calibration, no 
trims or adjustments are necessary. 

The internal write precompensation can be programmed to 
shift the data written to the disk drive early or late between 
o ns and 464 ns. 

The Head Load and Head Unload timers can be redefined 
as Motor On and Motor Off timers. This allows interfaCing to 
8" , 5%" , and 3%" disk drives. 

(continued on next page) 

Connection Diagrams 
Dual-In-Line Package 

RESET 40 Vee 

RO 39 SEEK COMPLETE 

WR 38 LCT/OIR 

CS 37 STEP 

AD 36 MOTOR 

DO 35 READY 

01 34 WRITE PROTECT 

02 33 TRACK 0 

03 32 DATA RATE 

04 10 31 INDEX 

05 11 30 WRITE DATA 

06 12 29 ORO 

07 13 28 DRI 

ORO 14 27 HEAD SELECT 

OAK 15 26 PUMP CURRENT 

TC 16 25 WRITE GATE 

INT 17 24 VCO/PUMP 

OSC2/CLOCK 18 23 READ DATA 

OSCI 19 22 DATA WINDOW 

GND 20 21 FILTER 

TL/F/B592-1 

Top View 

Order Number DP8472J, N 
See NS Package Numbers J40A or N40A 
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Features 
• Internal analog data separator 
• Internal write precompensation 
• Software compatible with the /LPD765A18272A 

• CMOS 
• Software selectable data rate (125 kbits-1.25 Mbitlsec) 
• No trimmable components required 
• Improved DMA timing 
• 8 mA disk output buffers 
• Low Power mode (Icc ::::: 100 /LA) 
• Implied seeks on read and write commands 
• Can disable polling mode 
• Can redefine timers for motor on/off 
• Seek Complete input pin for buffered seeks 
• Demultiplexed drive select outputs (DP8474) 
• Extended track range (up to 4096 tracks) 
• Format with IBM® or ISO (3%") standards 

01 

02 

03 

04 

05 

06 

07 

ORO 

OAK 

Te 

INT 

Plastic Leaded Chip Carrier Package 

g 

15 

16 

17 

i;:; 
~ 
;;!; 

~ 
::Ii 

8 '" I;; is 

'" ;::,. "-

~ 1:21~1& !;l ~~ l!! 
> VI ~ VI 

~ '" U Q '" ;to ;:!O "- ~ U VI z !:i 0 ::Ii g 0 '" Q ;§ :::> '" ~ z "-u '" Q ...... '" 
~ 

j;: 
;to is o t= 

u '" g ;:!O '" > ;to 
0 ;§ 

Top View 

'" g 
0 
::Ii 

39 READY 

38 WRITE PROTECT 

37 TRACK 0 

DATA RATE 

INDEX 

WRITE DATA 

ORO 

DRI 

31 DR2 

30 DR3 

29 HEAD SELECT 

I-

~ 
:::> 
u 
"-
::Ii 

~ 
TLIF/6592-2 

Order Number DP8474V 
See NS Package Number V44A 
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General Description (Continued) 

A power down mode can be enabled from software or the 
controller can power down automatically when it is idle. This 
will reduce the power consumption to about 100 "A 
The output pins to the disk drive on the DP8474 can sink up 
to 8 rnA. The inputs and outputs can also be active high or 
active low. If 1 k.o. termination resistors are used, the disk 
drive can be connected directly to the controller without any 
external bu.ffers. The input pins are Schmitt trigger type in
puts. 

Other enhancements that may be enabled or disabled in
clude implied seeks that will automatically move the drive 

Block Diagram 
RD 
WR 
cs 
AD 

DO-D7 

iiiK 
DRQ 
IHT 
TC 

RESET 

+-+ J.'P 
Interface 

... 

micro-
Sequencer 

r 

... 
I 

Internal 
Data Bu. 

Four Pha •• CLOCK 

I-

Clock Write 
Generator Precomp-

and ensatlon 
Hardware 

Timer 

1 I 

~ ! 
.bD~MHZ ~ ~ 

" :E 
... 

~ ~ =E ~ 
~ 

~ 

6 
I 

a 

head to the correct position in many commands. Another 
enhancement is the ability to disable the polling .mode. Also, 
the motor multiplexing scheme may be programmed so that 
the controller knows whether all the drive motors are on at 
the same time or if only one is on at a time. 

If the command used to control these new features is not 
accessed, the controller will use default modes that are 
compatible with software written for the ",PD765. 

There are two different package types. The DP8472 is a 40-
pin DIP package. The DP8474 is a 44-pin PLCC package 
with some additional features. 

micro-
micro- Sequencer 

Sequencer and 
Program Disk Control 

ROM Reglste", 

... ... 
I Inlornal 

Acldress Bus 

l 1 

Analog Disk 
Data Output 

Separator and 
Input 
Ports 

..0- External 

111- Current 
Set 

ReJd 
.J f1 'I '7 Resistor I 

Data 

p--' Loop 
FI~er 
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DR3 
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Track 0 
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Wrl\o Protect 
Roady 
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Pin Descriptions 

Symbol 
DP8472 DP8474 

Function DIP Pin No. PLCC Pin No. 

RESET 1 1 Active high input that resets the controller to the idle state and resets 
all the output lines to the disk drive to their disabled state. Resets the 
Mode Command registers to their default values. Resets the Present 
Track registers to zero. Should be asserted at power up. To prevent 
glitches activating the reset sequence, a small capacitor (1000 pF) 
should be attached to this pin. 

RD 2 2 Active low input to Signal a read from the controller to the 
microprocessor. 

WR 3 3 Active low input to signal a write from the microprocessor to the 
controller. 

CS 4 4 Active low input to enable the RD and WR inputs for non-DMA 
transfers. DAK should not be asserted while CS is asserted. 

AO 5 5 Address line from the microprocessor. This determines which register 
the microprocessor is accessing: Data (high) or Status (low) Register. 
Don't care during DMA transfers. 

DO-D7 6-13 6-13 Bi-directional data lines to the microprocessor. 

DRO 14 14 Active high output to signal the DMA controller that a data transfer is 
needed. 

DAK 15 15 Active low input to acknowledge the DMA request and enable the RD 
and WR inputs. CS should not be asserted while DAK is asserted. 

TC 16 16 Active high input to indicate the termination of a DMA transfer. 

INT 17 17 Active high output to signal that an operation requires the attention of 
the microprocessor. The action required depends on the current 
function of the controller. 

INVERT 18 (DP84 7 4 only.) This input determines the polarity of the disk drive 
interface lines (input and output). Low indicates normal push-pull 
output signals with the polarity as described in the pin description. 
High indicates active low 8 mA open drain outputs. The DP8472 has 
this signal tied low internally. 

LOW POWER 19 (DP84 7 4 only.) This active high output indicates when the controller is 
in its low power mode. This can be connected to a disk drive that has 
a low power input Signal. 

CLK/OSC2 18 20 An external crystal or the output of an external clock is attached here. 
The normal frequency is 8 MHz. 

OSC1 19 21 An external crystal is attached here or it is grounded if an external 
clock is being used. 

GROUND 20 22 This pin is the analog and digital ground for the controller. 

FILTER 21 23 This pin is the output of the charge pump and is also the input to the 
VCO. A simple filter is attached to this pin. See Table II. 

DATA WINDOW 22 24 This input pin is not used if the internal data separator is enabled and 
should be tied to the same state as the INVERT pin. If the internal 
data separator is disabled, a signal from an external data separator 
that indicates whether the incoming raw data is in the data phase or 
the clock phase is connected to this pin. The polarity of this input is 
not significant. 

READ DATA 23 25 If the internal data separator is enabled, the raw data read from the 
disk is connected here. If the internal data separator is disabled, the 
synchronized data signal from an external data separator is 
connected here. Affected by the INVERT pin. 
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Pin Descriptions (Continued) 

Symbol DP8472 DP8474 
DIP Pin No • PLCCPinNo. 

VCO/PUMP 24 26 

WRITE GATE 25 27 

PUMP CURRENT 26 28 

HEAD SELECT 27 29 

DR1 28 
DRO 29 

DR3 30 
DR2 31 
DR1 32 
DRO 33 

WRITE DATA 30 34 

INDEX 31 35 

DATA RATE 32 36 

TRACK 0 33 37 

WRITE PROTECT 34 38 

READY 35 39 

MOTOR 36 40 

STEP 37 41 

LCT/DIR 38 42 

SEEK COMPLETE 39 43 

Vee 40 44 

Function 

If the internal data separator is used, this output is the NOR of the 
internal Pump Up and Pump Down signals. This can be used for 
diagnostic purposes. If the internal data separator is disabled, this 
active high output enables an external data separator to synchronize 
to the disk data instead of its reference frequency. 

This active high output enables the write circuitry of the selected disk 
drive. This output has been designed to prevent glitches during power 
up and power down. Affected by the INVERT pin. 

A resistor is attached to this pin to set the charge pump current. The 
other end of the resistor is tied to ground. See Table II. 

This output determines which disk drive head is active. 
Low = Head 0, High = Head 1. Affected by the INVERT pin. 

(DP8472 only.) Active high outputs that indicate in binary form which 
disk drive is active. 
(DP8474 only.) Active high outputs to select which disk drive is active. 
These pins are the demultiplexed DRO, DR1 pins described above. 
Affected by the INVERT pin. 

This is the active high write precompensated serial data output to be 
written onto the selected disk drive. Affected by the INVERT pin. 

This active high input signals the beginning of a track. Affected by the 
INVERT pin. 

This input selects the data rate used if the Mode command is not 
issued since the last reset. High indicates 500 kbits/sec (MFM), Low 
indicates 250 kbits/sec (Based on 8 MHz clock). The data rate may 
be overridden in software through the Mode command. This pin also 
affects the times programmed with the Specify command. The times 
are doubled if this pin is low. This doubling is not overridden by the 
Mode Command. 

This active high input tells the controller that the head is at track zero 
of the selected disk drive. Affected by the INVERT pin. 

This active high input indicates that the disk is write protected. Any 
command that writes to the disk drive is not permitted when a disk is 
write protected. Affected by the INVERT pin. 

This active high input indicates that the selected disk drive is ready. If 
the disk drive does not support a Ready signal, this pin should be tied 
high. See also the ANR and POL bits in the Mode command. Affected 
by the INVERT pin. 

Active high output to turn on the disk drive motor for 5%" drives. May 
also be used to load the head of an 8" drive. Affected by the INVERT 
pin. 

This active high output will produce a pulse at a software 
programmable rate to move the head during a Seek or Recalibrate. 
Affected by the INVERT pin. 

When in the seek mode, this output will determine the direction of the 
head movement (high = step in, low = step out). When in the write 
or read modes, this output will be high when the head of the selected 
disk drive is on a track number that is greater than or equal to a 
software programmable number. Otherwise, it will be low. Affected by 
the INVERT pin. 

This active high input from the disk drive indicates that a buffered 
seek operation is complete. This input may be tied high if drive does 
not support buffered seeks. Affected by the INVERT pin. 

This pin is the 5V supply for both the analog and digital circuitry. 
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Typical Application 
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Functional Description 
The DP84 72/7 4 contains virtually all the logic necessary to 
connect a ,...p system to a floppy disk drive. There are only 
two registers to access in the controller. the Main Status 
Register and the Data Register. The read only Main Status 
Register is used to detect the current status of the control
ler. 

The Data Register is used for many things. Commands and 
command parameters are programmed through the Data 
Register. While reading or writing to a disk, the data is trans
ferred through the Data Register. Finally, the result of a 
command after it is finished is read from the Data Register. 

COMMAND SEQUENCE 

The disk controller can perform many commands. There are 
three phases for every command executed. 

Command Phase: The ,...p writes a series of bytes to the 
Data Register. These bytes indicate the command desired 
and the particular parameters required for the command. 

Execution Phase: The disk controller performs the desired 
command. Some commands require the ,...p to read or write 
data to or from the Data Register during this time. Reading 
data from a disk is an example of this. 

Result Phase: The ,...p reads a series of bytes from the Data 
Register. These bytes indicate whether the command exe
cuted properly and other status information. 

Each command requires a set of bytes to be written to the 
disk controller in the Command Phase. All the bytes must be 
written in the order specified in the Command Description 
Table. The Execution Phase starts immediately after the last 
byte in the Command Phase is written. 
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After the end of the Execution Phase, all the Result Phase 
bytes must be read from the disk controller. The bytes are 
read in the order specified in the Command Description Ta
ble. 

A new command may be initiated by writing the Command 
Phase bytes after the last byte from the Result Phase has 
been read. 

MAIN STATUS REGISTER (AD = 0) 

The read only Main Status Register indicates the current 
status of the disk controller. The Main Status Register is 
always available to be read. One of its functions is to control 
the flow of data to and from the Data Register. The Main 
Status Register indicates when the disk controller is ready 
to send or receive data. It should be read before each byte 
is transferred to or from the Data Register except during a 
DMA transfer. No delay is required when reading this regis
ter after a data transfer. 

Main Status Register 

07 Request for Master: Indicates that the Data Register 
is ready to send or receive data from the ,...P. This bit 
is cleared immediately after a byte transfer and will 
become set again as soon as the disk controller is 
ready for the next byte. 

06 Data Direction: Indicates whether the controller is ex
pecting a byte to be written to (0) or read from (1) the 
Data Register. 

05 Non-DMA Execution: Bit is set only during the Execu
tion Phase of command if it is in the non-DMA mode. 
In other words, if this bit is set, the multiple byte data 
transfer (in the Execution Phase) must be monitored 
by the ,...p either through interrupts, or software polling 
as described under Interrupt Mode. 



Functional Description (Continued) 

D4 Command In Progress: Bit is set aiter the first byte of 
the Command Phase is written. Bit is cleared aiter the 
last byte of the Result Phase is read. If there is no 
result phase in a command, the bit is cleared aiter the 
last byte of the Command Phase is written. 

D3 Drive 3 Seeking: Set aiter the last byte of the Com
mand Phase of a Seek or Recalibrate command is 
issued for drive 3. Cleared aiter reading the first byte 
in the Result Phase of the Sense Interrupt Command 
for this drive. 

D2 Drive 2 Seeking: Same as above for drive 2. 

D1 Drive 1 Seeking: Same as above for drive 1. 

DO Drive 0 Seeking: Same as above for drive o. 
PROCESSOR INTERFACE 

Bytes are transferred to and from the disk controller in dif
ferent ways for the different phases in a command. During 
the Command Phase and the Result Phase, bytes are trans
ferred to and from the Data Register. The Main Status Reg
ister is monitored by the software to determine when a data 
transfer can take place. Bit 6 of the Main Status Register 
must be cleared and bit 7 must be set before a byte can be 
written to the Data Register during the Command Phase. 
Bits 6 and 7 of the Main Status Register must both be set 
before a byte can be read from the Data Register during the 
Result Phase. 

If there is information to be transferred during the Execution 
Phase, there are three methods that can be used. The DMA 
mode is used if the system has a DMA controller. This al
lows the ,..p to do other things during the Execution. Phase 
data transfer. If DMA is not used, an interrupt can be issued 
for each byte transferred during the Execution Phase. If in
terrupts are not used, the Main Status Register can be 
polled to indicate when a byte transfer is required. 

DMAMODE 

If the DMA mode is selected (from the Specify Command), a 
DMA request will be generated in the Execution Phase 
when each byte is ready to be transferred. The DMA con
troller should respond to the DMA request with a DMA ac
knowledge and a RD or WR strobe. The DMA request will 
be cleared by the active edge of the DMA acknowledge. 
After the last byte is transferred, an interrupt is generated. 
This indicates the beginning of the Result Phase. The inter
rupt will be cleared by reading the first byte in the Result 
Phase. 

INTERRUPT MODE 

If the non-DMA mode is selected, an interrupt will be gener
ated in the Execution Phase when each byte is ready to be 
transferred. The Main Status Register should be read to ver
ify that the interrupt is for a data transfer. Bits 5 and 7 of the 
Main Status Register will be set. The interrupt will be 
cleared when the byte is transferred to or from the Data 
Register. The ,..p should transfer the byte within the time 
allotted by Table I. If the byte is not transferred within the 
time allotted, an Overrun Error will be indicated in the Result 
Phase when the command terminates at the end of the cur
rent sector. 

An interrupt will also be generated after the last byte is 
transferred. This indicates the beginning of the Result 
Phase. Bits 7 and 6 of the Main Status Register will be set 
and bit 5 will be clear. This interrupt will be cleared by read
ing the first byte in the Result Phase. 
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TABLE 1_ Maximum Time Allowed to Service 
an Interrupt or DRQ In Execution Phase 

Data Rate Clock Frequency 
Time to 
Service 

125 8MHz 62.0,..s 
250 8MHz 30.0,..s 
500 8MHz 14.0,..s 

1000 8MHz 6.0,..s 
1250 10MHz 4.4,..s 
2500 20 MHz 2.2,..s 

For any clock frequency, lime = (B/Data Rale) - (IS/clock) 

Time from rising edge of ORO or INT 10 trailing edge of OAK or RD or WR 

SOFTWARE POLLING 

If the non-DMA mode is selected and interrupts are not suit
able, the ,..p can poll the Main Status Register during the 
Execution Phase to determine when a byte is ready to be 
transferred. In the non-DMA mode, bit 7 of the Main Status 
Register reflects the state of the interrupt pin. Otherwise, 
the data transfer is similar to the Interrupt Mode described 
above. 

DATA RATE 

The data rate is determined by three factors; the crystal 
frequency, the data rate pin, and the data rate programmed 
via the Mode command. Normally an 8 MHz crystal is used 
as the clock. If this is the case, the data rate pin can be 
used to select between 250 kbits/sec or 500 kbits/sec 
(MFM). If a different value crystal frequency is used, the 
data rate for MFM is given by the formulas: 

data rate = f I 32 bitsl sec (Data rate pin low) 
data rate = f I 16 bits/sec (Data rate pin high) 

The Mode command can be used to select the data rate via 
software. This method gives better flexibility than the data 
rate pin. With an 8 MHz clock, the following MFM data rates 
can be selected: 250, 500, or 1000 kbits/sec. Other data 
rates can also be used by simply changing the crystal fre
quency as described in the Mode command. 

It is important to note that the internal data separator will not 
function correctly above a data rate of 1.25 Mbits/sec. The 
write precompensation logic will also fail above this data 
rate. Therefore, an external data separator and write pre
compensation circuit must be used at data rates between 
1.25 Mbits/sec and 2.5 Mbits/sec. 

Data Separator 
The internal data separator consists of a high performance 
analog PLL. This is the same PLL circuit as used for the 
DP8470 floppy data separator. The PLL synchronizes the 
raw data Signal read from the disk drive. The synchronized 
signal is used to separate the encoded clock and data puls
es. The data pulses are grouped into bytes and then sent to 
the ,..P. 

The PLL consists of three main components, a phase com
parator, a filter, and a voltage controlled oscillator (VCO). 
The basic operation of a PLL is fairly straightforward. The 
phase comparator detects the difference between the 
phase of the VCO output and the phase of the raw data 
being read from the disk. This phase difference is converted 
to a current which either charges or discharges an external 
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Data Separator (Continued) 

osc 

Read Data 

veo 

TL/F/8592-5 

FIGURE 1. Data Separator Block Diagram 

filter. The resulting voltage of the filter changes the frequen· 
cy of the VCO in an attempt to reduce the phase difference 
between the two signals. A PLL is "locked" when the fre· 
quency of the VCO is exactly the same as the average fre· 
quency of the data read from the disk. This is somewhat of a 
simplified view because it ignores such topics as loop stabil· 
ity, acquisition time, and filter values. A block diagram of the 
data separator is shown in Figure 1. 

The quarter period delay line is used to determine the cen· 
ter of each bit cell. It is important that this delay line be as 
accurate as possible. A typical data separator would nor· 
mally require an external trim to adjust the delay. An exter
nal trim is not required for the DP8472174 however. A sec
ondary PLL is used to automatically calibrate the quarter 
period delay line. The secondary PLL also calibrates the 
center frequency of the VCO. 

PLL Filter Design 

The information in this section provides information to en
able design of the data separator's external filter and 
charge pump set resistor. Table II shows some typical filter 
component values, but if a custom filter is desired, the fol
lowing parameters must be considered: 

R1: Charge pump current setting resistor. The range of 
R1 is 3 kO-12 kO. 

2.5 -1.2 
IpUMP=--

R1 

C2: Filter capacitor in series with R2. With pump current 
determines loop bandwidth. 

R2: Filter resistor. Determines the PLL damping factor. 

R3: Pulldown resistor. Improves PLL performance and 
bit jitter tolerance. 
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C1: This filter capacitor improves the performance of the 
PLL by providing additional filtering of bit jitter and 
noise. 

Kvco: The ratio of the change in the frequency of the VCO 
output due to a voltage change at the VCO input. 
Kvco z 25 Mrad/slV. The VCO is followed by a 
divider to achieve the desired frequency for each 
data rate. VCO center frequency is 4 MHz. 

KpLL: This is the gain of the internal PLL circuitry, and is 
the product of VREF Kvco Kp. This value is specified 
in the Phase Locked Loop Characteristics table. 

c.>n: This is the bandwidth of the PLL, and is given by, 

I KpLL 
c.>n = 'V27T C2 N R1 

where N is the number of VCO cycles between two 
phase comparisons. The value of N for the various 
data rates are shown in Table III. 

t: The damping factor is set between 0.7 and 1.2 and 
is given by, 

TABLE II. Recommended Filter Values 

250 500 1000 kbitlsec 

R1 5.6k 5.6k 5.6k 0 

R2 470 560 560 0 

C1 0.001 0.001 0.0005 /JoF 

C2 0.042 0.033 0.012 /JoF 

R3 200k 150k none 0 

"'a co 
01:00 ..... 
~ ...... 
C 
"'a co 
01:00 ..... 
01:00 

• 
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Data Separator (Continued) 

The trade off, when choosing filter components is between 
acquisition time while the PLL is locking and jitter immunity 
while reading data. To select the proper components for a 
standard floppy disk application the following procedure can 
be used: 

1. Choose FM or MFM, and data rate. Determine N from 
Table III. Determine preamble length (MFM = 12). The 
PLL should lock within 1f2 the preamble time. 

2. Determine loop bandwidth (wn) required. 

3. Set the charge pump resistor R1. 

4. Calculate C2 using: 

C - KpLL 
2 - 21T Wn2 N R1 

5. Choose R2 using: 

R2=~ 
Wn C2 

6. Select C1 to be about 1/20th of C2. 

The above procedure will yield adequate loop performance. 
If optimum loop performance is required, or if the nature of 
the loop performance is very critical, then some additional 
consideration must be given to choosing Wn and the damp
ing factor. Refer to the DP8470 Data Separator application 
note for more details. 

TABLE III Programmable Divider Factor 

Programmed Data Rate 
N 

(FM/MFM) 

1 Mbitlsec 4 
500 Kbitl sec 8 
250 Kbitl sec 16 
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OTHER FEATURES 

Drive Polling 

If the Polling Mode is enabled (power on default), the disk 
controller will poll the drives continuously while it is in the 
idle state. The idle state is after the last byte of the Result 
Phase has been read and the Motor pin has become inac
tive, but before the first byte of the next command has been 
written. The disk controller will select each drive and check 
to see if the ready signal has changed states since the last 
time it checked. If a drive has changed its ready state, an 
interrupt is generated by the controller. The Sense Interrupt 
command should be used to identify and clear this interrupt. 
After a reset, the controller assumes that the disk drives are 
not ready. Therefore, if the Ready pin is tied high (or low if 
INVERT is used), the p.P should issue four Sense Interrupt 
commands to clear the Ready Changed interrupts. The Poll
ing Mode can be enabled and disabled through the Mode 
Command. 

Low Power Mode 

In the Low Power Mode the crystal oscillator is turned off. 
When the oscillator is turned off the controller will typically 
draw about 100 p.A. The internal circuitry is disabled while 
the oscillator is off because the internal circuitry is driven 
from this clock. The oscillator will turn back on automatically 
after it detects CS and RD or CS and WR being activated. It 
may take a few milliseconds for the oscillator to stabilize 
and the p.P will be prevented from trying to access the Data 
Register during this time through the normal Main Status 
Register protocol. The Request for Master bit in the Main 
Status Register will be inactive. 

Buffered Seeks 

A seek complete signal is available on any disk drive that 
supports buffered seeks. This input on the controller is in
cluded to accommodate this signal. If the disk drive used 
does not have this signal available, simply tie this input high 
(or low if INVERT is used). 



Command Description Table 

READ DATA READ DELETED DATA READ A TRACK 
Command Phase Command Phase Command Phase 

MTIMFMI SK I a I a I 1 I 1 I a MTIMFMlsKI a 11 11 101 a a I MFM I SK I a I 0 I 0 I 1 I a 

IPsl a 1010 10 I HoloRlloRa IPsl a I a I a 10 I HoloRlloRa IPsl a I a I 01 OIHOJORlloRa 

Track Number Track Number Track Number 

Drive Head Number Drive Head Number Drive Head Number 

Sector Number Sector Number Sector Number 

Number of Bytes per Sector Number of Bytes per Sector Number of Bytes per Sector 

End of Track Sector Number End of Track Sector Number End of Track Sector Number 

Intersector Gap Length Intersector Gap Length Intersector Gap Length 

Data Length Data Length Data Length 

Result Phase Result Phase Result Phase 

Status Register a Status Register a Status Register 0 

Status Register 1 Status Register 1 Status Register 1 

Status Register 2 Status Register 2 Status Register 2 

Track Number Track Number Track Number 

Head Number Head Number Head Number 

Sector Number Sector Number Sector Number 

Bytes/Sector Bytes/Sector Bytes/Sector 

WRITE DATA WRITE DELETED DATA FORMAT A TRACK 
Command Phase Command Phase Command Phase 

MTIMFMI SK I a I a I 1 I a I 1 MTIMFMlsKI a 11 I a I all a IMFMI 0 I 0 I 1 I 1 I 0 I 1 

IPsl a I a I a I a I HO I ORll ORa IPsl a 101 a 10 I HoloRlloRa a I a I a I 0 I 0 I HO I ORll ORO 

Track Number Track Number Number of Bytes per Sector 

Drive Head Number Drive Head Number Number of Sectors per Track 

Sector Number Sector Number Intersector Gap Length 

Number of Bytes per Sector Number of Bytes per Sector Data Pattern 

End of Track Sector Number End of Track Sector Number Result Phase 
Intersector Gap Length Intersector Gap Length Status Register a 

Data Length Data Length 
Status Register 1 

Result Phase Result Phase Status Register 2 

Status Register a Status Register a Track Number 

Status Register 1 Status Register 1 Head Number 

Status Register 2 Status Register 2 Sector Number 

Track Number Track Number Bytes/Sector 

Head Number Head Number 

Sector Number Sector Number 

Bytes/Sector Bytes/Sector 

• 
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. Command Description Table (Continued) 

SCAN EQUAL 
Command Phase 

MTIMFMlsKI11 0 10 I 0 11 

IPsl 0 I 0 I 0 I 0 I HD IDR11DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Il)tersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/SeCtor 

READID 
Command Phase 

o IMFMI 0 I 0 I 1 I 0 I 1 I 0 I 

IPsl 0 I 0 I 0 I 0 I HD IDR11DROI 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

SEEK 
Command Phase 

010101011111111 

o I 0 I 0 I 0 I 0 I 0 IDR11oRO 

New Track Number 

, Eifta$-otfQf~r:O:':l 

RECALIBRATE 
Command Phase 

10101010101111111 

L 0 I 0 I 0 I 0 I 0 I 0 I DR11 ORol 

SCAN LOW OR EQUAL 
Command Phase 

MTIMFMlsKI1 11 I 0 I 0 I 1 

IPsl 0 I 0 I 0 I 0 I HD I DR11 ORO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

SENSE INTERRUPT 
Command Phase 

I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 
Resu~Phase 

Status Register 0 

Present Track Number 

';6!W~Jl«F(l·.d:'Llod (I I o. 

SENSE DRIVE STATUS 
Command Phase 

1101 0 I 0 I 0 I 0 I 1 I 0 I 0 I 

II 0 I 0 I 0 I 0 I 0 I HD I DR11 DROI 

Result Phase 

I Status Register 3 I 
SPECIFY 
Command Phase 

01010101010111 1 

Step Rate Time I Motor Off Time 

Motor On Time IDMA 

MODE 
Command Phase 

010101010101011 

MRIIAF IIPslDMCI LOW PWRlpOLIETF 

Low Current & Precomp Track "" 

DREIANRI EL IWLOI Head Settle 

DTSI 0 I Data Rt I WritePrecomp 
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SCAN HIGH OR EQUAL 
Command Phase 

MTIMFMlsKI1 11 I 1 I 0 I 1 

IPsl 0 1010 I 0lHDIDR11DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

SET TRACK 
Command Phase 

o IR/wl 1 I 0 I 0 I 1 I 0 I 0 

01 0 I 1 11 I 0 IMSBloR11oRO 

New Track Number 

. Result Phase 

I Value I 
INVALID COMMAND 

Command Phase 

I Invalid Op Codes I 
Result Phase 

I Status Register 0 I 
Notes: Grey boxes indicate bytes that are writ

ten or read only while In the extended 
track range mode. 

MT -Multi-Track 
SK-Skip 
IPS-Implied Seek 
HD-Head "" 
DR-Drive Select 
TMR-Timer mode 
IAF-Index address field 
IPS-Implied Seek 
DMC-Drive motor configuration 
POL-Polling mode 
ETR-Extended track range 
DRE-Soflware data rate enable 
ANR-Abort not ready 
EL-Early/Late output enable 
WLD-Wildcard in Scan Command 
DTS-Intemal data separator 
MSB-Selects MSB of Track Register 



Result Phase Status Registers 
The Result Phase of a command contains bytes that hold 
status information. The formats of these bytes are the same 
for each command and are described below. Do not con
fuse these internal register bytes with the Main Status Reg
ister which is a read-only register that is always available. 
The Result Phase status registers are read from the Data 
Register only during the Result Phase. 

STATUS REGISTER 0 (STO) 

07, 06 Interrupt Code: 

00 = Normal Termination of Command. Command 
was completed and properly executed. 

01 = Abnormal Termination of Command. Execu
tion of Command was started, but was not 
successfully completed. 

10 = Invalid Command Issue. Command Issued 
was not recognized as a valid command. 

11 = Ready changed state during the polling 
mode. 

05 Seek End: Seek or Recalibrate Command completed. 
(Used during Sense Interrupt command.) 

04 Equipment Check: After a Recalibrate Command, 
Track 0 signal failed to occur. (Used during Sense Inter
rupt command.) 

03 Not Ready: 

Read, Write, Format, or Scan commands: 
Only set if ANR bit (Mode command) is enabled. If POL 
bit (Mode command) is not set, Ready pin was not true 
for more than 5 disk revolutions during a command. If 
POL bit is set, Ready pin was not true at some time 
during a command. 

Sense Interrupt command: 
Inverse state of Ready pin. 

02 Head Address: (at end of Execution Phase). 

01,00 Orlve Select: (at end of Execution Phase). 

00 = Drive 0 selected. 
01 = Drive 1 selected. 
10 = Drive 2 selected. 
11 = Drive 3 selected. 

STATUS REGISTER 1 (STt) 

07 End of Track: Controller transferred the last byte of 
the last sector without the TC pin becoming active. 
The last sector is the End Of Track Sector Number 
programmed in the Command Phase. 

06 Not Used: O. 

05 CRC Error: If bit 5 of ST2 is clear and this bit is set, 
then there was a CRC error in the Address Field of the 
correct sector. If bit 5 of ST2 is set, then there was a 
CRC error in the Data Field. 

04 Over Run: Controller was not serviced by the fLP 
soon enough during a data transfer in the Execution 
Phase. 

03 Not Used: O. 
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02 No Oata: Three possible problems: 1) Controller can
not find the sector specified in the Command Phase 
during the execution of a Read, Write, or Scan com
mand. An address mark was found, however, so it is 
not a blank disk. 2) Controller cannot read any Ad
dress Fields without a CRC error during Read 10 com
mand. 3) Controller cannot find starting sector during 
execution of Read A Track command. 

01 Not Writable: Write Protect pin is active when a Write 
or Format command is issued. 

00 Missing Address Mark: If bit 0 of ST2 is clear, then 
the disk controller cannot detect any Address Field 
Address Mark after two disk revolutions. If bit 0 of ST2 
is set, then the disk controller cannot detect the Data 
Field Address Mark. 

STATUS REGISTER 2 (ST2) 

07 Not Used: O. 
06 Control Mark: Controller tried to read a sector which 

contained a deleted data address mark during execu
tion of Read Data or Scan commands. Or, if a Read 
Deleted Data command was executed, a regular ad
dress mark was detected. 

05 CRC Error in Oata Field: Controller detected a CRC 
error in the Data Field. Bit 5 of ST1 is also set. 

04 Wrong Track: Only set if desired sector not found 
and the track number recorded on any sector of the 
current track is different from that stored in the Track 
Register (but is not track FF hex). 

03 Scan Equal Hit: "Equal" condition satisfied during 
any Scan Command. 

02 Scan Not Satisfied: Controller cannot find a sector 
on the track which meets the desired condition during 
Scan Command. 

01 Bad Track: Only set if the desired sector is not found 
and the track number recorded on any sector on the 
track is different from that stored in the Track Register 
and the recorded track number is FF(hex). 

00 Missing Address Mark in Oata Field: Controller can
not find a Data Field Address Mark of the desired sec
tor during a Read or Scan command. Bit 0 of ST1 is 
also set. 

STATUS REGISTER 3 (ST3) 

07 Not used: 0 

06 Write Protect Status 

05 Ready Status 

04 Track 0 Status 

03 Not used: 0 

02 Head Select Status 

01,00 Orive Selected: 
00 = Drive 0 selected. 
01 = Drive 1 selected. 
10 = Drive 2 selected. 
11 = Drive 3 selected. • 
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Command Description 
READ DATA 

The Read Data op-code is written to the data register fol
lowed by 8 bytes as specified in the Command Description 
Table. After the last byte is written, the controller turns on 
the correct drive and starts looking for the sector specified. 
Once the sector is found the controller sends the data to the 
fJ.P. After one sector is finished, the Sector Number is incre
mented by one and this new sector is searched for. If MT 
(Multi-Track) is set, both sides of one track can be read. 
Starting on side zero, the sectors are read until the sector 
number specified by End of Track Sector Number is 
reached. Then side one is read, starting with sector number 
one. 

The Read Data command continues to read until the TC pin 
is set. This means that the DMA controller should be pro
grammed to transfer the correct number of bytes. TC could 
be controlled by the fJ.P and be asserted when enough 
bytes are received. An alternative to these methods of stop
ping the Read Data command is to program the End of 
Track Sector Number to be the last sector number that 
needs to be read. The controller will stop reading the disk 
with an error indicating that it tried to access a sector num
ber beyond the end of the track. 

The Number of Data Bytes per Sector parameter is defined 
in Table IV. If this is set to zero, the Data Length parameter 
determines the number of bytes that the controller transfers 
to the fJ.P. If the data length specified is smaller than 128, 
the controller still reads the entire 128 byte sector and 
checks the CRC, though only the number of bytes specified 
by the Data Length parameter are transferred to the fJ.P. 
Data Length should not be set to zero. If the Number of 
Bytes per Sector parameter is not zero, the Data Length 
parameter has no meaning and should be set to FF(hex). 

After the last byte of the Command Phase is written and if 
the ANR and POL bits are both enabled (from the Mode 
command), the controller will check the state of both Ready 
and Seek Complete. If either is not valid, the command will 
be aborted with a Not Ready error. 

Otherwise, the Motor On pin will be asserted. If the selected 
drive was previously off, the Motor On Timer will be en
abled. 

If the Implied Seek Mode is enabled by both the Mode com
mand and the IPS bit in this command, a Seek will be per
formed to the track number specified in the Command 
Phase. The controller will also wait the Head Settle time if 
the implied seek is enabled. 

The controller will wait for the Motor On Timer to time out, if 
it was enabled. If the ANR is set, the controller will wait up to 
five disk revolutions for the Ready and Seek Complete pins 
to become valid. If they don't become valid during this peri
od, the command will be aborted with a Not Ready error. If 
ANR is not set, Ready and Seek Complete are ignored. 
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After all these conditions are met, the controller searches 
for the specified sector by comparing the track number, 
head number, sector number, and number of bytes/sector 
given in the Command Phase with the appropriate bytes 
read off the disk in the Address Fields. 

If the correct sector is found, but there is a CRC error in the 
Address Field, bit 5 of ST1 (CRC Error) is set and an abnor
mal termination is indicated. If the correct sector is not 
found, bit 2 of ST1 (No Data) is set and an abnormal termi
nation is indicated. In addition to this, if any Address Field 
track number is FF, bit 1 of ST2 (Bad Track) is set; or if any 
Address Field track number is different from that specified in 
the Command Phase, bit 4 of ST2 (Wrong Track) is set. 

After finding the correct sector, the controller reads that 
Data Field. If a Deleted Data Mark is found and the SK bit is 
set, the sector is not read, bit 6 of ST2 (Control Mark) is set, 
and the next sector is searched for. If a deleted data mark is 
found and the SK bit is not set, the sector is read, bit 6 of 
ST2 (Control Mark) is set, and the read terminates with a 
normal termination. If a CRC error is detected in the Data 
Field, bit 5 is set in both ST1 and ST2 (CRC Error) and an 
abnormal termination is indicated. 

If no problems occur in the read command, the read will 
continue from one sector to the next in logical order (not 
physical order) until either TC is set or an error occurs. 

If a disk has not been inserted into the disk drive, there are 
many opportunities for the controller to appear to hang up. It 
does this if it is waiting for a certain number of disk revolu
tions for something. If this occurs, the controller can be 
forced to abort the command by writing a byte to the Data 
register. This will place the controller into the Result Phase. 

An interrupt will be generated when the Execution Phase of 
the Read Data command terminates. The values that will be 
read back in the Result Phase are shown in Table V. If an 
error occurs, the result bytes will indicate the sector being 
read when the error occurred. 

TABLE IV. Sector Size Selection 

Bytes/Sector 
Number 

Code 
of Bytes In 

Data Field 

0 128 

1 256 

2 512 

3 1024 

4 2048 

5 4096 

6 8192 



Command Description (Continued) 

TABLE V. Result Phase Termination Values with No Error 

MT HD 
Last 

Sector Track 

0 0 < EaT NC 
0 0 = EaT T+l 
0 1 < EaT NC 
0 1 = EaT T+l 
1 0 < EaT NC 
1 0 = EaT NC 
1 1 < EaT NC 
1 1 = EaT T+l 

EDT ~ End of Track Sector Number from Command Phase 
NC ~ No Change in Value 
5 = Sector Number last operated on by controller 
T = Track # programmed in Command Phase 

READ DELETED DATA 

This command is the same as the Read Data command 
except for its treatment of a Deleted Data Mark. If a Deleted 
Data Mark is read, the sector is read normally. If a Regular 
Data Mark is found and the SK bit is set, the sector is not 
read, bit 6 of ST2 (Control Mark) is set, and the next sector 
is searched for. If a Regular Data Mark is found and the SK 
bit is not set, the sector is read, bit 6 of ST2 (Control Mark) 
is set, and the read terminates with a normal termination. 

WRITE DATA 

The Write Data command is very similar to the Read Data 
command except that data is transferred from the ,...p to the 
disk rather than the other way around. If the controller de
tects the Write Protect signal, bit 1 of STl (Not Writable) is 
set and an abnormal termination is indicated. 

WRITE DELETED DATA 

This command is the same as the Write Data command 
except a Deleted Data Mark is written at the beginning of 
the Data Field instead of the normal Data Mark. 

READ A TRACK 

This command is similar to the Read Data command except 
for the following. The controller starts at the index hole and 
reads the sectors in their physical order, not their logical 
order. 

Even though the controller is reading sectors in their physi
cal order, it will still perform a comparison of the header ID 
byles with the data programmed in the Command Phase. 
The exception to this is the sector number. Internally, this is 
initialized to a one, and then incremented for each succes
sive sector read. Whether or not the programmed Address 
Field matches that read from the disk, the sectors are still 
read in their physical order. If a header ID comparison fails, 
bit 2 of STl (No Data) is set, but the operation will 
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ID Information at Result Phase 

Head Sector BIS 

NC S+l NC 
NC 1 NC 
NC S+l NC 
NC 1 NC 
NC S+l NC 
1 1 NC 

NC S+l NC 
0 1 NC 

continue. If there is a CRC error in the Address Field or the 
Data Field, the read will also continue. 

The command will terminate when it has read the number of 
sectors programmed in the EaT parameter. 

READID 

This command will cause the controller to read the first Ad· 
dress Field that it finds. The Result Phase will contain the 
header bytes that are read. There is no data transfer during 
the Execution Phase of this command. An interrupt will be 
generated when the Execution Phase is completed. 

FORMAT A TRACK 

This command will format one track on the disk. After the 
index hole is detected, data patterns are written on the disk 
including all gaps, address marks, Address Fields, and Data 
Fields. The exact details of the number of byles for each 
field is controlled by the parameters given in the Format A 
Track command, and the IAF (Index Address Field) bit in the 
Mode command. The exact format is shown in the Track 
Format figure at the end of this data sheet. The Data Field 
consists of the Fill Byte specified in the command, repeated 
to fill the entire sector. 

To allow for flexible formatting, the ,...p must supply the four 
Address Field byles (track, head, sector, # byles) for each 
sector formatted during the Execution Phase. In other 
words, as the controller formats each sector, it will request 
four bytes through either DMA requests or interrupts. This 
allows for non-sequential sector interleaving. Some typical 
values for the programmable GAP size are shown in Table 
VI. 
The Format Command terminates when the index hole is 
detected a second time, at which point an interrupt is gener
ated. Only the first three status bytes in the Result Phase 
are significant. 

• 



Command Description (Continued) 
TABLE VI. Gap Length for Various 

Sector Sizes and Disk Types 

Mode 
Sector Sector 

EOT Gap 
Size Code 

8" Drives (360 RPM, 500 kb/s) 

128 00 1A 07 
256 01 OF OE 

FM 
512 02 08 1B 

1024 03 04 47 
2048 04 02 C8 
4096 05 01 C8 

256 01 1A OE 
512 02 OF 1B 

MFM 
1024 03 08 35 
2048 04 04 99 
4096 05 02 C8 
8192 06 01 C8 

5Y. Drives (300 RPM, 250 kb/s) 

128 00 12 07 
128 00 10 10 

FM 
256 01 08 18 
512 02 04 46 

1024 03 02 C8 
2048 04 01 C8 

256 01 12 OA 
256 01 10 20 

MFM 
512 02 08 2A 

1024 03 04 80 
2048 04 02 C8 
4096 05 01 C8 

3%" Drives (300 RPM, 250 kb/s) 

128 00 OF 07 
FM 256 01 09 OE 

512 02 05 1B 

256 01 OF OE 
MFM 512 02 09 1B 

1024 03 05 35 

Format 
Gap 

1B 
2A 
3A 
8A 
FF 
FF 

36 
54 
74 
FF 
FF 
FF 

09 
19 
30 
87 
FF 
FF 

OC 
32 
50 
FO 
FF 
FF 

1B 
2A 
3A 

36 
54 
74 

Note: Format Gap Is the gap length used only for the Format Command. 

SCAN COMMANDS 

The Scan Commands allow data read from the disk to be 
compared against data sent from the p.P. The disk will be 
read at the same time that the p.P writes data to the control
ler. There are three Scan Commands to choose from: 

Scan Equal Disk Data = p.P Data 
Scan Less Than Or Equal Disk Data s: p.P Data 
Scan Greater Than Or Equal Disk Data ~ p.P Data 

Each sector is interpreted with the most significant bytes 
first. If the Wildcard mode is enabled from the Mode com
mand, an FF(hex) from either the disk or the p.P is used as a 
don't care byte that will always match equal. After each sec
tor is read, if the desired condition has not been met, the 
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next sector is read. The next sector is defined as the current 
!!ector number plus the Sector Step Size specified. The 
Scan command will continue until the scan condition has 
beEm met, or the End of Track Sector Number' has been 
reached, or if TC is asserted. 

If the SK bit is set, sectors with deleted data marks are 
ignored. If all sectors read are skipped, the command will 
terminate with D3 of ST2 set (Scan Equal Hit). The result 
phase of the command is shown in Table VII. 

SEEK 

There are two ways to move the disk drive head to the 
desired track number. Method One is to enable the Implied 
Seek Mode. This way each individual Read or Write com
mand will automatically move the head to the track speci
fied in the command. 

Method Two is using the Seek command. If the extended 
track range mode is enabled, a fourth byte must be issued 
during the Command Phase which specifies the four mOst 
significant bits of the desired track number. Otherwise, only 
three bytes should be issued. ' 

During the Execution Phase of the Seek Command, the 
track number to seek to is compared with the present track 
nUl]'1ber and a step pulse is produced to move the head one 
track closer to the desired track number. This is repeated at 
the rate specified by the Specify Command until the head 
reaches the correct track. At this point an interrupt is gener
ated and a Sense Interrupt Command is required to clear 
the interrupt. 

During the Execution Phase of the Seek Command the' only 
indication via software that a Seek Command is iii progress 
is bits 0-3 (Drive Busy) of the Main Status Register. Bit 4 of 
the Main Status Register (Controller Busy) is not set. This 
allows a Seek Command to be issued for another drive even 
while the first drive is still seeking. This is called a Multiple 
Seek. All four drives may be seeking at the same time. No 
other command except the Seek Comman!j or the Sense 
Interrupt Command should be issued while a Seek Com
mand is in progress. 

If the extended track range mode is enabled, a fourth byte 
should be written in the Command Phase to indicate the 
four most significant bits of the dE!sired track number. Other
wise, only three bytes should be written. 

TABLE VII. Scan Command Termination Values 

Status 
Command Register 2 Conditions 

02 03 

Scan Equal 0 1 Disk = p.P 
1 0 Disk * p.P 

Scan Low 0 1 Disk = p.P 
or Equal 0 0 Disk < p.P 

1 0 Disk> p.P 

Scan High 0 1 Disk = p.P 
or Equal 0 0 Disk> p.P 

1 0 Disk < p.P 



Command Description (Continued) 
RECALIBRATE 

The Recalibrate Command is very similar to the Seek Com
mand. It is used to step a drive head out to track zero. Step 
pulses will be produced until the track zero signal from the 
drive becomes true. If the track zero signal does not go true 
before 255 step pulses are issued, an error is generated. If 
the extended track range mode is enabled, an error is not 
generated until 4095 pulses are issued. 

Multiple recalibrations may be issued just like the Seek 
Command. No other command except the Recalibrate Com
mand or the Sense Interrupt Command should be issued 
while a Recalibrate Command is in progress. 

SENSE INTERRUPT STATUS 

An interrupt is generated by the controller when any of the 
following conditions occur: 

1. Upon entering the Result Phase of: 
a. Read Data command 
b. Read Deleted Data command 
c. Write Data command 
d. Write Deleted Data command 
e. Read a Track command 
f. Read ID command 
g. Format command 
h. Scan commands 

2. During data transfers in the Execution Phase while in the 
Non-DMA mode 

3. Ready signal from a drive changes state 

4. Seek or Recalibrate Command termination 
An interrupt generated for reasons 1 or 2 above occurs dur
ing normal command operations and are easily discernible 
by the ,...P. During an execution phase in Non-DMA Mode, 
bit 5 (Execution Mode) in the Main Status Register is set to 
1. Upon entering Result Phase this bit is set to O. Reasons 1 
and 2 do not require the Sense Interrupt Status command. 
The interrupt is cleared by reading or writing information to 
the data register. 

I nterrupts caused by reasons 3 and 4 are identified with the 
aid of the Sense Interrupt Status command. This command 
resets the interrupt when the command byte is written. Use 
bits 5, 6, and 7 of STO to identify the cause of the interrupt 
as shown in Table VIII. 

Issuing a Sense Interrupt Status Command without an inter
rupt pending is treated as an invalid command. 
If the extended track range mode is enabled, a third byte 
should be read in the Result Phase which will indicate the 
four most significant bits of the Present Track Number. Oth-
erwise, only two bytes should be read. . 
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SPECIFY 
The Specify command sets the initial values for each of the 
three internal timers. The timers have two modes as shown 
in Table IX. The timer modes are programmed from the 
Mode command. Mode One should be used if the controller 
is being interfaced to 8" drives. This mode could be inter
preted as defining the timers to be Head Load and Head 
Unload timers. Mode Two should be used if a drive motor is 
being turned off and on as in a 5~" drive. The Motor On 
Time defines the time between when the Motor On signal is 
asserted and the start of the Read or Write operation. The 
Motor Off Time defines the time from the end of the Execu
tion Phase of a command to when the Motor On pin is deas
serted. The Step Rate Time defines the time interval be
tween adjacent step pulses during a Seek, Implied Seek, or 
Recalibrate command. 
The times stated in the table are affected by the Data Rate 
pin. If the pin is high, the table is correct. If the pin is low, the 
times in the table should be doubled. 
The choice of DMA or Non-DMA operation is made by the 
Non-DMA bit. When this bit is 1 then Non-DMA mode is 
selected, and when this bit is 0, the DMA mode is selected. 

This command does not generate an interrupt. 

TABLE VIII. Status Register 0 Termination Codes 

Status Register 0 

Interrupt Seek 
Cause 

Code End 

07 06 05 

1 1 0 Ready Line Changed State 

0 0 1 Normal Seek Termination 

0 1 1 Abnormal Seek Termination 

TABLE IX. Motor On/Off and Head Load/Unload 
Timer Definitions 

Timer 
Mode 1 Mode 2 

Value Range Value Range 

Step Rate (16-N) ms 1-16ms (16-N) ms 1-16ms 

Mater Off N x 16ms 0-240ms N x 512ms 0-7.68 sec 

Meter On N x2ms 0-254ms N x 32ms 0-4.064 sec 

Note: Double all times if Data Rate pin is low. 
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Command Description (Continued) 
SENSE DRIVE STATUS 

This two-byte command obtains the status of the Drives. 
Status Register 3 is returned in the result phase and con
tains the drive status. This command does not generate an 
interrupt. 

MODE 

This command is used to select the special features of the 
controller. The ..... indicates the default which is used after 
being reset. This reset default has been chosen to be com
patible with the ",PD765A. This command does not gener
ate an interrupt. 

* TMR=O Timers for motor on and motor off are de
fined for Mode 1 (see Specify command). 

TMR=1 

*IAF=O 

Timers for motor on and motor ,off are de
fined for Mode 2 (see Specify command). 

The controller will format tracks with the In
dex Address Field included. (Exact IBM stan-
dard.) 

IAF = 1 The controller will format tracks without in
cluding the Index Address Field. This may in
crease the storage capability of each track. 
(ISO standard.) 

*IPS=O The implied seek bit in the commands is ig
nored. 

IPS= 1 The implied seek bit in the commands is en
abled so that if the bit is set in the command. 
a Seek will be performed automatically. 

• DMC=O Only the motor of the drive selected is as
sumed on. This means that whenever a new 
drive is selected. the Motor On time is en
abled. 

DMC= 1 All drive motors are assumed to be on when 
any motor is turned on. This eliminates the 
Motor On time when switching from one drive 
to another before the Motor Off time expires. 

LOW = '00: Completely disables the low power mode. 
PWR 01: Go into low power mode automatically 500 

ms after all drive motors are off. Will remain 
in this automatic mode until next Mode com
mand. 

10: Go into low power mode now. Low power 
mode will be disabled again at next chip ac
cess. 

11: Not used. 

POL=O Disable polling mode. See Table X. 
• POL=1 

• ETR=O 

ETR=1 

Enable polling mode . 

Header format is the IBM System 34 (double 
denSity) or System 3740 (single denSity). 

Header format is the same as above but 
there are 12 bits of track number. The most 
significant bits of the track number are in the 
upper four bits of the head number byte. 
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Low Current 
and 
Precomp 
Track #: 

* DRE=O 

DRE=1 

ANR 

*EL=O 

EL=1 

• WLD=O 

WLD=1 

Head 
Settle: 

Track number to enable the low current out
put pin and to enable write precompen
sation. When the controller is writing to 
track numbers with a value which is less than 
this value. write precompensation is disabled 
and the low current output pin is deasserted. 
Default is track zero. 
The data rate is determined by the Data Rate 
pin. 

The data rate is determined by the bits set in 
the DATA RT field. 

(Abort, Not Ready) The state of this bit. in 
conjunction with the POL bit. determines how 
the controller treats the drive ready signal. 
Table X describes how the controller re
sponds to the Ready pin depending on the 
state of POL and ANA. Default is ANR = 1. 

(Early/Late) The drive select signals are 
demultiplexed onto four output Signals. 

The drive select signals are multiplexed onto 
DRO and DR1. while precomp Early appears 
on DR2. and precomp Late appears on DR3. 
This is only needed if the clock frequency is 
greater than 10 MHz. which is above the 
range of the internal write precompensation 
circuit. This is only used in the DP8474 and 
should always be set low in the DP8472. 

An FF(hex} from either the ",p or the disk 
during a Scan Command is interpreted as a 
wildcard character that will always match 
true. 

The Scan commands do not recognize 
FF(hex} as a wildcard character. 

Time allowed for head to settle after an Im
plied Seek. Time = N x 4 ms. (0-60 ms). 
(Based on 8 MHz clock). 

TABLE X. Polling and Abort Modes 

POL ANR Comments 

0 0 Do not check ready ever. All 
commands execute whether ready is 
true or not. 

0 1 Wait up to 5 revs for ready. If ready is 
not true. wait up to 5 disk revolutions 
and if still not ready. abort the 
command. 

1 0 Poll. but do not abort. All commands 
execute whether ready is true or not. 
but polling continues and ready 
change INTs are still issued. 

1 1 Poll. and abort immediately if drive not 
ready (default). 



Command Description (Continued) 

DTS=O Disable internal Data Separator. Decoded 
clock signal goes to the Data Window input. 
Decoded data goes to the Read Data input. 

• DTS= 1 Enable internal Data Separator. The encod
ed data read from the disk goes to the Read 
Data input. 

DATA RT After a Reset, the data rate is determined by 
the Data Rate pin. If the ORE bit is set, the 
data rate is determined by these two bits as 
shown in Table XI. 

Write 
Precomp 

- SET TRACK 

The value of these four bits determines the 
amount of write precompensation used when 
writing to the disk drive as shown in Table 
XII. The default value is based on the data 
rate used and can be found in Table XI. 

This command is used to inspect or change the value of the 
internal Present Track Register. This could be useful for disk 
mistracking errors, where the real current track could be 
read through the Read 10 command, and then the Set Track 
Command can set the internal present track register to the 
correct value. 

The first byte of the command contains the command op
code and the R/W bit. If the R/W bit is low, a track register 
is to be read. In this case, the result phase contains the 
value in the internal register specified, and the third byte of 
the command is a dummy byte. 

If the R/W bit is high, data is written to a track register. In 
this case the 3rd byte of the command phase is forced into 
the specified internal register, and the result phase contains 
the new byte value written. 

The particular track register chosen to operate on is deter
mined by the least significant 3 bits of the second byte of 
the command. The two LSB's select the drive (DR1, ORO), 
and the next bit (MSB) determines whether the least signifi
cant byte (MSB = 0) or the most significant byte (MSB = 1) 
of the track register is to be read/written. When not in the 
extended track range mode, only the LSB track register 
need be updated. In this instance, the MSB bit is set to o. 
This command does not generate an interrupt. 

INVALID COMMAND 

If an invalid command (i.e., a command not defined) is re
ceived by the controller, the controller will respond with STO 
in the Result Phase. The controller does not generate an 
interrupt during this condition. Bits 6 and 7 in the Main 
Status Register are both set to one's, indicating to the proc
essor that the controller is in the Result Phase and the con-
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tents of STO must be read. When the system reads STO it 
will find an 80 (hex) indicating an invalid command was re
ceived. 

In some applications the user may use this command as a 
No-Op command to place the controller in a standby or no 
operation state. Simply issue an illegal command and delay 
reading the result phase until the controller is needed for 
another command. During this time, the Controller will not 
poll the drives. 

TABLE XI. Data Rate Selection Table 

Data FM MFM 
Default 

Rate Precomp 

f= 
variable 

f= 
variable 

f= 
Binary 

8 MHz 8MHz 8 MHz 

00 125K 1X 250K 2X 266ns 0111 

01 250K 2X 500K 4X 151 ns 0100 

10 500K 4X 1000K 8X 75ns 0010 

Nate: X = (1164) bits/sec, where 1 = clock Irequency. 

TABLE XII. Write Precompensatlon Selection Table 

Write 
Amount of 

Pre-Comp 
Precompensatlon 

f = 8MHz Variable 

0000 none OX 
0001 36ns 1X 
0010 75 ns 2X 
0011 116 ns 3X 
0100 151 ns 4X 
0101 179ns 5X 
0110 229 ns 6X 
011 1 266ns 7X 
1000 286ns 8X 
1001 338ns 9X 
1010 357 ns 10X 
1 01 1 411 ns 11X 
1100 429ns 12X 
1101 464ns 13X 
1 1 1 0 Illegal 
1 11 1 Default 

Nate 1: X = 2/(71) ns. where 1 = clock Irequency. 

Nate 2: At a data rate 01 1 Mbitlsec, only 0-107 ns are valid. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales OHlcel Supply Voltage (Vee)' 
Distributors for availability and specifications. Operating Temperature Range (TAl 
Supply Voltage (Vee> -O.SVto +7.0V ESD Tolerance: CZAP = 100 pF 
DC Input Voltage (VIN) -O.SVtoVee +O.SV RZAP = 1S00.n 
DC Output Voltage (VOUT) -O.SV to Vee +O.SV 
Storage Temperature Range (T 8TG) -6S'C to + 16S'C 
Power Dissipation (PD) SOOmW 
Lead Temperature (TLl 

(Soldering 10 seconds) 260'C 

DC Electrical Characteristics Vee = SV ± 10% (unless otherwise specified) 

Symbol Parameter Conditions Min 

VIH High Level Input Voltage 2.0 

VIL Low Level Input Voltage 

liN Input Current (all pins) VIN = Vee or GND 
(Invert pin only) 

Icc Average Supply Current VIN = Vee or GND, lOUT = 0 
f = 8.0 MHz 

Icc Average Supply Current VIN = Vee or GND, lOUT = 0 
in Low Power Mode 

".p INTERFACE 

VOH High Level Output Voltage lOUT = -20".A Vee-0.1 
lOUT = -2.0 mA 3.S 

VOL Low Level Output Voltage lOUT = 20".A 
lOUT = 2.0mA 

loz Output TRI·STATE~ VOUT = Vee or GND 
Leakage Current 

OSCILLATOR 

VIH High Level Input Voltage 3.S 

VIL Low Level Input Voltage 

liN Input Current VIN = Vee or GND 

DISK INTERFACE 

VOH High Level Output Voltage lOUT = -20".A Vee-0.1 
(Invert pin low) lOUT = -4.0 mA 3.S 

VOL Low Level Output Voltage LCT/DIR lOUT = 20".A 
lOUT = 16.0 mA 

Others lOUT = 20".A 
lOUT = 8.0mA 

ILKG Output High Leakage Current VOUT = Vee or GND 
(Invert pin high) 

VH Input Hysteresis 2S0 
Note 1: Absolute Maximum Ratings are tho.e value. beyond which damage to the device may occur. 
Note 2: Unle .. otherwise specified all voltages are referenced to ground. 
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Min Max Units 
4.S S.S V 

0 +70 'C 

1S00V 

Max Units 

V 

0.8 V 

±1.0 ".A 
±10 ".A 

40.0 mA 

200 ".A 

V 
V 

0.1 V 
0.4 V 

±10.0 ".A 

V 

0.8 V 

±20 ".A 

V 
V 

0.1 V 
0.4 V 
0.1 V 
0.4 V 

±10 ".A 

mV 



PRELIMINARY 

Phase Locked Loop Characteristics Vee = 5.0V ± 1 0%, f = 6 MHz 

Symbol Parameter Conditions Min Typ Max Units 

VREF SETCUR Pin Reference Rl = 5.6 kn, Vee = 5.0V 
1.1 V 

Voltage 

Kveo VCO Gain (Note 1) FXTAL = 4 MHz, tDATA = 2/Ls ±10% 22 Mrad/slV 

FXTAL = 6 MHz, tDATA = 1 /Ls ±10% 25 Mrad/slV 

Rl Recommended SETCUR 
3-12 kn 

Pin Resistor Range 

Kp(UP) Charge Pump Up Current Rl = 5.6kn 
2.50 (none) 

Gain (lpIUPI/IREF) (Note 2) 

Kp(DOWN) Charge Pump Down Current Rl = 5.6kn 
2.25 (none) 

Gain (lpIDOWNI/IREF) (Note 2) 

KpLL Internal Phase Locked Rl = 5.6kn 
Loop Gain (Note 3) FXTAL = 4 MHz 

Pump Up 41 62 83 Mrad 
Pump Down 36 57 76 Mrad 

FXTAL = 6 MHz 
Pump Up 47 71 93 Mrad 
Pump Down 43 65 86 Mrad 

Maximum Maximum 
Early Shift Late Shift 

Tsw Static Window Rl = 5.6kn 
(Note 4) FXTAL = 4MHz 

250 Kb/s (DR = 01 MFM, DR = 10 FM) 1120 680 ns 

FXTAL = 8 MHz 
125 Kb/s (DR = 00 FM) 2065 1555 ns 
250 Kb/s (DR = 00 MFM, DR = 01 FM) 960 600 ns 
500 Kb/s (DR = 01 MFM, DR = 10 FM) 545 420 ns 
1.0 Mb/s (DR = 10 MFM) 220 200 ns 

Nole 1: The vee gain is measured at the 1.0 Mb/s MFM data rate by forcing the data period over a range from 900 ns to 1100 ns, and measuring the resulting 
voltage on the filter pin. The best straight line gain Is fit to the measured points. 

Note 2: This is the current gain of the charge pump, which is defined as the output current divided by the current through R,. 

Note 3: This is the product of VAEF X Kp X Kyco. The total variation in this specification indicates the total loop gain variation contributed by the internal circuHry. 
This is measured at the 1.0 Mb/s data rate by forcing the data period over a range from 900 ns to 1100 ns, and measuring the resultant KyCO and Kp. This 
specification does not include the gain contribution of the dividers on the vee oUlput. These divide factors are described in the PLL Description section. 
Note 4: The DPB472/74 is guaranteed to correctly decode a single shifted clock pulse at the end of a long series of non-shifted preamble bits as long as the single 
shifted pulse is shifted less than the amount specified in T SW. The length of the preamble is long enough for the PLL to lock. The filter components usad are in 
Table II. 

• 
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AC Electrical Characteristics Vcc = 5V ± 10%, CL = 100 pF (unless otherwise specified) 

CLOCK TIMING 

~~tL 
CLOCK I~ r--,-

TL/F/8592-6 

Symbol Parameter Min Max Units 

FXTAL Crystal Frequency 4.0 10.0 MHz 

FCLK External Clock Frequency (Note 1) 1 20 MHz 

tH Clock High Time 20 ns 

tL Clock Low Time 20 ns 

tRW Reset Pulse Width 50 ns 

Note 1: The internal data separator will operate from 4-10 MHz. For frequencies from 1-4 MHz and 10-20 MHz, an external data separator and write 
precompensation circuit must be used. 

MICROPROCESSOR READ TIMING --AD,OAK X -
tRA=-! f-tAR tRR 

--CS,RO 

f.-tRO I--tOR.=j 
-tAOR 

DATA· - - - - - - - - - - - - - --{ Valid Data )-----------
I. 

tRI==L INT 

TL/F/8592-7 

Symbol Parameter Min Max Units 

tAR Address Valid to Read Strobe 10 ns 

tRA Address Hold from Read Strobe 0 ns 

tRR Read Strobe Width 20 ns 

tRO Read Strobe and Chip Select to Data Valid 100 ns 

tAOR Address Valid to Read Data 130 ns 

tOR Data Hold from Read Strobe (see AC Timing Test Conditions) 5 45 ns 

tRI Clear INT from Read Strobe 50 ns 
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AC Electrical Characteristics Vee = 5V ± 10%, CL = 100 pF (unless otherwise specified) 

MICROPROCESSOR WRITE TIMING 

--AD, DAK X -
tWA=! I--tAW ,I tww 

--
CS,WR "\ . 

tAOW , I-=. tow --0. two=! 

DATA X Valid Data X 
I. 

tWI==L INT 

TL/F/8592-8 

Symbol Parameter Min Max Units 

tAW Address Valid to Leading Edge of Write Strobe 10 ns 

tWA Address Hold from Write Strobe 0 ns 

tww Write Strobe Width 80 ns 

tAOW Address Valid to Trailing Edge of Write Strobe 130 ns 

tow Data Setup to End of Write Strobe 65 ns 

two Data Hold from Write Strobe 5 ns 

tWI Clear INT from Write Strobe 50 ns 

DMATIMING 

DRQ~ \. 
.. tAo-I . tM 

-
DAK 

_tOA . 
- -

} / RD OR WR 

tOR 
I 

TC \. 
tTO 

:----tn 

TLiF/8592-9 

Symbol Parameter Min Max Units 

tAO End of ORa from OAK 75 ns 

tOA OAK assertion from ORa 0 ns 

tAA OAK Pulse Width 130 ns 

tOR ORa to Read or Write Strobe 0 ns 

tro Time after last ORa that TC must be asserted Note 1 IJ-s 

tn TC Strobe Width 50 ns 

Note: During a DMA transfer, DAK is sufficient to acknowledge a data transfer. AD or WR is necessary only if data is to be presented to the data bus. Also, the OAK 
signal must go to a high level before the rising edge of ORO to insure valid DMA transfers. 

Note 1: The maximum tTa is equal to «1/data rate x 8)-1 ,u.s). Data rate is the exact data transfer rate being used. 
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AC Electrical Characteristics Vee = 5V ± 1 0%, CL = 100 pF (unless otherwise specified) 

DRIVE TRACK ACCESS TIMING 

DRIVE SELECT ..J L 
1-,IoIR - IoRH-1 

DIR I 
l-tDST-1 1- programmabl. - IoH -I 

STEP r 
-l I-tsw 

TL/F/8592-10 

Symbol Parameter Min Max Units 

tOIR Drive Select Setup Prior to Direction (Note 1) 6 /-Ls 

tORH Drive Select Hold from End of Step (Note 1) 3 /-Ls 

tOST Direction Setup Prior to Step (Note 1) 6 /-Ls 

tOH Direction Hold from End of Step (Note 1) 3 /-Ls 

tsTP Step Pulse Width (Note 1) 4 /-Ls 

t,W Index Pulse Width 10 /-LS 

Note 1: Specification based on f = 8 MHz. SpecHlcaUon will vary wHh frequency as, tF = Is.o (8.0/1). 

Note: Signals shown for non-Invert mode. 

READ DATA TIMING WITH EXTERNAL DATA SEPARATOR 

r-t- tRD 

RD DATA n n 
~DSl-1 l---t-tRDH 

DATA WINDOW J I I I r 
TL/F/8592-11 

Symbol Parameter Min Max Units 

tRO Read Data Pulse Width 20 ns 

tRDS Data Window Setup 10 ns 

tROH Data Window Hold 10 ns 

Note: Signals shown for non-Invert mode. 
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AC Electrical Characteristics Vee = 5V ± 10%, CL = 100 pF (unless otherwise specified) 

DRIVE WRITE TIMING 

HEAD -I L 
I-tHDS-l l-tHDH-1 

WR GATE I I 
I' Note 1 'I -l f-- tWD I' Note 1 'I 

WR DATE 
TUF/8592-12 

Symbol Parameter Min Max Units 

tHoS Head Setup Time (Note 2) 10 ILs 

tHoH Head Hold Time (Note 2) 4 ILs 

two Write Data Pulse Width (Note 2) 100 900 ns 

Note 1: Whenever WG Is asserted, the Write Data line Is active. At the end of each Write, one dummy byte Is written before WG Is deasserted. 

Note 2: Specification based on f = 8 MHz. Specification will vary with frequency as, tF = la.o (8.011). 

Note 3: Signals shown for non-Invert mode. 

POLLING MODE TIMING 

t:::ttow top '\ 
ORO 

tDD-i 

r DR1 n 
OR2 n 
OR3 n 

-I' f--tRDY 

READY n 
TL/F 18592-13 

Symbol Parameter Max Typical Units 

top Period of Polling Cycle 120 ILs 

tow Drive Select Pulse Width 30 ILS 

too Time between Drive Selects 30 ILs 

tROY READY Valid after Drive Select 5 ILs 

• 
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Track Format 
o Index Pulse 

GAP SYNC lAM GAP SYNC AM I h s (I C GAP SYNC AM DATA C GAP GAP 
4001 601 2601 601 r e e b R 1101 601 'FB' or R program-

FM FF 00 FC' FF 00 FE" a a c y C FF 00 FS' C able 

~ d 
I I 
0 e 
r s 

IBM 0 
Formal GAP SYNC lAM GAP SYNC AM I s (I C GAP SYNC AM DATA C GAP GAP 

SO 01 1201 5001 1201 r h e b R 2201 1201 r--r- R program-e 
MFM 4E 00 301 4E 00 a a c y C 4E 00 FB C able 

C2' FC 301 FE ~ d 
I I 301 or AI' 0 e AI' FS 
r s 

..... Index Address -+ ..... Address Field -+ ..... DalaField -+ 
Field 

..... Repealed lor each sector -+ 

0 

GAP SYNC AM I h s (I C GAP SYNC AM DATA C GAP GAP 
1601 601 r e e b R 1101 601 FB' or R program-

FM FF 00 FE' a a c y C FF 00 FS' C able 
c d I I 
k 0 e 

r s 

ISO 0 
Formal GAP SYNC AM I s (I C GAP SYNC AM DATA C GAP GAP 

3201 1201 r h e b R 2201 1201 -,- R program-e 
MFM 4E 00 a a c y C 4E 00 FB C able 

301 FE ~ d 
I I 301 or AI' 0 e AI' FS 
r s 

Notes: 
FE' = Data pattern of FE, Clock pattern of C7 All byte counts in decimal. 
FC' = Data pattern of FC, Clock pattern of 07 All byte vafues In hex. 
FB' = Data pattern of FB, Clock pattern of C7 CRC uses standard polynomial .16 + .12 + x5 + 1. FB' = Data pattern of FB, Clock pattern of C7 
A I' = Data pattern of AI, Clock pattern of OA 
C2' = Data pattern of C2, Clock pattern of 14 

AC Timing Test Conditions 
~'Il p.F Vee 

.. 51 r 
Input Pulse Levels GNDt03.0V ~1 I -:L 
Input Rise and Fall Times 6ns - -- -Input and Output Reference Levels 1.3V RL 
TRI-STATE Reference Levels High Level -O.5V DEVICE 

Low Level + O.5V INPUT_ UNDER 

Output Load (see figure) TEST ICL 

CAPACITANCE T A = 25'C, f = 1 MHz 
~ -Parameter Description Typ Max Units - -

TL/F/8592-14 

CIN Input 
7 12 pF Notes: 

Capacitance CL = 100 pF, Includes scope and jig capacitance, 

COUT Output 
7 12 pF 

RL = 2.2 kG 
Capacitance 51 = vee for high impedance to active low and active low to high imped· 

Note: This parameter is sampled and not 100% tested. 
ance measurements. 

51 = GND for high impedance to active high and active high to high imped· 
ance measurements. 
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~National 
~ Semiconductor 

PRELIMINARY 

DP8473 Floppy Disk Controller PLUS-2TM 

General Description 
This device is a derivative of the DP8472/4 Floppy Disk 
Controller which incorporates additional logic specifically re
quired for an IBM® PC, PC-XT®, PC-AT®, or PS/2® design. 
This controller is a full featured floppy disk controller that is 
software compatible with the ftPD765A, but also includes 
many additional hardware and software enhancements. 

This controller incorporates a precision analog data separa
tor, that includes a self trimming delay line and VCO. Up to 
three external filters are switched automatically depending 
on the data rate selected. This provides optimal perform
ance at the standard PC data rates of 250/300 kb/s, and 
500 kbl s. It also enables optimum performance at 1 Mbl s 
(MFM). These features combine to provide the lowest possi
ble PLL bandwidth, with the greatest lock range, and hence 
the widest window margin. 

This controller includes write precompensation circuitry. A 
shift register is used to provide a fixed 125 ns early-late 
precompensation for all tracks at 500k/300k/250 kb/s (83 
ns for 1 MB/s), or a precompensation value that scales with 

(Continued) 

Connection Diagrams 

~TRO 

HD SEL 

TRKO 

INDEX 

WRT PRT 

VeeA 

Vee 
RESET 

ViR 
R5 
cs 
AD 

AI 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Plastic Leaded Chip Carrier 

Top View 

Order Number DP8473V 
See NS Package Number V52A 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

Features 
• Fully ftPD765A and IBM-BIOS compatible 
• Integrates all PCXT®, PCAT®, and most PS/2® Logic 

- On chip 24 MHz Crystal Oscillator 
- DMA enable logic 
- IBM compatible address decode of AO-A2 
- 12 mA ftP bus interface buffers 
- 40 mA floppy drive interface buffers 
- Data rate and drive control registers 

• Precision analog data separator 
- Self-calibrating PLL and delay line 
- Automatically chooses one of three filters 
- Intelligent read algorithm 

• Two pin programmable precompensation modes 
• DP8472/4 core with its enhancements 

- up to 1 Mb/s data rate 
-Implied seek up to 4000 tracks 
-IBM or ISO formatting 

• Low power CMOS, with power down mode 

Dual-in-Line Package 

WDATA 48 GNDD 

DIR 47 RP~/LC 

DRI 46 STEP 

PUUP/PREN DRO 45 WGATE 

DR2 ~TRI 44 SETCUR 

RDATA UTRO 43 DRVTYP 

DR3 HDSEL 42 PU~P/PREN 

FGND250 TRKO 41 RDATA 

FGND500 INDEX 40 FGND250 

FILTER WRTPRT 10 39 FGND500 

GNDA VCCA 11 38 FILTER 

OSCI Vee 12 37 GNDA 

OSC2/CLOCK RESET 13 36 OSCI 

GNDC ViR 14 35 OSC2/CLOCK 

DSKCHG/RG R5 15 34 GNDC 

INT cs 16 33 DSKCHG/RG 

AO 17 32 INT 

AI 18 31 TC 

A2 19 30 DAK 

TL/F/9384-1 DO 20 29 DRO 

Dl 21 28 D7 

D2 22 27 D6 

D3 23 26 D5 

D4 24 25 GNDS 

TLlF/9384-2 

Top View 

Order Number DP8473N 
See NS Package Number N48A 
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General Description (Continued) 

the data rate, 83 ns/125 ns/208 nsl 250 ns for data rates of 
1.0M/500k/300k/250 kbls respectively. 

This device is available in a 52 pin Plastic Chip Carrier, and 
in a 48 pin Dual-In-Line package. 

Table of Contents 
General Description 

Pin Description 

Functional Description 

Register Description 

Specifically to support the PC-AT and PC-XT design, the 
Floppy Disk Controller PLUS-2 includes address decode for 
the AO-A2 address lines, the motorldrive select register, 
data rate register for selecting 250/300/500 kbls, Disk 
Changed status, dual speed spindle motor control, low write 
current and DMAlinterrupt sharing logic. The controller also 
supports direct connection to the p.P bus via internal 12 mA 
buffers. The controller also can be connected directly to the 
disk drive via internal open drain high drive outputs, and 
Schmitt inputs. 

In addition to this logic the DP8473 includes many features 
to ease design of higher performance drives and future con
troller upgrades. These include 1.0 Mb/s data rate, extend
ed track range to 4096, Implied seeking, working Scan Com
mands, motor control timing, both standard IBM formats as 
well as Sony 3.5" (ISO) formats, and other enhancements. 

Result Phase Register Description 

Processor Software Interface 

Command Description Table 

Command Descriptions 

Block Diagram 
liD 
WR 
cs 
AO 

AI 

Kl 

00-07 

INIEA
FACE 
ADDR 

DECODE 

DC and AC Characteristics 

RESET 

DRIVE 
CONTROL 

INTERNAL DATA BUS REGISTER 
I.....-.~H---------I 

IIIRO 

MTRI 

MTR2 

MTR3 

ORO 

DRI 

DR2 

DR3 

~ 
~ <! ..... "Y~r-- DSKCHG 

~ ~ 
RESET -------"HI-l'!.f-J 

I I 
iiAK 

ORO 

!NT 

10 

PUNP/PREN 

OIIA 
AND 

INTERRUPT 
ENABLE 
LOGIC 

DATA RATE 
REG. A 
CLOCK 

GENERATION 
LOGIC 

Ycc_ 
GNDA_ 
GNDB_ 
GNDC_ GND_ 
YCCA -

76SA 
CONPAIIBLE 
NICIIOENGIHE 
AND nNINol 

CONTROl LOGIC 

WGATE weATA 

RESET 

RDATA 

DISK 
OUTPUT 

AND 
INPUT 
LOG~ 

Nota 1: The MTR2, MTR3, DR2, and DR3 are not available on the 48 pin DIP (DP8473N, J) versions. 

Note 2: See Figure 4 for flHer description. 

Note 3: Total transistor count is 29,700 (approx). 
FIGURE 1. DP8473 Functional Block Diagram 
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Pin Descriptions 

Symbol 
DP8473 DP8473 

Function 
PCC DIP 

MTR2 1 - This is an active low motor enable line for drive 2, which is controlled by the Drive Control 
register. This is a high drive open drain output. 

GNDD 2 48 This pin is the digital ground for the disk interface output drivers. 

WDATA 3 1 This is the active low open drain write precompensated serial data to be written onto the 
selected disk drive. This is a high drive open drain output. 

DIR 4 2 This output determines the direction of the head movement (low = step in, high = step 
out). When in the write or read modes, this output will be high. This is a high drive open 
drain output. 

DR1 5 3 This is an active low drive select line for drive 1 that is controlled by the Drive Control 
register bits DO, 01. The Drive Select bit is ANDed with the Motor Enable of the same 
number. This is a high drive open drain output. 

ORO 6 4 This is an active low drive select similar to DR 1 line except for drive O. 

MTR1 7 5 This is an active low motor enable line for drive 1. Similar to MTR2. 

MTRO 8 6 This is an active low motor enable line for drive O. Similar to MTR2. 

HDSEL 9 7 This output determines which disk drive head is active. Low = Head 1, Open (high) = 
Head O. This is a high drive open drain output. 

TRKO 10 8 This active low Schmitt input tells the controller that the head is at track zero of the 
selected disk drive. 

INDEX 11 9 This active low Schmitt input signals the beginning of a track. 

WRTPRT 12 10 This active low Schmitt input indicates that the disk is write protected. Any command that 
writes to that disk drive is inhibited when a disk is write protected. 

VeeA 13 11 This pin is the 5V supply for the analog data separator circuitry. 

Vee 14 12 This pin is the 5V supply for the digital circuitry. 

RESET 15 13 Active high input that resets the controller to the idle state, and resets all the output lines 
to the disk drive to their disabled state. The Drive Control register is reset to 00. The Data 
Rate register is set to 250 kb/s. The Specify command registers are not affected. The 
Mode Command registers are set to the default values. Reset should be held active 
during power up. To prevent glitches activating the rest sequence, a small capacitor 
(1000 pF) should be attached to this pin. 

WR 16 14 Active low input to signal a write from the microprocessor to the controller. 

RD 17 15 Active low input to signal a read from the controller to the microprocessor. 

CS 18 16 Active low input to enable the RD and WR inputs. Not required during DMA transfers. 
This should be held high during DMA transfers. 

AO,A1,A2 19-21 17-19 Address lines from the microprocessor. This determines which registers the 
microprocessor is accessing as shown in Table IV in the Register Description Section. 
Don't care during DMA transfers. 

00-04 22-26 20-24 Bi-directional data lines to the microprocessor. These are the lower 5 bits and have 
buffered 12 rnA outputs. 

GNDB 27 25 This pin is the digital ground for the 12 rnA microprocessor interface buffers. This 
includes 00-07, INT, and DRQ. 

05-07 28-30 26-28 Bi-directional data lines to the microprocessor. These upper 3 bits have buffered 12 rnA 
outputs. 

DRQ 31 29 Active high output to signal the DMA controller that a data transfer is needed. This signal 
is enabled when 03 of the Drive Control Register is set. 

OAK 32 30 Active low input to acknowledge the DMA request and enable the RD and WR inputs. 
This signal is enabled when 03 of the Drive Control Register is set. 

TC 33 31 Active high input to indicate the termination of a DMA transfer. This signal is enabled 
when the DMA Acknowledge pin is active. 

INT 34 32 Active high output to signal that an operation requires the attention of the 
microprocessor. The action required depends on the current function of the controller. 
This signal is enabled when 03 of the Drive Control Register is set. 
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Pin Descriptions (Continued) 

Symbol 
DP8473 DP8473 

Function pee DIP 

DSKCHG/RG 35 33 This latched Schmitt input signal is inverted and routed to D7 of the data bus and is read 
when address xx7H is enabled. When the RG bit in the Mode Command is set, this pin 
functions as a Read Gate signal that when low forces the data separator to lock to the 
crystal, and when high it locks to data for diagnostic purposes. 

GNDC 36 34 This pin is the digital ground for the controller's digital logic, including all internal registers, 
micro-engine, etc. 

OSC2/CLOCK 37 35 One side of the external 24 MHz crystal is attached here. If a crystal is not used, a TTL or 
CMOS compatible clock is connected to this pin. 

OSCI 38 36 One side of an external 24 MHz crystal is attached ·here. This pin is tied low if an external 
clock is used. 

GNDA 39 37 This pin is the analog ground for the data separator, including all the PLLs, and delay 
lines. 

FILTER 40 38 This pin is the output of the charge pump and the input to the VCO. One or more filters 
are attached between this pin and the GNDA, FGND250 and FGND500 pins. 

FGND500 41 39 This pin connects the PLL litter for 500k(MFM)/250k(FM) b/s to ground. This is a low 
impedance open drain output. 

FGND250 42 40 This pin connects the PLL fitter for 250k(MFM)/125k(FM) b/s or 300k(MFM)/150k(FM) 
b/s to ground. This is a low impedance open drain output. 

DR3 43 - This is the same as DRO except for drive 3. 

RDATA 44 41 The active low raw data read from the disk is connected here. This is a Schmitt input. 

DR2 45 - This is the same as DRO except for drive 2. 

PUMP/PREN 46 42 When the PU bit is set in Mode Command this pin is an output that indicates when the 
charge pump is making a correction. Otherwise this pin is an input that sets the precomp 
mode as shown in Table VI. If pin is configured as PUMP, PREN is assumed high. 

DRVTYP 47 43 This is an input used by the controller to enable the 300 kb/s mode. This enables the use 
of floppy drives with either dual or single speed spindle motors. For dual speed spindle 
motors, this pin is tied low. When low, and 300 kb/s data rate is selected in the data rate 
register, the PLL actually uses 250 kb/s. This pin is tied high for single speed spindle 
motor drives (standard AT drive). When this pin is high and 300 kb/s is selected 300 kb/s 
is used. (See also RPM/LC pin). 

SETCUR 48 44 An external resistor connected from this pin to analog ground programs the amount of 
charge pump current that drives the external filters. The PLL Fitter Design section shows 
how to determine the values. 

WGATE 49 45. This active low open drain high drive output enables the write circuitry of the selected 
disk drive. This output has been designed to prevent glitches during power up and power 
down. This prevents writing to the disk when power is cycled. 

STEP 50 46 This active low open drain high drive output will produce a pulse at a software 
programmable rate to move the head during a seek operation. 

RPM/LC 51 47 This high drive open drain output pin has two functions based on the selection of the 
DRVTYPpin. 

1. When using a dual speed spindle motor floppy drive (DRVTYP pin low), this output is 
used to select the spindle motor speed, either 300 RPM or 360 RPM. In this mode this 
output goes low when 250/300 kb/data rate is chosen in the data rate register, and high 
when 500 kb/s is chosen. 

2. When using a Single speed spindle motor floppy drive (DRVTYP pin high), this pin 
indicates when to reduce the write current to the drive. This output is high for high density 
media (when 500 kb/s is chosen). 

MTR3 52 - This is an active low motor enable line for drive 3. 
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Typical Application 

T T DP8473 
24MHz Vee VeeA 

OSC1 INDEX INDEX 10P~ .J:. DIR DIRECTION 
r--- ~f- OSC2/CLK STEP STEP 

HDSEL HEAD SELECT 
A t.. ADDRESS 

10Pf~ 
I \I ADDRESS Br-v DECODE 

(1 CHIP) 
74ALS521 cs 

-
RD 

WR 
Vl t.. 
=> 
III AO-2 

'< v 

'" INT 
0 

!;( ..L 1000pF 
RESET 

c!, DRVTYP 

WGATE 
WDATA 

DSK CHG 
DRO-3 4 

MTRO-3 4 

WRT PRT 
RPM/LC 

TRKO 
RDATA 

SETCUR 'v 

WRITE ENABLE 
WRITE DATA 
DISK CHANGE 
DRIVE SEL 0-3 

MOTOR 0-3 

WRITE PROTECT 
REDUCED CURRENT 
TRACK 0 
READ DATA 

~CURRENT SET RESI STOR 

FLOPPY 
DISK 
DRIVE 

~(OPTIONAL) ~ c.. 
:Ii PUMP/PREN FILTER 
!!! A 

DATA BUS DO-D7 
\I v 

DAK FILTERS FOR ALL 
DATA RATES 

TC (SEE FIGURE J1l) 
DRO FGND500 I-

GNDB/C/D FGND250 

PLL LOOP FILTERS ~ 
"7 ~ 

GNDA 

I-

TL/F/9384-4 

Recommended Plastic Chip Carrier Socket: 
AMP PIN 821551-1 or equivalent. 

FIGURE 2. DP8473 Typical Application 

Functional Description 
This section describes the basic architectural features of 
the DP8473, and many of the enhancements provided. Re
fer to Figure 1. 

765A COMPATIBLE MICRO·ENGINE 

The core of the DP8473 is the same !-,PD765A compatible 
microcoded engine that is used in the DP8472/4. This en
gine consists of a sequencer, program ROM, and disk/misc 
registers. This core is clocked by either a 4 MHz, 4.8 MHz or 
8 MHz clock selected in the Data Rate Register. Upon this 
core is added all the glue logic used to implement a PC-XT 
or AT, or PS/2 floppy controller, as well as the data separa
tor and write precompensation logic. 

The controller consists of a microcoded engine that controls 
the entire operation of the chip including coordination of 
data transfer with the CPU, controlling the drive controls, 
and actually performing the algorithms associated with 
reading and writing data to/from the disk. This includes the 
read algorithm for the data separator. 

Like the !-,PD765A, this controller takes commands and re
turns data and status through the Data Register in a byte 
serial fashion. Handshake for command/status I/O is pro
vided via the Main Status Register. All of the !-,PD765A 
commands are supported, as are many of the DP8472 su
perset commands. 
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DATA SEPARATOR 

The internal data separator consists of an analog PLL and 
its associated circuitry. The PLL synchronizes the raw data 
signal read from the disk drive. The synchronized signal is 
used to separate the encoded clock and data pulses. The 
data pulses are de-serialized into bytes and then sent to the 
!-,P by the controller. 

The main PLL consists of four main components, a phase 
comparator, a filter, a voltage controlled oscillator (VCO), 
and a programmable divider. The phase comparator detects 
the difference between the phase of the divider'S output and 
the phase of the raw data being read from the disk. This 
phase difference is converted to a current which either 
charges or discharges one of the three external filters. The 
resulting voltage on the filter changes the frequency of the 
VCO and the divider output to reduce the phase difference 
between the input data and the divider's output. The PLL is 
"locked" when the frequency of the divider is exactly the 
same as the average frequency of the data read from the 
disk. A block diagram of the data separator is shown in Fig
ure 3. 
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Q osc 
~;;"""+I 

NRZ READ DATA 

AMF 

TO SERIALIZER 

FILTERS FOR 
ALL DATA RATES 

(SEE FIGURE 
Ill) 

TLIFI9384-5 

FIGURE 3. Block Diagram of DP8473's Data Separator 

DP8473 

SETCUR 

~T ~BT Tet 

FGND250 FGND500 ~ 
TUF193B4-8 

TLIFI93B4-6 

a) Single Data Rate 
TLIFI9384-7 

b) 250/500 kb/s Filter c) 250/500 kb/s and 1 Mb/s 

Note: For all filter configurations, 250kb/s and 300 kb/s share the same filter. 

FIGURE 4. Typical Configuration for Loop Filters for the DP8473 Showing Component Labels 

To ensure optimal performance, the data separator incorpo
rates several additional circuits. The quarter period delay 
line is used to determine the center of each bit cell. A sec
ondary PLL is used to automatically calibrate the quarter 
period delay line. The secondary PLL also calibrates the 
center frequency of the VCO. 
To eliminate the logic associated with controlling multiple 
data rates the DP8473 supports the connection of three 
filters to the chip via the FGND250, and FGND500 pins (fil
ter ground switches). The controller chooses which filter 
components to use based on the value loaded in the Data 
Rate Register. If 500 k(MFM) is being used then the 
FGND500 is enabled (FGND250 is disabled). If 250 k(MFM) 
or 300 k(MFM) is being used the FGND250 pin is enabled, 
and FGND500 is disabled. For 1 Mb/s (MFM) both FGND 
pins are disabled. 
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Figure 4 shows several possible filter configurations. For. a 
filter to cover all data rates (Figure 4c), the DP8473 has a 1 
Mb/s filter always connected and other capacitor filter com
ponents for the other data rates are switched in parallel to 
this filter. The actual loop filter for 500 kb/ s is the parallel 
combination of the two capacitors, C2C and C2B, attached 
to the FGND500 pin and to ground. The 250/300 kb/s filter 
is the parallel combination of the capaCitors, C2C and C2A, 
attached to the FGND250, and ground. If 1 Mb/s need n.ot 
be supported then the filter configuration of Rgure 4b can 
be used. This configuration allows more optimal perform
ance for both 500k and 250/300 kb/s. Figure 4a is a simple 
filter configuration primarily for a single data rate (or multiple 
data rates with a performance compromise). Table lI.shows 
some typical filter values. Other filter configurations and val
ues are pOSSible, these result in good general performance. 

While the controller and data separator support both FM 
and MFM encoding, the filter switch circuitry only supports 
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Functional Description (Continued) 

the IBM standard MFM data rates. To provide both FM and 
MFM filters external logic may be necessary. 

The controller takes best advantage of the internal data 
separator by implementing a sophisticated 10 search algo
rithm. This algorithm, shown in Figure 5, enhances the 
PLL's lock characteristics by forcing the PLL to relock to the 
crystal any time the data separator attempts to lock to a 
non-preamble pattern. This algorithm ensures that the PLL 
is not thrown way out of lock by write splices or bad data 
fields. 

TABLE II. Typical Filter Values for the Various Data 
Rates (Assuming ± 6% Capture Range) 

Data Rate 
C2 R2 Cl Rl 

(MFMb/s) 

Filter Values when Using All 3 Data Rates 

1.0M C2C = 0.012 ftF 560n 510pF 5.6kn 
500k C28 = 0.015 ftF 

250/300k C2A = 0.033 ftF 

Filter Values when Using 250/300 and 500 kb/s 

500k C28 = 0.027 ftF 560n 1000 pF 5.6kn 
250/300k C2A = 0.047 ftF 560n 

Filter Using Only One Data Rate 

1.0M C2 = 0.012 ftF 560n 510 pF 5.6kn 
500k C2 = 0.027 ftF 560n 1000 pF 5.6kn 

300/250k C2 = 0.047 ftF 560n 2000 pF 5.6kn 

(These values are preliminary and thus are subject to change.) 

TABLE III. Data Rates (MFM) versus 
veo Divide-8y Factor 

Data Rate N 

1 Mb/s 4 
500 kb/s 8 
300 kb/s 16 
250 kb/s 16 

PLL DIAGNOSTIC MODES 

in addition, the DP8473 has two diagnostic modes to enable 
filter optimization, 1) enabling the Charge Pump output sig
nal onto the PUMP/PREN pin, and 2) providing external 
control of the Read Gate signal to the data separator. Both 
modes are enabled in the last byte of the Mode Command. 

The Pump output signal indicates when the charge pump is 
making a phase correction, and hence whether the loop is 
locked or not. 
The Read Gate function, when enabled, allows the designer 
to manually force the data separator to lock to the incoming 
data or back to the reference clock. This enables easy veri
fication of the lock characteristics of the PLL, by monitoring 
the FILTER pin, and the Pump signal. 

PLL FILTER DESIGN 

This section provides information to enable design of the 
data separator's external filter and charge pump set resis
tor. This discussion is for a single data rate filter, and can be 
easily extrapolated to the other filters of Figure 4. Table II 
shows some typical filter component values, but if a custom 
filter is desired, the following parameters must be consid
ered: 

Rl: Charge pump current setting resistor. The current 
set by this resistor is multiplied by the charge pump 
gain, Kp which is - 2.5. Thus the charge pump cur
rent is: 

IpUMP = (2.5) 1.2V/Rl. Rl should be set to be
tween 3-12 kn. This resistor determines the gain of 
the phase detector, which is Ko = IpUMp/21T . 

NOT 3rd 
ADDRESS 

MARK 

TLiF/9384-9 

FIGURE 5. Read Algorithm-State Diagram for Data 
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Functional Description (Continued) 

C2: Filter capacitor in series with R2. With pump current 
this determines loop bandwidth. 

R2: Filter resistor. Determines the PLL damping factor. 

Ct: This filter capacitor improves the performance of the 
PLL by providing additional filtering of bit jitter and 
noise. 

Kvco: The ratio of the change in the frequency of the VCO 
output due to a voltage change at the VCO input. 
KvCO :::: 25 Mrad/slV. The VCO is followed by a di
vider to achieve the desired frequency for each data 
rate. veo center frequency is 4 MHz for data rates 
of 1 Mb/s, 500 kb/s, and 250 kb/s (MFM), and is 
4.8 MHz for 300 kb/s (MFM). 

KpLL: This is the gain of the internal PLL circuitry, and is 
the product of VREF x Kvco x Kp. This value is 
specified in the Phase Locked Loop Characteristics 
table. 

CIIn: This is the bandwidth of the PLL, and is given by, 

I KpLL 
CIIn = V 27TC2N Rt 

where N is the number of VCO cycles between two 
phase comparisons. The value of N for t!1e various 
data rates are shown in Table III. 

t: The damping factor is set to 0.7 to 1.2 and is given 
by, 

t = CIInR2C2 
2 

The trade off, when choosing filter components is between 
acquisition time while the PLL is locking and jitter immunity 
while reading data. To select the proper components for a 
standard floppy disk application the following procedure can 
be used: 

1. Choose FM or MFM, and data rate. Determine N from 
Table III. Determine preamble length (MFM = 12). The PLL 
should lock within % the preamble time. 

2. Determine loop bandwidth (Clln) required, and set the 
charge pump resistor Rt. 

3. Calculate C2 using: 

4. Choose R2 using: 

C2 = KpLL 
27TR1NClln2 

R2=2L 
CIInC2 

6. Select Ct to be about %oth of C2. 

The above procedure will yield adequate loop performance. 
If optimum loop performance is required, or if the nature of 
the loop performance is very critical, then some additional 
consideration must be given to choosing CIIn and the damp
ing factor. (For a detailed description on how to choose CIIn 
and t, see: AN-50S Floppy Disk Data Separator Design 
Guide for the DP8472, DP8473, and DP8474). 

WRITE PRECOMPENSATION 

The DP8473 incorporates a single fixed 3-bit shift register. 
This shift register outputs are tapped and multiplexed onto 
the write data output. The taps are selected by a standard 
precompensation algorithm. This precompensation value 
can be selected from th~ PUMP/PREN pin. When this pin is 
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low 125 ns precomp is used for all data rates except 1 Mb/s 
which uses 83 ns. When PREN is tied high, the precompen
sation-value scales with data rate at 250 kb/s its 250 ns, for 
300 kb/s its 208 ns, at 500 kb/s its 125 ns, and at 1.0 Mb/s 
its 83 ns. These values are shown in Table VI. 

PC-AT AND PC-XT LOGIC BLOCKS 

This section describes the major functional blocks of the PC 
logic that have been integrated on the controller. Refer back 
to Figure 1, the block diagram. 

DMA Enable Logic: This is gating logic that disables the 
DMA lines and the Interrupt output, under the control of the 
DMA Enable bit in the Drive control register. When the DMA 
Enable bit is 0 then the INT, and DRQ are held Tri-State, 
and DAK is disabled. 

Drive Output Buffers/Input Receivers: The drive inter
face output pins can drive 150n ± 10% termination resis
tors. This enables connection to a standard floppy drive. All 
drive interface inputs are TTL compatible schmitt trigger in
puts with typically 250 mV of hysteresis. The only functional 
differences between the 52 pin PLCC and the 48 pin DIP 
version are that the MTR2 and 3, and DR2 and 3 pins have 
been removed in order to accommodate the 48 pin pack
age. 

Bus Interface-Address Decode: The address decode cir· 
cuit allows software access to the controller, Drive Control 
Register, and Data Rate Register (see Table IV for the 
memory map) using the same address map as is used in the 
XT, AT, or PS/2. The decoding is provided for AO-A2, so 
only a single address decoder connected to the chip select 
is needed to complete the decode. The bus interface logic 
includes the 8-bit data bus and DRQIINT signals. The out
put drive for these pins is 12 mAo 

TABLE IV. Address Memory Map for DP8473 

A2 A1 AO R/W Register 

0 0 0 X None (Bus Tri·State) 
0 0 1 X None (Bus Tri-State) 
0 1 0 W Drive Control Register 
0 1 1 X None (Bus Tri-State) 
1 0 0 R Main Status Register 
1 0 1 R/W Data Register 
1 1 0 X None (Bus Tri-State) 
1 1 1 W Data Rate Register 
1 1 1 R Disk Changed Bit' 

'When this location is accessed only bH 07 is driving, all others are held 
TRI-STATE. 

Drive Control Register: This 8-bit write only register con
trols the drive selects, motor enables, DMA enable, and Re
set. See Register Description. 

Reset Logic: The reset input pin is active high, and directly 
feeds the Drive Control Register and the Data Rate Regis
ter. After a hardware reset the Drive Control Register is re
set to all zeros, and the Data Rate Register is set to 
250 kb/s data rate. The controller is held reset until the 
software sets the Drive Control reset bit, aiter which the 
controller may be initialized. A software reset to the control
ler core can be issued by resetting then setting this bit. A 
software reset does not reset the Drive Control Register, or 
the Data Rate Register. 



Functional Description (Continued) 

Data Rate Register and Clock Logic: This is a two bit 
register that controls the data rate that the controller uses. 
See Register Description. This register feeds logic that se
lects the data rates by programming a prescaler that divides 
the crystal or clock input by either 3, 5, or 6. This causes 
either 4 MHz, 4.8 MHz and 8 MHz to be input as the master 
clock for the controller core. If the Drive Type pin is high and 
a 300 kb/s data rate is chosen, 4.8 MHz is used to generate 
300 kb/s, but when the DRVTYP pin is low and 300 kb/s is 
selected, 4 MHz is used, and the actual data rate is 
250 kb/s. See Table VI. 

Low Power Mode Logic: This logic is an enhancement 
over the standard XT, AT, PS/2 design. In the Low Power 
Mode the crystal oscillator, controller and all linear circuitry 
are turned off. When the oscillator is turned off the control
ler will typically draw about 100 p.A. The internal circuitry is 
disabled while the oscillator is off because the internal cir
cuitry is driven from this clock. The oscillator will turn back 
on automatically after it detects a read or a write to the Main 
Status or Data Registers. It may take a few milli-seconds for 
the oscillator to stabilize and the p.P will be prevented from 
trying to access the Data Register during this time through 
the normal Main Status Register protocol. (The Request for 
Master bit in the Main Status Register will be inactive.) 
There are two ways to go into the low power mode. One is 
to command the controller to switch to low power immedi
ately. The other method is to set the controller to automati
cally go into the low power mode 500 ms after the beginning 
of the idle state (based on a 500 kb/s (MFM) data rate). 
This would be invisible to the software. The low power mode 
is programmed through the Mode Command. 

The Data Rate Register and the Drive Control Register are 
unaffected by the power down mode. They will remain ac
tive. It is up to the user to ensure that the Motor and Drive 
select Signal are turned off. 

TABLE V. Truth Table for Drive Control Register 

07 06 05 04 01 DO Function 

X X X 1 0 0 Drive 0 Selected (DRO = 0) 
X X 1 X 0 1 Drive 1 Selected (DR1 = 0) 
X 1 X X 1 0 Drive 2 Selected (DR2 = 0) 
1 X X X 1 1 Drive 3 Selected (DR3 = 0) 

Crystal Oscillator: The DP8473 is clocked by a single 
24 MHz signal. An on-chip oscillator is provided, to enable 
the attachment of a crystal, or a clock. If a crystal is used, a 
24 MHz fundamental mode, parallel resonant crystal should 
be used. This crystal should be specified to have less than 
1500 series resistance, and shunt capacitance of less than 
7 pF. Typically a series resonant crystal can be used, it will 
just oscillate in parallel mode 30-300 ppm from its ideal 
frequency. 

If an external oscillator circuit is used, it must have a duty 
cycle of at least 40-60%, and minimum input levels of 2.4V 

8-35 

and O.4V. The controller should be configured so that the 
clock is input into the OSC2 pin, and OSC1 is tied to ground. 

Crystals: Staytek: CX1-SM1-24 MHz(B) 

SaRonix: SRX 3164 

Register Description 
This section describes the register bits for all the registers 
that are directly accessible to the p.P. Table IV (previous 
page) shows the memory map for these registers. Note that 
in the PC some of the registers are partially decoded, this is 
not the case here. All registers occupy only their document
ed addresses. 

MAIN STATUS REGISTER (Read Only) 

The read only Main Status Register indicates the current 
status of the disk controller. The Main Status Register is 
always available to be read. One of its functions is to control 
the flow of data to and from the Data Register. The Main 
Status Register indicates when the disk contoller is ready to 
send or receive data. It should be read before each byte is 
transferred to or from the Data Register except during a 
DMA transfer. No delay is required when reading this regis
ter after a data transfer. 

07 Request for Master: Indicates that the Data Register is 
ready to send or receive data from the p.P. This bit is 
cleared immediately after a byte transfer and will become 
set again as soon as the disk controller is ready for the next 
byte. 

06 Data Direction: Indicates whether the controller is ex
pecting a byte to be written to (0) or read from (1) the Data 
Register. 

05 Non-DMA Execution: Bit is set only during the Execu
tion Phase of a command if it is in the non-DMA mode. In 
other words, if this bit is set, the multiple byte data transfer 
(in the Execution Phase) must be monitored by the p.P ei
ther through interrupts, or software polling as described in 
the Processor Software Interface section. 

04 Command in Progress: Bit is set after the first byte of 
the Command Phase is written. Bit is cleared after the last 
byte of the Result Phase is read. If there is no result phase 
in a command, the bit is cleared after the last byte of the 
Command Phase is written. 

03 Drive 3 Seeking: Set after the last byte of the Command 
Phase of a Seek or Recalibrate command is issued for drive 
3. Cleared after reading the first byte in the Result Phase of 
the Sense Interrupt Command for this drive. 

02 Drive 2 Seeking: Same as above for drive 2. 

01 Drive 1 Seeking: Same as above for drive 1. 

DO Drive 0 Seeking: Same as above for drive O. 

DATA REGISTER (Read/Write) 

This is the location through which all commands, data and 
status flow between the CPU and the DP8473. During the 
Command Phase the p.P loads the controller's commands 
into this register based on the Status Register Request for 
Master and Data Direction bits. The Result Phase transfers 
the Status Registers and header information to the p.P in the 
same fashion. 



~ r-----------------------------------------------------------------------------------------~ ..... 
~ Register Description (Continued) 
a. 
C TABLE VI. Data Rate and Precompensation Programming Values 

Data Rate Normal Alternate FGNO RPM/LC 
ORVTYP 

01 ~O'' 
Pin 

MFM Precomp' Precomp' Pin Pin 
(kb/s) (ns) (ns) Enabled Level 

0 0 X 500 125 125 FGND500 High 

0 1 0 250 125 250 FGND250 Low 
0 1 1 300 125 208 FGND250 Low 

1 0 0 250 125 250 FGND250 Low 
1 0 1 250 125 250 FGND250 Low 

1 1 0 1000 83 83 None High 
1 1 1 1000 83 83 None Low 

'Normal values when PUMP/PREN pin set low; Alternate values when PUMP/PREN pin set high. 

UOO and 01 are Data Rate Control Bits. 

DRIVE CONTROL REGISTER (Write Only) 

07 Motor Enable 3: This controls the Motor for drive 3, 
MTR3. When 0 the output is high, when 1 the output is low. 
(Note this signal is not output to a pin on 48 pin DIP 
version.) 

06 Motor Enable 2: Same function as D7 except for drive 
2's motor. (Note this signal is not brought out to a pin on 
DIP.) 

05 Motor Enable 1: This bit controls the Motor for drive 1 's 
motor. When this bit is 0 the MTRI output is high. 

04 Motor Enable 0: Same as D5 except for drive O's motor. 

03 OMA Enable: When set to a 1 this enables the DRO, 
DAK, INT pins. A zero disables these signals. 

02 Reset Controller: This bit when set to a 0 resets the 
controller, and when a 1 enables normal operation. It does 
not affect the Drive Control or Data Rate Registers which 
are reset only by a hardware reset. 

01-00 Drive Select: These two pins are encoded for the 
four drive selects, and are gated with the motor enable 
lines, so that only one drive is selected when it's Motor En
able is active. (See Table V.) 

DATA RATE REGISTER (Write Only) 

07-02: Not used. 

01, DO Data Rate Select: These bits set the data rate and 
the write precompensation values for the disk controller. Af
ter a hardware reset these bits are set to 10 (250 kb/s). 
They are encoded as shown in Table VI. 

DISK CHANGED REGISTER (Read Only) 

07 Disk Changed: This bit is the latched complement of the 
Disk Changed input pin. If the DSKCHG input is low this bit 
is high. 

06-00: These bits are reserved for use by the hard disk 
controller, thus during a read of this register, these bits are 
TRI-STATE. 

Result Phase Status Registers 
The Result Phase of a command contains bytes that hold 
status information. The format of these bytes are described 
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below. Do not confuse these register bytes with the Main 
Status Register which is a read only register that is always 
available. The Result Phase status registers are read from 
the Data Register only during the Result Phase. 

STATUS REGISTER 0 (STO) 

07-06 Interrupt Code: 

00 = Normal Termination of Command. 

01 = Abnormal Termination of Command. Execu
tion of Command was started, but was not success
fully completed. 

10 = Invalid Command Issue. Command Issued 
was not recognized as a valid command. 

11 = Ready changed state during the polling mode. 

05 Seek End: Seek or Recalibrate Command completed 
by the Controller. (Used during Sense Interrupt com
mand.) 

04 Equipment Check: After a Recalibrate Command, 
Track 0 signal failed to occur. (Used during Sense Inter
rupt command.) 

03 Not Used: 0 

02 Head Address (at end of Execution Phase). 

01, DO Drive Select (at end of Execution Phase). 

00 = Drive 0 selected. 01 = Drive 1 selected. 

10 = Drive 2 selected. 11 = Drive 3 selected. 

STATUS REGISTER 1 (ST1) 

07 End of Track: Controller transferred the last byte of the 
last sector without the TC pin becoming active. The last 
sector is the End Of Track sector number programmed 
in the Command Phase. 

06 Not Used: 0 

05 CRC Error: If this bit is set and bit 5 of ST2 is clear, 
then there was a CRC error in the Address Field of the 
correct sector. If bit 5 of ST2 is set, then there was a 
CRC error in the Data Field. 

04 Over Run: Controller was not serviced by the ",p soon 
enough during a data transfer in the Execution Phase. 



Result Phase Status Registers (Continued) 

TABLE VII. Maximum Time Allowed to 
Service an Interrupt or Acknowledge 
a OMA Request In Execution Phase 

Data Time to 
Rate Service 

125 62.0,...s 
250 30.0,...s 
500 14.0 fLs 
1000 6.0,...s 

Time from rising edge of OAQ or INT to trailing edge of OAK or AD or WA. 

03 Not Used: 0 

02 No Data: Three possible problems: 1) Controller cannot 
find the sector specified in the Command Phase during 
the execution of a Read, Write, or Scan command. An 
address mark was found however so it is not a blank 
disk. 2) Controller cannot read any Address Fields with
out a CRC error during Read 10 command. 3) Controller 
cannot find starting sector during execution of Read A 
Track command. 

01 Not Writable: Write Protect pin is active when a Write 
or Format command is issued. 

DO Missing Address Mark: If bit 0 of ST2 is clear then the 
disk controller cannot detect any Address Field Address 
Mark after two disk revolutions. If bit 0 of ST2 is set then 
the disk controller cannot detect the Data Field Address 
Mark. 

STATUS REGISTER 2 (ST2) 

07 Not Used: 0 

06 Control Mark: Controller tried to read a sector which 
contained a deleted data address mark during execu
tion of Read Data or Scan commands. Or, if a Read 
Deleted Data command was executed, a regular ad
dress mark was detected. 

05 CRC Error in Data Field: Controller detected a CRC 
error in the Data Field. Bit 5 of STI is also set. 

04 Wrong Track: Only set if desired sector not found, and 
the track number recorded on any sector of the current 
track is different from that stored in the Track Register. 

03 Scan Equal Hit: "Equal" condition satisfied during any 
Scan Command. 

02 Scan Not Satisfied: Controller cannot find a sector on 
the track which meets the desired condition during Scan 
Command. 

01 Bad Track: Only set if the desired sector is not found, 
and the track number recorded on any sector on the 
track is different from that stored in the Track Register 
and the recorded track number is FF. 

DO Missing Address Mark In Data Field: Controller can
not find the Data Field Address Mark during Read/Scan 
command. Bit 0 of STI is also set. 

STATUS REGISTER 3 (ST3) 

07 Not Used: 0 

06 Write Protect Status 

05 Not Used: 1 

04 Track 0 Status 

03 Not Used: 0 
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02 Head Select Status 

01, DO Drive Selected: 

00 = Drive 0 selected. 01 = Drive 1 selected. 

10 = Drive 2 selected. 11 = Drive 3 selected. 

Processor Software Interface 
Bytes are transferred to and from the disk controller in dif
ferent ways for the different phases in a command. 

COMMAND SEQUENCE 

The disk controller can perform various disk transfer, and 
head movement commands. Most commands involve three 
separate phases. 

Command Phase: The ,...p writes a series of bytes to the 
Data Register. These bytes indicate the command desired 
and the particular parameters required for the command. All 
the bytes must be written in the order specified in the Com
mand Description Table. The Execution Phase starts imme
diately after the last byte in the Command Phase is written. 
Prior to performing the Command Phase, the Drive Control 
and Data Rate Registers should be set. 

Execution Phase: The disk controller performs the desired 
command. Some commands require the fLP to read or write 
data to or from the Data Register during this time. Reading 
data from a disk is an example of this. 

Result Phase: The ,...p reads a series of bytes from the data 
register. These bytes indicate whether the command exe
cuted properly and other pertinent information. The bytes 
are read in the order specified in the Command Description 
Table. 

A new command may be initiated by writing the Command 
Phase bytes after the last bytes required from the Result 
Phase have been read. If the next command requires se
lecting a different drive or changing the data rate the Drive 
Control and Data Rate Registers should be updated. If the 
command is the last command, then the software should 
deselect the drive. (Note as a general rule the operation of 
the controller core is independent of how the fLP updates 
the Drive Control and Data Rate Registers. The software 
must ensure that manipulation of these registers is coordi
nated with the controller operation.) 

During the Command Phase and the Result Phase, bytes 
are transferred to and from the Data Register. The Main 
Status Register is monitored by the software to determine 
when a data transfer can take place. Bit 6 of the Main 
Status Register must be clear and bit 7 must be set before a 
byte can be written to the Data Register during the Com
mand Phase. Bits 6 and 7 of the Main Status Register must 
both be set before a byte can be read from the Data Regis
ter during the Result Phase. 

If there is information to be transferred during the Execution 
Phase, there are three methods that can be used. The DMA 
mode is used if the system has a DMA controller. This al
lows the fLP to do other things during the Execution Phase 
data transfer. If DMA is not used, an interrupt can be issued 
for each byte transferred during the Execution Phase. If in
terrupts are not used, the Main Status Register can be 
polled to indicate when a byte transfer is required. 
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Processor Software Interface (Continued) 

DMAMODE 
If the DMA mode is selected, a DMA request will be gener
ated in the Execution Phase when each byte is ready to be 
transferred. To enable DMA operations during the Execu
tion Phase, the DMA mode bit in the Specify Command 
must be enabled, and the DMA signals must be enabled in 
the Drive Control Register. The DMA controller should re
spond to the DMA request with a DMA acknowledge and a 
read or write strobe. The DMA request will be cleared by the 
active edge of the DMA acknowledge. After the last byte is 
transferred, an interrupt is generated, indicating the begin
ning of the Result Phase. During DMA operations the Chip 
Select input must be held high. TC is asserted to terminate 
an operation. Due to the internal gating TC is only recog
nized when the DAK input is low. 

INTERRUPT MODE 
If the non-DMA mode is selected, an interrupt will be gener
ated in the Execution Phase when each byte is ready to be 
transferred. The Main Status Register should be read to ver
ify that the interrupt is for a data transfer. Bits 5 and 7 of the 

Command Description Table 
READ DATA 
Command Phase 

MT IMFMI SK I 0 I 0 I tit I 0 

IPS I x I x I x I x I HD I DRtl ORO 

Track Number 

READID 

Result Phase 

Main Status Register will be set. The interrupt will be 
cleared when the byte is transferred to or from the Data 
Register. The ",p should transfer the byte within the time 
allotted by Table VII. If the byte is not transferred within the 
time allotted, an Overrun Error will be indicated in the Result 
Phase when the command terminates at the end of the cur
rent sector. 

An interrupt will also be generated after the last byte is 
transferred. This indicates the beginning of the Result 
Phase. Bits 7 and 6 of the Main Status Register will be set 
and bit 5 will be clear. This interrupt will be cleared by read
ing the first byte in the Result Phase. 

SOFTWARE POLLING 
If the non-DMA mode is selected and interrupts are not suit
able, the ",p can poll the Main Status Register during the 
Execution Phase to determine when a byte is ready to be 
transferred. In the non-DMA mode, bit 7 of the Main Status 
Register reflects the state of the interrupt pin. Otherwise, 
the data transfer is similar to the Interrupt Mode described 
above. 

FORMAT A TRACK 
Command Phase 

o IMFMI 0 I 0 I tit I 0 I t 

X I x I x I x I x I HD I DRtl ORO 

Number of Bytes per Sector 

Drive Head Number Status Register 0 Number of Sectors per Track 

Sector Number Status Register t Intersector Gap Length 

Number of Bytes per Sector Status Register 2 Data Pattern 

End of Track Sector Number Track Number Result Phase 
Inters9ctor Gap Length Head Number Status Register 0 

Data Length Sector Number Status Register t 

Note 1 
Result Phase 

Status Register 2 

Track Number 

Bytes/Sector 

Status Register 0 
Head Number 

Status Register t 
Sector Number 

Status Register 2 
Bytes/Sector 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 
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Command Description Table (Continued) 

READ DELETED DATA 

Command Phase 

MT IMFMI SK I 0 I 1 I 1 I 0 I 0 

IPS I X I x I x I x I HD I DR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Data Length 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

READ A TRACK 

Command Phase 

o IMFMI SK I 0 I 0 I 0 I 1 I 0 

IPS I X I x I x I x I HD I DR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Data Length 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

WRITE DATA 

Command Phase 

MT IMFMI 0 I 0 I 0 I 1 I 0 I 1 

IPS I X I X I X I X I HD IDR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Data Length 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

WRITE DELETED DATA 

Command Phase 

MT IMFMI 0 I 0 I 1 I 0 I 0 I 1 

IPS I X I X I X I X I HD I DR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Data Length 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 
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SCAN EQUAL 

Command Phase 

MT IMFMI SK I 1 I 0 I 0 I 0 I 1 

IPS I X I X I X I X I HD I DR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/ Sector 

SCAN LOW OR EQUAL 

Command Phase 

MT IMFMI SK I 1 I 1 I 0 I 0 I 1 

IPS I X I X I X I X I HD I DR11 DRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 



Command Description Table (Continued) 

SCAN HIGH OR EQUAL 

Command Phase 

MT jMFMj SK j 1 j 1 j 1 j 0 j 1 

IPS j X j x j x j x j HD jDRljDRO 

Track Number 

Drive Head Number 

Sector Number 

Number of Bytes per Sector 

End of Track Sector Number 

Intersector Gap Length 

Sector Step Size 

Result Phase 

Status Register 0 

Status Register 1 

Status Register 2 

Track Number 

Head Number 

Sector Number 

Bytes/Sector 

SEEK 

Command Phase 

o I 0 I 0 I 0 j 1 I 1 I 1 I 1 

X j x j x j x j x j x j DRll DRO 

New Track Number 

MSBofTrac~ I 0 I 0 I 0 I 0 

Note 2 

RECALIBRATE 

Command Phase 

SENSE INTERRUPT 
Command Phase 

I 0 I 0 I 0 I 0 000 

Result Phase 

Status Register 0 

Present Track Number (PTN) 

MSNPTN I 0 I 0 I 0 I 0 

Note 2 

SENSE DRIVE STATUS 

Command Phase 

Result Phase 

I Status Register 3 

SPECIFY 

Command Phase 

010101010101111 

Step Rate Time I Motor Off Time 

Motor On Time 

MODE 

Command Phase 

0 0 0 0 

TMR IAF IPS 0 

0 0 0 0 

o I 0 

LW PR 

o I 0 

IDM.A 

0 1 

1 ETR 

0 0 

1 1 0 WLD Head Settle 

0 0 0 0 

Note 3 

SET TRACK 
Command Phase 

o I RG 0 PU 

o 1i=lIwl 1 I 0 I 0 I 0 I 0 I 1 

o I 0 I 1 I 1 I 0 IMSslDRllDRO 

New Track Number 

Result Phase 

I Value 

Note 3 

INVALID COMMAND 

Command Phase 

I Invalid Op Codes 

Result Phase 

Status Register 0 

8·40 

Note 1: The IPS bit is only enabled if the IPS bit 
in the mode command is set. Otherwise this bit is 
a don't care. 

Note 2: Shaded byte only written or read if the 
extended track range mode is enabled in the 
Mode Command (ET) ~ 1. 

Note 3: These commands are additional en
hanced commands. 

Note: Mnemonic Definitions 

X ~ DON'T CARE 

MFM ~ Data Encoding Scheme 

MSN PTN ~ Most Significant Nibble Present 
Track Number 

MT = Multi·Track 

IPS ~ Implied Seek (In individual commands this 
bit is a don't care unless the IPS bit in the mode 
command is set.) 

SK ~ Skip Sector 

HD ~ Head Number 

DRn ~ Drive to Select (encoded) 

TMR = Motor/Head Timer Mode 

IAF ~ Index Address Field 

L W PR ~ Low Power Mode 

ETR ~ Extended Track Range 

WLD ~ Wildcard in Scan 

RG ~ Enables the Read Gate Input on the 
DSKCHG pin for the Data Separator. 

PU ~ Enables Charge Pump PUMP signal to be 
output on the PUMP/PREN pin. 

MSB = Selects whether the most significant or 
least significant byte of the track is read. 1 ~ 
MSB. 

Fl/w ~ Selects whether the track is written or 
read (Read ~ 0, Write ~ 1). 



Comman.d Description 
READ DATA 

The Read Data op-code is written to the data register fol
lowed by 8 bytes as specified in the Command Description 
Table. After the last byte is written, the controller starts 
looking for the correct sector header. Once the sector is 
found the controller sends the data to the ",P. After one 
sector is finished, the Sector Number is incremented by one 
and this new sector is searched for. If MT (Multi-Track) is 
set, both sides of one track can be read. Starting on side 
zero, the sectors are read until the sector number specified 
by End of Track Sector Number is reached. Then, side one 
is read starting with sector number one. 

In DMA mode the Read Data command continues to read 
until the TC pin is set. This means that the DMA controller 
should be programmed to transfer the correct number of 
bytes. TC could be controlled by the ",p and be asserted 
when enough bytes are received. An alternative to these 
methods of stopping the Read Data command is to program 
the End of Track Sector Number to be the last sector num
ber that needs to be read. The controller will stop reading 
the disk with an error indicating that it tried to access a 
sector number beyond the end of the track. 

The Number of Data Bytes per Sector parameter is defined 
in Table VIII. If this is set to zero then the Data Length 
parameter determines the number of bytes that the control
ler transfers to the ",P. If the data length specified is smaller 
than 128 the controller still reads the entire 128 byte sector 
and checks the CRC, though only the number of bytes spec
ified by the Data Length parameter are transferred to the 
",P. Data Length should not be set to zero. If the Number of 
Bytes per Sector parameter is not zero, the Data Length 
parameter has no meaning and should be set to FF (hex). 

If the Implied Seek Mode is enabled by both the Mode com
mand and the IPS bit in this command, a Seek will be per
formed to the track number specified in the Command 
Phase. The controller will also wait the Head Settle time if 
the implied seek is enabled. 

After all these conditions are met, the controller searches 
for the specified sector by comparing the track number, 
head number, sector number, and number bytes/sector giv
en in the Command Phase with the appropriate bytes read 
off the disk in the Address Fields. 

If the correct sector is found, but there is a CRC error in the 
Address Field, bit 5 of ST1 (CRC Error) is set and an abnor
mal termination is indicated. If the correct sector is not 

found, bit 2 of ST1 (No Data) is set and an abnormal termi
nation is indicated. In addition to this, if any Address Field 
track number is FF, bit 1 of ST2 (Bad Track) is set or if any 
Address Field track number is different from that specified in 
the Command Phase, bit 4 of ST2 (Wrong Track) is set. 

After finding the correct sector, the controller reads that 
Data Field. If a Deleted Data Mark is found and the SK bit is 
set, the sector is not read, bit 6 of ST2 (Control Mark) is set, 
and the next sector is searched for. If a deleted data mark is 
found and the SK bit is not set, the sector is read, bit 6 of 
ST2 (Control Mark) is set, and the read terminates with a 
normal termination. If a CRC error is detected in the Data 
Field, bit 5 is set in both ST1 and ST2 (CRC Error) and an 
abnormal termination is indicated. 

If no problems occur in the read command, the read will 
continue from one sector to the next in logical order (not 
physical order) until either TC is set or an error occurs. 

If a disk has not been inserted into the disk drive, there are 
many opportunities for the controller to appear to hang up. It 
does this if it is waiting for a certain number of disk revolu
tions for something. If this occurs, the controller can be 
forced to abort the command by writing a byte to the Data 
register. This will place the controller into the Result Phase. 

TABLE VIII. Sector Size Selection 

Bytes/Sector 
Number 

of Bytes in 
Code 

Data Field 

0 128 
1 256 
2 512 
3 1024 
4 2048 
5 4096 
6 8192 

An interrupt will be generated when the Execution Phase of 
the Read Data command terminates. The values that will be 
read back in the Result Phase are shown in Table IX. If an 
error occurs, the result bytes will indicate the sector being 
read when the error occurred. 

READ DELETED DATA 

This command is the same as the Read Data command 
except for its treatment of a Deleted Data Mark. If a Deleted 

TABLE IX Result Phase Termination Values with No Error 

MT HD 
Last ID Information at Result Phase 

Sector Track 

0 0 < EOT NC 
0 0 = EOT T+1 
0 1 < EOT NC 
0 1 = EOT T+1 
1 0 < EOT NC 
1 0 = EOT NC 
1 1 < EOT NC 
1 1 = EOT T+1 

EOT = End of Track Sector Number from Command Phase 

NC = No Change in Value 

S = Sector Number last operated on by controlier 

T = Track Number programmed In Command Phase 
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Head Sector 

NC S+1 
NC 1 
NC S+1 
NC 1 
NC S+1 
1 1 

NC S+1 
0 1 

B/S 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
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Command Description (Continued) 

Data Mark is read, the sector is read normally. If a Regular 
Data Mark is found and the SK bit is set, the sector is not 
read, bit 6 of ST2 (Control Mark) is set, and the next sector 
is searched for. If a Regular Data Mark is found and the SK 
bit is not set, the sector is read, bit 6 of ST2 (Control Mark) 
is set, and the read terminates with a normal termination. 

WRITE DATA 

The Write Data command is very similar to the Read Data 
command except that data is transferred from the /LP to the 
disk rather than the other way around. If the controller de
tects the Write Protect signal, bit 1 of ST1 (Not Writable) is 
set and an abnormal termination is indicated. 

WRITE DELETED DATA 

This command is the same as the Write Data Command 
except a Deleted Data Mark is written at the beginning of 
the Data Field instead of the normal Data Mark. 

READ A TRACK 

This command is similar to the Read Data command except 
for the following. The controller starts at the index hole and 
reads the sectors in their physical order, not their logical 
order. 

Even though the controller is reading sectors in their physi
cal order, it will still perform a comparison of the header 10 
bytes with the Data programmed in the Command Phase. 
The exception to this is the sector number. Internally, this is 
initialized to a one, and then incremented for each succes
sive sector read. Whether or not the programmed Address 
Field matches that read from the disk, the sectors are still 
read in their physical order. If a header 10 comparison fails, 
bit 2 of ST1 (No Data) is set, but the operation will continue. 
If there is a CRC error in the Address Field or the Data Field, 
the read will also continue. 

The command will terminate when it has read the number of 
sectors programmed in the EaT parameter. 

READID 

This command will cause the controller to read the first Ad
dress Field that it finds. The Result Phase will contain the 
header bytes that are read. There is no data transfer during 
the Execution Phase of this command. An interrupt will be 
generated when the Execution Phase is completed. 

FORMAT A TRACK 

This command will format one track on the disk. After the 
index hole is detected, data patterns are written on the disk 
including all gaps, address marks, Address Fields, and Data 
Fields. The exact details of the number of bytes for each 
field is controlled by the parameters given in the Format A 
Track command, and the IAF (Index Address Field) bit in the 
Mode command. The Data Field consists of the Fill Byte 
specified in the command, repeated to fill the entire sector. 

To allow for flexible formatting, the /LP must supply the four 
Address Field bytes (track, head, sector, number of bytes) 
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for each sector formatted during the Execution Phase. In 
other words, as the controller formats each sector, it will 
request four bytes through either DMA requests or inter
rupts. This allows for non-sequential sector interleaving. 
Some typical values for the programmable GAP size are 
shown in Table X. 

The Format Command terminates when the index hole is 
detected a second time, at which point an interrupt is gener
ated. Only the first three status bytes in the Result Phase 
are significant. 

TABLE X. Gap Length for Various Sector Sizes 
and Disk Types 

Mode 
Sector Sector 

EOT Gap 
Format 

Size Code Gap 

8" Drives (360 RPM, 500 kb/s) 

128 00 1A 07 1B 
256 01 OF OE 2A 

FM 512 02 08 1B 3A 
1024 03 04 47 8A 
2048 04 02 C8 FF 
4096 05 01 C8 FF 

256 01 1A OE 36 
512 02 OF 18 54 

MFM 1024 03 08 35 74 
2048 04 04 99 FF 
4096 05 02 C8 FF 
8192 06 01 C8 FF 

5.25" Drives (300 RPM, 250 kb/s) 

128 00 12 07 09 
128 00 10 10 19 

FM 256 01 08 18 30 
512 02 04 46 87 
1024 03 02 C8 FF 
2048 04 01 C8 FF 

256 01 12 OA OC 
256 01 10 20 32 

MFM 512 02 08 2A 50 
1024 03 04 80 FO 
2048 04 02 C8 FF 
4096 05 01 C8 FF 

3.5" Drives (300 RPM, 250 kb/s) 

128 00 OF 07 1B 
FM 256 01 09 OE 2A 

512 02 05 1B 3A 

256 01 OF OE 36 
MFM 512 02 09 1B 54 

1024 03 05 35 74 

Note: Format Gap is the gap length used only for the Format command. 



Command Description (Continued) 

IBM 
FORMAT 

FM 

MFM 

INDEX PULSE 
o 

GAP SYNC 
40 OF 6 OF 

FF 00 

o 
GAP SYNC 

80 OF 12 OF 
4E DO 

lAM 

FC' 

AM 

~ 

GAP SYNC AM 
26 OF 6 OF 

FF 00 FE' 

GAP SYNC AM 
50 OF 12 OF 

4E 00 
30FI FE 
AI' 

T 
R 
A 
C 
K 

T 
R 
A 
C 
K 

S , 
H E B C GAP SYNC AM DATA C GAP GAP 
E C Y R 11 OF 6 OF Fa· OR R ROGRAM 
A T T C FF DO FB' C ABLE 
0 0 E 

R S 

S , 
AM H E B C GAP SYNC DATA C GAP GAP 

E C Y R 22 OF 12 OF R ROGRAM 
A T T C 4E 00 

130FI FB 
C ABLE 

0 0 E A1. OR 
R 5 F8 

r--INDEXn~~RESS_-I~>I<14f------jII-. ___ ADDRESS FIELD ----~~H_14_----- DATA FIELD -------+1:1 
\<1 .• 1------------ REPEATED FOR EACH SECTOR -----------+1-. 

o I 

ISO 
FORMAT 

Notes: 

FW 

MFW 

GAP 
16 OF 

FF 

o 
GAP 

32 OF 
4E 

FE' ~ Data pattern of FE, Clock pattern of C7 
FC' ~ Data pattern of FC, Clock pattern of 07 
FB' ~ Data pattern of FB, Clock pattern of C7 
Fa' ~ Data pattern of Fa, Clock pattern of C7 
A I' ~ Data pattern of A I, Clock pattern of OA 
C2' ~ Data pattern of C2, Clock pattern of 14 

SYNC 
6 OF 
00 

SYNC 
12 OF 

00 

T 5 , 
AM 

R H E B 
A E C Y 

FE' C A T T 

K 0 0 E 
R 5 

AM T S , 
H E B 

9-
R 

E C Y A 
C A T T 

K 0 0 E 
R 5 

C 
R 
C 

C 
R 
C 

GAP SYNC AM 
11 OF 6 OF FB. OR 

FF 00 m' 

GAP SYNC AM 
22 OF 12 OF 

4E 00 
1
30FI FB A1. OR 

F8 

All byte counts in decimal. 

All byte values in hex. 

DATA C 
R 
C 

DATA C 
R 
C 

CRC uses standard polynomial x16 + xl2 + x5 + I. 

GAP GAP 
ROGRAM 

ABLE 

GAP GAP 
ROGRAM 

ABLE 

TL/F/93a4-IO 

FIGURE 6, IBM and ISO Formats Supported by the Format Command 

SCAN COMMANDS 

The Scan Commands allow data read from the disk to be 
compared against data sent from the ,.P. There are three 
Scan Commands to choose from: 

Scan Equal 

Scan Less Than or Equal 

Scan Greater Than or Equal 

Disk Data = ,.p Data 

Disk Data s; ,.p Data 

Disk Data ~ ,.p Data 

Each sector is interpreted with the most Significant bytes 
first. If the Wildcard mode is enabled from the Mode com· 
mand, an FF(hex) from either the disk or the ,.p is used as a 
don't care byte that will always match equal. After each sec· 
tor is read, if the desired condition has not been met, the 
next sector is read. The next sector is defined as the current 
sector number plus the Sector Step Size specified. The 
Scan command will continue until the scan condition has 
been met, or the End of Track Sector Number has been 
reached, or if TC is asserted. 
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If the SK bit is set, sectors with deleted data marks are 
ignored. If all sectors read are skipped, the command will 
terminate with D3 of ST2 set (Scan Equal Hit). The result 
phase of the command is shown in Table XI. 

TABLE XI. Scan Command Termination Values 

Status 
Command Register 2 Conditions 

D2 D3 

Scan Equal 0 1 Disk = ,.p 
l' 0 Disk *,.p 

Scan Low 0 1 Disk = ,.p 
or Equal 0 0 Disk < ,.p 

1 0 Disk> ,.p 

Scan High 0 1 Disk = ,.p 
or Equal 0 0 Disk> ,.p 

1 0 Disk < ,.p • 
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Command Description (Continued) 

SEEK 

There are two ways to move the disk drive head to the 
desired track number. Method One is to enable the Implied 
Seek Mode. This way each individual Read or Write com
mand will automatically move the head to the track speci
fied in the command. 

Method Two is using the Seek Command. During the Execu
tion Phase of the Seek Command, the track number to seek 
to is compared with the present track number and a step 
pulse is produced to move the head one track closer to the 
desired track number. This is repeated at the rate specified 
by the Specify Command until the head reaches the correct 
track. At this point an interrupt is generated and a Sense 
Interrupt Command is required to clear the interrupt. 

During the Execution Phase of the Seek Command the only 
indication via software that a Seek Command is in progress 
is bits 0-3 (Drive Busy) of the Main Status Register. Bit 4 of 
the Main Register (Controller Busy) is not set. While the 
internal microengine is capable of multiple seeks on 2 or 
more drives at the same time since the drives are selected 
via the Drive Control Register in software, software should 
ensure that only one drive is seeking at one time. No other 
command except the Sense Interrupt Command should be 
issued while a Seek Command is in progress. 

If the extended track range mode is enabled, a fourth byte 
should be written in the Command Phase to indicate the 
four most significant bits of the desired track number. Other
wise, only three bytes should be written. 

RECALIBRATE 

The Recalibrate Command is very similar to the Seek Com
mand. It is used to step a drive head out to track zero. Step 
pulses will be produced until the track zero signal from the 
drive becomes true. If the track zero Signal does not go true 
before 77 step pulses are issued, an error is generated. If 
the extended track range mode is enabled, an error is not 
generated until 3917 pulses are issued. 

Recalibrations on more than one drive at a time should not 
be issued for the same reason as explained in the Seek 
Command. No other command except the Sense Interrupt 
Command should be issued while a Recalibrate Command 
is in progress. 

SENSE INTERRUPT STATUS 

An interrupt is generated by the controller when any of the 
following conditions occur: 

1. Upon entering the Result Phase of: 

a. Read Data Command 

b. Read Deleted Data Command 

c. Write Data Command 

d. Write Deleted Data Command 

e. Read a Track Command 

f. Read ID Command 

g. Format Command 

h. Scan Commands 

2. During data transfers in the Execution Phase while in the 
Non-DMA mode 

3. Internal Ready signal changes state (only occurs imme-
diately after a hardware or software reset). 

4. Seek or Recalibrate Command termination 

An interrupt generated for reasons 1 and 2 above occurs 
during normal command operations and are easily discern-
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ible by the fLP. During an execution phase in Non-DMA 
Mode, bit 5 (Execution Mode) in the Main Status Register is 
set to 1. Upon entering Result Phase this bit is set to O. 
Reasons 1 and 2 do not require the Sense Interrupt Status 
command. The interrupt is cleared by reading or writing in
formation to the data register. 

Interrupts caused by reasons 3 and 4 are identified with the 
aid of the Sense Interrupt Status Command. This command 
resets the interrupt when the command byte is written. Use 
bits 5, 6 and 7 of STO to identify the cause of the interrupt as 
shown in Table XII. 

TABLE XII. Status Register 0 Termination Codes 

Status Register 0 

Interrupt Seek 
Cause Code End 

07 06 05 

1 1 0 Internal Ready Went True 

0 0 1 Normal Seek Termination 

0 1 1 Abnormal Seek Termination 

TABLE XIII. Step, Head Load and Unload Timer 
Definitions (500 kb/s MFM) 

Timer 
Mode 1 Mode 2 

Unit 
Value Range Value Range 

Step Rate (16 - N) 1-16 (16 - N) 1-16 ms 
Head Unload N x 16 0-240 N x 512 0-7680 ms 
Head Load NX2 0-254 N x 32 0-4064 ms 

Issuing a Sense Interrupt Status Command without an inter
rupt pending is treated as an invalid command. 

If the extended track range mode is enabled, a third byte 
should be read in the Result Phase which will indicate the 
four most significant bits of the Present Track Number. Oth
erwise, only two bytes should be read. 

SPECIFY 

The Specify Command sets the initial values for each of the 
three internal timers. The timer programming values are 
shown in Table XIII. 

The Head Load and Head Unload timers are artifacts of the 
fLPD765A. These timers determine the delay from loading 
the head until a read or write command is started, and un
loading the head sometime after the command was com
pleted. Since the DP8473's head load signal is now the soft
ware controlled Motor lines in the Drive Control Register, 
these timers only provide some delay from the initiation of a 
command until it is actually started. Like the DP8474 these 
times can be extended by setting the TMR bit in the Mode 
Command. 

The Step Rate Time defines the time interval between adja
cent step pulses during a Seek, Implied Seek, or Recali
brate Command. 

The times stated in the table are affected by the Data Rate. 
The values in the table are for 500 kb/s MFM (250 kb/s FM) 
and 1 Mb/s MFM (500 kb/s FM). For a 300 kb/s MFM data 
rate (150 kb/s FM) these values should be multiplied by 
1.6667, and for 250 kb/s MFM (125 kb/s FM) these values 
should be doubled. 

The choice of DMA or Non-DMA operation is made by the 
NON-DMA bit. When this bit is 1 then Non-DMA mode is 
selected, and when this bit is 0, the DMA mode is selected. 

This command does not generate an interrupt. 
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Command Description (Continued) 

LOW PWR (LOW PoWeR mode) 

SENSE DRIVE STATUS 

This two byte command obtains the status of a disk drive. 
Status Register 3 is returned in the result phase and con
tains the drive status. This command does not generate an 
interrupt. 

MODE 

This command is used to select the special features of the 
controller. The bits for the command phase bytes are shown 
in the command description table, and their function is de
scribed below. The defaults after a hardware or software 
reset are shown by the "bullets" to the left of each item. 

• TMR = 0 (motor TIMeR): Timers for motor on and motor 
off are defined for Mode 1. (See Specify Command) 
TMR = 1: Timers for motor on and motor off are defined 
for Mode 2. (See Specify Command) 

• 00 Completely disable the low power mode. (default) 

01 Go into low power mode 500 ms after the head un
load timer times out. 

10 Go into low power mode now. 

11 Not Used. 

• IAF = 0 (Index Address Format): The controller will for
mat tracks with the Index Address Field included. (IBM 
Format) 

IAF = 1: The controller will format tracks without includ
ing the Index Address Mark Field. (ISO Format) 

• IPS=O (ImPlied Seek): The implied seek bit in the com
mand is ignored. 

IPS= 1: The implied seek bit in the command is enabled 
so that if the bit is set in the command, a Seek will be 
performed automatically. 

• ETR = 0 (Extended Track Range): Header format is the 
IBM System'34 (double density) or System 3740 (single 
density). 

ETR= 1: Header format is the same as above but there 
are 12 bits of track number. The MSB's of the track num
ber are in the upper four bits of the head number byte. 

• WLD=O (scan WiLD card): An FF(hex) from either the 
"p or the disk during a Scan Command is interpreted as 
a wildcard character that will always match true. 

WLD= 1: The Scan commands do not recognize FF(hex) 
as a wildcard character. 

Head Settle: Time allowed for head to settle after an 
Implied Seek. Time = N x 4 ms, (0 ms-60 ms). (Based 
on 500 kb/s and 1 Mb/s MFM data rates. Double for 
250 kb/s.) 

Typical Performance Characteristics 
Typical Window Margin Performance 
Characteristics at 250 kb/s MFM 

,r-h rr-.. 
~ 

MOTOR SPEIll VARIATION (ll OF NOMINAL) 

TLlF/9384-18 
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PU (PUMP Pulse Output): When set enables a signal 
that indicates when the Data Separator's charge pump is 
making a phase correction. This is a series of pulses. 
This signal is output on the PUMP/PREN pin when this 
bit is set. 

This is intended as a test mode to aid in evaluation of the 
Data Separator. (Default mode is off) 

RG (Read Gate): Like the PUMP output, when this bit is 
set it enables a pin (the DSKCHG pin) to act as an exter
nal Read Gate signal for the Data Separator. This is in
tended as a test mode to aid in evaluation of the Data 
Separator. (Default mode is off) 

SET TRACK 

This command is used to inspect or change the value of the 
internal Present Track Register. This could be useful for re
covery from disk mis-tracking errors, where the real current 
track could be read through the Read 10 command and then 
the Set Track Command can set the internal present track 
register to the correct value. 

The first byte of the command contains the command op
code and the R/W bit. If the R/W bit is low, a track register 
is to be read. In this case, the result phase contains the 
value in the internal register specified, and the third byte of 
the command is a dummy byte. 

If the R/W bit is high, data is written to a track register. In 
this case the 3rd byte of the command phase is forced into 
the specified internal register, and the result phase contains 
the new byte value written. 

The particular track register chosen to operate on is deter
mined by the least significant 3 bits of the second byte of 
the command. The two LSB's select the drive (DR1, ORO), 
and the next bit (MSB) determines whether the least signifi
cant byte (MSB=O) or the most significant byte (MSB=1) 
of the track register is to be read/written. When not in the 
extended track range mode, only the LSB track register 
need be updated. In this instance, the MSB bit is set to O. 

This command does not generate an interrupt. 

INVALID COMMAND 

If an invalid command (i.e., a command not defined) is re
ceived by the controller, the controller will respond with STO 
in the Result Phase. The Controller does not generate an 
interrupt during this condition. Bits 6 and 7 in the Main 
Status Register are both set to one's indicating to the proc
essor that the Controller is in the Result Phase and the 
contents of STO must be read. When the system reads STO 
it will find an 80(hex) indicating an invalid command was 
received. 

Typical Window Margin Performance 
Characteristics at 500 kb/s MFM 

-- --~ 
WOTOR SPEED VARIATION (x OF NOMINAL) 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vecl 4.5 5.5 V 
Distributors for availability and specifications. 

Operating Temperature (T A) 0 +70 'C 
Supply Voltage (Vecl -0.5Vto +7V 

DC Input Voltage (VIN) -0.5VtoVee + 0.5V ESD Tolerance: CZAP = 100 pF 
2000 V 

DC Output Voltage (VOUT) -0.5VtoVee + 0.5V RZAP = 1.5 k!1 

Storage Temperature Range (T STG) - 65'C to + 165'C 

Package Power Dissipation (PD) 750mW 

Lead Temperature (T Ll 
(Soldering, 10 seconds) 260'C 

IVee-VeeAI 0.6V 

DC Electrical Characteristics Vee = 5V ± 1 0% unless otherwise specified (Note 3) 

Symbol Parameter Conditions Min Max Units 

VIH High Level Input Voltage (except OSC2/CLK) 2.0 V 

VIL Low Level Input Voltage (except OSC2/CLK) 0.8 V 

liN Input Current (except OSC pins) VIN = Vee or GND ±10.0 p.A 

leeA Average VeeA Supply Current VIN = 2.4V or 0.5V, 10 = 0 mA 
20.0 mA 

(Note 4) 

Quiescent VeeA Supply Current VIN = Vee or GND, 10 = 0 mA 
100 p.A 

in Low Power Mode (Note 4) 

lee Average Vee Supply Current VIN = 2.4V or 0.5V, 10 = 0 mA 
20.0 mA 

(Note 4) 

Quiescent Vee Supply Current VIN = Vee or GND, 10 = 0 mA 
100 /LA in Low Power Mode (Note 4) 

OSCILLATOR PINS (OSC2/CLK) 

IlL OSC2 Input Current (OSCl = GND) VIN = Vee or GND -1.6 mA 

VIH OSC2 High Level Input Voltage OSCl = GND 2.4 V 

VIL OSC2 Low Level Input Voltage OSCl = GND 0.4 V 

MICROPROCESSOR INTERFACE PINS (DO-D7, INT, DAK, TC, DRQ, RD, WR, CS, AD-A3) 

VOH High Level Output Voltage lOUT = -20 p.A Vee - 0.1 V 
lOUT = -4.0 mA 3.5 V 

VOL Low Level Output Voltage lOUT = 20 p.A 0.1 V 

lOUT = 12 mA 0.4 V 

loz Output TRI·STATE® Leakage VOUT = VeeorGND 
±10.0 p.A 

Current 

DISK DRIVE INTERFACE PINS 
(MTRO-3, DRO-3, WDATA, WGATE, RDATA, DIR, HDSEL, TRKO, WRTPRT, RPM, STEP, DSKCHG,INDEX) 

VH Input Hysteresis 250 Typical mV 

VOL Low Level Output Voltage lOUT = 40 mA 0.4 V 

ILKG Output High Leakage Current VOUT = Vee or GND ±10.0 /LA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: These DC Electrical Characteristics are measured staticly, and not under dynamic conditions. 

Note 4: Icc is measured with a 0.1 ~F supply decoupling capacitor to ground. 
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PRELIMINARY 

Phase Locked Loop Characteristics Vee = 5V ± 10%, FXTAL = 24 MHz unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

VREF SETCUR Pin Reference Rl = 5.6 k!1, Vee = 5V 
1.1 V 

Voltage 

Kveo VCO Gain (Note 5) tDATA = l,...s ±10% 25 Mrad/slV 

Rl Recommended Pump 
3-12 k!1 

Resistor Range 

Kp(UP) Charge Pump Up Current Rl = 5.6k!1 
2.50 (none) 

Gain (IREF/lpCUP) (Note 6) 

Kp(DWN) Charge Pump Down Current Rl = 5.6k!1 
2.25 (none) 

Gain OREF/lp(DWN» (Note 6) 

KpLL Internal Phase Locked Loop DP8473-1 (Rl = 5.6 k(1) 
Gain (Note 7) Pump Up 58 75 90 Mrad 

Pump Down 54 70 82 Mrad 

DP8473-2 (Rl = 5.6 kn) 
Pump Up 48 75 100 Mrad 
Pump Down 44 68 92 Mrad 

Tsw Static Window Max Early Max Late 
(Note 8) DP8473-1 (Rl = 5.6 k(1) 

250 kb/s 1050 850 ns 
300 kb/s 840 710 ns 
500 kb/s 530 425 ns 
1.0 Mb/s 265 215 ns 

DP8473-2 (Rl = 5.6 k(1) 
250 kb/s 1100 800 ns 
300 kb/s 920 670 ns 
500 kb/s 560 400 ns 
1.0 Mb/s 275 200 ns 

Nole 5: The veo gain is measured allhe 1.0 Mb/s dala rale by forcing Ihe data period over a range from 900 ns 10 1100 ns, and measuring Ihe resulting voltage 
on the filter pin. The best straight line gain is fit to the measured points. 

Note 6: This Is the current gain of the charge pump. which is defined as the output current divided by the current through R,. 

Nole 7: This is Ihe producl of: VREF X Kp X KvcO. Thelolal varialion in Ihis specificalion indicales Ihelotalloop gain variation contributed by the internal circuitry. 
The Kvco portion of this specification is measured at the 1.0 Mb/s data rate by forcing the data period over a range of 900 ns 10 1100 ns, and measuring the 
resultant Kvco. Kp is measured by forcing the Filter pin to 2.1 V and measuring the ratio of the charge pump current over the input current. 

Nole 8: The DP6473 is guaranteed to correctly decode a single shifted clock pulse at the end of a long series of non·shifted preamble bits as long as the single 
shifted pulse is shifted less than Ihe amounl specified in T SW. The length of the preamble is long enough for the PLL to lock. The filter components used are those 
in Table II. 

• 
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AC Electrical Characteristics 
MICROPROCESSOR READ TIMING 

AO-A2,OAK X 
_tAR tRR tRA-=.J 

Cs,Rii 

-tAOR ~'''j ~tORj 
00-07 VALID DATA :: 

. ~tRI=L 
INT 

TLlF/9384-11 

Symbol Parameter Min Max Units 

tAR Address Valid prior to Read Strobe 10 ns 

tRA Address Hold from Read Strobe 0 ns 

tRR Read Strobe Width 90 ns 

tRD Read Strobe and Chip Select to Data Valid 90 ns 

tADR Address Valid to Read Data 100 ns 

tDR Data Hold from Read Strobe to High Impedance 5 30 ns 

tRI Clear INT from Read Strobe 50 ns 

MICROPROCESSOR WRITE TIMING --AO-A2,OAK X -----: 
I+tAW ~I tWA~ tww "I 

Cs,WR \. I 
I+-t AOW 

t -=*-twoj 

00-07 t ':LlOOATA 

~tWI=L 
INT 

TL/F/9384-12 

Symbol Parameter Min Max Units 

tAW Address Valid to Leading Edge of Write Strobe 10 ns 

tWA Address Hold from Write Strobe 0 ns 

tww Write Strobe Width 80 ns 

tADW Address Valid to Trailing Edge of Write Strobe 110 ns 

tDW Data Setup to End of Write Strobe or Chip Select 65 ns 

tWD Data Hold from Write Strobe 0 ns 

tWI Clear INT from Write Strobe 50 ns 
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AC Electrical Characteristics (Continued) 

OSC2/CLOCK AND RESET TIMING 

tH tL 

CLOCK 

RESET 
,pt

RW=1 
TLlF/93B4-13 

Symbol Parameter Min Max Units 

tH Clock High Time 16 ns 

tL Clock Low Time 16 ns 

tRW Reset Pulse Width 100 ns 

DMA TIMING (Note 9) 

ORQ --J \. 
_t AO-! 

tM_ 

OAK r-
-tOA-

-RD OR WR \. / 
taR 

'. tTQ j tTTL 
TC 

TL/F/93B4-14 

Symbol Parameter Min Max Units 

tAO End of ORa from OAK 75 ns 

tOA OAK Assertion from ORa 0 ns 

tM OAK Pulse Width 90 ns 

taR ORa to Read or Write Strobe 0 ns 

tn TC Strobe Width 50 ns 

tTO Time after Last ORa That 
(Note 10) 

TC Must Be Asserted By 
ns 

Note 9: OMA Acknowledge is sufficient to acknowledge a data transfer. Read or Write Strobes are neccessary only if data is to be presented to the data bus. If 
Read/Write Strobes are applied, then they and the Acnowledge must be removed within 1 p.s of each other. 
Note 10: TC is is the terminal count pin which terminates the data transfer operation. There are several constraints placed on the timing of TC. 1) TC is enabled by 
OAK, so TC must be pulsed while OAK is low. 2) TC must occur before «1/data rate x 8) - 1 p.s). Data rate Is the exact data transfer rate being used. 

DRIVE READ TIMING 

ROATA L1lILJ111J 
tRDW ---.j ~ 

TL/F/93B4-15 

Symbol I Parameter I Min I Max I Units 

tROW 1 Read Data Pulse Width I 50 I I ns • 
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AC Electrical Characteristics (Continued) 

DRIVE WRITE TIMING 

HOSEL ---, r 
~tHDS-1 ~tHDH-1 

WGATE I I 
H (NOTE 11) H (NOTE 11) 

WDATA LIUUlflJ 
two --1 r--

TL/F/9384-16 

Symbol Parameter Conditions Min Max Units 

two Write Data Pulse Width 250 kb/s (MFM) 500 ns 
300 kb/s (MFM) 416 ns 
1.0 Mb/s 500 kb/s(MFM) 250 ns 

tHOS Head Select Setup to Write Gate Assertion 10 ,",S 

tHOH Head Select Hold from Write Gate 4 ,",S 

Note 11: Whenever WGATE is asserted the WOATA line is active. At the end 01 each write one dummy byte Is written belore WGATE Is deasserted. 

DRIVE TRACK ACCESS TIMING 

rNDEX I I 
~trw~ 

Wii-U U 
H-tORV toRVfi 

ORD-3,MTRO-3 I r 

orR I I 
~tDST~ j+-PROGRAMMABLE + t DH---.j 

STEP U U 
~ I+-tSTP 

TL/F 19384-17 

Symbol Parameter Min Max Units 

tOST Direction Setup prior to Step 6 '"'S 

tOH Direction Hold from End of Step 1 step time 

tSTP Step Pulse Width 8 '"'s 

trw Index Pulse Width 100 ns 

tORY Drive Select or Motor Time from Write Strobe 100 ns 
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AC Test Conditions (Notes t1,12,13) Capacitance T A = 25'C, f = 1 MHz (Note 14) 

Input Pulse Levels GNDto 3V Symbol Parameter Typ Units 
Input Rise and Fall Times 6ns 

CIN Input Capacitance 5 pF 
Input and Output Reference Levels 1.3V 
TRI-STATE Reference Levels Active High - O.5V COUT Output Capacitance 8 pF 

Active Low + O.5V Note 14: Thl. parameter is not 100% tested. 

Note 11: CL = 100 pF, Includes Ilg and .cope capacitance. 

Nota 12: 51 = open for push-pull outputs. 51 = Vee for high impedance to 
active low and active low to high Impedance measurements. 51 = GND for 
high impedance to active high and active high to high Imepedance measure-
ment •• RL = 1.0 kn for IlP Interface pin •. 

Note 13: For the Open Drain Drive Interface Pins 51 = Vee and RL = 
150n. 

V 
-~ S1 

t,·,·, -, 1 
RL 

DEVICE 
INPUT~ UNDER OUTPUT 

TEST 

~ CL 

~ 
TL/F/9384-20 

• 
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CHAPTER 1 DISK DRIVE TECHNOLOGY-OVERVIEW 

1.0 INTRODUCTION-WINCHESTER 
DRIVES 
From the start, digital computers have required some form 
of data storage as an adjunct to their relatively sparse main
storage facilities. Some of the early forms of storage were 
punched cards, paper tape and the magnetic tape storage. 
This was the principal storage medium, until faster-transfer, 
higher-capacity media became available and a direct link 
was established between the computer's main memory and 
the mass storage device. This link was the rotating memo
ries, commonly referred to as disks. 

Disk technology started a quarter-century ago, with the in
troduction of a large cumbersome fixed disk unit with 50 
rotating surfaces 24" in diameter, a single read/write head 
assembly, 600 ms seek time and a modest capacity of 5 
megabytes. Half a decade later, capacities had increased 
by tenfold. Multiple head assemblies, one for each surface, 
introduced the concept of a "cylinder", providing simulta
neous access to multiple tracks, one above the other, with a 
single head movement. Packing densities increased, result
ing in increased storage capacity up to 100 megabytes. 
Head designs became more sophisticated; bits per inch in
creased by an order of 10; tracks per inch doubled. 

Contamination-free Winchester technology was introduced 
by IBM in 1973. In addition to a controlled environment that 
eliminated dust collection on the disk surface, Winchester 
innovations included lightly loaded heads, an oriented iron
oxide coating to support higher flux reversal densities, and a 
silicone or wax coating that permitted heads to slide directly 
on the surface during "takeoff" and "Ianding"-eliminating 
the need for complex head loading mechanisms. The Win
chester technology offers a number of advantages; device 
reliability, data integrity, faster transfer rates and a broader 
range of capacities. By the early 80's, fixed disk 14" Win
chester capacities were approaching 600 megabytes. 
Drives with capacities of 3 to 6 gigabytes are now on the 
immediate horizon. Winchester innovations also served as 
the springboard for miniaturized rigid disk systems. First 
came compact single or double-platter, non-removeable 
14" units with capacities down to 10 megabytes. Then 
around 1975 the 8" Winchesters appeared, closely followed 
by the 5%" units, suitable for smaller desktop computers. 
Today the market boasts of a continuous spectrum of small 
to medium Winchester sizes: 3Y., 5%, 8, lay. and 14 
inches. Capacities begin at 5 Mbytes to 900 Mbytes. 

The disk drive consists of one or more platters and heads, 
and the control mechanism with its aSSOCiated electronics. 
The disk is essentially a platter made of aluminum or other 
base material, coated with iron-oxide or other magnetizable 
material. Each side of the disk consists of a number of thin 
annular regions called tracks. Each track is divided into 
blocks referred to as sectors. Data and other identification 
information is stored in the sectors. There are two types of 

9-3 

sectoring: hard sectored discs and soft sectored discs. The 
hard sectored discs have sectors demarcated by the manu
facturer and are identified by a sector pulse at the start of 
each sector while the soft sectored discs have only an index 
pulse signifying the start of a track. 

The more recent hard disk drives have a number of platters 
on the same spindle, with one head per surface. In such 
cases similar track position on each platter constitutes a 
cylinder, e.g. cylinder a is the cylinder corresponding to 
track a on both sides of all the platters. The reading or writ
ing of data is accomplished by the read/write head. This 
head is positioned on the required track by the drives posi
tioning control system. This process is commonly referred 
to as seeking and is usually less than 17 ms. The quantity of 
data that can be stored on a disk depends on how much of 
its surface area is magnetized for the storage of a bit. On a 
typical low cost Winchester disk track densities are around 
400 tracks per inch, while flux densities range around 9000 
flux transitions per inch (implying recording densities of 
9000 bits per inch). The rate at which data is written on the 
disk or read from it is termed as transfer rate and ranges 
from 5 Mbits/sec to 24 Mbits/sec and greater. The speed at 
which a particular sector is found for the writing or reading 
of data is gauged by the access time. First the head must be 
positioned over the proper track referred to as seek time. 
Then the proper sector of the track must come under the 
head which is referred to as the latency time. These are 
some of the common terms associated with the disk drive 
system. 

The disk selection process is a function of several factors 
like storage capacity, upward mobility, transfer rate, etc. 
Data capacity is, perhaps, the most difficult decision to 
make in the selection process. All questions, present and 
future, must be considered in the context of the application. 
A fail, safe option, of course, would be to select a drive 
design with enough potential capacity to meet any future 
storage requirements. Disk technology has been striving to 
increase capacity, with future increases taking the form of 
increased data densities. There is considerable room for 
growth. Better head and disk material techniques are being 
used to raise track densities. Higher track densities have 
resulted in replaCing the head positioning stepper motors by 
solenoid type "voice coil" actuators with theoretically infi
nite track following resolution. Developments in disk tech
nology can also influence the transfer rate. The transfer rate 
directly affects system throughput. It is the average transfer 
rate that counts, and again this is a function of the applica
tion. 

If write/read accesses are scattered because of varied rea
sons, track-seeking and sector-searChing delays will reduce 
the effective transfer rate to a fraction of the theoretical 
value determined from data density and rotational speed. A 
series of application-dependent cost-performance tradeoffs 
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must be individually evaluated. Higher rotational speeds re
duce the latency time as the system waits for a desired 
sector to pass under the write/read heads. Multiple heads 
reduce both the number of head repositions and the dis
tance that must be travelled. Lower cost stepper motor ac
tuators are normally open loop-moving the heads from 
track to track at a constant, relatively slow rate. Voice coil 
actuators are more expensive but inherently faster, acceler
ating and decelerating in response to feedback signals from 
a closed loop servo system. 

1.1 DISK STORAGE BASICS 
Magnetic writing-the recording of data in a magnetic medi
um, is based on the principle that if a current flows in a coil 
of wire, it produces a magnetic field. The field is largely 
confined in a ring-shaped core of magnetic material, around 
which the wire is wound. A narrow slot is cut in the magnetic 
material and the field in the vicinity of the slot magnetizes 
the magnetic medium on the disk surface. Thus it creates 
alternating north-south magnets in the coated surface of the 
rotating disk. Thereby data is written, refer to Figure 1.1(a). 
The head that writes the data can also be used to read it. 
This is done based on the principle of induction wherein a 
voltage is induced in an open circuit (like a loop of wire) by 
the presence of a changing magnetiC field. In the case of a 
head positioned above a spinning magnetic disk on which 
data has been written, the magnetic fields emanate from the 
magnetized regions on the disk. During the time the head is 
over a single magnetized region, the field is more or less 
uniform. Hence no voltage develops across the coil that is 
part of the head. When a region passes under the head in 
which the magnetization of the medium reverses from one 
state to the other, i.e. a flux reversal, there is a rapid change 
in the field, developing a voltage pulse, refer to Figure 
1.1(b). In this way the digital data are read as an analog 
signal, which can be readily converted back to digital form. 
The shape of this pulse and its ability to be recovered de
pends on various spacings. Figure 1.1(c) shows the spread 
of the coupling effect as a function of the width of the read
head gap and, equally important, the distance from the gap. 
The latter is, in turn, a function of both the head-surface 
separation and the depth of the flux reversal within the mag
netic coating. 

The quality of liVriting and reading of data depends of course 
on the magnetic properties of both the medium in which the 
data are stored and the head that writes and reads them. 
The common method of disk manufacture is to coat an alu
minum disk with a slurry containing the gamma form of iron 
oxide. The iron atoms in the needle-like particles have their 
own minute magnetic fields and act like bar magnets with a 
dipole. The overall magnetization in any given regiOn of the 
disk is the sum of the fields of these particles within it. 

The core of most read/write' heads is a ceramic conSisting 
of spHerical ferrite particles. The design of the head must 
conform to the design of the disk. In the case of the floppy 
disk(or flexible disket), which is a thin sheet of mylar plastic 
on which the gamma form of iron oxide is coated, the head 
makes contact 'with the surface, resulting in higher error 
rates and greater wear of the medium. In high performance 
disk drives, the magnetic medium is the coating 01) a rigid 
aluminum disk, and the head is kept from touching the medl
tim by the so-called air-cushion effect. Consider a head that 
is nearly in contact with the surface of a hard disk spinning 
at 3600 revolutions per minute. If the length of the head 
along the direction of relative motion is two orders of magni
tude longer than the separation between the head and the 
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(c) Output as a Function of Saturation 

FIGURE 1.1 Flux Reversals as They Relate to "Writing 
To" and "Reading From" the PlaHer 

medium, the flow of air between the head and the medium 
provides support for a head weighing up to several grams. 
Therefore because of the high cost of producing a hard disc 
along with its large storage capacity, it is used even if it has 
a bad track or sector while a floppy could be discarded. The 
bad sector is detected by using error checking and correc
tion codes. 



Optical Disk Technology 
Disk drive improvements have resulted in faster data rates 
caused by increasing the density of the magnetic particles 
for greater storage. In the case of rotating magnetic memo· 
ries, the strength of the signal depends on the strength of 
the medium's remnant magnetization. Recent advances in 
laser technology have resulted in digital optical disks be· 
coming the last word in data storage and retrieval. Here, the 
laser beam itself provides the energy, hence the head is not 
in contact with the medium and it is protected, resulting in 
reduced errors and minimum medium wear. The advantages 

offered by optical disk technology are increased storage ca· 
pacity, long data life, low cost per bit, noncontact read/write 
and easy physical mass replication. The optical disks initially 
developed could be written to only once. Read/write optical 
technology is being developed. Applications for optical 
disks are many and varied. On the interface level it is no 
different from Winchester drives and SCSI seems to be one 
of the most suitable of several possible choices. Another 
magnetic disk technology, "vertical" recording, is done with 
north·south magnetic poles perpendicular to the disk sur· 
face instead of end·to·end along the track. 

FM & MFM Codes 

NRZ MESSAGE DATA, 
101l-blts/. i-""""i---! 
NRZI CODE, I 
10M-blt./. ~ ___ .... 

CLOCK, I 
101l-blt./. 

FloC CODE, 20 tot-bRo/., I 
NRZI 

IoCFII CODE, 10 M-bRo/s, 
NRZI : I ' 

!.J ~I.tIN ~ 

t=100 •• 
nME OR DISTANCE 

, , 
I I I I I 

0:10:01,00'10,0 

I I I I I 

9 :10 11 :12 13 :14 15 :16 17 :18 19:20 

4 5 (0,2) GCR Code 

MFII CODE 
101l-bRo/. 

IIESSAGE DATA 
10.BM-bRo/. 

~(O. 2) GCR CODE 
13.5M-bHs/s 

11 

FIGURE 1.2 (a). FM, MFM and GCR Encoding 
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IIFII CODE 
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IIESSAGE DATA 
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i (1,7) RLL Code 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

3*' IIORE DATA IN SAllE 
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1 '2 (2,7) RLL Code 
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t 
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IIESSAGE DATA 0 
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,tt, 
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I-TMIN-I 
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FIGURE 1.2 (b). RLL Encoding Schemea 
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1.2 DATA ENCODING/DECODING 
Disk Data Encoding is the specific technique by which data 
is written to the disk, whereas decoding of data is necessary 
while reading from the disk. Data encoding removes the 
need of having clock information added to the track. Encod
ing also assists the controller in resynchronizing the data to 
the correct byte alignment, by allowing code violations for 
special data and address marks on the track. Considering 
the demand for ever-increasing data densities, it is under
standable that the selection of a particular code is based 
largely on the efficiency with which flux reversals are con
verted into binary information, ZEROs and ONEs. In the 
ideal case, there should be the fewest flux reversals relative 
to the number of data bits they represent. Ideally, too, the 
code itself should provide its own "clock" for identifying the 
bit-cell intervals. Lacking this feature, a separate clock track 
may be required--or an extremely accurate oscillator must 
be provided to maintain the bit-cell divisions during intervals 
without flux reversals. The two requirements tend to be con
tradictory. An efficient code in terms of flux reversals will not 
be self-clocking. A self-clocking code will be wasteful of flux 
reversals. Nearly all of the widely used codes represent a 
compromise between these two extremes. Figure 1.2(a) 
shows details of FM, MFM and GCR encoding schemes, 
while Figure 1.2(b) shows details of some RLL encoding 
schemes. The commonly used encoding methods are dis
cussed below in brief. 

NRZ (NON-RETURN TO ZERO) 

This is a telecommunication code and by far the most effi
cient. "Zero" refers to the transmission signal level. Instead 
of discrete pulses for each data bit, the signal rises or falls 
only when a ZERO bit is followed by a ONE bit or a ONE by 
a ZERO. NRZ coding reduces signal bandwidth by at least 
half. It also requires precise synchronization between 
source and destination in order to maintain bit cell divisions 
during the transmission of long strings of ZEROs or ONEs. 
NRZ could be used to transmit serial data to or from a mag
netic recording device, disk or tape. But the extended inter
vals which can occur between flux reversals limit its useful
ness as a recording technique. 

NRZI (NRZ CHANGE ON ONEs) 

This is the next most efficient code. It is widely used for tape 
recording and, to an increasing degree, disk recording. All 
ONEs are clocked, but special steps must be taken to com
pensate for the absence of flux reversals during strings of 
ZEROs. In the case of parallel-bit recording (tape), parity-bit 
ONEs serve as clock when all other bits in the byte are 
ZERO. In the case of serial-bit recording, data can be con
verted to RLL code (discussed below) which restricts the 
number of successive, unclocked ZEROs. 

PE (PHASE ENCODED) 

This is the least efficient of the coding methods but is com
pletely self-clocking. The direction of a flux reversal at the 
middle of each cell indicates whether the bit is a ZERO or a 
ONE. Either one or two flux reversals occur, therefore, dur
ing each bit cell interval. The effect is to shift the "phase" of 
the Signal by 180 degrees each time there is an NRZ type 
transition between ZEROs and ONEs. 

FM (FREQUENCY MODULATION) 

The FM method of encoding is equivalent to the PE tech
nique and was the first choice for early disk-recording sys
tems. It is generally only used for older floppy drives. Every 
bit cell interval is clocked by a flux reversal at the start of the 
cell. ONEs are marked by an additional flux reversal at the 
middle of the cell, doubling (modulating) the frequency 
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of flux reversals for a series of ONEs compared to a series 
of ZEROs. A constant bit cell reference, provided by the 
clock bit, simplifies encoding and decoding with this 
scheme. 

MFM (MODIFIED FREQUENCY MODULATION 
ENCODING) 

With available head and media technology, MFM encoding 
is the most easily implemented encoding scheme and by far 
the most popular for floppy drives. It is used in the IBM 
System/34 and in available double-density LSI controller 
chips. MFM encoding doubles the data capacity over FM by 
eliminating the clock transitions (used in FM encoding) with 
data bits, refer to Figure 1.2(b). Clock bits are still used, but 
are written only when data bits are not present in both the 
preceding and the current bit cell. As a result there is a 
maximum of one flux change per bit cell. Clock bits are writ
ten at the beginning of the bit cell, while data bits are written 
in the middle of the bit cell. 

To decode data bits in MFM encoding, a data separator 
must generate a data window and a data window comple
ment for a clock window. Because not every bit cell has a 
clock pulse, the data/clock windows cannot be timed from 
the clock pulse. Instead, the data separator must continu
ously analyze the bit position inside the windows so that the 
data/clock windows remain synchronous with the datal 
clock bits. Ideally, the clock transitions should appear at the 
center of the window. However, clock edges data bits can 
shift due to bit-shift effects. Present LSI controller chips can 
handle the drive interface, double density encoding func
tion, and bit-shift pattern detection and compensation. Na
tional's DP8466 takes care of all these functions and needs 
only the data separator DP8465. Despite these constraints, 
disc controller design for MFM is simpler than that for either 
of the following encoding schemes. 

M2FM RECORDING SCHEME (MODIFIED-MODIFIED 
FREQUENCY MODULATION ENCODING SCHEME) 

Until recently, M2FM has been used as a double density 
encoding scheme, because the resolution of the medium 
and the read/write head was not adequate for the sizes of 
data window used in MFM. In M2FM, a clock is written only 
if no data or clock bit is present in the preceding bit cell, and 
no data bit occurs in the current cell. Because clock pulses 
are relatively isolated on the medium, the effect of bit shift 
on clock pulses is minimal. Therefore, a narrower clock win
dow can be used to decode the clock pulse. The width of 
the data window can thus be increased by 20%, which al
lows more margin for shifted data bits. Today's ceramic
based read/write heads have much better resolution than 
those used in the past. This head design reduces the ef
fects of bit shift, and makes the window margin provided by 
M2FM unnecessary. Additionally, M2FM is subject to a 
droop problem, which occurs in the read amplifier circuit 
when a low frequency pattern is read. 

GCR (GROUP CODED RECORDING) 
ENCODING SCHEME 

GCR encoding evolved from methods used in magnetic 
tape recorders. This method translates four data bits into a 
5-bit code during a write. During a read, the 5-bit code is 
retranslated to four data bits; no clock bits are generated. 
Using data rates specified by drive manufacturers, this 
scheme is less dense than MFM. This method requires 
more circuits to code and decode, requiring necessary look
up tables, and costs more than either of the other two en
coding schemes. For example; 1101 is encoded into a serial 
bit stream 01101 according to GCR encoding rules. To de-
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code, a data window is generated around the expected po
sition of each bit. The result is serial read data of 01101, 
which must be decoded to 1101 by lookup tables. 

RLL (RUN LENGTH LIMITED) ENCODING SCHEMES 

These recently popular encoding schemes are used in big 
14" drives from IBM, CDC and DEC, and are starting to 
make an appearance in the small 5%" drive market. The 
RLL encoding schemes have an excellent encoding effi
ciency, up to 50% higher than MFM. It is, however, consid
erably more complex to generate, requires a much better 
data separation unit to recover recorded data and is more 
suceptible to wider error bursts. The encoding rules for RLL 
depend on the RLL scheme chosen. The most common one 
is the 2,7 RLL code which refers to the maximum number of 
consecutive Os, refer to Figure 1.2(b). A standard encoding 
tree is defined and the data is encoded on the basis of 
those rules, as shown in Figure 1.3. The data bit stream is 
taken and the encoding tree is traversed, starting at the 
root, where the nodes traversed are the data bit stream in 
the sequence they arrive. On reaching the leaf of the tree, 
the code there is then the 2,7 RLL code for that data 
stream, e.g. if there is a data stream 100011010, then on 
traversing the tree, a data bit stream of 10 has a code of 
0100, while the next bits 0011 are encoded as 00001000. 

o (00100100) 
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FIGURE 1.3. Encoding Tre_2,7 RLL Code 

1.3 MEDIA FORMATTING 
Media formatting provides the user with a reliable means of 
data retrieval using the magnetic recording surface of the 
track. There are many different formats but most of them 
are variations of the same basic structure. The formatting 
process is different for hard sectored and soft sectored 
disks. in hard sectored disks the sectors are defined by the 
manufacturers because the start of each sector is identified 
by the sector pulse generated by the drive. in soft sectored 
disks the drive issues only an Index pulse at the beginning 
of the track and the user can define all details of how infor
mation will be stored on the track, allowing more flexibility. 
Figure 1.4 shows the basic format used. It consists of two 
segments-the ID segment and the data segment. The ID 
segment contains unique header information for the sector 
and the data segment contains the actual data. When the 
system requests a particular sector on a disk, the head must 
be positioned over the selected track, and the desired sec
tor on that track must be found. This requires electronics to 
lock on to the data stream and then decode it. The begin
ning of a track is indicated by the Index pulse while the 
beginning of the sector is indicated by the sector pulse. This 
is followed by gap before the start of the sector on the track, 
which is referred to as the Post Index/Sector Gap. The 
explanation of the various fields are given below: 

1.3.1 10 Segment 
PREAMBLE OR PLL SYNCH FIELD 

This is a field of repetitive clocked data bits usually 1 0 to 13 
bytes long. The preamble normally will be all zeroes of NRZ 
data (encoded as 1010 •.. in MFM). During the ID preamble, 
the Signal Read Gate will go active, indicating that the in
coming data pattern has to be locked on to. 

WRIT1[N OR READ 
ANY nilE 

stCTOR. \0 
SECTOR siD I 

SECTOR. DATA 
SECTOR. DATA 
DATA SEGIotENT 

, ---
f-----------------------------IOSEGIotE~-----------------------------+ 

----HEADER FlELD -----

HEAD 
NUIIBER 

DATA 

------------------------------DA~SEGIIENT-------------------------------

FIGURE 1.4. Typical Sector Format Showing the Various Fields Within the 10 and Data Segments 
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ADDRESS MARK FIELD 

Address Mark (AM) is required on soft sectored drives to 
indicate the beginning of a sector, because this type of drive 
does not have a sector pulse at the ,start of each sector. 
This address mark byte contains a missing clock code viola
tion, typically in MFM. The violation is detected by circuitry 
to indicate the start of a sector. The first decoded byte that 
does not contain all Os after the preamble will be the ad
dress mark. The first 1 to be received is then used to byte 
align after the all zeroes preamble. Some formats have one 
10 address mark byte, while others have several. 

10 SYNCH FIELD 

For a hard sectored disk, byte alignment begins with the 
synch field that follows the preamble. The Synch bytes con
stitute a bit pattern that enables control circuitry to deter
mine the byte boundaries of the incoming data, bit synchro
nization. Synch field usually follows the address mark on 
soft sectored drives and the AM is used for byte alignment 
also. Some formats use two synch fields: synch # 1 and 
synch #2. 

HEADER FIELD 

The Header Field format varies between drive types, but 
typically has two cyclinder number bytes, a sector number 
byte, and a head number byte. It is generally 3 to 6 bytes 
long and one of the bytes may contain bits for bad sector or 
bad track recognition. 

HEADER CRC/ECC FIELD 

CRC (Cyclic Redundancy Checking) code or ECC (Error 
Checking and Correcting) code is appended to the header 
field. If CRC is used it consists of two bytes of the standard 
CRC-CCITT polynomial. The code detects errors in the 
header field. If ECC code is used, it is normally the same 
ECC polynomial that is used for the data field. This append
age is basically a protection field to make sure that the 10 
field contains valid information. 

POSTAMBLE 

This field may be used to give the disk controller time to 
interpret the data found in the 10 field and to act upon it. It 
provides slack for write splicing that occurs between the 10 
and Data segment. A Write splice occurs when the read/ 
write head starts writing the data field. A splice is created 
each time a sector's data segment is written to. The slight 
variations in the rotational speeds cause the first flux 
change to occur in different pOSitions for each write opera
tion. It also allows time in a write disk operation for the read/ 
write circuitry to be switched from read to write mode. Final
ly it allows time for the PLL circuit to re-Iock on to a fixed 
reference clock before it returns to synchronize to the pre
amble of the data field. 

1.3.2 Data Segment 
PREAMBLE FIELD 

The Data Preamble field is necessary when reading a sec
tor's data. It ensures that the PLL circuit locks on to the 
Data segment data rate. Initially, the 10 segment and the 
data segment of every sector will be written when formatting 
the disk, but the Data segment will be written over later. Due 
to drive motor speed variations within the tolerance speci
fied, the 10 and Data segments will have slightly different 
data rates because they are written at different times. This 
implies that the PLL must adjust its frequency and phase in 
order to lock on to the data rate of the Data segment before 
the incoming preamble field has finished. Hence the need 
for a second preamble field in the sector. 
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DATA ADDRESS MARK FIELD AND DATA SYNCH FIELD 

Following the Data Preamble will be the Data Address Mark 
for soft sectored drives, and Data synch, both similar to the 
10 segment equivalents. 

DATA FIELD 

The Data field is transferred to or from external memory. It is 
usually from 128 bytes to 64 kbytes per sector. 

DATA CRC/ECC 

A CRC/ECC appendage usually follows the Data field. 
CRC/ECC generating (when writing to the disk) and check
ing (when reading from the disk) are performed on the Data 
field. Errors may therefore be detected, and, depending on 
the type of error and if an ECC polynomial is used, they may 
also be corrected. 

DATA POSTAMBLE FIELD 

This has the same function as the 10 Postamble field. 

GAP FIELD 

This is sometimes referred to as Gap 3, and is the final field 
of the sector. It allows slack between neighboring sectors. 
Without this gap, whenever a data segment is written to a 
sector, any reduction in drive motor speed at the instance of 
writing to the disk would cause an overlap of the data seg
ment and the succeeding 10 segment of the next sector. 
This field is only written when formatting the disk. 

A final gap field is added from the end of the last sector until 
the INDEX pulse occurs and this gap is often termed Gap 4. 
It takes up the slack from the end of the last sector to the 
Index pulse. 

1.4 THE DISK SYSTEM-DRIVE AND 
CONTROLLER 
The Disk system essentially consists of two main paths: 
1 )the Disk Data Path, 2) the Disk Control Path, refer to Fig
ure 1.5. The disk control path is responsible for contrOlling 
the disk drive with respect to positioning the head at the 
desired track and control the associated control signals 
(these are a function of the disk interface). The various disk 
interfaces are discussed later. The other component of the 
Disk System is the Disk Data Path which is responsible for 
data transfer from and to the disk. 

1.4.1 Reading Data from the Disk 
Reading data from the disk to the system memory is a com
plex process and involves a number of operations enroute, 
as shown in Agure 1.6(a). To initiate a read operation-a 
command is sent to the disk drive indicating the track and 
sector from which data is to be read. The seek operation 
moves the head to the desired track on the disk. Eventually 
the desired sector is identified by the header 10 segment 
and the various fields are checked depending on the format
ting rules used. The flux reversals are recorded by the head 
and are of the order of 500 microvolts. These pulses are 
then amplified by the read/write amplifier to about 10 mV. 
The signal from the read/write amplifier when reading a disk 
is therefore a series of pulses with alternating polarity. 
These pulses are passed through a Pulse Detector, like the 
DP8464. Electrically, these peaks correspond to flux rever
sals on the magnetiC medium. The Disk Pulse Detector ac
curately replicates the time pOSition of these peaks. The 
Disk Pulse Detector utilizes analog and digital circuitry to 
detect amplitude peaks of the signal received from the 
read/write amplifier associated with the heads of disk 
drives. A TTL compatible output is produced which on the 
positive leading edge indicates a signal peak. 

Z 
~ .... 
Co) 



~ r-----------------------------------------------------------------------------~------~ .... ..,. 
z 
III( 

The raw data coming from the pulse detector consists of 
composite clock and data bits depending on the encoding 
scheme used. This encoded data has to be synchronized 
and decoded. These functions are performed by the Data 
Separator, like the DP8465. Due to bit shifting and distortion 
of the read pulses, the Pulse Detector issues non-synchro
nous pulses. For reliable decoding this jittery bit stream 
must be synchronized. The data separator has a Phase 
Locked Loop which attempts to lock on to the bit stream 
and synchronize it. 

In hard sectored drives, the sector pulse indicates the be
ginning of the sector. Normally the preamble pattern does 
not begin immediately, because gap bytes from the preced
ing sector usually extend just beyond the sector pulse. Al
lowing two bytes to pass after the sector pulse helps ensure 
that the PLL will begin locking on to the preamble and will 
not be chasing non-symmetrical gap bits. For soft sectored 
drives, the controller normally will not wait for the Index 
pulse before it attempts lock-on. Chances are the head will 
not be over a preamble field and therefore there is no need 
to wait two bytes before attempting lock-on. 

Disk Data Controller In a Disk System 

ST506 
FLOPPY EXTENSION 

INTERFACE 

I 
I 

~ 
I 
I 
I 
I ... 
I 
I 
I 

..... 
... 

DATA 
SEPARATOR 

DATA 
ENCODER 

SMD OR ESDI OR 
ANSI X3.101 INTERFACE 

I 

I ... 
I .... 

I 

I 

I 

DISK DATA PATH 
ELECTRONICS 

LOCAL / MAIN BUS 

..L .... 
.... ... 

..L --.. 
.... ... 

DISK DATA 
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.... I ..... .. 
.... I .... ... 

I 

I 
I .. 
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MEMORY 

FIGURE 1.5. Disk System-Data and Control Paths 
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Having locked-on to the bit stream the data synchronizer 
circuit must first determine the nominal position of clock and 
data bits and then generate an appropriate clock and data 
window that is centered around the bit positions. However 
there are many causes for bits to shift from the position 
where they are written. Erroneous data could be issued if bit 
jitter is beyond the tolerance computed. Therefore, special 
design considerations must be given to the type and resolu
tion of the Data Separator used in reading data bits from the 
disk. The more accurately the bit position can be deter
mined and the tighter the resolution of the data window, the 
lower is the soft error rate of the disk. Essentially the Data 
Separator's Phase Locked Loop locks on to the basic fre
quency of data bits read from the disk, and determines nom
inal bit positions for data and clock bits by sampling every 
bit (clock and data). It uses the phase relationship between 
a bit and its window to vary the position of the window. By 
sampling each bit, the phase-lock loop determines the 
phase error between a bit and the frequency being generat
ed. To determine the nominal bit position around which to 
center the window, the data separator must track data bit 
frequency changes, yet ignore jitter. In this manner, even if 
an unpredictable bit shift occurs, the data separator can 
adjust the window's position to compensate for the change. 
Otherwise the shifted bit could be positioned outside the 
window. To remain within the typical error rate specified by 
the system, not more than 1 in 1010 bits can appear outside 
the window. With the present media technology, only a data 
separator based on an analog phase-lock loop technique 
can provide the necessary reliability. 

Once the bit stream read from the disk has been synchro
nized and decoded to NRZ data, it is directly sent to the 
Disk Data Controller block, DOC, like the DP8466. In the 
DOC, the serial data is converted to parallel data (in terms 
of bytes), by the deserializer block. The main task is to rec
ognize the byte boundaries accurately. In soft sectored 
drives this can be done by detecting a "missing clock" sig
nal, which provides a fixed reference in the bit stream to set 
the byte boundary. Upon receipt of this signal the divide-by
eight circuit is set, to allow subsequent stages of the con
troller to acquire the bytes correctly. Hard sectored drives 
use a preset bit pattern in the synch field to determine byte 
alignment. Once the data is in parallel form it is stored in a 
temporary register in the controller. Transfer of data from 
this register to the system memory is achieved by DMA (Di
rect Memory Access) transfer. In this fashion data are read 
from the disk and transferred to the system. 

1.4.2 Writing Data to the Disk 
The process of writing data to the disk is similar to the read 
operation in the reverse direction, with some changes. The 
write operation is initiated after the appropriate Seek com
mand has been issued to the drive and the head is posi
tioned over the desired track/sector. Figure 1.6(b) shows 
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the basic write path blocks. Data is transferred from the 
system to the Controller using the DMA. The parallel data is 
converted to serial data by the serializer in the controller. 
This operation is conceptually easier to do, as the controller 
already has the right byte boundaries in the data and knows 
exactly where to insert the address mark. Most disk Control
lers, like National's DP8466, provide either NRZ encoded 
data or MFM encoded data. 

As mentioned in the previous section, predictable bit shift 
effects result from normal read/write head operation. Data 
are written when the read/write head generates a flux 
change in the media. In reading, a current is induced into 
the read/write head when a flux transition on the medium is 
encountered. The current change is not instantaneous, 
since it takes a finite time to build up to the peak and then to 
return to zero, refer to Figure 1.7(a). If flux transitions are 
close together, the signal buildup after one flux transition 
declines, but it does not reach zero before a second tran
sition begins. So when the flux changes are detected> by the 
read/write head the peaks are shifted. A negative flux 
change, for example, may appear late because it has been 
added to the remnant of a positive transition. Narrower 
spacing between bits results in greater bit shift on the inner 
tracks. Hence compensation is needed on the inner tracks 
to minimize bit shift while no compensation is required on 
the outer tracks as bit shift is negligible, Figure 1.7(b). Two 
methods currently being used are precompensafion and 
postcompensation. 
With precompensation, bits are deliberately shifted in the 
direction opposite to that of the expected shift. As data are 
being written, the controller detects bit patterns. From these 
bit patterns, the controller calculates which bit will shift in 
which direction. For example, a 4-bit pattern of 0110 on an 
inner track would cause the third bit to appear a few nano
seconds later than its nominal position. The controller chip, 
after detecting this late bit shift pattern, would generate an 
early Signal, indicating that the third bit should be written 
earlier to make it appear closer to its nominal position when 
read. Conversely, if the third bit were going to appear early, 
a late signal would be generated so that the bit could be 
written later. How early or late the bit should be written is a 
function of its position in the data pattern, track position, 
and media, among other factors. Most Controllers provide 
signals to indicate what type of compensation is necessary. 
External circuitry is used to provide the actual delay as 
shown in Figure 1.7(b). 

The encoded precompensated data is then sent to the 
read/write amplifier where the stream of pulses is recorded 
on the disk as magnetic flux reversals. Postcompensation 
can be used when reading, usually as filter components 
around the pulse detector. 
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FIGURE 1.7. Bit Shifting 

1.4.3 DMA (Direct Memory Access) 
Transfer/Data Buffering 
The DMA block is responsible for the transfer of data be· 
tween the host system and the disk controller. This is done 
because it is inefficient to dedicate a special communication 
channel to the task of transferring data between the disk 
controller and the system. The DMA system takes control of 
the control lines associated with a system's address and 
data buses, and exercises them in such a way as to transfer 
data in an appropriate direction from one device to another. 
It is also generally optimally efficient in using the available 
bus bandwidth whenever it is on the bus. The DMA capabili· 
ty is built-in for some disk controllers while in some an exter
nal one is required. National's DP8466 supports a single or 
dual channel DMA with capability of using an external DMA 
instead, if desired. 
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Data buffering is the temporary storage of some or all of the 
data to be transferred between the disk and the system 
memory. Any centrally intelligent system benefits from mini
mizing the bus occupancy. This is because the system has a 
lot of other tasks to perform, and if the bus is too heavily 
used, the system will miss performing some timely tasks. 
Therefore to prevent this, the data from the disk is trans
ferred to a FIFO (First In First Out buffer). In a dual-DMA 
system, the local channel transfers the data from the FIFO 
to a local buffer memory while the remote DMA channel 
optimally transfers data from the local to the remote main 
memory over the system bus. This minimizes bus bandwidth 
use by the Disk 1/0 channel. The size of the FIFO is a 
function of different factors like: 1) the rate at which the 
system picks up the blocks of data, 2) the data rate from the 
disk and, 3) the burst transfer rate of the DMA. The way this 
is incorporated may differ in disk controllers. The buffer 
memory optimizes bus bandwidth. A system utilizing a single 
channel DMA would transfer data from the FIFO directly to 
the Host. 

1.4.4 Error Detection/Error Correction 
There are a number of factors which contribute to disk er
rors, viz. electrical noise, crosstalk, inadequately erased sig
nals from previous recording, ofitrack error in positioner, pin 
holes, inclusions, media thinning, and pattern induced er
rors. Of these, media defects are permanent errors. In gen
eral, ECC (error checking and correcting code), ensures reli
able data storage and recovery. Generation of the ECC 
polynomial involves a detailed understanding of the mathe
matics of coding theory, and a cookbook approach to de
signing ECC logic. The basic idea behind ECC is the con
cept of irreducible polynomials. Take an irreducible polyno
mial (prime) and multiply it by the data pattern. Store the 
resulting remainder on the disk after all the data has been 
sent through the polynomial, Figure 1.8(a). When reading 
the data back, divide the data coming off the disk into the 
polynomial. The reciprocal of the result should be equal to 
the check bytes on the disk, Figure 1.8(b). If not, there is an 
error. The way error correction works is shown in Figure 
1.8(c). If there were no errors, then the sequence follows 
the straight path and the shift register contains all zeroes. If 
an error occurred, then at the pOint of occurrence the se
quence vectors off, and at the end the shift register contains 
the pattern which caused the error. This helps in tracing 
back to the point of occurrence. The correction span is the 
number of contiguous bits in error which could be corrected. 
The probability of miscorrection is given by; 

Pmc = (2(0-1» x S/2A 

where C = correction span in bits 

S = no. of bits in the sector 

A = no. of bits in ECC appendage 

Some codes have a higher miscorrection probability due to 
pattern sensitivities. A 48-bit ECC with an 11-bit correction 
span is recommended for 1,7 or 2,7 Run Length Limited 
encoded disks, while for MFM a 32-bit ECC with a 5-bit 
correction span results in low miscorrection probabilities. 
There are different types of codes: 
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FIRE CODES 
Used in older systems and some current chips on the mar
ket. Fire codes have a high miscorrection probability related 
to double-burst errors (errors at two locations separated by 
more than the detection span) and 'are not recommended 
by National. Some examples of fire codes are: 

32-bit FIRE CODE 

48-bit FIRE CODE 

56-bit FIRE CODE 

(X21+ 1).(x11 +x2+ 1) 

(xI3 + 1)·(x35+x23+x8+x2+ 1), 

(X22 + 1).(x11 +x7 +xS+x+ 1)' 

(xI2+x11 + ... +x2+x+ 1)' 
(xII +x9+x7+x6+x5+x+ 1) 

COMPUTER GENERATED CODES 
These have a very good reliability and are specifically cho
sen to guarantee not miscorrecting a specified worst case 
double burst error. The reliability can be calculated by the 
equation for miscorrection probability. National recom
mends the use of these codes for disk systems. 

DOUBLE BURST REED SOLOMON CODES 
Reed Solomon codes can handle longer bursts, multiple 
burst error (two burst error within a sector) correction capa
bility and would be necessary for use with some optical me
dia because of the high error rates. Typically RS codes for 
optical media are as long as a quarter of the sector. An 
example of the Reed Solomon code is given below. 

(x + a5).{x + a6).(x + a7).(x + a8).(x + a9) 

'How Error Detection Works 

~DATAD_1T__::~~;;:;~-.I~/ 4! CRC/ECC ~L:..J ~ 
DATA 

WRmEN TO DISK I ECC/CRC! DATA 

(a) Writing to Disk 

~ = Q~otient + Remainder' 
Polynomial (Discard) (append as ECC) 

TL/F/8663-16 
(b) Reading From Disk 

;;:,Da",ta,::-:+..;,R;;;.em",a",in.;.;d"",er = __ D_ata_ + _Re_m_ai_nd_er 
Polynomial Polynomial Polynomial 

Remainder 
= Polynomial = .p 

If CRC Read = CRC Written 

= 0 {ZERO IlfJECT} 
TUF/8663-17 

SEQUENCE WITH ERROR 
(101 ERROR) 

,-----------------~~-
SEQUENCE WITH ERROR 
(1011 ERROR) 

~----------------------------

ERROR AT 
BIT N IN 
RECORD 

COUNts SHIFTS TO FIND LOCATION 
OF ERROR PATIERN IN SHIFT REGISTER 

(c) How Correction Works 

FIGURE 1.8. ECC/CRC 
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CYCLIC REDUNDANCY CODE 

These can only detect errors and will not correct. They are bits affected and number of distinct bursts, the important 
generally used for header appendage and in floppy drives. measure being the guaranteed value. 
The most widely used code is the CRC-CCITT code given Correction Ability: The ability of the ECC to restore errone-
below. ous data to its original state. Again, like the detection ability, 

CRC-CCITT 16 bit x16 + x12 + x5 + 1 this is measured as number of bits and number of bursts, 

Selecting the correct CRC/ECC is a function of the parame- the important measure being the guaranteed value. 

ters being evaluated. Operating Environment: This involves factors like encod-

Detection Ability: The ability of the CRC/ECC to detect ing scheme, data rate, data block size, technology on disk, 

errors in the data transferred, measured as the number of product environment, and compatibility. 

DATA SEPARATOR CONTROLLER SYSTEt.t 

I DISK#1 ~~ DATA DDC t.tAIN 
SEP. &: SYS 

LOCAL ,....... -
J'P 

I I -
DISK#2 r- r--

I DISK#3 l-
I 

1 2 3 
TUF/8663-19 

(a) CONCEPTUAL REPRESENTATION OF THE DISK SYSTEM WITH POTENTIAL INTERFACE POINTS, 
1 = ST506/ST412; 2 = ESDI, SMD; 3 = SCSI, IPI 

Interface Year Data Rate Connectors Drives Status 

SMO· 1975 :S:15 Mb/s 60-Pin, 26-Pin Hi Perf 8" , 14" Upgrading Now 

SA1000 1978 4.3 Mb/s 34-Pin, 20-Pin Low Cost 8" Limited Future 

ST506 1980 5 Mb/s 34-Pin, 20-Pin Most 5%" , 3%" Still Popular 

ST412HP 1983 10 Mb/s 34-Pin, 20-Pin Low Cost 8" 

ESDI· 1983 10-15 Mb/s 34-Pin, 20-Pin Mid-Hi Perf 5%" New Standard 

Future 1985-6 24 Mb/s 34-Pin, 20-Pin Hi-Perf 5%" , 8" 

·Data separator on the drive. 

(b) POPULAR HARD DISK DRIVE INTERFACES 

Interface Year Data Rate Data Bus CTLBus System Status 

SASI 1981 :S:1-2 Mb/s 8-Bit + P 9-Bit Low-End Superseded by SCSI 

SCSI 1982 :S:1-2 Mb/s 8-Bit + P 9-Bit Low/Mid-End ANSI Standard 
Asynchronous 

SCSI 1984 :S:4 Mb/s 8-Bit + P 9-Bit Mid-End Recent ANSI Standard 
Synchronous 

IPI-3 1984 :S:10 Mb/s 8-Bit + P 6-Bit High-End Almost ANSI Standard 
16-Bit + 2P 

(c) POPULAR INTELLIGENT DISK SYSTEM INTERFACES 

FIGURE 1.9. Drive Interface Standards • 
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i 1.5 THE DISK DRIVE CONTROL PATH 

The disk drive control path essentially consists of the vari
ous control Signals defined by the drive interface for drive 
control and data path control. The control path in a disk 
system has a number. of potential interface points, Figure 
1.9(a). The popular hard disk drive interfaces which define 
the physical connections of the controller with the drive are 
given in Figure 1.9(b). These are at the interface points 1 
and 2. At these pOints data is still in the serial format. With 
the advent of sophisticated controllers many Intelligent disk 
system interfaces have come into being, Figure 1.9(c). 
These essentially incorporate the complete controller on 
the drive and interface to the outside world, through an 8- or 
16-bit standard bus, interface specific. The physical inter
face with the disk is usually one of the standard hard disk 
drive interfaces mentioned in Figure 1.9(b). 

INTERFACE STANDARDS 

Interface standards are the definition of the connection be
tween parts of the disk unit, controller, and system. Interfac
es can be defined on several levels, viz. 

• Electrical specification of signal levels. 

• Timing relationships between signal lines. 

• Physical specification of cabling, connectors etc. 

• Functional specifications of tasks the standard performs. 

• Command descriptor speCification of the standard. 

Some interface standards require only a subset of the 
above definition categories. For example, there is no neces
sity for a command descriptor segment to the ST506 de
facto standard, as no provisions are made for command 
communication other than the simple control lines de
scribed In the functional speCifications. 

Standards are importa,nt as they allow numerous manufac
turers to cater to the same market segment, thus creating 
healthy competition. For example, the ST506 interface is an 
Industry standard simply because it is being used by a lot of 
drive manufacturers. The factors which affect the choice of 

HOST 

CONTROLLER 

I---

DATA 
SEPARATOR 

the standard are: data rate, flexibility, popularity, perform
ance, and cost. 

1.5.1 Popular Hard Disk Drive Interfaces 
There are a number of disk interface standards. It is impor
tant to realize the implications of the various contenders for 
the interface point. For example, if the data separator is 
placed on the drive, the cost of the drive Increases, the cost 
of the controller board decreases, the speed of the interface 
can increase if desired, but the system has to cope with this 
increase. Some of the most commonly used standards (disk 
interfaces) are discussed briefly in the following sections. 

FLOPPY DISK INTERFACE 

This is a relatively "dumb", single connector, serial data and 
control interface. There are two lines which carry the read! 
write data, and several control signals. This interface is posi
tioned at point 1 in Figure 1.9(a). The data rate for such 
interfaces is comparatively slow, around 100 to 500 kBits 
per second and the data capacity of floppy disks is not very 
large. The head is positioned by issuing step pulses to the 
drive. Read and write operations are initiated by asserting 
signals called Read Gate or Write Gate . 

INTERFACE SIGNALS 

Head load, Index, Sector (hard sectored drives only), 
Ready, Drive Select (usually 4), Step, Direction, Write Gate, 
Track 0, Write protect. 

ST506/ST412 DISK INTERFACE STANDARD 

This is also sometimes referred to as the floppy extension 
interface and is one of the most commonly used interface 
standards. The data rate is defined to be 5 Mbits per sec
ond, and the code is MFM. The interface is divided into two 
cables-a 34-pin control cable and a 20-pin data cable. The 
control cable allows for a daisy chain connection of up to 
four drives with only the last drive being terminated, Figure 
1.10. The data cable must be attached In a radial configura
tion. This interface is at point 1 and, hence, the data separa
tor is a part of the controller. 

CONTROL 
JI 

J2 DRIVE 1 

- J3 GROUND TAB 

- JI 

J2 DRIVE 2 

'"' 
I- J3 GROUND TAB 

I- JI 

J2 DRIVE 3 

I- J3 GROUND TAB 

- JI 

J2 DRIVE 4 

....... - J3 GROUND TAB 
DC VOLTAGES-

FRAME GND -
(a) Typical Connection, 4 Drive System 

FIGURE 1.10. ST506/412 Configurations 
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FIGURE 1.10. ST506/412 Configurations (Continued) 
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Functional Operatl9ns 

DRIVE SELECTION 

Drive selection occurs when one of the DRIVE SELECT 
lines is activated. Only the selected drive will respond to the 
input signals, and only that drive's output signals are then 
gated to the controller interface. 

TRACK ACCESSING 

Read/Write head positioning is accomplished by: 

a) Deactivating WRITE GATE line. 

b) Activating the appropriate DRIVE SELECT line. 

c) Being in the READY condition with SEEK COMPLETE 
true. 

d) Selecting the appropriate direction. 

e) Pulsing the STEP line. 

Each step pulse will cause the head to move either one 
track in or one track out depending on the level of the direc
tion line. A low level on the DIRECTION line will cause a 
seek inward toward the spindle, a high, outward toward 
track O. Some drives have buffered seeks where the drive 
stores the pulses until the last one is received, then exe
cutes the seek as one continuous movement. 

HEAD SELECTION 

Any of the heads can be selected by placing the head's 
binary address on the Head Select lines. 

READ OPERATION 

Reading data from the disk is accomplished by: 

a) Deactivating the WRITE GATE line. 

b) Activating the appropriate DRIVE SELECT line. 

c) Assuring the drive is READY. 

d) Selecting the appropriate head. 

WRITE OPERATION 

Writing data onto the disk is accomplished by: 

a) Activating the appropriate DRIVE SELECT line. 

b) Assuring the drive is READY. 

c) Selecting the proper head. 

d) Insuring no WRITE FAULT conditions exist. 

e) Activating WRITE GATE and placing data on WRITE 
DATA line. 

Electrical Interface 

The interface to the ST50S/ST412 family can be separated 
into three categories, each of which is physically separated. 

1. Control Signals. 

2. Data Signals. 

3. DC Power. 

All control lines are single ended and digital in nature (open 
collector TIL) and either provide signals to the drive (input) 
or signals to the controller (output) via interface connection 
J1/P1. The data transfer signals are differential in nature 
and provide data either to (write) or from (read) the drive via 
J2/P2. Figure 1.10 shows the connector pin assignments 
for this interface. 

Since the data separator is on the controller, the ST50S/ 
ST412 drive must have a transfer rate of 5 M bit/sec. The 
bit density cannot be increased as the data rate and disc 
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rotational speed are fixed. The only way to increase drive 
capacity is to increase the number of tracks, which does not 
allow large increases of capacity. Despite this limitation, it 
has a strong future as it moves into lower cost systems and 
smaller 3'12" drives. 

ST412 HP INTERFACE 

This standard was designed to provide an upgrade path 
from the ST50S and is very similar. This interface is also at 
point 1. The main differences from the ST50S family are: 

• One additional control line in the daisy chain ... Recov-
ery mode. 

• Reduced write current is not part of the interface. 

• The data rate is 10 Mbits/sec. 

• The encoding scheme is not tightly specified, but sug
gested to be MFM. 

• The maximum repetition rate of step pulses has been 
increased. 

The major benefit of this interface is the higher data rate 
compared to ST50S drives, however, a much more careful 
design is needed to keep the bit error rate the same and for 
this reason may not be popular. Since the data separator is 
located on the controller, the data transfer rate must be 
exactly the 10 Mbits/sec rate and still be MFM encoded. 

Recovery Mode 

Recovery mode has been added in response to higher track 
density. It is asserted by the controller in response to bad 
data. In this mode the controller issues up to eight step 
pulses, and the drive steps through its own micro positioning 
algorithm. After each pulse, the controller tries to reread 
data and, if it fails again, after the eighth try it abandons the 
procedure. This drive interface emerged as higher data rate 
embellishment to the ST 412. 

ESDI (ENHANCED SMALL DEVICE INTERFACE) 

This interface is at point 2 on Figure 1.9. This standard was 
a proposal by Maxtor Corporation, subsequently modified by 
an experienced working committee, and is finding growing 
acceptance largely because it is a sensible proposal. It has 
control and data cables like the ST50S/412 interface but 
adds a driver and receiver on the data cable for the clock 
information, as shown in Figure 1.11. The implication is that 
the data separator resides on the drive, which means fewer 
design problems for drive users, and that certain status and 
command information is transmitted in serial, which means 
more control circuitry on both sides of the interface. The 
data rate is allowed to be several frequencies, dependent 
upon options, with the maximum rate probably reaching 24 
Mbits/sec. 

Features 

• Low cost, high performance interface suitable for small
er, high performance drives. 

• Two protocols supported: serial and step mode. 

• Supports up to 7 drives in the serial mode and 3 drives in 
the step mode. 

• Maximum data rate of 24 Mbits/sec. 

• Supports cable lengths of up to 3 meters. 

• Serial mode of operation utilizes NRZ data transfer along 
with serial commands and serial configuration and status 
reporting across the command cable. 



• Step mode implementation utilizes the same NRZ data 
transfer; however, the step and direction lines are used 
to cause actuator motion. Hence, with this mode configu
ration and status reporting are unavailable over the inter
face. 

The ESDI interface puts the data separator on the drive and 
its output is NRZ data with a synchronous clock. This results 
in the data rate, and therefore the bit density, not being 
rigidly defined. The controller speed is governed by the syn
chronous clock coming from the drive, not from a data sepa
rator as in the ST 412/ST506 interfaces. The drive is code 
independent as the data across the interface is always NRZ 
(or decoded) format. This enables the use of codes like RLL 
which put more data on the disk for the same bit density 
(flux reversals per inch). Moreover the use of NRZ encoding 
results in decreased errors due to electrical transients on 
the interface cable. This lowers practical bit error rates and 
allows the use of higher speeds. 

HOST 

~~ CONTROL 

DATA 

CONTROLLER DATA 

llc r 
2 

C 
~ 
~ 

NC 
~ DATA 

~ 

DC VOLTAGES-

'" " 
(RADIAL) 

FRAME GROUND 

Step Mode 

The ESDI step mode is essentially similar to the step mode 
in the ST506/412 family of drives, except for the NRZ data 
transfer. Only two of the seventeen signals change function 
in the control cable between ESDI step and ST412HP. 
READ GATE being added is the important change which 
enables the data separator on the drive to the controller. 
The data cable is considerably different. Differential drivers 
and receivers are used for Signals like Write Clock and Read 
Clock and a few single ended lines are added like Cartridge 
Changed (for tapes) and other lines like Seek Complete, 
Index etc. The step mode pulse timings are comparable to 
that of the ST412HP. This enables switching between the 
two interfaces under software control, in the controller de
sign. 

r;: Jl "-
~ 
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".0 "\. 
~ 

=~ Jl "-r 
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"n. " .~ 
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~ 
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".0. " ~ 

.&. NOTE: IN STEP MODE, MAXIMUM NUMBER OF DRIVES = 3 
IN SERIAL MODE, MAXIMUM NUMBER OF DRIVES = 7 
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(a) Typical Connection, Multiple Drive System 

FIGURE 1.11. ESDI (Enhanced Small Device Interface) 
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(b) Data Cable (J2/P2) Signals (Disk Implementatlon-Serlal Mode) 
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(c) Control Cable (JlIP1) Signals (Disk Implementation-5erial Mode) 

FIGURE 1.11. ESDI (Enhanced Small Device Interface) (Continued) 
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Serial Mode 

Serial mode ESDI is a definite improvement over the inter
faces discussed. As the name implies, communication from 
the controller to the drive takes place on the COMMAND 
DATA line of Jl/Pl in conjunction with the handshake sig
nals TRANSFER REQUEST and TRANSFER ACKNOWL
EDGE. Communication from the drive to the controller takes 
place on the CONFIG-STATUS line of Jl/Pl in conjunction 
with the handshake signals. Each bit of the 16-bit command 
or status word is handshaked across the interface. The 
hardware changes between EDSI serial and step modes, 
have several control lines redefined. The disk drive's micro
processor interprets commands like SEEK (seek to a cylin
der), RECALIBRATE (seek to track 0), REQUEST STATUS 
and REQUEST CONFIGURATION, which provide the con-

IF WRITE CLOCK 

READ CLOCK 

READ CLOCK 

WRITE CLOCK 

WRITE DATA 

CONTROLLER UNIT SELECTED 

SEEK END 

INDEX 

SECTOR 

(GND) 

B = Cable 

troller with standard status and configuration information of 
the drive like the number of heads, number of tracks, sec
tors per track, bytes per track, command data parity fault, 
write fault etc. Hence the controller can configure itself to 
the drive connected to it and can send the data to the host if 
desired. Thus ESDI serial mode offers big benefits and is 
rapidly gaining popularity in higher performance hard disk 
drives. 

STORAGE MODULE (SMD) INTERFACE 
(ANS X3.91M 1982) 

The Storage Module Interface was originated by Control 
Data Corporation around 1972. It has been extremely popu
lar with 8" -14" drives. However, as it is expensive and 
hardware intensive and because of competition due to ESDI 
and SCSI, it is not very popular with 51,4" drives. Figure 1.12 
gives the data and control cable assignment. 

2 14 

5 17 

3 16 

6 19 

8 20 

22 9 DRIVE 

10 23 

12 24 

13 26 

1,4,7,11,15,18,21,25 

TL/F/1Ili83-2B 

(b) Data Cable 

FIGURE 1.12. Storage Module (SMD) Interface (ANS X3.91M 1982) 
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CONTROLLER 

A - Cable 

LOW HIGH 
UNIT SELECT TAG 52 22 

UNIT SELECT 1 53 23 

UNIT SELECT 2 54 24 

UNIT SELECT 4 56 26 

TAG 1 31 1 

TAG 2 32 2 

TAG 3 33 3 

TAG 4 60 30 

UNIT SELECT 8/TAG 5 57 27 

BUS 0 34 4 

BUS 1 35 5 

BUS 2 36 6 

BUS 3 37 7 

BUS 4 38 8 

BUS 5 39 9 

BUS 6 40 10 DRIVE 

BUS 7 41 11 

BUS 8 42 12 

BUS 9 43 13 

STATUS 0 49 19 

STATUS 1 47 17 

STATUS 2 46 16 

STATUS 3 45 15 

STATUS 4 58 28 

STATUS 5 50 20 

STATUS 6 46 18 

STATUS 7 55 25 

OPEN CABLE DETECT 44 14 

BUSY 51 21 

POWER SEQUENCE PICK 29 

POWER SEQUENCE HOLD 59 

TlIF/8683-27 

Cc) Control Cable 

Storage Module CSMD) Interface CANS X3.91M 1982) (Continued) 
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Features 

• Bit serial digital data transfer (Data Separator in drive) 

• Relatively high transfer rate (9.67 Mbits/s is common in 
older 14" drives and newer B" drives, new 10.5" and 
14" drives are typically about 15 Mbits/s) 

• Dominant de-facto standard for 14" OEM disk drives; 
virtual basis of OEM disk controller industry. Widely used 
by minicomputer system manufacturers. 

• Differential signals 

• 23 required plus 8 optional control bus signals, 7 required 
plus 2 optional read/write cables 

• Parallel control bus, but radial read/write cables, one per 
drive 

• Incorporates error recovery facilities 

• Includes power sequencing for multiple units 

• Approved ANS X3.91 1982 

1.5.2 Intelligent Disk System Interfaces 
These are high level interfaces which result in the complete 
disk controller being situated on the drive and the interface 
to the host is through a special bus. Their chief advantage is 
nearly complete device transparency to system hardware 
and software, also lower system overhead for disk control 
and higher speeds. A well defined protocol is used for com
munication with the host system. Some of the popular Intel
ligent disk system interfaces are discussed below in brief. 

SHUGART ASSOCIATES SYSTEM INTERFACE (SASI) 

SASI was introduced by Shugart around 1980. The overall 
objective was to make it easier for computer systems 

to talk to disk drives. SASI defines the logical level and all 
lower interface levels, down to the 50-pin connectors and 
ribbon cable. Eighteen lines are used for signals, nine for 
data and nine for control. The data lines consist of a single 
octet with an odd parity bit. The control lines include a two
wire handshake and various lines to put the bus in different 
transfer modes or phases. The interface is always in one of 
the five phases: 

Bus Free, Arbitration, Selection, Reselection, Data 

Eight devices are allowed but only one host or "initiator" is 
allowed. So a maximum SASI system will consist of an Ini
tiator and seven target devices. All signals in the interface 
are open collector driven. The ANSI standard version of this 
interface is the SCSI (Small Computer System Interface). 

SMALL COMPUTER SYSTEM INTERFACE (SCSI) 

The Small Computer System Interface (SCSI) was formed 
from the SASI framework and ANSI has standardized it un
der X3T9.2. The interface consists of a single cable that is 
daisy-chained to other SCSI units. It will accommodate not 
only disk'drives but also tapes, printers and other devices 
and is potentially a universal peripheral port for small sys
tems. The SCSI system could potentially be a single initiator 
- single target system or a single initiator - multiple target 
system or a multiple initiator - multiple target system as 
shown in Figure 1. 13(a). The SCSI bus signals are shown in 
Figure 1. 13(b). The cable consists of transfer handshaking 
and status Signals in addition to an 8-bit data bus. Informa
tion is exchanged on the bus via a set of higher level com
mands sent by the host. 

COMPLEX SYSTEM 

WINCHESTER WINCHESTER 
DISK DISK 

COMPUTER 

COMPUTER 

COMPUTER 

TL/F/8663-29 

TARGET INITIATOR 
RESET 

BUSY 

SELECT 

CONTROL/DATA 

INPUT/OUTPU! 

MESSAGE 

REQUEST 

ACKNOWLEDGE . 
ATTENTION 

DATA 

PARITY ~ 
TUF/8663-30 

Up to 8 SCSI DEVICES can be supported by the SCSI bus. They can be any combination of host CPU. and intelligent controller •. 

(a) Multiple Target·Multlple Initiator (b) SCSI Cable 

FIGURE 1.13. Small-Computer System Interface 
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Features 

• Connects up to 8 computers and peripheral controllers 

• Maximum rate up to 1.2 Mbyte/sec asynchronous, 
4 Mbytes/sec synchronous: suitable for floppy disks, all 
5.25" and 8" Winchester disks, medium performance 8" 
and 14" disks, and tape drives 

• Relatively high level peripheral command set 

• Single ended version: 50-conductor flat ribbon cable, up 
to 6 meters, 48 mA drivers 

• Differential version: 50-conductor flat or twisted pair ca-
ble, up to 25 meters, EIA RS-485 

• Distributed bus arbitration 

• Includes command sets for common peripherals 

• Products now widely available include: disk drives with 
integral controllers, SCSI to ST506, SMD, Floppy, SCSI 
to S-100, Multibus~, IBM PCTM, VMETM, Unibus™, 
TRS-80™, and Q-BUSTM Adapters, and VLSI bus proto
col and disk controller chips 

SCSI makes no hardware changes compared to the SASI 
but adds several features which are discussed below. 
Arbitration 

This allows multiple Initiators to talk to multiple targets in 
any order, to a maximum of eight nodes only. 

t.l t.l 
A A 

HOST S STORAGE S 
COt.lPUTER T DIRECTOR T 

E E 
R R 

SLAVE 

Reselectlon 

This allows a target to disconnect from the Bus while it is 
getting data and reconnect to the proper Initiator when it 
has found it. This results in efficient utilization of the bus 
because other nodes can use it during the relatively long 
seek time of the disk drive or search time of a tape drive. 

Synchronous Mode Transfer 

This speeds data transfer to a maximum of 4 Mbytes/sec 
(from an asynchronous maximum of approximately 1.2 
Mbytes/sec). 

Differential Transceivers 

These boost the maximum length of the interface from 6m 
to 25m. 

Extended Command Set 
This set includes expanded large block addressing (from 
221 to 232 blocks) and "Inquiry" type commands for self 
configuring controllers. It also handles tape drives, printers, 
processors, optical disks and read-only optical disks. There 
is also room for a "vendor unique" command set, i.e. com
mands unique to the device. 

SLAVE 

t.l t.l CONTROLLER CONTROLLER 
A A 

HOST S STORAGE S 
COt.lPUTER T DIRECTOR T 

E E 

t.lASTER t.lASTER 
SLAVE MASTER 

R R SELECT OUT . 
.. _----- MASTER OUT 

SLAVE IN 

- SYNC IN 

- SYNC OUT 

- AITENTION IN 
S t.l 1+---_--...... ,..-....( 
L A 

- DATA A 

A CONTROLLER ~ 
V E 
E R 

TL/F/B663-31 
(a) IPI Configuration 

FIGURE 1.14. Intelligent Peripheral Interface 
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INTELLIGENT PERIPHERAL INTERFACE(lPI) 

This is the ANSI standard X3T9.3 and is an additional pe
ripheral bus, having higher performance than SCSI. Figure 
1. 14(a) shows the orientation of the IPI system and the IPI 
port signals are shown in Figure 1. 14(b). 

Features 

• Connects master to a maximum of 8 slaves 

• Can be used at various levels in the system as shown 

• Two 8-bit buses (in and out) for commands and status 
speed protocol and status presentation for fast path 
switching 

• 8- or 16-bit parallel transfers 

• 24 signals 
• Several electrical options; fastest allows 10 Mbytes/ sec 

through a 75 meter cable 

• Offers both "intelligent" and "device level" command 
definitions, command and data handshaking 

• 50-pin cable ground increases noise immunity 
The IPI interface' comprises four levels. Level 0 consists of 
cables, connectors and drivers/receivers. Level 1 consists 
of state machine and bus protocol. Features of Level 2 are 
device specific commands, timing critical, physical address
ing, physical volumes, command parameters and bus con
trol commands. Features of Level 3 are device generic com
mands, timing independent, buffered, command stacking, 
queing, limited specific commands, logical addressing and 
physical volumes. Messages are transmitted in packets. 

IPI derives its higher performance from a faster handshake 
and a wider data bus. Two octets, each with a parity line, 
make up the data interface. Six control lines fill out the inter
face of 24 signals. There is one master allowed and up to 
eight slaves on a daisy-chained cable. This master to slave 
interface is a parallel one and hence IPI 3 could be used, 
(point 1) in Figure 1. 14(a). Each Slave can address up to 16 
Facilities, like disk drives. The Siave-to-Facility interface 
may be IPI 2, (point 2) in Figure 1. 13(a), or a lower level 
interface such as ESDI. Data can be moved at 5 Mbytes/ 
sec in asynchronous mode, 10 Mbytes/sec in synchronous 
mode. The interface supports various driver options with 
maximum cable lengths ranging from 5 'meters to 125 me-
ters. . 

1.5.3 Other Disk Interfaces 
There are many other ANSI standardized interfaces which 
were the outcome of the interface standards discussed 
above. Some of these are disk level while some are intelli
gent interfaces. A brief discussion follows, also refer to Fig
ure 1.1S. Detailed descriptions pan be found in the appropri
ate ANSI document. 

FLEXIBLE DISK INTERFACE (ANS X3.80) 

Features 

• American National Standard Interface between flexible 
disk cartridge drives and their host controllers 

• 50-wire flat ribbon ca~le (8" disk) or 34-wire (51f.1" disk) 

• Bit serial encoded FM or MFM data transfer from/to 
Read/Write electronics (da~ separator in controller) 

• Modest data transfer rate (100 kbyte/s) 
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• Very widely used by the industry; based on a de facto 
standard. Supported by most 8" and 51f.1" drives; also 
used by some, but not all micros (less than 4") floppy 
drives. 

• Seeks track by track, one step per pulse 

• Single ended signals 

• Change has been submitted to identify high density 51f.1" 
drives 

• Approved ANS X3.80 - 1981 
RIGID DISK INTERFACE (ANS X3.101-1983) 

With the emergence of the 8" rigid-disk drive, there was a 
strong industry push for a new interface standard with 
broader applicability than the SMD, which would allow for 
self-applicability than the SMD, which would allow for self
reconfiguring controllers, as different devices were at
tached. As a result the ANSI Rigid Disk Interface came into 
existence. 

Features 

• Optimized for relatively high performance small winches
ter disks 

• Bit serial digital data transfer (data separator in drive) 

• Relatively high transfer rate possible (up to 10 Mbits/s 
with low cost option, up to 16 Mbits/s with high perform
ance option) 

• 50 conductor ribbon cable 
• Class A: 24 and 40 mA single-ended control bus Signals, 

20 mA differential serial data and clock lines 

• Class B: 100 mA single-ended control bus signals, 40 mA 
differential serial data and clock lines 

• 22 single-ended plus 4 differential signals 

• Byte parallel command bus 

• Relatively high level command set 

• Approved ANS X3.101-1983 

Peripheral Bus Interface 

• Connects computer to peripheral different controllers 

• Block transfer rather than word transfer orientation 

• No provision for memory address on bus 

• Longer distances than backplane 
• Interface hides many device characteristics from soft

ware 

• Peer to peer multi-master protocol may be called a "sys-
tem bus" 

Device Interface 

• Specific to particular device type 

• Between controller and device 

• Often serial data transfer 
• User device interchangeability not always certain 

• Very widely used by industry 
This interface has not gained acceptance and has been su
perseded by ESDI 
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1.5.4 Universal Plug 
Althoug~ the concept of a standard interface is appealing, 
the desire to gain industry recognition and lock in custom
ers, coupled with valid technical improvements, will continue 
to spawn new interfaces at regular intervals. In systems 
where a maximum of one or two drives are required or 
where configuration flexibility justifies the higher cost of 
standard attachments, high-level interfaces will attach to a 
"universal" system plug. Here controllers will be integrated 
in~o the devices themselves, while in cost effective multiple 
drive systems, the connection of device level interfaces to 
system specific controllers is expected to continue. 

1.6 ELEMENTS OF DISK CONTROLLING 
ELECTRONICS 
Disk controller chips in the market today are complex VLSI 
chips and perform a multitude of functions. In fact they take 

ESDI, ANSI, SMD 

SCSI (SASI), IPI, lSI 

DATA 
SEPARATOR 
DP8460/5 

care of most of the tasks besides the task of data separa
tion. National's Disk Data Controller DP8466 is one such 
chip. It takes care of serialization, deserialization, data en
coding, DMA transfer, error detection and correction, and 
pattern recognition to determine type of compensation re
quired. The Disk Data Controller DP8466 is discussed in 
detail in the following sections. National's Data Separator 
chip DP8465, together with the Disk Pulse Detector 
DP8464, comprise the chip set for the disk controlling elec
tronics. If RLL encoding is used, then National's DP8463 2,7 
ENDEC could be integrated into the system. Figure 1.16 
shows the place of these chips in the disk data and control 
path. It also shows the separation lines of the components 
on the drive and controller for the various interface stan
dards. 

DISK 
DATA 

CONTROLLER 
DP8466 

HOST 
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FIGURE 1,16, Typical Disk Controller System Configuration Showing the Interface Points 
with Respect to the Various Standards 
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~r-------------------------------------------------------~ .,.. i CHAPTER 2 DP84648 HARD DISK PULSE DETECTOR 

2.0 INTRODUCTION 
The standard Winchester disk drive available today uses a 
magnetic film platter, a ferrite head and MFM coding. This 
combination produces relatively wide pulses off the disk 
which can be detected using a simple time-domain filter 
technique. However, as disk manufacturers strive for higher 
density and data rates, they must turn to new technologies 
such as plated media, thin film heads and run length limited 
codes (such as the 2,7 code). Unfortunately, these technol
ogies produce more complex pulses off the disk which re
quire more sophisticated pulse detection techniques. The 
DP8464B utilizes a separate time and gate channel which 
can detect the peaks in these complex waveforms. 

2.1 BACKGROUND OF PULSE WAVEFORM 
DETECTION 
Data on the disk is stored as a series of magnetic domains 
recorded on concentric circular tracks. To read the data, the 
head arm assembly brings the head directly above the track 
on the rotating disk. As previously recorded flux reversals 
pass under the head, a small signal will be induced. The 
sig~al from the disk is therefore a series of pulses, each of 
which are caused by flux reversals on the magnetic medium. 
The pulse detector must accurately replicate the time posi
tion of the peaks of these pulses. This task is complicated 
by variable pulse amplitudes depending on the media type, 
head position, head type and the gain of the Read/Write 
amplifier. Pulse amplitudes may vary on anyone track if the 
distance between the head and the media varies as the disk 
rotates. Additionally, as the bit density on the disk increas
es, significant bit interaction occurs resulting in decreased 
amplitude, pulse distortion and peak shift. 

PULSES 
IN 

BI-DIRECTIONAL 
ONE SHOT 

Traditionally MFM code has been used to encode digital 
information on the disk surface. MFM code uses the limited 
frequency range of F to 2F as illustrated in Figure 2.1. Such 
a system can use a special self gating circuit for the pulse 
detector as shown in Figure 2.2. Pulses from the inner track 
(th~ bottom waveform in Figure 2.1) are almost sinusoidal 
so the peak detector can simply differentiate the waveform 
to determine the peak positions. On the outer track howev
er, the pulses have a small amount of shouldering as shown 
in the top waveform in Figure 2. 1. The problem is that any 
noise occurring during these very narrow shoulders can be 
incorrectly interpreted as signal peaks. 
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Typical MFM waveforms on oxide media wilh ferrite heads. Since there Is 
only slight shouldering on Ihe outer lrack. Ihe tradilional self galing 
(de-snaker) pulse detector can be used. 

DIFFERENTIATOR 

BI-DIRECTIONAL 
ONE SHOT 

FIGURE 2.1 

ENCODED 
DATA 
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Sel! gating circuit (de-snak",,) liaditionally used for pulse detection of 
MFM code on oxide media with ferrite heads. The amount of delay in the 
clock line must exceed the maximum amount of shouldering. 

FIGURE 2.2 
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The self gating circuit places a fixed delay and bi-directional 
one shot between the output of the differentiator and the 
clock input. The amount of this delay is selected to be long
er than the worst case shouldering. When shoulder-induced 
noise occurs, the D input to the flip-flop will change states. 
However, by the time the clock occurs, the noise will no 
longer be present and the D input will have returned to its 
previous state. The flip-flop will therefore "clock" in the pre
vious data. The output Q will not change states due to these 
narrow shoulder-induced noise pulses. This fixed delay in 
the clock line is called a time domain filter. This circuit is 
also known as a "de-snaker", named after the snake ap
pearance of the waveform which exhibits slight shouldering. 
This "de-snaker" circuit works very well with waveforms 
which exhibit only slight shouldering. Unfortunately, the new 
methods used to increase the disk capacity do not produce 
such simple pulse patterns. 

There are several methods of increasing the disk capacity. 
This includes plated media, thin film heads, and run length 
limited codes. All of these techniques result in narrow puls
es with increased shouldering. An example of these slimmer 
pulses is shown in Figure 2.3. Instead of the slight shoulder
ing present in the MFM example, the signal returns to the 
baseline between pulses. Since the shouldering is so exten
sive, the "de-snaker" technique simply will not work here. If 
a long delay were used to correct the shouldering present in 
the top waveform, it would not capture the pulses at the 
highest frequency. 
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Pulse waveforms for high resolution technologies. The large shouldering on 
the outer tracks precludes the USB of the de-snaker pulse detector. 

FIGURE 2.3 

Detecting pulse peaks of waveforms of such variable char
acteristics requires a means of separating both noise and 
shouldering-induced errors from the true peaks. The old self 
gating circuits (such as the "de-snaker") will not work with 
the new techniques to increase the disk capacity. Hence the 
need for a circuit that includes a peak sensing circuit with an 
amplitude sensitive gating channel in parallel. Such a circuit 
is a key feature of the DPB4648 Pulse Detector. 

2.2 DP8464B FEATURES 
Certainly a key feature of the DPB4648 is the combination 
of a peak sensing circuit with an amplitude sensitive gating 
channel in parallel which allows the DPB4648 to accurately 
detect the peak of waveforms that preclude the use of the 
traditional "de-snaker" circuit. The DPB4648, however, has 
many other features that make it ideal for the disk drive read 
channel. 
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Another key feature of the DPB4648 is a wide bandwidth 
automatic gain controlled (AGC) amplifier. The automatic 
gain control removes the signal level variations of the read 
signal. The amplifier'S wide bandwidth (20 MHz) insures that 
timing errors will not be introduced by the amplifier's pole. 

The DPB4648 offers considerable flexibility to the user, al
lowing him to tailor various operating characteristics to his 
specific needs. In particular, the user can set the frequency 
response of the differentiator, the width of the pulses on the 
encoded data output, the amount of hysteresis in the gating 
channel, the signal amplitude at the output of the gain con
trolled amplifier and the overall frequency response of the 
system and AGC. This kind of flexibility is provided by strate
gically placing pinouts at key points throughout the circuit. 
Differential Signal paths were utilized whenever possible to 
minimize effects of power supply noise and external noise 
pickup. The IC can be effectively disabled when the disk 
drive is in a write mode, thus preventing saturation of the 
input amplifier and preventing disturbance of the AGC level. 

The IC is powered from a single + 12V supply (which is 
standard in most drives) and has an internal regulator and 
separate analog and digital grounds in order to properly iso
late the sensitive analog circuitry. It is presently offered in a 
24-pin DIP but will soon be made available in a 2B-pin PCC 
surface mount package. 

The DPB4648 is fabricated on an advanced low power 
Schottky process which allows the part to handle data rates 
up to 15 Megabits/sec., 2.7 Code. 

2.3 THE DP8464B HARD DISK PULSE 
DETECTOR OPERATION 
The main circuit blocks of the DPB4648 are shown in Figure 
2.4. The circuit consists of three main sections: the Amplifi
er, the Time Channel and the Gate Channel. The Amplifier 
section consists of a wide bandwidth amplifier, a full wave 
rectifier and the Automatic Gain Control (AGC). The Time 
Channel is the differentiator and its associated bi-directional 
one shot, while the Gate Channel is made from the Differen
tial Comparator with HystereSiS, the D flip-flop and its follow
ing bi-directional one shot. Also, there is special circuitry for 
the Write mode. To better understand the circuit operation, 
let's discuss each section separately. 

2.3.1 Gain Controlled Amplifier 
The purpose of the Amplifier is to increase the differential 
input signal to a fixed amplitude while maintaining the exact 
shape of the input waveform. The Amplifier is designed to 
accept input signals from 20 mVpp to 660 mVpp differential 
and amplify the signal to 4 Vpp differential. The gain is there
fore from 6 to 200 and is controlled by the Automatic Gain 
Control (AGC) loop. 

2.3.2 Time Channel 
The peak detection is performed by feeding the output of 
the Amplifier through an external filter to the Differentiator. 
The Differentiator output changes state when the input 
pulse changes direction, generally this will be at the peaks. 
The Differentiator can also respond to noise near the base
line, in which case the Gating Channel will inhibit the output 
pulse (as discussed in the Gate Channel section). The pur
pose of the external filter is to bandwidth limit the incoming 
Signal for noise considerations. Care must be used in the 
design of this filter to ensure the filter delay is not a function 
of frequency. The output of the Differentiator drives a bi
directional one shot which creates the Time Pulse Out. 
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Main circuit blocks of DP8464B. The three main sections are the Amplifier (amplifier and AGC). the Gating Channel (comparator with hysteresis and 0 flip-flop). and 
the Time Channel (differentiator and b~directional one shot). 

FIGURE 2.4 
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These signal wavefonns illustrate the operation of the DP6464B. The noise in the Time Pulse Out (which occurs during the shouldering) simply clocks in old data 
present at the output of the Differential Comperator with Hysteresis. A bl-directional one shot at the Encoded Data output provides a rising edge representing the 
relative time position of the peeks at the Time Channellnpul. 

FIGURE 2.5 
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2.3.3 Gate Channel 
While the actual peak detection is done in the Time Channel 
with the Differentiator, there is the problem of preventing the 
output data from being contaminated when the Differentia
tor responds to noise at the baseline. To prevent this, the 
signal is also passed through a Gate Channel which pre
vents any output pulse before the input signal has crossed 
an established level. This Gate Channel comprises a Differ
ential Comparator with Hysteresis and a D flip-flop. The hys
teresis for this comparator is set externally via the Set Hys
teresis pin. 

The operation of this Gate Channel is shown in Figure 2.5. 
At the top is a typical waveform which exhibits shouldering 
at the lowest frequency, and is almost sinusoidal at the 
highest frequency. This waveform is fed to both the Time 
and the Gate Channel. The hysteresis level (of abut 30%) 
has been drawn on this waveform. The second waveform is 
Time Pulse Out. While there is a positive edge pulse at each 
peak, there is also noise at the shoulders. Since Time Pulse 
Out is externally connected to the Time Pulse In, this output 
is therefore the clock for the D flip-flop. 

The third waveform is the output of the Comparator with 
Hysteresis which goes to the D input of the flip-flop. The 
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true peaks are the first positive edges of the Time Pulse Out 
which occur after the output of the comparator has changed 
states. The D flip-flop will "clock" in these valid peaks to the 
output bi-directional one shot. Therefore, the noise pulses 
due to the Differentiator responding to noise at the baseline 
just "clock" in the old data through the flip-flop so there is 
no noise pulse on Encoded Data. 

The Q output of the flip-flop drives the bi-directional one 
shot which generates the pulses on Encoded Data. The 
positive edges on Encoded Data correspond to the signal 
peaks. The width of the data pulses can be controlled by an 
external capacitor from the Set Pulse Width pin to ground. 
This pulse width can be adjusted from 20 ns to 1/2 the 
period of the highest frequency. 

Design Example 

A typical system implementation of the DP8464B is shown 
in Figure 2.6. The DP8464B is driven from the Read/Write 
amplifier which is generally located very close to the actual 
Read/Write head. This amplifier is fixed gain and pre-ampli
fies the weak read back signal picked up by the head from 
the surface of the disk. 
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Shown here is a lypicall0 Mbillsec MFM disk drive application. Signals are picked off the disk by the Read/Write head and amplified by the pre-amplifier. The 
DP8464B further amplifies the read signal and accurately represents the time position of the peaks by the rising edge of \he signal at the Encoded Data output pin. 
The Data Separator locks up to the signal at the Encoded Data output and provides decoded MFM data to the Disk Data Controller. The Disk Data Controller 
handles the interface between the disk drive and the computer. 

FIGURE 2.6 
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The output of the DPB464B drives a data separator (such as 
the DPB46S) which extracts the digital data from the encod
ed data supplied by the DPB464B. The data separator uti
lizes a phase-locked loop that locks onto the leading edge 
of the encoded data signal from the DPB464B. 

In addition to extracting the digital data from the encoded 
data, the data separator synchronizes the digital data there
by removing any timing jitter present in the encoded data 
signal. The data separator implements this last function by 
opening up timing windows that bracket the encoded data 
signal. The encoded data signal need only appear within the 
window to be. detected. For 10 Mbit MFM, the window is 
only SO ns wide. 

In order to guarantee that the drives have error rates on the 
order of 1 per 10 to the 10th power, bits read (industry stan
dard), the leading edge of the encoded data must fall well 
within the SO ns window. Because of this stringent criteria, 
there is little room for error with regard to the accuracy that 
the DPB464B can extract the relative time position of the 
peaks of the read back signal. 

One form of timing error is jitter of time position of the lead
ing edge of the encoded data signal. This jitter can be a 
result of noise output from the differentiator or noise pickup 
in other portions of the read channel. These timing errors 
will significantly affect the Encoded Data signal causing an 
increase in the error rate. 

The filter that drives the differentiator is important in reduc
ing the noise input to the differentiator. For this reason, a 
high order Bessel filter with its constant group delay charac
teristic can be used in this application. The constant group 
delay characteristic insures that the filter does not introduce 
any timing errors by distorting the signal and moving the 
position of the peaks. Often, this filter must be specifically 
designed to correct phase errors introduced by the non
ideal characteristics of the input read head.· The typical 
- 3 dB pOint for this filter is around 1.S times the highest 
recorded frequency. Reducing the noise input to the differ
entiator will ultimately reduce the amount of noise jitter on 
the encoded data output. 

Another way to reduce noise jitter is to limit the bandwidth of 
the differentiator with a series combination of resistor, ca
pacitor and inductor in the external differentiator network 
and to use as large a differentiator capacitor as pOSSible, 
thereby maximizing the differentiator gain. In order to pre
vent saturation of the differentiator, Schottky diode clamps 
were added to the differentiator output thus allowing the use 
of a larger differentiator capacitor. 

An automatic gain control (AGC) circuit is used to maintain a 
constant input level to the gating channel (which is typically 
tied directly to the input of the differentiator). By maintaining 
a constant signal level at this pOint, we insure not only a 
large input level to the differentiator but also a constant lev
el of hysteresis of the signal to the gating channel. Gain 
control is also necessary because the amplitude of the input 
signal will vary with track location, variations in the magnetic 
film, and differences in the actual recording amplitude. The 
peak-to-peak differential amplitude on the Gate Channel In
put is four times the voltage set by the user on the Vref pin. 

The actual dynamiCS of the AGe loop are very important to 
the system operation. The AGe must be fast enough to re
spond to the expected variations in the input amplitude, but 
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not so fast as to distort the actual data. A simplified circuit of 
the AGC block is shown in Figure 2.7. When the full wave 
rectified signal from the Amplifier is greater thEm Vref, the 
voltage on the collector of transistor T1 will increase and 
charge up the external capaCitor Cage through T2. The max
imum available charging current is 3 mA. Conversely, if this 
input is less than Vref, transistor T2 will be off, so the capaci
tor, Cage, will be discharged by the base current going into 
the Darlington T3 and T4. This discharge current is approxi
mately 1 IJ.A. The voltage on the emitter of T 4 controls the 
gain of the Amplifier. 

If the AGC circuit has not received an input signal for a long 
time, the base current of the Darlington will discharge the 
external Cage. The Amplifier will now be at its highest gain. If 
a large signal comes in, the external Cage will be charged by 
the 3 mA from T2, thereby reducing the gain of the Amplifi
er. The formula, I = C*(dV/dt) can be used to calculate the 
time required for the Amplifier to go from a gain of 200 to a 
gain of 6. For instance, if Cage = O.OS IJ.F, the charging 
current I is 3 rnA, and the dV required for the Amplifier to go 
through its gain range is 1V, then 

dt = (O.OSIJ.P 1V)/(3 rnA) or 17 IJ.s. 

By using the same argument, the time required to increase 
the Amplifier gain after the input has been suddenly reduced 
can be calculated. This time, the discharging current is only 
1 IJ.A, so 

dt = (O.OSIJ.P 1V)/(1 IJ.A) or SO ms. 

This time can be decreased by placing an external resistor 
across Cage. 

2.4 READ/WRITE 
In the normal read mode, the signal from the read/write 
head amplifier is in the range of 20 mVpp to 660 mVpp. 
However, when data is being written to the disk, the signal 
coming into the analog input of the pulse detector will be on 
the order of 600 mY. Such a large signal will disturb the 
AGC level and would probably saturate the amplifier. In ad
dition, if a different read/write amplifier is selected, there will 
be a transient introduced because the offset of the pream
plifiers are not matched. 

A TTL-compatible READ/WRITE input pin has been provid
ed to minimize these effects to the pulse detector. When the 
READ/WRITE pin is taken high .. three things happen. First, 
the 1 k resistors across the AMP IN pins are shunted by 
Soon resistors. Next, the amplifier is squelched so there is 
no signal on the Amp Output. Finally, the previous AGC lev
el is held. This AGC .hold function is accomplished by not 
allowing any current to charge up the external Cage. The 
voltage across this capaCitor will slowly decrease due to the 
bias current into the Darlington (see Figure 2.7) or through 
any resistor placed in parallel with Cage. Therefore, the gain 
of the amplifier will slowly increase. All of these three events 
happen simultaneously. . 

When the READ/WRITE input is returned low, the pulse 
detector will go back to the read mode in a specific se
quence. First, the input impedance at the Amp In is returned 
to 1 k. Then, after approximately 1.2 IJ.s, the Amplifier is tak
en out of the squelch mode, and finally approximately 
1.2 IJ.s after that, the AGe circuit is turned back on. This 
return to the read mode is designed to minimize analog tran
sients in order to provide stable operation after 2.4 IJ.s. 



2.5 CONCLUSION 
The push to higher disk capacities in increasingly smaller 
drives has forced drive manufactures to utilize different me
dia, heads and encoding. Each of these changes render the 
traditional de-snaker pulse detector unusable. The 
DP84648 pulse detector utilizes a new detection technique 
that overcomes the limitations of the de-snaker. Further
more, the DP84648 provides both gain controlled amplifica
tion of the pre-amplified readback Signal and the ability to 
disable the circuit during write operations. The DP84648 is 

easily adapted to a wide variety of applications through se
lection of external components. 
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The AGC Circuit senses the level of the Signal at the Gate Channel Input and compares it to an externally set reference voltage. The signal that results from this 
comparison (at the collector of T1) charges CAGC. The voltage across CAGC, when buffered by T3 and T4, provides the gain control voltage to the Input amplifier. 

FIGURE 2.7 

9-33 



~r---------------------------------------------------------~ ..-
T CHAPTER 3 DISK DATA SEPARATOR OVERVIEW 
~ (DP8460/61/62/65 AND DP8451155) 

3.0 INTRODUCTION-THE DATA 
SEPARATOR 
As was discussed in the chapter on Disk Drive Technology 
(overview), the disk information which is recovered during a 
read operation ordinarily would have no defined phase rela
tionship with respect to the timing within the host system. In 
order to establish a method of reconstructing a clock wave
form with which the disk data may be entered into a shift 
register for deserialization and decoding, clock information 
is imbedded into the recorded bit pattern in any of a number 
of different ways by the various encoding schemes dis
cussed in Chapter 1. The schemes vary in their efficiency of 
use of disk surface (bit density) and ease of recovery (chal
lenge to the data separator), but they all are employed to 
achieve a mixture of clock and data within the same serial 
bit stream. It is then the function of the data separator to 
accurately extract this clock information from the bit stream 
and reconstruct a stabilized replica of the data, while at the 
same time remaining essentially immune to the random dis
placement of individual bits due to noise, media defects, 
pulse crowding and anomalies in the data channel. 

From a "black box" standpoint, the data separator is fed a 
logic-level digital Signal from a pulse detector (DP8464) 
within the disk head electronics (with positive transitions 
representing flux reversals on the media) and a read gate 
signal from the controller, and produces a reconstructed 
clock waveform along with a re-synchronized data output 
derived from the incoming disk pulse stream (see Figure 
3. 1). The regenerated clock and data signals have fixed tim
ing relationships with respect to one another for use by sub
sequent shift register Circuitry. 

3.0.1 Separators and Synchronizers 
The term "data separator" actually applies to a device 
which both regenerates a clock waveform from the bit 
stream as well as decodes (separates) the original NRZ 
data from the encoded disk data. This would include Nation
al's DP8461 and DP8465, both of which perform data syn
chronization with MFM-to-NRZ data separation, while in
cluding slight functional variations between devices. (The 
DP8460 initially released device is being replaced by the 
fully pin-for-pin compatible DP8465. The DP8461 pinout 

matches the DP8465, but is intended for use with hard and 
pseudo-hard sectoring only. Further details will be dis
cussed later.) A device which performs clock regeneration 
and data synchronization without the separation function is 
simply .called a data synchronizer. This would include the 
DP8451, DP8455, and the DP8462; again, there are func
tional differences between the devices, which will be dis
cussed later. Additionally, the DP8461 and DP8465 also 

- have outputs available which allow them to serve as data 
synchronizers, if desired (See Table 3.1). 

The complete data separator circuit eliminates the need for 
external decoding circuitry but is dedicated to only a single 
code type. The data synchronizer requires an external de
coding network but has the capacity to be used with any 
coding scheme. Since the MFM environment is being ad
dressed in this design guide, the discussion in the remainder 
of this chapter will deal primarily with the integrated, MFM
type data separator. The PLL fundamentals being presented 
apply to all of the circuits. 

3.0.2 Window 
The data separator must establish what is called a "win
dow" around the expected position of bits within the disk 
data stream. Windows are laid end-to-end in time by the 
data separator at a repetition rate (equal to the separator's 
VCO frequency) known as the disk code rate. Each window 
is an allotment of time within which a disk bit, if detected, 
will be captured and interpreted as if it had occurred exactly 
at the window center. This allows for a random displace
ment (jitter) of individual bits within the boundaries of the 
window with no apparent effect on the accuracy of the data 
recovery (error rate). Bits are displaced from a nominal posi
tion in a fashion which could be represented by a bell
shaped probability curve (see Figure 3.2), and it could be 
easily seen that for optimum performance, the window must 
be accurately centered about the mean of this curve. This is 
traditionally a difficult goal to achieve, and is essentially the 
primary responsibility of the data separator. Although vari
ous techniques have been employed to attain this goal, the 
phase-locked loop (incorporated within all National data 
separator/synchronizers) has proven to date to yield the 
most reliable and satisfactory results among all the synchro
nization methods, and its use is the standard approach tak
en within the disk industry. 

PULSED DATA INPUT 
ALLOWABLE BIT DISPLAC~t.lENT J 
-l I-

Jl~~~fl~ __ ~~fl~ ____ ~~fl~~ __ 
I I 

PLL WINDOWING 

SYNCHRONIZED DATA OUTPUT OUTPUT PULSE REt.lAI:S FIXED J 

FIGURE 3.1. DP8460·Series Data Synchronizer Timing Relationships 
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3.1 PHASE·LOCKED LOOP OVERVIEW 
A phase·locked loop is a closed·loop control system which 
forces the phase from the output of a controlled oscillator to 
track the phase of an external reference signal. It consists 
of three essential elemental blocks; a phase detector, a 
loop filter, and a voltage controlled oscillator (VeO) (see 
Figure 3.3). The phase detector compares the phase of the 
reference input with that of the veo output and generates 
an "error" signal at its output which is proportional to the 
sensed phase difference. This error signal is filtered by the 

loop filter (Iow·pass) to suppress any unwanted high·fre· 
quency components within the error signal, and is then fed 
to the veo control voltage input. If the phase of the refer· 
ence signal leads that of the veo signal, the phase detector 
develops a positive error voltage across the loop filter, and 
the veo responds by increasing its frequency (advancing 
phase). This continues until the phase error is eliminated 
and the control voltage returns to a quiescent value. When 
the reference signal lags that of the veo, the adjustment 
occurs in the oppOSite direction until equilibrium (phase 
lock) is again obtained. 

___ c;.,. ___ ..L. ___ ~ ___ DISPLACEMENT 
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INPUT 
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FIGURE 3.2. Data Jitter 
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A phase· locked loop is a system which forces the phase of the output from a voltage controlled oscillator (VeO) to track the phase of a reference signal. 
FIGURE 3.3 
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3.1.1 PLL Dynamics 
Much of the performance of the PLL, given adequate design 
in the 'l'T\ajor functional blocks, is determined by the loop 
filter. This includes (1) the ability of the PLL to rapidly (or 
slowly) track phase or frequency changes in the reference 
signal,' (2) the ability of the loop to re-aquire lock after en
countering a large frequency step at the reference input, 
and (3) the ability of the loop to exhibit stable behavior dur
ing operation. 

TRACKING 

In many PLL applications, such as FM demodulation and 
frequency shift keying demodulation, rapid PLL tracking 
(high bandwidth) is a necessity. However, in the disk drive 
application, where (1) frequency changes (disk rotational 
speed variations) are gradual with respect to the data rate 
and (2) it is desirable to suppress response to instanta
neous bit shift ijitter), a very slow tracking rate (low band
width) is necessary. 

CAPTURE RANGE 

The cl,assical PLL is well able to maintain relative phase 
lock to a reference signal, but is unable to pass true differ
ence-frequency information through its phase detector (this 
is true for the standard analog four-quadrant multiplier tech
nique as well as for the gated-VeO technique employed in 
disk drive data separation applications). With this being the 
case, the PLL has a limited ability to re-establish lock when 
an instantaneous input frequency change occurs. The new 
frequency must lie inside a relatively narrow bandon either 
side of the current veo frequency, or re-Iock will not occur 
(see Figure 3.4). This band is known as the capture range, 
and is a direct function of the passband of the loop filter, or 
more accurately, of the bandwidth of the PLL as a whole. A 
digital frequency discrimination technique, however, is em
ployed in National Semiconductor's disk drive PLL's which 
provides an extended capture range and guarantees suc
cessful lock to the reference clock input and, as a chip de
pendent option, to the data as well. Consequences of hav
ing a limited capture range are discussed in National Semi
conductor Application Notes AN414, AN415, AN416 (Also 
see "Frequency Lock" in section 3.2 of this chapter). 

STABILITY 

Mathematical analysis of the functional blocks of the PLL 
show a 1 /s factor in the veo; i.e., it behaves as a integrator, 
adding a pole to the transfer function. The loop filter adds at 
least one additional pole, resulting in a system which is, at 
minimum, second order in nature. Since the PLL is then a 
closed loop, minimum second order system, it has the po-

REFERENCE INPUT 

VCO OUTPUT 

Goals: 

1. Edge sensitive detector which eliminates dependence on waveform shape. 

2. Unlimited capture range to ensure phase and frequency lock. 

3. Zero phase difference when in lock to improve lock range. 

tential for instability if improperly implemented. All of the 
dynamic characteristics of the PLL, however, can be con
trolled by loop filter selection, including bandwidth and cap
ture range along with stability; thus great care must be taken 
in the selection of the loop filter in order to achieve the 
desired performance within the specific application. 

NORMALIZED 
CONTROL 0 
VOLTAGE 

-1 

,-,--CAPTURE_ 
, RANGE , , , 

1"' 11------ LOCK RANGE -----11 
REFERENCE INPUT FREQUENCY 
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Caplure range in a PLL is delermined by the loop filler bandwidth, 

FIGURE 3.4. Capture and Lock Range 

3.2 THE PLL WITHIN A DISK DRIVE 
SYSTEM 
Many methods have been employed in implementing each 
of the individual blocks within the phase locked loop (PLL), 
with techniques being customer-tailored to specific applica
tions. DeSign methods include analog and digital configura
tions or a combination of both. For the application of a PLL 
within a disk drive data separator (and specifically regarding 
National's family of data separator/synchronizers), a combi
nation of digital and analog block design has been found to 
provide the most efficient and reliable solution (see Figure 
3.51. Here, since the waveforms to be compared are digital 
signals and the phase relationships are indicated by logical 
transitions (positive edges), the phase detector is com
prised of a simple set of cross-coupled latches which pro
duce "pump-up" (reference leads VeO) and "pump-down" 
(reference lags VeO) digital outputs. Since the filtering, 
however, is most easily and flexibly performed with passive 
analog components, the pump-up and pump-down signals 
are converted into gated sourcing and sinking currents, re
spectively, via an analog "charge pump" circuit, which is 
used to develop an error voltage across a capacitive loop 
filter (see Figure 3.61. This error voltage is used as a control 
potential for a variable rate relaxation oscillator (emitter cou
pled multivibrator VeO), whose oscillation is converted to 
digital Signal levels again for use both at the phase detector 
input and as the regenerated clock waveform. 

TL/F/8663-50 

FIGURE 3.5. Basic Disk System PLL 
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FIGURE 3.6. Digital Phase Detector 

PHASE DETECTOR 

The digital phase detector employed within National's data 
separator/synchronizer circuits is actually a true phase/fre
quency discriminator block capable of allowing a theoreti· 
cally infinite capture range for the PLL (see Figures 3.7-
3.10. Essentially, the capture range is limited only by the 
design constraints placed on the veo's frequency excur
sion. In all of National's current disk PLL circuits (excluding 
the DP8460/50), this extended lock capability is employed 
while the circuit is in the non-read mode and the PLL is 
locked to a constant reference signal, guaranteeing proper 
lock recovery from any given mislock which may occur dur
ing a read operation. 

PULSE GATE 

The data returning from the disk is not a periodic waveform, 
but instead has the possibility of bits either appearing or not 
appearing within assigned positions (windows) in the data 
stream (see Figure 3.1). The PLL is required to achieve and 
maintain lock to this pseudo-random pattern, despite the 
missing bits. This is analogous to the placement of teeth in 
a gear (data separator) which are ready to mesh with anoth
er gear (data stream), regardless of whether or not some 
teeth on the second gear (data) are occasionally miSSing 
(random data patterns). 

In order to allow for the missing bits, the PLL employs a 
Pulse Gate circuit, which functions as follows: a data bit 
arriving at the PLL is sent to its corresponding input on the 
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phase detector, and at the same time trips a gate which 
allows the next occurring veo edge into the phase detec
tor; the gate then closes following transmission of the veo 
edge. If no data bit arrives, no comparison occurs and the 
veo holds its frequency. Essentially, the PLL is attempting 
to align each data bit with the nearest occurring veo edge, 
thus maintaining phase lock while frequency discrimination 
is suppressed (see Figures 3. 11 and 3. 12). 
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Ensures unlimited capture range. The digital phase detector ensures Ire· 
quency acquisition by forcing the charge pump to always pump in the direc
tion needed to make Fvco equal to FREF. 

FIGURE 3.7. Digital Phase Detector 
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When the digital phase-lock loop is out of lock. the output of the phase comparator has a duty cycle which varies between 0 and 100%. The charge pump is active 
more than 50% of the average time but H only pumps current in the direction necessary to lock the veo phase. 

FIGURE 3.8. Digital Phase Detector 
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Once the veo is locked to the reference signal. the only phase difference which occurs will be that required to pump enough charge to compensate for any 
leakage current in the charge pump. loop filter or bias current in the veo control inpu\. 
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FIGURE 3.9. Digital Phase Detector 
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Effect of phase difference on digHaI phase detector when the veo and reference frequencies are equal. The net charge pumped during each period is equal to the 
product of the charge pump current and the time difference between the phase comparator inputs. 

FIGURE 3.10. Digital Phase Detector 
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Phase detector gain when in lock 

When the loop is in lock the net charge (Q) pumped during each period is 
equal to the product of the charge pump current and the time difference 
between the phase comparator inputs. 

Q = Icpo (T up - T down) 

FIGURE 3.11. Digital Phase Detector Gain 
without Pulse Gate 
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Each vertical transition represents a window boundary. 

FIGURE 3.12. Digital Phase Detector Gain 
with Pulse Gate 
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FIGURE 3.13. Disk Data PLL 

DELAY LINE 

In the generation of the symmetrical bit-detection window 
mentioned previously, a delay line is employed as shown in 
Figure 3.13. The incoming data is allowed to trip the veo 
pulse gate immediately upon arrival, but is allowed into the 
phase detector only after it traverses the delay line. To un
derstand the purpose for the delay line, first consider the 
case where the delay line is not present; given proper PLL 
lock, the veo would align its edge to occur exactly at the 
same time as the arrival of each data bit. Any bits shifted 
early would cause a small veo phase-advancing correction 
within the loop, which would be desirable. However, any bits 
shifted even a very slight amount late would arrive after the 
current veo edge had passed and been suppressed by the 
pulse gate. The bit would then have to be compared to the 
subsequent veo edge instead of to the current edge, pro
ducing an erroneous phase correction. With the delay line in 
place and set to delay the data bit by one-half of the veo 
period, the data bit would first trip the veo gate and then 
spend one-half of the veo period traversing the delay line 
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before it reached the phase detector. Given the loop is in 
lock, both the delayed bit and the veo edge arrive at the 
phase detector at exactly the same time. If the bit were early 
up to one-half veo cycle, it would still gate the appropriate 
veo edge through, and produce an appropriate phase cor
rection at the phase detector. Also, if the bit were late up to 
one-half of the veo cycle, it would again still gate the ap
propriate veo edge through to the phase detector, as well 
as produce the appropriate phase correction. Thus, the net 
effect of the delay line is to allow the incoming data bit to 
shift either one-half cycle early or one-half cycle late while 
yet maintaining a proper comparison to the appropriate veo 
edge. 

WINDOW ACCURACY 

As mentioned previously, the integrity of the window align
ment is crucial in maintaining an acceptable system error 
rate. It can be easily seen that accuracy in the delay line is 
critical in achieving this alignment. This has traditionally 
made the implementation of a delay line a costly design 
challenge. Within National's data separator/synchronizer 
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circuits, a proprietary technique has been employed which 
extracts precise timing information from the 2F CLOCK in
put waveform, and uses this information to regulate the tim
ing within an on-chip silicon delay line. This in itself has 
unique advantages since the 2F source is either (1) a highly 
accurate crystal oscillator source, or (2) derived from the 
disk servo clock which tracks the data rate and consequent
ly allows the delay line to adjust its delay accordingly. Com
pletely dependent on this 2F signal for timing information, 
the delay remains independent of variations in its associat
ed external components, power supply, temperature, and 
silicon processing. It requires no adjustment (although fine 
tuning is optional on the DP8462), and its accuracy is guar
anteed within the window tolerance specification for the de
vice. 

FREQUENCY LOCK 

The frequency discriminating capability of the phase detec
tor within National's data PLL circuits can be employed to 
great advantage if used appropriately. It is brought into play 
simply by the internal bypassing of the pulse gate circuit. 
The advantages achieved are (1) the avoidance of mis-lock 
to the reference clock input, (2) rapid and guaranteed lock 
recovery from an aborted read operation, and (3) avoidance 
of mis-lock within the disk PLL synchronization field (pream
ble). 

Items #1 and #2 above are easily attained by pulse gate 
bypassing when the PLL is locked to the reference signal in 
the non-read mode. Pulse gate bypassing allows the digital 
phase detector to perform unrestricted frequency compari
son and thus guarantees lock. Both items are employed 
within all of National's currently released data separator/ 
synchronizer circuits (see Table 3.1). 

Incorporation of item #3 (employed within the DP8461 and 
DP84S1, and optional within the DP8462) is highly depen
dent on preamble type and places specific requirements on 
the controller's sector search algorithm. First, there are sev
eral common preamble types currently in use on disk drives; 
(1) the MFM and I,N type, (2) the 2,7 high frequency pream
ble, the (3) the 2,7 low frequency preamble: 

Code Type 
VCO Cycles (Code Positions or 

Windows) Per Recorded Preamble Bit 

GeR· 1 

MFM 2 

1,7 2 

1,8 2 

2,7 3 

2,7 4 

'tiote: GCR (Group Code Recording) is used almost exclusively in tape 
drive systems; It is mentioned here for comparative purposes only. 

Since each preamble is recorded at a different frequency 
with respect to the VCO operating frequency, the VCO must 
be internally divided down to equal the preamble frequency 
for the particular code in use before being fed into the 
phase detector along with the data pattern. (This function is 
performed internally within specific National disk PLLs listed 
in Table 3.1.) It is then the responsibility of the PLL to detect 
the occurrence of frequency lock and revert back to the 
pulse gate mode prior to leaving the preamble and encoun
tering random data patterns. Second, while in the frequency 
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acquisition mode, the controller must allow a read operation 
to begin (initial PLL lock to .the data) only during the pres
ence of the appropriate field, i.e., the system must employ a 
hard-sectored or pseudo hard-sectored PLL control algo
rithm which will guarantee the PLL read gate will only be 
asserted at the start of the preamble on the disk, otherwise 
serious PLL mislock problems will result. 

DP846X EXPOSITION 

Because of the varied requirements and applications which 
exist for the data separator/synchronizer, National provides 
an assortment of disk PLL circuits, including versions which 
provide frequency lock for specific preamble types, as men
tioned above. 

TABLE 3.1. Data Separator/Synchronizer 
Reference List 

Device 
Synchronized Separated Frequency Delay 

Codes Codes . Lock. Trim 

DP8461· MFM; I,N MFM Reference None 
& Data 

DP8462' 2,7 None Reference Optional 
1,N (Optional 

MFM for Data) 

DP846S' All MFM Reference None 

DP8451 MFM;1,N None Reference None 
& Data 

DP8455 All None Reference None 

Note 1: "All" code synchronization does not include GCR. 

Note 2: DP846X devices are In the 24-pin, 300 mil. psckage; DP845X devic
es are in the 20-pin, 300 mil. package. 

Note 3: 'Also available in 28-lead plastic chip carrier. 

Note 4: DP8461 and DP8451 pinouts match the DP8465 and DP8455, re
spectively; for use with hard and pseudo·hard sectoring only. 

Note 5: DP8451 and DP8455 are also available in 20·pin plastiC chip carrier. 

3,3 SYSTEM DYNAMICS-LOOP FILTER 
DESIGN 
The key element contained within the PLL system for gov
erning the loop dynamics and overall performance is the 
loop filter. It is at this pOint that the user has the greatest 
flexibility and control regarding the behavior of the PLL. As 
previously mentioned, there are several requirements 
placed on the dynamics of the loop, some of which tend to 
conflict with others. Table 3.2 lists some of the issues at 
hand, and where they lie with respect to one another. 

TABLE 3.2 

High Low. High Low 
Band· Band· Damping Damping 
width width Factor Factor 

Lock Time Good Poor Good Poor 

Jitter Poor Good Poor Good 
Rejection 

Capture Good Poor Good Poor 
Range 

Noise Poor Good Poor Good 
Immunity 

Stability (No Relationship) Good Poor 
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z Although the designations of "good" and "poor" are very 
general in nature, they apply fairly well here for comparative 
purposes. An ideal PLL would be able to lock to any fre
quency and/or phase step in a very short time with no pos
sibility of missed or false lock, settle quickly to a highly sta
ble state, and track any frequency variations encountered in 
the data stream while at the same time rejecting all bit jitter 
and extraneous nOise. While all this is not possible with any 
single loop filter, acceptable performance can be achieved 
via careful compromise, with the design biased to accom
modate the more critical parameters. 

3.4 OVERVIEW OF FILTER DESIGN 
OBJECTIVES 
The first design objective to be discussed is the minimiza
tion of acquisition time. This includes both acquisition of 
phase lock to the data stream as well as acquisition of 
phase lock to the crystal frequency (or servo track). Both of 
these acquisition times impact the length of the preamble 
field which precedes the address mark. Since longer pream
bles result in more overhead per data sector, a decrease in 
formatted disk capacity may result from excessively long 
acquisition times. Acquisition times are directly controlled by 
the phase locked loop filter. 

The second design objective is the maximization of data 
margin. Data margin measures the ability of the data sepa
rator to allow the data bit to move from its expected time 
position without a resulting data error. This movement of the 
data bit away from its expected time position is caused by 
noise, read channel asymmetry, magnetic domain interfer
ence, and other factors in the head, media, and channel 
portion of the drive system. The data separator generates a 
window around the expected data position; however, the 
window accuracy is affected by some factors in the data 
separator. These factors include delay inaccuracy, veo jit
ter, phase detector inaccuracy, and phase locked loop re
sponse to bit movement which occurred in preceding win
dows. The last of these factors, loop response, is controlled 
by the phase locked loop filter. 

The final objective to be checked is the tracking of disk 
data. The rate of change of phase between the veo and 
the read data is modulated by various mechanical phenom
ena in the drive. Instantaneous variations in disk speed as 
well as head vibration contribute to this modulation. The 
maximum frequency of these mechanical resonances tends 
to be in the 10kHz or 64 Krads/sec range. Phase-locked 
loop bandwidth must be wide enough to allow this modula
tion to be tracked. This objective tends to be encompassed 
by the acquisition time objective. However, it is conceivable 
that a system which allows relatively long acquisition times 
may come up against this barrier. 

The loop filter design process may start with anyone of 
these objectives. If the disk format has been established, or 
a certain disk capacity is desired, the acquisition perform
ance may dictate the loop filter design. If data reliability and 
error rates are of primary importance, the design may start 
with margin loss considerations. In any case, all aspects of 
the loop performance must be checked and the final design 
is usually a tradeoff between the desired performance and 
the achievable performance. 

9-41 

3.5 ACQUISITION PERFORMANCE 
The read acquisition time is the time between the assertion 
of READ GATE and the reading of the address mark. Also 
of concern is the time required for the loop to acquire lock to 
the crystal frequency. Many application-specific system pa
rameters impact this portion of the loop design. Some of 
these parameters which will be discussed include sector 
search algorithms in soft sectored systems and frequency 
differences between the crystal and the data in removable 
media systems. 

Before the READ GATE is asserted, the veo is locked to 
the crystal. When READ GATE is asserted, the phase differ
ence between the veo and the read data is random. The 
first portion of the acquisition is where the loop captures 
phase alignment. In the worst case, the initial phase align
ment is such that the data bit is positioned at the edge of 
the window which gives the proper polarity of error signal, 
however, the loop cannot keep the bit in the window since it 
started so close to the edge. One of the results is that the 
incoming data will appear to be different than what is actual
ly being read. Any system which desires to immediately 
monitor the read data must wait for this initial cycle slip to 
occur before reading. The second result is that a series of 
error signals of the wrong polarity occurs after this initial 
cycle slip while the phase aligns to the window center. The 
duration of this slip and phase acquisition is approximately 
1/ wn for damping factors between 0.7 and 1.0. See Section 
3.7 for acquisition plots. Note that wn is the loop bandwidth 
or the natural frequency of the loop and that the phase error 
is zero at wnt = 1. 

The next period of the acquisition is where the loop begins 
to capture frequency. There is also some overshoot from 
the phase acquisition during this period. This analysis as
sumes that the frequency acquisition begins where wnt = 1 
and is superimposed upon the phase acquisition for t > 
1/wn. 

In a fixed media system the difference between the crystal 
frequency and the read data frequency can be about 1 %. In 
a removable media system the data may be written in one 
drive and read in another. The total difference between the 
read data frequency and the crystal frequency can be twice 
the rotational speed difference of the drive. For example, if 
the rotational speed variation of the drive is + 1 % when the 
disk is written, and then -1 % when the disk is read, the 
read back data frequency will be 2% slower than the crystal 
frequency. Since a frequency difference becomes a phas~ 
ramp, the phase error will initially grow during read acqUisI
tion while the loop attempts to hold the phase error to zero 
(see Section 3.7). If the peak phase error which results ex
ceeds the window tolerance, the loop will not capture within 
the desired acquisition time. The data will slip out of its prop
er window into the neighboring window and a series of error 
Signals of the wrong polarity will result. 

When the data rate is 5 Mbitlsec, the window period is 
100 ns and the peak phase error allowed is ideally 50 ns. 
For a damping factor of 0.7, the peak phase error is given 
by: 

peak error = (0.45) (l!..w/ wn) (200 ns/271') + 0.21 (l!..O) 

where l!..O is the worst case initial phase (50 ns). The 
200 ns/271' term converts radians to seconds. l!..w is the 
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worst case initial frequency difference which is determined 
by the rotational speed variation of the drive. For a remov-
able media drive with 1 % variation: ' 

Aro = (2'lT/200 ns) (0.02) = 628 Krads/sec 
The results are as follows 

ron = 600 Krads/sec - peak phase error = 25.5 ns 
ron = 500 Krads/sec - peak phase error = 28.5 ns 
ron =; 400 Krads/sec - peak phase error = 33.0 ns 
ron = 300 Krads/sec - peak phase error ;= 40.5 ns 

For ron = 300 Krads/sec, with a damping factor of 0.7,the 
loop will just barely capture. If a removable media system 
were to use a 300 Krads/sec loop bandwidth, the capture 
range analysis should be performed very carefully since the 
numbers given here are very approximate. Capture perform
ance improves for larger damping factors, however, total 
acquisition time increases. 
There Is no precise definition of phase lock. At the end of 
the preamble, there will be some residual phase error. The 
loop is locked if this phase error contributes an acceptable 
amount of margin loss during the reading' of the address 
mark. It is recommended that the residual error be about 
2 ns in a 5 Mbit/sec data rate system: 

2.0 ns (2'lT/200 ns) = 0.062 radians 
If the damping factor is 0.7, the following results 

ron = 600 Kradsl.sec - error = 0.062 at t = 7 /Ls 
ron = 500 Krads/sec, - error = 0.062 all = 9/Ls 
ron = 400 Krads/sec - error = 0.062 all = 12/Ls 
ron = 300 Krads/sec - error = 0.062 at t = 17 /Ls 

The total read acquisition time includes the initial phase ac
quisition as follows: 

ron = 600 Krads/sec - 7/Ls + 1.7/Ls 
= 9 /Ls = 5.5 bytes 

ron = 500 Krads/sec - 9 /Ls + 2.0/Ls 
= 11 /Ls = 6.5 bytes 

ron = 400 Krads/sec - 12/Ls + 2.5/Ls 
= 15/Ls = 9.0 bytes 

ron = 300 Krads/sec - 17/Ls + 3.3/Ls 
= 20 /Ls = 12.5 bytes 

3.5.1. Crystal Acquisition , I,' 
Analysis of the crystal acquisition time Is similar to the read 
acquisition time. In the case of the National DP8465 data 
separator, however, a high bandwidth mode Is provided to 
decrease the acquisition time. The high bandwidth is acti
vated when SET PLL LOCK is deasserted. This increases 
the phase detector gain (increases the charge pump cur
rent). When the phase detector gain increases, both the 
loop bandwidth and the damping factor are increased. Loop 
performance is poor if the damping factor gets much larger 
than 1.0 and therefore the increase in loop bandwidth 
should be limited to the point where the damping factor is 
1.0. This means that: 

ron(high track) = ron(low track) (1.0/0.7) 
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Repeating the acquisition analysis for the four bandwidths 
used before: 

ron = 600 Krads/s (1/0.7) = 857 Krads/s -
acq = 5 bytes 

ron = 500 Krads/s (1/0.7) = 714 Krads/s -
acq = 6 bytes 

ron = 400 Krads/s (1 /0.7) = 571 Krads/s -
acq = 7 bytes 

ron = 300 Krads/s (1 /0.7) = 429 Krads/s -
acq = 9 bytes 

3.5.2. Margin Loss Due to PLL Response 
Fast acquisition is desirable to minimize preamble lengths. 
However, the wider the loop bandwidth, the larger is the 
loop response to shifted data. Loop response to shifted 
data results in margin loss. The data is shifted by noise and 
other factors which contain no information about data fre
quency changes. When the loop responds to this bit shift it 
moves the windows for subsequent data bits thereby reduc
ing the amount of shift allowed for these bits. 
For a 5 Mbitlsec system with a maximum shifted early bit, 
the following formula gives the loop response: 

loss = 40[1 - (co~ ront -
C/.fj{2 sin.fj{2 ront)exp( - Cront)) Note 1. 

where 40 is the phase step (in ns) due to the early bit, ron is 
the loop bandwidth, and C is the damping factor. The phase 
detector output is active for 40 ns and the amount of loss is 
determined by setting t = '240 ns which is the time to the far 
edge of the next window where a bit may appear. 
The ron and C for this calculation will be the same as used in 
the data acquisition analysis as long as t does not exceed 2 
VCO cycles. If t is much greater than 2 cycles, the effective 
phase detector gain is reduced and the ron is reduced also 
(see design example of ron formula). This calculation also 
assumes that the second pole in the filter is well outside the 
loop bandwidth. ' 

ron(max freq data) ~ 600 Krads/s - loss = 7.7 ns 
ron(max freq data) = 500 Krads/s - loss = 6.4 ns 
ron(max freq data) = 400 Krads/s - loss = 5.2 ns 
ron(max freq data) = 300 Krads/s - loss = 3.9 ns 

There are techniques for reducing this margin loss without 
heavily impacting the acquisition performance. See Section 
3.7 for details. 
DESIGN EXAMPLE FOR 5 Mblt/s DATA RATE 
Although there is no real standard, most of the track formats 
for small Winchesters are using about 12 bytes of preamble. 
There is a formated gap after the data ECC field but it can
not be assumed that any of this gap is available for PLL 
acquisition. Some of this gap will be lost when the sector is 
updated due to rotational speed variation and the remainder 
is required for write-to-read recovery of the read channel. 
Note 1: Phlselock Techniques; Floyd M. Gardner, Second Edition, John 

Wiley & Sons; pg. 48. 



.--------------------------------------------------------------------,~ 

As discussed, in a soft sectored disk drive, acquisition to the 
crystal, as well as acquisition to the read data, must occur 
within the preamble. (In a hard sectored drive some of the 
preamble may be lost to uncertainty in sector pulse detec
tion but usually most of the preamble is available for data 
acquisition.) For this reason, the loop bandwidth during ac
quisition must be in the 600 Krads/sec range for a soft sec
tored drive. The 600 Krads/sec bandwidth gives 5 byte 
crystal acquisition and 5.5 byte data acquisition. The margin 
loss can be held to about 6.0 ns + 7.7 ns = 13.7 ns with 
the DP8465-3. (This margin loss can be reduced if a longer 
preamble/lower bandwidth were used or by using some of 
the techniques discussed in the 10 Mbit/sec design exam
ple.) 

For the DP8465 with SET PLL LOCK asserted: 

Cdn = ~(2.5) (Fvco)/(N) (C1) (Rrala) 

Rrate should be set at 8200 since the current in this resistor 
does have a small effect on the VCO stability and 8200 has 
been determined to be the optimum value. Fvco is the cen
ter frequency of the VCO in hertz. Fvco is 10 MHz for 
5 Mbitlsec data rates. N is the number of VCO cycles per 
data bit. MFM preamble data has 2 cycles per data bit. This 
gives: 

C1 = (2.5) (Fvco)/(N) (Rrate) (Cdn2) 

= (2.5)(10E6)/(2)(820)(3.6E11) 

= 0.042E-6 (use 0.039 j.LF) 

C1 should be an ultra-stable monolithic ceramic capacitor or 
equivalent timing quality capacitor. . 

In the data field, the MFM data frequency can be half the 
preamble frequency. This means that N = 4 in the band
width equation. This reduces the bandwidth by 1/,f2: 

Cdn (min) = (1/,f2) (6.25.1 Krads/s) = 442.1 Krads/s 

where 625.2 Krads/sec is the computed bandwidth in the 
preamble with C1 = 0.039 j.LF. Since there should be no 
mechanical resonances anywhere near this frequency, the 
loop will be able to track the data. 

The damping factor should be about 0.5 when Cdn is mini
mum. Response to bit shift is minimized when the damping 
factor is small; however. if the damping factor drops much 
below 0.5 the system tends to be oscillatory (under
damped): 

t = (Cdn) (R1) (C1)/2 - R1 = (2) (t)/(Cdn) (C1) 

R1 = 1/(442.1 E3)(0.039E-6) = 58 (use 560) 

The actual damping during acquisition is then: 

t(acq) = (625.2) (56) (0.039E-6)/2 = 0.68 

The linear approximation used to predict loop performance 
assumes that the phase detector output is constantly pro
portional to the input phase difference. In reality, the phase 
detector output is a pulse applied for a period of time equal 
to the phase difference. The function of C2 is to smooth the 
phase detector output over the cycle. C2 adds a second 
pole to the filter transfer function as discussed in section 
3.7. This pole should be far enough outside the loop band
width that its phase and amplitude contribution is negligible 
to the loop bandwidth. If: 

C2 = C1/50 = 789 pF (use 820 pF) 

the acquisition performance and the margin loss are not 
significantly changed from the predictions. If a larger C2 is 
used, the margin loss can be reduced at the expense of the 
acquisition. This may be desirable for some systems. See 
section 3.7 for discussion of the function of C2. 
Note 1: Ibid. 

9-43 

The final loop component is Rboost. When SET PlllOCK is 
deasserted, Rboost is in parallel with Rrata to set the charge 
pump current. If the parallel combination of Rrata and Rboosl 
is called Rp: 

Cdn (high) = ~(2.5) (Fvco)/(N) (C1) (Rp) 

Since the total set current, Isal' into the charge pump may 
not exceed 2 mA, the parallel resistance Rboosl and Rrala 
(Rp) should also be restricted to: 

Rp;;' Vba/lsat = 0.7V/2 mA = 3500 

Solving for Rboosl: 

Rboost = (Rp) (Rrata)/(Rrala - Rp) 
= (350) (820)/(820 - 350) = 610.9 (use 6190) 

Remember, Rboost is switched-in whenever SET PlllOCK 
is deasserted. This design example assumes that SET Pll 
LOCK is deasserted whenever READ GATE is deasserted. 

PHASE 
ERROR 

20", 

10ns 

-tOn. 

-20 .. 

-30 .. 

~ C,=.0391'1 ~=820pl 

t"TJ ~,=56.Q RR=82011 
RB=61911 

II r-... 

I 
~ACOUISrnoN',),"=2% 11 ] J •• orr/ ...... DATA 

12345678nME 
BYTE BYTES 

OJn (acquisition) ~ 625 Krads/s t ~ 0.68 
Lock tima z 5 bytes. 

OJn (write mode) ~ 957 Krads/s t ~ 1.04 
Lock time '" 4 bytes. 

TLfFf8663-59 

OJn (min data) ~ 442 Krads/s t ~ 0.48 

FIGURE 3.14a. 5 Mblt/sec Design Example 
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-20 ell I-+ttHtItt-ttt 
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~\_~~~~~~~~ 
RAO~SEC 

-9OC 

TLfF/8663-60 

FIGURE 3.14b. 5 Mblt/sec Design Example 

DESIGN EXAMPLE FOR 10 MBIT/SEC MFM DATA RATE 

At 10 Mbitlsec the window period is reduced to 50 ns and 
margin loss becomes a much more important design param
eter than at 5 Mbitlsec. The total bit shift allowed is half the 
window (25 ns). If the National DP8465-3 is used. there will 
be a maximum static loss (independent of the loop filter 
components) of 6 ns. This part could be used as the starting 
point for a 10 Mbitlsec design. 

The margin loss due to loop response should be kept as low 
as possible. The maximum allowed bit shift with the 
DP8465-3 is (25 ns - 6 ns) or about 19 ns. The loss ap
proximation formula is then: 

loss = 19[1 - (co~Cdnt 
- t/~ sin~ Cdnt)exp (- tCdnt)l Note 1. 

Z 
I .,.. ... 

C.:I 



~ .--------------------------------------------------------------------, .... 
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where 19 is the phase step (in ns) due to an early bit. Evalu
ation should be done with t = 120 ns: 

CrJn = 600 Krads/s and t = 0.66 -+ loss = 1.9 ns 
This 1.9 ns loss should be acceptable for mo~f designs. The 
total loss would then be 6 ns + 1.9 ns = 7.9 ns for a total 
window of 34.2 ns with the DP8465-3. As discussed in Sec
tion 3.7, the actual margin loss due to loop response will be 
less than 1.9 ns due to the roll off of the second pole in the 
loop filter. 
The acquisition performance of a 600 Krad/s loop was ana
lyzed in the 5 Mbitlsec design example. With a 2% frequen
cy difference between the read data and the crystal, the 
peak phase error was about 24 ns. At 10 Mbit/sec ACrJ is 
doubled and the conversion term becomes 100 ns/2'lT. The 
initial phase misalignment is 25 ns. The peak phase error is 
then just over 20 ns. This is pushing the capture range of 
the DP8465-3 since its allowed shift is only 19 ns. If the 
system is fixed media with 1 % or better rotational speed 
variation there is no problem since the peak phase error is 
reduced by a factor of two in this case. If capture is needed 
at 2%, SET PLL LOCK can be deasserted during read ac
quisition as discussed later. 
Notice that the 5 Mbit/sec lock time was given in bytes (i.e. 
5.5 bytes). At 10 Mbit/sec the read acquisition time will, re
main about the same but that means that the number of 
bytes is doubled to 11 bytes. This read acquisition time can 
be reduced without increasing the margin loss if the disk 
controller will hold SET pel LOCK deasserted (high) during 
read acquisition. This increases the damping factor to 1.04 
and the bandwidth to 940 Krads/sec. The result is a read 
acquisition time of 8 bytes. The crystal acquisition time is 
also 8 bytes so the total preamble length is 16 bytes in a 
soft sectored disk drive. (This assumes zero monitoring 
overhead. If x bytes are required to determine that the read 
data is not preamble, the total preamble length would ,be 
16 + x bytes.) Of course the price paid for this reduction in 
acquisition time is that the controller must now control the 
SET PLL LOCK input during acquisition. 
The calculation of the loop components is similar to the 5 
Mbit/sec data rate example: 
C1 = (2.5) (FvCO)/(N) (Rrata) (CrJn2) 

= (2.5) (20E6)/(2) (820) (3.6E11) 
= 0.085E-6 (use 0.082 ",F (5%» 

C1 should be an ultra-stable monolithic ceramic capacitor or 
equivalent timing quality capaCitor. Evaluation of the band
width formula with C1 = 0.082 ",F gives: 

CrJn = 4(2.5) (20E6)/(2) (820) (0.082E-6) = 609.8 Krads/s 
The target damping factor at this bandwidth is 0.66: 
R1 = (2) (t)/(CrJn) (C1) 

= (2) (0.66)/(609.8E3) (0.082E-6) = 26.4 (use 270) 
The total set current into the charge pump through the par
allel combination of Rbeest and Rrata, (Rp), must not exceed 
2 mA. For Isat S; Vbe/Rp, then: 

Rp > Vbe/lset = 0.7V/ 2 mA = 3500 
Solving for Rbeest: 
Rboost = (RP) (Rratel/(Rrata - Rp) 

= (350)(820)i(820,--350) = 610.6 (use 6190) 
This design example assumes that Rboost is switched in dur
ing crystal acquisition and data acquiSition. 
If the margin loss due to loop response of 1.9 ns is accept
able and acquisition performance is to remain unaffected: 

C2 « C1/50 = 0.082 ",F/50 = 1640 pF(use 1600pF) 

9-44 

A smaller value of C2 is chosen for this example since the 
1.a ns cif margin loss seems very acceptable whereas it is 
undesirable to Impact the capture range or the acquisition 
time. Larger,values of C2 may be used, however, the addi
tional poie in the filter may begin to affect frequenCies inside 
the loop bandwidth. The I)'lajor impact of large C2 is on the 
capture range although some, degradation in read acquisi
tion time can be seen for'larger values of C2. See section 
3.7 for furth~r discussion. , 

3:6 COMMENTS ON OTHER CODES 
MFM is a 1,3 i=lLLcode. THis means that a minimum of one 
emPty window will ocCur betWeen two windows which each 
contain a disk data bit, and that a maximum of three empty 
windows will oCcur between windows which each contain a 
disk data bit. The most popular of the newer RLL codes are 
the 2,7 codes, in which there are ~ minimum of 2 and a 
maximum of 7 windows between windows containing a disk 
data bit. Although the ratio of encoded disk data bit posi
tions (windows) on the disk to non-encoded data (NRZ) bits 
for, both MFM and 2,7 code is 2:1, the two codes differ in the 
actual number of recorded pulses required to store a given 
number of NRZ bits (their NRZ-bit versus disk-bit ratio, or 
efficiency). The 2,7 code requires fewer r.ecorded bits than 
MFM on average for disk encoding of the same amount of 
information and has a 50% larger minimum bit spacing than 
MFM. These allow, on a given disk, a theoretical increase in 
data storage of 50% when 2,7 encoding is chosen over 
MFM while the minimum flux transition spacing is kept con
stant. 

~~'~~~~~~~~ 
ERROR C,=.D8~f Cz=1600pf 

20rw ~ R,=Z7A RR=82Dl1 
lDno r-., Ra=61,911 

o 1-1-11+-11-1-+1'--+ .... -1"''1-1'--1 

-10111 J-jJft-H-+-l-H-++-i 

-2Dno II-i-++++-H-++-l 

iM"~i~::arr/ ...... DAT. 

'23'5678T111E 
BYIE BYTE5 TL/F/8663-81 

Controller must keep SET pLL LOCK de!lSSl'rted lor 8 bytes alter READ 
GATE is asserted. 

OJn (acquisition) = 933 Krads/s t = 1,03 

OJn (min data) = 431 Krads/s t = 0.48 

OJ. (maxllata) = 610 Krads/s t = 0.66 
FIGURE 3.15a.10 Mblt/sec De8lg" Example 

RADS/SEC lOOK 1M 10M .... 
TL/F/8663-62 

FIGURE 3.15b. 10 Mblt/sec De8lg" Example 



The impact of a 2,7 code on the data separator is signifi
cant. Loop bandwidth is dependent upon the sample rate 
into the phase detector. With MFM it has been seen that the 
bandwidth in minimum frequency data is 1/,[2 times the 
bandwidth in maximum frequency data. This is a ratio of 
1:0.707. In a 2,7 code the ratio is .J378 or 1:0.612. The 
damping factor follows the bandwidth so a 2,7 code system 
must be more carefully designed to avoid underdamped or 
overdamped response. 

Another complexity of 2,7 codes is that most systems are 
not using the maximum frequency data in the preamble. The 
100100 .... encoded data does not decode to a data pat
tern with byte alignment. The 10001000 ... encoded data 
pattern decodes to all ones byte aligned data and is being 
used more oiten. The lower frequency data increases the 
read acquisition time and increases the probability of har
monic lock. Channel induced pulse pairing (from channel 
asymmetry), coupled with an initial phase alignment which 
puts the data bit at the extreme window edge, may allow the 
loop to stabilize out of phase. There are two techniques 
which are used to eliminate this problem. The first is to start 
the VCO in phase with the read data (zero phase start-up). 
The second technique is to perform phase and frequency 
comparison (i.e. do not window the data) during read acqui
sition. The second technique is used on the National 
DP8462 data separator which is specifically designed for 
2,7 codes. 

PHASE 
ERROR ....-r-T""T""C"Tl-="T.0-39""p.-' ""C-2=""8r"2-0pr",-' 

20ns I--t-f-~-+-Rl =56D. RR=820n. 
...... RB=619n. 

IOns I ............ 
0~L+~+-~~~~ 

-IOns hJH--t--t--t--t--t--t--t--t--I 

-20ns II-+-+-+--+-+-+--+--+-l--l 

I-ACQUlsmON:6 .. =2:c+-+--+--+-l T 10001000 ... 2,7 CODE PREAMBLE 

.8p.S 3.2p.S 4.8p.S 6.4p.S 
1.6p.S TIME TL/F/8663-63 

Controller must keep SET PLL LOCK deasserted for 6 ,,"S after READ GATE 
is asserted. 

OJn (acquisition) ~ 956 Krads/s '~1.04 

wn (min data) ~ 442 Krads/s '~0.48 

wn (max data) ~ 722 Krads/s '~0.79 

FIGURE 3.16a. 10 Mbltlsec 2,7 Code Example 

~ 1 OMBIT/ •• c 2'~",CODE I 
60 <II ~I+H!!I--H+HI WHll!!I--+++I!!!!!-+++P~W+ll!!lE -90" 

40<11 

-180° 

1M 10M 
TLlF/8663-64 

FIGURE 3.16b.10 Mbitlsec 2,7 Code Example 
Note 1. Ibid. 
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In conclusion, loop filter design for 2.7 codes is more diffi
cult than for MFM. In hard sectored drives, or pseudo hard 
sectored drives with de erased gaps, the problem is simply 
the wide range of damping factors and can be easily solved. 

3.7 LOOP FILTER DETAILS 
Time domain response for a second order feedback control 
system is well known. The response to a phase step and a 
frequency step is shown in the graphs in Figure. 3.17. The 
phase locked loop system is normally designed to have a 
damping factor between 0.7 and 1.0 during acquisition so 
these curves show the performance boundaries. The equa
tions for the phase step response are: 

t < 1 -- ott) = AO(cos~ ",nt -
t/~ sin~ ",nt)exp (-t ",nt) 

t = 1 -- OCt) = AO(1 - ",nt)exp (- ",nt) 

The equations for the frequency step response are: 

t < 1 -- Ott) = 

Note 1 

(6",/",n) (1/~ sin~ ",nt) exp (-t ",nt) 

t = 1 -- Ott) = (6",/ ",n)(",nt) exp (- ",nt) Note 1. 

These equations were used to derive the margin loss due to 
bit jitter (i.e. phase steps) as well as the acquisition perform
ance in the previous design examples. The second order 
time domain response is the usual starting pOint for loop 
filter design. 
Disk data separation is complicated by the fact that the in
put data stream is not a single frequency. MiSSing data bits 
must not be allowed to generate error signals to the loop 
since the loop bandwidth would have to be set unaccept
ably low to filter out this erroneous information. As a result, 
most phase detectors for disk data separators do not gener
ate a continuous voltage dependent upon the input phase 
difference. The discontinuity in the input data stream is dealt 
with by only generating a phase detector output when a 
data bit has arrived and only during the period of time corre
sponding to the input phase difference. 

.9 PHASE .,l--.9 PHASE ERROR/ 

.8 ERROR/69 -.8 i-(6wflo>n) --

.7 .7 

.6 .6HHHH-l 

.5 .5 I-Ir--.-+-+-+-I 

.4 .~ ~_ f=J 

:~ ,f=lf f- 2 t rr ~ .. : 
.1 .1 It"" , f=I.o ~ 
o W"'nt 1;0;; 0 

-.1 ~ i.l H-l-J.-Wnt 
-.2 .. i.2 
-.3 ~-7 r--l-i.3 H-J.-+-+-l 
-.4 ' -. ;.4 1-4-1--1-+-1 

1234 1234 
PHASE ERROR DUE PHASE ERROR DUE 

TO PHASE STEP TO FREQUENCY STEP 
OF69 OF6 .. 

TLlF/B663-65 

FIGURE 3.17. Phase Error as a Function 
of Damping and Phase Step 



~ r------------------------------------------------------------------------------------------, .... ... 
:Z 
<C 

There are some problems which result from a pulsed phase 
detector output. First, oscillator response can be affected by 
the phase relationship between these pulses and its intemal 
charging and discharging cycle. Second, the response of 
the oscillator occurs in a quantum jump when the error 
pulse is generated, reducing margin for later bits. These 
problems are reduced by adding one or more poles to the 
loop filter. These poles smooth the phase detector output 
and reduce the loop response to bit jitter. As long as the 
added poles do not add significant gain loss and phase shift 
within the loop bandwidth, the system time domain re
sponse will not differ appreciably from a pure second order 
feedback control system. 

The voltage output of the National DP8465 phase detector 
is converted to a current which is sourced into the filter: 

Vee iT: J 'IN 

+ Vo 
Rp VIN Rl 

- C2 

'INPUT ~ I Cl 

TL/F/8663-66 

FIGURE 3.18 Charge Pump and Loop Filter 
Equivalent Circuitry. 

If Zf is the input impedance of the loop filter: 

Zf = (1/sC2) /I (1/sC1 + R1) = 

(1 + sC1R1)/sC1(sC2R1 + C2/C1 + 1) 

Vo = (lin) (Zf) = 

(Vin/Rp)(1 + sC1Rl)/sCl(sC2Rl + C2/Cl + 1) 

VoNin = (sC1R1 + 1)/sC1Rp(sC2Rl + C2/Cl + 1) 

The effect of C2 is to introduce a pole into the transfer 
function of the loop filter. The pole location is where s = (1 
+ C2/C1)/C2Rl = I/C2R1 if C2 < < Cl. 

The open loop gain is the product of the phase detector, the 
filter, and the oscillator transfer functions. The phase detec
tor transfer function is simply a constant, Kpd, in volts/radi
an. The oscillator transfer function is Ko/s where the 1/s 
term represents phase as the integral of frequency and Ko 
is in units of radians/(volt x sec). The open loop transfer 
function is then: 

G(s) = (KoKpd) [s12 + 11/ [st1(st3 + 1 )s1 
where t1 = Cl Rp, t2 = C1 R1, and t3 = C2R1. The transfer 
function has a zero at 1/12, a pole at 1/t3, and two poles at 
the origin. 
Note: For the National DP8465 the KoKPd product is (2.5) (Fvco)1N where 

Fyco is the oscillator frequency in Hertz and N is the number of oscilla· 
tor cycles between data bHs. 
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In the frequency domain, the open loop gain falls at 40 dBI 
decade until equal to KoKpd/t1 at jw = 1. The 40 dB/dec
ade slope continues until the zero at jw = 1/t2. At the zero 
the slope changes to 20 dB/decade. The slope retums to 
40 dB/decade when the pole breaks at jw = 1/t3. The 
phase shift begins at -180 degrees and asymptotically ap
proaches -90 degrees. The phase is equal to -135 de
grees at jw = 1/t2. The phase plot tums around and starts 
back toward -180 degrees as jw approaches 1/t3 such 
that at jw = 1/t3 the phase equals -135 degrees. 

If a second pole were in the filter around jw = 1/t3, the 
phase would equal - 225 degrees at jw = 1/t3 and stability 
would require that the gain be below 0 dB before the phase 
reached -180 degrees. This sometimes limits how closely 
the poles can be moved to the loop bandwidth. When the 
gain is 0 dB, the difference between the actual phase shift 
and 180 degrees is referred to as the phase margin. The 
open loop phase margin is related to the damping factor of 
the second order system. Note that there is a pole in the 
buffer amplifier of the DP8465 between the filter and the 
VCO. This pole is at 5 MHz or about 31.4 Mrads/s and could 
affect the phase margin in a very wide band loop. 

The additional pole in the loop filter helps to improve read 
margin because it lowers the loop gain at the frequency of 
the bit jitter. The fundamental frequency content of the bit 
jitter is slightly below the bit frequency since the pump up 
error begins before the end of the window and the pump 
down error ends after the end of the window. At 5 Mbit/sec, 
the bit jitter frequency is 1/(200 ns + 80 ns) = 22.4 Mrads/ 
sec for 40 ns bit shifts. The 615 Krads/sec loop deSigned 
earlier for 5 Mbitlsec data would have a gain of -28 dB at 
jw = 22.4 Mrads/s if C2 were not in the loop. With C2 = 
820 pF, the gain is reduced to about - 31 dB at the bit jitter 
frequency. If the additional pole were added at jw = 6.15 
Mrads/s (10 wn) the gain would be -38 dB at the bit jitter 
frequency for an extra 10 dB of noise rejection. C2 would be 
0.0027 ,..F in this case. 

It is difficult to analytically predict the effect of C2 on the 
acquisition performance. Since C2 is moving close to the 
loop bandwidth, the system behavior is not purely second 
order. There are some computer programs which allow time 
domain response to be predicted for third order systems but 
normally it is not necessary to use these tools. It is usually 
sufficient to start with a second order analysis and experi
mentally measure the system performance as the third pole 
(or poles) is brought closer to the loop bandwidth. 



CHAPTER 4 DP8466 Disk Data Controller Overview 

4.0 INTRODUCTION 
National's Disk Data Controller (DOC) chip, DP8466, per
forms many of the functions in the disk data electronics path 
of either disk controllers or intelligent disk drives. The pri
mary function of the chip is to correctly identify the selected 
sector on disk and then to transfer that sector's data to or 
from memory. 

The DOC performs serialization and deserialization of disk 
data, CRC!ECC generation, checking and correction, data 
buffering with a 16-word (32-byte) FIFO, and single or dual 
channel DMA addressing. It can write NRZ or MFM encod
ed data to the disk. The data separation required in the disk 
data path electronics can be obtained by using one of Na
tional's Data Separator chips, DP8460 or DP8461!5. If 2,7 
is used instead of MFM, 2,7 ENDEC chip could be used in 
conjunction with the DP8462 2,7 Data Synchronizer. The 
DOC is fabricated using the dual layer metal 2/L 
microCMOS process, which allows complex functions to be 
implemented with high operating speeds and modest power 
consumption. Internal gate delays of less than 2 ns allow 
the DOC to function with disk data rates up to 25 Megabits! 
sec. This enables the DOC to be used not only with 3%
inch, 51j.,-inch and 8-inch drives, either Winchester or Flop
py (or both), but also with high-end drives such as 14·inch 
Winchester drives, vertically recorded drives, and optical 
drives. 

The DOC interfaces with drives compatible with the ST506, 
ST412HP, ESDI, SMD and other interfaces. Also the DOC 
may instead be part of an intelligent disk drive that has a 
SCSI (SASI), or an IPI type interface. Refer to chapter one 
where the block level boundaries of the various disk inter
face standards are shown. 

ERROR 
DETECTION AND 

CORRECTION 

TO DATA ... - .... --1 

4.1 THE DOC ARCHITECTURE AND BASIC 
OPERATION 
An architectural block diagram of the DOC is shown in Fig
ure 4.1. The 64 internal registers consist of control, com
mand, pattern and count registers. These registers are ini
tially preloaded with information such as header or synch 
bytes, ECC polynomial bytes, preamble or postamble pat
terns, or address marks (for soft sectored drives) etc. Some 
of the registers will be programmed each time the DOC 
starts an operation, for example the command register. 

The DP8466 has a range of commands that enable reading 
and writing of both data, and header fields, checking for 
header fields, formatting with either hard or soft sectored 
formats, and aborting. Each of these operations can be per
formed in various modes and an abundance of formats. 
Most operations can be performed as single or multi-sector 
operations. 

In a typical disk read or write operation, the desired sector 
(where the data information is to be read from or written to) 
is first located by comparison of the header bytes. To 
achieve this comparison, the incoming serial data from the 
external data separator is deserialized into byte-wide data 
that is fed both to a comparator and FIFO. The comparator 
checks the address mark (if present) and the synch bytes to 
align the incoming bytes. Once the incoming data stream 
has been byte aligned, header comparison for the desired 
sector then begins. As each header byte is deserialized it is 
compared with the next preloaded header byte. If any of the 
header bytes do not match, the desired sector has not been 
located, but the DP8466 still performs a CRC!ECC check 
on the header and waits for the 10 segment of the next 

FIFO BUS 
INTERFACE 

ENCODER +---+ ..... L== ..... J~ .. --------IIIIj~_"r"..J 
TO 

PRECOU 
DRIVER 

UFU 
ENCODING 

WITH 
PRECOUPENSATION 

DUA 

FIGURE 4.1_ The DOC Data Path Architecture 
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~ r-------------------------------------------------------------------------------~ ..-
.. sector. If after two disk revolutions the header is not found 
:Z: the DOC will abort the operation. Once a header match is 
CC detected, the DOC prepares to transfer data to or from the 

data segment of the sector. 

1. When writing a data segment to the disk, the DOC first 
inserts the preamble pattern field, address mark (for soft 
sectored drives) and synch fields, each byte repeated a 
specified number of times. These fields are followed by the 
data field bytes that are provided sequentially through the 
FIFO and external memory. Internal CRC or ECC (or exter
nal ECC) check bits are generated from the bits in the data 
field and subsequenlly appended to it. The write operation 
ends with the postamble. As each byte is serially transmit
ted, the next byte becomes available to be serialized and 
output. The serial output may be either NRZ data with the 
associated write clock or MFM encoded data. 

2. When reading a data segment from the disk, the DOC 
deserializes the incoming data and byte aligns with the ad
dress mark (if present) and synch fields using the compara
tor. It then transfers the data field bytes into FIFO. At the 
same time it checks incoming serial data using an internal 
CRC code or ECC code. 

For both read or write operations, disk data goes to or from 
the internal FIFO. Once the FIFO has filled or emptied to the 
selected threshold level, data may be transferred to or from 
the external buffer memory in the selected burst length by 
means of a DMA channel. A second DMA channel is avail
able to transfer data to or from buffer memory to the system 
(for systems that utilize a buffer memory). 

If the operation terminates properly an interrupt is issued, 
and the user may check status. If an error results during the 
operation the DOC will also interrupt the microprocessor, 
and the user must determine the appropriate action. 

The DOC can be configured in three different modes; pe
ripheral, master and slave. In the peripheral mode, the mi
croprocessor accesses internal register to read or write 
data. The DOC acts like a peripheral when it is being config
ured, and when the microprocessor issues a command. 
During the execution of a command and when the on-chip 
DMA has been granted access to the bus for local and re
mote transfers, the DOC goes into its master mode, and 
becomes bus master. If during the command an external 
DMA controls data transfer the DOC will go into a slave 
mode. 

4.2 PIN ASSIGNMENT AND DESCRIPTION 
In this section a complete pin description is presented. The 
pin assignment diagrams are shown in Figure 4.2(a) and 
4.2(b). Specific timing information for these Signals can be 
found in the DPB466's Datasheet. 

4.2.1 Bus Interface 
Chip Select (CS): When the DOC is in the peripheral mode 
the chip select signal must be asserted low to access en
able microprocessor access. In the peripheral mode pins 
RSO-5 are address inputs and pins ADO-7 are set for B-bit 
transfer of data between the DOC and microprocessor. CS 
has no effect if on-chip or external DMA is performing a 
transfer. (DOC in slave or master modes.) 

Bus Clock (BCLK): The DOC uses BUS CLOCK input as 
the reference clock when the DOC is bus master. It is used 
only during RESET and DMA operations and is independent 
of the disk data rate. BCLK may be the microprocessor 
clock and must be at least % the rate of READ CLOCK, 
RCLK. 
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AD8- 1 48 -ADO 

AD9- 2 47 -ADI 

AD10- 3 46 -AD2 

ADll- 4 45 -AD3 

AD12- 5 44 -AD4 

AD13- 6 43 -AD5 

AD14- 7 42 -AD6 

AD15- 8 41 -AD7 

A050- 9 40 I-BCLK 

Wil- 10 39 I-LACK 

iffi- 11 38 i-RACK 

GND- 12 37I-A051/RRQ 

AME/LPRE- 13 36 I- LRQ 

vcc - 14 35 I- RSO 

RDATA- 15 34 I- RSI 

AMF/EPRE- 16 331-RS2 

EXT STAT- 17 32 I-RS3 

WDATA- 18 31 I- RS4 

RGATE- 19 30 I-RS5 

WGATE- 20 29 I- iNT 
WCLK- 21 28 -cs 

SECTOR- 22 27 -soy 
INDEX- 23 26 -EEF 

RESET- 24 25 -RCLK 

TL/F/8663-68 

FIGURE 4.2(a). The DDC (DP8466) Connection Diagram 

Address/Data (ADO-7): This B-bit data/address bus port 
has one microprocessor associated function and four mem
ory transfer associated functions. When the DOC is in the 
peripheral mode and CS is set low, this port transfers data 
between the internal sections of the DOC and the micro
processor. When external DMA is active (i.e. the DOC is in 
slave mode) with LACK (local acknowledge) set low, data 
bits 00-7 are transferred between the FIFO and memory. 

When the DOC is controlling the bus (i.e. when on-Chip DMA 
is active), the ADO-7 bus is multiplexed between DMA ad
dress and FIFO data bits. Using the single DMA mode, 
AO-7 are issued on this port as are A16-23. When using 
dual DMA, these lines are used to transfer both the local 
and remote DMA address bits, AO-7. In either dual or single 
channel mode, the data bits 00-7 are transferred between 
FIFO and external memory through this port. 

Address/Data (AD8-15): This B-bit I/O port has four mem
ory transfer functions (in the peripheral mode with CS low, 
these pins remain indeterminant low impedance). In the 
slave (external DMA active) mode with LACK set low, data 
bits DB-15 are transferred between the FIFO and memory 
when 16-bit transfers are enabled. When the DOC is con
trolling the bus, (master mode) it issues address bits A8-15 
on this port and can also issue address A24-31 if it is in 
single channel DMA mode. 

Register Select (RSO-S): In the peripheral mode, these 6 
inputs are used to select the internal registers to be ac
cessed by the microprocessor. These inputs feed "fall 
through" latches that are controlled by the ADSO input. The 
RSO-5 inputs fall through and are decoded by the DOC 
when the input level on ADSO pin is high. The RSO-5 inputs 
are stored on the falling edge of ADSO. This enables easy 
connection to either multiplexed or non-multiplexed buses. 
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FIGURE 4.2(b). The DOC Block Diagram with Pin Assignment 

Address/Data Strobe 0 (ADSO): This 1/0 strobe has two 
functions. In the peripheral mode, ADSO becomes an input 
and may be used as a microprocessor address strobe input. 
In this mode when ADSO is high, the address bits on RSO-5 
enter the Register Select Latch and are latched on low go
ing transition. 

With the bus under DOC control, ADSO becomes an output 
that issues the address strobe to external memory at the 
start of the DMA transfer cycle. The low going transition of 
ADSO coincides with the DMA address bits AO-15 being 
valid on pins ADO-15. (Note: ADSO when an output will still 
latch "data" into the RSO-5 latches. Normally this is ran
dom data and is of no consequence since CS is high. How
ever when the system wants to access the DOC after a 
DMA, the proper address must be loaded into the latches or 
ADSO must be high prior to CS going low.) 

Address/Data Strobe 11 Remote Request (ADS1/RRQ): 
This output pin can be configured to have one of two func
tions. If the DOC has been configured for 32-bit address 
single channel DMA, the pin becomes ADS1. This address 
strobe is issued either at the start of the very first memory 
transfer cycle of a new disk operation or when the lower 16 
address bits have just rolled over. In either case the address 
on pins ADO-15 is A15-31 at the instance of low going 
transition of ADS1. 

If the DOC is configured to perform remote DMA transfers in 
its dual channel mode, the pin becomes RRO, or Remote 
DMA Request. The DOC will assert the RRO high whenever 
it is ready to transfer data between buffer memory and the 
system 110 port. The RRO will be reset at the end of the 
selected burst transfer length. 

Remote DMA Acknowledge (RACK): This input pin must 
be asserted high after RRO has been set high, when the 
external 110 device is ready to transfer data. Data will be 
transferred between external buffer memory and the remote 
110 device until the DOC sets RRO low, or until RACK is set 
low externally. If RACK is removed during a transfer any 
cycle in progress at this time will complete. 

Local DMA Request (LRQ): This output pin is low when no 
data transfer is required between FIFO and the external 
buffer memory. The DOC asserts LRO high when FIFO re
quires data to be transferred to or from the external buffer 
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memory for both dual and single DMA mode. LRO will return 
low during the last cycle of the burst transfer or on emptying 
or filling up the FIFO. 

Local DMA Acknowledge (LACK): Once the DOC has set 
LRO high, and the external circuitry subsequently sets the 
LACK input high the DOC becomes bus master. Data trans
fers between the on-Chip FIFO and external memory will 
now proceed until the DOC sets LRO low, or until LACK is 
set low externally, in which case any cycle in progress at 
this time will complete. 

Read (RD): The RD strobe 110 pin has two functions. In the 
peripheral mode RD is an input that when low causes data 
from a DOC register (selected through pins RSO-5) to be 
output on pins ADO-7 when CS is low. Pins ADO-7 will be 
high impedance before and after the READ strobe. 

When the DOC has bus control, with either LACK or RACK 
active, the RD strobe is an active low output from the DOC 
to be used by external memory. It enables data to be trans
ferred from the selected memory location to either the on
chip FIFO for local transfers or to an external 110 device for 
remote transfers. 

Write (WR): The WR strobe 1/0 pin has two functions. In 
the peripheral mode WR is an input that when set low will 
cause data present on pins ADO-7 to be loaded into a DOC 
register (selected through pins RSO-5, and when CS is 
low). 

When the DOC has bus control, with either LACK or RACK 
active, the WR strobe is an active low output used to write 
data to the selected memory location from either the on
chip FIFO for local transfers or from an external device for 
remote transfers. 

Interrupt (INn: The INT output is set active low whenever 
the DOC wishes the controlling microprocessor to check 
status. It is set high when the microprocessor services the 
interrupt by setting the CS input low and reading the Status 
Register. 

Reset: The RESET pin is an input that is normally set high. 
When RESET is set low, the DOC goes into the internal 
reset mode. It clears the FIFO contents, the Status and Er
ror registers and also deactivates LRO, RRO, WRITE GATE 
and READ GATE. 

• 
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.... 4.2.2 Disk Interface Read Gate (RGATE): When the DDC is set to read the disk, 
'T such as in a Read Header, Compare Header, Ignore Head· :i! Write Gate (WGATE): When the DDC writes data to the er, Read Data or Ignore Data operation, READ GATE ~ill go 

disk during either a Write Data, Write Header or Format op· active high. This informs external data separator that It can 
eration, it asserts the WRITE GATE output pin active high at begin locking on to incoming disk data. If the data separator 
the start of the operation. The transition coincides with the fails to achieve locking, the DDC will set READ GATE inac. 
first WRITE DATA bit being issued. WRITE GATE remains tive for 18 bit times before another locking attempt is made. 
high until either the last data bit of the sequence to be writ· READ GATE is also set inactive either at the end of the 
ten has ended, or when the DDC aborts or resets. specified operation or if the DDC aborts or resets. 
Write Data (WDATA): During a write disk operation, this pin Read Data (RDATA): Once READ GATE has been set ac. 
outputs serial disk data. The DDC can be configured to out· tive high and external circuitry has locked on to the incom. 
put either NRZ or MFM encoded data on the WRITE DATA ing encoded disk data, the encoded data must be separated 
pin. If NRZ data is selected its bit rate has the same period into clock and NRZ data. The NRZ data connects to the 
as the WRITE CLOCK output. When the DDC has been READ DATA input of the DDC, and is clocked into the DDC 
configured to issue MFM encoded data to the disk, data on the positive edge of READ CLOCK. When READ GATE 
pulses will be output on WRITE DATA as determined by the is set low, the READ DATA input will be ignored. 
MFM encoding rules. In either configuration, when WRITE Read Clock (RCLK): READ CLOCK is a clock input that 
GATE is inactive low, so is WRITE DATA. may have slightly differing frequencies, depending on the 
Write Clock (WCLK): When the DDC is configured to write READ GATE control pin. When READ GATE is inactive, this 
NRZ data, a synchronous clock is provided at the WRITE clock should be derived from either a servo clock or a crys. 
CLOCK output. The WRITE CLOCK frequency is the same tal clock to produce a clock with a period close to the bit 
as READ CLOCK. When the DDC is configured to output rate of the disk data. After READ GATE has been set active, 
MFM encoded data, clock information is not needed howev· and external circuitry has locked on to the incoming encod. 
er this output will still toggle. ed disk data, the READ CLOCK input must switch frequency 
Address Mark Found/Early Precompensation (AMF/ (without any short pulses or glitches) to a period identical to 
EPRE): This pin has two modes. When the DDC is config· the READ DATA signal. 
ured to read from a soft sectored disk, this pin is ADDRESS Sector Pulse (SPULSE): In hard sectored drives the SEC. 
MARK FOUND, an active high input. Normally this input will TOR PULSE input goes high as the start of each sector 
be low but whenever external circuitry detects an Address passes under the drive head. Once the DDC detects this 
Mark (such as a missing clock, or blank information) AMF high signal (for at least one period of the READ CLOCK 
should go high for at least one period of READ CLOCK. This input), it interprets this to indicate a sector operation can 
will indicate to the DP8466 that a valid address mark has begin. In soft sectored drive there is no sector pulse and the 
been located. start of each sector must be indicated by an Address Mark 
When the DDC is configured to write MFM encoded data, byte or bytes, this pin should be tied to ground. 
this pin becomes the output EARLY PRECOMPENSATION. Index Pulse (IPULSE): All drives have an index pulse out. 
When it is high, the MFM pulse appearing on the WRITE put that goes active high as the beginning of any track pass. 
DATA output requires early precompensation. When low, es under the drive head. Once the DDC detects this high 
the MFM pulse does not require early precompensation. signal (for at least one period of the READ CLOCK input), it 
If both functions are being used in the system, WRITE assumes an INDEX PULSE has occurred. The DDC uses 
GATE is used to determine the function of this pin. When the INDEX PULSE input to begin various operations. 
WRITE GATE is active high, this pin is an LPRE output, Serial Data Valid (SDV): This output pin goes high whenev-
otherwise it is an AMF input. External demultiplexing circuit- er the DDC is issuing or receiving either header field bytes 
ry can be used. and internal header CRC or ECC bytes, or data field bytes 
Address Mark Enable/Late Precompensatlon (AMF/ and internal data CRC or ECC bytes. It is set high synchro-
LPRE): This pin has two modes of operation depending on nous with the first header or data bit appearing on the 
whether NRZ or MFM data is written to the disk. When the WRITE DATA output pin, or the READ DATA input pin. If the 
DDC is configured to write NRZ data on a soft sectored encapsulation mode is set then SCV is set high synchro-
disk, this output pin is ADDRESS MARK ENABLE. AME is nously with the first sync byte (address mark). If the start 
normally low and will remain low when the DDC is config- with address mark bit is set and encapsulation is enabled 
ured for a hard sectored disk (bit HSS in disk format register SDV will be set high at the first sync # 2 byte. (See Chapter 
is set). On the other hand, for the soft sector configuration, 5 and 6.2.) It is set low synchronous with the last bit of 
the DDC will set AME active high during the time any Ad- internal CRC or ECC field ending on the WRITE DATA out-
dress Mark byte is serially output on WRITE DATA pin. put pin or the READ DATA input pin. If internal CRC or ECC 
When the DDC is configured to write MFM encoded data, is not selected, it will be set low synchronous with the last 
this pin becomes LATE PRECOMPENSATION output. In bit of the header field or data field. The SERIAL DATA VAL· 
this configuraton if LATE PRECOMPENSATION is high, ID pin may be used to select external ECC circuitry or for 
then late precompensation is required on the MFM pulse diagnostics in checking the lengths of the fields. 
being output on WRITE DATA. If LATE PRECOMPENSA- External ECC Field (EEF): This output pin is normally low, 
TION is low, late precompensation is not required. If both but will go high at specified times if external ECC has been 
EARLY PRECOMPENSATION and LATE PRECOMPENSA- selected. This will be during the time the external ECC field 
TION output pins are set low, no precompensation is re· check bits need to be generated (with WRITE GATE high) 
quired. or checked (with READ GATE high). It will be deasserted 

(synchronous with SERIAL DATA VALID output going low) 
after the last bit of the external ECC field has ended. 
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External Status (EXT STAT): The EXTERNAL STATUS in
put pin has three possible functions: Enabling wait states for 
the DMA, or Supplying external synchronization information 
and/or ECC information to the DOC. The user selects either 
the first alternative, or the other two. In other words, gener
ating wait states is mutually exclusive with external synch 
and ECC. If the wait state alternative is selected, the use of 
this status pin is limited to only supplying wait states to the 
DMA bus cycle. If the latter two alternatives are selected, 
input signals on EXTERNAL STATUS may provide synchro
nization at the start of a header or data field, and external 
ECC error status at the end of the external ECC field. 

4.2.3 Power Supply 
vee, GND: The supply pins require a standard + 5V ± 10% 
regulated supply. As with any high speed controller that 
must connect to high speed buses, output switching tran
sients can cause supply noise glitches which can affect oth
er circuitry within the IC. Thus, a good ceramic decoupling 
capacitor is recommended to be connected across these 
pins. This capacitor should be ~ 0.1 ILf and should be locat
ed in close proximity to the Vee and ground pins. Good 
GND and VCC planes are also recommended. Both of these 
precautions are to minimize the effects of current switchings 
on the chip affecting sensitive sections of the chip. With 
inadequate decoupling or GND and VCC planes, inexplica
ble behavior of the chip may result. 

4.3 DDC FUNCTIONAL DESCRIPTION 
This section is intended to provide a block level functional 
overview of the DOC. The detailed operational information is 
given in Chapter 7. A block diagram of the DOC is shown in 
Figure 4.1. The DOC is composed of a bus interface unit 
which communicates with the microprocessor and memory. 
It also is composed of a serializer and a deserializer that 
communicates with the disk. A single/dual channel DMA 
block provides intelligent on-Chip data transfer. This DMA 
controller transfers data to and from the internal mUlti-mode 
FIFO block. A 32/48 bit ECC or 16-bit CRC correction block 
is included for error generation and checking of disk data. 
The functional description of each block follows. 

4.3.1 Bus Interface 
This block of the DOC provides an interface between the 
DOC and system bus through its two input/output data bus 
ports (ADO-7, AD8-15) and one input port (RSO-5). In the 
peripheral mode, the internal registers of the DOC are se
lected through pins RSO-5 and data is transferred between 
microprocessor and the internal registers through the I/O 
port ADO-7. 

When the DOC is controlling the bus, two I/O ports (ADO-7, 
AD8-15) provide 16-bit address both for the local and re
mote DMA data transfers. In single channel DMA mode, an 
address up to 32 bits could be obtained to access memory 
up to 4 Gigabytes (see the DMA block description section). 
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Multiplexed along with the DMA address information on 
these two ports is data information. In the 8-bit transfer 
mode only ADO-7 is used, and the interface logic contains a 
multiplexer to convert 16 internal data bits to 8 bits. For 16-
bit transfers, ADO-7 transfers the lower 8 bits and AD8-15 
transfers the upper 8 bits between the FIFO and the system 
bus. 

4.3.2 Internal Registers 
The DOC has 64 internal registers including parameter, pat
tern and count registers. Some of these registers are read
only, some write-only and the remainder read/write. These 
registers can be classified in four categories: 

1) Command and Control Registers 

2) ECC/CRC Registers 

3) Format Registers 

4) DMA Registers 

Each of the above mentioned classes is described in the 
following paragraphs. A list of the DOC's internal registers 
with their hexadecimal addresses is given in Table 4.1. 

COMMAND AND CONTROL REGISTERS 

The Command and Control registers are the key registers of 
the DOC. They control basic functions and operations of the 
Chip. The registers which can be included in this category 
are Drive Command (address 10H), Operation. Command 
(address 11 H), Status (address OOH), Error (address 01 H), 
Disk Format (address 35H), Sector Counter (address 12H), 
Number of Sector Operations (address 13H), Header Byte 
Count/Interlock (address OFH), and Header Diagnostic 
Readback (address 36H). Table 4.2 lists these registers 
along with a short description. 

The Drive Command register basically determines the oper
ations to be performed on the disk data. Also it can be used 
to set the DOC to format drives and to abort any operation 
in progress. The operations determined by the drive com
mand register can then be controlled through the Operation 
Command register. The Operation Command register en
ables the DOC to issue certain interrupt and acknowledge 
Signals during different operations. The Status register gives 
the status of the operation while the Error register Indicates 
errors which may occur during these operations. 

The DOC is adapted to the selected drive format through 
the Format register which determines the format of the in
formation to be written to the disk. The Start Sector, Num
ber of Operations, and Header Byte count registers, in con
junction with the Drive Command register, allow the DOC to 
perform multisector operations. The Header Diagnostic 
Readback register on the other hand enables the DOC to 
perform a read back operation on the header bytes present 
in the FIFO. 



C") .... 
y 
z 
<C Hex 

Address 

00 
01 
02 

03 

04 

05 

06 

07 

08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
lA 
lB 
lC 
10 
IE 
IF 

TABLE 4.1. The DDC Internal Registers In Numerical Order 

Name 
Hex 

Name 
Address 

Status Register 20 Data Postamble Byte Count 
Error Register 21 ID Preamble Byte Count 
ECC Shift Register OutO/Polynomial 22 ID Address Mark Byte Count 

Preset ByteO 23 ID Synch Byte Count 
ECC Shift Register Outl/Polynomial 24 Header ByteO Control Register 

Preset Byte 1 25 Header Bytel Control Register 
ECC Shift Register Out2/Polynomial 26 Header Byte2 Control Register 

Preset Byte2 27 Header Byte3 Control Register 
ECC Shift Register Out3/Polynomial 28 Header Byte4 Control Register 

Preset Byte3 29 Header Byte5 Control Register 
ECC Shift Register Out4/Polynomial 2A Data External ECC Byte Count 

Preset Byte4 2B 10 External ECC Byte Count 
ECC Shift Register Out5/Polynomial 2C ID Postamble Byte Count 

Preset Byte5 20 Data Preamble Byte Count 
Polynomial Tap ByteO 2E Data Address Mark Byte Count 
Polynomial Tap Bytel 2F Data Synch Byte Count 
Polynomial Tap Byte2 30 Data Postamble Pattern 
Polynomial Tap Byte3 31 10 Preamble Pattern 
Polynomial Tap Byte4 32 ID Address Mark Pattern 
Polynomial Tap Byte5 33 ID Synch Pattern 
ECCControl 34 Gap Byte Count 
Header Byte Count/Interlock 35 Disk Format Register 
Drive Command Register 36 Local Transfer Reg/Header 
Operation Command Register Diagnostic Readback 
Start Sector Number 37 Remote Transfer Register 
Number of Sector Operations 38 Sector Byte Count L 
Header ByteO Pattern 39 Sector Byte Count H 
Header Bytel Pattern 3A Gap Pattern 
Header Byte2 Pattern 3B Data Format Pattern 
Header Byte3 Pattern 3C 10 Postamble Pattern 
Header Byte4 Pattern 3D Data Preamble Pattern 
Header Byte5 Pattern 3E Data Address Mark Pattern 
Local Data Byte Count L 3F Data Synch Pattern 
Remote Data Byte Count H 
DMA Address By teO 
DMA Address Bytel 
DMA Address Byte2 
DMA Address Byte3 

TABLE 4.2. Summary of Control Registers 

Address Register Name General Operations 

OOH Status Register Disk Operation, DMA Status (Read) 
01H Error Register Error Determination of Operation 
OFH Header Byte Count 

10H Drive Command Start Disk Operation 
llH Operation Command Reset, Remote DMA, INTR Operation 

12H Start Sector Can Contain Sector Number 
13H No. of Sector Operations Used in Multi-Sector Operation 

35H Disk Format MFM, Hard Sector, External ECC 
36H Header Diagnostic 

9-52 



r--------------------------------------------------------------------.~ 

THE ECC/CRC REGISTERS 

The ECC/CRC registers (addresses 02H to OEH) are used 
to set up the DDC for desired error detection and correction 
configuration. Registers 02H to 07H are read-write and con
tain the preset pattern for the internal ECC. The preset pat
tern is the data that the ECC shift register is initialized to 
prior to an operation. Typically this is all ones. During a cor
recton cycle, reading these registers provides the syndrome 
bytes to correct the erroneous data. Registers 08H to ODH 
are write-only and are used to load in the internal ECC poly
nomial required for the drive format selected. The ECC Con
trol register (address OEH) is used for selecting the internal 
ECC Correction Span, inversion of input or output check bits 
to the ECC register and ECC encapsulation (the mode that 
includes sync bytes (address marks) in the check bit calcu
lation). These registers are listed in Table 4.3. 

THE FORMAT REGISTERS 

The Format registers, Table 4.4, (addresses 20H to 2FH, 
30H to 35H and 38H to 3FH) determine and control the 
format of the fixed fields for the selected drive type accord
ing to the selected format. (Figure 4.3 shows the Sector 
Format fields incorporated in the DDC). Registers 20H to 
2FH contain the byte count of the fixed fields along with the 
6 Header Control registers while Registers 30H to 35H and 
38H to 3FH contain the patterns of the fixed fields along 
with the Inter Sector Gap Count and the Sector Byte Count 

registers. These Registers are shown in Table 4.4. Since 
almost every pattern register has an associated count regis
ter (which controls the repetition number of its field) or a 
control register, Table 4.4 is organized to show both togeth
er. 

THE DMA REGISTERS 

The DMA registers consist of the Local Transfer register 
(address 36H), Remote Transfer register (address 37H), 
and count and address registers, 1 AH to 1 FH. The Local 
Transfer register controls the data transfers between the 
DDC and buffer memory by controlling data and address 
bus lengths, byte ordering, memory cycle and the burst 
length. The Remote Transfer register, on the other hand, 
controls the data transfers between the buffer memory and 
the system 110 port in dual bus architectures. In addition to 
the data and address bus lengths, the memory cycle length, 
and determining the burst lengths, it also controls the trans
fers in the dual channel DMA mode. 

Registers 1AH and 1BH determine the byte count required 
in a remote data transfer while registers 1 CH to 1 FH are 
DMA Address bytes 0 to 3 for local and remote transfers. 

Table 4.5 lists the DMA control and address registers, and 
their function when the DDC is used in either dual channel 
or single channel mode. 

TABLE 4.3. ECC Control Registers 

Shift Regl 
Polynomial 

Polynomial 
Tap 

Register Description 
Preset 

02 08 ECC Shift Reg/Poly Preset and Tap 0 
03 09 ECC Shift Reg/Poly Preset and Tap 1 
04 OA ECq Shift Reg/Poly Preset and Tap 2 
05 OB ECC Shift Reg/Poly Preset and Tap 3 
06 OC ECC Shift Reg/Poly Preset and Tap 4 
07 OD ECC Shift Reg/Poly Preset and Tap 5 

OEH ECCControl 
08H,09H Data Byte Count 

TABLE 4.4. Format Count, Control and Pattern Registers 

Count/ 
Pattern 

HeaderllD Field 
Count Pattern 

Data Fieid/ECC 
Control 

Reg 
Register 

Reg Reg 
Format Register 

Reg Descriptions Description 

20 30 Data Postamble 2A - Data External ECC 
21 31 IDPreamble 2B - ID External ECC 
22 32 ID Synch Field 1 2C 3C ID Postamble 
23 33 ID Synch Field 2 2D 3D Data Preamble 

2E 3E Data Address Mark 
24 14 Header Byte 0 2F 3F DataSynch 
25 15 Header Byte 1 34 3A Post Sector Gap 
26 16 Header Byte 2 
27 17 Header Byte 3 - 3B Data Format 
28 18 Header Byte 4 38 - Sector Byte (LSB) 
29 19 Header Byte 5 39 - Sector Byte (MSB) 
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I~ PREAMBLE (ADDRESS SYNCH#2 BYTES (0,2, EXT. ECC POSTAMBLE 
(0-31 MARK FIELD) (0-31 (2-6 4 OR 6 (0-31 (0-31 
BYTES) 0-31 BYTES BYTES) BYTES) BYTES) BYTES) BYTES) 

~ ~" DATA SYNCH DATA DATA (DATA DATA CRC/ DATA DATA GAP 
PREAMBLE #1 (ADDRESS SYNCH #2 FORMAT PAITERN) ECC (0, 2, EXT. ECC POSTAMBLE 3 

(0-31 MARK FIELD) (0-31 (1-64K 4 OR 6 (0-31 (0-31 (0-255 
BYTES) (0-31 BYTES) BYTES) BYTES) BYTES) BYTES) BYTES) BYTES) 

TLlF/B663-70 

FIGURE 4.3. Sector Format Fields Incorporated in the DDC 

TABLE 4.5. DMA Registers and Functions in Dual or Single Channel Mode 

Addrs Register Name 

1AH Remote Count 
1BH Remote Count 
1CH DMAAddr0 
1DH DMAAddr 1 
1EH DMAAddr2 
1FH DMAAddr3 

36H Local Transfer 
37H Remote Transfer 
37H DMA Sector Count 

4.3.3 The FIFO 
The primary function of the DDC is to transfer data between 
disk and the system. The DDC has been configured so that 
during a disk data transfer operation, it does not occupy the 
bus for the whole disk transfer. Instead, it allows burst trans
fers so that the bus is free between the bursts for normal 
system usage. Systems with a main microprocessor and 
main memory will interface directly to the DDC. In this type 
of application, burst data transfers will require occupancy of 
the main system bus, so use of the bus must be granted at 
the discretion of the system. For example, if the system is 
performing a higher priority operation, it must not relinquish 
the bus for disk data transfer. 

Once the bus has been relinquished, the system is held 
from performing other operations and a burst of data is then 
transferred. For the DDC, these requirements mean first, 
that some degree of data buffering is necessary to store the 
continuous arrival or removal of disk data, and second, that 
when the bus is granted, transfer must be fast. The amount 
of data buffering will be dependent on the system, but the 
majority of low-end systems should be able to respond to a 
data transfer request from the DDC within 50 fLs. Most disk 
drives in this kind of application run at a data rate of 
5 Mbits/sec, or one bit every 200 ns. Typically then, the 
data buffer must be able to store around 250 bits. A 32-byte 
FIFO has been included on the DDC enabling it to operate 
with most bus systems. 

The data is transferred between the FIFO and the local 
memory (dual channel mode) or system memory in different 

Single Channel Dual Channel 

NA LSB Data Xfer Count 
NA MSB Data Xfer Count 

AO-A7 AO-A7 Local DMA 
AB-A15 AB-A15 Local DMA 

A16-A23 AO-A7 Remote DMA 
A24-A32 AB-A15 Remote DMA 

Configures Local or Single Channel 
Configures Remote (Dual Channel Mode) 
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burst thresholds, 1, 4, B or 12 words for 16-bit wide word 
transfers or 2, B, 16 or 24 bytes for byte wide transfers. In a 
disk read operation when the FIFO fills to the selected 
threshold level with disk data, the DMA controller issues a 
data transfer request. The FIFO continues to fill. Whenever 
the DMA gets access to the system bus, it transfers data in 
selected bursts. These bursts may be of fixed length or until 
the FIFO empties. If the DMA request is not acknowledged, 
and the disk data fills the FIFO before it reaches to its maxi
mum 32-bytes capacity, the FIFO Data Lost error occurs 
and the operation is aborted. 

Conversely, in a disk write operation, the FIFO is first filled. 
It then requests a new data burst when it empties to below 
the selected threshold level. Depending on burst mode, the 
DMA will then request a fixed number of bytes or fill the 
FIFO. If the FIFO completely empties during the operation, a 
FIFO Data Lost error is again generated. 

Figure 4.4 shows the basic blocks that compose the FIFO. It 
consists of a 16 x 16 bit dual port RAM array, which is ad
dressed by a read counter and a write counter. These coun
ters are decoded to address the array and also to feed the 
status logic which takes the difference between these point
ers to generate the threshold signals. The input and output 
data ports of the FIFO can be connected to the serializerl 
deserializer or bus interface block. The direction of the FIFO 
is determined by the disk operation, read or write. An B-bit 
bus interface is supported in B-bit transfer mode by treating 
the FIFO as two interleaved banks of B bits. 



4.3.4 The DMA 
The DOC has an important feature that helps both in saving 
externallCs and in increasing data throughput, namely pow
erful DMA capability. With on-chip DMA capability, there is 
no need to dedicate a channel of a DMA controller for disk 
transfers. This offers two advantages: first, it may alleviate 
the need for a DMA controller chip, and second, memory 
transfer time will be faster because DMA controllers are rel
atively slow, usually around 2 Mbytes/sec maximum 
throughput. The DOC can transfer data much faster than 
this, especially when selected to transfer 16 bits each cycle. 
This faster transfer rate offers a much lower bus occupancy 
time, freeing the bus sooner for other usage. 

When using the DMA capability, the DOC becomes bus 
master during the data transfer operation. In bus master 
mode the DOC issues incrementing address information at 
the start of each memory cycle. Each read or write memory 
cycle takes four clock periods, using a similar sequence to a 
four clock cycle microprocessor with multiplexed address 
and data bus. In some cases a five clock cycle sequence is 
used when two address words must be multiplexed to form 
the DMA address. Figure 4.5 shows a typical read or write 
cycle of 4. 

THRESHOLD FIFO FIFO 
WRITE 

TO 
SERIALIZER 

DESERIALIZER 

TO 
SERIALIZER 

DESERIALIZER 

FROM 
BUS 
INTERFACE 

FROM 
BUS 
INTERFACE 

SELECT REQUEST 

FIFO STATUS 
AND THRESHOLD 

LOGIC 

FIFO 
RESD 

FIGURE 4.4. Simplified Block Diagram of DOC's FIFO 

BUS CLOCK 

ADSO --.n 
WR 

RESET 

TLlF/8663-71 

LOCAL BUS)(!)( FIFO DATA ~FlFO DATA~ 
TLlF/8663-72 

FIGURE 4.5. DDC-to-Memory Word Transfers (16-Blt Address) 
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The block diagram on the DMA section is shown in Figure 
4.6. The heart of the DMA is a sequencer/PLA that uses 
inputs from the FIFO (FIFO Request) and disk control logic 
(DC Ready) for local DMA. It also generates signals for the 
remote channel to determine if a· transfer is necessary. It 
then issues the requests, and once the acknowledge is re
ceived, the PLA sequences through the DMA cycle by plac
ing the address onto the datal address bus (via the bus in
terface block) and manipulating ADSO, ADS1, read, and 
write strobes. The various counters are then incremented. In 
addition to the address counters, there are counters to keep 
track of bytes per sector (local and remote channel), bytes 
per header (local and remote), number of total sector opera
tions, and remote counter burst length. The DMA sector 
counter is used in the tracking mode (described later), and 
enables the destination DMA whenever it is not zero. The 
remote transfer counter is decremented after each remote 
transfer and is used to set the total length of the transfer. 
When it reaches zero the sequencer halts remote DMA op
erations. 

The DDC can be configured into two DMA modes, Single 
Channel and Dual Channel. The Dual Channel Mode has 
two sub-modes: Tracking and Non-Tracking. The general 
operation of these modes is described below. 

SINGLE CHANNEL 

In single channel DMA mode the DDC interfaces directly to 
main memory having 32 address bits available to access up 
to 4 Gigabytes of memory. Figure 4.7(a) shows the DDC in 
single channel DMA configuration. The lower 16 address 
bits are normally issued at the start of each memory cycle 
so that most memory cycles comprise four clocks. The up-

per 16 bits are issued at the start of an operation or if the 
lower 16 bits rollover. In these cases, the memory cycle 
becomes 5 clock periods, the upper 16 bits are issued dur
ing iirst clock period and the cycle then completes the next 
four clock periods as in normal read or write operation. The 
upper two bytes of address information should be latched 
during the first clock period. 

DUAL CHANNEL 
Some systems may require the DDC to interface to a local 
bus with its own dedicated buffer memory before it interfac
es to the main system. Such an application would be in 
intelligent disk drives that comply with the SCSI (SASI) or IPI 
interfaces. Intelligent drives may receive or transmit data 
whenever the controlling unit is ready. Another application 
could be in higher end systems, where the main memory is 
hooked onto a main bus such as the Q-BUSTM, MULTI
BUS@, VME or Future Bus. )"hese buses are usually very 
busy and often impose high latency times while the main 
processor is performing important tasks. Once the bus is 
free, it is advantageous to be able to transfer all the disk 
information in as short a time as possible to minimize bus 
occupancy. For these types of applications, the dual chan
nel capability of the DDC is ideal. 

In the dual channel mode, the DMA generates a 16-bit ad
dress for both the local and remote transfers. The local 
channel controls the data transfers between the FIFO and 
the local buffer memory. The remote channel, on the other 
hand, controls data transfers between the addressed local 
buffer memory and the main system bus through an 1/0 
port. A DMA channel in the system DMA controller could 

EXTERNAL 
CS LRQ RRQ LACK RACK STATUS 

ABORT 

INTERNAL RESET 

DISK/DMA 
FIFO READ 

HANDSHAKE FIFO WRITE 

SIGNALS t FIFO 
REQUEST 

MODE & CONTROL _________ • 

BITS FROM 
REGISTERS 

CASCADABLE [ 
TO 

32 BITS 

INTERNAL DATA BUS 

COUNTER 
HOLDING 

REGISTERS 

FIGURE 4_6. Block Diagram for Dual/Single Channel DMA Controller 
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then transfer the data from the port to system memory. Re
fer to Figure 4.1(b). The local request and remote request 
are issued when the DOC requires a transfer, the microproc
essor and bus arbiter respond by acknowledging the re
quests. If both channels are requesting, the system should 
arbitrate the acknowledge, however the local DMA has a 
higher priority if both requests are acknowledged. 

DOC 

Do-I? 
... ADO - AD15 

De-DIS 
, 

FIFO 

H 
A16-A31 ~ 

DMA .. ~ Ao-AI5 ~ 

ADSO ADSt 

I I 

The dual channel mode can be further divided into two 
modes, Tracking (non-overlapping) and Non-Tracking (over
lapping). These dual channel modes are described below. 

TRACKING OR NON-OVERLAPPING MODE 

In Tracking or Non-Overlapping Dual DMA mode the DMA 
controls the local and remote transfers in such a way that 
the local buffer memory appears to the system as a large 
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~ r-------------------------------------------------------------------------------------, -i FIFO. This allows the system to transfer data to or from the 
local buffer memory whenever the system is ready, but with 
protection against overlapping of disk data. Basically this 
mode of operation is more applicable to multi-sector opera
tions where the DOC efficiently interleaves bursts of data 
into and out of the buffer memory using both channels. 
Each channel has 16 address bits, allowing up to 65k of 
buffer memory to be used by the two channels. While doing 
a remote transfer in a disk read operation, data is read 
(bursted out) from the same local memory area where it was 
written to (bursted in) during the local transfer. Similarly, in a 
disk write operation, data is read from the same local mem
ory area where it was written to during the remote transfer. 
In both cases, buffer memory addresses for local and re
mote transfers are issued such that data is never over
lapped. If the two channels track very closely, then large 
amounts of contiguous data can be transferred, making the 
buffer memory appear to be a multi-megabyte FIFO. 

The protection against overlapping of disk data is enabled 
by use of the DMA Sector Transfer Counter in the DOC. The 
counter is initially reset at the start of the operation. It is 

INTERNAL DATA BUS 

then incremented each time the source has transferred a 
sector of data into the buffer memory, and is decremented 
each time the destination has transferred a sector of data 
from the buffer memory. Whenever the count is zero, desti
nation transfers are inhibited, so preventing the destination 
from catching up and overtaking the source transfers. 

NON-TRACKING OR OVERLAPPING MODE 

Some systems require that the two DMA channel are com
pletely independent of each other. For this type of applica
tion the DOC can be configured to set up both DMA chan
nels independently. The Local and Remote operations may 
be from different areas of memory or common areas. The 
local DMA may already be performing an operation when 
the Remote DMA is instructed to begin an operation. Like
wise a Remote operation can be in progress when the Local 
operation is initialized. One operation can be for reading 
memory and the other for writing. This puts the burden on 
the user to protect from overwriting the buffer memory. In 
other words, the contrOlling microprocessor has the respon
sibility of ensuring that no memory overwriting occurs when 
both local and remote transfers are in progress. This mode 

ECC DATA 
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CORR~~ 4 ZERO DECODE LOGIC I-_____ .~ ~:~ ~ 
! ! ! ! ! 

CORRDmON L.~------------------------
CYCLE 
ACIlVE 

SHin 
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(a). ECC Shift Register Logic 
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PTB = Polynomial Tap Byte 

FIGURE 4.8 SRB = Shift Register Buffer 
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also gives the user the freedom to use the remote DMA 
controller with no restrictions, even for general non-disk 
transfers, such as for high level commands or status tran
fers. 

4.3.5 Error Detection and Correction 
A fixed CRC code for detecting errors only, and a program
mable ECC code for detecting and correcting errors can be 
used via the on-chip Error Detection and Correction block. 
The DOC has full polynomial programmability for 32 bits or 
48 bits of ECC appendage, along with a programmable cor
rection span from 3 to 15 bits and a programmable preset. 
The DOC can also be easily interfaced to external ECC cir
cuitry if desired. 

The Error Detection and Correction block mainly consists of 
a 48-bit shift register with XOR taps. It generates and then 
appends the check bits to header and data fields. The CRC 
uses the standard CCITT polynomial that provides 16 gen
erated check bits. The CRC-CCITT code is hardware imple
mented in the DOC. The ECC code may be a Fire code or a 
computer generated code with either 32 or 48 generated 

~ 

check bits. The selected 32- or 48-bit ECC polynomial can 
be implemented by means of the 48-bit shift register and the 
Polynomial Tap and Preset Byte registers (addresses 02H 
thru ODH). 

The ECC Shift register logic is shown in Figure 4.8. In this 
figure the internal data bus connects to the Polynomial Pre
set Byte Registers (PPB). These register bits feed into the 
shift register latches. Any bit set in the PPBs will preset a 
corresponding flip-flop before an ECC operation begins, 
while all others will not be set. The Polynomial Tap Byte 
Registers feed the XOR gates in the ECC Shift Register. 
When a PTB bit is reset, the associated XOR gate is en
abled for a particular ECC register bit. This effectively cre
ates the ECC polynomial tap. The outputs of each shift reg
ister flip-flop bit input to a set of output buffers which drive 
the internal DOC data bus. This enables reading of the ECC 
registers. The ECC outputs also go to a combinational logic 
block that decodes the contents of the ECC shift register 
and the correction span. If at the end of a detection cycle 
the ECC shift register contains zero then no error was de
tected. 
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INTERNAL CHECK BIT GENERATION AND CHECKING 
When writing to the disk, the CRC/ECC shift register is pre
set from the Preset ECC registers. At the same time that the 
DOC is outputting either the Header field or Data field bytes 
as a serial data stream through the Serializer, it is feeding 
them serially into the CRC/ECC shift register as shown in 
Figure 4.9(a). When the last bit of the Header or Data field 
has been transmitted out of the DOC, the DOC begins shift
ing out the generated check bits from the CRC/ECC shift 
register starting with the MSB and ending with the bit o. 
After the specified number of check bits have been append-
ed the DOC internally switches to the next field. . 

When reading from the disk, the shift register is first preset 
from the Preset ECC registers before the read data opera
tion begins. The incoming Header or Data field is serially fed 
into the CRC/ECG shift register as shown in Figure 4.9(b). 
When all the Header or Data field bits and all the generated 
check bits have entered the CRC/ECC shift register, the 
status of the bits in the CRC/EGC shift register is checked 
for the all zeroes condition. If this condition is met, it signi
fies the field contains no errors. If any of the CRC/ECC shift 
register bits are high, the field contains an error. The Header 
and the Data field errors are indicated by the Status and 
Error registers respectively. 

INTERNAL ERROR CORRECTION 
The DOC is capable of correcting from 3 to 15 contiguous 
bits in error for selected 32- or 48-bit polynomials. The value 
desired is set in the ECC Control Register, in other words, it 
can correct a span of the selected amount. The DOC can be 
put in the Correction Mode through the Operation Com
mand register. The GRC/EGC shift register contains a non
zero 32- or 48-bit pattern which is used to determine the 
location of the bytes in error and the error pattern. The most 
Significant 3 to 15 bits of the 32 or 48 bits are selected as 
the Syndrome bits, while the rest are checked for a zero 
detect. During the correction mode, the CRG/ECG shift reg
ister is reverse shifted. Also, reverse shifting guarantees 
that the correction cycle will be completed within the time it 
takes to read one sector of the disk. 

When the reverse shifting of the shift register begins, the 
Data Byte Gounter register begins decrementing from its 
preloaded value of the number of data and ECC bytes in the 
sector. Another 3-bit counter is used to keep track of byte 
boundaries in the serial bit stream of the whole sector. Re
verse shifting continues until all zeroes are detected in the 
(32-C) or (48-C) bits of the CRC/ECG shift register (where G 
is the correction span selected). When this occurs and the 
3-bit counter contains all zeroes, the clock is stopped. At 
this point the C syndrome bits contain the bit error pattern of 
the byte indicated by the Data Byte Counter register. If the 
3-bit counter count was not zero when the zero-detect oc
curred, then the CRG/ECC shift register has to undergo fur
ther reverse shifts to byte align the right byte in error. If the 
Data Byte counter register count goes to zero and the zero
detect is not obtained, then the error is non-correctabie. If 
either the zeroes condition is determined or the Data Byte 
counter decrements to zero, an INTERRUPT is issued to 
indicate to the microprocessor that the correction cycle· has 
finished. 

The results of the correction cycle are indicated by the 
Status register. In the case of a correctable error, the error 
must be in either the Data field or the check bits of the ECC 
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field or overlapping both fields. If the error is only in the ECC 
field then the memory data is correct and no further action is 
needed to complete the correction. But if the error is in the 
Data field then it can be corrected by XORing the C syn
drome bits in the CRC/ECC shift register with the contents 
of the relevant memory location determined from the final 
Data Byte Counter register count. 

EXTERNAL ECC 
Some users may wish to use an ECC polynomial code with 
a different number of check bits. Some encoding schemes 
require a wider error correction span, or some users may 
prefer some high integrity ECC codes such as Reed-Solo
mon code. For these reasons DOC has been configured to 
interface easily to external ECG circuitry. 

When the DOG is configured to utilize an external circuit for 
ECG code, the external ECC code may use any polynomial 
that generates from 1 to 31 bytes of check bits. The exter
nal circuitry is informed by the DOC when data is valid and 
when to generate check bits (for writing) or' detect (when 
reading) through SDV, EEF and EXT STAT pins. Refer to 
Section 4.2 for pin description. The external ECC may be 
used to encapsulate internal CRC/ECC field as a confirma
tion of error detection. 

4.3.6 The Serializer-Deseriallzer 
This section of the DOC interfaces to the disk. The Serializer 
takes byte wide data either from the internal registers or the 
FIFO into a shift register and serially outputs the bits in a 
continuous bit stream, starting with the most significant bit. 
This serial data is then fed into the Error Detection and Cor
rection block for check bit generation. When the CRC/ECC 
appendage is about to begin, the serializer stops shifting out 
and the Error Detection and Correction block begins shifting 
out the check bits, again most significant bit first. At the end 
of the appendage the Serializer starts shifting out further 
information to finish the segment. The serial data passes 
through the MFM Encoding and Precompensation block, if 
selected, or is output to the external encoder. 

During a read operation, the incoming serial NRZ data feeds 
into the Deserializer and the GRC/ECC block, most signifi
cant bit first. The Comparator continually checks the incom
ing data for a synchronizing pattern that matches the pat
tern loaded into the internal pattern registers. Once a match 
occurs, the DOC then knows the byte boundary such that all 
further bytes from the deserializer are byte synchronized to 
the boundary first established. CRC/ECC fields, postamble, 
and preamble fields are not required to be deserialized, and 
do not enter the deserializer. Once the address mark and/or 
synch byte have aligned, the header bytes preloaded into 
the internal registers are sequentially output to the Compar
ator as each incoming byte is ready. The Comparator 
checks all the header bytes in turn for a match. If a full 
match is detected, the DOC checks the CRC/ECC append
age and prepares for the following data field. Finally, the 
data field is read, and serial data bytes are converted to 
parallel. They then enter the FIFO from the Deserializer to 
be'transferred by the DMA. 

The basic blocks associated with the Serializer/Deserializer 
are shown in Figure 4.10. For Serialization, data from either 
the Pattern Registers, Sector Gounter, or FIFO is multi
plexed to a holding latch. The holding latch will load the 
Serializer / Deserializer shift register at the appropriate time 
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(determined by the disk controller's PLA). This data is shift
ed through the EEC/Data MUX and the MFM or NRZ logic 
to the Serial Data output pin. When serializing data the write 
clock feeds the shift register. 

For Deserialization of data, Read Data and Read Clock 
feeds the internal data bus. Once byte alignment is deter
mined, a byte clock controls loading data into the FIFO. 

MFM ENCODING AND PRECOMPENSATION 

The DDC can be set to output MFM encoded data and Pre
compensation information in a disk write operation. The 
MFM Encoding and Precompensation block of the DOC 
consists of a 5-bit shift register, and MFM and Precompen
sation encode logic. The NRZ data coming out of the Serial
izer passes through the shift register and then is fed into the 
MFM and Precomp encode logic. The MFM Encode logic 
converts this NRZ data into MFM and also inserts the miss-

SERIAL 
DATA 0------1 

INPUT 

READ 
CLOCK 0----1 

FROM 
PATTERN 

RAM 

FROM 
SECTOR 

COUNTER 
FROM 
FIFO 

ing clocks when Address Mark fields are required to be writ
ten to the disk. 

The DOC can be programmed to output two control signals, 
EARLY PRECOMP or LATE PRECOMP, if precompensation 
is desired. The information on these output pins is then used 
by the external Precomp Circuitry (MUX, Delay logic, etc.) to 
perform the actual Precompensation. These pins perform 
an algorithm that compensates for the bit shifting that oc
curs when the magnetic flux transitions are recorded on the 
disk. 

The MFM Encoder and precompensation block are shown 
in Figure 4. 11 also. After serialization, logic performs the 
MFM encoding. 5 bits from the encoder monitor previous 
and subsequent data to determine whether early, late, or no 
precompensation is needed. 
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;i CHAPTER 5 The DOC Registers and Commands 
cc 

5.0 INTRODUCTION 
In this Chapter, the DOC's (DP8466) registers and its com
mand operation will be described in more detail. Initially, a 
general overview of the registers is given. This section can 
be used to supplement the data sheet register descriptions. 
Then details on the various methods of formulating com
mands and operations are described. Understanding the 
wide variety of operating modes presented in this section 
will enable a better understanding of which modes are suit
able for which applications. 

5.1 INTERNAL REGISTERS AND 
COUNTERS 
In this section a detailed description of internal Command, 
ECC/CRC, Format and DMA pattern, control and count reg
isters, and various counters is provided. A summary descrip
tion of the registers is given below, as well as a description 
of important command bits. Additional details of the DOC's 
registers are given in the DP8466's Data Sheet. 

5.1.1 Command Registers and Counters 
The Command registers and counters are listed in Figure 
5.1 and explained in the following paragraphs. These regis-

Name Hex Address 

Drive Command Register 10H 
Operation Command Register 11H 
Disk Format Register 35H 
Status Register OOH 
Error Register 01H 
Sector Counter 12H 
Number Of Sector Operations 13H 
Header Byte Count Register OFH 
Interlock Complete Signal 
Header Diagnostic Readback 36H 

FIGURE 5.1. Command Registers and Counters 

DO RED RE-ENABLE 

01 SAIS START OPERATION 

ters include the drive and Operations Command registers, 
Disk Format register, Error and Status registers, Sector 
Counter and Sector Operations Counter registers. 

DRIVE COMMAND (DC) REGISTER (Address = 10H) 

The drive command register is shown in Figure 5.2. This 
register is loaded when the DOC is required to perform a 
command. Disk operations are started after loading this 
write-only register. This register can be loaded to start a 
new command when the Next Disk Command bit is set in 
the Status register. The bit descriptions are given below. 

Re-Enable (RED) 

When loading a disk command a zero should be written to 
this bit to permit normal operation. A one should be written 
to the bit to re-enable the DP8466 after either a reset via the 
RESET pin or RES bit in the Operation Command Register. 

Start Operation (SAIS) 

Bit SAIS determines when the operation for the command 
being written to the drive command register shall begin. If 
SAIS is high, the operation will begin when the DOC detects 
either an INDEX or SECTOR PULSE for hard sectored 
drives, or immediately for soft sectored drives. If SAIS is low 
the operation only begins when the DOC detects an INDEX 
PULSE. 

Single/Multi Sector Operation (MSO) 

Bit MSO of the drive command register indicates whether 
the operation is for just one sector or a number of sectors. If 
MSO is set high then the DOC can perform a multi-sector 
operation. Multi-sector operations usually are handled on 
logically (by sector address) contiguous rather than physi
cally contiguous sectors. The DOC can perform both types 
of multi-sector operations. 

0= NoAction 
1 = Re-Enabled 

o = Start on Index Pulse 
1 = Start on Index/Sector 

Pulse or Immediately 

02 MSO SINGLE/MULTI-SECTOR 0= Single 
OPERATION 1 = Multi 

03 FMT FORMAT MODE 0= Normal 
1 = Format 

04 H01 HEADER OPERATIONS 00 = Ignore Header 
05 H02 01 = Compare Header 

10 = Write Header 
11 = Read Header 

06 001 DATA OPERATIONS 00 = Invalid' 
07 002 01 = Check Data 

10 = Write Data 
11 = Read Data 

'Unless used with an Ignore Header operation. When HOt. H02. DOt and 002 are written as 0 tihen no operation is 
performed. This is useful when Rs-Enabling the DDC by setting the RED b~. for example. 

FIGURE 5.2. Drive Command Register Bit Assignments 
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Format Mode (FMT) 

The DOC can be set to format a disk by setting bit FMT high. 
The 002, DOl, H02, and HOl bits must be set for a write
header/write-data operation, 1010. (For details please refer 
to the disk formatting section). 

HEADER OPERATIONS (H02, H01) 

Bits H02 and HOl determine the operation to be performed 
on the 10 fields. The details are given below. 

Ignore Header (H02 = 0, H01 = 0) 

In an Ignore Header operation, after the byte alignment of 
Address Mark and/or Synch fields, the header bytes com
parison and ECC/CRC checks are not performed. This re
sults in reading or writing the associated data with respect 
to any sector encountered. 

Compare Header (H02 = 1, H01 = 1) 

Compare Header operation is the normal mode of header 
operation for locating the selected sector. In this operation 
the header bytes are compared with the corresponding val
ues in the pattern registers and CRC/ECC checks are also 
carried out. 

Write Header (H02 = 1, H01 = 0) 

Write Header operation is normally performed during disk 
formatting. The Header bytes are written to the disk either 
from the pattern register or the buffer memory through FIFO 
depending upon the FIFO Table Format (FTF) bit of the Disk 
Format register. 

Read Header (H02 = 1, HOl = 1) 

Read Header operation performs CRC/ECC checks and 
transfers the header bytes into buffer memory through the 
FIFO for diagnostic purposes. If during this operation, a 
header containing a CRC/ECC error is encountered, the op
eration is aborted immediately and the header fault bit 
(Status Register) is set. An interrupt is generated, but no 
Error register bits are set. 

DATA OPERATIONS (002, 001) 

Bits 002 and 001 determine operations to be performed 
on data fields. 

Check Data (D02 = 0, 001 = 1) 

After the preceding header operation and the byte align
ment, the Check Data operation performs the CRC/ECC 
checks on the data fields. It does not transfer the data field 
to the FIFO and hence no data is transferred to memory via 
the DMA channels. 

Read Data (002 = 1, 001 = 0) 

Read Data operation, on the other hand, transfers data to 
external memory via FIFO after performing CRC/ECC 
checks. 

Write Data (002 = 1,001 = 1) 

I n Write Data operation, after the associated header opera
tion, data bytes are written to the selected sector from the 
FIFO using the DMA channel. 

OPERATION COMMAND (OC) REGISTER 
(Address = 11 H) 

Operation command register, shown in Figure 5.3, is a write
only register and may be updated before each disk opera
tion. This register controls some of the basic DOC operating 
modes, such as interrupts, starting remote DMA, starting a 
correction, and precompensation. 

Reset (RES) 

When RES is set high, the DOC enters the standby mode 
and remains in this mode until this bit is reset and a one is 
written to the RED bit in the Drive Command register. To 
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properly reset the DOC this bit must remain set for 32 read 
clock periods and 4 bus clock periods (with both clocks ap
plied). This bit has the same effect as setting the RESET 
input pin low. Read and Write Gate are deasserted, the 
FIFO is cleared, DMA requests are removed, the Error regis
ter is cleared and status register is cleared except the Next 
Disk Command is set, and the abort bit is reset. The param
eter registers, sector counter and number of sectors regis
ters are not affected. 

Enable Interrupts (EI) 

Bit EI, when set high, enables the DOC to issue interrupts 
when certain conditions are met, such as upon successful 
completion of a command. 

Enable Header Complete Interrupts (EHI) 

Setting bit EHI high will enable the DOC to issue an interrupt 
at the completion of a header operation so that it can be 
loaded with new information before the next 10 operation 
begins. New commands can be loaded or some pattern in
formation could be updated during the data operation of a 
sector. 

DO RES RESET o = Normal Operation 
1 = Reset DOC 

01 EI ENABLE INTERRUPTS 0= Disabled 
1 = Enabled 

02 EHI ENABLE HEADER 0= Disabled 
COMPLETE INTERRUPTS 1 = Enabled 

03 SRI START REMOTE INPUT o = No Remote Read 
1 = Start Remote Read 

04 SRO START REMOTE OUTPUT o = No Remote Write 
1 = Start Remote Write 

05 EP ENABLE 0= Disabled 
PRECOMPENSATION 1 = Enabled 

06 SCC START CORRECTION 0= No Cycle 
CYCLE 1 = Start Cycle 

07 IR INTERLOCK MODE 0= No Interlock 
1 = Interlock Mode 

FIGURE 5.3. Operations Command Register 

Start Remote Input (SRI) 

The DOC initiates the transfer of data from the system to 
local memory when SRI is set high. This enables the start of 
remote transfers (non-tracking dual DMA mode) to the local 
buffer. 

Start Remote Output (SRO) 

The DOC initiates the transfer of data from local memory to 
system when bit SRO is set high. This starts remote trans
fers from the local buffer. 

Enable Precompensatlon (EP) 

The DOC will allow precompensation if bit EP of the opera
tion command register is set high. This bit is valid only if the 
AMF/EARLY PRECOMP and AME/LATE PRECOMP pins 
are configured as write precompensation control pins. 

Start Correction Cycle (SCC) 

The internal correction cycle is initiated by setting bit SCC 
high (see ECC section). 
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Interlock Mode (IR) 

In some situations, if it is desired to update the header bytes 
(during disk formatting) or issue a new drive command be
fore the next command, the DOC must be put in Interlock 
mode by setting bit IR high. 

In interlock mode, after every header operation, the DOC 
issues an interrupt after Header Match Complete flag, 
(HMC), in the status register goes high, indicating that the 
information can be updated before the beginning of the next 
header operation (or during the current data operation). 
Within this time, microprocessor has to update the informa
tion (header bytes or drive command register) and then 
write the header byte count to the Header Byte count regis
ter to indicate completion of update. 

DISK FORMAT (OF) REGISTER (Address 35H) 

Disk Format register, shown in Figure 5.4, is a write-only 
register and is usually updated when a different drive type is 
selected. This register controls some of the major format 
features of a disk, such as MFM, type of ECC/CRC, and 
configuring address marks. 

DO MFM NRZ/MFM ENCODE 0= NRZ 
1 = MFM 

01 SAM START WITH ADDRESS o = Star! with Preamble 
MARK 1 = Start with AM 

02 HSS HARD OR SOFT SECTOR 0= Soft 
1 = Hard 

03 FTF FIFO TABLE FORMAT o = Use Registers 
1 = Use FIFO 

D4 IHI INTERNAL HEADER 00 = None 
05 IH2 APPENDAGE 01 = 16-bitCRC 

10 = 32-bit ECC 
11 = 4B-blt ECC 

06 101 INTERNAL DATA 00 = None 
07 102 APPENDAGE 01 = 16-bitCRC 

10 = 32-bit ECC 
11 = 4B-bit ECC 

FIGURE 5_4. Disk Format Register 

MFMINRZ Encode (MFM) 

When writing to the disk, the DOC can output either MFM 
encoded data if MFM is high, or NRZ data if MFM is low. 

Start with Address Mark (SAM) 

If SAM is low, the format begins with the Preamble field 
followed by the Address Mark field. If SAM Is high, the first 
field is Address Mark followed by the Preamble field. This 
supports ESDI or SMD drive formats. 

Hard or Soft Sector (HSS) 

The DOC can be configured for soft or hard sectored drives 
by setting bit HSS low or high, respectively. 

FIFO Table Format (FTF) 

If bit PTF is low, the header bytes are taken from the inter
nal pattern registers during the disk formatting. If FTF is 
high, these bytes will be written from the FIFO through local 
DMA channel. This bit is used only during disk formatting. 

Internal Header and Data Appendages 
(IH1, IH2, 101, 102) 

The Internal Header Appendage (IHI and IH2) and the In
ternal Data Appendage (101 and 102) bits of the Disk For-
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mat register control CRC/ECC appendages for header and 
data fields. The appendage options which could be selected 
are no appendage (00), 16 bit CRC CCITT polynomial (01), 
and 32- and 48-bit programmable ECC codes (10, 11 re
spectively). If none of these internal ECC or CRC codes is 
selected, then an external header ECC code must be ap
pended. Also, even if the internal codes are being append
ed, an external ECC code of up to 31 bytes may be added to 
encapsulate header, data and internal CRC/ECC fields. 

STATUS (S) REGISTER (Address = DOH) 

Figure 5.5 shows the flags in the Status register, which is a 
read-only register. This register provides status on current 
operation of the DOC. This includes DMA local and remote 
status, correction cycle status, operation error, and ready 
for next command's status. The flags are set or reset by 
conditions detected by the DOC. The flags are also reset 
when either the RESET input pin or RES bit in the operation 
command register are set. The flags in the Status register 
either provide the status of different operations in progress 
or the results of these operations. 

DO HF HEADER FAULT 

01 NDC NEXT DISK COMMAND 

02 HMC HEADER MATCH COMPLETE 

03 LRG LOCAL REQUEST 

04 RCB REMOTE COMMAND BUSY 

05 LCB LOCAL COMMAND BUSY 

06 CCA CORRECTION CYCLE ACTIVE 

07 ED ERROR DETECTED 

FIGURE 5_5_ Status Register 

Header Fault (HF) 

The Header Fault flag (HF) is set when a header field error 
is detected after a Compare Header operation. This Is set 
when an ECC or CRC error is detected in any header field 
read. This mayor may not be on the header that the DOC 
was looking for. During a disk operation if a header error 
was detected, and subsequently the correct sector was 
found, this bit will be reset. If the correct sector was not 
found, the DOC will timeout with the HF bit set. It is reset 
when the DOC is reset or when a new command is issued. 

The HF will abort the operation immediately if the operation 
is a read header, and any header read has a CRC/ECC 
error. In this case no Error register bit is set. 

Next Disk Command (NDC) 

The Next Disk Command flag, when set, shows that the 
DOC is ready to receive a header byte update and another 
disk command. It is reset when a new disk command is 
issued to the DOC. 

Header Match Completed (HMC) 

In a Compare Header operation, after a header match, the 
Header Match Completed flag is set. This bit is reset at the 
end of the data operation. This flag is automatically set in 
Ignore and Write header operations or when any header 
field is encountered after a Read Header operation. 

Local Request (LRQ) 

The Local Request flag follows the LRO exactly. It is set 
coincident with the LRQ output when the FIFO first requires 
a data transfer. The flag is reset whenever the LRO pin is 
deasserted. 



Remote Command Busy (RCB) 

The Remote Command Busy flag is set at the start of a 
remote transfer operation and is reset at the completion of 
the last memory transfer. This can be used to determine if 
the remote DMA channel is in operation. 

Local Command Busy (LCB) 

The Local Command Busy flag remains set through the en
tire period the local DMA channel is busy in transferring data 
between the FIFO and buffer memory. This is the same 
function as the RCB except local DMA. 

Correction Cycle Active (CCA) 

The Correction Cycle Active flag is set at the beginning of a 
Correction Cycle (when the Start Correction Cycle bit is set 
in the Operation Command Register) and is reset at the end 
of the cycle whether the error is located or not. 

Error Detected (ED) 

Error Detected flag is set if any of the error flags in the Error 
register is set. This is the logical ORing of all the Error regis
ter bits. 

ERROR (E) REGISTER (Address = 01 H) 

Error register, shown in Figure 5.6, is also a read-only regis
ter. The flags of this register are set by conditions within the 
DDC and reset by the next new command to the Drive Com
mand register. The flags are also set low when either the 
RESET input pin is set low, or the Reset bit (RES) in the 
Operation register is set. 

DO HFASM HEADER FAILED ALTHOUGH 
SECTOR MATCHED 

D1 DFE DATA FIELD ERROR 

D2 SNF SECTOR NOT FOUND 

D3 SO SECTOR OVERRUN 

D4 NDS NODATASYNCH 

D5 DL FIFO DATA LOST 

D6 CF CORRECTION FAILED 

D7 LI LATE INTERLOCK 

FIGURE 5.6. Error Register 

Header Failed Although Sector Matched (HFASM) 

The HFASM (Header Failed Although Sector Matched) flag, 
when set, indicates that the Sector byte(s) of the header 
field match correctly but there is an error in other header 
byte(s). This flag can only be set if the Enable HFASM 
Function (EFH) bit of at least one of the Header Control 
registers is set high during a Compare Header operation. 
This bit will be set if anyone of the header byte(s) with its 
EHF bit set matches but any other header bytes don't 
match. For example, assume a 6 byte header with the first 
two bytes having their EHF bit set. If during a compare 
header operation the first byte matched, but any of the 2nd 

through 6th bytes don't match this HFASM bit is set. 

When executing a Compare Header-Check Data command, 
and this flag is set, the operation is aborted allowing the 
header bytes to be read from the FIFO for disk diagnostics. 
If this bit is set during a Compare Header-Read (or Write) 
Data, the command is aborted, but the header is not stored 
in the FIFO. 
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Data Field Error (DFE) 

After a successful header match, if an internal CRC/ECC or 
external ECC error is detected during a Read Data or Check 
Data operation, the Data Field Error flag will be set. 

Sector Not Found Error (SNF) 

If the Header Match Completed flag of the Status register is 
not set for two consecutive index pulses in a Compare 
Header operation (i.e., the correct header was not found), 
then the Sector Not Found bit is set to indicate that the 
desired sector cannot be found. The operation is aborted 
and an interrupt is issued. 

Sector Overrun (SO) 

If during the time when data is being transferred between 
disk and the FIFO, either the SECTOR PULSE or INDEX 
PULSE inputs go active, then the sector is assumed to have 
overrun and the Sector Overrun flag (SO) is set. Operation 
is aborted. RGATE or WGATE are deactivated, and an inter
rupt is generated. 

No Data Synch (NDS) 

If an INDEX PULSE (hard or soft sectored drives) or a SEC
TOR PULSE (hard sectored only) is encountered while the 
DDC is looking to byte align on the first data synch byte 
(synch 1 or 2), this bit is set. Also if the DOC recognizes the 
first synch byte but not subsequent synch bytes then this bit 
is also set. 

FIFO Data Lost (FDL) 

This bit is set if the FIFO overflows during a Read Data 
operation. This normally would occur when the host does 
not allow the DMA to empty the FIFO faster than the Disk 
Data is being read. FIFO Data Lost is also set during a Write 
Data operation when the DDC empties the FIFO writing to 
the disk, and attempts to read the empty FIFO again. In 
either case the operation will be aborted. 

Correction Failed (CF) 

If by the end of a Correction Cycle (Data Byte Counter dec
rements to zero) the error has not been located, then the 
error is not correctable and the Correction Failed flag is set. 

Late Interlock (LI) 

If the Interlock Complete register is not written to by the 
time the next header field arrives, and the DDC is in Inter
lock mode, then the Late Interlock flag will be set. 

START SECTOR (SC) REGISTER (Address = 12H) 

The Start sector (and Number of Sector Operations Coun
ter) facilitates multi-sector operations. This counter can be 
programmed to replace the header byte deSignated by the 
user to be the sector number. Thus, in a multi-sector opera
tion, the Sector Counter is initialized with the sector number 
to start on. As a header is compared, and its data field is 
read or written, the sector counter is incremented at the end 
of that sector's header operation. This enables immediate 
operation on the next logical sector. Operation continues 
until the Number of Sector Operations Counter decrements 
to zero. The sector counter is enabled if bit substitute sector 
counter bit of any Header Control register is set high, and 
the contents of Sector Counter will be substituted for the 
corresponding Header Byte. 

NUMBER OF SECTOR OPERATIONS COUNTER (NSO) 
REGISTER (Address = 13H) 

In a multi-sector operation, the Sector Operations Counter 
is preset to the logical number of sectors to be consecutive
ly operated on. It is decremented after every sector's head
er operation and when decremented to zero, terminates the 
active command. 

l> 
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HEADER BYTE COUNT (HBC)/INTERLOCK REGISTER 
(Address = OFH) 
This 4-bit read-write register, normally used during format
ting, is loaded with the number of header bytes to be written 
to (or read from) disk. The allowable number of header 
bytes is from 2 to 6. On read-back, only the three least 
significant bits of this register are valid. 
Another important function of this register is when the DOC 
is in the Interlock mode (explained in formatting section). 
During a multi-sector operation, if it is desired to update any 
header byte (for example in the case of disk formatting) or if 
the next drive command has to be changed, then this regis
ter must be written with the actual header byte count value 
after updating the header bytes. This will basically strobe 
the internal hardware to recognize that interlock (update) 
has occurred. 
FIFO HEADER DIAGNOSTIC READBACK (HDR) 
REGISTER (Address = 36H) 
This is a read-only register and allows the FIFO contents to 
be read one byte at a time. Normally, data or header bytes 
may be read for diagnostic purposes through this register 
(described later). There is no way to write to the FIFO ex
cept under OMA control. In order to read the header bytes in 
the same order as they are read from the disk, the Reverse 
Byte Ordering bit in the local transfer register must be reset. 

5.1.2 Error Correction/Cyclic Redundancy 
(ECC/CRC) Registers and Counters 
The ECC/CRC registers and counters are listed in Figure 
5. 7. These registers enable programming of various modes 
of ECC, the ECC pattern, and access to the ECC shift regis
ter for performing correction cycles. They are explained in 
the following paragraphs. 

Name Hex Address 

ECC Shift Register OutO Register 02H 
ECC Shift Register Out1 Register 03H 
ECC Shift Register Out2 Register 04H 
ECC Shift Register Out3 Register 05H 
ECC Shift Register Out4 Register 06H 
ECC Shift Register Out5 Register 07H 
Polynomial Preset (ByteO) Register 02H 
Polynomial Preset (Byte1) Register 03H 
Polynomial Preset (Byte2) Register 04H 
Polynomial Preset (Byte3) Register 05H 
Polynomial Preset (Byte4) Register 06H 
Polynomial Preset (Byte5) Register 07H 
Polynomial Tap (ByteO) Register OSH 
Polynomial Tap (Byte1) Register 09H 
Polynomial Tap (Byte2) Register OAH 
Polynomial Tap (Byte3) Register OBH 
Polynomial Tap (Byte4) Register OCH 
Polynomial Tap (Byte5) Register ODH 
ECC Control Register OEH 
Data Byte Count (LS) Register OSH 
Data Byte Count (MS) Register 09H 

FIGURE 5.7 ECC/CRC Registers and Counters 
ECC SHIFT REGISTER OUTO-OUT5 REGISTERS 
(Address = 02-07H) 
The 4S-bit long CRC/ECC shift register of the DOC can be 
read through these 6 read-only registers at any time. If 32 
byte ECC is used then only registers 0, 1, 4, and 5 are used. 
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After a correction cycle has occurred, these registers con
tain the ECC syndrome bits. The memory address of the 
sector in error and the data bit in error are calculated by the 
,,"P, and then the bits of these registers are XORed with the 
data in order to correct the error (assuming the error is cor
rectable). 
POLYNOMIAL PRESET (PPB) 0-5 REGISTERS 
(Address = 02-07) 
The selected ECC polynomial preset pattern is loaded into 
the ECC/CRC shift register from these six Polynomial Pre
set registers. These are write only registers. The preset bit 
pattern could be all ones, all zeroes or a combination. This 
is the value the ECC shift regsiter is loaded with prior to 
shifting in the ECC pattern. The most significant bit of PPB5 
is the most significant polynomial bit, X47, and the least sig
nificant shift register tap is the least significant bit of PTBO. 
For 32-bit ECC, PPB2 and PPB3 are set to all zeroes, and 
are not used. 
POLYNOMIAL TAP BYTE (PTB) 0-5 REGISTERS 
(Address = OS-OOH) 
The ECC shift register is tapped at every bit by an XOR 
element. Wherever an exclusive-OR tap is required into the 
32-bit or 4S-bit shift register a zero should be set in the 
corresponding PTBO-5 bits. All polynomial elements not in 
the equation (and hence not tapped) must be disabled by 
setting all these bits to a one. The tap X32 (or X48 for 4S-bit 
polynomial) is always present and is not programmable. The 
taps X31 (or X47) to XO are fully programmable. The MSB of 
PTB5 corresponds to the most significant tap, X47, and the 
LSB of PTBO is the least significant tap, XO. For 32-bit ECC, 
PTB2 and PTB3 are not used and must be set to all ones. In 
this case PTB5's MSB becomes X31. 

ECC CONTROL (ECI REGISTER (Address = OEH) 
The ECC Control register, shown in Figure 5.8, is a write
only register. This register works in conjunction with the 
Disk Format register to set the ECC modes. The bit descrip
tion is given below. 

00 CSO CORRECTION SPAN SELECT 
01 CSl 0011 3 bit span 
02 CS2 thru thru 
03 CS3 1111 15 bit span 

04 HE ENCAPSULATION o = Encapsulated 
HEAOER 1 = Not Encap-

sulated 

05 lEO INVERT ECC OUT 0= Normal 
1 = Inverted 

06 101 INVERT OATA IN 0= Normal 
1 = Inverted 

07 DEN OATAENCAP- o = Encapsulated 
SULATION 1 = Not Encap-

sulated 

FIGURE 5.S. ECC Control Register 

Correction Span Select Bits (CSO-CS3) 
The number of bits which the ECC circuit attempts to cor
rect, generally known as the correction span, is determined 
by CSO-CS3. Errors longer than the correction span will be 



treated as non correctable errors. The allowable correction 
span for 32-bit ECC is 3 to 15 bits and for 48-bit ECC it is 3-
15 bits. Setting the CS bits to any correction span that is 
outside the maximum allowable range of 3-15 bits causes 
the CRC/ECC to default to a 3 bit correction span. 

Header Encapsulation (HEN) 

When this bit is reset, the bit patterns of the Synch and/or 
Address Mark fields are included in ECC/CRC calculations. 
Some disk formats want these bytes included in check bit 
calculations (i.e., IBM 3740 floppy format). When this bit is 
set the Synch and/or Address Mark fields are excluded 
from the CRC/ECC calculation, and only the header field 
bytes are included. 

Invert ECC Data Out (lEO) 

When the shift register data out bit is set high, all the data 
and check bits coming out of the ECC shift register are in
verted in a disk write operation. Otherwise the ECC data is 
not inverted. 

Invert Data In (101) 

This bit controls data and check bits when they enter the 
ECC shift register during a disk read operation. When this bit 
is set high, both data and check bits will be inverted. When 
low true data is input. 

Data Encapsulation (DEN) 

The DEN bit performs the same function for the data field as 
the HEN bit does for the Header field. When reset DEN will 
include the Synch and Address Mark fields in the CRC or 
ECC calculations. If set these fields are not included in the 
check bit calculations. 

DATA BYTE COUNTER REGISTERS 
(Address = 08H, 09H) 

The Data Byte Counter registers are used during a correc
tion cycle, and are preset by the !,-P prior to starting a cor
rection cycle. They are set to the sum of the number of 
bytes in the data and ECC fields of the sector just read. 
During the correction cycle, the data byte count is decre
mented after shifting by 8 bits in the ECC shift register each 
byte. At the completion of the correction cycle, and if the 
error is correctable, the contents of the data byte counters 
are added to the starting address of the sector in error to 
determine the location of the memory byte or bytes in error. 
Details on this, are provided later. 

5.1.3 Format Pattern and Count Registers 
The Pattern, Count and Control registers used during disk 
formatting are listed in Figure 5.9 and explained in the fol
lowing paragraphs. 

PATTERN REGISTERS 
(Address = 30-33H, 3A-3FH, 14-19H) 

The pattern registers hold byte information for the various 
fields of a formatted disk. These registers are written to the 
disk during a format operation. The Synch or Address Mark, 
Header, and ID postable pattern are read and compared to 
the pattern registers during a Compare Header operation. 
The Data Address Mark, and Data Synch are compared 
when doing a data field read, and are written to the disk 
during a disk data write or format. Associated with each 
pattern register (except the header pattern registers) is a 
byte repetition counter register that sets the field length, 
described below. 

All the pattern registers listed in Figure 5.9 are preloaded 
with the value of their respective fields such as ID and Data 
fields. The fields which are allowed in the DDC pattern regis
ters are ID and Data Preamble, Address Mark, Synch, Post-
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Name Hex Address 

ID Preamble Register 31H 
ID Preamble Byte Count Register 21H 
ID Synch #1 (AM) Pattern Register 32H 
ID Synch # 1 (AM) Byte Count Register 22H 
ID Synch #2 Pattern Register 33H 
I D Synch # 2 Pattern Register 23H 

Header (By teO) Pattern Register 14H 
Header (ByteO) Control Register 24H 
Header (By tel) Pattern Register 15H 
Header (By tel) Control Register 25H 
Header (Byte2) Pattern Register 16H 
Header (Byte2) Control Register 26H 
Header (Byte3) Pattern Register 17H 
Header (Byte3) Control Register 27H 
Header (Byte4) Pattern Register 18H 
Header (Byte4) Control Register 28H 
Header (Byte5) Pattern Register 19H 
Header (Byte5) Control Register 29H 

ID External ECC Byte Count Register 2BH 
ID Postamble Pattern Register 3CH 
ID Postamble Byte Count Register 2CH 

Data Preamble Pattern Register 3DH 
Data Preamble Byte Count Register 2DH 
Data Address Mark Pattern Register 3EH 
Data Address Mark Byte Count Register 2EH 
Data Synch Pattern Register 3FH 
Data Synch Byte Count Register 2FH 

Data Format Pattern Register 3BH 
Sector Byte Count (L) Register 38H 
Sector Byte Count (H) Register 39H 
Data External ECC Byte Count Register 2AH 
Data Postamble Pattern Register 30H 
Data Postamble Byte Count Register 20H 
Gap Pattern Register 3AH 
Gap Byte Count Register 34H 

FIGURE 5.9. Format Registers and Counters 

amble and Gap. Up to six header byte patterns can be pro
grammed, thus enabling a header field of six bytes (exclud
ing synch and preamble). 

During an operation these registers must not be read, as 
this will interfere with the DDC's internal access to these 
registers. This could cause internal PLA's to misinterpret 
these registers, and lead to sporadic misbehavior of the 
DDC. These registers may be written to any time. If written 
to during an operation they will take effect immediately. 

One data byte pattern register is provided. This pattern is 
used during a format operation as the data field byte. It is 
repeated for the length of the data field in the sector. 

BYTE COUNT REGISTERS 
(Address = 20-23H, 2A-2FH) 

The Byte Count registers determine the number of times 
each field's pattern can be repeated. All of ID and Data 
Preamble, Address Mark, Synch, Postamble, External ECC, 
and Gap patterns can be repeated for maximum 31 times. 
The Gap pattern, on the other hand, can be repeated for 
255 times. As mentioned earlier, there can only be six Head
er bytes and 64K data bytes in any format for the selected 
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drive. The length of Header and Data bytes is controlled by 
the Header' Control and Sector Byte Count registers, re
spectively (described below). 

During an operation these registers must not be read, as 
this will interfere with the DOC's internal access to these 
registers. This could cause internal PLA's to misinterpret 
these registers, and lead to sporadic misbehavior of the 
DOC. These registers may be written to any time. If written 
to during an operation they will take effect immediately. 

HEADER BYTE CONTROL REGISTER 
(Address = 24-29H) 

These six read/write registers control the associated six 
header bytes. Each of the six registers is 4-bits long and 
performs the same functions. One of these is shown in Rg
ure 5.10 and the functional description of each bit is given in 
the following. 

DO HBA HEADER BYTE o = Header Byte Disabled 
ACTIVE 1 = Header Byte Enabled 

D1 SSC SUBSTITUTE o = Header Byte Used 
SECTOR NUMBER 1 = Sector Counter Used 

D2 EHF ENABLE HFASM o = Header Used Normally 
FUNCTION 1 = Header Interpreted as 

Sector Number 

D3 NCP NOT COMPARE o = Header Used for Compare 
1 = Header Disabled 

FIGURE 5.10. Header Byte Control Register (One of Six) 

Header Byte Active (HBA) 

This bit determines whether the corresponding Header byte 
is to be included in the Header field or not. If set low, the 
corresponding header byte will be omitted from the header 
field and setting it high will include the corresponding byte in 
the header field. Only 4 out of 6 header bytes can be dis
abled. Also, only two consecutive header bytes can be dis
abled. 
Note: All the other bits in this register must also be set to zero if the header 
byte is to be disabled. 

Substitute Sector Counter (SSC) 

This bit when set high, enables the DOC to substitute the 
Sector Counter register's contents in the header byte pat
tern register instead of the actual header byte during a write 
operation, or to compare the Sector Counter register's con
tents with the corresonding header byte during a read oper
ation. This is normally done in a multi-sector operation to 
enable automatically incrementing the sector number. 

Enable Header Failed Although Sector Matched Func: .. 
tlon (EHF) 

If bit EHF of any header control register is set high, then the 
associated header byte is designated as that byte that must 
match in order to enable generation of an HFASM. In this 
mode, if this header byte matches but any of the other 
header bytes don't, then an HFASM error and an interrupt is 
generated. In a Compare Header-Data operation, the head
er bytes are loaded into the FIFO and can be examined by 
the host by reading the FIFO Diagnostic Register (Address 
= 36H). This can also be used during a Compare Header
Read Data, but the FIFO will not store the header bytes, see 
Error Register description, HFASM. 
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When this bit is reset the corresponding header byte is com
pared normally.' 

Not Compare (NCP) 

When this bit is set low, the Header byte will be written and 
compared normally. On the other hand, if this bit is set high, 
the corresponding Header byte will always be declared 
matched regardless of the actual comparison results. In oth
er words the comparison is disabled. This can be used to 
read a group of sectors. 

5.1.4 DMA Registers and Counters 
The DMA registers and counters enable programming of the 
DMA start address (in single or dual channel mode), transfer 
length, and the various modes of operation. The Operation 
Command register controls actual starting of the Remote 
DMA operation. The DMA registers are listed in Figure 5.11 
and explained in the following paragraphs. 

Name Hex Address 

DMA Sector Counter 37H 
Local Transfer Register 36H 
Remote Transfer Register 37H 
Remote Data Byte Counter (L) 1AH 
Remote Data Byte Counter (H) 1BH 
DMA Address (Byte 0) Counter 1CH 
DMA Address (Byte 1) Counter 1DH 
DMA Address (Byte 2) Counter 1EH 
DMA Address (Byte 3) Counter 1FH 

FIGURE 5.11. The DMA Registers and Counters 

DMA SECTOR COUNTER 
(Address = 37H) 

This read only register is used only when the DOC is config
ured in the dual channel tracking mode. This counter keeps 
track of the number of sectors transferred by the remote 
DMA channel (local RAM to/from system), and the local 
DMA channel (DOC to/from local RAM). When this register 
is 0, remote channel transfers are inhibited. This counter 
ensures that the source channel will not overtake the re
mote channel. This eliminates the chances of overwriting 
while transferring data to or from the local memory, or trans
ferring non-data. 

LOCAL TRANSFER (L n REGISTER 
(Address = 36H) 

This write-only register, shown in Figure 5.12, controls the 
data transfers between the DOC and buffer memory, using 
the local DMA channel or single channel mode. It is config
ured at the time of initialization and normally need not be 
written to again. The Local Transfer register is not affected 
by reset or abort operations. 

Local DMA Enable (SLD) 

This bit when set high, enables the local DMA channel, 
Tracking or Non-Tracking. If this bit is not set high, the on
chip DMA will not transfer data. This bit is used to enable 
control of starting/stopping a DMA operation. If it is perma
nently disabled, external DMA cirCUitry can be used. 

Local Word Data Transfer (LWDn 

This bit determines the length of the data word to be trans
ferred between the DDC and buffer memory. When set to 0, 
single 8-bit bytes are transferred each DMA cycle and the 
address increments by 1. If this bit is set, 16-bit words are 
transferred each DMA cycle and the address increments by 
2. 



Reverse Byte Ordering (RBO) 

This bit controls the order of bytes in a 16-bit word transfer. 
When RBO is set low, the first byte to be read from the disk 
will be placed in the least significant half of the word (ADO
AD7) and when RBO is set high, the LS byte will be mapped 
to AD8-AD15. This is only valid for data entering the FIFO. 
This byte should be reset for 8 bit transfers. 

Local Slow/Fast Read and Write (LSRW) 

This bit can add one wait state cycle to the DMA transfers. 
When this bit is reset the Read and Write cycle is 4 clock 
periods, but if this bit is set, one wait state is added and the 
read or write cycle is 5 clock periods. This extends the RD 
and WR strobes by one bus clock period, and allows the 
DDC to access slower memories. 

Long Address (LA) 

This bit determines the Local DMA address bus width and is 
only valid if Local DMA Is enabled and the Remote channel 
is disabled. When Long Address is low, 16 address bits are 
issued and strobed by ADSO pin. When Long Address is 
high, 32 address bits are issued, the lower 16 bits are 
strobed by ADSO pin, the upper 16 address bits are strobed 
by ADSl /RRQ pin. The most significant 16 address bits are 
only issued when a rollover from the least significant 16 
address lines occurs or on the first DMA cycle of a multi
byte transfer. When the most significant 16 address bits are 
issued, that DMA cycle is 5 clock periods long if no internal 
or external wait states are used. 

Dump FIFO/Exact Burst (LTEB) 

This bit controls how the data is burst to/from the FIFO. If 
this bit is reset the FIFO will fill or empty completely. When 
the disk is being read, the FIFO will wait until the FIFO is 
filled to the programmed threshold. At this time the DDC will 
completely empty the FIFO to buffer RAM even if more data 
entered the FIFO during the burst. During a disk write, when 
the FIFO is emptied to the programmed threshold, the DMA 
will fill the FIFO. 

When this bit is set, the DMA will only transfer a fixed num
ber of bytes to/from the system. For reading the disk, when 
the FIFO fills to the programmed threshold, the DMA will 
burst the exact number of bytes that are in the FIFO. Any 
bytes entering the FIFO after the burst begins will be trans
ferred at the next burst. For a disk write, when the FIFO 

DO SLD SELECT LOCAL DMA 

Dl LWDT LOCAL WORD 
DATA TRANSFER 

D2 RBO REVERSE BYTE 
ORDER 

D3 LSRW LOCAL SLOW READ 
AND WRITE 

D4 LA LONG ADDRESS 

D5 LTEB LOCAL TRANSFER 
EXACT BURST 

D6 LBU LOCAL BURST LENGTH 
D7 LBL2 (FIFO THRESHOLD) 

empties to the selected threshold, an exact number of bytes 
will be DMAed to the FIFO, whether the FIFO has emptied 
more or not. 

Local Burst Length Select (LBL 1, LBL2) 

Bits LBL 1 and LBL2 offer different burst lengths and the 
thresholds according to when data will be transferred to or 
from the FIFO. These burst lengths/thresholds could be 2, 
8,16 or 24 bytes, if these bits are programmed, 00, 01, 10, 
or 11 , respectively. 

REMOTE TRANSFER REGISTER (Address = 37H) 

This write-only register, shown in Figure 5.13, determines 
the mode of transfers between the local buffer and the sys
tem I/O port (remote DMA channel) if the DDC is in dual 
channel mode. The register should be loaded at initialization 
and normally need not be written to again. It is not affected 
by reset or abort. 

Remote DMA Enable (SRD) 

This bit, when set high, configures the DDC in dual channel 
DMA mode, and enables the remote DMA channel. 

Remote Word Data Transfer (RWDT) 

The data bus may be configured to be either 8 or 16 bits 
during remote transfers between buffer memory and main 
system. If RWDT is high, transfers are 16 bits wide, and the 
remote address information is incremented by 2 each mem
ory cycle and bit AO remains low. If RWDT is low transfers 
are 8 bits wide, and the remote address increments by 1. 

Enable External Walt (EEW) 

If EEW is high, the EXTERNAL STATUS pin of the DDC will 
be enabled to supply wait states in both the local and re
mote DMA bus cycles. A side effect using this feature is that 
external synchronization and external ECC cannot be used. 
When EEW is low, no external wait states can be inserted, 
and external synchronization and external ECC may be 
used. 

Remote Slow Read/Write (RSRW) 

This bit allows for slower memory or slower system cycle 
time and is only valid if the Remote DMA Enable bit is high. 
In this case, if RSRW is set, each remote DMA cycle be
comes five clock periods rather than four, and both the RD 
and WR strobes are widened by one clock period. 

0= Disabled 
1 = Enabled 

0= 8-Bit 
1 = 16-Bit 

0= ADO-7 = LSB, AD8-15 = MSB 
1 = ADO-7 = MSB,AD8-15 = MSB 

o = 4 Clock Transfer 
1 = 5 Clock Transfer 

0= 16-Bit 
1 = 32-Bit 

o = Transfer Until FIFO Empty 
1 = Transfer Exact Burst 

00 = 1 Word/2 Bytes 
01 = 4 Words/8 Bytes 
10 = 8 Words/16 Bytes 
11 = 12 Words/24 Bytes 

FIGURE 5.12. Local Transfer Control Register 
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Tracking Mode (TM) 

This bit configures the DOC in Tracking or Non-Tracking 
DMA modes when it is set high or low, respectively. In Non
Tracking mode, the DMA channels are independent and ad
dresses are allowed to overlap, while in Tracking mode, 
channel addresses are maintained at least one sector apart. 

Remote Transfer Exact Bursts (RTEB) 

When the DOC is performing a remote transfer, the condi
tion of this bit determines when RRQ is de-asserted after 
the exact number of words or bytes, specified by RBL 1 and 
RBL2, have been transferred. If RTEB is low, RRQ wil re
main asserted until the whole count, specified by the Re
mote Data Byte Counter, has been transferred. 

Remote Burst Length (RBL 1, RBU) 

These bits select the burst transfer lengths during a remote 
transfer operation between buffer memory and a system 
I/O port if RTEB is set high. These length could be 2-byte 
(I-word), B-byte (4-word), 16-byte (B-word) and 32-byte 
(16-word). 

DO SRD SELECT REMOTE 0= Disabled 
DMA 1 = Enabled 

Dl RWDT REMOTE WORD 0= B-Bit 
DATA TRANSFER 1 = IS-Bit 

02 EEW ENABLE EXTERNAL 0= Disabled 
WAIT STATE 1 = Enabled 

D3 RSRW REMOTE SLOW o = 4 Clock Transfer 
READ AND WRITE 1 = 5 Clock Transfer 

D4 TM TRACKING MODE 0= Non-Tracking 
1 = Tracking 

D5 RTEB REMOTE TRANSFER o = Transfer Whole Count 
EXACT BURST 1 = Transfer Exael Burst 

OS RBLI REMOTE BURST 00 = 1 Word/2 Bytes 
07 RBL2 LENGTH 01 = 4 Words/B Bytes 

10 = B Words/IS Bytes 
11 = 12 Words/24 Bytes 

FIGURE 5.13. Remote Transfer Control Register 

REMOTE DATA BYTE COUNT REGISTERS 

(Address = lAH (LSB), lBH(MSB» 

These registers determine the byte count required in a re
mote data transfer. They are preloaded with a maximum 
count equal to the desired total DMA transfer, and are dec
remented by the DOC after each transfer until a count of 
zero is reached. This counter is 16 bits wide, therefore up to 
a total of 65,536 bytes can be transferred. Presetting this 
register to all zeroes transfers 65,536 bytes. The count can 
be read at any time during the transfer. 

This register is also used in tracking mode DMA to keep 
track of whether a sector is ready to be transferred by the 
remote channel. 

DMA ADDRESS (BYTEO-3) REGISTERS 
(Address = lCH-1FH) 

The DMA address registers issue dual channel local and 
remote addresses during the local and remote transfers or 
single channel addresses. When using the dual channel 
DMA mode, registers 0 (LSB) and 1 (MSB) are used for 
holding and incrementing the local DMA channel address. 
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Registers 2 (LSB) and 3 (MSB) contain the address informa
tion for remote DMA transfers. These registers can be pre
set to any address (within 64k) and can be read at any time. 

In single channel DMA mode, the 4 registers are concate
nated to form a 32-bit address, thus the single DMA channel 
can address up to 4 Gigabytes. 

5.2 DDC COMMANDS 
The DOC can be configured to perform various disk and 
related operations. These include disk read and write opera
tions, error correelion operation, formatting operations, and 
DMA operations. DMA and error correction commands are 
considered separately later. To understand the operation 
better, it is useful to break up the DOC's execution of a 
command into three phases: 

1. Command Entry - p.P loads bytes and command word 
prior to execution. 

2. Command Execution - Once loaded the DOC performs 
the operation. 

3. Result - After execution Is terminated the p.P reads the 
DOC to determine whether an error terminated the oper
ation. 

Since the DOC is primarily reading and writing to the disk 
drive, it has a rich set of disk read and write funelions and 
each of these can be used is several modes. This creates a 
large array of commands that provides versatility. However 
there are about 10-15 commands/modes that would nor
mally be used. This section will present the basic command 
operations first, then common commands are shown as 
combinations of the operations and finally a simplifying list is 
created. 

A typical read/write command is composed of two opera
tions; 10 field operations and disk data field operations. Bits 
002, DOl, H02, HOI; FMT in the Drive Command Regis
ter, determine the command to be executed. The two least 
significant bits enable some specific options to the com
mands. A list of all the possible commands is given in Figure 
5.13. These commands are executed by setting up all the 
registers with the desired modes and header information, 
and as the last step the Drive Command register is loaded 
with the command. Once loaded the DOC will execute the 
command. 

The header and data operations are described individually 
below. They repeat some of the information given in the 
register bit description in Chapter 4. Following the header 
and data operations, the more useful combinations of these 
are described. 

5.2.1 Header Operations 
Ignore Header 

The DOC will use the preamble for PLO locking, and will 
check for the 10 field's byte synch fields. The DOC will ig
nore the aelual header contents, and treat any values as a 
match, and a data field operation will proceed on the subse
quent data field. 
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002 001 H02 H01 FMT 

0 0 0 0 0 No Operation, 
No Format (No Operation) 

0 1 0 0 0 Ignore Header, Check Data, 
No Format 

1 0 0 0 0 Ignore Header, Write Data, 
No Format 

1 1 0 0 0 Ignore Header, Read Data, 
No Format (Recover Data) 

0 1 0 1 0 Compare Header, Check Data, 
No Format 

1 0 0 1 0 Compare Header, Write Data, 
No Format (Normal Write) 

1 1 0 1 0 Compare Header, Read Data, 
No Format (Normal Read) 

0 1 1 0 0 Write Header, Check Data, 
No Format 

1 0 1 0 0 Write Header, Write Data, 
No Format 

1 0 1 0 1 Write Header, Write Data, 
Format (Normal Format) 

0 1 1 1 0 Read Header, Check Data, 
No Format (Get Header Info) 

1 1 1 1 0 Read Header, Read Data, 
No Format 

0 0 0 1 X Compare Header, No Data Operation 
••• ILLEGAL COMMAND ••• 

0 0 1 0 X Write Header, No Data Operation 
••• ILLEGAL COMMAND ••• 

1 1 1 0 X Write Header, Read Data 
••• ILLEGAL COMMAND ••• 

0 0 1 1 X Read Header, No Data Operation 
••• ILLEGAL COMMAND ••• 

1 0 1 1 X Read Header, Write Data 
···ILLEGALCOMMAND··· 

FIGURE 5.14. The DOC Commands 

Compare Header 

This operation usually preceeds a normal disk read or write 
in which a particular sector is operated on. After preamble 
and synch fields are compared, the DOC compares every 
byte in the header to the pattern registers. Only if a com
plete match of the header bytes and no CRC/ECC error 
occurs, then the data field operation is executed. 

Write Header 

The DOC will write header information typically when for
matting the disk, but operations allow the DOC to write indi
vidual headers in a hard sectored disk as a method of cor
recting a header. In this operation the entire 10 field is writ
ten, preamble, both byte synch fields, header bytes, and 
CRC/ECC bytes. 

Read Header 

This is used when the host desires to know what a header 
is, usually when trying to determine where a disk drive head 
is located. This operation will compare the synch fields and 
then read the header bytes into the FIFO. CRC/ECC is 
checked. 
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5.2.2 General Data Operations 
No Data Operation 

This bit combination is valid only when the header operation 
is ignore header. Using this with other header operations will 
cause "unpredictable" results. Using this with the Ignore 
Header function is a NOP command and can be used when 
the user wishes to change non-command bits in the com
mand register without executing a disk command. 

Check Data 

This is essentially a data NOP. If executed the DOC will read 
the data field just like a read data operation, but no data will 
be transferred to the system. The data field CRC/ECC is 
checked at the end of the operation. 

Read Data 

To fetch data from the disk drive this operation is used. The 
DOC first checks the data synch field to byte align and then 
it reads the data from the disk drive and sends it to the FIFO 
for transfer to external memory. After all bytes have been 
transferred, the data field's CRC/ECC bytes are checked. 

• ~ 
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Write Data 

This is the inverse of the read data command. The DOC will 
begin by writing the data preamble field and synch fields. 
Data is input from the external memory into the FIFO, and 
this data is written to the disk. During the writing of data, 
CRC/ECC is being generated, and is appended to the data 
field. 

5.2.3 When a Command Starts 
As a command is loaded, the microprocessor can decide 
when the DOC should start the operation. There are two 
choices, which are programmed by loading bit SAIS in the 
Drive Command Register, Start at Index or Sector. 

If this bit is set, the operation will be started at the beginning 
of the next sector (if hard sector) or immediately (if soft 
sectored). This is normally used for a normal read or write 
operation. Since the operation starts asynchronously to 
where the head is located over the track, starting immedi· 
ately means that the sector will be read/written within one 
disk revolution worst case. If the command is started on an 
index pulse, it is likely that the head will pass the sector 
before it gets to the index to start the command, wasting a 
full revolution. 

If this bit is reset when a command is loaded, the DOC will 
wait for the disk to revolve until the index pulse is seen. This 
mode would usually be used for track oriented operations. 
For example, a format and/or multi-sector operation would 
be most useful if started at the beginning of a track rather 
than the middle. 

it is possible to execute any valid command starting either 
at the next sector or at the index pulse, thus many special
ized command combinations are possible. 

5.2.4 Multi-Sector Versus Single Sector 
Operations 
All of the disk command op codes listed below have a multi
sector bit that determines whether the operation is a multi
sector or single sector operation. The DOC can be pro
grammed to read one specific sector, several sectors, or an 
entire track in one operation. In a multi-sector operation the 
DOC will read a group of logically or physcially contiguous 
sectors. Logically contiguous means the DOC reads sectors 
with sector numbers that are in numerical order, but need 
not appear physically in order on the drive's track. For ex
ample, sectors are numbered physically on the drive as 5, 4, 
6, I, 3, 2, will be read I, 2, 3, 4, 5, 6. This enables interleav
ing sectors. In order to do this the multi-sector bit must be 
set and several other registers and modes must be deter
mined. 

Usually a single sector operation can be considered the de
fault operation, and additional steps must be taken to exe
cute a multi-sector command. To review, a single sector 
operation will first execute a header operation followed by a 
data operation and then terminate. For a normal read or 
write, the header bytes are compared to the header pattern 
registers, and when the desired header is found the data 
field is operated on. 

In a multi-sector operation, the DOC will re-execute the 
same command over again. The number of times the com
mand is executed depends on the value programmed into 
the Number of Sector Operations Register (Address = 
13H) with a maximum of 255. For most read or write com
mands, multi-sector operations will also need to select and 
program the Sector Counter (although some commands 
won't). For a given disk 10 format one of the header bytes is 
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the sector number. The header byte that has been designat
ed the sector number must have its control register pro
grammed to substitute the sector counter for the header 
pattern register. The sector counter is then programmed 
with the number of the first sector to be read/written. 

After the command starts, the first sector is operated on. 
Then the Sector Counter increments and the Number of 
Sector Operations Counter decrements. If this has not 
reached zero the command is re-executed until the Number 
of Sector Operations Counter does reach zero. Program
ming a 1 into the Number of Operations Counter will cause 
the command to execute once. 

The preceding describes how a multi-sector read or write 
would normally be executed. An example of when the Sec
tor Counter may not need to be enabled might be a track 
dump command which is a read header-read data. Since 
sector numbers are not compared all the header fields the 
data fields can be sequentially read. 

5.2.5 Interlock Mode Operation 
The Interlock mode can be used to enable a microproces
sor to update commands or parameters on the fly just after 
the previous command finishes with the header operation. 
This enables the ,...p to execute a series of commands on 
contiguous sectors. These commands may be the same 
one repeated, a format for example, or a different one exe
cuted sequentially. Interlock is enabled by setting the Inter
lock bit, and enabling the header interrupt in the Operation 
Command register, or polling the Next Disk Command 
status bit. 

In the Interlock mode, and when a command is first issued, 
an interrupt at the end of the header operation informs the 
,...p that the DOC is ready to accept a new command. The 
,...p updates the header, or command registers, and lastly 
writes to the Header Byte Counter Register. This update 
must take place before the end of the CRC/ECC field of the 
present sector. If the Header Byte Counter is not written to 
before the header of the following sector, the DOC will set 
the Late Interlock bit in the Error Register, and abort the 
operation. 

The Interlock mode can be used either in single sector or 
multi-sector operations. In a Single sector operation, the ,...p 
updates all the header and control registers. It then writes 
the new command into the Disk Command register, and fi
nally writes to the Header Byte Counter. This enables differ
ent commands to act on physically sequential sectors, i.e. 
read to one, write from the next. 

In a multi-sector operation, the ,...p sets the Number of Sec
tor Operations to the number of sectors 'to be read or writ
ten. The ,...p writes the command to the Disk Command reg
ister once at the beginning of an operation. Then the ,...p 
updates the header and mode registers after each interrupt. 
Finally, before the end of each data ECC field the Header 
Byte Counter is loaded. The DOC will automatically repeat 
the command until the Number of Sector Operations coun
ter reaches zero. This command mode is useful for operat
ing on physically sequential sectors that are not logically 
sequential. For example, formatting a track with interleaved 
sector numbers. 

While executing in interlock mode, any pattern or count reg
isters may be written to. However, it is recommended to not 
write to data pattern or count registers, as timing of the ,...p 
write relative actual disk data being operated on will deter
mine whether the write will effect the present or next sector. 
During the operation, the pattern or count registers must 
not be read, as this will cause spurious operation. 



Actually, the Interlock mode is somewhat misleading. For 
any command being executed, the DOC will be ready for the 
next command after it has successfully completed a header 
operation. The only action the Interlock mode takes is en
abling an Error bit that tells the p.P when it didn't update the 
DOC in time. 

5.2.6 Command Termination, Resetting, 
and Re-enabling 
Once a command starts execution, it will perform its desired 
task, or an error will be encountered that will prevent the 
command from executing. These errors could result from 
reading the disk, losing data while not transferring it fast 
enough, or not finding the header it is looking for after two 
index pulses have occurred. In these cases, the DOC will 
terminate the operation, set an error flag, and set itself into 
an error state from which it must be reset before the next 
command can be executed. 

The errors that the DOC recognizes are listed in the Error 
register. Errors caused by corrupted disk data or format are: 

Data Field Error 
No Data Synch 
Sector Not Found 
Sector Overrun 

Errors caused by not transferring data or parameters to the 
disk fast enough are: 

FIFO Data Lost 
Late Interlock 

Errors that occur because the disk controller is looking for a 
sector header that is non-existent, or the disk head is on the 
wrong track are: 

Sector Not Found 
Header Failed Although Sector Matched 

Additionally, during a correction cycle an error will.be indi
cated if the correction failed and a Correction Failed error is 
set. 

When an error occurs the DOC will terminate the command, 
and will issue an interrupt (if enabled). Once the error is 
flagged, the CPU must read the error register and then reset 
the DOC. 

To reset the DOC, the CPU first must set the Reset bit in the 
Operation Command register. Then it must reset the Reset 
bit. This has reset the DOC into the default state. Now the 
DOC can be re-enabled by setting the Re-Enable bit high, 
and the DOC is then ready to receive the next command. 

5.2.7 Summarizing Most Useful DDC 
Commands 
As one can see there are a multitude of possible commands 
that the DOC can implement, and the header-data opera
tions with the various modes tend to be very cryptic. To try 
to simplify the commands, Figure 5. 15 lists most of the com
mon commands, a mnemonic, and the command op code. 
These commands assume the disk format is fairly standard, 
with the header at least containing one byte for the sector 
number. These are by no means all of the commands. 
Some specialized ones may be desirable, and can be as
sembled from the previous descriptions. Or, if the user de
cides to be creative with the header format other commands 
or modes may be useful, and maybe encryption/decryption 
of the header for data security could be implemented. 

These commands are header-data operations with the mul
ti-sector and start on sector or index bit configured to their 
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most common way. For example, Read Sector (SRD) starts 
on a sector pulse (or immediately) and is not multi-sector. 
Multi-Sector Read Track is multi-sector and normally would 
start on the index pulse (but doesn't have to) so that the 
entire track's data can be read starting at the physical be
ginning of the track. 

The read, write, format track commands assume that the 
Number of Sector Operations register is loaded with the 
number of sectors per track. 

The logical multi-sector read, write commands assume that 
either the Sector Counter is enabled, or the Interlock mode 
is used. 

Command Name OpCode 

Read Single Sector ROSS 11010010 D2H 
Read Sector 10 RDID 01110010 72H 
Read Multi-Sector ROMS 11010110 D6H 
Logical 
Read Track RDTK 11010100 D4W 
Read Track Blind RDTB 11000100 C4H* 
Read 10 Multi-Sector RDIM 01110100 74H 
Read Track DataliD RDDI 11110100 F4W 

Write Single Sector WRSS 10010010 92H 
Write Multi-Sector WRMS 10010110 96H 
Logical 
Write Track WRTK 10000100 84H* 

Format Track FMTK 10101100 ACH 
Format Track No Gap FMNG 10100100 A4H 

Find 10 FNID 01010010 52H 
Find 10 Multi-Sector FNMS 01010110 54H 
Recover Header RCID 01100010 62H 

Re-Enable Controller RENB 00000001 01H 
No Operation NOP 00000000 OOH 

'Note: For an entire track operation, the Number of Sector Operations 
Counter should be set to the number of sectors per track. 

FIGURE 5.15. Common Configurations 
of the Command Bits 

SINGLE SECTOR READ (Compare Header-Read Data) 
Op Code = 11010010 
This command is used to perform a normal disk read opera
tion by disabling the multi-sector operation and starting im
mediately/sector pulse. The header bytes loaded into the 
DOC are compared to header information read off the disk 
drive. The DOC continues to scan the drive until a match is 
found. Once a header has matched, data in the subsequent 
data field is read from the disk and transferred to the system 
via the internal FIFO and DMA operations. 

READ SECTOR 10 (Read Header-Check Data) 
Op Code = 01110010 
This is a single sector command, which starts immediately. 
It will read the first sector header that the drive head passes 
over, and transfers it to the external memory. This is useful 
if the system gets lost and would like to know where the 
drive head is without recalibrating the drive to track zero. 

READ MULTI-SECTOR LOGICAL 
(Compare Header-Read Data) 
Op Code = 11010110 
This is a multi-sector command that starts immediately. 
There are two modes that can be used for this command. 
One is to use the sector counter to sequentially read logical 
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sectors. The second is to use the Interlock mode. If the 
sector counter is used then the logical sectors are read se
quentially by sector number. In the Interlock mode the logi
cal sectors can be read in any logical sequence, depending 
on p.P update of header bytes. 

This command can be modified to do a single sector read in 
multi-sector mode, by setting the Number of Operations to 
one and, preferrably, changing the Start bit from start on 
index to start immediately. 

READ TRACK (Compare Header-Read Data) 
Op Code = 11010100 
The Read Track command has the same op code as the 
Multi-Sector Logical Read, except that the command is 
started on an index pulse. This will cause a read of all sec
tors ensuring that all other header bytes are compared and 
header CRC/ECC is checked. 01 course the Number of 
Sector Operations counter must be set to the number of 
sectors per track. If the track is to be read in a logical order, 
then the sector number header byte can be compared to 
the Start Sector register. For a physically contiguous read 
the sector number. header byte can be set to not compare. 

READ TRACK BLIND (Ignore Header-Read Data) 
Op Code = 11000010 
This command will not compare the header field for a 
match, but will read the first data field that the DOC encoun
ters and all subsequent data fields no matter what the head
er contains. The DOC will read in the data from the drive 
and DMA it to external memory. 

READ ID MUL TI-SECTOR (Read Header-Check Data) 
Op Code = 01110100 
This is a multi-sector command that starts at an index pulse 
and reads every header on the track (assuming the Number 
of Sector Operations equals the number of sectors on the 
track). This can tell the system what the entire track's head
er format. 

READ TRACK ID AND DATA (Read Header-Read Data) 
Op Code = 11110100 
The read track command uses the Read Header-Read Data 
command in multi-sector mode, starting on the index pulse, 
and setting the Number of Sector Operations counter to the 
number of sectors on a track. This will read both the header 
and data fields of all sectors on a track. This can be used as 
a diagnostic tool to dump the entire contents of the disk 
drive's track. 

WRITE SINGLE SECTOR (Compare Header-Write Data) 
Op Code = 10010010 
This command is used to perform a normal disk write opera
tion to an individual sector. The multi-sector bit is reset and 
the command is started on a sector pulse or immediately. 
The header bytes are compared as in a disk read. Once the 
header matches, data is written to the associated data field 
by the DOC. 

WRITE MULTI-SECTOR LOGICAL 
(Compare Header-Write Data) 
Op Code = 10010110 
This is the same as the Multi-Sector Logical Read com
mand. This one starts immediately, and can use the Inter
lock mode or Sector counter to change the header informa
tion. The sector counter enables logically sequential sector 
writing, and Interlock mode enables p.P to update sectors 
on the fly. 

As in the read command, by programming the Number of 
Sector operations counter to 1 results in a multi-sector 
mode single sector write. Also the start operation bit should 
be set to start on a sector pulse. 
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WRITE TRACK (Compare Header-Write Data) 
Op Code = 10010100 
The Track Write is similar to the Multi-Sector Logical Write 
command, but several modes are set up differently. First 
this command starts on an index pulse, and second the 
header byte corresponding to the sector number is pro
grammed to not compare. This causes every sector to be 
written to in a physically sequential order. 

FORMAT TRACK (Write Header-Write Data) 
OpCode = 10101100 
This command is commonly used when disk formatting is to 
be performed. The format bit in the disk command register 
normally should be set to execute this command. The entire 
10 Field and Data Field, one or more sectors, are written to 
the disk either from the header byte registers or from the 
FIFO, depending on which mode of disk formatting is select
ed (refer to chapter on Disk Formatting). The remaining 
header and data fields are written from the respective pat
tern registers. 

FORMAT TRACK NO GAP (Write Header-Write Data) 
Op Code = 10100100 
There is a special format option which can be used in hard 
sectored drives by not setting the format bit in the Disk 
Command register and using a multi-sector operation. This 
enables writing of a format without intersector gaps. This 
may be useful if the drive puts servo information in the gaps. 
This would be overwritten with the normal format. 

FIND HEADER/ID (Compare Header-Check Data) 
Op Code = 01010010 
This command is normally used to perform a diagnostic op
eration, operating almost like the Compare Header-Read 
Data command. It will first scan and compare the header 
information. The data field is read but not transferred. 

FIND ID MULTI-SECTOR (Compare Header-Check Data) 
Op Code = 01010100 
This command is a multi-sector version of the Find Header, 
and can be used to verifY all the headers on a track are 
valid. 

RECOVER HEADER (Write Header-Check Data) 
Op Code = 01100010 
This command will start immediately, and rewrite the header 
field for the first sector encountered. This can be used as a 
method of recovering a damaged or unreadable 10 field. To 
do so actually requires the interlock mode executing this 
command following a Find Header command. To recover 
the sector in error, the sector physically preceeding is found 
and the Find header is executed followed immediately by 
this command. The new header is then written over the 
damaged one. 

RE-ENABLE (Re-enable bit set) 
Op Code = 00000001 
This command is used as part of the ResetlRe-Enable op
eration which is normally used to recover from an error con
dition. First the Reset bit in the Operation Command register 
is set, then reset. To finally enable the DOC for another 
command, the Re-Enable bit is set (see previous section). 

NO OPERATION (Ignore Header-No Data Operation) 
Op Code = 00000000 
As mentioned previously, this is a NOP command. The DOC 
will not perform any operation. 

ILLEGAL COMMANDS 
Figure 5.14 lists several commands as illegal commands. 
They are not implemented by the internal PLA, and execut
ing these commands will cause erroneous results. 



CHAPTER 6 System and Disk Interfacing with DOC 

6.0 INTRODUCTION 
In a typical disk controller design, the DOC interfaces to the 
contrOlling microprocessor, memory and/or main system 
bus (such as MUL TIBUSIiil, VME bus or IPI and SCSI) on the 
system side, and to the disk drives (via various disk interfac
es such as ST506, ESDI and SMD) on the disk side. Figure 
6. 1 shows the DOC in a typical disk controller design. As 
mentioned in previous chapters, the DOC (disk data control
ler) controls only the disk data path. It takes e- or 16-bit 
wide data from the system bus, serializes it and then writes 
it to the disk in a disk write operation. While reading the disk 
data from the disk, the DOC deserializes the data and puts it 
back to the system bus. Before any disk operation can be 
performed, a track seek operation must be performed. The 
drive control signals required to perform a seek operation, 
can be generated using additional simple circuitry. 

In this chapter, various DOC hardware interfaces to the host 
system and disk drive will be discussed in detail. DOC pro
gramming algorithms for carrying out disk operations are 
discussed in detail in chapter 7. The hardware interfacing is 
divided into two parts, system side and disk side. 

6.1 SYSTEM SIDE INTERFACE 
The DOC goes through three configuration modes when it 
performs a disk operation. When a microprocessor access
es the DOC to initialize it for a particular disk operation, it 
becomes a peripheral to the microprocessor (peripheral 
mode). While performing a disk operation and whenever the 
FIFO requires a data transfer to or from the external memo· 
ry, the DOC becomes the bus master (master mode) and 
uses its on-chip DMA channels to perform the desired data 
transfers. If the desired data transfers are carried out by an 
external DMA controller, the DOC becomes a slave to the 
external DMA (slave mode controller). 

In the following sub-sections the DOC's hardware interfac
ing with the microprocessor (peripheral mode), memory 
(master mode), and external DMA (slave mode) are dis· 
cussed. The logic needed for arbitration of bus control be
tween the DOC and microprocessor, and, to provide drive 
control signals are also discussed. In addition to the hard
ware connections, typical timing for various signals is also 
discussed. 
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FIGURE 6.1. A Typical DOC-Based Disk Controller 
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6.1.1 Mlcroprocessor-DDC Interface 
The DOC must be initialized by a microprocessor (or micro
controller) in order to perform various disk operations. Fig
ure 6.2(8) shows a basic microprocessor-DOC interface. 
When the microprocessor accesses the DOC, all 64 internal 
registers appear to it as unique memory or 110 locations. 
Each register can be randomly accessed and operated on. 
Only eight bits of data can be transferred to or from these 
registers using pins ADO-7. All the registers can be individu
ally selected using six register select lines, RSO-5. Using 
these dedicated lines with an address strobe input, ADSO, 
the chip can be used in both multiplexed and demultiplexed 
address bus environments. Basically, the ADSO and RSO-5 
together act like a flow through latch. 
With multiplexed address and data lines, a positive stn;)be 
pulse on ADSO will latch the address. The ADSO line may be 
derived from a microprocessor address strobe line such as 
ALE. In systems with a dedicated address bus (demulti
plexed), ADSO may be pulled high to allow address informa
tion to flow through the latch. Finally, by applying CS and 
RD or WR strobes, the selected register is accessed. Figure 
6.2(b) shows a typical timing for a multiplexed and demulti
plexed system bus when the DOC is In Peripheral mode. 
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FIGURE 6.2(b). DDC Register Read/Write In 
Peripheral Mode 
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FIGURE 6.2(a). A Simplified Microprocessor Interface In Peripheral Mode 
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6.1.2 Bus Arbitration Logic 
When the FIFO fills up (during a read operation) or empties 
(during a write operation) to the progammed threshold level, 
the DOC issues a local request (LRO) to carry out local 
buffer memory transfers. Similarly, the DOC issues a remote 
request (RRO) when local buffer memory needs a data 
transfer on the remote channel. Upon receiving the request 
(LRO or RRO), the current bus master should generate an 
acknowledge (LACK or RACK) to transfer bus control to the 
DOC. The request essentially puts the microprocessor (cur
rent bus master) on hold. The DOC keeps LRO or RRO 
asserted for the entire selected data burst transfer. This en
ables the DOC to remain bus master during this time while 
the microprocessor is on hold. See Figure 6.3(a) for typical 
RRO-RACK and LRO-LACK timing. 

Generally, the LRO-LACK or RRO-RACK pins of the DOC 
are connected to the HOLD-HOLDA type (or BUSREO
BUSACK type) of pins on the microprocessor through some 
additional combinational logic. This additional logic would 
be responsible for providing a smooth bus arbitration be
tween the DOC and other possible bus users (like micro
processor). It must remove the possibility of any bus conten
tion and may also prioritize DOC's DMA requests with other 
requests which may be present in the system. See Figure 
6.3(b) for typical bus arbitration logic connections. 

The Address strobes (ADSO and ADS1) from the DOC and 
similar address strobe signals from the microprocessor may 
also be used in the bus arbitration logic, to generate a com
mon set of address strobes for the system. This is useful if 
the demultiplexing address latches are to be shared be
tween the DOC and the ~P. 

BCLK 
IN 

LRQ~~~ 

LACK/RA~~ ---./ 

RiiJ'iiR 
OUT \ I 

The DOC samples the RACK and LACK inputs during 
Tj(idle) or T 4 for each memory transfer. In general, the arbi
tration logic should leave LACK/RACK high for the duration 
of the burst. It may also toggle LACK/RACK so long as 
LACK/RACK are high during T 4 when the local channel has 
transferred one sector (in tracking mode-dual DMA), or 
when the remote DMA is enabled (in non-tracking mode). 

6.1.3 The DOC-Memory Interface 
After becoming bus master, the DOC communicates with 
the buffer or system memory if its on-chip DMA is chosen 
for data transfers. This communication takes place via a 16-
bit multiplexed address/data bus, ADO-15, and supported 
by RD, WR, ADSO and ADSl strobes. The DOC is pro
grammed in one of the three basic DMA modes; single 
channel, dual channel non-tracking and dual channel track
ing. (See chapter 7 for detailed explanation on DMA pro
gramming). The hardware aspects of using the DOC in one 
of these modes are discussed below. 

SINGLE CHANNEL DMA 

In single channel DMA mode, the DDC takes care of data 
transfers between the FIFO and external memory using its 
local DMA channel. In this mode, the DDC can be set to 
generate either l6-bit or 32-bit of address. This gives sys
tem architects a great deal of flexibility. With 32-bit single 
channel DMA, up to 4 GBytes of memory can be accessed 
which is ideal in a system where the buffer memory is locat
ed within the main system memory. Factors like sector 
length, number of sectors per track and DMA burst length 
should be considered in determining the appropriate buffer 
memory size. 

~2 "'-
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FIGURE 6.3(a). A Typical LRQ/RRQ-LACK/RACK Timing for a Data Burst Transfer 
TL/F/8663-84 
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DUAL CHANNEL DMA 

For systems where disk data is first buffered in a local mem
ory before being transferred to the host memory via a host 
I/O port, the DDC offers two channels of DMA to handle the 
necessary data transfers. The "local" DMA channel con
trols data transfer between the FIFO and local buffer memo
ry, while the "remote" DMA channel controls data transfer 
between the local buffer memory and the host I/O port. The 
two DMA channels can be operated independently of each 
other or the remote channel can be made to track the local 
channel. In either case, both channels can address a 64k 
address space. In the rare cases where a dual bus architec
ture and more than 64k bytes of local buffer memory are 
required, the DDC should be programmed for single chan
nel, 32-bit addressing mode to handle FIFO-to-buffer trans
fers, leaving the buffer-to-host transfers to an external DMA 
controller. 

For the purpose of the following discussion, it is helpful to 
introduce the concept of "source" and "destination" chan
nels. In a disk read operation, the source channel is the 
local DMA channel, and the destination channel is the re
mote DMA channel. Conversely, in a disk write operation, 
the source channel is the remote DMA channel and the 
destination channel is the local DMA channel. In both cas
es, the source channel controls data transfers from the data 
source to buffer memory, while the destination channel con
trols data transfers from buffer memory to data destination. 
As an example, in a disk read operation, the source channel 
is the local DMA channel and controls data transfers from 
the FIFO to the buffer memory, the remote channel be
comes the destination channel and controls transfers from 
buffer memory to the host. 

Non-Tracking Dual Channel DMA Mode 

In this mode, the local and remote channels operate as two 
independent DMA channels. This allows the microprocessor 
to tightly control data movement between the FIFO, buffer 
memory and the host I/O port. It also allows the microproc
essor to process disk data in the buffer memory before 
transferring them to the destination, for example. This extra 
degree of control imposes an extra burden on the micro
processor. It is now responsible for preventing any destina
tion channel transfers that may result in a data overrun situ
ation. This can occur since the destination channel will con
tinue to transfer data out of the buffer memory even though 
that section of memory has not been written to by the 
source channel. 

Tracking Dual Channel DMA Mode 

In this mode, the DDC keeps track of data transfers occur
ring over the two DMA channels. It forces the two DMA 
channels to track each other appropriately to prevent data 
overruns. 

The tracking mechanism is implemented through a DMA 
sector counter, or DSC, which keeps track of the difference 
between the number of sectors transferred via the source 
and destination channels. The DSC is incremented every 
time a sector of data has been transferred into the buffer 
memory via the source channel, and decremented each 
time a sector of data has been transferred out of the buffer 
memory via the destination channel. The destination chan
nel will not initiate the transfer of a new sector of data un
less the DSC is non-zero. Thus the destination channel will 
not initiate the transfer of a new sector until it has been 
completely transferred into memory by the source channel. 
With appropriate choice of DMA data burst lengths, the lo
cal buffer memory then appears to the DDC as an extension 
of the internal FIFO. 
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DATA TRANSFER TIMING 

Memory Read/Write Cycles 

A standard DMA memory cycle consists of 4 BCLK periods, 
with the exception of the extended DMA memory cycle as
sociated with the 32-bit addressing single channel DMA 
mode. 

Referring to Figure 6.4(s), a standard memory cycle con
sists of four bus states, T 1 to T 4, each lasting for one BCLK 
period. The cycle begins with the riSing edge of BCLK in T 1, 
at which time the 16-bit memory address is put out on the 
address/data bus. ADSO is also asserted during T 1 and can 
be used by the memory to strobe in the address on its nega
tive edge. The low order address bits (AO-A7) are put out 
on port ADO-7, and the high order address bits (A8-AI5) 
on port AD8-15. The address remains on these ports for 
the remainder of T 1. At the start of T 2 the address is re
moved and, depending on whether a read or write access is 
required, either the Read Strobe (RD) or the Write Strobe 
(WR) is asserted. These strobes stay asserted until the end 
of T 3. If a write access to buffer memory is required, the 
DDC will put its FIFO data on the address/data ports at the 
beginning of T 2 until the end of T 3. If a read access to buffer 
memory is required, then the DDC expects valid memory 
data to be placed on these ports during T 2 to T 3 so that the 
required data setup time referenced to the positive edge of 
RD is met. At the beginning of T 4, the appropriate acknowl
edge input (LACK/RACK) is sampled. If the sampling oc
curred when the acknowledge input is high, then the next 
memory cycle will be permitted to start at the end of T 4. 
Otherwise the DDC will relinquish control of the bus. If the 
acknowledge input is de-asserted prior to the rising edge of 
BCLK in T 4, the current memory cycle will be completed 
before the DDC frees up the bus. 

The extended DMA memory cycle is used only in the 32-bit 
addressing single channel DMA mode. Since there are only 
16 address/data lines available, the 32-bit addresses must 
be split into two groups of 16 bits and multiplexed onto the 
address/data ports. The low order 16-bit address is handled 
exactly as for the 16-bit addressing DMA modes. Additional
ly, a separate address strobe (ADS1) is provided so that the 
high order address bits can be stored in an external address 
latch. 

As shown in Figure 6.4(b), the extended DMA memory cycle 
is essentially the standard DMA memory cycle with an addi
tional state To inserted prior to T 1. At the start of To, the 
high order address bits are placed on the address/ data 
ports for the duration of To. The address strobe ADS 1 is 
also asserted and can be used by the memory system to 
latch in the high order address on its negative edge. Events 
occurring from T 1 to T 4 are exactly the same as in the case 
of the 16-bit addressing DMA modes. 

Once initialized at the beginning of a DMA block transfer, 
the external high order address latch only needs to be up
dated whenever the lower order 16-bit address rolls over. 
Thus the extended DMA memory cycle is only required at 
the beginning of a block transfer, and each time the lower 
order address rolls over. Consequently, even when 32-bit 
addressing is required, the vast majority of DMA memory 
cycles will be the standard 4-clock cycle. 

Prior to commencing any DMA transfers, the DDC must re
quest and be granted control of the address/data bus. 
Whenever a DMA channel (local or remote) is ready for a 
transfer, the corresponding request output (LRQ or RRQ) is 
asserted to request control of the address/data bus. When 
such control is granted by the system via the appropriate 
acknowledge input (LACK or RACK), the DMA cycles will 



commence. Figures 6.5(a) and 6.5(b) illustrate the signal 
timings for a burst DMA transfer over the local and remote 
DMA channels. 

Referring to Figure 6.5(a), a local transfer is requested by 
the DOC by asserting LRO high when the FIFO threshold is 
reached. The DOC samples the LACK input at each positive 
edge of BCLK thereafter until a logic high is detected on the 
LACK input. At which point the DOC assumes control of the 
bus and starts a burst transfer. The burst spans over N 
memory cycles (where N is equal to the FIFO threshold in 
byte mode or half the FIFO threshold in word mode), or until 
the FIFO is full or empty. In the last transfer cycle of a burst, 
LRO is de-asserted at the start of T 2 and the DOC relin
quishes control of the bus at the end of T 4. 

The remote transfer operation can be programmed to trans
fer data in bursts or to transfer the entire block in one 
stream. If burst mode is selected, the remote channel will 
transfer data in bursts with the user-programmed number of 
bytes per burst as illustrated in Figure 6.5(b). As in the case 
of local transfers, the DOC first requests bus control by as
serting remote request (RRO) high. The remote acknowl
edge input (RACK) is then sampled at each positive edge of 
BCLK until it (RACK) goes high. The DOC then starts the 
first of a series of N transfer cycles, where N is the pro
grammed number of bytes or words per burst. In the last 
cycle of the burst, RRO is de-asserted at the beginning of 
T 2 and the DOC gives up control of the bus at the end of T 4 
if the entire block has been transferred. Otherwise, RRO is 
re-asserted at the start of T 4 to request bus control for the 
next burst. This allows other peripherals with equal or higher 
priority to gain access to the bus between bursts. The bus 
arbitration logic must de-assert RACK prior to T 4 to ensure 

that the DOC will not initiate another memory cycle. It 
should also hold off RACK to the DOC until such peripherals 
have completed their transfers. 

If the remote channel is programmed to transfer an entire 
block in a continuous stream, then RRO will not be de-as
serted until T 2 of the last transfer cycle. If the system can
not tolerate such prolonged bus usage by the DOC, then the 
bus arbitration logic may de-assert RACK to force the DOC 
to relinquish bus control. If RACK is de-asserted prior to T 4, 
the DOC will complete the current transfer cycle and relin
quish bus control. Otherwise the following transfer cycle will 
be completed before the DOC will free up the bus. When 
this technique is used to gain access to the bus, the arbitra
tion logic must delay the granting of bus access to another 
device for time T d from the de-assertion of RACK, where T d 
is given by: 

T d = (Period of BCLK) 
+ (Duration of one DMA memory cycle). 

Note that the duration of a DMA memory cycle may vary 
depending on the number of wait states that may be insert
ed, as explained in a later section. 

In both tracking and non-tracking modes, the local channel 
has priority over the remote channel for bus access. 

Bus Latency 

The DOC can be operated at a 20 MHz Bus Clock (BCLK). 
With this frequency data can be transferred between the 
FIFO, local memory and system I/O port at the rate of 5 
Mega-Transfers/sec (or 10 MBytes/sec) assuming a 4 
clock periods memory cycle. With 15 Mbits/sec disk data 
rate, the 32-byte FIFO can be filled in approximately 17 ,...s. 
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FIGURE 6.4(a). 4-Clock DMA Memory Cycle 
(DOC in 16-Blt Single and Dual Channel DMA Modes) 
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FIGURE 6.4(b). 5·Clock Extended DMA Memory Cycle 
(DOC In 32·Blt Single Channel DMA Mode) 
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At 20 MHz bus clock (i.e. clock period of 50 ns and memory 
cycle of 200 ns) and assuming word-wide DMA transfers, 
the DOC will take 16 x 200 ns = 3.2 /Ls to empty the FIFO. 
This essentially shows that microprocessor bus is free for 
17 - 3.2 = 13.8 /Ls (81.2% of the time). In other words, the 
DOC will need bus control after every 17 /Ls. 
The selection of the FIFO threshold level should be based 
on the maximum amount of time the system takes to re
spond to a DMA request, often called bus latency. If the 
system has a longer latency, then a smaller threshold 
should be programmed. This will allow greater time for the 
system to respond without overflowing the FIFO. The disad
vantage to programming lower FIFO thresholds is that more 
requests are made, tying up the system bus more often. For 
example, with an 8 byte threshold a request would be made 
about every 4.5 /Ls. 
A second consideration is whether to have an exact burst, 
or burst until the FIFO empties. If the system has significant 
latencies then the FIFO should be emptied. If the system 
must not relinquish the bus for too long then a fixed burst 
size must be chosen. 

The bus latency should be calculated for a given disk and 
DMA transfer rate to determine appropriate FIFO threshold. 
Programming the DMA for various burst transfer options is 
discussed in depth in chapter 7. 

Local and Remote Interleave Timing 

In dual channel DMA mode, the local and remote transfers 
can be interleaved using the DOC in tracking mode (see 
chapter 7 for details). A typical local and remote data trans
fer interleave timing is shown in Figure 6.5(c). In this case a 
remote transfer is interrupted by the higher priority local 
transfer. Taking the same example given in the previous 
sub-section, the remote transfers can be carried out during 
the 81.2% of time when the local channel is not using the 
bus. 

BCLK IN 

Slow Read/Write 

The Read or Write strobes (RD or WR) can be extended by 
adding extra wait state(s). It can be done internally by set
ting the LSRW bit in local Transfer register (and) or the 
RSRW bit in Remote Transfer register. This will generate an 
extra cycle (T w) between the T 2 and T 3 clock cycles as 
shown in Figure 6.6(a). These strobes can also be extended 
by setting the EEW bit in the Remote Transfer register in 
conjunction with driving the EXT STAT input high. This will 
add extra wait states between clock periods T 3 and T 4, as 
shown in Figure 6.6(b). The DOC samples the EXT STAT 
input at the positive edge of T 3 during each DMA (local or 
remote) memory cycle. If EXT STAT is sensed high and the 
EEW bit of the Remote Transfer Register is set, then a wait 
state (T w) of a bus BClK period will be inserted after T 3. 
During such wait states, the DOC continues to sample EXT 
STAT at the positive edges of BClK. If EXT STAT is sam
pled high, a new wait state will be inserted at the end of the 
current one. If EXT STAT is sampled low, then the next 
state will be T 4. 

6.1.4 DOC-External DMA Interface 
If the on-chip DMA is not to be used, an external DMA con
troller must be used to service the FIFO. A typical DOC-ex
ternal DMA interface is shown in Figure 6.1(a). The lRQ 
asserted by the DOC is acknowledged by the external DMA 
and the DOC becomes a slave to the DMA controller. The 
DMA controller carries out the local transfers and deasserts 
lACK after lRQ is deasserted by the DOC. A typical FIFO 
Read/Write sequence by the external DMA is shown in Fig
ure 6.1(b). 

6.1.5 Drive Control Signals Logic 
The drive control signals generation is not incorporated on 
the DOC which makes it interfaceable with any type of disk 

ADSD OUT r---\. ________ ~I ,~ ____________________________ ..... 

RO/WR OUT \~------------------------~;---
TL/F/8663-92 

FIGURE 6.6 (a). DMA with Internal Wait States 

BCLK(JN) 

EXT STAT (IN) / -------- \~----------
ADSO(OUT) ~ ..... _________________________ _ 

iID!WR(OUT) 
\~ ____________________________________ -J;---
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FIGURE 6.6 (b). DMA with External Wait States 
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interface. These signals can be generated simply with an 
1/0 port associated with the controlling microprocessor. 
The microprocessor prepares the control signals for a par
ticular drive interface and writes it to the 1/0 port. In high 
performance multi-drive, multi-interface systems, a dedicat
ed microcontroller (COPSTM, 8048 or HPC) or microproces
sor (NSC800™, Series 32000Gl> etc.) may be used to pro
vide control signals for various drives. In this case, the con
trolling microprocessor (or host) instructs the microcontrol
ler to perform a complete disk seek operation. 

6.1.6 DDC In Typical System 
Configurations 
The DOC can typically be used in two types of system archi
tectures, i.e. a single bus system or a dual bus system. 
SINGLE BUS SYSTEM 
Single bus systems usually are standalone systems con
trolled by a microprocessor. In such system, each compo
nent of the system communicates with the rest of the sys
tem through a single bus. For example, in a single board 
microcomputer, all the functional components like memory, 
1/0 ports etc. communicate with the controlling microproc
essor via main system bus. 
The DOC when used in such a system, becomes another 
component that communicates with the controlling micro
processor via the main system bus. It also communicates 
directly with the system memory using its on-chip DMA ca
pability (usually the local channel). A single bus system gen
erally requires a large system memory, so using the DOC in 

Its single channel DMA mode becomes very worthwhile as it 
can access up to 4 GBytes of memory in this mode. The 
DOC in a typical signal bus system is shown in Figure 6.8(s). 
The controlling microprocessor sets up the drive signal con
trol logic to perform track seek operations and the DOC to 
perform disk operations. 
In high performance single bus systems, it may be desirable 
to use a dedicated microcontroller to control the DOC and 
to generate the drive control signals instead of involving the 
main system microprocessor In such tasks. Figure 6.9 
shows the disk controller deSign in a 32-bit single bus sys
tem. Here an HPC or other single chip microcontroller is 
used to program the DOC for various disk operations and to 
generate drive control signals compatible with the desired 
interface. As mentioned above, the DOC is typically config
ured in single channel DMA mode when used In a Single bus 
system environment. There is no restriction on using the 
DOC in dual channel DMA mode except total address capa
bility. Figure 6.10 shows a single bus system with the DOC 
in dual channel DMA mode, transferring data between the 
FIFO and 64k-pages of 16 MBytes system memory. Exter
nal latches were added to extend the address range to 24 
bits. To use them the host ,.,.p would load the most signifi
cant 8 bits with the 64k page to transfer data tolfrom. In this 
design the local and remote DMA channels are restricted to 
operating in the same page. To overcome this an additional 
latch and some logic gating the LACK and RACK signals 
could be used to enable operation of each channel in differ
ent pages. 

CONTROL DATA ADDRESS 
BUS BUS BUS 
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RD i70RD I'r-' y 
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FIGURE 6.7 (a). A Typical External DMA-DDC Interface 
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FIGURE 6.7 (b). DOC FIFO Read/Write by External DMA 

DUAL BUS SYSTEM 

Systems usually have two or more buses associated to 
them. One set of buses for local communication and anoth· 
er main system bus for communication with the host. These 
systems contain sub·systems (or modules) of the main sys· 
tem (the host). The purpose of the local bus architecture is 
to allow peripheral processors to control specific tasks, off
loading the host CPU. Thus the local bus has in addition to 
peripherals, such as the DOC, a local microprocessor, memo 
ory and an interface to the main system. All the sub·systems 
access the main system through the I/O channels connect· 
ed to the main system bus (such as MULTIBUSCiI>, VME 
etc.). 

The DOC easily fits into a dual bus system when configured 
in the dual channel DMA mode. The local DMA channel 
communicates with local memory and the remote DMA 
channel is used to transfer data between local memory and 
a system I/O port. The main system's DMA controller then 
takes the data to/from the I/O port from/to main memory. 
The DOC in a typical dual bus system is shown in Figure 
6.8(b}. The local microprocessor receives commands from 
the host using DOC's remote channel and then sets up the 
drive control logic and the DOC for different disk operations. 
The arbitration block arbitrates the bus between the DOC 
(while in bus master mode) and the local microprocessor. 
Figure 6. 11 shows a dual bus system with local microproc
essor using 48 kbytes of local memory space as ROM and 
RAM, and allowing only 16 kbytes of local buffer. 

Figure 6.11 shows a possible local bus implementation. 
Here a local CPU such as the NSC800, 32008, 80188, 
64180, etc. controls both the DOC and the disk control port. 
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The local CPU is also in charge of receiving commands 
from the main system, caching disk sectors, and performing 
any logic to physical sector address translations. 

In this design we have optionally segmented a special 16k 
for sector data buffers. This is not necessary, but does en
sure the DOC will not access the local CPU's data memory 
inadvertently (this could be done in software as well). The 
HC646 and some read/write logic form the pass thru port 
for the commands/data from the main system. The DMA 
external controller, which may reside on the CPU (80188, 
64180) or in the main system, controls transfers from main 
memory to/from the port. The DOC's remote DMA controls 
data transfers between local memory and the pass thru 
port. 

INTELLIGENT PERIPHERAL BUS 

A special case of the Dual Bus architecture are intelligent 
peripheral buses, such as SCSI and IPI. In this case the 
local bus is the intelligent disk drives bus, and the second 
bus is the SCSI or IPI bus which will connect to a main 
system through a host adapter. The dual channel DMA 
mode of the DOC is ideally suited to this application. The 
local DMA channel can manage transfers between the 
DOC's FIFO and the drives buffer RAM, while the remote 
DMA is passing information to/from the SCSI or IPI bus. 
The design of the system interface is very similar to Figure 
6.11, except that the read/write interface logic block and 
the 'HC646 is replaced by a SCSI or IPI interface, and the 
systems remote DMA controller is located at the system 
end of the bus and not on the drive. With the DOC's two 
channel capability eliminates the need for an external DMA 
controller on the SCSI or IPI drive. 
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6.2 DISK SIDE INTERFACE 
The disk side hardware connections/orientation is a func
tion of the disk interface standard used, the encoding/de
coding scheme and the local intelligence used for disk con
trol signals. The Disk System Controller essentially consists 
of a data separator (DPB465), the Disk Data Controller 
(DPB466) and some local microprocessor for disk control 
like the NSCBOO or a microcontroller like the HPC. The Disk 
Pulse Detector (DP8464) is situated on the drive for all the 
interface standards, while the data separator is on the drive 
for the ESDI and SMD interfaces. Figure 1.9(a) in chapter 1 
also shows the interface points for the various standards. If 
MFM encoding is used it can be programmed to be part of 
the DPB466, details can be found in chapter 7; where
as in case of 2,7 RLL code, the DP8463 (2,7 ENDEC) 
could be used in conjunction with the DP8462 (2,7 data 
synchronizer). 

6.2.1 Generalized Disk Interface with 
DP846X Chip Set 
The DP8464 pulse detector receives Signals from the disk's 
read amplifier, and converts these signals to a digital pulse 
train. The DPB465 Data Separator receives digital pulses 
from a pulse detector circuit (such as the DP8464). After 
locking on to the frequency of these input pulses, the 
DP8465 separates them into synchronized data and clock 
Signals. If the input pulses are MFM encoded data, the data 
is made available as decoded NRZ data to be deserialized 
directly by the disk data controller DP8466. If the RLL code 
is used, the synchronized data output is available to allow 
external circuitry to perform the data decoding function. All 
the digital input and output signals are TTL compatible. The 
raw MFM from the pulse detector in the drive is connected 
to the ENCODED DATA input of the DP8465. The DELAY 
DISABLE input determines whether attempting lock-on will 
begin immediately after READ GATE is set or after two 
bytes. Typically in a hard sectored drive, READ GATE is set 
active as the sector pulse appears, meaning a new sector is 
about to pass under the head. Normally the preamble pat
tern does not begin immediately, because gap bytes from 
the preceding sector usually extend just beyond the sector 
pulse. Allowing two bytes to pass after the sector pulse 
helps ensure that the PLL will begin locking on to the pre
amble, and will not be chaSing non-symmetrical gap bits. 
Attempting to lock-on to a fixed preamble pattern speeds up 
lock-on, and after another two bytes the PLL will nominally 
have locked-on. Thus DELAY DISABLE should be set low 
for this kind of disk drive. For soft sectored drives, the con
troller normally will not wait for the index pulse before it 
attempts lock-on, so that READ GATE may go active at any 
time. Chances are the head will not be over a preamble field 
and therefore there is no need to wait two bytes before 
attempting lock-on. DELAY DISABLE can therefore be set 
high. If a non preamble field is passing by as READ GATE 
goes active. The DP8465 will not indicate lock, and so no 
data decoding will occur nor will MISSING CLOCK DETECT
ED go active. Normally, if lock-on has not been achieved 
after a certain time limit, the controller should de-activate 
READ GATE and then try again. For MFM encoded disk 
drives, the LOCK DETECTED output will be connected back 
to the SET PLL LOCK input. As the PLL achieves lock-on, 
the DP8465 will automatically switch to the slower tracking 
rate and decoded data will appear at the NRZ READ DATA 
output. Also the READ CLOCK output will switch from half 
the 2f clock frequency to the disk data rate frequency. If a 
delay is required before the changeover occurs, a time de-
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lay may be inserted between the two pins. The ZEROES/ 
ONES PREAMBLE input selects which preamble the chip is 
to lock-on to. Figure 6.12 gives schematics of the data sep
arator in a disk system-when in the controller and when on 
the drive. For more specific details on the DPB465 refer 
chapter 3. 

If the drive uses the RRL code such as "2,7", instead of 
MFM, the PLL function of the DP4B62 may be used in con
junction with the 2,7 ENDEC (DP8463), as shown in Figure 
6.13. The DP8463 performs encoding of NRZ data to RLL 
encoded data, and RLL encoded data back to NRZ data. It 
uses the SYNCHRONIZED DATA output of the DP8462 
along with VCO CLOCK to lock-on to the preamble and then 
decode data. For more specific details on the DPB463 refer 
to it's data sheet. 

The most important component in the disk side is the physi
cal disk interface itself. We shall discuss the interface de
tails for some major interface standards viz., STxxx, ESDI 
etc. Higher level interfaces, like SCSI, incorporate the whole 
controller board on the drive and interface with the host 
through a host adapter on to the system bus. However the 
DOC as such interfaces to the host microprocessor for com
mands and status. 

6.2.2 InterfaCing the DOC to the 
ST506/ST412HP Standard 
The schematic in Figure 6.14 shows the interfacing of the 
DOC to a ST506/ST412HP disk interface. The ST506/ 
ST412HP interface standard has a control cable which is 
daisy chained to the drives (assuming a multiple drive sys
tem). On selecting the drive all the signals on the control 
cable are associated with the drive selected. The data cable 
is radial in nature and is multiplexed at the controller using 
the drive select output on the data cable. The ST506/ 
ST412HP interface standard supports MFM encoding and 
soft-sectored formatting only. Since the DOC does not take 
care of the disk control signals, this is done using some 
local intelligence, indicated as the Disk Signals Controller 
block, DSC. The drivers are open collecter drivers as per 
the requirements of the interface standard. The DOC re
quires NRZ data, hence the MFM encoded data from the 
drive is sent to the data separator, which synchronizes the 
data and decodes it to NRZ. The missing clock detect out
put of the data separator is used to trigger the address mark 
found (AMF) input of the DOC. While writing data to the disk, 
the DOC provides MFM encoded data, and the necessary 
precompensation is provided using an external delay line in 
conjunction with the early and late precompensation out
puts (EPRE/LPRE) of the DOC. The DOC and the DSC 
could interface to the system bus of the host system or 
could interface to the host system through an intelligent in
terface like SCSI or IPI, as mentioned in the previous sec
tion. 

The basic operation of the interface is as follows. The DSC 
first selects the drive select lines. Then the head selected 
by the head select lines is positioned over the desired track 
by issuing step pulses in conjunction with the direction line. 
Once the head is positioned, indicated by the seek com
plete line, the DOC is ready to initiate a read/write opera
tion. This interface's read path is through the data separator 
and hence a lot depends on the selection of the data sepa
rator. The data separator then feeds the controller. The 
write path consists of write data out of the DOC going to a 
precompensation block. The output of the precompensation 
block goes over the ST506 interface to the drive. 
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FIGURE 6.14. Disk Data and Control Paths (ST506/ST412HP) 
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restrictions) for proper read/write operation of the STxxx For the read data path the data separator is the critical 
drive are shown in Figure 6.15. The DOC specifications are block. Its design was discussed in chapter 3. In addition how 
in compliance with the above requirements. The DOC has the controller cycles the read gate will affect performance. 
an on board encoder for MFM encoding and provides the In case of conventional soft sectored drives the Read Gate 
precompensation outputs EPRE/LPRE, which are used by cycling by the DOC is different for different conditions. In the 
some external logic to generate the delays, as shown in case when the address mark is not detected after lock has 
Figure 6. 16(a) and (b) occurred (abort address mark function-internal to the 
WRITE DATA PATH-PRECOMPENSATION chip), the DOC deasserts Read Gate 19 RCLKS after get-
This consists of a differential pair that defines the transitions ting a non-zero bit on the Read Data line, where it has been 
to be written on the track. The transition of the + MFM receiving an all zeroes data. It will then reassert the Read 
WRITE DATA line going more positive than the -MFM Gate 17.5 RCLKS later. In the situation where there is a 
WRITE DATA line will cause a flux reversal on the track sync failure, Read Gate is deasserted 10 RCLKS after the 
provided WRITE GATE is active. To ensure data integrity at failed sync word, and reasserts it 17.5 RCLKS later. In case 
the error rate specified for the interface, the write data pre- of a Header failure or a CRC failure, Read Gate is deassert-
sented by the DOC must be precompensated on the inner ed 2 RCLKS after the last check byte and is reasserted 25.5 
tracks. The optimum amount of precompensation is drive RCLKS later. Figure 6. 15(c) shows the Read Gate timing 
dependent, but usually is around 12 ns for both early and details. 
late written bits. In the DP8466 precompensation will be in- HANDLING THE READ GATE IN SOFT SECTORED 
dicated on the EPRE and LPRE pins. Precompensation is ST506 DRIVES 
issued for the middle bit of a 5-bit field. In the DOC, early When reading soft-sectored drives, it is difficult to predict 
and late precompensation will be enacted for all the combi- when Read Gate will be asserted. Data patterns can appear 
nations as shown below. All other patterns will not require as preamble and the PLL will lock to these patterns. The 
precompensation. The center bit column is the present bit controller is able to determine that the field is not a pream-
being output. The left two bit column Is the bits previously ble by the address mark signal not being asserted because 
shifted out, and the right two bit column is the two bits that no missing clock violation was detected and deasserts 
will be shifted out next. In the following table a "bit" is a Read Gate. However, Read Gate might be asserted over a 
clock or data bit. write splice, which may result in the Data Separator failing to 

EPRE Patterns LPRE Patterns lock properly. It is usually up to the data separator design to 
00 1 10 00 1 10 ensure proper lock. The DOC does not implement a read 
00 0 11 00 11 gate on/off cycling algorithm. If the data separator can be 
01 1 00 10 0 00 thrown out of lock, the data separator should incorporate 
01 1 01 10 0 01 this algorithm. If not, this may lead to failure when accessing 

a sector in certain soft sectored drives. This is only a prob-
11 00 1 0 1 10 lem for drives using the conventional soft sectored format 
11 01 10 11 
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(preamble, address mark, sync for both the ID and DATA 
segment), which is typical of lower performance, low capaci
ty drives, operating at data rates of 5Mbits/sec and below, 
like the STxxx family. Newer standards replace the A 1 (Hex) 
missing clock address mark currently used in soft sectored 
drives with an address mark which is a gap of no transitions 
at the beginning of the sector. Such a format is referred to 
as "start with address mark" format. The SMD and ESDI 
interfaces currently specify this type of operation and should 
be typical of those drives operating at 10 Mbits/s or greater. 

Operation of the DOC Read Gate In Soft Sectored 
Drives 

In a soft sectored drive, the DDC asserts Read Gate at an 
arbitrary pOint over the track. This initiates a lock sequence 
on the Data Separator and the DDC begins to monitor the 
pattern entering its shift register. To avoid issuing garbage 
to the controller while it is locking up, the data separator 
usually will issue zeroes to the controller as it is looking for 
the first bit of non-zero data signifying lock. If using the 
8465, when SET PLL LOCK is asserted, the Data Separator 
will begin to issue decoded data. In most applications, the 
LOCK DETECT output is connected to the SET PLL LOCK 
input, so that when the Data Separator has locked, it will 
issue data. However, if the Data Separator were to fail to 
lock and in some manner gets hung up where it will never 
be able to detect a preamble pattern, the system will be 
deadlocked since the DDC still is being given all zeroes 
from the Data Separator. The read operation will be aborted 

only after 2 revolutions. This type of failure can occur if 
Read Gate is asserted over write splice areas. The problem 
is really twofold, the Data separator is not issuing non-zero 
data to the DDC so that it can deassert Read Gate (the DDC 
thinks that the Data separator is still looking for the pream
ble) and the DDC is not placing a timeout on a response 
from the Data Separator. 

Suggested External LogIc to TImeout the Read Gate 

If necessary a simple external circuit can perform the time 
out function. When Read Gate is asserted a counter is start
ed. After 3 to 4 bytes (allowing time for the Data Separator 
to acquire lock), the SET PLL Lock on the Data Separator is 
driven low. This enables data to be sent from the Data Sep
arator to the DDC. The DDC monitors the data and if a '1' 
propagates through the deserializer without matching the 
first pattern programmed for the format, Read Gate is deas
serted. The DDC deasserts Read Gate for approximately 19 
bit times, Figure 6. 17(a), hence the Data separator should 
be able to resynchronize to the 2f clock within this time. 
Hence even in the worst case, the amount of preamble lost 
by this scheme is 6-7 bytes, (1 byte for the DDC to deassert 
Read Gate after receiving a '1', pattern not matched, 2 
bytes of Read Gate deasserted time and 3-4 bytes of time
out, essentially the lock time of the Data Separator). The 
suggested circuit is shown in Figure 6. 17(b). This circuitry 
could also be implemented in a PAL. 

Read/Write Data Timing 
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READ DATA 

-WRITE GATE 
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1
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------------------------~ ~--~------
400ns -I 
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FIGURE 6.15. ST506 Read/Write Data Timing 
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FIGURE 6.17 (a). Read Gate Timing (Cycling) 
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FIGURE 6.17 (b). Read Gate Timeout Circuit 

6.2.3 Interfacing the DDC to the ESDI 
Standard (Serial Mode) 
The Enhanced Small Device Interface (ESDI), is a low cost, 
high performance interface suitable for the small~r memory 
devices currently on the market. It supports higher data 
transfer rate,10-15 Mbits/s and provides for additional per
formance features desirable in higher performance systems. 
Two modes of implementation are possible: Serial mode of 
operation, utilizing NRZ data transfer along with serial com
mands and serial configuration/status reporting across the 
command cable (Jl). Step mode implementation utilizes the 
same NRZ data transfer; however, the STEP and DIREC
TION lines are used to cause actuator motion. This is similar 
to the ST506 type of interface as far as interfacing is con
cerned. 

The ESDI Interface consists of a 34-pin control cable and a 
20-pin data cable. The control cable is attached in a dai~y 
chain configuration while the data cable must be attached In 

a radial configuration. Hence all the control signals are as-

9-94 

sociated with the drive selected. All the control lines are 
digital in nature (open collector TTL) and either provide sig· 
nals to the drive (input) or signals to the host (output). The 
control Signals and the serial commands are handled by the 
Disk Signals Controller, which is some local intelligence, as 
shown in Figure 6.18. 

The ESDI interface can support both Hard and Soft sector 
drives. The interfaCing of the, DOC is Slightly different for 
hard versus soft sectored drives. Figure 6.18 shows the in
terfaCing of the DOC to a Hard sectored ESDI drive in the 
serial mode. In this configuration the sector pulse from the 
drive is used to identify the start of a sector. All lines associ
ated with the transfer of data between the drive and the 
host system are differential in nature and may not be multi
plexed. These lines are provided at the J2/P2 connectors 
on all drives. Four pairs of balanced signals are used for the 
transfer of data and clock. 

NRZ Write Data: This defines the data to be written on the 
disk and is clocked by the WRITE CLOCK signal. This defi-



nition is compatible with that of the DOC. The Write data 
and Write Clock timings are shown in Figure 6.19. 

NRZ Read Data: The data recovered by reading previously 
written information is transmitted to the host system via the 
differential pair of NRZ Read Data lines. This data is 
clocked by the READ CLOCK signal. These lines must be 
held at a zero level until PLL synch has been obtained and 
data is valid. This is compatible with what the DOC expects. 
One note of caution, when the PLL is locking on to the 
preamble, the DOC is receiving D's and is looking for a non
zero synch byte. If the PLL goes off to harmonic lock or 
never locks and continuously outputs NRZ D's, the DOC will 
assume it is forever looking at the preamble and will finally 
abort the command after two index pulses, flagging a sector 
not found error. It is up to the drive designer to prevent the 
PLL from going into harmonic lock. The DP8465, DP8461 
and DP8462 are designed to remove harmonic lock. Figure 
6.19 shows the timing requirements for the read data. 

Read/Reference Clock: Figure 6.19 depicts the necessary 
sequence of events (with associated timing restrictions) for 
proper read/write operation of the ESDI drive. The Refer
ence Clock signal from the drive will determine the data 
transfer rate. The transitions from Reference Clock to Read 
Clock must be performed without glitches. Read Clock and 
Read Data are valid within the number of PLL sync field 
bytes specified by the drive configuration after read enable 
and a PLL sync field is encountered. The interface Read/ 
Reference Clock line may contain no transitions for up to 
two Reference Clock periods for transitions between refer
ence and read clocks. The transition period will also be one
half of a Reference Clock period minimum with no short
ened pulse widths. This is compatible with the specifications 
of the DOC, which has setup and hold times typically of the 
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order of 15 ns. Reference Clock is valid when Read Gate is 
inactive while Read Clock is valid when Read Gate is active 
& PLL sync has been established. 

Write Clock: Write Clock is provided by the DOC and must 
be at the bit data rate. This clock frequency is dictated by 
the Read/Reference clock during write operations. The 
DOC complies with the ESDI standard which requires the 
Write Clock to be active when Write Gate is active. See 
Figure 6.19 for timing. 

READ AND WRITE TIMING 

Write Gate 

The active state of this signal enables write data to be writ
ten on the disk. The low to high transition of this signal often 
creates a write splice and then initiates the writing of the 
data PLL sync field by the drive. The timing restrictions on 
Write Gate in the ESDI specification are as follows: 

1) When formatting, Write Gate should be deactivated for 2 
bit times minimum between address area and the data area 
to identify to the drive the beginning of the data PLL sync 
field. 

2) It should be asserted at least two and a half reference 
clock periods after Write Clock. 

3) The time lapse from deactivating Read Gate to activating 
Write Gate should be a minimum of 5 reference/read clock 
periods. 

4) To account for data-encoding delays, Write Gate must be 
held on for at least two byte times after the last bit of infor
mation to be recorded. 

5) It should be deactivated at least 1 I£s before a head 
change and may not be activated until 15 I£s after a head 
change. 
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FIGURE 6.18. Data and Control Paths (ESDI-Serlallnterface) Hard Sectored Drive 
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Read Gate 

The active state of this signal, or low level; enables data to 
be read from the disk. This signal should become active 
only during a PLO sync field and at least the number of 
bytes defined by the drive prior to the 10 or Data Sync bytes. 
The timing restrictions on Read Gate for the ESDI specifica
tion are as follows: 

1) Read Gate must be false when passing over a write 
splice area. It must be deactivated 1 bit time min. before a 
Write Splice area and may be enabled 1 bit time min. after a 
Write Splice area. 

2) The time lapse before Read Gate can be activated after 
deactivating the Write Gate is 10 /Ls. 

The Read/Write Gate timings for format, write and read op
erations are discussed below with reference to the DOC, 
demonstrating its compatibility with the ESDI specifications. 

Format Sector 

In the case of the DOC, during a format operation, it will do a 
continuous operation on the whole track. Thus after the in
dex hole is sensed the DOC will assert WRITE GATE within 
3.5 bit times. Write Gate will remain asserted until the index 
hole is sensed again. When each sector pulse is sensed 
(index for sector 0) the DOC will immediately start writing 
the various fields. After the data postamble is written the 
DOC will fill the rest of the sector with the gap until the next 
sector pulse is sensed. Figure 6.20 shows the basic timing 
and the ESDI recommended format. 

REFERENCE CLOCK 
o 

Write Sector 

In case of a compare header-write data operation, the DOC 
will assert Read Gate within 3.5 Read Clocks from the rising 
edge of the Index or sector pulse. Read Gate is de-asserted 
2 Read Clock periods after the 10 check field, (plus a small 
propagation delay). Read Gate will remain de-asserted for 
the entire postamble. Due to internal delays, Write Gate is 
asserted 3 bit times into the data preamble field. Hence this 
would meet the 5 bit time minimum spec. between the read 
gate de-assertion and write gate assertion assuming at least 
one 10 postamble byte is programmed. At the end of the 
write operation, Write Gate is removed 0 bit times after the 
data postamble. Hence a 3 bit time 'pad' is created between 
header postamble and data preamble updating data. This 
pad will contain data preamble as written during format op
eration. Refer to Figure 6.20 for basic timing. It should be 
noted that a write splice of 8 bits is associated with the 
assertion of Write Gate. Hence if a write header operation is 
involved, then the read gate should not be asserted in the 
splice area. 

Read Sector 

In case of a compare header-read data operation, the DOC 
will assert Read Gate within 3.5 Read Clock cycles from the 
riSing edge of the Index or sector pulse. Read gate is de-as
serted 2 Read Clock cycles after the 10 check field. Read 
Gate is re-asserted 11.5 bit times from the data preamble. 
This is 8.5 bit times from the point where Write Gate is as-
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serted. This accommodates the 8 bit time write splice gen
erated due to write driver turn on time as required in the 
ESDI specification. Read Gate is de-asserted 2 bit times 
into the data postamble. Of particular importance is that the 
read operation avoid reading the write splice. As can be 
seen from the write sector discussion, the write splice will 
occur 3 bits into the preamble, and the read will occur after 
11.5 bits. Thus Read Gate is disabled during the actual write 
splice. When the read and write operations use the same 

format parameters, Write Gate will cause a splice 8.5 bits 
before Read Gate is asserted assuming insignificant delay 
in the read path from the media. However this provides a 
maximum of 8.5 bit times the write data out could be de
layed by the write data encoder, in the drive, prior to being 
written on the media. Figure 6.20 gives the basic timing. The 
user may have to account for additional delays specific to 
the drive. 
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~.---------------------------------------------------~ 

.... i f ESDI asserted during the Address Mark (field 1). During a Com-~ 6.2.4 Special Considerat on or pare header-read/write operation the first field of the format 
cc Drives parameter RAM in the DOC is programmed to be the Pre-

SOFT SECTORED amble. The count for the second field is set to zero, so that 
Interfacing the DOC, to a soft sectored ESDI drive is slightly it is skipped, while the third field is progammed to be the 
different. There are no sector pulses demarcating sectors. Sync field. When data is read, the field 1 of no transitions 
An Address Mark pattern of no flux transitions is used to (AM) results in AMF becoming active which generates the 
identify the start of the sector. The ideal soft sectored for- sector pulse for the DOC, Figure 6.22(d). 
mat (as supported by the DOC) consists of the Preamble In the ESDI speCification, AME (address mark enable) line, 
field followed by the Address Mark (AM) and Sync fields. when active with Write Gate causes an Address Mark to be 
However in the case of ESDI the soft sectored format speci- written on the media. When AME is active without Write 
fication supports an AM at the beginning of the sector fol- Gate or Read Gate, it causes a search for Address Marks. 
lowed by the Preamble and Sync fields. This is a speCial On detection of the end of Address Mark, AMF (address 
field of no flux transitions which is essentially used to mark mark found) responds. The trailing edge of AME with Write 
the start of the sector. Address Mark detection and genera- Gate true initiates the writing of the header PLO Sync field. 
tion is done using a handshake protocol between AME and To incorporate the AME/AMF handshake, external logic is 
AMF on the drive cable. Since the AMF on the DOC is required with the DOC. Since the DOC generates AME only 
geared to look for a missing clock violation in the address during a format operation, the circuit would have to gener-
mark pattern, it cannot be used in the ESDI handshake. ate AME to the drive during a read operation and incorpo-
Also the DOC generates AME only during the format opera- rate the handshake with AMF from the drive. This AMF is 
tion. Hence to achieve successful operation of the ESDI soft used as a sector pulse input to the DOC. This technique 
sectored drive, the DOC formats the drive as a soft sectored then results in a sector pulse corresponding to each ad-
drive and while reading, the AMF signal from the drive is dress mark pattern demarcating each sector. However at 
used to generate a sector pulse, as the DOC is configured sector 0 this poses a problem. The index pulse is followed 
to operate in the hard sectored mode. It also requires ma- by the post index gap and then the address mark field of 
nipulation of the format parameters as shown in Figure 6.22. sector 0 which would generate a sector pulse. As per ESDI 
Figure 6.21 shows the schematic of the interface at a block requirements this circuit would have a delay and present the 
level. index pulse over the sector 0 pulse and block out the sector 
Let us first consider manipulation of the format parameters 0 pulse to the DOC. The other constraints to be maintained 
to achieve proper operation. Figure 6.22 gives the sequence in order to comply with ESDI spec requirements are: 
of events. Consider the first three fields of the format. The 1) AME should be asserted min 100 ns after min write gate 
DOC views them as Preamble, AM and Sync, Figure 6.22(8). is asserted and be deasserted 100 ns before write gate is 
The DOC format is programmed as AM, Preamble and Sync deasserted. 
for the first three fields, Figure 6.22(b). if the format opera-
tion is initiated with SAM (start on address mark) bit set in 2) AME can be asserted again at least 10 p.s after write gate 
the Disk Format register, the recording on the media is deassertion. 
shown in Figure 6.22(c). The AME output on the DOC is 
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-FLD1- I -FLD2- -FLD3-

READ/WRITE OPERATION 

(ill GAP I NO TRANS. I PREAMBLE SYNC I 
I -FLD1- I -FLD3- I 

..J1.. SECTOR PULSE 

In DOC = FLD1 FLD2 I FLD3 I 
PREAMBLE SKIPPED SYNC 

CNT= 0 

FIGURE 6.22. Manipulation of Format Parameters In DOC for ESDI Soft Sectored Operation 

HARD SECTORED ESDI 

For an ESDI drive which is hard sectored, the ESDI specifi
cation calls for an Inter Sector Gap (lSG) which is to pre
cede and follow the index/sector pulses. The gap is needed 
to provide the drive with an area for the embedded servo (if 
used), and gives the controller time to assert read gate. 
While formatting the drive, the end of the ISG is indicated by 
the removal of the address mark enable signal (AM E). This 
signal is needed by the drive to indicate the beginning of the 
PLL field, necessary when the disk encodes the PLL field 
with a non-standard pattern (as with 2,7 encoding with 3t 
preambles). The DOC is capable of generating the AME sig
nal with the necessary timing. The DOC needs to be in the 
hard sectored mode, and have the Start with Address Mark 
bit (SAM bit of the DISK FORMAT register) enabled. The 
DOC 10 Preamble field now becomes the ISG following the 
index/sector pulse, and the 10 Sync 1 field becomes the 
PLL preamble field. While not formating, this feature is not 
needed, and should be disabled. 

When the header field of an ESDI drive is read (or com
pared), the read gate to the drive needs to be delayed until 
after the ISG. The DOC generates read gate only after re
ceiving a sector or index pulse, so by delaying the sector 
and index signals to the DOC the read gate will be delayed. 

COMBINED SOLUTION 

A solution to the above problems can be provided by 1 PAL 
device and something to provide a delay (possibly another 
PAL device) Figure 6.23(b). The interface solutions can be 
grouped into two main areas: Address marks and Index/ 
Sector. 

The address mark control needs to provide the following: 

(1) Direct connection of AME to the drive and AMF to DOC 
sector input when formating a hard sectored drive. 
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(2) Delay the leading edge of the AME by the width of post 
index ISG when formating a soft sectored drive. 

(3) Provide AME/AMF handshaking when not writing the 
disk, and properly change from reading to writing and 
back with soft sectored drives. 

The index/sector control needs to provide the following: 

(1) Delay the index and sector pulses from a hard sectored 
drive when not formating. 

(2) Generate index and sector pulses to the DOC from AMF 
and Index when using a soft sectored drive while not 
formating. 

The Address Mark Machine 

The address mark machine consists of a pair of multiplexers 
which feed the AME input to the disk drive and the AMF 
input to the DOC. A state machine ensures the proper se
quence of events, while a timer provides delay. The address 
mark machine works in the following way: 

When in the soft sectored mode and not formating, it will 
assert AME to the drive. When AMF is detected, AME is 
removed until AMF is no longer detected. This uses states 0 
and 3 of the address mark state machine, as shown in the 
diagrams, Figure 6.23(a). 

When write gate is detected, AME is removed, and write 
gate to the drive is generated a short time later. When the 
write operation is ended, write gate is removed from the 
drive, and AME is enabled a short time later. 

In all other modes of operation, the state machine is deacti
vated and write gate is delayed to the drive by one bit clock 
time (circuit convenience). The multiplexer continues to pro
vide the drive and DOC with proper signals. 

~ 
Z • A .... 
w 

• 
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The Index/Sector Machine 

The index/sector machine consists of a pair of multiplexers 
which feed the index and sector inputs of the DOC. While 
formating, the multiplexers connect the index and sector 
signals from the drive to the DOC. 

When not formating a hard sectored drive, the state ma
chine waits for either a sector or index pulse. When this is 
detected, the machine waits for a delay and then generates 
a sector or index pulse. A flip flop, borrowed from the ad
dress mark machine, is used to record whether an index or 
sector pulse should be generated (the address mark ma
chine is disabled when in the hard sectored mode). The 
delayed index or sector pulse is generated for another delay 
period of time. 

With a soft sectored drive, the state machine waits for either 
an index or AMF signal. If index is detected, the machine will 
wait until an AMF is detected. An index pulse will then be 
sent to the DOC without a sector pulse. If a AMF pulse is 
detected without index, the state machine will generate a 
sector pulse. 

6.2.5 Interfacing the DDC to the SMD 
Interface Standard 
The Storage Module Device (SMD) interface is a high per
formance interface, extremely popular with 8" -14" drives. 
It provides features similar to the ESDI interface, with some 
differences. It supports higher data rates from 10 Mbits/ s to 
24 Mbits/s and utilizes NRZ data transfer along with parallel 
command and status reporting across the command cable. 
The SMD interface consists of a 60-pin control (A) cable 
and a 26-pin data (B) cable. The control cable is attached in 
a daisy chain configuration while the data cable must be 
attached in a radial configuration. The control signals are 
handled by a separate Disk Signals Controller block, which 
is some local intelligence, as shown in Figure 6.24. Only the 
interfacing of the data path signals are discussed as they 
are of relevance to the DOC. The control signals could be 
easily done by a local microprocessor. All lines associated 
with the transfer of data between the drive and the host 
system are differential in nature and may not be multiplexed. 
These lines are provided on the B cable of all drives and are 
briefly discussed below: 

Write Data 

This line carries NRZ data, to be written on the disk surface 
and must be synchronized with Write Clock. This definition 
is compatible with that of the DOC. 

Write Clock 

This is a retransmitted clock signal of the servo clock (IF 
Write Clock) issued by the controller. 
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Servo Clock 

This signal is used by the control unit in the drive to synchro
nize Write Data with the Clock. Servo Clock may be avail
able during unit ready status except during read operations, 
or at all times. 

Read Clock 

This line transmits Read Clock. The Read Data is synchro
nized with 1 F Read Clock. This line may be valid only during 
a read operation, or may be multiplexed with the Servo 
Clock signal at other times. 

Read Data 

This line transmits the recovered data in the form of NRZ 
data synchronized with 1 F Read Clock. 

Figure 6.25 shows the basic timing requirements for the 
above signals for the Fujitsu M2311 micro disk drive hereaf
ter referred to as MOD. In general "SMD" type drives have 
similar timing requirements. 

READ AND WRITE GATE 

Read and Write Gate are the two signals which are used to 
read/write data from/to the specified track/sector. In the 
SMD interface, they are present on the Bus Out, (bit 1-
read gate, bit a-write gate), when enabled by tag 3. Write 
Gate enables the write operation and is validated only when 
Unit Ready, On Cylinder and Seek End are true and Seek 
Error, Fault, File Protect, Offset are false. If Write Gate is 
turned on in cases other than the above conditions, fault 
occurs and writing is inhibited. At this juncture it would be 
appropriate to mention that there are certain drive depen
dent constraints which must be taken care of while interfac
ing to the SMD drives. These are drive dependent, and rep
resentative values observed in most of the drives are given 
below: 

Write circuit turn-on delay: approximately 8 bit times. 

Head select transient: A 5 )J-s delay minimum must be pro
vided between head select and initiating read gate. Normal
ly this is provided by selecting the appropriate length for the 
gap after the data postamble and the gap after the index/ 
sector pulse. 

Read-atter-Write transients: A minimum delay of 10 )J-s must 
be provided between the trailing edge of write gate and the 
leading edge of read gate. This could also be done by ad
justing the lengths of the gap after the data postamble and 
the gap after the index/sector pulse. 

Read/Write Encoding/Decoding delays: Through encoding 
and decoding circuitry, a read data signal will be delayed by 
approximately one byte against a write data. 

Write-after Read transient: A minimum delay of 0.3 )J-s must 
be provided between the trailing edge of read gate and the 
leading edge of write gate. This is accomplished by having 
at least one byte of header postamble. 
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z Preamble length: The synchronization time required to allow 

the PLL to synchronize is 11 byles before the sync pattern 
of address and data fields. 

READ/WRITE TIMING 

Representative read/write timing for format write, data read 
and data write operations are shown in Figure 6.26. The 
corresponding timings for the DOC are given in Figure 6.20. 

FORMAT WRITE 

During a format operation or write header operation, the 
drive requires that the Write Gate be asserted by 600 ns 
(max.), from the index/sector pulse and Write Gate must be 
de-asserted at least 1 byle after the check byle field in the 
header, refer Figure 6.26(b). In the case of DOC, Write Gate 
is asserted 3.5 bit times after the Index pulse in a format 
operation or after the index/sector pulse in a write header 
operation (hard sectored drive). Write Gate is de-asserted at 
the end of header postamble field. Hence if the header 
postamble is kept at least one byle long, the DOC should 
satisfy the requirements of the drive. Figure 6.26(a) shows 
the recommended format used by "SMD" drive manufactur
ers like CDC, etc. 

DATA WRITE 

During a data write operation (essentially a compare head
er-write data operation) read gate is asserted by the DOC 
3.5 bit times from the rising edge of the index/sector pulse. 
The recommended format for the MOD has a post index/ 
sector gap and requires the Read Gate to be asserted 6 "'S 
(approx. 8 byles) from the index/sector pulse. This can be 
done in a similar fashion as outlined for the ESDI spec. (re
fer section-Handling the Post Index/Sector Gap in the 
ESDI format). Read Gate is de-asserted 2 bit times after the 
10 check bits field, which satisfies the requirement of 8 bit 
times maximum. Write Gate is then asserted 3 bit times after 
the header postamble, which implies that the header post
amble can be a maximum of 3 byles long in order to main
tain the requirement of 4 byles max. by which Write Gate 
must be asserted after the header check field. There is also 
a condition that Write Gate must be asserted at least 300 ns 
after Read Gate is de-asserted. This is satisfied by the DOC 
as seen from Figure 6.20(b), the minimum time of de-asser
tion being 9 bit times assuming at least a 1 byle postamble. 
Write Gate is de-asserted at the end of the data postamble, 
hence, the data postamble must be at least 4 byles long. 
Figure 6.26(c) gives the timing requirements for a data write 
operation. 

DATA READ 

During a read operation (essentially a compare header-read 
data operation), DOC asserts the Read Gate 3.5 bit times 
after the index/sector pulse. Hence the post index/sector 
gap has to be handled in a similar fashion as discussed in 
the Data Write section. Read Gate is de-asserted by the 
DOC 2 bit times after the 10 check bit field, which is well 
within the MOD requirement of 8 bits max. If the continuing 
operation is Read data, then Read Gate is re-asserted by 
the DOC 11.5 bit times from the data preamble, Figure 
6.20(b), which certainly satisfies the requirement of a 1 byle 
minimum before re-assertion of the Read Gate. Read Gate 
is de-asserted by the DOC 2 bit times after the data check 
bit field. Figure 6.26(d) gives the timing requirements of the 
data read operation. 

SPECIAL CONSIDERATIONS FOR SMD SOFT 
SECTORED DRIVES 

For a soft sectored "SMD" drive, the recommended format 
is similar to the one in ESDI. The sector starts with the ad-
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dress mark field (three byles of no flux transitions). The 
AME signal is available on the bit 5 of the bus with Tag 3 
active while the AMF signal is available on bit 5 of the 
Status bus with both Tag 4 and Tag 5 inactive. The AME/ 
AMF handshake is handled in a similar fashion as discussed 
in section 6.2.4. 

HANDLING THE SEPARATE CLOCKS FOR READ AND 
WRITE OPERATIONS IN THE SMD DATA CABLE 

The SMD interface has two reference clocks, one for write 
(1 F WCLK/SERVO CLOCK) and one for read (1 F RCLK/ 
READ CLOCK). The DOC requires that the Read/reference 
clock be provided on the same line (RCLK) and that the 
switching between the reference clock and the PLL locked 
frequency clock be such that there are no glitches on the 
line going to the DOC. To accomplish this the two clock 
signals, 1 F Read Clock/READ CLOCK and 1 F Write Clock/ 
Servo Clock need to be multiplexed during read and write 
operations to switch the appropriate clock signal going to 
the DOC. It should also be made sure that there are no 
glitches or short pulses in the process of switching. Since 
the PLL has a certain finite time for lock, the actual switch of 
the clocks occurs after a finite lock time from Read Gate 
assertion. Hence the Read Gate used to mux the two clocks 
must be delayed by the lock time (worst case) before it is 
sent to the switching logic. This is shown as the box 'switch
ing logic' in Figure 6.24 and given in detail in Figure 6.27. 
Besides these other timing requirements are compatible 
with those of the DOC. This circuitry has also been realized 
in a PAL. 

6.2.6 Miscellaneous ESDI/SMD 
Considerations 
As with most standards, actual devices that follow the stan
dards have their own idiosyncracies. ESDI and SMD stan
dards are no exception. In addition some standards define 
design constraints which do not necessarily exist with actual 
devices. Some of these have been discussed earlier (for 
example de-assertion of Write Gate between 10 and Data 
fields in ESDI). The following subsections describe some 
additional SMD & ESDI considerations that may be neces
sary depending on actual drive implementation. 

HANDLING THE OPTION OF DE·ASSERTION OF WRITE 
GATE BETWEEN THE 10 AND THE DATA FIELDS, IN 
THE ESDI FORMAT SPECIFICATION 

The option of de-asserting Write Gate between the 10 and 
the Data field is not directly supported by the DOC. The 
purpose of this may be indication to the encoder, of the start 
of the data preamble field in case of RLL encoding, so that 
the encoder can send actual data rather than the encoded 
data for the preamble pattern. To support this, external logic 
can be used. This logic would be gated from the trailing 
edge of the DOC's Serial Data Valid Signal, count until the 2 
byle pad, (header postamble) has been sent (at the end of 
the 10 segment), then force Write Gate low for the desired 
time, and then re-enable it. This problem can also be effec
tively circumvented by first doing a two pass format opera
tion. This first pass does a format operation as above, then 
a second pass-write data operation is done on all of the 
sectors. If the Write Gate pulse is used to initiate a drive 
generated preamble, then by performing a compare header
write data operation the correct data preamble will then be 
written, and the data field can then be properly read, refer 
Figure 6.18 for timing with respect to the DOC. 
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A note of caution to be observed for ESDI hard sectored 
drives during format operation for RLL encoding. Since the 
leading edge of the write gate may be used by the encoder 
to trigger the generation of the preamble, this would be a 
problem as Write Gate is asserted 3.5 bit times after the 
index pulse and there would be no de-assertion of Write 
Gate with each sector pulse. The two pass format operation 
is a good software solution. In hardware the inverted sector 
pulse could be AN Oed with Write Gate to generate the Write 
Gate to the encoder. Generally after a format write, then 
read is necessary to determine defective sectors, and initi
ate some sector substitutions. 

HANDLING THE WRITE SPLICE FIELD BETWEEN THE 
ID AND DATA SEGMENTS IN THE ESDIISMD FORMAT 

The ESDI/SMD format specification recommends a two 
byte header postamble and a one byte write splice. The 
DOC format parameters indirectly support a write splice 

SW D 

ClK OUT 
(TO DDC)+-----~~----.....I 

field between the 10 and data segments. Consider normal 
operation of the DOC. The format is programmed to have a 
2 byte header postamble and a data preamble one byte 
longer than the desired length. This byte is taken as the 
write splice, (a floating byte). During a write operation this 
floating byte is considered as part of the data preamble, so 
write gate is asserted 3 bit times into the data preamble i.e., 
the 'write splice' and data would be written on the media 
after taking into effect the write propagation delay. In case 
of a read operaion this byte is taken to be part of the header 
postamble. Hence as Read gate is asserted after the head
er postamble, it would never be asserted in the write splice. 
Normal operation could be achieved with the DOC without 
physically having a write splice field between the 10 and the 
Data segment, rather creating one by adjusting other field 
lengths. 
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FIGURE 6.27 (b). Timing Diagram for Switching Logic 

HANDLING THE POST INDEX/SECTOR GAP FIELD IN 
THE ESDI/SMD FORMAT SPECIFICATION 
In the recommended format of the ESDI/SMD specification 
there is a gap after the index/ sector pulse, referred to as 
the post index/sector gap. This is necessary mainly to ac
commodate head transients, read-to-write transients, write
to-read transients, etc. In the DOC, there Is no format pa
rameter to implement this field. Hence to implement this, 
external logic is needed, whereby the index/sector pulse to 
the DOC is delayed from the index/sector pulse from the 
drive by the desired gap count using counters. This is done 
for all format, read and write operations. The gap pattern for 
the intersector gap Is then written for this post Index/sector 
gap field also. Refer Figure 6.28. 
READ GATE DELAY 
As discussed earlier, the separation between assertion of 
Read Gate and Write Gate at the beginning of the sector is 
0.5 to -0.5 bit times. This may not accommodate the write 
splice associated with the Write Gate due to write driver turn 
on time etc., which is generally about 8 bit times from write 
gate assertion. Hence with the existing timing Read Gate 
may get asserted in the write splice area while reading the 
header. This might be a problem during the Format opera
tion, in the very first sector of the track, because Write Gate 
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is asserted after the I ndex pulse and remains asserted 
through the track till the Index pulse is encountered again 
after one revolution of the disk. Hence for the very first sec
tor, Read Gate would have to be delayed to avoid the write 
splice. It would not affect other sectors. 
An important pOint to note here is that if a Write Header 
operation is done on any sector, then the Read Gate may 
have to be delayed for that sector also. 

6.2.7 Intelligent Disk Interfaces 
The overall objective of interfaces in this category, (like 
SCSI, IPI), was to make it easier for computer systems to 
talk to disk drives while ensuring minimum overhead for the 
host system. The Controller would incorporate a drive level 
interface on the disk side and a well defined Interface to the 
host bus. The controller board has a local microprocessor 
which essentially controls the disk controller (data path), 
disk control signals (control path) and communication with 
the host system. Actually the DOC interfaces directly to the 
local bus. The microprocessor essentially controls the 
transfer of data using the DOC's DMA capability, from the 
local memory to the system memory, etc. Figure 6.29 shows 
a block diagram of a high performance mass storage sys
tem, incorporating a SCSI peripheral bus. 
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HIGH END I I MAIN 
WINCHESTER I I SYSTEM 

DRIVE 
~ PROGRAMMABLE BUS 

#4 DRIVE TYPE 
LOW COST I MICROPROCESSOR DRIVE CONTROLS I/O 

I I 

UNIVERSAL HIGH PERFORMANCE DISK CONTROLLER ----..I 
TUF/B663-C4 

FIGURE 6.29. High Performance Mass Storage System 
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6.3 CIRCUIT BOARD LAYOUT AND 
SUPPLY ROUTING 
There are several considerations to PC board design that 
should be followed. These guidelines serve to minimize 
problems that can occur with any high speed digital device. 
Since the DOC can operate at speeds approaching 30 MHz 
on the disk side, and up to 20 MHz on the system side, 
typical high speed design techniques should be employed 
to reduce noise, transmission line, and crosstalk effects. 
These are described below. 

6.3.1 General Layout Considerations 
The DP8466 has two design areas of routing and loading on 
its signal lines, namely: disk interface and bus interface sig' 
nals. For the disk signals, Read Data, Read Clock, Write 
Data, and Write Clock can be very high speed Signals. It is 
recommended that when interfacing these signals to the in· 
terface line drivers/ receivers, these lines be kept short as 
possible. Also the data cable interface devices should be 
located close to the data connector. It is especially impor· 
tant to minimize noise, propagation delay skews and jitter 
on these lines when in MFM mode because excessive 
skew, noise and jitter can lead to increased error rates. A 
generalized PCB chip layout is shown in Rgure 6.30. 

The bus Signals generally should be treated the same as 
any VLSI's bus interface. The Address/Data bus provides 
16 lines capable of 2 mA DC drive, and can drive variable 
loads up to about 100-120 pF at 20 MHz (larger loads can 
be driven although not at full speed). If more than 150 pF or 
2 mA load needs to be driven, the data bus should be buff· 
ered, as shown in Figure 6.31. The one "trick" is to always 

TO 
DISK 

DRIVE 
DATA 

CABLE 

connect the address de·multiplexing latches directly on the 
DOC, this ensures maximum address latch strobe setup 
time. The buffers can then drive the rest of the system. As 
with any high speed bus good layout practices should be 
followed to minimize crosstalk and reflections. 

6.3.2 Decoupllng, and Vee and Ground 
Routing Guidelines 
Due to the combined high speed and wide data bus of the 
DOC it is important to follow good power supply layout prac· 
tices. Any noise generated by toggling of outputs can cause 
noise on Vee and this in turn can reflect noise back into 
other inputs or outputs. The result is noise and glitches ap· 
pearing on other inputs or outputs. This can be especially 
true when the address/data bus is toggling many lines 
simultaneously. In this case it is not unusual to have peak 
current spikes up to 300 mA being generated when toggling 
16 or more outputs. 

Vee and ground noise problems can be easily minimized by 
following some simple rules when laying out the PCB. In 
general, multi·layer printed circuit layouts should include 
Vee and ground planes. If a Simple two·sided board, then 
wide Vee and ground traces should be used, and an effort 
to layout Vee and ground planes on the foil and component 
sides should be made. Most importantly, the DOC should 
have a decoupling capaCitor placed as close to its Vee and 
ground pins as possible, as shown in Figure 6.32. This ca· 
pacitor should be a low series inductance type ceramic ca· 
pacitor. Additionally, it may be desirable to add a 3-10 /LF 
tantalum capaCitor in parallel with the ceramic to offer fur· 
ther decoupling. 

TL/F/8663-18 

FIGURE 6.30. Conceptual Component Placement to Ensure Short PCB Traces between Connector and DOC 
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FIGURE 6.32. Typical PC Board Layout for Decoupllng the Power Supply 
(X-Ray View of Foil Side from Component Side) 

9-109 

TL/F/6663-/7 



~ r-------------------------------------------------------------------~ ..-
.,. Chapter 7 DDC Functional Operations 
~ 

7.0 INTRODUCTION 
In this chapter, all the main DOC functional operations such 
as Disk Formatting, DMA Data transfers, Error detection 
and Correction, and basic Disk Read/Write are discussed in 
detail from software point of view. Also, the power-up, chip 
initialization procedure, and interrupt servicing is described. 

7.1 OPERATING MODES OF THE DDC 
The DOC can be thought of as operating in one of the four 
modes; Reset, Command Accept, Command Perform or Er
ror. Figure 7. 1 shows a flow chart for these modes. 

POWER UP 

~ 
RESET RE-ENABLE COMMAND 
MODE ACCEPT MODE 

ERROR COMMAND COMPLETE DISK 
CO RRECTED (NO ERROR) COMMAN D 

RESULT/ERROR INTERRUPT ISSUED COMMAND 
MODE PERFORM MODE 

TLlF/8663-CS 

FIGURE 7.1. DDC Operating Modes 
RESET MODE: 

DOC is put in the reset mode after power-up or prior to 
starting a new operation if the previous operation was abort
ed. After the DOC has been reset and the DOC has been re
enabled, it moves to the Command Accept mode. 

COMMAND ACCEPT MODE: 
The DOC is free and ready to receive a command. Various 
command and pattern registers and counters may be load
ed to perform a disk operation, such as format, read or write 
etc. 

COMMAND PERFORM MODE: 
In this mode, the DOC executes the disk command that was 
loaded into it in the Command Accept mode. It carries out 
DMA operations. On a successful or unsuccessful comple
tion of the operation, the DDC will generate an interrupt (if 
the interrupts were enabled, EI bit in OC register), and en
ters the Result/Error mode. 
Note: If interrupts were not enabled. then the Status register should be 
polled in order to find out the result. 

RESULT/ERROR MODE: 
In this mode, the Status and Error registers should be read 
to find out the result of the operation or the type of error that 
occurred. If the operation was completed successfully, the 
DDC will go back to Command Accept mode. If an error 
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occurred during the execution of the command, the DOC will 
abort the operation and the Error register will indicate the 
type of error that occurred. To perform the operation again 
or to correct the error, the DOC must be reset and loaded 
for a particular operation, hence it goes back to the reset 
mode. 

7.2 INITIALIZATION 
After the DDC is hooked up in the system, it can be powered 
up and initialized to perform the desired disk operation. The 
chip power-up reset, operation initialization, and register 
programming are discussed in the following paragraphs. A 
flow chart shown in Figure 7.2 describes a basic algorithm 
for a power-up, reset and initialization procedure. 

7.2.1 Power-up and Reset 
After the chip power-up, the DDC must be held reset for a 
duration of at least 4 BCLK and 32 RCLK periods (with 
these clocks active) before it could be assigned a disk for
mat or it could be set for any disk operation. The DDC can 
be reset by asserting the RESET pin low or by setting the 
internal RES bit in the OC register high. After the DDC has 
been reset (for the time indicated above), The external RE
SET pin must be deasserted and internal RES bit in OC 
register must be cleared. When the system is powered, the 
DDC should be reset immediately, even if it will not be used 
right away. This is because its internal sequencers may be 
randomly powered on into a state that could draw some 
excessive Icc currents. 

7.2.2 Disk Operation Initialization 
After a reset, the DDC must be re-enabled by setting RED 
bit high in the Drive Command (DC) register before other 
registers are loaded for a particular operation. Once the 
DDC is reenabled, it is ready to perform a disk operation 
such as read, write, or format. Various parameter and com
mand registers and counters can then be loaded depending 
on the type of operation. In most of the operations, the Drive 
Command (DC) register is loaded the last except when the 
DDC is configured in a Non-Tracking DMA mode. 

7.2.3 Register Programming 
In order to perform an operation, related registers can be 
loaded in any order keeping the following restrictions in 
mind. 

• The Drive Command (DC) register must be the last regis
ter to be loaded for any DDC operation. There is one 
exception to this. In non-tracking DMA mode, a remote 
DMA operation may be initiated by loading the operation 
command (OC) register after a disk command has been 
started. 

• If the on-Chip DMA is being used, or if the Remote Data 
Byte Count registers will be read back, the Local and 
Remote Transfer registers must be loaded before the 
Sector Byte Count and Remote Data Byte Count regis
ters are loaded. 

• The Number of Sector Operations (NSO) counter must 
be loaded after an external RESET or internal RESET (in 
OC register) are both inactive. Other registers can be 
loaded while reset is active. 
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• During the execution of an operation (format, read or 
write), the pattern and count registers must not be read. 
Reading these registers will interfere with the DOC's op
eration. and could cause some bizarre results. These 
registers may be written to at anytime. When data is writ
ten it takes effect immediately. Thus the only caution is 
to not change a pattern or count register randomly as the 
system may not know whether the change will apply to 
the current sector or the next. The Interlock mode with 
the Header Complete interrupt should be used to syn
chronize register updates. 

7.3 DISK FORMATIING 
The DOC can be programmed to format a disk with any type 
of sector format. A versatile and flexible sector format with 
various formatting techniques are incorporated in the DOC. 
Various formatting features. methods and the DOC sector 
format options are discussed below. 

7.3.1 Key Features 
MFM/NRZ Data: 

The DOC can be programmed to output MFM or NRZ data 
while writing to the disk (bit MFM in the Disk Format regis
ter). In case of MFM data. some external circuitry will be 
required. as indicated in section 6.2. 

HardlSoft Sectored Drives: 

The DOC can be interfaced to both hard and soft sectored 
drives. This is done through HSS bit in Disk Format register. 
See section 6.2 and 7.3.3 for implementation of various 
hard and soft sector formats with the DOC. 

7.3.2 Sector Format Options 
The DOC offers a versatile sector format which can accom
modate most of the currently used disk formats. The DOC 
sector format options are shown in Figure 7.3 and the asso
ciated registers to program various format fields are shown 
in Figure 7.4. Various 10 and Data fields are described be
low. Discussion on implementation of the popular disk for
mats using the DOC is given in the next section. 

ID And Data Preamble: 

There are two fields provided for 10 and Data Preambles, 
which are required in hard and soft sector formats. The 10 
Preamble field can also be used as an Address Mark (field 
of no transitions) in case of formats with sector mark (ESDI 
or SMD type formats). Up to 31 bytes each for 10 and Data 
preambles are allowed. These fields can be programmed 
using 10 and Data Preamble Pattern and Byte Count regis
ters (addresses 31 Hand 21 H for 10. and addresses 3DH 
and 2DH for the Data). 

r:;;;) 
EXTERNAL RESET (PIN 24) I+ ___ ~ __ ""':"' _____ -I 
LOW 'SEE NOTE 

Note: As shown various methods 
are possibte for power up and 
it is up to the user as to which 
is more suitable. 

LOAO ALL NECESSARY 
DRIVE FORMAT REGISTERS 
(SEE REGISTER LISTINGS. 1+---< 
PAGE 10) 

( CONTINUE )1+------....1 
FIGURE 7.2. Power-up and Initialization Algorithm 
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10 And Data Synch #1: 

This field will normally be used for writing an 10 and Data 
Address Mark in case of soft sector drives. For hard sector 
drives this field may either be skipped or be used to extend 
the 10 Preamble or 10 Synch #2 fields. Up to 31 bytes can 
be written in this field for both 10 and Data using 10 Synch 
# 1 Pattern and Byte Count registers, addresses 32H and 
22H for 10, and addresses 3EH and 2EH for data. 

10 And Data Synch #2: 

The 10 and Data Synch #2 fields, used by the DOC for byte 
alignment, can also have up to 31 bytes each for II) and 
Data. These fields can be programmed using 10 and Data 
Synch # 2 Pattern and Byte Count registers (addresses 33H 
and 23H for 10 and addresses 3FH and 2FH for data). 

HEADER BYTES: Header bytes are used to specify the 
header information of a particular sector such as sector 
number, cylinder number, track number etc. At least 2 and 
maximum 6 bytes can be written using 6 Header Byte Pat
tern and associated control registers (addresses 14H, 15H, 
16H, 17H, 18H, 19H and 24H, 25H, 26H, 27H, 28H, 29H 
respectively). See description of Header Byte Control regis
ter in Chapter 5. 

10 and Data CRC/ECC: 

The DOC can be programmed for a 2 bytes of internal CRC 
or up to 6 bytes of internal ECC appendage using the Disk 
Format register, for both 10 and Data fields. The CRC ap
pendage is internal to the DOC and no pattern or count 

10 FIELD 

10 PREAMBLE 110 SYNCH #1 (AM) 110 SYNCH #21 HEADER BYTES I 10 CRC/ECC 110 EXT ECC 110 POSTAMBLE 
0-31 Bytes 0-31 Bytes. 0-31 Bytes 2-6 Bytes 0,2,4 or 6 Bytes 0-31 Bytes 0-31 Bytes 

DATA FIELD 

DATA DATA DATA DATA 
PREAMBLE SYNCH #1 (AM) SYNCH #2 FORMAT PATTERN 

DATA 
CRC/ECC 

DATA 
EXTEGC 

DATA GAP 3 
POSTAMBLE 

0-31 Bytes 0-31 Bytes 0-31 Bytes 1-64K Bytes 0,2,4 or 6 Bytes 0-31 Bytes 0-31 Bytes 0-255 Bytes 

FIGURE 7.3. Sector Format Options 

Hex PaHern Control Hex 
Pattern Register Addr Source Function Addr Control Register 

10 Preamble 31 Internal Repeat 0-31 Bytes 21 10 Preamble Byte Count 
10 Synch # 1 (AM) 32 22 10 Synch # 1 (AM) Byte Count 

IDSynch #2 33 23 10 Synch #2 Byte Count 

Header Byte 0 14 Define/Control 24 Header Byte 0 Control 
Header Byte 1 15 25 Header Byte 1 Control 
Header Byte 2 16 26 Header Byte 2 Control 
Header Byte 3 17 27 Header Byte 3 Control 
Header Byte 4 18 28 Header Byte 4 Control 
Header Byte 5 19 29 Header Byte 5 Control 

IDCRC/ECC .. 16-BIT CRC/ 32-BIT ECC 35 Disk Format (OF) PPBO-5 
48-BIT PTBO-5 

10 External ECC . External 0-31 Bytes 2B 10 External ECC Counter 

10 Postamble 3C Internal RepeatO-31 Bytes 2C 10 Postamble Byte Count 
Data Preamble 3D 20 Data Preamble Byte Count 

Data Synch # 1 (AM) 3E 2E Data Synch # 1 (AM) Byte Count 
Data Synch # 2 3F 2F Data Synch # 2 Byte Count 

Data Format 3B Field Size 38 Sector Byte Count 0 
1-6k Bytes 39 Sector Byte Count 1 

Data CRC/ECC .. 16_BIT/32-BIT EGC 35 Disk Format 48-BIT 

Data External ECC . External 0-31 Bytes 2A Data External ECC Counter 

Data Postamble 30 Internal Repeat 0-31 Bytes 20 Data Postamble Byte Count 

Gap 3A Repeat 0-255 Bytes 34 Gap Byte Count 

·Thsse are not pattern registers. 

"CRC polynomial is buill into the DOC and does not require any registers. ECC requires PPBO·5 and PTBO·5 registers. 

FIGURE 7.4. Pattern Registers/Counters for Sector Format Fields 
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register is used besides the disk format register. In case of 
an ECC appendage, the Polynomial Preset and Tap Byte 
(0-5) registers (addresses 2H-DH) must be used. Also in 
case of 10 CRC/ECC appendage, if an internal CRC/ECC 
appendage is not to be used then an external ECC must be 
used. An external ECC is not necessary if an internal CRC/ 
ECC was not used for a Data CRC/ECC appendage. 
10 and Data External ECC: 

An external ECC may be appended to encapsulate and in
ternal CRC or ECC, for diagnostic purposes, using an exter
nal ECC circuitry. Up to 31 bytes can be appended using 10 
and Data Ext. Byte Count registers (addresses 2BH and 
2AH). 
10 and Data Postamble: 

Up to 31 bytes can be used for 10 and Data postamble using 
10 and Data Postamble Pattern and Byte Count registers, 
addresses 3CH and 2CH (for 10) and addresses 30H and 
20H (for data). 
Data Format Pattern: 

Data format is programmed by the Data Pattern register (ad
dress 3B) and then can be repeated up to 64K times 
through the Sector Byte Count registers (addresses 3BH 
and 39H). The number of times data format is repeated de
pends on the sector size. 

Gap 3: 

Up to 255 bytes can be written using Gap Pattern and Byte 
Count registers (address 3AH and 34H). In soft sectored 
drive operation, the Gap 3 bytes are written for each sector 
(determined by Gap 3 Byte Count register) except the last 
sector. For the last sector, gap bytes will be written until an 
Index pulse is received. In case of hard sectored drives, the 
Gap 3 Byte Count register is only used while formatting the 
disk. In normal disk write operation, the DOC writes gap 
bytes until a Sector pulse is received, ignoring the contents 
of the Gap byte count register. 

Considerations for Pattern and Count Register 
Programming for Format Operations 
• If any Byte Count register is loaded with zero, that field 

will be excluded and no pattern for the corresponding 

Pattern register needs to be loaded. Similarly if any of six 
Header Byte Control registers is set with all bits equal to 
zero, no pattern for that byte needs to be loaded. 

• Maximum two consecutive fields can be excluded from a 
sector format. This includes the six header bytes which 
may be thought of as six fields. 

• Format operations always start with an index pulse and 
end with the next index pulse, thus making one track. 
The DOC can only be programmed to format one track at 
a time. 

7.3.3 Implementing Some Popular Sector 
Formats 
There are three general sector formats which are commonly 
used in various disk systems; soft sector format (Floppy, 
ST506 type formats), hard sector format (hard or fixed for
mats used in ESDI/SMD type drives), and format with sec
tor mark (soft or variable formats used in ESDI/SMD type 
drives). These three types are shown in Figure 7.5 and their 
implementation using the DOC is discussed below. 

SOFT SECTOR (FLOPPY /ST506 TYPE) FORMATS 
The field shown in Figure 7.5 (a) is the most commonly used 
sector format used in soft sectored drives such as Floppy 
and ST506/412/419 type winchester drives. A double den
sity floppy format recommended by the IBM and a Sea
gate's ST506/412/419 type format are shown in Figure 7.6 
as examples. It can be seen from Figure 7.5 that the fields 
used in these formats are in direct correspondance with the 
ones supported by the DOC except the Post Index Gap in 
floppy format or Gap 1 in ST506 format. The Post Index Gap 
field is not supported by the DOC and may be eliminated as 
part of the disk format. If it must be generated external hard
ware may be added as discussed in section 6.2. The imple
mentation of rest of the format is very straightforward and 
can be achieved using the registers shown in Figure 7.4. 
Implementation of the ST506/412/419 type format is 
shown in Figure 7.7and Table 7.1. 

TABLE 7.1. Implementation of ST506 Formats 

ST506 DOC 

Byte 
Pattern Byte Count 

Field Pattern Field Register Register 
Count 

Address Address 

Gap 1 4E 16 . . . 
SYNC 00 13 10 Preamble 31H 21H 
lOAM A1, FE 2 IDSynch #1 32H 22H 
CYL # 2 Header Byte 14H-5H 24H-5H 
HD # 1 Header Byte 7H 7H 
SEC # 1 Header Byte 19H 29H 
CRC . 2 IDCRC/ECC .. .. 
Gap 2 00 3 10 Postamble 3CH 2CH 
Gap 2 00 13 Data Preamble 3DH 2DH 
Data AM A1, FB 2 Data Synch # 1 3EH 2EH 
Data -- 256 Data Format 3BH 3BH,39H 
CRC **** 2 Data CRC/ECC * ••• **** 
Gap 3 00 3 Data Postamble 30H 20H 
Gap3 4E 15 Gap 3AH 34H 
Gap4 4E 352 Gap •• 3AH 34H 

·Gap 1. Post Index Gap. is not supported by the DOC. See section 6.2 and the hard sector format section In thiS chapter . 
• ·The CRC is internal to the DOC and Disk Format register is used to select it. 

•• ·The DOC only allows 256 bytes for the Gap field. During a format the gap for the last sector of the track will be written 
until the pulse is received. 
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TABLE 7.2. Implementation of ESDI Hard Sector Format 

ESDI FORMAT DOC REGISTERS 

Pattern 
Byte Pattern Count 

Field Count Field Register Register 

(See Notet) Address Address 

Inter-Sector Gap 00 :j: . . • 
Address PLO Sync 00 :j: 10 Preamble 31H 21H 

(No Field) 0 10 Sync #1 32H 22H 

Byte Sync Pattern - ~ 1 10 Sync #2 33H 23H 

Cylinder xxxx 2 Header #1/2 14/15H 24/25H 

Head xx 1 Header #3 16H 26H 

Sector xx 1 Header #4 17H 27H 

Flag/Status xx 1 Header #5 18H 28H 

(No Field) 0 Header #6 19H 29H 

Address Check Bytes .. .. IDCRC/ECC .. .. 
Address Pad 00 - 10 Postamble 3CH 2CH 

Write Splice 00 1 ... ... ••• 
Data PLO Sync 00 - Data Preamble 3DH 2DH 

(No Field) 0 Data Sync #1 3EH 2FH 

Byte Sync Pattern - ~ 1 Data Sync #2 3FH 2FH 

Data xx - Data Pattern@ 3BH 38/39H 

Data Check Bytes .. .. Data CRC/ECC .. . . 
Data Pad 00 ~2 Data Postamble 30H 20H 

Format Tol. 00 - Gap 3AH 34H 

Inter Sector Gap 00 :j: Gap • • 
tWhere dashed enlries appear In Ihese columns Ihe ESDI standard does nol specifically define Ihese fields bulleaveslhls 
up to Ihe user. 

tDefined by Ihe ESDI specificalion using a specific formula. 

'The standard Inler Sector Gap field Is nol supported by Ihe DOC. See Hard seclor section In Ihls chapter, and section 
6.2 for details In generaling Ihis field. Chapter 6's hardware actually uses the DOC's gap field to generale Ihe ISG field for 
the next sector. 

"The 16 bit CRC, 32 bil or 48 bil ECC Is programmed internally see section 7.6 for delalls. 

"'The write splice field Is nol supported by Ihe DOC. It should be included as part of Ihe Data preamble field for formal and 
wrile operallons, and part of Ihe ID poslamble for read operations. 

"Used only 10 formallhe dala field. 

PREAMBLE A.M. SYNCH HDR CRC/ECC EXT ECC POSTAMBLE ) 

~ PREAMBLE A.M. SYNCH I DATA I CRC/ECC I EXT ECC POSTAMBLE GAP 
TUF/8663-C7 

(a) Soft Sector Format 

PREAMBLE SYNCH I HDR I CRC/ECC I EXT ECC I POSTAMBLE ) 

~ PREAMBLE SYNCH DATA I CRC/ECC I EXT ECC I POSTAMBLE GAP 
TUF/86S3-CB 

(b) Hard Sector Format 

I A.M. PREAMBLE SYNCH I HDR I CRC/ECC I EXT ECC POSTAMBLE ) 

~ PREAMBLE SYNCH I DATA I CRC/ECC I EXT ECC I POSTAMBLE GAP 
TUF/86S3-CB 

(c) Format with Sector Mark 

FIGURE 7.5. Generalized Common Sector Formats 
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----.J INDEX 
PULSE 

I PRE- J POST ID DATA ID DATA ID DATA 
} ID I I DATA I PRE-

"g~x INDEX RECORD RECORD RECORD RECORD RECORD RECORD RECORD RECORD INDEX 
GAP 0 0 1 1 2 2 LAST LAST GAP 

SYNC ADDRESS ID TRACK SIDE SECTOR SECTOR GAP ID RECORD BYTES MARK MARK CRC 
(12 "00" (3 "AI" (1 liFE" # # 1/ LENGTH 

2 BYTES (22 "4E" 

BYTES) BYTES) BYTE) 1 BYTE 1 BYTE 1 BYTE 1 BYTE BYTES) 

DATA RECORD 
SYNC ADDRESS DATA 
BYTES MARK 

(12 "00" (3 "AI" MARK 
BYTES) BYTES) (1 BYTE) 

DATA 
128,258,512,1024 BYTES 

CRC 
2 

WRITE 
GATE GAP 

TURN OFF (VARIABLE) 

TL/F/6663-DO 
(a) Double Density Floppy Format 

INDEX~'-----------SS SS---------...... rL 
--------REPEATED 17 TIMES --------JGAPI I-'D FIELD-I- GAP2-1-- DATA rIELD--1 GAP 3 GAP 4 1 
SYNC C SCC CC 

16X4E 13XOO AllrElml~lm 3XOO 1,3XOO AllrBI 256 DATA 1m 3XOO I 15X4E 3~~X 
'----' '----' NOMINAL 

IDAM DATA AM 
TUF/6663-Dl 

(b) ST506/412/419-type Sector Format Recommended by Seagate 

FIGURE 7,6, Soft Sector Formats 

HARD SECTOR FORMATS (Setting up Pattern and 
Count registers for Read/Write and Formatting) 

The second sector format shown in Figure 7.5 is the general 
hard sector format. In this format the beginning of each sec
tor is marked by a sector pulse. This format is typically used 
in ESDI and SMD type drives. The format for these types of 
drives is fairly straight forward, and Table 7.3 shows the 
DOC registers, patterns and count lengths to perform and 
ESDI format. Table 7.4 shows Control Data Corp. recom
mended format for an SMD speCification. 

In both formats the Inter Sector Gap of ESDI and the Head 
Scatter Gap, commonly referred to as the Post Index or 
Post Sector Gap in SMD are not directly supported by the 
DOC. Additional counters and logic as shown in Section 6.2 
previously are needed if these are to be supported. This 
solution would be appropriate for ESDI or SMD hard sec
tored drives. The philosophy behind it being that the index/ 
sector pulse from the drive is presented to the DOC delayed 
by the external logic by the length of the post index/sector 
gap. 

Another field In both SMD and ESDI that is not directly sup
ported is the write splice field. This field is intended for turn
ing off and on the read/write head without interfering with 
the data preamble. This field is easily generated by including 
it in the data preamble for formatting. Then during read op
erations including it in the 10 postamble, and for write opera- . 
tions including it in the Data preamble. 

For ESDI drives during the format operation the standard 
calls out for optionally deasserting Write Gate for two bit 
times during the write splice. This option is useful if the drive 
is performing some data encoding (such as 2-7). PulSing 
Write Gate for two bit times informs the encoder/decoder 
on the drive to start the data preamble field. The DOC does 
not directly support this deassertion of Write Gate, but 
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can format the drive easily anyway, by performing a two 
pass format operation. For the first pass the DOC will be set 
up to format the whole track, however only the 10 fields will 
actually be formatted due to the encoder. The second pass 
should be a multi-sector write data operation, which will for
mat the data fields. 

FORMATS WITH SECTOR MARKS (Setting up Pattern 
and Count registers for Read/Write and Formatting) 

The third method of formatting a disk is with sector marks. A 
simplified typical format is shown in Figure 7.5(c). This for
mat is most common with soft sectored ESDI, and a few 
SMD drives. Basically this format uses a field of no flux 
transitions and some special drive hardware to enable the 
drive to generate a sector pulse-like signal called Address 
Mark. The Address Mark Signal thus signifies the start of a 
new sector. 

To implement this using the DOC, requires some manipula
tion of the format parameter RAM in conjunction with the 
use of the ESDI control PAL hardware described in section 
6.2. Other external hardware designs may require altering 
the format parameters, however, much of the discussion is 
still applicable. While formatting, the 10 preamble field of the 
DOC is set with the pattern of the Post index gap. The count 
length of this field is set to the length of the gap plus length 
of address mark (usually 3 bytes). The 10 synch # 1 field 
contains the pattern of the preamble while its length is in
creased by one to accommodate the Address Mark pad 
field. This 10 Sync #2 contains the byte synch pattern. 

The SAM bit in the Disk Format register is set. Hence when 
formatting is initiated, the DOC generates AME and the start 
of its preamble. This is taken by the PAL and external hard
ware, and delayed by the length of the gap (which is being 
written), to when the address mark (3 bytes of no tran
sitions) is written. This is then followed normally by the pre
amble and synch fields. 
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TABLE 7.3. Implementation of SMD Hard Sector Format 

SMDFORMAT DDC REGISTERS 

Byte 
Pattern Count 

Field Pattern Field Register Register 
Count 

Address Address 

Head Scatter Bytes 00 16 . . • 
Address PLO Sync 00 11 10 Preamble 31H 21H 

(No Field) 0 10 Sync #1 32H 22H 

Byte Sync Pattern - 1 10 Sync #2 33H 23H 

Flag/Status - 1 Header #5 14H 24H 

Cylinder - 2 Header #2/3 15/16H 25/26H 

Head - 1 Header #3 17H 27H 

Sector - 1 Header #4 18H 28H 

(No Field) 0 Header #6 19H 29H 

Address Check Bytes CRC/ECG 2-6 IDCRC/ECC .. .. 
(No Field) 0 10 Postamble 3GH 2GH 

Write Splice 00 1 ... . .. ... 
Data PLO Sync 00 11 Data Preamble 3DH 2DH 

(No Field) 0 Data Sync #1 3EH 2FH 

Byte Sync Pattern - 1 Data Sync #2 3FH 2FH 

Data xx - Data Pattern@ 3BH 38/39H 

Data Gheck Bytes CRG/ECG 2-6 Data GRG/ECG .. .. 
EOR Pad - 1 Data Postamble 30H 20H 

End of Sector - 10 Gap 3AH 34H 

tWhere dashed entries appear in these columns the SMD standard does not specifically define these fields but leaves this 
up to the user. 

Hhe Data Pattern is used during format operations only. 

'The standard Inter Sector Gap (Head Scatter Bytes) field is not supported by the DOC. See Hard sector section in this 
chapter, and section 6.2 for details in generating this field. The hardware in chapter 6 uses the DOC's gap filed to generate 
the Head Scatter Bytes for the next sector. 

"The 16 bit CRC, 32 bit or 48 bit ECC is programmed internally see section 7.6 for details. 

"'The write splice field is not supported by the DOC. It should be included as part of the Data Preamble field for format and 
wr~e operations, and part of the 10 postamble for read operations. 

@Used only to format the data field. 

When reading from the disk the DOG looks on the drive like 
a hard sectored one. The Address Mark is detected, and the 
drive asserts AMF which is decoded by the PAL into a sec
tor pulse for the DOG. Hence the DOG format parameter 
RAM should be changed to the 10 preamble field containing 
the pattern of the actual preamble and count length. The 10 
synch # 1 field count is set to zero so that this field is 
skipped and the 10 synch # 2 contains the byte synch. (The 
read gate is delayed by 8 bits to accommodate the 1 byte 
write splice field). This ensures a successful read operation. 
With the DOC working in this mode it would see an index 
and a sector pulse from the sector 0 AMF separated by the 
Post Index Gap length. The DOG takes the index to be the 
sector 0 pulse also. The ESDI control PAL of chapter 6 
takes care of delaying the index pulse over the sector 0 
AMF pulse and suppresses the sector pulse to the DOC 
from the sector 0 AMF. 

If a Write Header operation is desired at any time then it 
would be possible to do so only if a regular format operation 
had been done earlier. The AMF from the drive generates a 
sector pulse to the DOC to start writing the header. Also the 
Read Gate assertion is delayed externally by a byte to ac-
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commodate the Write Splice associated with Write Gate as
sertion. The ESDI field names byte values and lengths 
along with the DDG's equivalent registers are shown in Ta
ble 7.5. 

The DOC does not direclly support the ESDI write splice 
field as before, however. this is easily remedied by including 
this byte as part of the postamble during formats and write 
operations as part of the data preamble during read opera
tions. This ensures that reading of the write splice is avoided 
which is the purpose of this field. 

As in the hard sector format, ESDI has an optional deasser
tion of the Write Gate in between the 10 and Data fields. The 
DOG does not support this option, but by performing a two 
pass format as described above a complete format can be 
accomplished. 

MODIFICATIONS TO SECTOR FORMATS 
While the previously discussed "standard" formats are a 
useful starting pOint, they are generally not striclly adhered 
to when actually formatting a disk. This is due usually to the 
users desire to optimize the drive for various parameters. 
These include optimizing data integrity, data separator per-



TABLE 7.4. Implementation of ESDI Sector Mark Format 

ESDI FORMAT DOC REGISTERS 

Pattern 
Byte Pattern Count 

Field Count Field Register Register 

(See Notet) Address Address 

Inter-Sector Gap 00 :j: . · · 
Pad 00 1 ID Preamble 31H 21H 

Address PLO Sync 00 -
Address Mark ttt 3 ID Sync #1 32H 22H 

By1e Sync Pattern - ~ 1 IDSync #2 33H 23H 

Gylinder xxxx 2 Header #1/2 14/15H 24/25H 

Head xx 1 Header #3 16H 26H 

Sector xx 1 Header #4 17H 27H 

Flag/Status xx 1 Header #5 18H 28H 

(No Field) 0 Header #6 19H 29H 

Address Gheck By1es .. .. IDGRG/EGG .. . . 
Address Pad 00 ~2 ID Postamble 3GH 2GH 

Write Splice 00 1 ... . .. . .. 
Data PLO Sync 00 - Data Preamble 3DH 2DH 

(No Field) 0 Data Sync #1 3EH 2FH 

By1e Sync Pattern - ~ 1 Data Sync #2 3FH 2FH 

Data xx - Data Pattern@ 3BH 38/39H 

Data Gheck By1es .. .. Data GRG/EGG .. . . 
FormatTol. 00 :j: Gap · · 
ISG 00 :j: Gap · · 

tWhere dashed entries appear in these columns the ESDI standard does not specifically define these fields but leaves this 
up to the user. 

tDefined by the ESDI specification using a specific formula. 

tttFor the Address mark the pattern does not matter, as an area of no flux transitions is recorded. 

@The Data Pattern register is used only for format operations. 

'The standard Inter Sector Gap field is not supported by the DOC. See ESDI control PAL hardware solution in chapter 6.2 
for details in generating this field. 

"The 16 bit CRC. 32 bit or 48 bit ECC is programmed internally see section 7.6 for details. 

"'The write splice field is not supported by the DOC. It should be included as part of the data preamble field for fonnat and 
write operations, and part of the 10 postamble fOf read operations. 

formance. access speed. sector defect sparing algorithms. 
and total storage capaCity. Some of these considerations 
are discussed below. 

Error Detection/Correction And Data Field Length 

Generally, ST506 type drive recommended formats utilize a 
16 bit GRG. however. this generally does not offer the type 
of data integrity that is needed in the data field. Thus gener
ally ST506 type drives should utilize a 32 EGG for data. The 
ID field usually can be a GRG check field since the header is 
so short, and since recovery of the header address can be 
achieved by reading the previous sector header. 

In general the type of EGG field to choose for the data field 
depends on the length of the data field. the defects on the 
disk media itself and the tolerance the designer places on 
his system for detecting errors, and the probability limits for 
miscorrection. 

The choice for the length of the data field is determined in 
part by the type of EGG chosen (or vice versa). but also by 
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system performance criteria. For a given media. a longer 
data field, and fewer sectors per track can maximize total 
storage capacity, but it requires better EGG. In many cases 
where the disk is to store many small files that leave many 
partially filled sectors, a larger sector size will waste disk 
space. However, if a few very large files are stored when 
large data field maximize storage. Thus usually a good 
tradeoff is to have sector sizes between 256 to 1024 by1es. 

10 And Data Preamble 

These field lengths are used to lock the data separator to 
incoming data during a read operation. The lengths of these 
fields determine the lock time requirements of the data sep
arator. For individual ESDI and SMD drives, where the data 
separator is on the drive, the preamble should follow the 
manufacturers recommendations. For ST506 drives, and 
drives with imbedded controllers, the data separator is part 
of the controller and the preamble length should be set 
based on the separators performance goals. 
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SECTOR 

FIXED SECTOR "N" IDENTICAL SECTORS 

SECTOR ~ 

1+1 '---"+1 ~---ADDRESS AREA ------.'+1 .... , ---------DATA AREA -----------1' 1 r-
BYTE ADR BYTE DATA FORMAT 

ISG PLO SYNC ADDRESS ADR PAD 2 WRITE PLO SYNC DATA PAD 2 SPEro ISG 
SYNC PATTERN FIELD CHECK BYTES SPLICE SYNC PATTERN DATA CHECK BYTES TOLERANCE 

00 00 1 BYTE BYTES 00 1 BYTE 00 1 BYTE FIELD BYTES 00 GAP 00 00 

(a) An EDSI Hard Sector Format Recommended by Maxtor 

FlXro SECTOR 
N IDENTICAL SECTORS 

TL/F/8663-D5 

TUF/8663-D6 

au 
1 
-INDEX 

(b) An SMD Hard Sector Format Recommended by CDC 

FIGURE 7.7 Hard Sector Formats 

SOFT SECTOR "N" IDENTICAL SECTORS 

i---------ADDRESS AREA-----+I .... , ------DATA AREA-----~, 1 r-
ADDRESS 

ISG MARK 
00 3 BYTES 

BYTE AOR BYTE DATA 
PAD PLO SYNC ADDRESS ADR PAD 2 WRITE PLO SYNC DATA PAD 2 

1 BYTE SYNC PATTERN FIELD CHECK BYTES SPLICE SYNC PATTERN DATA CHECK BYTES 
00 1 BYTE 00 1 BYTE 00 1 BYTE FIELD BYTES 00 

(a) An ESDI Soft Sector Format Recommended by the Maxtor 

VARIABLE RECORD WITH ADDRESS 
IIARKS N RECORDS 

(b) An SMD Soft Sector Format Recommended by the CDC 

FIGURE 7.S. Formats with Sector Mark 
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7.3.4 Formatting Methods 
The disk formatting can be carried out using one of the 
three methods supported by the DDC; Internal Sequential, 
FIFO Table and Interlock Mode. These three disk formatting 
methods are explained in the following paragraphs and also 
summarized in a flow chart in Figure 7.9. 

1. INTERNAL SEQUENTIAL METHOD 

This method of disk formatting is adopted when sectors are 
to be physically contiguous. The DDC can be set for a multi
sector operation to format a whole track of sequential sec
tors. The steps required to perform the Internal Sequential 
method are explained in the following paragraphs. See Fig
ure 7.9. 

The DOC in Command Accept Mode 

Step 1. All the Pattern and Byte Count registers for various 
sector format fields are loaded. All the Header byte's Pat
tern and Control registers (such as the one for cylinder num
ber, head number etc.) are loaded except the one contain
ing sector number information. The Pattern register for this 
header byte need not be loaded with anything, but the Con
trol register should be loaded with 3H (i.e. SSC = 1 and 
HB = 1). With SSC = 1, the sector number for each sector 
will be loaded into this Header Byte Pattern register, auto
matically, from the Sector Counter. 

Step 2. The Sector Counter is loaded with the first sector to 
be formatted. The contents of Sector Counter are loaded 
into the Header Byte Pattern register reserved for sector 
number, written to the disk, and then incremented for the 
next sector. The Number of Sector Operation (NSO) Coun
ter is loaded with the number of sectors per track. 

Step 3. The Disk Format register is loaded with FTF = 0, 
desired internal CRC/ECC appendage and other informa
tion (such as Hard/soft sector, NRZ/MFM data, etc.). The 
ECC/CRC control register (address OEH) should also be 
loaded for desired options, such as inverting the serial data. 
The ECC polynomial and tap registers should be pro
grammed if ECC is chosen. 

Step 4. The Operation Command register is loaded to en
able interrupts. Finally the Drive Command register is load
ed with the Format Track command (i.e. ACH). Refer to Ta
ble 5.6 for various DDC commands. 

The DOC In Command Perform Mode 

Step 5. The DDC will start the operation when it receives an 
index pulse indicating the start of a track and will end the 
operation when it encounters another index pulse. 

The DOC in Result/Error Mode 

Step 6. An interrupt will be generated after a successful or 
unsuccessful execution of Format Track command. if the 
interrupts were enabled. The Status and (or) Error registers 
will indicate the result or the type of error occurred. In case 
of successful completion of formatting, the DDC could be 
initialized to format the next track and steps 1 thru 5 will be 
repeated. If an error has occurred, the interrupt should be 
serviced properly and the DDC should be reset. Refer to 
section 7.7 for interrupt servicing, and section 7.2.2 for re
setting. 

2_ FIFO TABLE METHOD 

This method is ideal if sector interleaving is required. The 
sectors may be written to the disk in any order using this 
method which offers the minimum amount of microproces
sor involvement during the format operation. In this method 
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the header bytes are written !)n the disk from the memory 
(via FIFO) instead of the Header Byte registers. This essen
tially eliminates the need of the microprocessor to update 
header bytes for each sector as could be done in the inter
lock mode. All other format pattern and count registers are 
loaded once by the microprocessor remain valid for the en
tire operation. The header bytes for each sector (with or 
without interleaving) are set up contiguously in sets as a 
table in the memory and then read by the DDC, one set for 
each sector, from the memory using the local DMA channel. 

The steps required to perform the FIFO table method are 
explained below. Also see Figure 7.9. 

Step 1. Sets of header bytes (one for each sector) for the 
entire track are stored contiguously in a memory area ac
cessible to the local DMA. Each header byte set must con
tain an even number of bytes and start on an even byte 
boundary. If the header byte set contains an odd number of 
bytes, an extra dummy byte must be inserted at the end of 
each set so that each header byte set will start on an even 
byte boundry, for DMA considerations. 

The DOC in Command Accept Mode 

Step 2. Address of the first byte of the first header byte set 
is loaded in the DMA Address Byte (0, 1) registers. 

Step 3. Sector Counter (SC), Number of Sector Operations 
(NSO) counter and Header Byte Count registers are loaded 
with initial sector number, number of sectors to be operated 
on, and number of header bytes (2-6 bytes). respectively. 

Step 4. All other Format patterns and count registers (such 
as Preamble, Postamble, ECC/CRC etc.) according to the 
selected sector format are loaded with appropriate informa
tion. See Figure 7.4. 

Step 5. The Desk Format (DF) register is loaded with the 
FTF bit set. The DF register is also loaded with MFM/NRZ, 
hard sector/soft sector, and ID, Data CRC/ECC appendage 
etc. 

Step 6. The Operation Command (OC) register is loaded to 
enable interrupts. Finally, the Drive Command register is 
loaded with Format track command (ACH). See Table 5.6 
for the DOC commands. 

The DDC in Command Perform Mode 

Step 7. The DOC starts the operation when it receives the 
index pulse and ends it on the occurrence of next index 
pulse. As the header bytes are needed they are DMA'd from 
memory. After a successful or unsuccessful completion of 
the operation, the DOC will generate an interrupt. 

The DDC In Result/Error Mode 

Step 8. The Status and (or) Error registers are read to find 
out the cause of interrupt. In case of a successful comple
tion of the operation, steps 1 thru 7 may be repeated or the 
DDC may be initialized for another disk operation. In case of 
an error interrupt, the interrupt is serviced properly. See sec
tion 7.2.2 and 7.7. 

3. INTERLOCK METHOD 

This method is the most versatile of the three disk format
ting methods. But it requires fast microprocessor involve
ment. This method may be used to format a whole track of 
interleaved sectors or a single sector. Using this method to 
reformat a single sector is ideal. Formatting single sectors is 
useful for remapping bad sectors. This method can also be 
used for creating tracks with varying sector field lengths. 
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INTERNAL SEQUENTIAL 

·SELECT AND LOAD HEADER BYTES 
·ASSIGN HEADER BYTE(S) AS 

SECTOR NUMBER(S) WITH SSC = 1 
·LOAD SC REGISTER WITH INITIAL 

SECTOR NUMBER DESIRED AFTER 
INDEX PULSE 

·LOAD NSO REGISTER WITH NUMBER 
OF SECTORS PER TRACK 

·LOAD DF REGISTER WITH FTF = 0 

SET DDC FOR A WRITE HEADER, 
WRITE DATA, MULTI- SECTOR 
FORMAT OPERATION (LOAD DC 
REGISTER WITH AC) 

·SET UP ARRAY OF HEADER BYTES 
ONLY, FOR EACH SECTOR ON TRACK 
TO BE FORMA TIED. ARRAY IS 
TRANSFERRED BY LOCAL DMA. 

·LOAD HBC REGISTER WITH 
NUMBER OF HEADER BYTES (2-6) 

·LOAD DMA ADDRESS BYTES 0 ole 1 
WITH ARRAY START ADDRESS . 

·LOAD DF REGISTER WITH nF = 1 

·UPDA TE HEADER BYTE(S) TO NEXT 
SECTOR NUMBER 

·WRITE TO INTERLOCK (HBC) 
REGISTER (NUMBER OF HEADER 
BYTES) 

FIGURE 7.9. Track Formatting Methods 
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·LOAD HEADER BYTE WITH SSC = 1 
IN HC REGISTER WITH FIRST SECTOR 
NUMBER 

·LOAD OC REGISTER WITH IR = I, 
EI=1 AND EHI=1 

SET DOC FOR A WRITE HEADER, 
WRITE DATA, MULTI- SECTOR FORMAT 
OPERATION (LOAD OC REGISTER 
WITH AC) 

TL/F/8663-E6 



The Interlock type disk formatting uses the interlock mode 
and header complete interrupt to enable the microprocessor 
to directly update any format parameter bytes. In a write 
header-write data operation, after the header bytes are writ
ten to the disk, the DOC issues the header complete inter
rupt. With interlock mode set and header complete interrupt 
issued, the controlling microprocessor has the time (until 
the preamble field of the next sector) to read status, load 
the next sector's header bytes, and write the interlock 
(HBC) register. Writing to the interlock (HBC) register con
firms that microprocessor has updated all the required pa
rameters. This must be done following each header match 
complete interrupt for every sector, including the last sector 
of the operation. If this is not done, the DOC assumes that 
the microprocessor did not properly update the parameter 
registers in time for the next sector and therefore generates 
an interrupt indicating the Late Interlock error when a subse
quent command is loaded in the DC register. A 'step by 
step' procedure of the Interlock type formatting is explained 
below. Also see Figure 7.9. 

DOC In Command Accept Mode 

Step 1. All the format registers (shown in Figure 7.4) are 
loaded with respective pattern and count values. The head
er byte control register for the sector number is loaded with 
SSC = 1. This is done only for the first sector. Later on, 
depending upon the interleave factor, the header byte re
served byte for sector number may be loaded with a new 
value and the associated control register with SSC = o. 
Step 2. The Sector Counter is loaded with the sector num
ber to start with and NSO (number or sector operations) 
Counter with number of sectors to be formatted. 

Step 3. In Disk Format register, FTF is set to zero and other 
relevent bits such as HSS, MFM, IH's and ID's are also set 
or reset. 

Step 4. The DOC is set to be in Interlock Mode by setting 
IR = 1 in the Operation Command register. Also header 
complete and other interrupts are enabled by setting EHI = 
1 and EI = 1 in the same register. 

Step 5. Finally, the Drive Command register is loaded with 
the Format Track command, ACH. See Table 5.6 for various 
DOC commands. 

DOC in Command Perform Mode 

Step 6. The format operation starts when the DDC receives 
an index pulse. An interrupt is expected at the completion of 
the Write Header operation. When this interrupt is received 
it is tested for Command Complete Error or Header Com
plete Status Bits set. If it's a Header Complete, then param
eter, count and control registers are updated. The Interlock 
register is written to. This is repeated until the Command 
Complete or Error Interrupt occurs. 

DOC in Result/Error Mode 

Step 7. On the occurrence of an interrupt, the Status regis
ter is read. If the interrupt was an operation complete inter
rupt then steps 1 through 5 are repeated for the rest of the 
sectors to be formatted without changing the contents of 
the NSO counter. In case of an error, the interrupt is serv
iced properly. See section 7.7 on interrupts. 
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7.4 READ AND WRITE OPERATIONS 
Once the disk has been formatted, various disk read and 
write operations can be performed. These commands are 
listed in Table 7.5 and are discussed briefly in section 5.2.7. 

Generally, the read operation is taken as reading data from 
the disk and can therefore be performed by executing the 
Read Sector (single or multi-sector) and Read Track com
mands. Similarly, write operation is considered as writing 
data to the disk and hence could be achieved by executing 
the Write Sector (single or multi-sector) and Write Track 
commands. Other read and write commands imply reading 
or writing 10 with or without data from (to) the disk. The DOC 
programming procedure for all the read and write com
mands basically is the same. 

A general register programming procedure to perform read 
and write operations is given below. 

Figure 7. 10 shows a generalized flow chart for performing a 
read operation. To generalize both multi-sector and single 
sector operations, the continue block would go to the next 
sector operation if mUlti-sector, and would go to other fLP 
tasks if single sector. Refer also to Table 7.5 which shows 
the command codes for the various operations. 

Command Name OpCode 

Read Single Sector RDSS 11010010 D2H 
Read Sector 10 RDID 01110010 72H 
Read Multi-Sector ROMS 11010110 D6H 
Logical 
Read Track RDTK 11010100 D4H* 
Read Track Blind RDTB 11000100 C4H* 
Read 10 Multi-Sector RDIM 01110100 74H 
Read Track Data/lD RDDI 11110100 F4H* 

Write Single Sector WRSS 10010010 92H 
Write Multi-Sector WRMS 10010110 96H 
Logical 
Write Track WRTK 10000100 84H* 

Format Track FMTK 10101100 ACH 
Format Track No Gap FMNG 10100100 A4H 

Find 10 FNID 01010010 52H 
Find ID Multi-Sector FNMS 01010110 54H 
Recover Header RCID 01100010 62H 

Re-Enable Controller RENB 00000001 01H 
No Operation NOP 00000000 OOH 

tNote: For an entire track operation, the Number of Sector Operations 
Counter should be set to the number of sectors per track. 

Table 7.5. Common Configurations 
of the Command Bits 
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I RESET ERROR BIT ISSUE RED COt.tt.tAND I 

IF ERROR REPEATS IN RETRIES, 
REPOSmON HEAD 

ADDRESS t.tARKS OR SYNCH WORDS DID 
NOT t.tATCH; IF ERROR REPEATS IN 1+---< 
RETRIES, CHECK SYSTEt.t SET-UP 

COULD INDICATE SPEED INCOt.tPATI
BILITY BETWEEN SYSTEt.t AND DISK 
DRIVE; IF ERROR REPEATS IN 
RETRIES, CHECK SYSTEt.t 

CRC/ECC ERROR IN DATA FIELD; IF 
ERROR REPEATS IN RETRIES, GO TO 
CORRECTION CYCLE 

LOAD NSO REGISTER WITH NUt.tBER OF 
>-=;;';"'--1~1 SECTORS AND SC REGISTER WITH I ST 

SECTOR ADDRESS 

>-.;;.;..-__ M DISK FIELD TOO LARGE FOR ALLOTTED 
t.tEMORY SPACE; CHECK SYSTEt.t SET-UP 

t.tICROPROCESSOR TOO SLOW FOR >-.;;.;..-__ M INTERLOCK t.tODE, OR TOO t.tANY 
CHANGES ATTEt.tPTED; CHECK SOFTWARE 

TL/F/8863-E7 

FIGURE 7.10. A Flow Chart for Microprocessor 
Initiation and Servicing of a Read Operation 
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I RESET ERROR BIT ISSUE RED COMMAND I 

IF ERROR REPEATS IN RETRIES, 
REPOSmON HEAD 

COULD INDICATE SPEED INCOMPATI
BILITY BETWEEN SYSTEM AND DISK 
DRIVE; IF ERROR REPEATS IN 
RETRIES, CHECK SYSTEM 

LOAD NSO REGISTER WITH NUMBER OF >-=;;;.-...... , SECTORS, AND SC REGISTER WITH 1 ST 
SECTOR ADDRESS IF USED 

WICROPROCESSOR TOO SLOW FOR 
>-.;;.;...-.....,~ INTERLOCK WODE, OR TOO WANY 

CHANGES ATTEMPTED; CHECK SOFTWARE 

>-__ .....,~I DATA FIELD TOO LARGE FOR ALLOTTED 
MEIIORY SPACE; CHECK SOFTWARE 

TL/F/B663-EB 

FIGURE 7.11. A Flow Chart for Microprocessor 
Initiation and Servicing of a Write Operation 
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SINGLE SECTOR READ AND WRITE OPERATIONS 

This operation involves setting the Disk Command register 
to perform a Compare Head/Read Data Operation. Only 
one sector is transferred. 

DDC in Command Accept Mode 

Step 1. The Parameter and Count registers must be loaded 
with the proper format information (if not already loaded 
with the correct information). The Header byte pattern regis
ters must be loaded with the exact header information for 
the sector to be transferred. 

Step 2. The Local DMA channel must be initialized. The 
Local transfer register should be configured to the desired 
DMA mode. The DMA address registers are loaded with the 
data transfer address. If the Remote DMA is used in coordi
nation with the local transfer, especially in tracking mode, 
the Remote Transfer register should be initialized, as should 
its address, and length information. Interrupts should be en
abled, in order to enable determination of operation comple
tion. 

Step 3. Finally the Drive Command register is loaded with 
the desired Read or Write Command. If a remote DMA oper
ation is to be performed, the Operation Command register 
should be loaded to start the remote DMA. 

DDC In Command Perform Mode 

Step 4. The DDC will perform the operation by looking for 
the correct sector header, then acquiring the system bus, 
and transferring the appropriate data. 

DDC In Result/Error Mode 

Step 5. At the end of the command an interrupt is generat
ed. If the interrupt is the Operation Complete interrupt the 
command terminated properly, and the f£P can read this 
from the Status and Error registers and can proceed to the 
next command. If an error occurred the microprocessor 
should service this by either retrying the operation, or cor
recting the error condition. 

MULTI SECTOR LOGICAL READ AND WRITE 
OPERATIONS 

Multi sector logical operations transfer sectors sequentially 
based on their sector number, whether these sectors are 
scattered around the disk or not. Multi sector operations use 
the Number of Sector Operations Counter to determine the 
number of sectors to transfer. Logical operations are most 
typically done by using the Sector Counter. 

DDC In Command Accept Mode 

Step 1. The Parameter and Count registers must be loaded 
with the proper format information (if not already loaded 
with the correct information). The Header byte pattern regis
ters must be loaded with the exact header information for 
the sector to be transferred. The header byte that contains 
the sector number must have the Sector Counter substitut
ed for it. The Sector Counter is set to the number of the first 
sector to be transferred. The Number of Sector Operations 
Counter should be loaded with the number of sectors to be 
transferred. 

Step 2. The Local DMA channel must be initialized. The 
Local transfer register should be configured to the desired 
DMA mode. The DMA address registers are loaded with the 
data transfer address. If the Remote DMA is used in coordi
nation with the local transfer, especially in tracking mode, 
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the Remote Transfer register should be initialized, as should 
its address, and length information. Interrupts should be en
abled, in order to enable determination of operation comple
tion. 

Step 3. Finally the Drive Command register is loaded with 
the desired Logical Read or Write Command. If a remote 
DMA operation is to be performed, the Operation Command 
register should be loaded to start the remote DMA. 

DDC in Command Perform Mode 

Step 4. The DDC will perform the operation locating the first 
sector, acquiring the system bus, and transferring that sec
tor's data. The Number of Sector Operations Counter is 
decremented, and the Sector Counter is incremented. Step 
4 is repeated until the Number of Sector Operations Counter 
reaches zero. The command may be terminated early if the 
DDC could not find one of the correct sectors being sought. 

DDC In Result/Error Mode 

Step 5. At the end of the command when the NSO counter 
equals zero, an interrupt is generated. If the interrupt is the 
Operation Complete interrupt the command terminated 
properly, and the f£P can read this from the Status and Error 
registers and can proceed to the next command. If an error 
occurred the microprocessor should service this by either 
retrying the operation, or correcting it. 

MULTI SECTOR PHYSICAL READ AND WRITE 
OPERATIONS 

These operations are very similar to the logical read and 
write commands, except that rather than looking for the sec
tors in numerical order, they are read from the disk in the 
exact order that they pass under the read/write head. Only 
the differences between these and the logical commands 
are described. 

DDC In Command Accept Mode 

The only difference in setting up for the command is that 
since the basic command will ignore the header bytes for 
comparison (Ignore Header-Read/Write Data) the Header 
pattern registers do not need to be updated. If doing a track 
operation, the command should start on an index pulse by 
setting the SAIS bit, and the Number of Sector Operations 
Counter should be loaded with the number of sectors on the 
track. 

DDC In Command Perform Mode 

This is the same as previous operation. 

DDC In Result/Error Mode 

This is the same as the previous operation. 

OTHER MULTI-SECTOR PHYSICAL OPERATIONS
INTERLOCK MODE 

The host microprocessor can perform many related but dif
ferent operations on physically consecutive sectors, by us
ing the Interlock mode. Several possible command se
quences are briefly outlined: 

1. Header Re-writing-If an ID is detected to have an error 
in its header bytes a sequence of commands can be execut
ed to re-write the header. The rewritten ID may attempt to 
fix the error or mark the sector as bad. This involves dOing 
two commands in sequence: 

a) First find the header of the sector located physically prior 
to the Bad ID field. 

b) Second, do a write header operation to re-write the ID 
field. 



2. Recovery of Data-This is like one above except no 
attempt is made to correct the 10 field, just obtain the data 
field information. 

a) First find the header of the sector located physically prior 
to the defective sector. 

b) Second, do an ignore header operation to The data field 
is to be recovered, so a read data operation should be exe
cuted, and the data can be read to memory. 

3. Sparing a defective sector-This is a more complicated 
version of 1 and 2 above, and is performed with the follow
ing commands. Steps a and b and steps c and d should be 
performed in the interlock mode, whereas between steps b 
and c interlock mode may not be desirable since ECC cor
rection may be necessary. 

a) First find the header of the sector located physically prior 
to the defective sector. 

b) Second, do a write header operation to re-write the 10 
field, indicating a bad sector. If the data field is to be recov
ered the write header operation could be accompanied by a 
read data operation, and the data can be read to memory. 

c) Third the DOC does a compare header operation to find 
the sector prior to the spare sector (if located on the same 
traCk). (If the spare has a known header a Compare Header 
is all that is necessary.) 

d) Finally the spare sector 10 is rewritten and the old sec
tor's data is written to the spare sector. 

In general, Interlocked mode operation is required only 
when unique operations on physically adjacent sectors is 
necessary. General multi-sector operations not performed 
on adjacent sectors can be cascaded without using the in
terlock mode. 

DOC in Command Accept Mode 

Step 1. The Parameter and Count registers must be loaded 
with the proper format information (if not already loaded 
with the correct information). The Header byte pattern regis
ters must be loaded with the exact header information for 
the sector to be that will be operated on. Many Interlock 
mode command sequences may not need the Number of 
Sector Operations Counter loaded, but if needed it should 
be loaded with the number of sectors to be transferred. 

Step 2. The Local DMA channel must be initialized. The 
Local transfer register should be configured to the desired 
DMA mode. The DMA address registers are loaded with the 
data transfer address. If the Remote DMA is used in coordi
nation with the local transfer, especially in tracking mode, 
the Remote Transfer register should be initialized, as should 
its address, and length information. The header complete 
and command complete interrupts should be enabled, in 
order to enable determination of when to load the subse
quent sector's information and command. This is done by 
setting the EI, EIH, IR bits in the Operation Command Reg
ister. 

Step 3. Finally the Drive Command register is loaded with 
the desired first Command. If a remote DMA oeration is to 
be performed, the Operation Command register should be 
loaded to start the remote DMA. 
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DOC in Command Perform Mode 

Step 4. The DOC will perform the operation locating the first 
sector, acquiring the system bus, and transferring that sec
tor's data. As soon as the first sector's header has been 
located, then the DOC issues a header complete interrupt, 
and the host must update all desired registers, and finally 
loading the Drive Command register with the new informa
tion. (Note: if the interlocked operation was a multi-sector 
(NSO not equal 0) operation then the Drive command is not 
updated, since the operation is a continuation of the multi
sector operation.) Finally the Interlock Register is written to, 
and step 4 is repeated until the microprocessor is done writ
ing commands. During the last operation, the Interlock reg
ister must be written to avoid a late interlock error. 

The command may be terminated early if the DOC could not 
find one of the correct sectors being sought, or the Interlock 
register is not written to prior to the beginning of the next 
sector. 

DOC in Result/Error Mode 

Step 5. At the end of each header field an interrupt is is
sued. The operation has completed when the Header Inter
rupt and Operation Complete is received after the last com
mand. If the command terminated properly, and the ,.p can 
read this from the Status and Error registers and can pro
ceed to the next command. If an error occurred the micro
processor should service this by either retrying the opera
tion, or correcting the problem. 

GENERAL CHAINING OF DISK COMMANDS 

Various commands can be executed one right after the oth
er, like the interlock mode described above, except without 
the Interlock timing constraints. This is done by enabling the 
Header Complete Interrupt executing a disk command, and 
when the interrupt is received by the CPU, it checks to make 
sure it is the Header Complete interrupt, and that the Next 
Disk Command bit is set. If it is set the CPU can then exe
cute a new operation, while the old operation is completing. 
In this way fast access to the data on the disk track can be 
achieved. 

7.5 DMA OPERATIONS 
In this section, the DOC's data transfer operations using on
chip or external DMA will be discussed in depth. Discussion 
of DMA as part of the above disk operations has been omit
ted in favor of a separate discussion. It is important for the 
designer to keep in mind that while the type of DMA opera
tion won't affect the individual commands, it can be a very 
important factor in overall system through-put, and bus utili
zation. In general, once a disk sector buffering scheme and 
method of transferring data tolfrom the system has been 
designed, the DMA mode selection is obvious, and usually 
remains fixed. The DOC-system interface connections for 
different system applications are discussed in chapter 6. 

7.5.1 Data Transfer Features 
All DMA operations are supported by the following four fea
tures. These features are valid for all types of DMA modes 
described in section 7.5.2 including the Slave mode (exter
naIDMA). 
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PROGRAMMABLE BURST LENGTHS 
The data transfer from/to the DOC to/from the system is 
fully programmable. In single bus systems, the data from/to 
the FIFO to/from the memory, can either be transferred in 
32-byte bursts or in smaller bursts of 2, 8, 16 or 24 bytes (or 
1, 4, 8 or 12 words). In dual bus systems, data can be trans
ferred either up to 64 Kbytes in a single operation or in 
smaller operations. The programmable burst lengths feature 
accommodates the variations in bus latency time usually 
present in all systems (see Chapter 6). 

The DOC is programmed for the desired data transfer mode 
through L TEB, LBL 1, and LBL2 bits in the Local Transfer 
Register and the RTEB, RBL 1, RBL2 bits in the Remote 
Transfer Register. For Remote transfers, the DMA Byte 
Count registers are also used. 

8·BIT OR 16·BIT WIDE TRANSFERS 

Data can be transferred either byte wide or word wide. This 
is achieved through LWDT and RWDT bits in the Local and 
Remote Transfer Registers, respectively. The DMA address 
counters are incremented by one for byte wide and by two 
for word wide transfers. 

SLOW READ/WRITE 

For slow memory or other devices, the normal DMA memo
ry read/write cycle of four periods can be extended to five 
cycles for all DMA modes (including external DMA), using 
bit LSRW and bit RSRW in the Local and Remote Transfer 
Registers respectively. The read/write cycles can also be 
extended to an infinite length by using the Extemal Status 
input (pin 17) of the DOC in conjunction with EEW bit in the 
Remote Transfer Register. 

REVERSE BYTE ORDER 

This option is only valid for 16-bit wide transfers using the 
Local DMA channel. It enables the two bytes being trans
ferred to be mapped with the high order byte to ADO-7 and 
the low order byte to AD8-15, or vice-versa. This could be 
achieved through RBO bit in the Local Transfer Register. 
(Note: This option Is still functional in 8 bH mode. however it perfonns no 
useful function. When reading. the lirst byte DMA"d was the second byte 
read. the second DMA'd byte the lirst read. the third DMA'd byte the lourth. 
the lourth DMA'd byte the third. end so on. Similar order occurs lor a write.) 

7.5.2 DMA Modes 
Various data transfers are carried out by configuring the 
DDC in one of the three main DMA modes: single channel, 
dual channel or external DMA. Some of this has been dis
cussed in Chapter 6. 

SINGLE CHANNEL (LOCAL DMA) MODE 

In the local DMA mode, only three DMA registers/counters 
are used; the Local Transfer Register, DMA Address Byte 0 
and 1. The Sector Byte Count 0 and 1 registers determines 
the sector size. A local transfer operation can be carried out 
following the steps below: 

DDC In Command Accept Mode 

Step 1. The DMA Address Bytes (0 and 1) Counters are 
initialized with local (or main) memory address to/from 
where the data is to be transferred from/to the FIFO. 

Step 2. The Local Transfer Register is set for enabling the 
local DMA channel (bit SLD), 8- or 16-bit transfer (bit 
LDWT), reverse-byte order (optional in 16-bit data transfer 
mode, using bit RBO). Slow Read/Write cycles (bit LSRW), 
Long Address (bit LA), and the burst length (bits L TEB, 
LBL1, LBL2). 
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Step 3. The Operation Command Register is loaded for en
abling interrupts, if desired (bit EI). 

Step 4. Finally, the Drive Command (DC) Register is loaded 
with the desired DDC command. See Table 7.5. The DDC 
enters the command perform mode immediately after the 
DC register is loaded. (This step is the same as Step 3 in 
previous read/write operations discussions.) 
DDC In Command Perform Mode 

Step 5. The DDC should be granted bus control on the oc
currence of an LRQ. The DDC will generate an interrupt 
after the completion of the operation or on the occurrence 
of an error. (Same as previous read/write operations 
Step 4.) 

DDC In Result/Error Mode 

Step 6. On the occurrence of an interrupt, the Status Regis
ter is read. In case of an operation complete (the NDC bit), 
steps 1 through 6 may be repeated, or the DDC may be 
initialized for a new operation. If an error was occurred, ap
propriate actions should be taken, as discussed in section 
7.7. 

DUAL CHANNEL TRACKING (LOCAL AND REMOTE) 
MODE 

In the dual DMA mode, all the DMA registers are used (see 
Chapter 5). The DDC can further be set for either a Tracking 
Dual DMA or a NON-Tracking Dual DMA mode. 

In Tracking mode, data is transferred from the on-chip FIFO 
to the system I/O port through the local buffer memory, and 
vice versa. The entire DMA operation is controlled by the 
DDC and external arbitration logic that synchronizes the 
DDC's remote operation with the external DMA for the sys
tem, after initialized by the microprocessor. Basically, local 
and remote transfers are dependent on each other and the 
DDC keeps track of both transfers in order to avoid any 
possible data overlapping in the local buffer memory. 

This mode effectively turns the buffer memory into a large 
FIFO. This is accomplished through the use of DMA Sector 
Counter (DSC), which keeps track of the difference between 
sectors read/written from/to the disk and sectors trans
ferred to/from the host system. Each time the source trans
fers a sector or data into buffer memory (length is deter
mined by the Sector Byte Count Register pair), the DSC 
register is incremented. It is decremented each time the 
destination has transferred a sector of data. Whenever the 
DSC register contents become zero, destination transfers 
are inhibited. Note that in a Disk Read operation, local DMA 
(or the FIFO) is the source and remote DMA (or system I/O 
port) is the destination. Similarly, in a Disk Write operation, 
the remote DMA (or the system I/O port) is the source and 
local DMA (or the FIFO) is the destination. A detailed step
by-step disk read/write operation, in the tracking dual DMA 
mode, is given below and the flow chart is given in Rgure 
7.12. 

DDC In Command Accept Mode 

Step 1. The DMA Address Bytes (0, 1, 2, 3) registers are 
loaded with the same local and remote start address in the 
local buffer memory. 

Step 2. Bits SLD and SRD in the Local and Remote Trans
fer Registers are set to enable both local and remote DMA 
channels. The DDC is configured for Tracking Mode by set
ting the TM bit in the Remote Transfer Register. Other op
tions such as 8-/16-bit transfer, slow read/write cycles, and 



burst lengths for both FIFO and local buffer memory are 
selected through LWDT, LSRW, LTEB, LBL1 and LBL2 bits 
in the Local Transfer Register and RWDT, RSRW or EEW, 
RTEB, RBL 1 and RBL2 bits in the Remote Transfer Regis
ter. Bit LA in the Local Transfer Register must be reset for 
l6-bit address mode. 

Step 3_ The Number of Sector Operations (NSO) counter 
and Sector Counter (SC) are loaded for multi-sector opera
tion. Only SC should be loaded for a single sector operation. 

Step 4_ Interrupts are enabled using EI bit in the Operation 
Command (OC) Register. 

Step 5_ Finally, the desired Read/Write command (see Ta
ble 7.6). (This is the same as Step 3 in the previous Read/ 
Write command descriptions.) 

DDC In Command Perform Mode 

Step 6. The DOC will start performing the desired operation 
after the DC register is loaded. An LRO, RRO or Interrupt 
should be expected. The DOC should be given the bus con
trol when LRO or RRO occurs. (Same as Step 4 in previous 
Read/Write command descriptions.) 

DDC In Result/Error Mode 

Step 7. If an interrupt is generated, it should be serviced 
properly (see section 7.7 for interrupt servicing). If the oper
ation was completed successfully, steps 1 through 6 may be 
repeated for a new operation. (Same as Step 5 in previous 
Read/Write command descriptions.) 

DUAL DMA NON·TRACKING (LOCAL AND REMOTE) 
MODE 

In the non-tracking dual channel DMA mode, the Local and 
Remote transfers are independent of each other. The con
trolling microprocessor has to keep track of both transfers 
to avoid any possible data overlapping in the local buffer 
memory. The DMA Address (bytes 0-3) Registers are set 
up independently for Local and Remote transfers. All the 
necessary steps needed to perform a data transfer between 
the FIFO and system I/O port with the DOC in this mode are 
explained below and also shown in a flow chart in Figure 
7.16. 
DDC In Command Accept Mode 

Step 1. The DMA Address (byte 0-3) are set up for the 
desired Local and Remote addresses. Any address within 
64k memory space could be loaded. 

Step 2. The DOC is configured in the non-tracking mode, 
first by enabling Local and Remote DMA channels through 
SLD and SRD bits in the Local and Remote transfer Regis
ters. The LA bit is also set to zero for 16-bit address for both 
DMA channels. Other DMA options such as 8-/16-bit data 
transfer slow read/write, reverse byte ordering, and burst 
length, are selected through LWDT and RWDT; LSRW, 
RSRW and EEW; RBO; and L TEB, LBL 1, LBL2, RTEB, 
RBL 1, and RBL2 bits in the Local and Remote Transfer 
Registers. 

LOAD DMA ADDRESS BYTE 
REGISTERS WITH LOCAL AND 
REMOTE START ADDRESSES 

• LOAD SC &: NSO REGISTERS 
rDR A MULTI-SECTOR 
OPERATION, IF NEEDED 

• LOAD OC REGISTER 
• LOAD OTHER APPROPRIATE 

REGISTERS AS NEEDED 

LOAD DC REGISTER rDR A 
COMPARE HEADER/WRITE 
DATA OPERATION 

CONTINUE 

LOAD DC REGISTER FOR A 
COMPARE HEADER/READ 
DATA OPERATION 

TL/F/8663-E9 

FIGURE 7.12. Dual DMA Tracking Mode ,",P Programming Flow Chart 
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LOAD DMA ADDRESS BYIE 
REGISTERS WITH LOCAL AND 
REMOTE START ADDRESSES 

• LOAD SC & NSO REGISTERS 
FOR A MULTI-SECTOR 
OPERATION, IF NEEDED 

• LOAD OC REGISTER WITH 
SRI & SRO BITS LOW 

• LOAD OTHER APPROPRIATE 
REGISTERS AS NEEDED 

PERFORM DISK READ: 
LOAD DC REGISTER FOR A 
COMPARE HEADER/READ 
DATA OPERATION 

PERFORM REMOTE TRANSFER: 
SET SRO BIT IN OC 
REGISTER 

PERFORM REMOTE TRANSFER: 
SET SRI BIT IN OC 
REGISTER 

PERFORM DISK WRITE: 
LOAD DC REGISTER FOR A 
COMPARE HEADER/WRITE 
DATA OPERATION 

CONTINUE 

TUF/B663-FO 

FIGURE 7_13. Dual DMA Non-tracking Mode ,...p Programming Flow Chart 

Step 3. The Number of Sector Operation (NSO) Counter 
and Sector Counter (SC) are loaded for multi-sector opera
tion. Only SC is loaded for a single sector operation. 

Step 4. Write Operation: Before having the DOC to per
form a write operation, data is transferred from the system 
I/O port to the buffer memory by enabling the Remote chan
nel through SRI bit in the Operation Command Register. 
Interrupts are also enabled using the EI bit. 

Read Operation: The Drive Command (DC) Register is 
loaded with the desired Read command (refer to Table 5.6). 
If a multisector operation is selected, the SAIS bit may be 
set to zero for the operation to start at the Index pulse. 

DOC Performs the Remote Transfer 

Write Operation: The DOC will transfer the remote data to 
local memory and will issue an operation complete interrupt. 
Remote transfer operations could be repeated to fill the lo
cal memory before performing a disk operation. The DOC 
now should be initialized for the actual disk write operation. 

Read Operation: The DOC will complete the disk read just 
like a normal operation. See Step 7. Now the data may be 
transferred to the system I/O or any remote locations. 

Step 5. Finally, the Operation Command Register is loaded 
to enable data transfer from the local buffer memory to the 
system I/O, with SRO bit set. The interrupts may also be 
enabled with the EI bit, if required. 
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The DOC will start the operation when the OC Register is 
loaded. The RRQ must be acknowledged. 

Step 6. The Drive Command register is loaded with the de
sired write command. If a multi-sector operation is desired, 
the SAIS bit may be reset for the operation to start at the 
Index pulse. (This is the same as Step 3 for Read/Write 
operations discussed previously.) 

DOC In Command Perform Mode 

Step 7. The DOC will start performing the desired write op
eration immediately and will issue a local request, LRQ. 
Upon receiving an LACK, it completes the write operation. 
(This is the same as Step 4 for previously discussed Read/ 
Write operations.) 

DOC in Result/Error Mode 

Step 8. The DOC will issue an interrupt which should be 
serviced properly (refer section 7.7 for interrupt servicing). 
In case of an operation complete interrupt, steps 1 through 
5 may be repeated for a new operation. 

IMPORTANT NOTES 

1. By selling both SRI and SRO simultaneously, any non
tracking DMA operation will stop. The current remote ad
dress and remote data byte count will be retained, and the 
local DMA will be unaffected. Loading the original OC in
struction (input or output) will restart the original instruction 
from the last remote DMA address. 



2. In either Tracking or Non·tracking mode, if either channel 
is loaded with an odd byte transfer count, the DOC will 
transfer the next higher even byte. For example, if 511 was 
loaded in Remote Data Byte Count Registers, 512 bytes 
would be transferred, with the valid data only in the first 511 
bytes. 

3. In the Tracking mode the DOC keeps track of the data in 
the buffer memory. The Remote Transfer follows the Local 
transfer by a sector length and the DOC makes sure that the 
correct data is transferred to the system memory. However 
in the Non-tracking mode the remote channel is indepen
dent of the disk operation and hence the remote channel 
can follow the local channel as closely as possible. The 
microprocessor is responsible of preventing overlap of data. 

4. Even though normally the remote channel would be used 
for transfers from system to buffer memory (and vice versa) 
and the local channel for transfers from the buffer memory 
to the FIFO (and vice versa), the remote channel could also 
be used for some other purpose that is independent of the 
DOC's other operations. 

EXTERNAL DMA 

In external DMA mode, the data transfer between the on
chip FIFO and external memory (local buffer or system) is 
controlled by the external DMA. The DOC is programmed to 
perform a disk read/write operation without the internal 
DMA. Whenever the FIFO needs any data transfer, the DOC 
asserts LRQ. At this point, external DMA takes control and 
completes that particular data transfer. The following steps 
illustrate the necessary actions to perform a disk read/write 
operation using external DMA i.e. DOC in the slave mode. 

DOC In Command Accept Mode 

Step 1. The registers are initialized. 

Step 2. Interrupts are enabled using EI bit in the Operation 
Command Register. 

Step 3. Finally, the Drive Command Register is loaded for 
the desired Read/Write operation. 

DOC In Command Perform Mode 

Step 4. The DOC will start performing the operation and 
LRQ will be asserted when the FIFO requires the data trans
fer. The LRQ must be acknowledged by the external DMA in 
order to complete the operation. 

DOC In Result/Error Mode 

Step 5. If an interrupt is issued, it must be serviced, (refer 
section 7.7). In case of an operation complete interrupt, 
steps 1 through 3 may be repeated for a new operation. 

7.6 ERROR DETECTION AND 
CORRECTION 
The Disk Data Controller, DOC has comprehensive and ver
satile error detecting and correcting capabilities. It features 
a fully programmable ECC; 

• Programmable Preset Pattern 

• Programmable Polynomial Taps 

• Programmable Correction Spans 

• Programmable Assignment of CRC/ECC on Header or 
Data 
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There are essentially two internal codes available; a fixed 
Cyclic Redundancy Checking (CRG) code for detecting er
rors only, which uses a CRC-CCITT polynomial that pro
vides 16 generated check bits for appending to the Header 
fields and/or Data fields. The other type is the ECC code 
which may be a Fire code or a Computer generated code 
with 32 or 48 generated check bits that may be appended to 
the Header field and Data field. National Semiconductor 
recommends a computer generated polynomial called the 
Glover 140A0443 code with a correction span of 5-bits for 
MFM encoded drives. The designation represents the hexa
decimal equivalent of the forward polynomial and it requires 
a preset of all 1 'so The code has two polynomials; the for
ward one for checkbit generation and checking and the re
verse one for error location. The error detection span is 32-
bits while the correction span is 5-bits. The number of bytes 
in the sector determines the integrity of the code. The maxi
mum sector length the code can handle is 1024 bytes of 
data and 4 bytes of ECC, which is within the limits of most 
disk formats. The completely programmable feature of the 
DOC with respect to ECC offers a lot of flexibility to the user. 
In case a user prefers to use his own high integrity code, the 
DOC can be configured to interface easily with external ECC 
circuitry and the DOC can be programmed to operate in the 
external ECC mode, as discussed in chapter 4. There are 
essentially three kinds of operations associated with the 
ECC circuitry: 1) checkbit generation, 2) checkbit verifica
tion, and 3) error location. 

7.6.1 Error Detection 
Internal Checkblt Verification-Write 

This operation occurs when the controller is performing a 
write operation. The ECC shift register is downloaded with 
the preset value stored in the Preset Register. The code 
length is selected independently for Header and Data ap
pendage. Bits being shifted out of the SERDES (serializer/ 
deserializer) to the disk, are also shifted into the ECC Shift 
Register. When the last bit of the Header or Data field has 
been transmitted out of the DOC, the generated check bits 
in the ECC shift register are directly shifted out and onto the 
disk, starting with the MSB and ending with bit O. After the 
ECC bits have been appended, the DOC switches to the 
next field. 

Internal Checkbit Verification-Read 

This function will occur concurrently with a read data opera
tion from the disk. The ECC Shift Register is first preset 
from the Preset Registers. The incoming Header or Data 
field is serially fed into the same ECC Shift Register that is 
used to generate checkbits. When all the Header or Data 
field bits and all the generated checkbits have entered the 
ECC Shift Register, the status of the bits in it is checked for 
an all zeroes condition. If it is true then the field contains no 
errors, else if any of the ECC Shift Register's bits are high, 
the field contains an error. In the case of a Header field 
error, the Header Fault bit (SO), in the Status Register is set, 
while in case of a Data field error, the Data Field Error bit 
(E1), of the Error Register is set. 

l> z • ~ ...... 
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System Alternatives on Error Detection 
Once an error has been detected by the ECC logic, the Re
enable (REN) bit must be reset via the Drive Command 
Register, before proceeding. If a Header field error is detect
ed, the DOC will react differently depending on the Header 
operation involved. The various options are discussed under 
the Drive Command Register description. If an error is de
tected in the Data field, a re-read is initiated (by the system), 
to overrule a soft error. If the data is still not corrected after 
several re-reads, it implies the detection of a hard error. By 
re-reading the sector in question and comparing the syn
dromes to previous retries, a certain level of confidence can 
be reached, that the error is media induced and ECC correc
tion can be attempted. The syndrome bytes in the ECC Shift 
Register will contain the bit error information, although the 
bytes in error have been transferred to memory. 

DATA IN SRO 

7_6_2 Error Correction 
The DOC has a maximum correction span of 15 bits, i.e. it 
can correct up to 15 contiguous bits in error, or a span of 
errors 15 bits or less. Of course correction can only be at
tempted if internal ECC checkbits were appended to the 
data field when written to the disk. The first step in the cor
rection process is to load the Data Count Register with the 
data count, (sector byte count) plus the number of bytes of 
checkbits, i.e. sector byte count registers must be initialized 
to sector length plus 4 or 6 for 32 bit mode or 48 bit mode 
ECC respectively. Then the correction cycle is initiated by 
setting the Start Correction Cycle bit of the Operation Com
mand Register. This should be done before any further 
Drive Command operation is Issued to the DOC. This pre
vents the destruction of the stored syndromes in the ECC 
Shift Register. Also while the correction cycle is in progress, 

I SRI SR2 I 

ECC/CRC OUT 

) I &BIT CRC ) 32 BITS ) 48 Bns 

r---~J:"'--+---(J 
SR5 SR4 SR3 

1 st Data Byte with Error -+ 

2st Data Byte with Error -+ 

3rd Data Byte with Error -+ 

1 st Data Byte with Error -+ 

2st Data Byte with Error -+ 

3rd Data Byte with Error -+ 

FIGURE 7.14(a). Hardware Configuration of ECC Shift Register 
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FIGURE 7.14(b). 32·Blt ECC Correction Process 
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BUFFER MEMORY 
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Byte 13 

Byte 14 

Byte 15 
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Byte 17 

-+$-+ 

-+$-+ 
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ECCSROut3 

FIGURE 7.14(c). 48·Blt ECC Correction Process 
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MP Operations after Error Located In DDC 

SECTOR DATA 
LOCAL DMA BYTE COUNT BYTE COUNT 
lDH 1 CH 39H 3BH 09H OBH mmm DOC 

INTERNAL ECC SHIFT REGISTER 
02 03 04 05 06 07 

I II: I : 

1 
SECTOR IN 

MEMORY 
CONTAINING 

DETECTED ERROR 

LOCAL DMA COUNTER H 
POINTS TO NEXT 
ADDRESS FOR 
SECTOR START -----. 1 

TL/F/BBB3-F2 

FIGURE 7.15. Location of Bytes In Error (In Memory) for the Correction Process 

the DOC ignores any drive command loaded Into the Drive 
Command Register. On initiation of the Correction Cycle, 
the Correction Cycle Active flag, (bit 6 of the Status regis
ter), will go high. 
The ECC Shift Register contains encoded information with 
regards to both the location of the bytes in error and the 
error pattern. The ECC Shift Register's contents are trans· 
posed which sets up a reverse shift without actually revers· 
ing the direction of shift in the shift register. The advantage 
of reverse shifting is that a non·correctable error Is deter
mined much quicker than If forward shifting is used. It also 
guarantees the completion of the correction cycle within the 
time it takes to read one sector of the disk. The ECC logic 
begins shifting, looking for a zero detect, I.e. detection of all 
zeroes in the upper (32·C) or (48·C) bits of the ECC Shift 
Register, where C Is the correction span selected. After 8 
shifts, the Data Count Register begins decrementing, with 
one down count for every 8 shifts of the ECC Shift Register. 
When the zero detect condition occurs, the control logic will 
stop decrementing the Data Count Register and Its state 
indicates the byte that is in error. If the Data Byte Counter 
decrements to zero before the selected most significant bits 
of the ECC Shift Register are all zeroas, the error Is non-cor· 
rectable. In case of this conditio," or the zero detect condi
tion of the ECC Shift Register, an interrupt is issued to indi
cate to the host microprljcessor that the correction cycle 
has finished, indicated DY the CCA flag (bit 6 of the Status 
Register being reset). 
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During the correction cycle other operations like completion 
of remote DMA etc., may issue an interrupt which should be 
serviced to enable recognition of the interrupt on comple· 
tlon of the correction cycle. The Error Register bit CF is 
examined, which if set signifies a non correctable error. If 
the bit is not set, then the error is correctable and must be 
either In the data field or the checkbits of the ECC field or 
overlapping both fields. 
At the Instant when the 'zero detect' condition occurs in the 
ECC Shift Register, the status of the Data Count Register 
indicates the byte in error. For example-if the data count 
register shows 515, then the 515th byte ofthe data field is in 
error. If there were only 512 bytes in the data field, then 515 
means that the 3rd byte of the checkbit field is in error. The 
syndrome bytes in the ECC Shift register should be aligned 
so that the Most Significant Bit of the syndrome field align 
with the Most Significant Bit of the byte 515. However, if the 
syndrome spans a field of two bytes, then it will align with 
byte 515 and 516. When the data byte in error is located, 
the ECC logic makes sure that the syndrome bits are 
aligned properly on a bit by bit basis with that byte In error. 
Therefore, it will continue to shift until this has happened. To 
facilitate the speed restraints of the process, the syndrome 
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will get shifted one full byte beyond where one would expect 
to see it in the ECC Shift Register. The syndrome bits will be 
located starting at the second byte of the EGG Shift Regis
ter. Figure 7.14 (a) shows the orientation of the EGG Shift 
Register for various sizes of polynomials selected. 

Errors are corrected by XOR'ing syndrome bytes (EGG SR 
0-5) with the bytes in the data record in memory that con
tain the error. The address of the first byte of the data field, 
in error is computed as follows: [current value of OMA ad
dress bytes 0 and 11 - [sector byte count] + [data byte 
count] - 1. For performing a correction with 32 bit EGG, 
EGG SRI, EGG SR4, and EGG SR5 contain the syndrome 
pattern in that sequence. ECC SR2 and ECC SR3 are not 
used in 32-bit mode and will contain O's if read. EGG SRO 
will contain all O's if the error is correctable, and may con
tain some set bits if not. The bytes in error (in the memory) 
are located as shown in Figure 7.15 while the correction 
process is shown in Figure 7.14 (b) and (c). To perform a 48 
bit correction EGG SRI, EGG SR2 and EGG SR3 should be 
read sequentially for the syndrome bits. EGG SRO, EGG SR4 
and EGG SR5 are not used and will contain O's for a correct
able error. Figure 7.16 shows an example of the correction 
process. Figure 7.17 gives a flow chart of the correction 
cycle operations. 

EXAMPLE OF A 32·BIT CORRECTION 

Shown in Figure 7. 18 is a record with several bits read in 
error from the disk. Bits 04, OIl, 013 and 014, now located 
in memory were read incorrectly and need to be corrected. 
As can be seen, the correction pattern provided in EGG SRI 
and EGG SR2 can be used to correct bits 04, 011, 013 and 
014. The GPU reads the Oata Byte Gount and computes the 
address of the first data byte in error, read from the disk. 
This byte is XOR'ed with EGG SRI and is written back to 
memory. The second byte read form the disk is XOR'ed with 

EGG SR4 and then written back. EGG SR5 need not be 
used since it contains all O's. 

7.6.3 Programming the ECC 
There are two sets of six registers used to program the 
ECC. One set of six is used to program the polynomial taps, 
while the other set is used to establish a preset pattern. Bits 
contained in the EGG Gontrol Register are used to control 
the correction span. The Oata Format Register contains bits 
for choosing the desired type of appendage: either 32 or 48 
bit programmable EGC polynomials, or the 16 bit GGITT 
GRG polynomial. 

PROGRAMMING POLYNOMIAL TAPS 

To program a polynomial into the shift register, each tap 
position used in the code must be set to 0, and all unused 
taps should be set to 1. The bit assignment for these regis
ters in 48 and 32-bit modes is shown in the tables, Figure 
7.21 (a). It is important to note that for 32-bit codes, PTB2 
and PTB3 must be set to all 1 'so Failure to do so will result in 
improper operation. Also x48 for 48-bit and x32 for 32-bit 
EGG are implied and so is xO, even though this bit is acces
sible. 

PROGRAMMING PRESET PATTERN 

PPBO-PPB5 must be initialized to program the preset pat
tern that the shift registers will be preset to. As in the poly
nomial taps, x48, x32, and xC are implied. The assignment of 
the bits for 48 and 32-bit modes is shown in Figure 7.21 (b). 
The value programmed into each register will be the preset 
pattern for the eight bits of the corresponding shift register. 
For typical operation, these will be programmed to all 1 'so 
All unused presets should be set to o. In 32-bit mode, PPB2 
and PPB3 must be set to all O's. Failure to do so will result in 
improper operation. 

An Example of ECC In Action 

D7 D6 D5 D4 D3 D2 Dl DO D7 D6 D5 D4 
SECTOR AS READ :1 0 1 1 I 0 I 1 ~ 1 I 1 I 0 : FROM DISK 

I------5 BIT ERROR----...J 

PATTERN IN SHIFT 

:11 11 I I 11 I 0 I 0 I 0 1 0 I I I REGISTER BEFORE 1 1 0 0 
ALlGNt.iENT 

I. SRI .1. SR4-
D7 D6 D5 D4 

PATTERN AFTER J 

o I 0 I 0 I 0 BYTE ALIGNMENT 

SECTOR IN 7 

ISTORY ~ : 

DATA BYTE 10 
COUNTER POINTS 

HERE 

...... .. 

• 
," . ", 

T : T 
BEFORE CORRECTION 

D3 D2 Dl DO D7 D6 D5 

lJ lJ 1 1 J 1 J 0 I 0 

SRI SR1 

• 
", . ,,-

T : T 
AFTER CORRECTION 

FIGURE 7.16. How Error Correction Works 
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This cycle can only be 
initiated after a Read 
Data Operation has 
been completed 

INITIALIZE SECTOR BYTE COUNT REGISTER TO: 
• SECTOR LENGTH + 4 (FOR 32-BIT ECC) 
• SECTOR LENGTH + 6 (FOR 48-BIT ECC) 

ERROR IS 
NONCORRECTABLE 

ERROR IS ONLY IN ECC 
FIELD; DO NOT CORRECT. 
DATA IS GOOD 

COMPUTE ADDRESS OF FIRST DATA BYTE IN ERROR: 
(CURRENT ADDRESS OF DMA ADDRESS BYTES). 

- (SECTOR BYTE COUNT L &: H) 
+ (DATA BYTE COUNT L &: H) 
- 1 
- DESIRED ADDRESS 

NO 

YES 

TLlF/8663-F4 

FIGURE 7.17. Flow Chart of the Correction Cycle Operation 

ECC CONTROL REGISTER 

The ECC Control Register controls a number of functions. 
The correction span can be programmed using four bits of 
this register. Errors longer than the correction span are 
treated as non-correctable. The allowable correction span is 
3-15 bits. If a span outside this range is loaded. then the 
DOC defaults to a span of three bits. There is a bit (HEN) to 
indicate whether Header address mark and/or synch fields 
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are encapsulated in the CRC/ECC calculation. There is also 
a bit (DEN) for indicating whether data address mark and/or 
synch fields are encapsulated in the CRG/ECC calculation. 
Facility for inverting data entering and leaving the ECC Shift 
Register is also provided. For selecting the internal 16-bit 
GRG polynomial. the appropriate bits in the Disk Format reg
ister are set. the ECC Control Register is programmed as 
desired. 



~ r-----------------------------------------------------------------------------~ .,... .. 
~ Syndrome Pattern Buffer Memory 

Register 
Bit Number 

7 6 5 4 3 2 1 0 
Corresponding Buffer 

Data Bit Pattern 

ECC SR1 0 0 0 1 0 0 0 0 07 06 05 03 02 01 DO 
ECC SR4 0 1 1 0 1 0 0 0 015 012 010 09 08 
ECC SR5 0 0 0 0 0 0 0 0 023 022 021 020 019 018 017 016 

• = location of bits in error 
Figure 7.18 Example of Correction Syndrome Bits relating to Data Bit Patterns 

Tap Assignment 32-Blt Mode Preset Bit Assignment 32-Blt Mode 

REG# ADDR 
Bit Number 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
REG # ADDR 

Bit Number 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

PTBO 08 X7 X6 X5 X4 X3 X2 Xl XO PPBO 02 X7 X6 X5 X4 X3 X2 Xl XO 

PTB1 09 X15 X14 X13 X12 Xll Xl0 X9 X8 PPB1 03 X15 X14 X13 X12 Xll Xl0 X9 X8 

PTB2 OA 1 1 1 1 1 1 1 1 PPB2 04 0 0 0 0 0 0 0 0 
PTB3 OB 1 1 1 1 1 1 1 1 PPB3 05 0 0 0 0 0 0 0 0 
PTB4 OC X23 X22 X21 X20 X19 X18 X17 X16 PPB4 06 X23 X22 X2l X20 X19 X18 X17 X16 

PTB5 00 X3l X30 X29 X28 X27 X26 X25 X24 PPB5 07 X3l X30 X29 X28 X27 X26 X25 X24 

Tap Assignment 48-Blt Mode Preset Bit Assignment 48-Blt Mode 

REG# ADDR 
Bit Number 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
REG# ADDR 

Bit Number 
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

PTBO 08 X7 X6 X5 X4 X3 X2 Xl XO PPBO 02 X7 X6 X5 X4 X3 X2 Xl XO 

PTB1 09 X15 X14 X13 X12 Xll Xl0 X9 X8 PPB1 03 X15 X14 X13 X12 Xll Xl0 X9 X8 

PTB2 OA X23 X22 X2l X20 X19 X18 X17 X'6 PPB2 04 X23 X22 X2l X20 X19 X18 X17 X16 

PTB3 OB X3l X30 X29 X28 X27 X26 X25 X24 PPB3 05 X3l X30 X29 X28 X27 X26 X25 X24 

PTB4 OC X39 X38 X37 X36 X35 X34 X33 X32 PPB4 06 X39 X38 X37 X36 X35 X34 X33 X32 

PTB5 00 X47 X46 X45 X44 X43 X42 X4l X40 PPB5 07 X47 X46 X45 X44 X43 X42 X4l X40 

FIGURE 7-19. Programming the Presets of Tapsj the Tap and Preset Register Configurations 

WCLK 

r--DATA POSTAMBLE (LAST BYTE)-----I 

WDATA I 2 I I 0 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
INT ''--- TL/F/8663-F5 

a) Write Data Operation 

RCLK 

--I--DATA POSTAMBLE(rlRST BYTE)--'- DATA POSTAMBLE 
-,.-,r---r--;-......, ...... T"""T"-r ....... r-"T""-T""-;-I~(STE_COND BYTE) 

RDATA I 2 I 1 I 0 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 7 I 
INT ''''---- TLlF/8883-F6 

b) Check Data Operation 
FIGURE 7.20. Operation Complete Interrupt Timing 
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T1 T2 T3 T4 

LK 

Viii (OUT) 
, I 

_____________ ~ OCCURS DURING LAST Viii STROBE OF THE TRANSFER 

iNi' L 
TLlF/B663-F7 

c) Read Data, In Single or Dual Channel (Non·tracklng) Move 

BCLK 

Rii(OUT} '~ ____________ JI 
-LAST TRANSFER FROM LOCAL MEMORY TO SYSTEM I/O 
-LAST TRANSFER FROM FIFO (EXTERNAL DMA) 

,'------
TLlF/B663-FB 

d) Read Data, In Dual Channel (Tracking) or In an External DMA Mode 

FIGURE 7.20. Operation Complete Interrupt (Continued) 

Example of programming the ECC registers 

Objective: To program the 32-bit polynomial of the form; 
(fhis is National Semiconductor's recommended 
polynomial) 

x32 + x28 + x26 + x19 + x17 + x10 + x6 + x2 + xC 
with a preset of all 1's, a correction span of 5-bits with no 
header/data encapsulation. The registers would be pro
grammed as given below. Note that as defined earlier, PTB2 
and PTB3 must be all 1's and PPB2 and PPB3 must be all 
O's. 

Polynomial Taps Registers 

REG# 7 6 5 4 3 2 1 0 

PTBO 1 0 1 1 1 0 1 0 
PTB1 1 1 1 1 1 0 1 1 
PTB2 1 1 1 1 1 1 1 1 
PTB3 1 1 1 1 1 1 1 1 
PTB4 1 1 1 1 0 1 0 1 
PTB5 1 1 1 0 1 0 1 1 

Polynomial Preset Registers 

REG# 7 6 5 4 3 2 1 0 

PPBO 1 1 1 1 1 1 1 1 
PPB1 1 1 1 1 1 1 1 1 
PPB2 0 0 0 0 0 0 0 0 
PPB3 0 0 0 0 0 0 0 0 
PPB4 1 1 1 1 1 1 1 1 
PPB5 1 1 1 1 1 1 1 1 

BIT# 
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7.6.4 Internal ECC Diagnostics 
The DOC has a diagnostic capability for validating the inter
nal ECC function. By loading the Data Byte Count Register 
with the number of bytes in the sector plus the number of 
bytes of ECC appendage for the Data field. The internal 
CRC/ECC appendage for the Data field is set to zero so 
that no CRC/ECC will append the data field. Next the micro
processor sets up a data pattern in memory of all zeroes for 
the nominal sector length, except for bit positions where 
simulated errors are desired. Also, the microprocessor ap
pends to this data the ECC appendage for an all zeroes 
data field by setting the Drive Command Register to perform 
a Compare Header-Write Data operation. In this way the 
DOC executes a diagnostic write function. In this mode, the 
data field from memory is written as in a normal write opera
tion to the data field of the selected sector. Then the 32-bits 
or 48-bits of ECC check are also issued, where these check 
bits are falsely generated as if from an all zeroes data field. 
The selected sector now contains an all zeroes data field 
with simulated error bits followed by an ECC appendage 
representing checkbits generated from an all zeroes data 
field. The Data Byte Count is now re-Ioaded with the normal 
sector length and the correct ECC appendage length select
ed. A subsequent Read Data operation should produce an 
error indication. A correction cycle can then be implemented 
and the syndromes can be examined along with the Data 
Byte Counter contents. The microprocessor can then com
pare these syndromes with the positions of the simulated 
error bits previously written in the data field. This offers the 
user a diagnostics capability that simulates errors easily, 
merely by writing the data field with all zeroes except where 
the simulated error locations are desired. 

:J> 
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7.S.5 Encapsulation of Internal ECC 
with External ECC 
The external ECC field may be used to encapsulate the in
ternal ECCICRC field as a confirmation of error detection. 
The advantages of this scheme are that both external and 
internal ECC must agree on 1) the existence of the error, 2) 
location of the error, and 3) the error pattern. If an error is 
detected either internally or externally, the DOC will operate 
as if an internal error were detected. 

7.7 INTERRUPTS 
The DOC will interrupt the microprocessor only if the Inter
rupt Enable bit (EI) in the Operation Command register is set 
high. If it is not set, the INTERRUPT output is always forced 
high. 

7.7.1 Types of Interrupt 
The interrupts generated by the DOC can be divided into 
four categories: 

1) Operation Complete Interrupt 
2) Header Complete Interrupt 
3) Error Interrupt 
4) Correction Cycle Complete Interrupt 

Each of the above mentioned types is explained in the fol
lowing. 

OPERATION COMPLETE INTERRUPT 

The DOC will interrupt the microprocessor when it com
pletes anyone of the legal header-data disk operations list
ed in Table 5.13. The interrupt will also indicate that the 
DOC is ready to execute a new command. Some interrupt 
generation situations are explained below. 

1) An interrupt will occur when the remote transfer is com
pleted during a disk read operation in Tracking mode. 

2) An interrupt will occur when the local transfer is complet
ed during a disk read operation in Non-tracking mode. 

3) In Non-tracking mode, if remote DMA channel is enabled, 
an interrupt will occur aiter the remote transfer is completed 
independent of the disk operation or the local transfer. 

ROClK 

4) If the operation was a multi-sector operation, an interrupt 
will only occur on the completion of the last operation. 

The Operation Complete interrupt generation for various 
Header and Data operation is shown in Figure 7.20. In disk 
write operations, the operation complete interrupt is gener
ated when last byte of data postamble is being output by the 
DOC. In Header-Check data operation, operation complete 
interrupt occurs when first byte of data postamble enters 
the DOC. In disk read operations when the DOC is using 
only its local DMA channel (single channel DMA and non
tracking DMA modes), the operation complete interrupt is 
generated when the last byte (or word) is transferred to the 
memory. Basically it is coincident with the last WR\ strobe. 
When the DOC is in dual channel DMA mode, the operation 
complete interrupt is issued during the last RD\ strobe i.e. 
when last byte (or word) is transferred from local memory to 
system 1/0. Similarly, when an external DMA is used, the 
operation complete interrupt is generated during the last 
RD\ strobe i.e. when last byte (or word) is transferred from 
the DOC to external memory. 

HEADER COMPLETE INTERRUPT 

In all legal DOC operations listed in Table 5.13, an interrupt 
will be generated aiter a header operation only if the Enable 
Header Complete Interrupt bit (EHI) in the operation com
mand register is set high. In case of multi-sector operation, 
this interrupt will be generated after each header of a sector 
has been operated on. The header complete interrupt fea
ture is commonly used when the DOC is In Interlock Mode 
(Refer to section 5.2.5). On interrupt, the 10 and Data fields 
for the next sector can be changed, if desired, before the 
next sector operation starts. 

The header complete interrupt is coincident with the Next 
Disk Command bit (NDC) being set in the Status register. 
Thus, the controlling microprocessor can be notified to load 
the DOC with the next disk command. In other words, the 
DOC could be run continuously for any length of time by 
loading a new disk command whenever next disk command 
flag is set. The generation of header complete interrupt is 
shown in Figure 7.21. In Compare, Read and Ignore Header 

-_�4_- 10 POSTAMBLE{FIRST BYTE) -....1.- 10 POSTAMBLE 
"'-::-I.'-~-:-r:-r':'"l~r"T'~~,--T . 1~{Sr:::ECONO BYTE) 

ROOATA ...... .;;,2....&..;~,;.0 ..a...;,7...a..,;6;..L1 ,;.5 ..L1..;;4;.,11L.3:....L.1.:.2.J1_1~1 ;,0 .L1 ~7.J1L... 

'''''---
a) Compare, Read or Ignore Header Operations 

WRCLK 

__ 14_- 10 POSTAMBLE (FIRST BYTE) -....1.- 10 POSTAMBLE 

-'-:-r:.,..-:-i"":"r."T'~~'-~-~"T""";' I~{S~ECONO BYTE) 
WROATA 2 0 6 I 5 I 4 I 3 I 2 I 1 I 0 I 7 I 

INT '''''---b) Write Header Operation 

FIGURE 7.21. Header Complete Interrupt Generation 
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operations, the interrupt is generated when first byte of ID 
Postamble is being read by the DDC whereas in Write Head
er operation, interrupt is generated when first byte of ID 
Postamble is being written to the disk by the DDC. 

ERROR INTERRUPT 

An interrupt will be generated if any bit in the Error register 
is set, which in turn sets the Error Detected bit (ED) in the 
Status register. Refer to description of Error and Status reg
isters in section 5.1.1. Also an error interrupt will be issued. 

CORRECTION CYCLE COMPLETE INTERRUPT 

An interrupt will occur at the end of an internal correction 
cycle independent of the result of the correction cycle. If the 
error was not correctable, another interrupt will not be gen
erated, only the Correction Failed flag (CF) in Error register 
will be set. 

7.7.2 Interrupt Servicing 
As explained earlier, the DDC issues an interrupt on, an 
operation complete, the header operation complete, the oc
currence of an error and the completion of a correction cy
cle. Whenever an interrupt is generated, the Status and Er
ror register should be read in order to find out which one of 
the four situations has happened. In the status register, flag 
NDC indicates the completion of an operation, flag HMC 
indicates the completion of a header operation, and flag ED 
indicates the occurrence of an error. Only when the ED flag 
is set, the Error register is read to find out the type of error 
that caused an interrupt. Also, the CF flag in the Error regis
ter indicates result of the correction cycle. The interrupt 
servicing for various interrupts is described below. Figure 
7.22 shows a flow chart for servicing interrupts. 

Operation Complete Interrupt: In case of operation com
plete interrupt, the NDC flag in the Status register gets set 
indicating that the DDC is ready for next command. The 
DDC is brought to the Command Accept mode and the de
sired command is loaded with all other related registers ini
tialized. Refer to sections 7.1 through 7.6. 

Header Complete Interrupt: The HMC flag in the Status 
register, gets set in case of header complete interrupt. This 
basically indicates that the header operation (ignore, com
pare, read or write) has completed. The information in the 
DDC's registers can be changed before the start of next 
header operation i.e. during the time when the data opera
tion for the current sector is in progress. If the DDC is in 
Interlock mode, the HBC/interlock register is also written to 
during this time. See sections 5.2.5 and 7.2 (interlock format 
method). 

Error Interrupt: In case of an Error interrupt, the ED flag in 
the Status register gets set. The Error register should be 
read next, to find out the error that caused the interrupt. For 
the description of various error flags, refer to Error register 
description in chapter 5. The HFASM function is explained 
in detail in section 7.B. Also see description of Header Byte 
control register in chapter 5. The DFE (data field error) is 
caused by an ECC/CRC error in the data field. Generally, 
retrying the operation takes care of this error. If this error 
does repeat on retries, a correction cycle should be per
formed. See section 7.6. The SNF (sector not found) error 
could also be resolved by retrying the operation. If it does 
repeat on retries, then the head should be repositioned. The 
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SO (sector over run) occurs while reading or writing more 
data than what has been allotted on the disk and could be 
taken care of by checking system software. The NDS (no 
data synch) occurs because of a mismatch in address mark 
or synch fields and could be resolved by retries or system 
check-up. The FDL (FIFO data lost) could occur due to 
speed incompatibility between system and the disk drive 
and could be resolved by retrying or checking the system. 
The CF (correction cycle failed) can be taken care of by 
retrying the correction cycle again, if still not resolved, then 
that means the error is not correctable. See section 7.7 on 
ECC/CRC. The LI (late interlock) could also be resolved by 
retrying. See section 5.2.5 for details on interlock operation. 

Correction Cycle Complete: The Error register is read. If 
CF flag indicates that the correction cycle failed then it can 
be performed again. After retry if it still fails, then the error is 
not correctable. See section 7.6 for details on correction 
cycle. 

7.7.3 Interrupt Clearing 
The INT pin will be forced inactive high any time the status 
register is read. If an interrupt condition arises during a 
status read, an interrupt will be generated as soon as the 
status read is finished. INT pin will also be deactivated by 
setting the internal Reset bit (RES) or asserting the external 
RESET pin. Clearing the RED bit in Drive Command register 
will not deactivate an interrupt. 

7.8 ADDITIONAL OPERATIONS 

7.8.1 Data Recovery Using the Interlock 
Feature 
The potential use of the interlock feature is in recovering 
data from a sector with an unreadable header or ID field. It 
is assumed that the number of the sector physically preced
ing the bad sector on the disk is known. A Single-sector 
operation will be performed on these sectors, and the Drive 
Command Register will be changed in between them. The 
following steps will recover the data. 

Step 1. The header bytes of the physical sector preceding 
the desired sector are loaded into the relevant header byte 
pattern registers. 

Step 2. The OC Register must be loaded with the EI, EHI, IR 
bits set. This enables the Header Complete interrupt as well 
as the interlock feature. 

Step 3. The DC register is loaded for a Single-sector, com
pare header/check data operation. 

Step 4. After the header complete interrupt, the DC register 
must be loaded with an Ignore Header/Read data opera
tion, and the Interlock Register (HBC) written to. If the con
trolling microprocessor fails to write to the HBC register be
fore the end of the data field of the first sector, a Late Inter
lock error (LI bit in the Error Register) will be flagged, and 
the operation will be terminated with an interrupt. 

Step 5. When the HMC interrupt occurs on the second sec
tor, the Interlock (HBC) Register must be written to again to 
avoid a LI error. 

Step 6. The operation will terminate normally when the data 
from the badly labeled sector has been read. 

Figure 7.28 shows the data recovery algorithm. 
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1+_--1 LOAD DOC FOR NEXT 
OPERATION 

1+_ ...... LOAD DESIRED PARAMETER/ 
COMMAND REGISTERS 

1+_--1 TRY AGAIN OR SET 
DOC FOR A NEW OPERATION 

1+_--1 TRY AGAIN OR 
PERFORM A CORRECTION CYCLE 

1+_ ....... TRY AGAIN OR 
CHECK SYSTEW HOOK-UP 

MICROPRESSOR TOO SLOW. TRY 
14--...... SAME SECTOR AGAIN OR CHECK 

SOFTWARE 

14--...... DMA ACKNOWLEDGE CAME LATE. 
CHECK SYSTEM AND TRY AGAIN 

OPERATION IN PROGRESS 

,+---------------1 REPEAT THE OPERATION OR 1+_< 
REPOSmON HEAD 

FIGURE 7.22 Interrupt ServiCing 
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7.8.2 The Header Failed Although Sector 
Matched (HFASM) Function 
The Header Failed Although Sector Matched, HFASM func
tion can be used to perform some disk maintenance and 
diagnostic functions. The HFASM function (pronounced 
H-fazzzm) has been described very basically in section 
5.1.1 and 5.1.3. In this section, an attempt is made to pro
vide a more detailed description and some example uses. 

The HFASM function is essentially an Error that can be en
abled by setting the EHF bit in anyone or more Header 
Control Registers. When this bit for any header byte is en
abled, and a Compare Header Operation is performed, the 
HFASM Error will be generated if certain conditions are met. 
The Error is generated if a header byte pattern register 
matches with its disk header byte, and that header byte had 
its EHF bit, and any other byte in the header fails to match. 
If multiple header bytes have been enabled only one need 
to match, while any other header byte does not match in 
order to generate an HFASM error. The other header bytes 
mayor may not have their EHF bit set. Thus, this error can 
tell the system when a particular type of header has been 
found, even though the exact header did not match. 

The HFASM error is generated only when execute a com
mand that has a Compare header operation. Write Header, 
Read Header and Ignore Header operations will not gener
ate an HFASM error. If a Compare Header Operation, and a 
Check Data Operation form the command is executed and 
an HFASM error is generated, no data is transferred to the 
system, but the DOC will load the Header into the FIFO. If a 
multi-sector operation was in progress the HFASM Error be
Ing set will terminate the operation. If the HASM Error is set, 
but the sector has a CRC error as well, the DOC will termi
nate the command with both bits set. 

This command can be used for various tasks. For example, 
if the sector's sector number byte has the EHF bit set for all 
read and write operations, no HFASM error should occur. If 
one does occur then the system knows that the correct sec
tor number was found, and the reason the correct sector 
was not found was because of a seek error (head on wrong 
track); the header was marked bad (and the DOC is looking 
only for good headers); the wrong head was selected; or 
some other header parameter was Incorrect. 

Another example suppose that the header byte that is des
ignated as the sector's sector number has its EHF bit set, as 
before. The system wants to find sector one, but does not 
know the other header Information. If a Compare Header
Check Data Command is executed, an HFASM error the 
FIFO will be loaded with the actual header that has a sector 
number of one. The system can then determine what the 
status/flag information is (Is it a bad sector or a good one 
etc?) or which cylinder the head Is on. 

A third possibility, would be to find specific sectors that 
might have their flag header bytes indicating a bad sector. 
The EHF bit of the header byte designated for the flag 
should have its EHF bit set. In this case if a Compare head
er-Check data is performed using the interlock mode and 
starting on the sector, all the bad sectors can be identified. 

In general the HFASM function is a subtle but powerful tool 
to enable some diagnostics, and provides to a limited de
gree the ability for a user definable error condition. 
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M ,-----------------------------------------------------------------------------, .... 
'T APPENDIX: DISK DATA CONTROLLER COMMAND FLOW CHARTS 
~ 

The design guide has covered the general ways that the 
DOG can execute the various operations. However, it is im
possible to account for all possible design situations in the 
guide. To attempt to provide information which the designer 
can utilize to determine how the controller might behave in 
various situations, the figures in this section outline the com
mand flow for the disk operations. All header and data oper
ations are covered, and DMA operations are excluded ex
cept to the extent that information must be loaded/unload
ed from the FIFO to ensure no overflow or underflow oc
curs. Other than this DMA operation occurs independently 
(and concurrently) to the actual disk operations. 

The command flow that the DOG executes is divided into 
header and data operations. In addition to this there are 
several operations that are performed concurrently, these 
are shown in the flow charts as special sections and are 
labelled as concurrent operations. Figures A. 1 to A. 13 cover 
the header operation and Figures A.14 to A. 18 cover the 
data operations. These are described below. 

A.1 START OF COMMAND 
After a reset, the DOG is in the standby mode waiting for a 
command. In this mode the DOG is waiting for a command, 
and once a command is loaded the controller starts its oper
ation. The first major task is to start the DMA transfer to the 
FIFO if a write data operation is desired. This will start a 
concurrent task for the DMA controller that will be executed 
throughout the write data operation. Note that this is shown 
in Figure A.2 as a separate dotted outlined block. Otherwise 
the rest of Figure A.1 sets up for the header operation, in
cluding when to start this operation. 

A.2 WRITE HEADER OPERATION 
In Figure A.3 a Write Header operation is assumed. The first 
test is whether the data output is to be MFM or NRZ. If 
MFM, the precompensation may be enabled if NRZ, Figure 
A.4 is executed. The first steps taken by the DOG are to 
write the preamble, address mark bytes, and the sync bytes 
if deSired. Also, if the GRG/EGG is to encapsulate both 
header and sync fields than it is turned on, otherwise it will 
be turned on later. 

Figure A.4, A.5, and A.6 complete the write header opera
tion. First the GRG/EGG is enabled, then the header bytes 
are written. There are various options on how to do this and 
they are shown in this figure. Finally the GRG/EGG fields are 
written to the disk. This includes the internal one, and/or an 
external field if desired. The last task is to write the header 
postamble field. 

At entry point 0, a standard end to the header operation is 
shown. This is used by other header operations. Here the 
header match bit is set and if interrupts are enabled, the 
Header completion interrupt is issued. If the operation is a 
multi-sector operation, then the Number of Sector Opera
tions counter and the Start Sector register are updated. If 
the last operation then the DOG is ready for the next com
mand and will start the data operation. 

A.3 NON-WRITE HEADER OPERATION 
For a read or ignore header operation, the entry point in 
Rgure A.7 is H. First the operation waits to start based on 
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the internally programmed mode and the receipt of an index 
or sector pulse. Then Read Gate is asserted, and the DOG 
searches for the sync or address mark fields. Once all the 
sync and address mark fields match, the DOG can perform 
the Header operation. Figure A.5. If encapsulation of the 
GRG/EGG was enabled then GRG/ECC calculation will be
gin at the address mark field. 

If not already active, the GRG/EGG is activated, and the 
DOG starts operating on the header information. If the data 
operation is a check data or the header operation is a read 
header (the later is shown in Figure A.11), then the header 
bytes are loaded into the FIFO. If the operation is a com
pare header, the header bytes are compared to the regis
ters or start sector register. Next the GRG/EGG is checked. 
If it is in error then the header fault flag is set, however the 
operation is not aborted. If there is a GRG/EGG error or the 
header did not match, the DOG then looks for the next sec
tor. If the correct header is found then, the DOG will deas
sert read gate to avoid the write splice, and will proceed to 
execute a data operation. 

A.4 WRITE DATA OPERATION 
For a write data operation, the write gate is asserted, and an 
algOrithm similar to the write header operation is executed. 
MFM or NRZ data output is configured, and the start with 
address mark mode is checked. Address mark, preamble 
and sync fields are written Figure A. 14. If needed the GRG/ 
EGG generator is enabled when the Address Mark is written. 

Just prior to writing data, the GRG/EGG will be enabled, if it 
is not already. Then data is written to the disk from the FIFO 
or the Format pattern register. Once the data is written, the 
GRG/EGG is written, followed by the data postamble. If the 
operation is not a format operation then write gate is deas
serted, and interrupts may be generated. If the operation is 
a format operation, the post sector gap is written, as shown 
in Figure A. 16. 

The operation then is completed and the DOG will check to 
see if the command was a multisector one or if a new com
mand has been entered. If so then a new command is start
ed immediately, and this is shown by jumping to entry point 
V in Figure A. 1. 

A.S NON-WRITE DATA OPERATION 
The flow chart for a read data or check data operation is 
shown in Figure A. 17. After the header postamble, read 
gate is asserted. The DOG first configures when the GRG/ 
EGG calculation should begin. It then begins checking the 
address mark and sync fields. If an error occurs the opera
tion is aborted. Otherwise if the operation is a read data, the 
data is sent to the FIFO, and the GRG/EGG is checked. 

If the operation is a check data command, the data field is 
not transferred or checked, and the DOG just counts this 
field and checks the GRG/ECC. At exit point U on Rgure 
A. 18 the end of the data operation jumps to Figure A. 16, 
where the interrupts may be generated if enabled and the 
DOG checks for another command. 
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FIGURE A.S. Flow Chart for Third Part of a Write Header Operation and Ending Sequence for Other Header Operations 
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FIGURE A.14. First Part of Data Operation Flowchart, NRZ Mode (Up to Data Sync Field) 
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Precautions for Disk Data 
Separator (PLL) Designs
How to Avoid Typical 
Problems 

The disk data separator/synchronizer PLL is subject to a 
unique set of concerns, all of which can be accommodated 
when adequate precautions are taken in system design. 

FRACTIONAL HARMONIC LOCK 

The frequency discrimination capacity of the digital phase 
detector within the data separator/synchronizer is sup
pressed whenever a pulse gate technique is employed. Al
though this pulse gating technique is a standard in disk drive 
applications and is necessary in order to allow the PLL to 
remain phase locked to randomly spaced disk data bits, it 
essentially causes the phase detector to behave as would 
an analog quadrature multiplier, i.e., the capture range of 
the loop takes on the finite value related to the loop band
width. Under ordinary circumstances, this is quite accept
able; however, it does permit the PLL to become suscepti
ble to a form of quasi-stable false lock to fractional harmon
ics of the input frequency. (For example, a typical lock null 
for this phenomenon would be where the vce stabilizes at 
5/6 or 6/5 of its nominal frequency.) The conditions for oc
currence of this are: 

1) Pulse gate in use; 

2) Periodic pattern is present (i.e., preamble); 

3) Perturbation occurs either during or just prior to the 
periodic pattern, causing the vce to swing outside of 
the dynamic capture range of the loop. 

Since the capture range in a typical disk PLL configuration is 
on the order of ± 2% of the data rate, it can be seen that 
harmonic lock could easily occur given an adequate pertur
bation of the loop. Typical causes of perturbations would be 

READ GATE 
(PIN 16) 

2-1 CLOCK 
(PIN 21) 

o PR Q 

VCO OUTPUT 1>--1> 
(PIN 8) 

National Semiconductor 
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William Llewellyn 

media defects and spurious noise pulses, among others, but 
the most commonly seen occurrence within sott-sectored 
systems is where an attempt is made to "read" through the 
write splice region on the disk (zone where the head write 
current is either switched on or off) during a sector search 
operation. Typical system-level symptoms of fractional har
monic lock are "sector not found" and "address mark not 
found" errors. Data (CRC or ECC) errors rarely are seen 
here because the phenomenon occurs primarily during the 
sector search routine. 

Recovery from harmonic lock will occur readily when the 
read operation is terminated if: 

1) frequency discrimination is re-introduced as the PLL 
is re-Iocked to the reference clock, or 

2) the PLL bandwidth is raised to a higher value (cap
ture range is extended) as the PLL is re-Iocked to the 
reference clock, or 

3) the phase transient experienced by the PLL as its 
input is switched back to the reference clock is 
enough simply to jar the PLL back to the correct fre
quency. 

Item # 1 is incorporated within all of National's current hard 
disk data separator/synchronizer circuits (the DP8460/50 
are excepted, being replaced by the DP8465/55). Item #2 
(user optional) is incorporated within all of National's hard 
disk PLL's. Systems which incorporate the frequency lock 
function (# 1) along with a suitable sector search alQorithm 
will rarely, if ever, encounter difficulty in this area. If the 
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FIGURE 1. External Phase-Frequency Comparator Circuit for the DP8460 
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FIGURE 2. Timing Diagram of PLL Quadrature Lock Within a Symmetrically Pulae-Palred Synch Field 

system employs a PLL which does not incorporate frequen
cy acquisition when locked to the reference Signal (such as 
the OP8460/50 predecessor of the OP8465/55), either a 
simple external circuit may be added if desired to achieve 
the function (see Rgure 1), or the PLL can be updated by 
inclusion of the DP8465 or OP8455. The OP8461 or OP8451 
would provide the most reliable solution (frequency aquisi
tion of both preamble and reference clock), but may be 
used only within hard or psuedo-hard sectored systems. 
(Note that the resistor values given in Figure 1 are initial 
recommendations only; values may need to be adjusted to 
optimize system performance.) 
Within systems where it becomes evident that the reading 
of write splices is consistently producing sector-not-found 
errors, while at the same time it is not possible to either 
modify the sector search algorithm (in order to avoid the 
splices) or to incorporate the lock support circuitry of Figure 
1, the PLL can be made less sensitive to the write splice 
disturbance by the lowering of the loop bandwidth. This is 
recommended only as an interim solution until firmware or 
hardware accommodations can be made. 

QUADRATURE LOCK 
Another form of false lock may also occur (pulse gate in 
use) within a periodic disk pattern (preamble) given one ad
ditional condition; the periodic disk pattern being presented 
to the PLL exhibits a pulse-pairing phenomenon (typically 
introduced by the data channel electronics); see F/{Jure 2. 
Within this particular pattern, PLL has the potential to lock to 
the correct frequency while remaining caught on a phase 
null 90 degrees from nominal. In this case, each pair of bits 
Is interpreted by the PLL as residing in two directly adjacent 
windows (actually a violation of all standard disk codes) with 
the two subsequent windows empty. Although the bits ap
pear to be greatly shifted within these windows, the phase 
corrections produced complement each other and average 

9-160 

to a filtered DC value of zero. This repeating pattern Is thus 
self-sustaining. 
Quadrature lock is unique in that it is more likely to occur 
within a relatively well deSigned, noise-free system environ
ment. The reason for this is that the randomizing effect 
noise ordinarily has on the data stream has been minimized, 
preserving the purity of the pulse paired pattern and thus 
Increasing the probability of this form of lock. Again, this 
form of lock is generally only seen within the preamble, and 
may occur within either soft or hard sectored systems. The 
most typical symptoms are "address mark not found" or "10 
error", with "sector not found" occurring, but less frequent
ly. Easily recognized waveform patterns seen at the separa
tor/synchronizer outputs would be (1) the Synchronized 
Data Output exhibits a 110011001100 .. pattern instead of 
the standard 1010101010 ... preamble pattern; (2) the 
Phase Comparator Test output pulse width conSistently re
mains at approximately half of the VCO period (nominal 
width should be 7-12 nanoseconds); (3) -Lock Detected 
does not become active (low). 
The most robust solution to this phenomenon (as well as to 
harmoniC false lock, as mentioned above) Is to incorporate 
a. hard or pseudo hard-sectored search algorithm In con
junction with a data separator/synchronizer which employs 
frequency acquisition within the preamble. The frequency 
acquisition mode allows no residual phase or frequency er
ror within the PLL when locked, and thus the possibility of 
both quadrature and harmonic lock is eliminated. 
Although the modified sector search algorithm of the first 
solution may be possible, certain system constralnte may 
not allow it to be practical. A second, highly effective solu
tion to quadrature lock involves the inclusion of four passive 
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FIGURE 3. External Circuitry Used to Insure Correct PLL Lock to a Pulse-Paired Synchronization Field 

elements external to the National disk PLL (see Figure 3) Define: M = Rrate(0Id)/820 [eg., (1500/820)1. Then, 
which will deliberately force the window to shift away from CLF1' = CLF1 * M 
the 90 degree phase null when (and only when) quadrature 
lock occurs. The passive network is automatically disabled 
once the PLL detects preamble lock. Although a recom
mended value is given for the resistor in this support circuit, 
some experimenting may be required in determining an opti
mum value for use within any particular system. 

VCOJITTER 

The inherent purity of the VCO's operating frequency is a 
key element in the accuracy of the data separator/synchro
nizer window generation. Any "jitter" present in the VCO 
frequency (any modulation of the period of the waveform by 
noise or any other source) will degrade the performance of 
the PLL. Within National's initially released DP8460/50 data 
separators-synchronizers, it has been found that maintain
ing a value of Rrate at or below 8200 has a stabilizing effect 
on the jitter performance of the VCO circuitry. Although this 
is primarily a characteristic of these two devices, we are 
recommending the following guidelines be followed in the 
selecting of charge pump resistors and loop filter compo
nents for all of the hard disk data separator/synchronizer 
circuits (see table I); 

1) An 8200 value resistor should be substituted for the 
originally recommended value of 1.5 kO. 

2) Although this new Rrate value is below the original 
DP8460 specification limit, a substitute requirement 
has been placed on both Rrate and Rboost to maintain 
proper circuit operation: 

Rrate II Rboost ;;0, 3500 

(i.e., the parallel value of Rrata and Rboost 
should not fall below 3500.) 

3) If the inclusion of an 8200 value for Rrate means a 
component change within an existing system (i.e., the 
user had been employing some higher value), all other 
component values associated with the loop filter must 
also be modified in order to maintain the original PLL 
response characteristics within the disk data field: 
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CLF2' = CLF2 * M 

RLF1' = RLF1 / M 

4) Additionally, in the cases where the external Phase
Frequency circuitry and/or the Quadrature lock circuit-
ry are in use: 

R1' = R1 / M 

R2'=R2/M 

Rex!' = Rex! / M 
Table I. Data Separator/Synchronizer Reference List 

Device Synchronized Separated Frequency 
Codes Codes Lock 

DP8461* MFM;1,N MFM Reference & 
Data 

DP8462* 2, 7 None Reference & 
MFM;1, N Data (optional) 

DP8465* All MFM Reference 

DP8451 MFM; 1, N None Reference & 
Data 

DP8455 All None Reference 

Note I: "All" code synchronization does not include GCR. 

Delay 
Trim 

None 

Optiona 

None 

None 

None 

Note 2: DP846X devices are in the 24'pin, 300 mil. package; DP845X devic· 
es are in the 20·pin, 300 mil. package. 

Note 3: • Also available In 28·lead plastic chip carrier. 

Nole 4: DP8461 and DP8451 pinouts match the DP8465 and DP8455, reo 
spectively; for use with hard and psuedo-hard sectoring only. 

Note 5: DP8462 incorporates optional frequency acquisition for 2, 7 syn
chronization fields. but may be used as a data synchronizer for any disk 
code. 

Note 6: DP8451 and DP8455 also available in PCC package (20 pin). 
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PRINTED CIRCUIT BOARD LAYOUT 
RECOMMENDATIONS 

The phase locked loop is inherently a sensitive device, and 
thus the environment in which it is operated should be opti
mized wherever possible to improve reliability. The following 
list applies for National's family of hard disk data separator / 
synchronizer circuits: 

1) Establish a local Vee island or net, separate from the 
main Vee plane, to which the device and its associated 
passive components can be connected. Vee supply 
filtering should be liberal and in very close proximity to 
the chip. The electrical lead length of the filter capaci
tance between the Vee and ground pins themselves 
should be as short as possible (minimizing lead induc
tance). Inclusion of a quality high-frequency capacitor, 
such as a 1000 pF silver-mica capacitor, in parallel 
with a ceramic 0.1 IlF capacitor, is recommended. 
(Note: the chip is particularly sensitive to inadequately 
filtered switching supply noise.) 

2) Effective capacitive bypassing of the Rboost and Rrata 
pins (#2 and #3) directly to the Vee pin is very impor
tant. Again, use quality, high-frequency capacitors and 
maintain the shortest possible electrical lead length. 

3) Use the main digital ground plane for all grounding as
sociated with the device. The ground pin and the PG1 
pin should tie directly to this plane. 

4) Do not locate the chip in a region of the PC board 
where large ground plane currents are expected. 

5) Locate all passive components associated with the 
chip as close to their respective device pins as possi
ble. 

6) Orient the chip's external passive components so as to 
minimize the length of the ground-return path between 
each component's ground plane tie point and the 
chip's ground pin. (Ground nOise at the loop filter com
ponents, RLF1, CLF1 and CLF2, which is not identical
ly present at the ground pin (common mode), is cou
pled through the filter components into the VCO con
trol voltage pin.) 
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7) Include no planing whatsoever (Vee or ground) directly 
between adjacent pins. This will minimize parasitic ca
pacitance at each pin. Planing between the two pin 
rows, however, is recommended (directly beneath the 
package). 

8) Avoid running signal traces between pins. 

9) Run no digital signal lines between or adjacent to the 
analog pins or signal traces (pins 1 through 7 and PG3) 
in order to avoid capacitive coupling of digital tran
sients. 

10) Minimize the total lead length of the Cvco capacitor. 
Inductance in this path degrades VCO performance, 
as does parasitic pin capacitance. 

11) Do not place any bypass filtering at the Rveo pin 
(minor coupling of the VCO waveform into this pin is 
normal and acceptable). 

12) Eliminate negative-going voltage transients (under
shoot) at the digital input pins (pre-termination of driv
ing lines may be necessary) to avoid drawing tran
sient input-clamp-diode current from the device pins. 

13) Minimize digital output loading; i.e., if outputs must 
drive large loads or long lines, employ buffers. 

14) Allow unused digital output pins to float, unconnected 
to any net. 

15) Avoid locating the chip within strong electromagnetic 
fields. If possible, choose the "quietest" region of the 
board. 

16) If chip socketing is desired, use a low-profile, low mu
tual capacitance, low resistance, forced-Insertion 
type (socket-strips are recommended). Avoid the use 
of "ZIP-DIP's". 

17) Do not use wire-wrap interconnect, even in an evalu
ation set-up. 

18) Make allowance for pin-to-pin capacitance when de
termining Cveo (Typically 4-5 pF) from data sheet 
formula. 



Designing with the DP8461 

GENERAL DESCRIPTION 

The DP8461 is one of the second generation data separa
tor/synchronizer products introduced following the highly 
successful DPB460 single chip PLL circuit for applications in 
rotational memory storage systems. The DPB461 consists 
of the same basic functional blocks as the first generation 
device (DPB460). It has a proprietary pulse-gate which fea
tures an accurate silicon delay line, an edge-triggered digital 
phase comparator, a high speed matched charge pump, 
high impedance buffer amplifier, and a temperature com
pensated stable vOltage-controlled-oscillator (VCO). It also 
contains MFM decoder, missing clock detector, and lock
detect control circuitry for maximum design flexibility. 

like the DPB465, the DPB461 performs PHASE-FREQUEN
CY COMPARISONS in the non-read mode (READ GATE is 
"Low"). This enhancement eliminates the possibility of false 
lock to the reference signal during a power-up sequence or 
when returning from a read operation. Furthermore, the 
DPB461 has been designed to allow PHASE-FREQUENCY 
COMPARISONS to continue into the preamble field during 
read mode (READ GATE is "High"). This feature eliminates 
the possibility of a Quadrature Lock or Harmonic Lock prob
lem occurring in the PLL synchronization field. In order to 
take advantage of phase-frequency comparison during pre-

READ GATE ---------' 
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amble detection, the DPB461 requires a "Qualified Read
Gate" (that is the READ GATE shall be asserted only within 
the preamble or maximum frequency field span). Since the 
DP8461 looks for a 1010 ... encoded data pattern while do
ing PHASE and FREQUENCY COMPARISONS in the read 
mode, it must be used only with a code employing this pre
amble such as MFM, (1,7) or (1 ,B). The DPB461 is pin-for
pin compatible with the DPB460 and DPB465 parts; and is 
also functionally equivalent to them with the exceptions of 
extended Phase-Frequency Comparison during preamble 
and a "Qualified Read-Gate" requirement. The DPB461 can 
be used as a synchronizer for MFM, (1,7), and (1,B) codes 
or as a data separator for MFM only. Figure 1 shows a dia
grammatic comparison of the key functional features of the 
three part types mentioned above. 

CIRCUIT OPERATION 

The DPB461 is in the non-read mode whenever the READ 
GATE is deasserted (Low). The 2F REFERENCE CLOCK 
INPUT is divided by two and transmitted to the READ 
CLOCK OUTPUT via a multiplexer. In this mode the VCO 
DIVIDED BY TWO is locked onto the 2F CLOCK DIVIDED 
BY TWO, keeping the VCO close to the data frequency in 
anticipation of locking onto the actual data stream. While in 
the non-read mode, PHASE-FREQUENCY COMPARISONS 
are always employed to eliminate any possibility of false 
lock. 

ENCODED DATA 
(OR 2F /2) JlflIlnnruuUlfl.tUlnnnnnJ11UUUU1Jl.:xxJOCX 

----2F /2----·------PREAIIBLE----- ----ENCODED DATA---. 

LOCK DETECTED ------------------....., 
(PREAIIBLE DETECTED) 

DP8460 •• ---------.......;-----PHASE-ONLY ~--------------
'-ANY PREAIIBLE OK-' 
• ·----CHARGE PUIIP GAIN CHANGED

'----READ CLOCK SWITCHED; ----+ 
:----IIFII.t IIC DECODERS ENABLED-

DP8465 -PHASE- FREOUENCY-: •• ---------:-- PHASE- ONLY ----------
----CHARGE PUIIP GAIN CHANGED-

:-ANY PREAIIBLE OK-:' READ CLOCK SWITCHED; ----+ 
-----IIFII &: IIC DECODERS ENABLED-

DP8461 •• ------PHASE· FREOUENCY-------.... - PHASE- ONLY ------
----CHARGE PUMP GAIN CHANGED-

'-1010 .•. PREAIIBLE ONLY-· ... ---READ CLOCK SWITCHED; ----.. 
----IIFII.t IIC DECODERS ENABLED

TL/F/6599-1 

FIGURE 1. DP8460/65/61 Modes of Operation Comparison Diagram 
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Since the DP8461 continues to make PHASE-FREQUENCY 
COMPARISONS when the read mode is entered, the asser
tion of READ GATE should only occur over a PREAMBLE or 
1010 ... pattern. The DP8461 enters the read mode after a 
selectable delay time which may be either one or thirty-two 
VCO cycles. The 2-byte (32 VCO cycles) delay is useful in 
hard-sectored drives for allowing a gap pattern to pass be
fore the PLL locks onto the data pattern. Soft-sectored 
drives do not need this delay. Once in the read mode, the 
PLL reference input is switched from the 2F CLOCK source 
to the ENCODED DATA INPUT. The PLL remains in the 
high track rate mode and continues to perform PHASE
FREQUENCY COMPARISONS to quickly lock onto the re
petitive encoded preamble. 
By careful selection of the loop flltar components, it takes 
less than one byte time for the VCO to lock onto the data 
stream sufficiently for preamble detection to begin. As soon 
as 2 bytes (16 consecutive pulses) of the selected (ones or 
zeroes pattern) preamble are detected, the LOCK DETECT
ED OUTPUT goes low and this causes the PLL circuit to 
switch frorn PHASE-FREQUENCY cornparisons to PHASE
ONLY comparisons. In a typical disk drive application, the 
LOck DETECTED OUTPUT may be directly connected to 
the SET PLL LOCK INPUT. When a low level is present on 
the SET PLL LOCK INPUT, the CHARGE pUMP changes 
from a high to low tracking rate, the source of the READ 
CLOCK Signal switches from the 2F CLOCK INPUT to the 
VCO CLOCK, and the MFM decoder becomes enabled and 
begins to output decoded NRZ data. If the DP8461 is em
ployed as a data separator for MFM encoded data, the 
READ CLOCK OUTPUT and the NRZ READ DATA OUT
PUT (which is synchronized to the READ CLOCK) should be 
used. These TIL compatible signals can be connected di
rectly to a Disk Data Controller such as the DP8466 which 
controls Winchester or floppy disk drives. The MISSING 
CLOCK DETECTED OUTPUT can also be utilized for MFM
encoded data for soft-sectored disk drives. It should be not
ed, however, the circuit is designed only to recognize a 
missing MFM clock-bit which is framed by two existing clock 
bits. In order to insure the detection of an address mark, 
slrnultaneous monitoring of the NRZ output for an "A 1" hex
idecimal code and the MISSING CLOCK DETECTED OUT
PUT for a single pulse within the same byte time Is neces
sary. 
When the READ GATE goes low, signifying the end of a 
read operation, the PLL reference signal is switched back to 
the 2F CLOCK and the LOCK DETECTED OUTPUT goes 
high, causing the VCO gating circuitry within the PULSE 
GATE to be bypassed thus allowing PHASE and FRE
QUENCY comparisons to occur. The PLL also returns to the 
high tracking rate and the output signals return to their initial 
conditions. 
If the chip is used as a data-synchronizer (on-chip decoding 
not necessary) for MFM or other popular RLL codes ern
ploying a 1010 •.• preamble, the SYNCHRONIZED DATA 
OUTPUT and the VCO CLOCK OUTPUT should be used. 
External decoding can be accomplished either in commer
cially available controller chips or encoder/decoder circuits, 
or by the customer's proprietary design. 
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PHASE ONLY VS. PHASE-FREQUENCY COMPARISON 
OPERATION 
As stated earlier, the function of the PLL is to maintain 
phase and frequency lock between the reference signal (2F 
CLOCK or ENCODED DATA) and the feedback signal 
(VCO). A comparator that performs only phase comparison 
is mandatory during read-mode in the data field in order to 
handle the non-periodic nature of various coding schemes. 
With this type of detector, the phase-locked-loop functions 
as a feedback loop in which it responds only to the phase 
differences between the input and the feedback waveforms. 
As long as the reference and VCO singals have their edges 
aligned (are in phase lock), the PLL is insensitive to their 
frequency relationship. 
During the non-read mode the PLL is required to lock onto 
the 2F CLOCK, a specifiC frequency reference that is close 
to the data rate. If a disturbance is somehow introduced in 
the system which results in cycle Slipping or prolonged tran
sient behavior of the reference clock, false lock may occur if 
a PHASE-ONL Y comparator is being used. Similarly, in the 
preamble field during read mode, the PLL tries to lock onto 
a periodic pattern. If pulse-pairing occurs in this PLL syn
chronization field due to asymmetry in disk drive electronics, 
quadrature lock may result if a PHASE-ONL Y comparator is 
being used. Under these circumstances PHASE comparison 
alone may be inadequate, since it discriminates only phase 
and not frequency information. A PHASE-FREQUENCY
COMPARATOR, therefore, is recommended during these 
modes of operation whenever false lock presents a poten
tial problem. The DP8461 implements such a comparator. It 
performs identically to the PHASE-COMPARATOR in the 
case when both inputs to the comparator have the same 
frequency; however, if the inputs exhibit the slightest fre
quency offset, the PHASE-FREQUENCY-COMPARATOR 
also provides a frequency-sensitive error correction signal 
to ensure frequency acquisition. 
As mentioned In the device description, the DP8461 re
quires a "Qualified Read-Gate" for proper operation in soft
sectored environments. This is necessary to accommodate 
phase-frequency comparison into the preamble field. If the 
READ GATE is allowed to be asserted randomly, it might be 
asserted in the data field or in the write-splice area. With the 
DP8461, prior to preamble detected, the PLL is operating in 
the phase-frequency mode. If it encounters a low frequency 
pattern in the data field, the VCO will try to lock onto it and 
thus shift its frequency. Similarly, if READ GATE becomes 
active in a write-splice area, the PLL may be pushed to ei
ther of its limiting frequency excursions. By employing a 
"Qualified Read-Gate" with the DP8461, the READ GATE 
will always be asserted over a repetitive 1010 ... pattern 
and thus avoid any of these problems. 

PULSE GATE 
The PULSE GATE has two important functions. It ensures a 
continuous PLL lock in the presence of random patterns 
encountered on the media and in the bit stream. It also pro
vides a precise time delay (independent of process and 



external component variations) necessary to align the in
coming data with the center of the decoding window. The 
delay is exactly one-half the period of the 2F CLOCK and 
the delay generator is referenced to the 2F CLOCK. This 
allows Input bit litter up to ±one-half the 2F CLOCK period. 
The PULSE GATE incorporated In the DP8461 has two mul
tiplexers which allow the circuit to switch from PHASE-FRE
OUENCY COMPARISON to PHASE-ONLY COMPARISON 
when the LOCK DETECTED signal becomes active (Low). 
Figure 2is a block diagram of the PULSE GATE which de
tails how this is accomplished. When both the INTERNAL 
READ GATE and the INTERNAL LOCK DETECTED are in
active (non-read mode) the 2F CLOCK DIVIDED BY TWO 
and the VCO DIVIDED BY TWO signals are selected by 
MULTIPLEXER-1 and MUL TIPLEXER-2 respectively. In this 
configuration phase and frequency comparisons are made 
between them and the possibility for a false lock occurrence 
Is eliminated. When the INTERNAL READ GATE is active 
while the INTERNAL LOCK DETECTED remains inactive 
(read-mode, preamble detection) the ENCODED DATA and 
the VCO DIVIDED BY TWO Signals are selected by the mUl
tiplexers. Again, PHASE-FREQUENCY COMPARISONS 
continue to be performed to ensure the PLL locks exactly to 
the data rate frequency. After sixteen pulses of consecutive 
preamble pattern are detected, the INTERNAL LOCK DE
TECTED line becomes active. MULTIPLEXER-2, under the 

Pulse Gate Block Diagram 

ENCODED IoIUX-! 
DATA 

2-f 
CLOCK 

Vee 

control of the INTERNAL LOCK DETECTED singal, then 
switches from the VCO DIVIDED BY TWO to the GATED 
VCO signal. Through the circuit configured by the D-type 
flip-flops and the OR gate, the comparator effectively per
forms PHASE-ONLY comparisons (an INTERNAL VCO 
pulse is allowed to the input of MUX-2 only when an EN
CODED DATA pulse is sensed). Thus, the DP8461 guaran
tees proper frequency lock of the VCO to the 2F REFER
ENCE CLOCK during the non-read mode and to the pream
ble synchronization pattern during the read mode. The cir
cuit performs the necessary phase-only comparison in the 
data field during read mode operation. 

DATA SEPARATOR APPLICATION PROBLEMS 
Following are some common application problems for many 
data separator circuit deSigns. The purpose of this applica
tion note is to Identify these problems and to propose sim
ple solutions thus enabling our DP8461 users to avoid these 
potential application problems. 

FORMS OF FALSE LOCK 
Two types of pseudo-lock can typically occur in a PLL within 
a disk drive system. A periodic input waveform must be 
present, such as a disk synchronization field, in conjunction 
with the suppression of frequency information (pulse-gate 
type PLL) in order for either to occur. 

ePGl 

SYNCHRONIZED 
DATA (INTERNAL) 

GATED veo SELECTED 
WHEN INTERNAL LOCK 
DETECTED IS ACTIVE. 

THIS CONNECTION 
RESULTS PHASE-ONLY 
COIolPARISON BElWEEN 
ENCODED DATA AND 
GATED YCO INPUTS. 

...... --_~-----<IINTERNAL YCO 

TL/F/8599-2 

FIGURE 2 
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II) .... 
oo:r I. The first is herein termed simply "false lock", or more 
:Z accurately, fractional harmonic lock. This occurs when 
011( the PLL is disturbed, forcing the VCO outside of the cap

ture range (determined by the loop bandwidth; typically 
± 2% of the data rate) of the PLL for a period of time. The 
PLL is then able to acheive a pseudo-lock if (1) the ratio of 
the VCO frequency vs. the input frequency is an integer 
fraction, such as 5:6 or 6:5, and (2) the difference frequen
cy between the VCO and the input is greater than the PLL 
capture range. Ideally, the error signal generated at the 
VCO control input, which is at the "beat" (difference) fre
quency of the two signals, would correct the false lock. 
However, this error signal is suppressed because it lies 
outside the frequency range of the low pass loop filter. 
The loop will, however, produce a self-sustaining error sig
nal and thus will remain on the false lock null. 

II. The second form of pseudo-lock is called quadrature 
lock. In this case, the PLL is able to lock to the correct 
frequency, but is caught on a narrow phase null which is 
positioned 90 degrees (w. r. t. the NRZ data period) from 
nominal. This phase null can occur only when there exists 
a pairing of periodiC disk data pulses which originates in 
the disk drive itself (see Figure 3). The quadrature lock is 
perpetuated because the net error signal generated at 
the VCO input by the displaced, complimentary pulses 
lies well outside of the loop bandwidth and is averaged to 
a self-sustaining correction signal. 

LOSS OF LOCK DURING READ MODE 

In some systems the controller asserts the READ GATE 
randomly along a formatted track. If the READ GATE is as
serted over a write splice, which usually contains unintelligi
ble information, the PLL might false lock to some harmonic 
of the data or it might be pushed to either extreme of its 
allowed frequency swing. Similarly, when the READ GATE 
is asserted over a data field the PLL might lock to a harmon
ic of the data. 

Example shows 5 Mbitlsec MFM synchronization field. 

Input data bit positions are indicated by peaks of pulses. 

This problem can be completely avoided with the DP8461, 
which is used in conjunction with a "Qualified Read-Gate" 
technique. As an example, a good PLL controller algorithm 
that only allows assertion of the READ GATE over a pream
ble or similar high frequency pattern is listed below. 

1) Deassert READ GATE-allow a 4 byte time minimum for 
the PLL to lock to the 2F-REFERENCE CLOCK. 

2) Wait for 2.5 bytes of valid preamble pattern. 

3) Assert READ GATE. 

4) If valid preamble continues for 5 or more bytes then go to 
5; otherwise go to 1. 

5) "LOCK DETECTED" becomes active, AM search begins. 

6) If AM is found, then continue the read routine; otherwise 
go to 1. 

FALSE LOCK IN THE NON-READ MODE 

The DP8461 has been specifically designed to eliminate 
the possibility of false lock during the non-read mode. 
This is accomplished by the use of a phase-frequency com
parator in the non-read mode as was described in the 
PULSE GATE section. 

False lock during the non-read mode can occur by two 
means in systems using phase-only comparisons in the 
non-read mode. When the power supply of the PLL circuit is 
switched on for the first time, the VCO ramps toward the 
reference frequency. The acquisition process may lock the 
VCO to some harmonic of the 2F REFERENCE CLOCK if 
the bandwidth (capture range) is not high enough. False 
lock can also occur in the non-read mode aiter an aborted 
read operation as described above. If the VCO has either 
lost lock or has been driven far from its center frequency 
while trying to read, false lock might occur during relock to 
the crystal if the capture range is narrow. 

IClKI D IClKI D IClKI D IClKI D IClKI D IClKI D IClKI D IClKI 

NORMAL MrM A A A A A A A A SYNCH rlElD INPUT --', '--__ ..I '--__ ..I '--__ ..I '-__ --' ,-___ , '-

1--200 n.--/--200 n.--l 
elK I D IClKI D IClKI D IClKI D lelKI D lelKI D lelKI D lelKI 

PULSE-PAIRED MrM 
SVNCH rlElD 

SYNC DATA 
OUTPUT 

(NORt.4Al 
lOCK) 

IClKI 0 IClKI 0 IClKI 0 IClKI 0 IClKI 0 IClKI 0 IClKI 0 I 
PULSE-PAIRED t.4rt.4 

SVNCH rlElO 
SYNC DATA 

OUTPUT I 
(QUADRATURE --.J 

lOCK) 
L 

TL/F /8599-3 

FIGURE 3. Timing Diagram of PLL Quadrature Lock within a Symetrlcally Pulse-Paired Synch Field 
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QUADRATURE LOCK 

The DP8461 has been specifically designed to eliminate 
the possibility of both quadrature lock and harmonic 
lock In the preamble field during read mode by extending 
the phase-frequency comparison technique during pream
ble detection in the read mode until LOCK DETECTED oc
curs. 

Within the standard synchronization field which precedes 
the data field, bits are recorded at a constant frequency for 
a time sufficient to allow the PLL to acquire lock. With nor
mal recording and read-circuit behavior, this synchronization 
information reaches the PLL as a continuous, periodic data 
stream. In some disk drives, if an offset has somehow been 
induced into the recorded information, or if read-channel 
asymmetry exists within the drive electronics which skews 
the flux reversal zero-crossing point, the synchronization 
field waveform which reaches the PLL may appear in the 
form of periodic pulse-pairs. This condition only arises when 
a repetitive pattern is present, giving rise to the possibility of 
quadrature lock. Note that quadrature lock is actually more 
prone to occur within systems where a low-noise design has 
minimized the randomizing effect which noise has on bit 
position. 

MINIMUM PULSE WIDTH REQUIREMENT 

The DP8461, as with other members of the DP8460 family 
of data synchronizers, has a minimum pulse width require
ment on the ENCODED DATA input for proper operation. As 
there is no uniform pulse width specification on "Raw Read 
Data" outputs from disk and tape drive manufacturers, it 
has been found that certain drive systems output too narrow 
a pulse width for the DP8460 family of circuits to accept. 
Our recommended minimum positive pulse width is 6 ns and 
the minimum negative pulse width is 80% of the VCO peri
od; this allows a maximum positive pulse width of 120% of 
Note: The chip is particularly sensitive to inadequately filtered switching sup-

ply noise. 

the VCO period. Some drives utilize a bidirectional one-shot 
to shape the read data output pulse. The output pulse width 
from such drives can be readily readjusted from an RC tim
ing network to attain acceptable minimum pulse width re
quirements for the PLL circuits. 

SUMMARY 

The DP8461 is another one of National's second generation 
single chip high performance PLL circuits for application in 
disk memory systems. This device features a comparator 
with both phase-frequency and phase-only comparison ca
pabilities. Additionally, the PHASE-FREQUENCY COMPAR
ISON circuit in the DP8461 has been designed to allow its 
operation in the preamble field during read mode so that 
employing it with a "Qualified Read-Gate" will eliminate all 
potential false and quadrature lock problems associated 
with soft-sectored systems. The DP8461 offers significant 
savings of cost and time in production, test, and mainte
nance since only a few fixed passive components are re
quired for operation. The need to trim any external compo
nents has been eliminated and, since no external compo
nents determine window accuracy, the performance will not 
be sensitive to external variations. The chip requires a sin
gle + 5 volt supply and it is housed in a narrow 24-pin dual
in-line package (also available in 28 pin PCC package). The 
DP8461 has the same pinout as the DP8460 and the 
DP8465, and thus, can be used in their designed applica
tions provided the READ GATE has been qualified. The 
DP8461 can be used as a data synchronizer for MFM or any 
ofthe existing RLL codes employing a 1010 ... preamble, or 
as a data separator for MFM. 

For further information, the reader should also refer to the 
National Semiconductor Application Note 414, Precautions 
for Disk Data Separator (PLL) Designs. 
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i Designing with the DP8462 

GENERAL DESCRIPTION 

This literature assumes the reader has thoroughly read the 
DP8462 datasheet and is familiar with the basic circuit oper
ation discussed therein. The objective of this note is to give 
the customer comprehensive aPplication information for the 
design and testing of the device. It also offers detailed guid
ance in the selection of appropriate component values, use 
of optional device features, and considerations for system 
configuration. The following is a brief description of key fea
tures of the device. 

The DP8462 is one of, National Semiconductor's second 
generation disc data synchronizers designed for application 
in disc drive memory storage systems. It features 3T (1-0-0) 
or 4T (1-0-0-0) preamble detection circuitry which makes it 
especially convenient for systems employing run-length-lim
ited codes such es the popular 2, 7 code. Of course, it may 
also be used as a data synchronizer for other conventional 
coding methods such as MFM, (1, 7), (1, 8), etc., but the 
internal (3T/4n preamble detector function will then be by
passed. 

This Phase-locked-Loop (PLL) chip contains three custom
er programmable input control pins (TLL logic levels) to of
fer significant design flexibility. The PREAMBLE SELECT 
programming input determines whether the preamble detec-, 
tor looks for a 3T or 4T preamble pattern. The 4T preamble 
has bee~ the most widely chosen pattern because of its 
ability to attain phase-sync naturally (refer to DP8463B 
(2, 7) ENDEC datasheet for detailed discussion). The 
LOCK-CONTROL input pin can be set to allow the phase 
comparator to function in one of two modes of operation: 
Phase and Frequency comparison or Phase-Only compari
son. During non-read mode, phase and frequency compari
son is employed within the DP8462 to lock onto the 2F ref
erence clock. However, in the read mode the phase-fre
quency detection circuitry changes to phase-only compari
son. Via the LOCK CONTROL input, the user may select 
when this mode change occurs, either immediately after 
Read Gate is asserted or after preamble detection has oc
curred. The charge pump also has two modes of operation: 
high track rate is used for fast acquisition to the 2F refer
ence clock in the non-read mode and to the preamble in the 
read mode; low track rate is used in the read mode to allow 
smooth, stable lock to the data field. Both track rates are 
selectable by the customer via the I-BOOST ENABLE input. 
In a typical design the PREAMBLE DETECTED output may 
be directly connected to the I-BOOST ENABLE input to ac
complish the desired track rate switch-over. 

PHASE-oNLY OR PHASEofREQUENCY COMPARISON 
Depending on system characteristics and sector formats 
employed, such as soft or hard sectoring, encoding method, 
acquisition time requirement, etc., the system deSigners 
may be required to select only one of the two modes of 
comparison during read (preamble acquisition) or they may 
be free to choose either comparison mode to achieve opti
mum system performance. The following discussion illus
trates the differences between the harmonic phase detector 
and the non-harmonic phase detector techniques incorpo
rated in the DP8462 PLL chip. 

National Semiconductor 
Application Note 494 
Kern Wong 

In the non-read mode the PLL is always set to Phase-Fre
quency comparison mode (non-harmonic) to guarantee that 
it will attain frequency lock to the 2F Clock reference signal; 
thus, the possibility of a false lock occurrence is eliminated. 
In the read mode, if the Phase-Only comparison mode is 
chosen (via LOCK CTL: LO), then the phase detector will 
engage in phase comparison (harmoniC mode) between 
ENCODED DATA and veo gated by data pulses immedi
ately upon Read Gate assertion. This must be done in a true 
soft-sectored system where there is no guarantee of Read 
Gate assertion occurring only within preamble fieid. Further
more, the maximum phase step seen by the PLL at the as
sertion of Read Gate is at most one-half of one decode 
window period since the Pulse Gate allows the incoming 
data pulse to be compared with the nearest occurring VCO 
pulse. However, there is always a probabilistic condition that 
an initial burst of pulses can occur at the input during ~ead 
Gate switching which may violate normal coding methods or 
nominal pulse width specifications, resulting In synchroniza
tion errors. To avoid false lock possibility with Phase-Only 
mode in synchronization field when Lock Control is set 
"LO", it is recommended that the loop's natural frequency 
bandwidth, Wn, be low. Normally the loop filter component 
values for C1 and R1 will need to be recalculated in accord
ance with the lower Wn value selected. Optimizing the se
lection of the Pulse, Gate network (RPG2 and RPG4) may 
also improve the loop's performance as this allows bettar 
centering of tM data bit position with respect to its decode 
window and optimizes accurate lOCking to the data frequen
cy. 

The customer may also configure a soft-sectored write, and 
pseudo-hard sectored read system, which retains the ad
vantages of formatting flexibility while capitalizing on the 
Phase-Frequency comparison feature in the read mode 
(with LOCK CTL: HI). Such a system configuration is real
ized with a Read Gate qualifying technique which ensures 
Read Gate is asserted only within the preamble field, thus 
removing any lock problems associated with reading 
through write-splice gaps or data field induced false address 
mark (AM) or false preamble patterns. With this method of 
operation, the PLL remains In the Phase-Frequency com
parison mode in the preamble field until 16 consecutive pre
amble pulses have been successfully detected; then, it 
switches to Phase-Only mode. Employing a Phase-Frequen
cy comparator during preamble acquisition ensures that the 
possibility of Quadrature Lock, a form of false lock due to 
pulse pairing in the read channel, is eliminated. Similarly, a 
true hard-sectored system will utilize these same tech
niques to avoid all the potential lock problems mentioned 
above. 

The user should be aware of the fact that when emplOying 
frequency lock, the VCO divided by either 3 or 4 is com
pared with the data pulse. Therefore, depending on the ini
tiallogic state of the divider (which is random) and the initial 
phase difference incurred at the time of Read Gate asser
tion, the maximum phase error can be 3 or 4 veo cycles 
long (depending on whether 3T or 4T preamble is selected) 
which is 6 or 8 times greater than when the Phase-Only 
mode is employed. This requires the PLL synchronization 
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bandwidth to be set adequately high in order to guarantee 
the phase error has settled to less than one-half of one 
decode window before the PLL switches out of frequency 
lock mode. Otherwise, a second phase step is introduced 
when the device switches out of frequency lock mode which 
lengthens lock times and may result in synchronization er
rors. 

BANDWIDTH CONSIDERATIONS AND LOOP FILTER 
SELECTION 
The DP8462 PLL is a frequency selective feedback circuit 
that can synchronize with a selected input signal and track 
the frequency and/or phase changes associated with it. A 
finite phase error is necessary to generate a corrective volt
age to shift the veo output frequency in compliance with 
the input signal variation. Once locked, the synchronizer can 
track a slowly changing input signal. It rejects transient 
changes (via loop filter) which tend to disturb the PLL. The 
phase detector (a bi-directional charge pump) generates a 
proportional error correction current pulse and is followed 
by a passive low-pass filter network generally with a suffi
ciently narrow bandwidth to suppress any noise and high 
frequency components from the phase-detector and charge 
pump stages. More importantly, the filter network deter
mines the dynamic performance of the loop which includes 
capture and lock ranges, bandwidth, and transient response 
time. Of equal significance, the passive filter also yields the 
characteristic poles and zeroes for stability. There are nu
merous approaches to calculate a suitable set of filter com
ponent values; they may be estimated from a capture range 
pOint of view, from the required time and dynamic response 
profile of the loop, or from noise bandwidth considerations, 
etc. 

LOOP FILTER COMPONENT VALUE SELECTION 
The first step when selecting component values is to deter
mine an appropriate value for the natural angular frequency, 
Wn, of the PLL. (Wn, commonly referred to as the loop's 
natural frequency should not be confused with the center 
frequency, Wo or Fo, of the VCO.) Wn is related to the loop 
gain and the RC time constants imposed by the low-pass 
loop filter. It should be noted that if the available loop gain is 
high and a relatively low natural frequency required, very 
large time constants will result. The size or value of the 
passive components for the loop filter may become imprac
tical if not difficult to obtain. Therefore, judicious choice of 
Wn and filter components is necessary to allow good per
formance while at the same time using only standard com
ponent values. Optimum filter design may involve an itera
tive engineering effort from empirical data to arrive at the 
desired results. Recommended values in the datasheet are 
all valid suggestions but may not be the optimized values for 
every system. 

As suggested in the datasheet, a (degenerated) 2nd order 
passive filter is quite adequate for most applications. The 
filter network consists of C1 connected in series with R1 
and C2 connected in parallel with R1 and C1. The charac
teristic equation is Srd order by inclusion of C2 in the highest 
order term. In practice, if the pole determined by R1 and C2 
is more than a decade above the zero, the Srd order term 
can be ignored and the equation can be rewritten as a 2nd 
order loop (refer to the DP8462 datasheet for details). 

Two approaches for the determination of Wn are illustrated; 
component calculations are the same in each case. These 
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examples allow digital designers to start estimating a ioop 
filter without having to derive its poles/zero, and centroid, or 
construct Bode plots. 

Example'" 1: 1 0 Mb/s data rate, (2, 7) encoding, 4T pream
ble 

Assume it is desired to track the information recorded on a 
rotating or tra\1elling medium being modulated by the spin
dle or capstan velocity, and assume there will be a 1.5% 
offset in the motor speed. It has been shown that a capture 
range greater than the input frequency offset, AW, will en
sure that lock will occur quickly. Choose Rrate = 8200 (an 
optimal value for the charge pump). 

The initial frequency offset is then: 

AW = (1.5%) (10 Mb/s) (21T) = 942 krad/s 

In most system deSigns, an optimally flat frequency-transfer 
function of the loop is the objective. The Bode diagram of 
such a transfer characteristic shows this can be achieved 
with t = 0.707 (see reference: F. Gardner). The expression 
of capture range '" 2 tWn is a reasonable approximation 
also found in reference materials (i.e., R. Best). A damping 
of C = 0.7 is chosen as a deSign criterion for optimal re
sponse during the 4T pattem acquisition. 

By equating capture range and AW for acquisition of 4T 
data pattem, (that is, one data pulse present within 4 VCO 
periods): 

2 (Wn(4n ~ AW 

Wn (4n ~ AW/(2() = (942 krad/s)/(2) (0.7) = 666 krad/s 

This is defined as Wn(max) during preamble or Xtal acquisi
tion, where the PLL is locking onto the 4T preamble or the 
Xtal divided by 4 Signal. 

Wn is proportional to the square root of the data frequency 
(Refer to the datasheet: 

Wn = ~(2.5) (Fvco)/(C1) (R) (N), 

where N is defined as Fvco/Fdata (i.e., N = 8/1). R is the 
effective gain setting resistor which determines the charge 
pump reference current.) 

For minimum data frequency tracking, for example the 8T 
pattem (which is the lowest allowed data frequency for the 
2, 7 RLL code where one data pulse occurs within an 8 VCO 
clock period span), 

Wn(min) == Wn(8n = ~4T/8T [Wn(4nl = 471 krad/s 

Similarly at maximum data frequency, as in a ST pattem, 
Wn(max) in data field becomes 769 krad/s. 

To calculate for the loop filter component values, the above 
general expression for Wn is transposed to obtain the fol
lowing equation: 

1. C1 = (2.5)(Fvco)1 [(Rrate)(N)(Wn(4J"»21 
= (2.5)(Fvco)/[(820)(4)(666ES)21 
= 0.OS4E-6 

C1 = O.OS ,...F, which is a standard capaCitor value. 

2. R1 = 2 C/(C1)(Wn) = 2[(4n]/(C1)[Wn(4nl 
= 2(0. 7)/(0.OSE -6)(666ES) 
= 70.07 

R1 = 680, is a standard resistor value. 

S. Choose C2 '" C1/50. In general, selecting C1/50 < 
C2 < C1/10 will yield non-dominant parasitic pole and 
still allows C2 to integrate the current pulses. (Capaci
tor may be film or monolithic ceramic.) 

C2 = 560 pF 



4. Recalculate Wn(Sn at minimum data frequency with 
standard component values: (For loop stability C(min) 
should not be allowed to be less than 0.5. t(min) occurs 
when Wn is at a minimum.) 

Wn(Sn = .t(2.5)(20E6)/(S20)(S)(0.03E 6) 
= 504 krad/s 

C(Sn = (504E3)(6S)(0.03E-6)/2 
= 0.51 

5. Recalculate Wn(4n for data frequency In preamble ac
quisition with standard component values: 

Wn(4n = .t(2.5)(20E6)/(S20)(4)(0.03E 6) 
= 713 krad/s 

C(4n = (713E3) (6S) (0.03E-S)/2 
= 0.73 

S. Calculate the loop parameters for locking to the crystal 
frequency divided by 4 signal (N = 4). Normally a higher 
loop gain is employed. With the use of an additional 
charge pump current setting resistor (Rb) to boost loop 
gain during non-read mode, the damping factor may be 
chosen with C(4T - Xtal) "" 1.0 for critical damping dur
ing crystal acquisition. 

Wn(4T-Xtal) = t(4T-Xtal)(2)/(R1)(C1) 
= (1.0)(2)/(SS)(0.03E-S) 
= 9S0 krad/s 

7. Calculate Rb from Wn(4T - Xtal): 

I 
I 

Wn(4T-Xtal) = .t(2.5)(Fvco)/(RrIlRb)(C1)(N) 

9S0E3 = .'(2.5)(20ES)/(S201IRb)(0.03E 6)(4) 

8201IRb = (2.5)(20E6)/(0.03E-6)(4)(980E3)2 
= 433.8 
= (820)(Rb)/(820 + Rb) 

Rb = 921.2 

10 Mb/s Rr 
(2,7) Code S20n 

Wn(Sn C(Sn 

504 !qad/s 0.51 

Rb 

910n 

Wn(4n 

713 krad/s 
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choose Rb = 910n, a standard resistor value. 
Rp = 82011910 = 431.33, the effective charge pump 
current setting resistor value. 

8. Recalculate Wn(4T - Xtal) with standard component 
values: 

Wn(4T - Xtal) = .'(2.5)(20E6)/(431.33)(0.03E 6)(4) 

= 983 krad/s 

C(4T-Xtal) = Wn(4T-Xtal)(Rp)(C1)/2 = 1.02 

In general the customer may choose any suitable gain ratio 
between fast lock and stable data tracking. A 2:1 ratio is a 
popular choice; for example, Rr = Rb = 820n. In the 
above example this will make the damping factor and 
Wn(max) at crystal reference lock slightly larger. Note that 
we have chosen zeta, t, to be between 0.5 and 1.0 as a 
general guideline such that the system will not be exces
sively underdamped nor subject to excessive acquisition 
times. However, an experienced designer can choose other 
appropriate design values to tailor toward a specific sys
tem's requirements. 
Nola: There Is a minimum value for RrllRb (parallel combination value) 

allowed for the DP84S2. A maximum reference current limit for the 
charge pump Is Impossd such thatVbe/(RrIIRb)': 2 mAo This trans
lates to RrllRb :;, Vbe/2 rnA .. 3500, typically, for Vbe '" O.7V. 

Hence, the above calculations yield the loop filter compo
nent values and their corresponding loop parameters for ex
ample # 1 as follows: 

R1 C1 C2 

6sn 0.03j.LF 560pF 

C(4n Wn(4T - Xtal) C(4T-Xtal) 

0.73 9S3 krad/s 1.02 



Another frequently used method for Wn determination is by 
graphical means. If damping ratio, t, and lock time are giv
en, Wn can be arrived at via the normalized phase error 
versus Wnt plots. Alternatively, if the desired system re
sponse has been defined as specified in the example given 
below, Wn can also be readily determined. 

Example #2: 7.5 Mb/s data rate with (2, 7) encoding and 
4T preamble 

Maximum peak overshoot < 30% 

Settling time '" 11 ""S with phase error 
,,; ±5% 

VCO capture range within ± 20% of 15 MHz 
and follow excursion of ±5% of Fo 

Charge pump gain ratio = 2:1 between non
read and read modes, (Rr = Rb = 820.0). 

It is helpful to know the initial frequency offset for the deriva
tion of Wn. But this information may be available to the cus
tomer and the exact value is not necessary to make a trial 
estimate for Wn. Fortunately, the maximum velocity varia-

tion of commercial drive mechanisms are well within 2% 
and current disc drives have guaranteed rotational toler
ance of less than 1 %. Hence, initial frequency step between 
non-read and read modes in normal operation does not 
contribute appreciably to the total phase-error transient re
sulting from a maximum phase step assumed in the calcula
tion. 

Wn can be derived from the Wnt vs. 6e(t) curves due to a 
phase step. Figure 1 shows that the t = 0.5 parametric 
curve meets the above requirement of maximum peak over
shoot less than 30%. The residual phase error will be ap
proximately -5% at Wnt = 6 rad. Therefore, settling to 
± 5% (or about 3 ns) in t = 11 ,,"S yields: 

Wnt = 6.0 rad 

Wn(4T) = 6.0 rad/ll ,,"S = 545E3 rad/s 

This is the computed BW for preamble acquisition, which Is 
then used to calculate the loop filter component values as in 
the previous example. The loop filter and parameter values 
are presented below: 

Transient Response of 2nd Order Loop due to a Step In Phase 
1.0 
0.9 
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0.7 
0.6 
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0.4 
0.3 
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'" ~ -0.1 :c 
Q. -0.2 

-0.3 
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i 7.5 Mb/s Rr Rb 

(2,7)Code 8200 8200 

l Wn(8D t(8D Wn(4D 

I 383 krad/s 0.51 541 krad/s 

Nate: The derived Wn value may be checked to verify far adequate capture 
range In the read mode. The value chosen does satisfy the expres
sion 2'(4T)Wn(4T) > boW(o! 1.5%), 

The above techniques are useful in estimating suitable loop 
filters which satisfy basic capture and lock conditions in 
non-read mode and read mode in preamble field. The con
servatively derived component values should allow good 
performance in most appl,ications. However, there arEi situa
tions where significant improvement in system performance 
may be gained if the loop bandwidth is optimized with re
spect to a particular system. For example, to accommodate 
certain sensitivities to cylinder formats, media imperfec
tions, or noise in gaps, etc., it may be necessary to raise or 
lower Wn considerably from the suggested values used in 
the above computations. In addition to the NSC suggested 
values in the datasheet and this note, the customer is 
strongly encouraged to modify those values or tailor a filter 
to achieve minimum error-rate. 

The following table lists additional sets of loop filter compo
nent values which have performed well in the field or have 
been designed into systems: 

LOOP BANDWIDTH OPTIMIZATION AND DESIGN CON
SIDERATIONS 

Numerous "optimized" loops have long been derived for 
various types and orders of PLL systems. Optimum loop 
transfer functions were formulated for different types of in
put stimuli. It is practically impossible to make a perfect loop 
as this will require continuous adaptation of the filter to com
pensate for the input changes as a function of time. The 2nd 
order loop (due to its ease of analysis) is by far the most 
popular and of the greatest interest to design engineers. 
The following list presents some design trade-off issues and 
several frequently encountered design and device evalua
tion considerations. 

1. Narrow Bandwidth: Most designers will wish to keep 
loop BW low to improve noise ra
jection. This will decrease the 
loop's response to input jitter at the 
expense of having a smaller cap
ture range. This can be very helpful 
in soft-sectored reading to desensi
tize the effect of write-splice in
duced perturbations. 

R1 C1 C2 

680 0.039 poF ,820pF 

t(4D Wn(4T ~Xtal) t(4T-Xtal) 

0.72 766krad/s 1.01 

2. Wide Bandwidth: If capture range exceeds frequency 
range within which the input signal 
is expected to vary, it increases the 
probability of, ,spontaneous lock. 
Raising the loop's BW is recom
mended if the input frequency off
set is sufficiently large. 

3. Damping Factor: It is suggested that this should be 
set approximately equal to: 

4. 

0.5 for Wn(min) in read mode, 
0.7 for Wn(max) in read mode, and 
1.0 for Wn(Xtal) in non-read mode. 

(If a 4T preamble is employed, then 
Wn(max) in data field of 3T pattern 
is larger and the damping factor be
comes Slightly greater than 0.7.) 

A larger damping factor increases 
capture range which improves the 
probability of acquiring lock. It also 
increases total acquisition time. 

A smaller damping factor minimizes 
response to bit shift, but excessive 
underdamping will cause instability. 

The open loop response of the chip can be modelled 
as a 2nd order PLL (highest power of s=2 in the de
nominator of the loop transfer function) with a parasitic 
3rd pole. 

2.5(Fvco) (1 +sR1C1) 
G(s) = (N)(s2)(Rr)(C1)(1+sR1C2) 

where Fvco = center frequency and N = Fvco/Fdata. 

If the chosen physical parameters and component val
ues are faithfully modelled by such an expression, 
phase-margin of the loop can be reasonably predicted. 
Phase-margin should be between 30' and 70' at unity 
gain. 45' is good compromise in general; this is the 
criterion for loop stability. Larger phase-margin produc
es a more stable loop, but it slows the response, in
creases VCO output unwanted sidebands, and reduces 
loop VCO-noise suppression capability. 

TABLE I Loop Filter Component Values 

Data Rate (NRl) Rr Rb R1 C1 C2 

5 Mb/s 8200 1.5KO 750 0.056 poF 820pF 
820 2.2K 95 0.047 820 
370 00 42 0.10 1600 

7.5 Mb/s 8200 8200 620 0.047 poF 1000 pF 

10 Mb/s 8200 1.2KO 820 0.020 poF 510pF 
820 820 62 0.039 820 
910 910 51 0.056 820 
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5. The effects of the loop filter component values can be 

summarized as follows for component optimization 
considerations: 

Increasing C1: (Lowers BW) desensitizes PLL from 
Input bit jitter or frequency shift. 

Reduces possibility of spontaneous 
transient response to spurious signals 
in read/write gaps. Slows down loop 
response time. Reduces capture 
range. 

Increases loop sensitivity to VCO 
noise. 

Increasing C2: Reduces the rippling effect of the 
charge pump switching current which 
allows less loop response to shifted 
bits. Reduces stability margin. 

Increases (slightly) loop response to 
VCO noise. Increases response to 
write splice perturbation. 

Increasing R1: Increases stability margin. Decreases 
loop response to VCO noise. 

6. An often asked question on PLL design parameters re
gards lock-up time. There Is no simple expression that 
will adequately predict acquisition or lock times be
cause of many factors that influence them and ambigu
Ity of definition of lock. Lock time may be estimated 
roughly from "Wnt vs. phase-error" normalized curves 
If loop parameters are defined or known (see Figure 1). 
The following lists several factors that contribute most 
to the variation In lock times. This Information offers 
some Insight Into lock time interaction with respect to 
the DP6462 PLL and its environment. Customer should 
be aware of them in order to realize good designs. 

a) Initial phase difference between input & VCO com-
parison pulses. 

b) Initial state of the VCO divided by 3 or 4 counter. 

c) Initial input frequency offset. 

d) Low pass loop filter characteristics (BW and damp
ing). 

e) Center frequency (VCO) accuracy and symmetry. 

f) VCO noise and sideband Signals. 
NoIr. Although customer has no conlrol over a) and b). Iheir Impact can be 

minimized through loop filter design. 

7. Another frequently asked question is how to measure 
lock ranges and capture ranges. A few methods are 
suggested below: 

Lock range is the maximum input frequency-ramp ex
cursion (upper and lower bound) permissible while the 
loop still maintains lock. To measure lock range, apply 
a square wave pulse train of known frequency to the 
ENCODED DATA input of the PLL chip. Allow the PLL 
to be stably locked onto the periodic input waveform. 
While in read mode measure either the SYNCHRONIZ
ED DATA or VCO output for good synchronization to 
the input as its frequency varies until lock is lost. It is 
recommended to set Read Gate low momentarily after 
each measurement. 

For the capture range determination, continuously cy
cle Read Gate as in above (always allow sufficient time 
for the PLL to lock to the 2F reference clock). Start with 
the PLL in lock, gradually increase the frequency of the 
Input data stream until the PLL will not lock, then read-
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just the frequency towards the center frequency until 
locking is achieved again at a particular frequency. This 
frequency is the upper capture frequency. Repeat this 
procedure for the lower boundary to determine the lower 
capture frequency. 

Nate: A noisy analog Instrumentation IIInlng mechanism may produce un
derslrable transients that dlslllrb the PLL and give false data. Always 
make very slow and gradual adjustments. Improper toggling of the 
Read Gate or insufficient deassertion time may result in lock problems 
during read mode. 

OPTIMIZING THE DECODE WINDOW: 

In the past, the Twindow A.C. specification in the datasheet 
was not well understood and has caused miSinterpretation 
by some customers. This specification simply indicates the 
maximum truncation of the available half decode-window 
width (one side of nominal window). For a given data rate, 
an ideal window boundary is defined for the data bit. The 
entire (ideal) window width can rarely be made available due 
to noise, device tolerance, and process or other related 
physical imperfections. The PLL chip, therefore, contributes 
a total window loss equal to twice the Twindow time stated 
in the Twindow specification. Basically, there are two mech
anisms that are responsible for this loss. First, is the dynam
ic uncertainty arising from the superposition or modulation 
of noise and phase movement from intemal and external 
sources that effectively narrows the usable window size. 
The second, and dominant mechanism. is the deviation of 
chip produced window center from the theoretical center of 
the data window. This is caused by non-ideal on-chip device 
matching due to process related variations during device 
fabrication. This deviation is sometimes called "window
margin". Our Twindow specification. in effect, lumps all con
tributing factors of window jitter and displacement within the 
PLL data synchronizer into a single specification which cor
responds to the amount of maximum half-window loss. This 
figure can be determined empirically using a specific set of 
external passive components and test conditions following 
complete PLL lock and stabilization. (This will be explained 
in the next section.) 

As suggested in the datasheet, bit jitter tolerance can be 
improved by adjusting the window center via the PG2 and 
PG4 pins. There have been no fewer than 3 different current 
splitting networks employed to adjust the internal silicon de
lay line to improve the phase margin. (The adjustments are 
internally compensated for Vcc and temperature variations.) 
The various network configurations, whether chosen for test 
convenience or for layout topolgy reasons. are fundamen
tally equivalent and achieve the necessary bias. They 
should yield the same final result of centering the data bits 
within their respective windows. It should be painted out that 
we are by no means requiring the user to employ the extra 
task of trimming during manufacturing to accomplish margin 
improvements as may be misinterpreted from drawings de
picted in the datasheet. Our intention is to illustrate to the 
users the fact that by selecting an appropriate resistor 
(fixed) value for RPG4, as in Figures 2a and 2b, one can 
obtain better Twindow tolerance than specified in the data
sheet. For example, the DP8462-3 part type guarantees at 
most 6 ns of static window loss at each window boundary. 
But. via an RPG4 of approximately 2.2k to 3.4 kO. the win
dow loss can be significantly reduced by 60% or more. 

We do see customers who must regain as much margin as 
possible from up-stream erosions that may be hard to con
trol or correct. This is particularly the case for OEM custom
ers whose electrical and/or mechanical recording compo-
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nents in the read channel are usually off-the-shelf items and 
their integrated spec may not be as optimal as desired. To 
alleviate such constraint, an extra, but simple, step is added 
to perform a fine RPG4 selection. For 10 Mb/s operation, 
1.5 ns or less of static window loss from each side (from a 
50 ns window width) can be achieved with data bits perfect
ly centered around the expected ' data window. The graph in 
Figure 3 is a plot (represents several lots of DP8462-3 units) 
of typical RPG4 values vs. the amount of bit shift allowable. 
The data rate is 10 Mb/s and (2, 7) code with 4T preamble 
is used. The chip operates under a specific set of operating 
conditions and support components. The curves show that 
the absolute value of the average decode window width is 
47 ns (sum of T-early and T-Iate times for any RPG4 value 
shown.) The cross-over point indicates where T-early 
equals T-Iate. The RPG4 value at this point will allow the 
data bit to be symmetrically centered about its decoding 
window. 

f, .. 
f ~~;~ fRPG3 

PG4 PG2 
TUF/9331-2 

FIGURE2a 

f-l~ (SEL) 
PG4 PG2 

TUF/9331 -4' 

FIGURE2c 
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Note that only the phase-shift is being gauged, that is, the 
actual deviation of'the data pulse under test from the theo
retical center of the data window. Hence; the plot also indi
cates that the customer may "program" (via an external 
current source or resistors and switches) a wide range of 
bias conditions on PG4 pin to perform margin tests on the 
read channel for final test in manufacturing or for Early/Late 
strobing techniques used in certain data recovery proce
dures. 

In general the RPG configuration for window deskewing as 
depicted by Figure 2C is preferred. RPG2 is fixed at 1.5 kn 
and RPG3 may be selected proximately between 3000. to 
5000.. This configuration offers optimum component track-
ing between the RPG resistors. . 

(l~ fr:~ f 
PG4 PG2 

, TL/F/9331-3 

FIGURE2b 

. PG4 PG2 

FIGURE2d 
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Nota: There is a datasheet change to the DP8462·3 part type (Aug. 1, 1986) which pertains to the test method used to qualify the Twindow spec. The parametric 
value which appears in the AC Electrical Characteristics table of the datasheet has not been changed. For testing the window, the original configuration required 
the PG2 and PG4 pins to be tied together and connected to a 1.8 kn, RPG2, resistor to Vcc (Figure 2d). This configuration is still used for testing the DP8462-4. For 
testing the DP8462-3, one 300n resistor will be palced between the PG2 and PG4 pins and PG4 will be tied to Vee through a 1.5 kn resistor (Figure 2c). Note 6 In 
the datasheet will now read: 
"This specification is guaranteed only for the conditions under which the parts were tested. However, significant variation from formula is not expected for other 
data rates and filters. The DP8462-4 specHication Is far the condition when PG2 and PG4 are tied together. The OP8462·3 specification is for the condition when a 
300n resistor is tied from PG2 to PG4 and a 1.5 kn resistor is tied from PG4 to Vcc. External adjustment can be used to optimize Twindow as described •.. " 

9·175 

• 



PRINTED CIRCUIT BOARD LAYOUT GUIDELINES: 
Other than a true Digital Phase Locked Loop (DPLL), any 
type of analog PLL is inherently a sensitive device. Hence, 
the environment in which it is operated should be optimized 
wherever possible to improve reliability. The following is a 
list of PCB layout recommendations that should help to min
imize the effects of vee jitter or mislock ocurrence that can 
be caused by various external sources of disturbance: 
1. Establish a local Vee island or net, separate from the 

maln Vee plane, to which the device and its associated 
passive components can be connected to remove un
wanted noise coupling. Vee supply filtering should be 
liberal and in very close proximity to the PLL chip. The 
device is sensitive to inadequateiy filtered switching 
supply noise. All lead lengths of the fiiter capacitors 
between Vcc and ground pins should be as short as 
possible to minimize lead inductance. Inclusion of a 
quality high-frequency capacitor, such as a 1000 pF 
silver mica capacitor, hi' parallel with a 0.1 ,...F ceramic 
capacitor is recommended. 

2. Effective capacitive bypassing of the Rrete and Rboost 
pins (#2 and #3) directly to the Vcc pin is very impor
tant. Agaln, use quality high-frequency capacitors and 
malntaln the shortest possible electrical lead length. 

3. Use the main digital ground plane for all grounding as
sociated with the device. The ground pins and the PG1 
pin should tie directly to this plane. 

4. Do not locate the chip in a region of the PC board 
where large ground plane currents are expected. 

5. Locate all passive components associated with the 
chip as close to their respective device pins as possi
ble. 

6. Orient the chip's external passive components so as to 
minimize the length of the ground-return path between 
each component's ground plane tie point and the 
chip's ground pin. 
Note: Ground noise at the loop filler componente. R1, C1, and C2 

which Is not Identically present at the ground pin (common 
mode). Is coupled through the filter components Into the vco 
control voltage pin. 

7. Include no planing whatsover (VCCC or ground) directly 
between adjacent pins. This will minimize parasitic ca
pacitance at each pin. Planing between the two pin 
rows, however, is recommended (directly beneath the 
package). 

B. Avoid running Signal tracas between pins to avoid un
wanted noise coupling. 

9. Run no digital signal lines between or adjacent to the 
analog pins or signals tracas (pins # 1 to # 7 and PG3) 
in order to avoid capacitive coupling of digital tran
sients. 

10. Minimize the total lead length of the CVco capacitor. 
Inductance in the path degrades vee performance, as 
does parasitic pin capacitance. 

11. Do not place any bypass fiitering at the Rvco pin (mi
nor coupling of the vee waveform into this pin is nor
mal and acceptable). 

12. Eliminate negative-going voitage transients (under
shoot) at the digital input pins (pre-termination of driv
ing lines may be necessary) to avoid drawing transient 
input-clamp-diode current from the device pins. Nega
tive undershoot at the 2F Clock and the Encoded Data 
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inputs should be removed to avoid excess vee phase 
movement and window margin degredation. A damp
ing rasistor in series from the driving circuitry is recom
mended (typicelly 2000 will be sufficient depending on 
the characteristic impedance of the path). 

13. Minlmize digital output loading (Vee, Phase Compare
tor Test, and Synchronized Data); i.e., if euch outputs 
must drive large loads or long lines, employ buffers. 

14. Allow unused digital output pins to float, unconnected 
to any net. 

15. Avoid locating the chip within strong electromagnetic 
fields. If possible, choose the "quietest" region of the 
PC board. 

1 B. If chip socketing is desired, use a low-proflle, low mutu
al capacitance, low resistance, forced-insertion type 
(gold plated SOcket-strips are recommended). In gen
eral, avoid the use of "ZIP-DIP", zero-Insertion-pres
sure sockets. If there is a need for them such as in 
batch testing of devices, the new low-profile "ZIP" 
sockets may stili be used with acceptable results. The 
supporting passive components must be soldered di
rectly under the socket pins with virtually zero lead 
length allowed. 

17. Do not use wire-wrap interconnect, even in an evaiua
tion set-up. Point-to-point wiring is acceptable, but the 
prototype board must have (or improvise) a decent 
ground plane or strips and Vee nets. 

1B. Make allowance for pin-tOopln capacitance when deter
mining Cvco (typically 4 pF to 5 pF) from datasheet 
formula. 

19. When using pce (plastic chip carrier) package, space 
for passive component connection to the device will be 
considerably tighter. It is acceptable to have exial-lead 
resistors (not capacitors) standing upright, but, the 
shorter lead must be connected to the device pins to 
obviate noise induction to sensitive nodes. 

20. In multi-layer PCB layout, as in miniature board designs 
for small drive systems, do not allow any power planes 
to run into the device region to prevent introducing un
wanted noise into the chip. 

21. The crystal oscillators may be designed with CMOS 
inverters such as the 74HC04. If the device galn is too 
high for the circuit, proper oscillation may not occur. As 
an alternative, use National's unbuffered 74HCU04 in
stead (which may require different capacitor values for 
the oscillator). 

EVALUATION BOARD FOR THE DP8482 
An example of a good PCB layout is portrayed by the art
work for the DPB4B2 evaluation PC board in FtgUf'fJ 4. This 
hardware simplifies the task wherein customers evaluate 
and correlate devices. This evaluation/demonstration board 
is a compact, convenient, self-contained test set-up with the 
following features: 
- Housed in a compact, pocket-sized PCB 
- On-Board programmable data pattern generator 
- Self-contained movable-bit generator with continuous 

adjustable bit delay time and pulse width. Operates to 
25 Mb/s data rate. 



- Two (2) independent 2F frequency oscillator sources on 
board for 2F Reference Clock and for clocking the data 
pulses. 

- Four (4) selectable Early/Late strobe settings for window 
shifting tests; one range is made variable for fine tuning 
experiments. 

- Programmable Lock-Control and Preamble-Select 
(3T/4n selections. 

- Reference bit and sync-bit pulse output for convenient 
measurement and triggering needs. 

- Direct outputs to ratio counter for monitoring during win-
dow margin tests. 

First, within the following discussion the method used by 
National for window testing (manufacturing) will be ex
plained. Secondly, it will be shown how this compact hard
ware has the ability to perform similar evaluations in a labo
ratory bench set-up. 

WINDOW TEST PHILOSOPHY 
The test method used to determine the data synchronizer's 
tolerance to bit shift is explained below. Test procedures 
and test hardware have been developed to measure the 
device A.C. performance. These can easily be ascertained 
and correlated by any customer regardless of their applica
tion specifics. In customers' applications, Signal sources 
may be quite different; they can range from magnetic or 
optical media, to transmission lines (as in token rings). In 
each case, the method of pulse detection requires different 
techniques. Therefore, in order for every customer to be 
able to agree upon a representative figure of merit, we stipu
late a "Static Window Margin Test" method. Consequently, 
for correlation purposes, the window margin test of the PLL 
chip must not be tested in the system environment. Further
more, the input Signals to the PLL should be supplied from a 
stable word generator or equivalent source and not from the 
read outputs of any disc or tape drive system (the PLL chip, 
not the signal source, is under investigation). In addition, a 
fixed set of paSSive components is used for each data rate 
of interest. In this manner, a controlled condition is estab
lished which removes any ambiguity; correlation of Twindow 
data can thus be performed confidently. 

Refer to the timing and test sequence flow diagrams in Fig
ures 5 and 6. The A.C. screening test is as follows: The 
device under test is first powered-on and set in the non-read 
mode. It will remain in this mode for 200 VCO cycles to 
allow the PLL to acquire a stable lock to a crystal 2F refer
ence source. The device is then switched to the read mode 
by asserting the Read Gate input to a logic high level. This 
causes the intemal input multiplexer to switch the PLL input 
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from the crystal2F reference source to the encoded pream
ble data pattem which is asynchronously derived from a sig
nal pattem generator. (The preamble pattem is a string of 1-
0-0-0 ... , 4T preamble.) The PLL usually can lock onto the 
encoded data in less than two bytes of sync pattem. When 
16 consecutive preamble bits are validated by the intemal 
detection circuitry, the Preamble-Detected output becomes 
active·low, indicating lock has been achieved. The pream
ble continues for a minimum of 200 VCO cycle times after 
Read Gate assertion to ensure the device will be very stable 
prior to the window margin test. 

When inserting the movable test bits following the last pre
amble bit, it is necessary to suppress at least as many data 
pulses (missing bits) as the coding scheme requires before 
inserting either the Early or Late test bit to avoid interfer
ence from an adjacent pulse. The code must not be violated 
even if the movable bit is allowed to be shifted into an adja
cent window. In the 5 Mb/s example, in Figure 6, the 
amount of decode-window loss is determined by shifting a 
test bit toward the window center starting from 10 ns out
side the nominal window boundary. The bit will be moved 
across the window boundary toward the nominal window 
center in incremental steps until it resides in a position 
where it will be recognized by the device under test as being 
in the appropriate window for a large number of sequential 
read operations. For a device which passes specification, 
the movable bit will move no closer to the nominal window 
center than 40 ns (the ideal half-window width (50 ns) minus 
the Twindow spec. (10 ns)), before the bit falls into the prop
er decode window. Hence, the Early test bit begins at 10 ns 
away from (outside) the left side of the nominal window 
boundary and moves toward the center of the window by 1 
ns increments until the corresponding Synchronized Data 
output is found at its expected location. Similarly, the Late 
test bit approaches from the right hand side of the nominal 
window boundary starting at 10 ns outside the boundary and 
shifts toward the window center. An automated tester used 
in manufacturing verifies that the Synchronized Data output 
and the shifted test bit input waveforms are in their respec
tive valid locations for 1 00 consecutive successful opera
tions (a test time versus confidence compromise). Parts that 
exhibit less than 6 ns of window loss from both the front 
(Early bit) and the back (Late bit) window tests at a 10 Mb/s 
data rate are deSignated - 3 graded parts. Devices with 
window truncation of less than 10 ns at 5 Mb/s data rate are 
designated as the -4 grade part-type. 

Device specifications are: 
DPB462-4 - TwindowTolerance = 10.0 ns 
DPB462-3 - TwindowTolerance = 6.0 ns 



DP8462 Evaluation PC Board Layout 

TLlF/9331-7 

FIGURE 48. Component Side with Ground-Plane 

Ie - - TLlF/9331-8 ' 

FIGURE 4b. Trace Side, Bottom View 
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AC Test Sequence Flow Diagram 

FIGURE 5 
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DPII482 EVALUATION BOARD CIRCUIT OPERATION 
The DP8462 evaluation board mentioned above performs 
the equivalent test sequence as in automatic testers. How
ever, it does not require elaborate pattern generators and 
measurement systems, or a software contorlled sequencer. 
Only a calibrated oscilloscope and possibly a digital ratio 
counter are needed to monitor the device under test. Refer 
to the schematic diagram in Figure 7 and the timing diagram 
in FigureS. 

One half of U4 and U6 together form a 9-bit synchronous 
binary counter to cycle the address lines of U6, a read-only 
memory that contains all the appropriate test patterns for 
the Twlndow test. U7 Is a high speed AS (Advanced 
Schottky) gate used to buffer and gate the U6 ouputs to the 
PLL chip. U2 and US are CMOS inverters used to construct 
two crystal oscillators. One oscillator generates the 2F Ref-
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ere nee Clock while the other sequences the rest of the logic 
chips. U9, a monostable multlvibrator, is used to set the 
pulse width of a single movable bit within the Encoded Data 
pattern string. Q1 and Its associated passive components 
realize a linearly variable threshold adjustment that is capa
ble of continuously skewing the movable bit about its win
dow center position. The other half of U4, with an "OR" 
gate of U7 and together witth UB, set up a detection window 
for the synchronized bit associated with the corresponding 
movable test bit. If the test bit is within the correct decode 
window position, pin #6 of U7 will yield 2 pulses in every 
read cycle. If the test bit falls out of its expected window 
only a single pulse is produced from this output of U7. 
Hence, this output and Read Gate can be connected to the 
ratio counter inputs for an accurate display of when the bit is 
within or outside of its expected window. The time measure
ment system in a laboratory oscilloscope can provide accu
rate Twindow readings. 

• 
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FIGURE 8. Essential Waveform Dlagramatlc Representation of the DP8462 Evaluation Board 
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The variable resistor, "Rdly", is used to shift the test bit 
about its window center. "Rx2" is usad to adjust the pulse 
width of the movable bit, which should be set equal to the 
width of the Encoded Data pulses from the pattern genera
tor ROM. U3 consists of 4 switches usad to set Lock Con
trol, Preamble Select, and to select different currents sup
plied to PG4 to control window centering or to introduce a 
predetermined amount of early or late shift of the window. 

EVALUATION BOARD PREPARATION 
Below are listed the component values currently being used 
by NSC for production testing at 10 Mb/s. (Values may 
change without notice.) 

Rvco = 1.00 kO 
Cvco = 39pF 
Cv1 = 0.1 IJoF 
Cv2 = 1000 pF (Silver Mica) 
Cv3 = 1000 pF (Silver Mica) 
CPG1 = 2.21JoF 
CPG2 = 0.22 IJoF 

RPG1 = 680 
RPG2 = 1.8 kO (DP8462-4), 

= 1.5 kO (DP8462-3) 
RPG3 = 0.00 (DP8462-4), 

= 3000 (DP8462-3) 
RPG4 = 0.00 

Rr = 8000 
Rb= 1.8kO 
R1 = 820 
C1 = 0.021JoF 
C2= 510pF 
04= 0.01 IJoF 
Cb= 0.01 IJoF 

(See Figures 
2c&d) 

The circuit described in Figure 7, for evaluation of the 
DP8462 PLL, uses the same components as above except 
for RPG2 = 3.6k, RPG3 = 0, and RPG4 = Rselect. Refer 
to Figure 2b. 
The center frequency of the VCO may be checked accord
ing to the datasheet (under VCO section description). It can 
also be conveniently confirmed by another simple tech
nique. First, set CPO (pin #4) at ground potential and mea
sure the VCO frequency (minimum frequency). Then apply 
approximately 3V to pin #4 and again measure the VCO 
frequency (maximum frequency). The arithmetic mean of 
these two measured frequency values yields the equivalent 
center freqency (choose appropriate Cvco value to ensure 
proper VCO center frequency). 
Before powering up the evaluation board, notice that the 
circuit has been designed so that it is possible to provide 
each section of the test circuit, the DP8462 (via Vcc1), the 
2F Clock oscillator (Vcc2), and the rest of the digital circuitry 
(Vcc3), with an independent + 5V regulated supply. After 
power(s) has been on, first check U2 and US for proper 2F 
frequency outputs. If either one or both crystal oscillators 
appear to exhibit excessive jitter, abnormal oscillation or Is 
being perturbed by the other oscillator, it is possible that the 
gain of the Inverters used is too high. Replace the 74HC04 
device or usa the unbuffered device, the 74HCU04, instead; 
(may require new capaCitor values). Next monitor U8 to 
make certain that all the test patterns are present (refer to 
Figure 8). Trigger an oscilloscope with the SYNC/REF 
BITS output and display this waveform on the CRT also. Pin 
#8 of U7 should present two pulses, a sync bit followed by 
a reference bit from 04 of U8. 00 of U8 is the Read Gate 
saquence, which should be high for 312 2F Clock cycles 
and low for 200 2F Clock cycles. Pin #3 of U7 outputs the 
Encoded Data pattern from 01 of UB. 01 of U8 consists of a 

train of 4T patterns starting when Read Gate Is assarted. At 
the end of the 4T patterns there should be an isolated pulsa 
(movable bit). Adjust the Rx2 potentiometer So that the 
width of this Isolated pulse matches thosa of the 4T pattern 
(or the reference bit). Also adjusting "Rdly" should be able 
to shift this pulsa. Position this bit such that its leading edge 
aligns perfectly with the leading edge of the reference bit 
(refer to Figure 8). This alignment procedure puts the mov
able bit in the nominal center of its decode window. 05 and 
Q6 (pins # 15 and # 16) of U8 are optional sync signals for 
triggering the oscilloscope to monitor other areas of the test 
sequence •. 

TEST PROCEDURES 
Set "DIP" switches: SW-3 for LOCK CTL to (H) for phasa
frequency mode during preamble acquisition; SW-4 for Pre
amble Select to (H) for 4T preamble; SW-1 and SW-2 both 
sat to (L), this salects RPG4E = 3 kO on the board (or 
whatever value the user chooses In testing). Check SYN
CHRONIZED DATA and VCO outputs, they should be sta
ble and in lock by the arrival of the SYNC/REF liits (at least 
200+ VCO cycles after Read Gate assartlon). 
To test the available half-window width (complement of the 
haif-window loss), begin turning 'Rdly" slowly while monitor
ing ENCODED DATA, SYNC/REF BITS, SYNCHRONIZED 
DATA or RATIO OUT. (It Is recommended to connect READ 
GATE and RATIO OUT to a digital ratio counter). The ratio 
counter normally reads a perfect 2.0000 ratio when the test 
bit is within its proper decode window. Move the test bit 
away from its centered position (with respect to the Refer
ence Bit positive edge) in either direction. As long as the 
test bit remains inside the available decode window, a ratio 
of two is displayed on the counter. When the test bit begins 
to fall outside of its decode window even occasionally, the 
ratio count will deviate from a perfect two retio, Indicating 
the window boundary has been reached. Measure the time 
span between the leading edge of the movable bit and that 
of the reference bit which corresponds to the available half
window width. Subtracting this IIgure from 25 ns (for 
10 Mb/s data rate) yields the Twindow number (half-window 
truncation). Repeat the same procedure for the other half of 
the decode window. If a ratio counter is not used one can 
monitor the SYNCHRONIZED DATA or RATIO OUT node 
on the oscilloscope screen. As the pulsa is shifted towards 
the adjacent window position It will begin to fade; this is the 
point where the window measurement should be made. This 
alternate test also gives a reasonably accurate estimate of 
the Twindow specification. . . 
Switches #1 and #2 of U3 along with the various RPG4 
components have been selected for the user who desires to 
experiment with early/late strobe or select RPG41n a sys
tem design for minimum window offsat. To experiment with 
these different options this procedure is as follows (for 
10 Mb/s transfer rate): Refer to Figure 9. 
1. Choose RPG4E "" 6.2 kO, RPG4T '" 6200, and for 

RPG4L select a 5.0 kO potentiometer. (Thesa values 
may be slightly different for other data rates.) 

2. Set switches #1 and #2 to (H), this selects RPG4E 
only. With a relatively large resistor value, a low level 
bias current is allowed to the PG4 pin. This produces a 
wider LATE window (w.r.t. nominal bit position) and a 
correspondingly smaller EARLY window. 
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FIGURE 9 

3. Set switches # 1 to (l) and # 2 to (H), this selects 
RPG4E and RPG4T in parallel. The effective RPG4 val
ue will be the smallest of all the combinations of RPG4 
resistors, hence, a larger bias current into PG4. This 
yields a wider EARLY window and a narrower LATE 
window (w.r.t. nominal bit position). 

4. Set switches # 1 to (H) and #2 to (l), this will select 
RPG4E and RPG4l; the combined value nulls out the 
window offset (on-time). For an easier set-up, one can 
utilize a single potentiometer for RPG4l (delete 
RPG4E and RPG4T) to determine an optimum RPG4 
resistor value to nullify any inherent window offset. 

SUMMARY 
The DP8462 Pll chip is the third circuit in the family of 
National's second generation high performance data syn
chronizers. It combines the features of the DP8461 and 
DP8465 for non-harmonic phase detection in the non-read 
mode (DP8461 and DP8465) and in read mode during pre
amble acquisition (DP8461), and harmonic phase detection 
in read mode. Furthermore, in the DP8462, these mode se
lections are user controlled. Analog and digital Vcc and 

ground are brought out to separate device pins which fur
ther minimizes phase jitter and internal interference. Win
dow center offset is also reduced or can be nulled out in 
design with a fixed external resistor. These improvements 
have significantly eased the task of design and volume pro
duction of higher transfer rate systems (data rates of 
10 Mb/s to 15 Mb/s), where the data windows are propor
tionally smaller. The DP8462 device is part of National 
Semiconductor's DP8460 Series Disc System Data Path 
Chip Set. It has been designed into many disc drives and 
controller systems worldwide in conjunction with other 
members of this family such as the DP8464B pulse detec
tor, the DP8463B (2, 7) ENDEC CHIP; the DP8466 DOC, 
and the DP8475 SCSI controller. 

For further information regarding the DP8462 and the DISK 
DATA PATH chip set, please refer to National's "APPS 
Handbook Volume 1: Mass Storage". 
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~ Designing with the DP8465 
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GENERAL DESCRIPTION 
The DP8465 is a second generation of the successful 
DP8460 high performance PLL integrated circuit family of 
data separators/synchronizers. Like its predecessor, the 
DP8460, it consists of a proprietary pulse-gate which fea
tures an accurate silicon delay line, an edge-triggered digital 
phase comparator, a high speed matched charge pump, 
high impedance buffer amplifier, and a temperature com
pensated stable voltage controlled oscillator (VCO). The 
DP8465 also contains MFM decoder, missing clock detec
tor, and lock-detect control circuitry for added flexibility to 
the system designer. There is one difference between the 
DP8460 and the DP8465. The DP8465 has been designed 
to perform PHASE FREQUENCY COMPARISONS during 
the non-read mode and switches to phase comparisons 
only when in the read mode, whereas the DP8460 employs 
only phase comparisons in both the read and non-read 
modes. This enhancement eliminates the possibility of false 
lock to the reference signal during a power-up sequence or 
when returning from a read operation. The DP8465 is 100% 
pin-for-pin and function-for-function compatible with the 
DP8460. It is a direct replacement for the DP8460 part type. 

CIRCUIT OPERATION 
The DP8465 is in the non-read mode whenever the READ 
GATE is deasserted. The 2F REFERENCE CLOCK input is 
divided by two and transmitted to the READ CLOCK output 
via a multiplexer. In this mode the VCO is locked onto the 
2F CLOCK, keeping the VCO close to the data frequency in 
anticipation of locking onto the actual data stream. During 
the non-read mode PHASE-FREQUENCY COMPARISONS 
are employed, thus eliminating any possibility of false lock. 

When the READ GATE input goes high, the DP8465 enters 
the read mode after a selectable delay time. This may be 
either one or thirty-two VCO clock cycles. The 2-byte delay 
Is useful In hard-sectored drives for allowing a gap pattern 
to pass before the PLL locks onto the data. Soft-sectored 
drives do not need this delay. Once in the read mode, the 
PLL reference Input is switched from the 2F CLOCK source 
to the ENCODED DATA input. The PULSE GATE allows a 
reference signal from the VCO into the PHASE COMPARA
TOR only when an ENCODED DATA bit is valid, thus 
PHASE-ONLY comparisons are made. The PLL, initially in 
the high-tracking mode, then attempts to quickly lock onto 
the repetitive encoded preamble. 

By careful selection of the loop filter components, it takes 
less than one byte time for the VCO to lock onto the data 
stream sufficiently for preamble detection to begin. As soon 
as 2 bytes of the selected (ones or zeroes pattern) pream
ble are detected, the LOCK DETECTED output goes low. In 
a typical disk drive application, the LOCK DETECTED out
put may be directly connected to the SET PLL LOCK input. 
A low level on the SET PLL LOCK input causes the PLL 
CHARGE PUMP to switch from a high to low tracking-rate. 
At the same time the source of the READ CLOCK signal is 
switched from the 2F CLOCK input to the VCO clock. The 
MFM decoder also becomes enabled and begins to output 
decoded NRZ data. If the DP8465 is employed as a data
separator for MFM encoded data, the READ CLOCK output 
and the NRZ READ DATA output (which is synchronized to 
the READ CLOCK) may be used. These signals can be 
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connected directly to a Disk Data Controller such as the 
DP8466 which controls Winchester or floppy disk drives. 
The MISSING CLOCK DETECTED output can also be uti
lized for MFM-encoded data in soft-sectored disk drives. It 
should be noted, however, the circuit is designed only to 
recognize a missing MFM clock-bit which is framed by two 
existing clock bits. In order to insure the detection of an 
address mark, simultaneous monitoring of the NRZ output 
for an "A1" hexidecimal code and the MISSING CLOCK 
DETECTED output for.a single pulse within the same byte 
time is necessary. 

When the READ GATE goes low, signifying the end of a 
read operation, the PLL reference signal is switched back to 
the 2F CLOCK, the LOCK DETECTED output goes high, 
and the VCO gating circuitry within the PULSE GATE is by
passed thus allowing PHASE and FREQUENCY compari
sons to occur. The PLL then returns to the high tracking rate 
and the output signals return to their initial conditions. 

If the chip is used as a data-synchronizer for MFM (on-chip 
data decoding not necessary) or other popular RLL codes, 
the SYNCHRONIZED DATA OUTPUT and the VCO CLOCK 
OUTPUT should be used. External decoding can be accom
plished either in commercially available controller chips or 
via an encoder-decoder circuit, or by the customer's propri
etary design. 

PHASE ONLY VS. PHASE·FREQUENCY COMPARISON 
OPERATION 
As mentioned above, the function of the PLL is to maintain 
phase and frequency lock between the reference signal (2F 
CLOCK or ENCODED DATA) and the feedback signal 
(VCO). A comparator that performs only phase comparison 
is mandatory during read-mode in order to handle the non
periodic nature of various coding schemes. With this type of 
detector, the phase-locked-loop functions as a feedback 
loop in which it responds only to the phase differences be
tween the input and the feedback waveforms. As long as 
the reference and VCO signals have their edges aligned 
(are in phase lock) the PLL is insensitive to their frequency 
relationship. 

During the nonread mode the PLL is required to lock onto 
the 2F CLOCK, a specific frequency reference that is close 
to the data rate. If a disturbance is somehow introduced in 
the system which results in cycle slipping or prolonged tran
sient behavior of the reference clock, false lock may occur if 
a PHASE-ONLY comparator is being used. Under these cir
cumstances PHASE comparison alone may be inadequate, 
since it discriminates only phase and not frequency informa
tion. A PHASE-FREQUENCY-COMPARATOR, therefore is 
employed within the DP8465 during this mode of operation. 
This comparator performs identically to the PHASE-COM
PARATOR in the case when both inputs to the comparator 
have the same frequency; however, if the inputs exhibit the 
slightest frequency offset, the PHASE-FREQUENCY-COM
PARATOR also provides a frequency-sensitive error correc
tion signal to ensure frequency aquisition. 

The PULSE GATE has two important functions. It ensures a 
continuous PLL lock in the presence of bit gaps encoun
tered on the media and in the bit stream. It also provides a 
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precise time delay (independent of process and external 
component variations) necessary to align the incoming data 
with the center of the decoding window. The delay is exactly 
one half the period of the 2F CLOCK and the delay genera
tor is referenced to the 2F CLOCK. This allows input bit jitter 
up to ± half the 2F CLOCK period. 

The PULSE GATE incorporated in the DP8465 has two mUl
tiplexers which allow the circuit to switch from PHASE-FRE
QUENCY comparison to PHASE-ONLY comparison as the 
circuit switches from non-read mode to read mode. Figure 1 
is a block diagram of the PULSE GATE and details how this 
is accomplished. The delayed output of MUX-1 is shown to 
be compared with either the GATED VCO or the VCO DI
VIDED BY TWO. The two VCO signals are multiplexed, with 
the INTERNAL READ GATE as the control signal, and the 
output is connected to the PHASE-FREQUENCY-COMPAR
ATOR. When INTERNAL READ GATE is inactive (non-read 
mode) the 2F CLOCK DIVIDED BY TWO and the VCO DI
VIDED BY TWO signals are selected by MULTIPLEXER-1 
and MUL TIPLEXER-2, respectively. In this configuration, 
phase and frequency comparisons are made between them 
and the possibility for a false lock occurence is eliminated. 
When the INTERNAL READ GATE is active (read mode), 
however, the ENCODED DATA and the GATED VCO sig
nals are selected by the multiplexers. Through the circuit 
configured by the D-type flip-flops and the OR gate, the 
comparator effectively performs PHASE-ONLY compari
sons (an INTERNAL VCO pulse is allowed to reach the in
put of MUX-2 only when an ENCODED DATA pulse is 
sensed). Thus, the DP8465 chip guarantees proper frequen
cy lock of the VCO to the 2F REFERENCE CLOCK during 
the non-read mode, and it performs the necessary phase
only comparison during the read mode. 

DATA SEPARATOR APPLICATION PROBLEMS 

Following are some common application problems for many 
data separator circuit designs. The purpose of this applica
tion note is to identify these problems and to propose sim
ple solutions. Thus, our DP8465 users will be able to avoid 
these potential application problems. 

A) Loss of lock during read mode 

In some systems the controller asserts the READ GATE 
randomly along a formatted track. If the READ GATE is 
asserted over a write splice, which usually contains unin
telligible information, the PLL might false lock to some 
harmonic of the data, or it might be pushed to either ex
treme of its allowed frequency swing. Similarly, when the 
READ GATE is asserted over a data field, the PLL might 
lock to a harmonic of the data. 

To recover from this problem a recovery routine must be 
implemented by the disk controller. This routine should 
toggle READ GATE so that the PLL can lock back to the 
2F REFERENCE CLOCK and, after waiting a sufficient 
amount of time (to frequency lock to the crystal), activate 
READ GATE to retry the read operation. 

A superior controller PLL algorithm only allows assertion 
of the READ GATE over a preamble or similar high fre
quency pattern. An example of such an algorithm is as 
follows: 

1) Deassert READ GATE-allow a 4 by1e time minimum 
for the PLL to lock to the 2F-REFERENCE CLOCK. 

2) Wait for 2.5 bytes of valid preamble pattern. 

3) Assert READ GATE 

4) If valid preamble continues for 5 or more by1es then go 
to 5; otherwise go to 1. 
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5) "LOCK DETECTED" becomes active, AM search be
gins. 

6) If AM is found, then continue the read routine; other
wise go to 1. 

B) False lock in the non-read mode 

The DP8465 has been specifically designed to elimi
nate the possibility of false lock during the non-read 
mode. This is accomplished by the use of a phase-fre
quency comparator in the non-read mode as was de
scribed in the PULSE GATE section. 

False lock during the non-read mode can occur by two 
means in systems using phase only comparisons in the 
non read mode. When the power supply of the PLL circuit 
is switched on for the first time, the VCO ramps toward 
the reference frequency. The aquisition process may lock 
the VCO to some harmonic of the 2F REFERENCE 
CLOCK if the bandwidth (capture range) is not high 
enough. False lock can also occur in the non-read mode 
after an aborted read operation as described above. If 
the VCO has either lost lock or has been driven far from 
its center frequency while trying to read, then while re
locking to the crystal, if the capture range is not wide 
enough, false lock might occur. 

C) Quadrature Lock 

Quadrature lock is a phenomenon which may occur 
when the periodic pulses in the PLL synchronization field 
become distorted such that they appear as periodic 
pulse-pairs as shown in Figure 3. This phenomenon is 
usually caused by the read channel electronics or record
ing components in the disk drive and may give rise to a 
false lock condition in the PLL known as quadrature lock. 

Within the standard synchronization field which precedes 
the data field, bits are recorded at a constant frequency 
for a time sufficient to allow the PLL to acquire lock. With 
normal recording and read-circuit behavior, this synchro
nization information reaches the PLL as a continuous, 
periodic data stream. In some disk drives, if an offset has 
somehow been induced into the recorded information, or 
if a read-channel asymmetry exists within the drive elec
tronics which skews the flux reversal zero-crossing pOint, 
the synchronization field waveform which reaches the 
PLL may appear in the form of periodiC pulse-pairs. This 
condition only arises when a repetitive pattern is present, 
and gives rise to the occurance of quadrature lock. Note 
that quadrature lock is actually more prone to occur with
in systems where a low-noise design has minimized the 
randomizing effect which noise has on bit position. 

Optional External Quadrature Lock Circuitry 

To eliminate the possibility of a quadrature lock condi
tion, a simple circuit (4 passive components) solution 
may be employed to prevent its occurrence. The cir
cuit shown in Figure 2 has the effect of forcing a mis
alignment of the data synchronization window with re
spect to the input pulse pattern should the quadrature 
condition occur. This circuit does not affect PLL opera
tion once proper lock has occurred, and it is disabled 
once PLL LOCK has been detected by the DP8465. 
Although a recommended value is given for the resis
tor in the support circuit, some experimentation may 
be required in determining an optimum value for use 
within any particular system. Figure 3 shows a dia
grammatiC representation of the quadrature lock 
waveforms. 
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D) veo Jitter 
The recommended starting value for the charge pump 
current setting resistor, RRATE, was initially 1.5 kO. It has 
been found that maintaining a value of RRATE at or below 
8200 has a stabilizing effect on the jitter performance of 
the veo circuitry. Thus, we recommend that this 8200 
value be substituted for the originally recommended val
ue of 1.5 kO. 
As shown in the DP8465 data sheet, the minimum value 
of RRATE is 4000. When choosing values for RRATE and 
RSOOST, the only requirement is that the total charge 
pump input current is less than or equal to 2 mAo This 
requirement can be met by adhering to the following re
quirement on the parallel combination of RRATE and 
RSOOST· 

RRATEllRsoosT ~ 3500 
(i.e., the parallel value of RRATE and RSOOST 

should not fall below 3500.) 
When the RRATE value adjustment is implemented, all 
other component values associated with the loop filter 
must also be modified In order to maintain the original 
PLL response characteristics within the disk data field. 
The DP8465 Data Sheet shows a sample filter calcula
tion and also several sets of loop filter component values 
for different values of RRATE. 

Pulse Gate Block Diagram 

2-1 
CLOCK 

INTERNAL 
READ 
GATE 

SUMMARY 
The DP8465 is one of National's second generation single
chip high performance PLL circuits for application in disk 
memory systems. It features a comparator with both phase
frequency and phase-only comparison capabilities. The 
DP8465 offers significant savings of cost and time in pro
duction, test, and maintenance since only a few fixed pas
sive components are required for operation. The need to 
trim any external components has been eliminated and 
since no external components determine window accuracy, 
the performance will not be sensitive to external variations. 
The chip requires a single + 5V supply and it is housed in a 
narrow 24-pin dual-in line package (also available in 28-pin 
pee package). The DP8465 is a direct replacement for the 
DP8460. and it may be used either as a data synchronizer 
for MFM or any of the existing Run-Length-Limited codes, or 
as a data separator for MFM. 
For further information, the reader should also refer to the 
National Semiconductor Application Note 414, Precautions 
for Disk Data Separator (PLL) Designs. 

RPGI 

THIS CONNECTION 
RESULTS PHASE-ONLY 
COMPARISON BETWEEN 
ENCODED DATA AND 
GATED VCO INPUTS. 

TUF/B600-1 

FIGURE 1. 
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Vee 
+5 VOLTS 

PHASE COt.tPARATOR 0--+ .. --1 
TEST OUTPUT (PIN 9) 

CHARGE PUt.tP 
t-~I-o() OUTPUT(PIN 4) 

PLL LOCK DETECTED 0--+,,--' 
OUTPUT (PIN 15) 

Recommended value for RElIT: 10 [RRATEIIReooSTI " REXT " 20[RRATEIIReoosTI. 

TL/F/8600-2 

Diodes must be carefully chosen for minimal zero-bias capacitance and reverse leakage current (2 pF and 100 nA or better are recommended values, 
respectively). 

Recommended diode types: 1 N4448 
1N4148 
1N914 

FIGURE 2. External Circuitry Used to Insure Correct PLL Lock to a Pulse·Palred Synchronization Field 

ICLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI 

NORt.tALt.tFt.t A A A A A A A A SYNCH FIElD INPUT ...J' '--__ ..I '-__ --I '-__ --I '-__ --I ,-___ , ~ 

\+-200 n.--I--200 n.--I 
CLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI D ICLKI 

PULSE-PAIRED t.tFt.t 
SYNCH FIELD 

SYNC DATA 
OUTPUT 

(NORt.tAL 
LOCK) 

PULSE-PAIRED t.tFt.t 
SYNCH FiElD 

SYNC DATA 
OUTPUT I 

(QUADRATURE ---' 
LOCK) 

L 
TL/F/8600-3 

FIGURE 3. Timing Diagram of PLL Quadrature Lock Within a Symmetrically Pulse·Paired Synch Field 
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Designing an ESDI 
(Enhanced Small Device 
Interface) Disk Controller 
Subsystem with National's 
DP8466A (Disk Data 
Controller) 
1.0 INTRODUCTION 

The ESDI (Enhanced Small Disk Interface) is designed to 
handle a variety of 5',4" Winchester disk, tape and optical 
drives. It opens the door to higher performance system de
signs by incorporating more intelligence onto the drives, and 
by allowing higher data transfer rates-10 Mbits/s to 24 
Mbits/s. This is achieved by incorporating data separation, 
data encoding and decoding in the drive itself and the 
smarter interface protocol allows dissemination of more in
formation between the drive and the controller. Thus by re
moving the restrictions placed by ST506 on 5',4" hard disk 
transfer rates, the ESDI interface clears the way for higher 
recording densities and ultimately, higher storage capacities 
in the 5',4" form factor, up to 700 Mbytes and beyond. 

National Semiconductor's DP8466A Disk Data Controller in
tegrates a number of functions originally supported by dis
crete logic in conventional disk controller designs. This re
sults in a decrease in complexity and parts count in a disk 
controller design. The DP8466A is a data path controller 
and hence can support the various disk interfaces viz. 
ST506, ESDI, SMD, etc. By its versatility and programmabili
ty, it greatly simplifies the task of designing a disk controller. 
There are basically two types of ESDI drives viz. hard sec
tored ESDI drives and soft sectored ESDI drives. This appli
cation note discusses the ESDI interface and the various 
steps involved in designing an ESDI disk controller with the 
DP8466A. The emphasis is predominantly on the disk side 
as that is of utmost relevance with respect to intefacing the 
DP8466A. 

2.0 ENHANCED SMALL DEVICE INTERFACE (ESDI) 

The ESDI consists of a control cable and a data cable. The 
control cable allows for a daisy chain connection of up to 
seven drives with only the last drive being terminated. The 
data cable must be attached in a radial fashion. Figure 1 
shows a typical connection in a multiple drive system. All 
control lines are digital in nature (open collector TTL) and 
either provide signals to the drive (input) or signals to the 
controller (output). The data transfer Signals are differential 
in nature and provide data either to, (write) or from, (read), 
the drive. 

National Semiconductor 
Application Note 500 

2.1 Control Cable 

The control cable definition is shown in Figure 2. It basically 
consists of some input lines and some output lines. The 
control input Signals are of two kinds; those to be multi
plexed in a multiple drive system and those intended to do 
the mUltiplexing. The control input signals to the drive to be 
multiplexed are WRITE GATE, READ GATE, HEAD SE
LECT 20, 21, 22, 23, TRANSFER REQUEST and COM· 
MAND DATA. The signals to do the multiplexing are the 
DRIVE SELECT 1,2,3. ADDRESS MARK ENABLE (AME) is 
a control input on the radial data cable and is not multi· 
plexed. The drive select lines accept a binary input combi
nation decoded internally to allow 1-7 drives. Decode 000 
is a no select condition. The four Head select lines allow 
selection of each individual read/write head in a binary cod
ed sequence. Heads are numbered 0 thru 15. Write Gate 
and Read Gate are control signals which initiate writing and 
reading of data respectively at the disk. 

CONTROLLER DRIVE # 1 

CONTROL 
Jl 

J2 

r--- J3 J4 

DRIVE#2 

~ Jl 

J2 

- ~ J3 J4 

~ DRIVE#N 
;! ~ 
t!!i ..... Jl 

N J2 

r- J3 J4 C 
I 

lERMINATOR 
DC VOLTAGES :=- (LAST DRIVE ONLy) 

rRAMEGROUND MAXIMUM # N = 7 

TUF/9381-1 

FIGURE 1. Typical Connection In a 
Multiple Drive System 
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Control Cable Data Cable 
The ESDI is an intelligent interface and provides for certain 
commands, to do certain specific functions, thereby freeing 

Pin No. Signal Pin No. Signal the controller from a number of mundane tasks, and also 

2 Head Select 22 1 Drive Selected 
from being tied to a particular drive. These commands are 
presented to the drive as 16 information bits of serial data, 

4 Head Select 21 2 Sector/AMF plus a parity bit. The transfer of this data is controlled by the 

6 Write Gate 3 Command Complete 
handshake protocol with the TRANSFER REQUEST and 
TRANSFER ACKNOWLEDGE signals. Upon receipt of this 

8 Config/Status 4 Address Mark Enable serial data, the drive will perform the required function as 

10 Transfer ACK 7,8 Write Clock ± 
specified by the bit configuration. Figure 3 lists the various 
commands supported by ESDI. 

12 Attention 10,11 Read/Reference ClK ± The Address Mark Enable (AME) signal behaves differently 

14 Head Select 20 13,14 NRZ Write Data ± for soft and hard sectored drives. In soft sectored drives this 
Signal, when active with Write Gate, writes an Address Mark 

16 Sector/AMF 17,18 NRZ Read Data ± on the disk. When AME is asserted without Write Gate or 

18 Head Select 23 20 Index 
Read Gate, it causes a search for Address Marks. The ad· 
dress mark written is usually a gap of no flux transitions, 

20 Index Ground = 5,6,9,12,15,16,19 exactly 24 bits long. In case of hard sectored drives, the 

22 Ready 
AME does not cause an Address Mark to be written on the 
media. The trailing edge of AME with Write Gate asserted, 

24 Transfer Request initiates the writing of the 10 PlO sync field. 

26 Drive Select 1 
The output control signals are driven with an open collector 
output stage capable of sinking a maximum current of 

28 Drive Select 2 48 mAo They consist of the DRIVE SELECTED, READY, 

30 Drive Select 3 
ATTENTION, INDEX, SECTOR, TRANSFER ACKNOWl· 
EDGE, and CONFIGURATION & STATUS. COMMAND 

32 Read Gate COMPLETE is a control output which allows the host to 

34 Command Data 
monitor the drive's command completion status. The AT· 
TENTION line is activated whenever there is an erroneous 

Ground = All Odd # Pins condition at the drive. In response to the Request Configu· 

FIGURE 2. ESDI Cable ASSignments 
ration and Request Status commands, the drive provides 
some status information which is sent to the controller in a 

Command Data Word Structure 

rMOST SIGNIFICANT BIT PARll.l LEAST SIGNIFICANT BIT~ 

115 14 13 12111 10 9 817 6 5 4 3 2 1 0 pi 
I CWO FUNCTION I CliO MODIFIER I 0 0 0 0 0 0 0 0 P I 
ICIID FUNCTION I COMMAND PARAMETER P I 

TLlF/9381-2 

Command Data Definition 

Command 
Command 

Command Command Status 
Function 

Function 
Modifier Parameter Data 

Bit 
Definition 

Applicable Applicable Returned 
15 14 13 12 Bits 11-8 Bits 11-0 to Host 

0 0 0 0 Seek No Yes No 
0 0 0 1 Recalibrate No No No 
0 0 1 0 Request Status Yes No Yes 
0 0 1 1 Request Config Yes No Yes 
0 1 0 0 Select Head Group" No Yes No 
0 1 0 1 Control Yes No No 
0 1 1 0 Data Strb Offset" Yes No No 
0 1 1 1 Track Offset Yes No No 
1 0 0 0 Init Diagnostics· No Yes No 
1 0 0 1 Set Bytes/Sector· No Yes No 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Reserved 
1 1 0 1 Reserved 
1 1 1 0 SetConfig" No Yes No 
1 1 1 1 Reserved 

·Optional Commands All Unused Bits Set to Zero 

FIGURE 3. ESDI Command Structure 
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serial manner over the CONFIGURATION & STATUS line 
using a handshake protocol between TRANSFER RE
QUEST and TRANSFER ACKNOWLEDGE. 

Index and sector are interlace signals from the drive which 
indicate the start of a track and sector respectively. In case 
of a soft sectored drive there are no sector pulses, but If an 
address mark is found then it signals the end of an address 
mark, indicated by the AMF signal from the drive. 

2.2 Data Cable 

All lines associated. with the transfer of data between the 
drive and the host system are differential in nature and may 
not be multiplexed. Four pairs of balanced signals are used 
for the transfer of data and clock signals: NRZ Write Data, 
NRZ Read Data, Write Clock, and Read/Reference Clock. 
Differential drivers and receivers are needed to interlace the 
controller to the drive, like National's DS8922A1DS8923A. 
Connection details are shown in Figure 13. The NRZ Write 
Data is clocked by the Write Clock signal while the NRZ 
Read Data is clocked by the Read Clock signal. The Refer
ence Clock signal from the drive will determine the data 
transfer rate. The transitions from Reference Clock to Read 
Clock must be perlormed without glitches, i.e. the clock 
should not violate the minimum allowable specifications of 
the controller chip. 

2.3 ESDI Format Rules 

The ESDI essentially supports a fixed sector implementa
tion, (Drive hard sectored) and a soft sectored implementa
tion, (Drive soft sectored). The record format on the disk is 
under control of the controller, however, the ESDI standard 
recommends a certain format structure which must be im
plemented. In a hard sectored drive the index pulse signifies 
the start of a track, while the sector pulse signifies the start 
of a sector. Figure 4 shows a fixed sector format and asso
ciated timings. In a soft sectored drive, the index signifies 
the beginning of a track while the beginning of each sector 
is defined by an Address Mark, followed by the 10 field 
which contains the header information. The AME/AMF 
handshake is utilized to detect these address marks. Figure 
5 shows the soft sectored format and associated timings. In 
a hard sectored drive, the beginning of the 10 PLO sync field 
is specified by the trailing edge of the AME, when Write 
Gate is active. From Figures 4, 5 and 6 it can be seen that 
there are some minor differences between the DOC's for
mat and the ESDI recommended format. The ESDI recom
mended format supports a post index/ sector gap field and a 
write splice field between the 10 and DATA fields, which is 
not directly supported by the DOC. Also Write Gate needs to 
be optionally deasserted in the write splice area between 
the 10 and DATA segments as shown in Figures 4 and 5. 
These shortcomings can however be overcome through a 
combination of hardware and software considerations as 
discussed in the following sections. 

3.0 CONTROLLER DESIGN-DISK SIDE 

Perhaps of greatest significance to system designers is the 
fact that the ESDI drives provide the data separation func
tion internally. The perlormance benefits attained by putting 
the data separator on the drive more than offset the cost in 
terms of system efficiency and reliability. Data is transferred 
over the interlace in NRZ format. This results in the use of 
high density encoding schemes to be implemented in the 
drive, like 2,7 RLL, etc. These factors greatly simplify the 
task of designing a controller for ESDI drives. This task is 
even more simplified with the availability of VLSI disk con
troller IC's like the DP8466A, which integrates numerous 
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FIGURE 4. ESDI Fixed Sector Format 
and Relevant Timing 

functions in the disk path. The disk side involves the inter
face of the DOC to a disk interlace, like the ESDI. This is 
made up of two main paths-the data path and the control 
path. The control path is responsible for the disk related 
functions like sending commands, etc (as discussed in Sec
tion 2.1), while the data path is responsible for the data 
transfer, (refer to Section 2.2). The DP8466A is a disk data 
path controller which does not involve itself with the slower 
tasks of the control path. It features full format programma
bility, fully programmable EGC, 16-bit dual channel DMA 
and a 32-byte FIFO. Data is transferred from the FIFO in 
selectable bursts, which minimizes bus occupancy and can 
thereby accommodate some degree of latency. For more 
details refer to AN-413. As mentioned in the previous sec
tion, the disk formats suggested by the ESDI standard pro
duce some compatibility problems with the DP8466A, most
ly in the area of control line timing with the drive. The tech
niques to handle them with minimum overhead is discussed 
below for the two types of ESDI drive systems. 
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3.1 ESDI Hard Sectored Drive 

For an ESDI drive which is hard sectored, the specification 
calls for an Inter-Sector Gap (lSG) which is to precede and 
follow the index/sector pulse,also referred to as the post 
index/sector pulse. This gap is needed to provide the drive 
with an area for the embedded servo (if used) and also 
gives the controller time to assert read gate. While format· 
ting the drive, the end of the ISG (post index/sector gap), is 
indicated by the trailing edge of AME. This is needed by the 
drive to indicate the beginning of the PLO sync (preamble) 
field, necessary when the drive encodes the PLO sync field 
with a non·standard preamble pattern, e.g. as in 2,7 encod· 
ing with 3T or 4T preambles. The DOC generates the AME 
signal with the necessary timing during a format operation. 
To do so the DOC must be programmed to be in the hard 
sectored mode and have the start with address mark bit 
enabled in the Disk Format Register, (HSS and SAM bits in 
the OF register). Figure 6 illustrates the manner in which the 
DOC format parameter registers need to be manipulated for 
a format operation and a read/write operation. It should be 
noted that the ISG field is implemented by the DOC's 10 
preamble field while the PLO sync is implemented by the 10 
sync # 1 field. This feature is needed only during formatting, 
and hence should be disabled at other times. On the other 
hand when a disk read/write operation is attempted, the 
header field is compared (or read) usually. The DOC asserts 
read gate just after the index or sector pulse, which initiates 
the data separator to start locking the PLL to the preamble. 
Since there is the ISG field after the index/sector pulse, the 
read gate to the drive needs to be delayed until after the 
ISG. This can be achieved in two ways. One technique is to 
delay index and sector to the DOC by the length of the ISG, 
so that the DOC would be asserting Read Gate in the pre
amble area. Figure 6 shows the format and control Signals 
for this situation. This is the technique adopted for the com
bined solution proposed in section 3.3 to implement both 
hard and soft sectored ESDI. 

Alternate Technique 

The other technique for implementing the post index sector 
gap is explained below and could be used when only ESDI 
hard sectored drives are under consideration. Essentially 
when formatting the drive, the DOC is set up to use 10 pre· 
amble field as the ISG, the 10 sync #1 as the PLO synch 
and the 10 sync #2 as the sync byte. Hence when reading 
or writing, the DOC is set up to have 10 preamble as the 
PLO sync, 10 sync #1 is skipped and 10 sync #2 as sync 
byte. External hardware is used to delay the read gate at the 
beginning of every sector, by the length of the ISG so that it 
gets asserted over the preamble on the drive. It should how
ever be noted that the read gate needs to be delayed only 
at the beginning of the sector and not in the middle of the 
sector before the data field. Figure 1 outlines the format 
manipulating and control signals behaviour. 

3.2 ESDI Soft Sectored Drive 

The soft sectored specification of ESDI provides two major 
stumbling blocks for the DOC. First there is a need for pro· 
viding the handshaking for the AME and AMF lines. The 
controller needs to raise AME when it wishes to be notified 
of the start of a sector. The controller asserts Read Gate on 
detecting AMF, generated by the drive on finding an Ad
dress Mark of 24 bits. After seeing the drive assert AMF, the 
controller removes AME, finishing the handShake. Since the 
DCC does not provide the AME/ AMF handshake, external 
hardware is required to do so when the DOC is not format
ting. As the Address Mark is at the beginning of every sec· 
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tor, the AMF signal is seen by the DOC as a sector pulse. 
The DOC is programmed to believe that it is looking at a 
hard sectored drive, and thereby the soft sectored ESDI can 
be handled in this pseudo fashion. 

The second stumbling block is that the soft sectored ESDI 
drives generates an AMF signal for each sector on the disk, 
including the first. Because the DOC starts its operation on 
either index or sector, (AMF instead of sector in this case), it 
will believe that there is a sector between index and the first 
AMF. External circuitry is needed to eliminate the first AMF 
pulse and replace it with a delayed version of index. 

One other problem with soft sectored ESDI, is formatting 
the drive. In these drives there is usally a ISG following the 
index pulse. In addition to this is the Address Mark field, 
which fits between the ISG and the PLO sync fields. The 
DOC has only two fields (10 preamble and 10 sync #1) be
fore the sync byte, with which these three fields have to be 
created. One way to implement it with external circuitry is to 
use the 10 preamble field of DOC for writing the ISG and 
AM. The external circuitry delays the AME from the DOC by 
the length of the ISG. The address mark (AM) field will 
hence be the length of the 10 preamble less the delay and 
the PLO sync is implemented using the 10 sync #1 field. 
Figure 8 shows the format manipulation required and the 
control signals behaviour. 

3.3 Combined Solution 

A combined solution to the above problems, (for a system 
supporting both soft and hard sectored ESDI), can be pro
vided by a single PALl!> device and something to provide a 
delay (possibly another PAL device). The interface solutions 
can be grouped into two main areas, implemented as state 
machines. 

1. Index and sector pulse generation to the DOC 

2. AME/AMF handshaking between the DOC and the drive. 

3.3.1 The Index/Sector Machine 

There are essentially 4 types of drive operations which are 
encoded using the two PAL inputs (soft/hard/ and format). 
These are outlined below: 

1. Hard sectored drive, read or write data operation 
PAL Inputs: soft/hard/ = 0 and format = 0 

In this case the index/sector machine essentially delays 
both the index and sector pulse from the drive by the length 
of the ISG (post index/sector gap) and then present it to the 
DOC. Figure 10 shows the state diagram and truth table for 
this part of the index/sector machine. Three state variables 
are used: F1 and F2 to indicate the state, and G1 to signal if 
an index pulse has been received from the drive. Figure 9 
shows the state diagram, truth tables and timing relation
ships for this part of the machine. 

2. Hard sectored drive format operation 
PAL inputs: soft/hard/ = 0 and format = 1 

In this case the Index/sector machine essentially lets the 
index and sector pulses from the drive flow through to the 
DOC. 

3. Soft sectored drive, read or write operation 
PAL inputs: 50ft/hard/ = 1 and format = 0 

In this case the index/sector machine essentially follows 
the AMF from the drive, translating it as the sector input to 
the DOC; however if an index pulse occurs from the drive 
then it waits for an AMF from the drive and then generates 
an index and no AMF/sector pulse to the DOC. This is the 
scenario which happens in the sector just after the index 
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FIGURE 9. Index/Sector Machine Hard Sectored ESDI 
(Non-Format) State Diagram, Truth Tables and Timing 
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State Diagram 
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Truth Table 
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0 0 0 0 0 0 0 0 
0 0 1 0 0 1 0 0 
0 1 X 0 0 1 0 0 
0 1 X 1 1 1 1 0 
1 1 1 X 1 1 1 0 
1 1 X 1 1 1 1 0 
1 1 0 0 0 0 0 0 
0 0 X 1 1 0 0 1 
1 0 X 1 1 0 0 1 
1 0 X 0 0 0 0 0 

hole. Figure 10 shows the state diagram, truth table and 
timing relationships for this section of the Index/Sector ma
chine. It uses two state variables, F1 and F2. 

4. Soft sectored drive, format operation 
PAL inputs: soft/hard/ = 1 and format = 1 

In this case the index/sector machine essentially follows 
the index pulse from the drive and passes it on to the DOC 
while it forces the sector input to the DOC to be inactive 
(low). 

3.3.2 The Address Mark Machine 

The Address Mark Machine consists of a pair of multiplex
ers which feed the AME input to the drive and translate the 
AMF from the drive as the sector pulse input to the DOC. 
Once again as before there are 4 types of drive operations, 
encoded using the two PAL inputs soft/hard/ and format. 

INDEX .J 
AMF __ ....I L-J L-

Fl r------, r-L.... 
F2 ----1 

DINDEX ---- r-'1 
SECTOR __________ ~I ~ 
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FIGURE 10. Index/Sector Machine Soft Sectored ESDI 
(Non-Format) State Diagram, Truth Table and Timing 
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The working of the address mark machine in these cases is 
outlined below. 

1. Hard sectored drive, Read and Write operation 
PAL inputs: soft/hard/ = 0 and format = O. 

The AME to the drive is kept inactive (low). 

2. Hard sectored drive, format operation 
PAL inputs: soft/hard/ = 0 and format = 1 

State Diagram 

WG 

WGD = Write Gate Delayed by One Clock 
TL/F/93B1-12 

Timing Dlagrams-Soft Sectored 
(Non-Format) Operation 

WG .-J 
AMF ---1 
WGD ~ 
AilE =---,=;----;:I====., r 

H EXTERNAL DELAY FOR lOps 
TO HOLD OFF At.lE 

TLlF/9381-13 
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In this case the AME to the drive follows the DOC generated 
AME. 

3. Soft sectored drive, read or write operation 
PAL inputs: soft/hard/ = 1 and format = 0 

In this case the PAL generates AME and handshakes with 
the AMF from the drive, translating it to the DOC as the 
sector input. 

4. Soft sectored drive format operation 
PAL inputs: soft/hard/ = 1 and format = 1 

In this case the leading edge of AME generated by the DOC 
is delayed by the length of the ISG (post index/sector gap) 
and presented to the drive. 
Note: The trailing edge is not delayed. 

Figure 11 shows the state diagram and timing relationships 
for the Address Mark Machine. Given below are the PAL 
equations for this control PAL implemented in a 16R4. 
These include some simplifications from the above informa
tion. In particular the hard sector non-format equations for 
Fl, F2 and Gl can drop the use of the term /FORMAT, 
since during the format operation it is quite acceptable to 
have these output behaving as for non-format since the in
dex to the DOC follows the index from the drive. The equa
tions are written in PLAN format. 

Timing Dlagrams-Soft Sectored Format Operation 

DAME .-J 
T1MEOUTB 

RESETS .-J ... 1 _______ _ 
AilE ___ .....11"1 .... ______ _ 
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FIGURE 11_ Address Mark Machine Details 
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Control PAL Pin Description 

DRIVE 

WGN WG 
AME DAME 

AMF/SECTOR DINDEX 
INDEX SECTOR 

AMD FORMAT 
DE SOFT/HARD 

CLK TIMEOUT 
RESET 
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Control PAL Equations (Plan Format) 
Version 1.3 Dated: 05112/86 

/wgd ._ /wg 

gl 

fl 

f2 

._ (soft*wgd*wg)+(Soft*wgd*gl)+ 
(soft*/wgd*/wg*amf)+ 
(/soft*/gl*index)+(/soft*gl*/f1)+ 
(/soft*gl*f2)+(soft*gl*/timeout) 

.- (soft*/format*f2*amf)+ 
(soft*/format*f1*ff2*index)+ 
(soft*/format*f1*/f2*amf)+ 
(soft*/format*/f1*/f2*/index*amf)+ 
(/soft*/f1*f2*timeout)+(/soft*f1*f2)+ 
(/soft*f1*/f2*/timeout) 

.- (soft*/format*/f1*/f2*index)+ 
(soft*/format*/f1*f2)+ 
(soft*/format*f1*f2*amf)+ 
(soft*/format*f1*f2*index)+ 
(/soft*/f1*/f2*index)+ 
(/soft*/f1*/f2*amf)+ 
(soft*/fl*f2) 

if (vee) lame = (soft*/format*gl)+ 
(soft*/format*wg)+ 
(soft*format*/dame)+ 
(soft*format*/timeout) + 
(/soft*/format)+ 
(/soft*format*/dame) + (amd) 

if (vee) reset = (soft*/format)+ 
(soft*format*/dame)+ 
(/soft*/format*/f1*/f2)+ 
(/soft*/format*f1*f2)+ 
(/soft*format) 

if (vee) /dindex =(soft*/format*/f1)+ 
(soft*/format*/f2)+ 
(format*/index)+ 
(/soft*/format*/f1)+ 
(/soft*/format*f2)+ 
(/soft*/format*/gl)+ 
(/soft*/format*timeout) 

if (vee)/seetor =(/format*/f1)+ 
(soft*/format*f2)+ 
(soft*format)+ 
(/soft*/format*f2)+ 
(/soft*/format*gl)+ 
(/soft*/format*timeout)+ 
(/soft*format*/amf) 
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3.3.3 Timer PAL 
This is essentially the PAL used to generate the delay. 
When the RESET input to the PAL is low it does not count. It 
starts counting and when the desired time delay is reached 
it produces an active low output (TIMEOUl). The value of 
the delay is variable from 1 to 32 byte times. The counter is 
clocked by the disk's RCLK which is divided by 8 to provide 
a byte·rate clock to a five·stage counter. When RESET is 
low (active), the inverse of the values GA-GE are loaded 
into the counter, and one byte-time after the counter reach
es 11111 the TIMEOUT output goes low and counting 
stops. The value on GA-GE (GA is least significant bit) 
should be set to (number of bytes delay-1). Given below 
are the equations for this PAL 20X10). Note that PLAN re
qures the use of a dummy term to complete the OR function 
before the XOR. Hence for example, in the equation for F1 
the term "F1*/F1" is put in, which always equals to O. 

Timer PAL Equations (Plan Format) 
Version 1.3 Dated: 05112/86 

f3 ._ (/timeout*/reset)+ 
(f3*/f3) :+:(f3*/reset) 

f2 ._ (/timeout*/reset*f3)+ 
(f2*/f2) :+:(f2*/reset) 

f1 ._ (/timeout*/reset*f2*f3)+ 
(f1*/f1) :+:(f1*/reset) 

qa ._ (/reset*f3*f2*f1)+ 
(reset*ga) :+:(qa*/reset) 

qb ._ (/reset*f3*f2*f1*/qa)+ 
(reset*gb) :+:(qb*/reset) 

qe ._ (/reset*f3*f2*f1*/qa*/qb)+ 
(reset*ge) :+:(qe*/reset) 

qd ._ (/reset*f3*f2*f1*/qa*/qb*/qe)+ 
(reset*gd) :+:(qd*/reset) 

timeout := 
(/reset*f3*f2*f1*/qa*/qb*/qe*/qd*/qe)+ 
(timeout*/timeout) :+:(timeout*/reset) 

3.3.4 Some Other Timing Considerations 
The ESDI specification imposes some additional timing re
strictions which have to be accommodated for with external 
logic. These are outlined below: 
1. AME to the drive cannot be asserted till at least 10 ,..S, 

after deassertion of Write Gate to the drive. 
2. In the PAL solution discussed above, when the drive 

drops AMF at the end of the handshake, the PAL reas
serts AME. The MAXTOR doesn't seem to like that and 
hence the AME to the drive must be held off for at least 
8 ,..S, from the trailing edge of AMF. 

3. On a similar token, the MAXTOR drive doesn't like AME 
to be active when Read Gate is asserted, (it usually acti
vates ATTENTION on the drive). Hence AME needs to be 
held off at least 8 ,..S from trailing edge of Read Gate. 
This is accomplished using a mono shot, which generates 
a disable signal (Address Mark Disable, AMD), for 10 ,..S 
and while this is active the control PAL disables AME to 
the drive. Also since we are presenting the drive like a 
hard sectored one to the DOC, we could safely assume 
that AME need not be active with Read Gate. This is 
accomplished by gating the AME to the drive with the 
read gate. Hence if read gate is active, AME gets dis
abled to the drive. These could be incorporated within the 
control PAL if desired. 

z • g: 
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3.4 Handling the Optional ESDI Format SpeclflcaUons 

The ESDI has certain optional specifications which are not 
directly supported by the DOC. These are discussed below 
with explanations of the way they can be implemented. 

3.4.1 Optional Deaasertlon of Write Gate between the 10 
and DATA Fields In a Format Operation 

This option is not supported by the DOC, as once its starts 
the format operation, the Write Gate remains asserted for 
the entire track. The purpose of the deassertion of Write 
Gate between the 10 and Data fields is usually to indicate to 
the 2,7 RLL encoder, the start of the data preamble. This 
enables the encoder to substitute the 3T or 4T preamble 
pattern. This feature could be implemented In two ways. 
Using external logic, the trailing edge of the SDV (Serial 
Data Valid) is used to gate the logic, count until the header 
postamble has been written and then force the Write Gate 
low for the required two bit times. This problem could also 
be circumvented in software by incorporating a two pass 
format. The first pass involves a regular format operation 
which will write the headers for all the sectors, but since 
there will be no de-assertion of Write Gate before the data 
fields, the proper data preamble will not be written. In the 
second pass a compare header-write data operation is 
done, where the Write Gate edge is used to initiate the drive 
generated preamble. It should be noted (as also pOinted out 
in the ESDI specification), that this is necessary only if a 
read will be attempted after a format. 

3.4.2 Handling the Write Splice Field between the 10 and 
DATA Fields In the ESDI Format 

The ESDI format specification recommends a 2-byte header 
postamble and a I-byte write splice. The DOC does not 
have a separate field to implement the write splice. It is 
accomplished by software manipulation as follows. The for
mat is programmed to have a 2-byte header postamble and 
a data preamble which is one byte longer than the desired 
length. This byte is taken as the write splice (a floating 
Byte). During a write operation, this floating byte is consid
ered as part of the data preamble. As Write Gate is asserted 
3 RCLKS into the data preamble, the "write splice" associ
ated with Write Gate assertion, due to write driver turn on 
time, etc, occurs during the 1 byte of the data preamble 
which is the floating byte. When the sector Is being read, 
this byte is attached to the header postamble. Since Read 
Gate is reasserted 11.5 RCLKS into the data preamble, this 
ensures that it doesn't get asserted in the splice. From the 
above data it can be concluded that for a normal operation 
in the DOC, Read Gate and Write Gate assertion in the data 
field are separated by 8.5 RCLKS in the data preamble, 
hence automatically taking care of the write splice as the 
first byte of the data preamble. 

3.5 Critical Read and Write Parameters 

There are a number of drive dependent parameters which 
must be met in order to ensure proper operation with an 
ESDI drive. These are summarized below, for consideration 
during actual design. 

3.5.1 Read Function Parameters 

1. A read operation may not be initiated until 15 /Ls following 
head switch. 

2. Read Gate may not be asserted during a write splice or 
within ± 1 bit time of a write splice. 
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3. Read gate must be asserted within 16 bit times from the 
write gate assertion point when the current field was writ
ten. 

4. Data (read) at the interface could be delayed by up to 9 
bit times from the data recorded on the disk media 

5. RCLK and RDATA are valid within the number of PLO 
sync field bytes specified by the drive configuration after 
read enable and a PLO sync field is encountered. 

3.5.2 Write Function Parameters 

1. Assuming head selection is stabilized, the time lapse 
from deassertion of Read Gate to assertion of Write Gate 
shall be five reference clock periods minimum. 

2. Write Clocks must precede Write Gate by a minimum of 
two and a half Reference Clock periods. 

3. Write driver plus data-encoder turn on time (write splice 
width) is between 3 and 7 reference clock periods. 

4. To account for data-encoding delays, write gate must be 
held on for at least 2 byte times after the last bit of infor
mation to be recorded. This Implies a minimum data post
amble length of 2 bytes. 

5. The time lapse before Read Gate or AME can be assert
ed after deassertion of Write Gate is defined by the "ISG 
bytes after index/sector" in the configuration data re
sponse (10 /Ls). 

6. Write Gate must be deasserted at least 1 /Ls before a 
head change and shall not be asserted untl 15 /Ls after a 
head change or command complete. 

7. Write data received at the 110 connector will be delayed 
by the encoder by up to 8 bits maximum prior to being 
recorded on the media. 

Some of these parameters were accommodated in the com
bined PAL solution, while others need to be accommodated 
in firmware. The above discussion covered the hardware 
and relevant firmware considerations for designing the disk 
side data path section of the controller subsystem. The oth
er aspect of the disk side deSign is the control path which is 
discussed in the following sections. 

3.6 Disk Side Control Path Design 

Since the DOC Is a data path controller, the control path 
functions of the drive have to be controlled by the local 
intelligence in the disk controller subsystem. This offers 
more versatility and is less of a handicap, for it allows the 
DOC to be used with any of the disk interface standards. 
Also the control path functions like seeks, etc, are very slow 
operations and by not handling them, the DOC is able to 
achieve maximum operating speeds of 25 Mbits/sec. Any 
/LP or /LC with simple I/O ports would suffice for the control 
path functions. This usually is no extra overhead, because a 
local/LP or /LC is necessary to handle the protocol over the 
system bus and accordingly set up and activate the DOC 
anyway. 

The control Signals are sent over the drive's "A" control 
cable. Details of the respective signals are discussed in sec
tion 2.1. These signals are sent/received, to/from the drive 
through industry standard open collecter drivers (DP8311) 
and receivers (74ALS240), with appropriate terminations in 
accordance with the ESDI speCification. These are also 
shown in the complete deSign, schematic (Figure 13). In the 
system design under conSideration, the control path func
tions are controlled by the NSCBOO, through the NSC810 
programmable I/O port. The ideal flow of operations for the 
control path is shown in Figure 12 and is self-explanatory. 
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FIGURE 12. Control Path Flow of Operations 
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The above discussion covered the hardware and relevant 
firmware considerations for designing the disk side of the 
disk controller subsystem. The other aspect of the disk con
troller subsystem design is the system side. This essentially 
involves the interface of the DOC to the local buffer memory 
and interface of this local buffer over the system bus to the 
host system. Discussion of the system side design follows in 
the next section. 

4_0 CONTROLLER DESIGN-SYSTEM SIDE 

4_1 System Side Hardware Considerations 

The system side architecture in controller subsystems usu
ally consists of two buses. A local bus accommodates the 
DOC, local microprocessor or microcontroller and the buffer 
memory while the remote bus is usually a standard bus like 
VME, STD100, MUL TIBUS@, SCSI, etc, which connects the 
controller to the host system. The buffer memory on-board 
is a disk buffer which could have a maximum size of 64k. 
The DOC supports two 16-bit DMA channels, local and re
mote DMA. The local DMA transfers the data between the 
on-board FIFO and local buffer memory, while the remote 
DMA transfers data between the local buffer memory and 
the host over the system bus. 

In the controller subsystem under consideration (Figure 13), 
the local ,..p is the NSC800TM. This can access the registers 
of the DOC in the peripheral mode and executes program 
code from an EPROM. All the peripheral chips are memory 
mapped and the 74HC138 decodes the address lines to 
generate the various chip selects. A PAL has been designed 
to provide arbitration between the DOC and the NSC800 for 
use of the local bus. This design was intended to provide a 
good exerciser for the DP8466 and hence a terminal is con
nected to the ,..p (NSC800) through a UART (NSC858). A 
monitor has been developed which allows exercise of the 
DOC in a lot of modes and interacts with the user through 
the terminal. Hence the remote DMA is not really used. Also 
in order to be able to db both byte-wide and word-wide 
transfers, a detection logic was implemented. Only an 8k 
local buffer RAM is· used; accommodating 8k bytes or 8k 
words. LEOs are provided for visual indications of certain 
disk parameters. 

As mentioned above, from a general design point of view, 
this could be easily extended to a standard system bus like 
VME, MUL TIBUS II, etc, using the remote DMA channel of 
the DOC and using the local microprocessor to handle the 
communications protocol to the DOC and to the host opera
tion system over the system bus. 

4.2 System Side Programming Considerations 

The firmware in conjunction with the microprocessor is es
sentially responsible for deCiphering the protocol sent over 
the system bus and then based on the requested opera
tions, set up the control path through the 1/0 ports and set 
up the DOC to initiate the disk operation. The driver routines 
to handle the control path are usually very simple and need 
to do the defined task as outlined in Section 3.6. The driver 
would consist of various blocks to implement the different 
ESDI commands and interpret the status reported; however, 
the flow would be as shown in Figure 12. Once the drive is 
positioned at the right track and ready to start the operation, 
control is handed over to the DOC. Before the DOC can be 
instructed to initiate a disk operation it has to be prepared, 
i.e., all registered set up to achieve the desired task. 

Figure 14 shows the sequence of actions to be done with 
parameter RAM is initialized with the pattern and count val
ues in accordance with the format desired. The DMA regis-
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ters should be set up next starting with the L T and RT regis
ters followed by the DMA Address Byte #, indicating start 
boundaries in memory and finally the sector byte count # 
and remote data byte count # registers. The ECC registers 
(preset, taps and control) are set up and the OF register is 
set up accordingly. Having set up the various registers, the 
format registers are manipulated if desired, sector counter, 
NSO counters initialized, and DC register loaded to initiate a 
disk operation. The interrupts are monitored with reads of 
the status register to determine the results of the disk oper
ation. If desired, certain fancy operations like error correc
tion cycle, interlock mode of operations, FIFO table format
ting could be implemented with additional firmware. 

An effort has been made in this application note to intro
duce the designer to the ESDI interface, and explain the 
intricacies of designing to its specifications with the DOC. 
The emphaSis was on the disk side, as system side require
ments may vary with different design situations. A repre
sentative design has been included which was built and 
tested at National (shown in Figure 13). For more details on 
the ESDI standard, refer to the official specifications provid
ed by the ESDI committee. For more details on the 
DP8466A refer to AN-413 and the data sheet. 

APPENDIX 
Schematic of a Representative Design 

of an ESDI Disk Controller 

Shown in the attached schematic is the deSign of an ESDI 
disk controller system. Emphasis has been placed on the 
disk side of the deSign, as that is of foremost concern with 
respect to the DOC. The design incorporates the PALs as 
described in the previous sections, to implement the short
comings of the DOC, in order to completely support the En
hanced Small Device Interface specifications. 

The control signals are generated using the NSC810 pro
grammable 1/0 port. They are connected to the "A" cable 
through industry standard open collector drivers, (DP8311) 
and receivers, (74ALS240). The receivers support a termi
nation of 1500. The Data path Signals are directly con
trolled by the DOC. They are connected to the "B" cable 
through industry standard differential line drivers and receiv
ers (DS8923A). The appropriate terminations required are 
shown in the schematic. The design supports two drives 
and the appropriate data cable is enable by the drive select
ed line as shown. 

The local microprocessor used is the NSC800, which is re
sponsible for controlling the NSC810 to generate the appro
priate control signals, and also programming the DOC to 
initiate the desired disk operation. This deSign is essentially 
a demonstration system and hence supports a UART 
(NSC858), through which the user is allowed to interact 
through a special monitor to initiate specific operations for 
the DOC. The memory design has been done so that the 
system could be operated in both the byte-wide transfer 
mode and also the word-wide transfer mode. The arbitration 
PAL is a simple one to arbitrate the bus between the DOC's 
DMA activity and the microprocessor accesses of the DOC. 

It should be noted that the DOC has the capability of two 16-
bit DMA channels, local and remote. The local DMA is used 
to transfer data between the FIFO and the local buffer 
memory, while the remote DMA is used to transfer data be
tween the local buffer memory and the host system over a 
system bus like VME, MUL TIBUS, SCSI, etc. Hence the de
sign could easily be extended to these situations, if desired. 
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r----------------------------------------------------------------,~ 

rJ~ Interfacing National's 
DP8466A to the SMD 
Storage Module Device 
Interface Standard (Hard 
Sectored Drive) 

1.0 INTRODUCTION 

With the advent of computer technology, the demand for 
high performance memory devices has been increasing. Be
fore the introduction of 5% and 8 inch Winchester disk 
drives in the late 1970's, minicomputers and mainframes 
were the only systems that utilized rigid disks. Storage ca
pacity, data transfer rates and to some extent cost, are the 
main factors which determine the performance of Winches
ter drives. The data transfer rate is highly dependent on the 
interface protocol adopted by the drive and also the elec
tronics. The defacto industry standard drive interface for low 
end systems, ST506 by Seagate Technology, supports a 
maximum data transfer rate of 5 Mbits/sec and requires the 
disk controller to take care of data separation (synchroniza
tion and decoding). With the intention of supporting higher 
data transfer rates, newer standards were defined, like the 
ESDI (Enhanced Small Device Interface), which incorpo
rates data separation on the drive itself and supports a data 
transfer rate of 10 Mbits/sec. The intelligent disk interface 
standards like SCSI and IPI, incorporate an interface to the 
host system with a well established high level communica
tion protocol, however they also need to incorporate a drive
level interface like ESDI, SMD, etc. 

With the intention of standardization of a common interface 
and to prevent product obsolescence, Control Data Corpo
ration developed an intelligent interface called the Storage 
Module Device (SMD). This interface allows different drives 
to use the same hardware signals, even though their capaci
ties and physical sizes were different. Variations of the SMD 
were also introduced. SMD started out at 9.667 Mbits/s 
data transfer rate and has since gone through several up
grades to a 24 Mbitls option (SMD-E), introduced recently 
by Control Data Corporation. The SMD disk interface is a 
high quality proven attachment and is well on its way to 
becoming a defacto industry standard. It incorporates error 
recovery facilities, includes power sequencing for multiple 
units and is adaptable to many different rigid-disk storage 
units. Although it requires two very bulky and expensive ca
bles, in high-end products this is an acceptable drawback 
and SMD still remains a popular choice for the higher ca
pacity 5% and 8 inch Winchesters. It offers several advan
tages over the ST506 type interface in the high capacity 
arena (like parallel seek instead of serial step pulses and 
better status reporting), however, it is not a trivial interface 
when it comes down to designing a controller. 

This application note looks into the definition of the SMD 
interface and the various deSign aspects of building a Disk 
Controller for a hard sectored drive supporting the SMD in-
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terface, using National Semiconductor's Disk Data Control
ler IC, DP8466A (DOC). Emphasis Is laid on the disk inter
face design as that is of relevance to the DDC. The DDC is 
the most versatile LSI disk controller in the market today, 
offering fully programmable format features, maximum 
range in data rate (50 Kbits/s to 25 Mbits/s, dual DMA ca
pability with a transfer rate of 10 Mbytes/sec, programma
ble error checking and correction and many other features 
which makes the deSign of a disk controller simpler and less 
complex. To be able to support high performance drives in 
the future, disk controller IC's must be capable of handling 
data transfer rates> 20 Mbits/s. The DDC concentrates on 
the high speed data path signals, while the slower drive 
control operations are left to an inexpensive microcontroller, 
or the local (on board) microprocessor. The DDC in con
junction with this local intelligence, can achieve the Disk 
Controller function which was accomplished by 100-150 
SSIIMSI integrated circuits in earlier Disk Controller sys
tems, minimizing complexity, cost and system overhead. 

2.0 SMD INTERFACE DEFINITION 

The SMD disk interface standard started out as a dominant 
de-facto standard for 14" OEM Winchester drives and is 
virtually the basis of 8" -14" OEM disk drive industry today, 
with an eye out for the 5%" OEM market in the future. It 
was approved by the ANSI committee (ANSI X3.91), in 
1982. The interface consists of a 60-pin twisted pair control 
(A) cable and a 20-pin data (B) cable with a molded foil 
ground plane on one side. The 'A' cable is responsible for 
all head movements, status reporting and issuing com
mands, while the 'B' cable is used for reading and writing 
NRZ data. The 'A' cable assignments are shown in Figure 1. 
Address and Control functions are transferred on ten BUS 
OUT lines. The significance of the information on these 
lines is indicated by one of the six TAG functions as shown 
in Figure 2. Status for real time control, device identity and 
current sector status are returned on eight BUS IN lines. 
Drives are selected by separate UNIT SELECT lines on the 
'A' cable, which have their own strobe line, UNIT SELECT 
TAG. All TAG lines except UNIT SELECT TAG are gated by 
the UNIT SELECTED signal, unit referring to the drive. The 
'B' cable (Data) 110 Signal aSSignments are shown in Figure 
1. This cable essentially handles the transmission of data 
and clock information, which could be at very high transfer 
rates. The 'A' interface cable may be connected to the con
troller in a star-chained mode or daisy-chained mode. Most 
of the drive manufacturers support a dual channel option, 
where the drive could be accessed by two controllers. This 
is controlled by three special Signals on the 'A' cable-PRI
ORITY SELECT, BUSY and RELEASE lines. 
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'A'Cable 
Controller Drive 

unit .elect tag 

unit select ftags 

to.g 1 .. 
to.g Z .. 
to.g 3 .. 
BUS OUT (10) 

~ 
open co.ble detect .. 

~ BUS IN (8) 

power sequence pick .. 

power sequence hold .. 
~ 

busy 

tag 4 
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'B'Cable 
Controller Drive 

WRITE DATA 

WRITE CLOCK 

SERVO CLOCK 
~ 

READ DATA 
~ 

READ CLOCK 
~ 

SEEK END 
~ 

UNIT SaECTED 
~ 

INDEX 
~ 

SECTOR 
~ 

.. 

TL/F/9382-2 

All signals are differential 

Tag 6 = Tag 4 AND Tag 5 

FIGURE 1. SMD Interface Cable Assignments 

All input and output signals are differential in nature, and 
utilize industry standard transmitters and receivers. When 
used with properly shielded cables, this interface provides a 
terminated, differential transmission system for long dis
tances, up to 50 feet, in noisy electrical environments. The 
maximum number of drives connected to the 'A' cable is 16. 
The recommended TTL differential drivers and receivers are 
the MC3453 and MC3550. The appropriate terminations for 
the driver/receiver combinations are shown in Figure 3. The 
detailed schematic in the appendix also shows them in the 
design. There are certain drives like CDC's 9772-XMD drive 
(24 MHz), where the high data rates and timing require
ments at the drive necessitate the use of ECl drivers and 
receivers, with the appropriate terminations. The schematic 
in the appendix outlines the connection requirements for 
these with the appropriate terminations. 

3.0 DISK SIDE INTERFACING 

In the SMD interface it is fairly obvious that a lot of control is 
necessary to perform even a simple operation. The disk 
controller must perform simultaneous operations on both 
cables, as well as monitor status signals to determine if the 
command was executed properly. The disk controller board 
essentially provides a connection from the drive-level inter
face to the system. Its main functions are to handle the 
disk's control and data path, to transfer data between the 
disk and the system. The Disk Controller interfaces to the 
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disk drive at one end and the main system at the other end. 
On the disk side the DDC interface to the drive can be bro
ken down into two main paths-controi path and data path. 
The control path essentially comprises of the 'A' cable sig
nals on the SMD interface. These are differential in nature 
and require differential drivers/receivers to drive the cable 
between the chip and the interface connectors. The local 
p.P has to activate and monitor the control lines in a certain 
sequence to achieve a desired operation, defined by the 
SMD protocol. The interface is activated by asserting the 
OPEN CABLE DETECT signal. This Signal is sent through 
two drivers paralleled and the regular termination resistor is 
omitted. The first task then is to select the drive using the 
UNIT SELECT lines, latching them with the UNIT SELECT 
TAG. UNIT SELECTED is asserted by the drive indicating 
the selection of the drive. The unit is checked to see if it is 
ready for the next operation by monitoring the READY line. 
Once ready, the head and cylinder addresses are provided 
to place the drive's head assembly at the desired position 
on the media, and then the desired sector of data is sought. 
On arriving at the desired sector, the read/write operation is 
performed. In case of an unsuccessful operation, an error 
condition is flagged which could be determined by reading 
the status and monitoring other signal lines. Figure 4 gives a 
detailed flow chart of the sequence of drive control opera
tions performed by the local p.P for the SMD interface stan
dard. The status information presented on the interface is a 
function of the various TAG lines as seen in Figure 2. 
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The other component of the Disk Controller system is the 
data path. The SMD 'B' cable essentially contains the data 
path signals to the drive. It consists of lines to transmit serial 
NTZ data to and from the drive. Associated with the read/ 
write lines are the clocks: Read Clock for reading data, 
Write Clock for writing data and a Servo Clock synchronous 
with the rotation of the spindle, for reference. Additional sig
nals help in determining the status of each drive on the bus. 
The main component of the data path in a disk controller 
system is the Disk Data Controller IC, like the DP8466A. 
The DOC can be programmed to operate in accordance to 
the SMD interface specification for the associated opera
tions like formatting, reading and writing. Read Gate and 
Write Gate are the two main read/write control signals in 
the data path. Write Gate enables the write operation and is 
validated only when UNIT READY, ON CYLINDER, SEEK 
END are false. If Write Gate is asserted under any other 
conditions, a fault occurs and writing is inhibited. There are 
also certain drive dependent constraints which affect the 
read/write timing and must be taken care of. Listed below 
are some of them. Details can be found in the SMD specifi
cation. 

1. write circuit turn-on delay 
2. head select transients 
3. read after write transients 
4. read/write-encoding/decoding delays 
5. write after read transients 
6. PLL synchronization time 

The DOC supports most of the specifications of the SMD 
standard, however there are certain specifications that the 
DOC does not directly support. These can be taken care of 
through software or with the help of external logic. A discus
sion of these considerations is given in the following sec
tions. 
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4.0 HANDLING THE SMD RECOMMENDED 
FORMAT AND INTERFACE SPECIFICATIONS 

Figure 5 shows the recommended format for SMD drives. 
There are certain fields in the format which are not directly 
supported by the DOC, which however can be implemented 
as discussed below. 

I I I I I I I I 

" -----I I I I I I I I 

TLlF/93B2-7 

FIGURE 5. SMD Recommended Format (Hardsectored) 
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4.1 The Write Splice Field 
The SMD format specification recommends a zero byte 
header postamble, a one byte write splice field and an elev
en byte data preamble, (PLO sync field). The DOC does not 
support a separate register for the write splice field between 
the header and the data segments in its format parameter 
RAM. However this can be easily taken care of by the pro
grammable format feature of the DOC. The format parame
ter registers are programmed to have a 12 byte data pream
ble, one byte longer than the desired length. This byte is 
considered for practical purposes as the write splice. Hence 
when formatted this will have the same pattern as the data 
preamble. During a write operation, this byte is kept as part 
of the data preamble and with the standard requirement of 8 
clocks write propagation delay in the drive (due to write cir
cuitry), the data gets written on the media beyond the write 
splice field, at the correct place in the preamble. In case of a 
read operation, this byte is considered to be part of the 
header postamble. Since the DOC asserts read gate 11.5 
bits into the data preamble, it will never be asserted in the 
write splice. In this manner the write splice field can be im
plemented to support the recommended SMD format speci-

~ 
fl u 

0:: en ~ 
." U 

I 9 0:: 

.<:: a.. ~ 

.!! '" .a "'" E u .. 0:: 

f ~ ... 
e e 

fication. It should be noted however that it is mandatory to 
use at least a one byte header postamble with the DOC for 
proper operation. 

4.2 The Post Index/Sector Gap Field (Head Scatter) 
The recommended format in the SMD standard supports a 
gap felled after the index/ sector pulse, referred to as the 
post index/ sector gap or head scatter. This Is necessary 
mainly to accommodate drive dependent transients as men
tioned earlier. The DP8466A does not support a separate 
field for this gap and also uses the index/sector pulse as a 
reference for the read/write control signals. To implement 
this gap field, an external counter is used to delay the in
dex/sector pulse from the drive, by the desired gap count, 
before presentation to the DOC. The circuitry to achieve this 
is shown in the schematic in Appendix A. Since the indexl 
sector pulse is presented to the DOC delayed by the length 
of the Head Scatter field, at the time it starts writing the PLO 
field etc., it's at the right area on the media. The gap field at 
the end of the sector is written till a sector pulse is received 
by the DOC. Hence the gap pattern Q..Elts written for the 
Head Scatter field of the next sector. F;gUfB 6 shows the 
details of this technique and the manipulation of the param
eter fields. 

i ~ 
." fl u 
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." 
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INDEX 
(from drive) ~-----------------------

SECTOR 
(from drive) 

INDEX 
(to controller) 

SECTOR 
(to controller) 

Re.d Gate 

Write Gate 
(format) 

__________________________ ~n ______ _ 

____ ~n~ ______________________ __ 
____________________________ ~n~ __ _ 

u 
. TL/F/93B2-B 

The dIsk controller writes the end 01 sector gap over the head scatter area. hence achieving the writing 01 the post Index/sector gap The last sector oye~aps to 
write the head scalier for the first sector. • 

FIGURE 6. PISG Implementation (Technique 1) 
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4.3 Read/Write Gate Timing Restrictions 

On assertion of Write Gate, there is a write splice before 
data is actually written on the media. Hence when reading 
the data, it must be ensured that Read Gate is asserted 
sometime after the write splice. In the DOC the delay be
tween Write and Read Gate in the Data field is 8.5 bit times, 
which satisfactorily covers the write splice. However at the 
beginning of the sector it is only 0.5 bit times, hence Read 
Gate would have to be delayed to prevent assertion of the 
Read Gate during the write splice. This would be a problem 
only in the first sector after the index pulse, as during a 
format operation Write Gate remains asserted till the Index 
pulse is encountered again. This is done by delaying the 

.. 
~ 
II .. .. e en ~ 
"" .. 
I 9 e 
..c "- ~ 

.!! ;;. liI, .., 
E .. u 

DDC fields during II e e 
I!! ~ ~ 

a format operation Co. e e e 

Index/Sector Jl 
WRITE GATE -.J (during format) 

~ N 

DDC fields during 
.... 

E .. 
a read operation ~ e 

Co. ~ 
e e 

Read Gate 
(delayed by 

length of 
PISG field) 

Read Gate --.J (from the 
controller) 

55 

Note: Read Gate asserllon needs to be delayed only allhe Index or sector pulse. 

Read Gate by 8 bits from the DOC to the drive, using a 
counter as shown in the schematic in the appendix. This 
results in the read gate assertion delayed by a byte even in 
the data field which does not make any difference to the 
performance. 

4.4 Alternative Technique to Implement the 
Shortcomings In Section 4.2 and 4.3 

An alternative technique to implement the Post index/sec
tor gap and the problem of asserting read gate in splice at 
the beginning of the sector is to have a single delay circuit 
which delays the read gate qualified by index/sector, asser
tion to the drive by the length of this gap. The manipulations 
of the DOC fields to achieve this is shown in Figure 7. 

~ ~ 
"" =: .. .. e 
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FIGURE 7. PISG Implementation (Technique 2) 
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4.5 MUXlng the Two Clocks on the 
SMD INTERFACE 'B' CABLE 

The'S' cable has two clock outputs- the SERVO CLOCK 
and the READ CLOCK. The SERVO CLOCK signal is a 
phase locked clock, (frequency dependent on the drive), 
generated from the servo track bits and is available at all 
times. The READ CLOCK signal defines the beginning of a 
data cell and is synchronous with the detected data. This 
signal is derived from the SERVO CLOCK. At the start of a 
read operation, READ GATE is asserted by the controller. 
This initiates the PLL on the drive to begin locking on the 
data from the media. Till this point, the clock sent to the 
controller is the reference clock (similar to the SERVO 
CLOCK frequenCy). When the PLL achieves phase lock, the 
clock transmitted on the READ CLOCK line to the controller 
is the one in phase sync with the data. An undefined clock 
may be transmitted at the point of obtaining phase sync, 
upon initiating or ceasing a read operation. Read Clock is in 
phase sync within 2.5 ,...S after Read Gate is asserted, 
(worst case). Also the WRITE CLOCK generated by the 
DP8466A is essentially the SERVO CLOCK retransmitted to 
the drive synchronized to the NRZ Write Data. The 
DP8466A has only one clock input line (READ CLOCK). 
Hence the switching of the SERVO or READ CLOCK to the 
DP8466A must be done externally. Also since the 
DP8466A's clock input cannot accommodate short pulses, 
this switching must be done without short pulses. The exter
nal circuitry to multiplex the two clocks and the deglitcher is 
shown in the schematic. This can safely operate up to clock 
frequencies of 25 MHz. To take care of the undefined pulse 
occurring on obtaining phase sync, the Read Gate signal 
delayed by 3 ,...S (to accommodate worst case lock time), is 
used as the 'switch' control input. The delay can be generat
ed by using a counter clocked by the SERVO CLOCK as 
shown in the schematic. 

4.5.1 CLOCK MUX/DEGLITCHER PAL<!> 

The circuitry to multiplex the two clock lines READ CLOCK 
and SERVO CLOCK and provide the appropriate output 
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clock to the controller, without any short pulses could be 
implemented in a PAL. If the application involves disk data 
rates less than 20 MHz, then 16L4 or 16L8 could be used, 
as their worst case steady state delay is 25 ns. However for 
faster applications like the 25 MHz XMD, an ECL PAL needs 
to be used, like National's PAL 1 016P8. These have steady 
state delay (clock to output) of 6 ns. This PAL requires the 
select Signal which needs to be the delayed Read Gate as 
described in Section 4.5. Rgure 8 shows the block diagram 
and the state machine. The operation of the state machine 
can be described as follows. 

1. Wait for the previously selected clock to go low. 

2. Disable the previously selected clock output. 

3. Wait for the previously selected clock to go high. 

4. Wait for new clock input to go low. 

5. Enable new clock to output. 
Note: Overlap of terms between states Is needed to prevent "hazards" 

which could cause the system to fail. Do not reduce the above equa
tions. Implement the output mwe with pcsitlve AND gates to prevent 
output glltchlng. 

5.0 SYSTEM CONSIDERATIONS AND CONCLUSIONS 

The DP8466A supports a dual channel onboard DMA con
troller which simplifies the task of interfacing to any system 
bus. System design considerations are flexible to the de
signer as outlined in the Application Note: "Designing an 
ESDI Disk Controller system with National's DP8466A" and 
AN-413. An effort has been made in this application note to 
introduce the designer to the SMD interface, and explain the 
intricacies of designing to its specifications with the 
DP8466A. The emphasis was on the disk side design and a 
representative design of the disk side is included in the ap
pendix.' This is the disk side for a disk controller deSigned for 
the 25 MHz XMD drive from Control Data Corporation. The 
board was built and tested in the Labs at National and was 
found to perform satisfactorily. For more details on the SMD 
standard, refer to the ANSI document on SMD interface 
specifications. For more details on the DP8466A refer to 
AN-413 and the datasheet. 



CLOCK MUX/DEGLITCHER PAL 

Block Diagram 

CLOCK A 

SELECT 

CLOCK B 

State Diagram 

Equations 

clkout ~ (clock a 'IsO '/s1) + (clock b 'IsO 's1) 

sO ~ (/s1 '!clocka' select) + (/s1 ' sO ' select) + (sO' clockb ' select) 
(51 "clockb' select) + (51 • sa '/select) + (sO' clocke "select) 

s1 ~ (sO' clocka ' select) + (s1 ' select) + (s1 ' sO) + (s1 '/clockb) 

FIGURE 8. SMD Mux/Deglitcher PAL 
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Defect List Format (SMD Drives) 

INDEX 

56 (116)& 49 (109) & 

'j ,--- HIGH ORDER BIT ,--- HIGH ORDER BIT 
OF 1 INDICATES OF 1 INDICATES 
DEFECTNE TRACK A\M DEFECTIVE TRACK A\M 

GAP 1 ( , ( , 

4 ZEROS HEX CYL HD 00 1st DEFECT 2nd DEFECT 3rd DEFECT 4th DEFECT HEX 60 ADDR ZEROS HEX CYL HD 00 1st DEFECT 2nd DEFECT 3rd DEFECT 4th DEFECT HEX 60 
1919 

POS 1 LEN POS I LEN posl LEN 
FO ZEROS ESS 1919 

POS I LEN POS I LEN POS I LEN 
fa ZEROS 

SYNC POS LEN 

& 
MARK SYNC POS LEN 

& 
30 2 2 1 1 2 2 2 2 2 2 2 2 1 3 3 20 2 2 1 1 2 2 2 2 2 2 2 2 1 3 

(90) 
I 
I 

21 Bytes 
I 

21 Bytes 

e I~ !oJ IVI !oJ ...J 

I:l !oJ ::::> ...J N m 
!oJ ...J I .... m ... :::E 
...J !O:, ~ m I~ 

:::E <.> c i! m m :::E is :z ...J VI :::IE 
<.> i! I~ "" >- !oJ 0 

is "" <.> VI I~ "- VI i&: "-
~ 

!oJ 

"" Q "" 0 

"'" "'" i! ~ "- is <.> "- I~ !;;: !;;: 
9 9 :r 9 9 I£! Q Q ~ 1/ NO DATA CRC 

#1 #2 
TLlF/9382-12 

Notes: 

No data CRC is selected, OPERATION is IGNORE HEADER-READ DATA 

If in case of a defect, so that # 1 field becomes 90 and II 2 field becomes 60 then it poses no complications for reading the defect infonnation. However if the defect format is to be written again then it might cause complications as 
the max. byte count for a field is 32 bytes, hence cannot be done unless delayed physically. 

Under no conditions can sync # 1 be used with a pattem of zeroes. Its count must be kept zero. 

Note that this technique to enable the DP8466 to be able to read the defect list format is possible only if written in two parts originally. HITACHI, NEC and CDC support the above but not FUJITSU. 



DP8459 Evaluation Board 

I. INTRODUCTION 

This literature describes the hardware and function of a 
printed circuit board for the evaluation of National Semicon· 
ductor's DPB459-AII Code PLL Data Synchronizer. The 
purpose of the board is to assist the user of the chip in 
becoming familiar with the device features and in under
standing its operation. The board is configured (socketed) 
for the 2B-pin PLCC package (DPB459V) device. It contains 
the necessary connections and circuitry which greatly sim
plify the set-up of a test apparatus and facilitates the task of 
device evaluation. 

II. CIRCUIT BOARD DESCRIPTION 

Please refer to the schematic and layout captions in Figures 
1 to 4. The circuit board layout follows the general recom
mendations discussed in Section 5 of the DPB459 data 
sheet. The entire circuit on the board can be described by 
the four subsections in the following text. 

1. RESET FUNCTION: 01, 01, 02, and Yz of U1 (2-input 
NAND gates) form a single-shot circuit which generates a 
reset pulse during power-on. This signal clears the shift reg
ister, counters, and D-type flip-flops on board. Subsequent
ly, it allows the selected STROBE circuitry control word (bits 
#0 to #4) and the test bit #5 to be loaded into the PLL's 
internal control register. The board also provides a manual 
reset function, which consists of switch SW-1 (SPOT mo
mentary or toggle switch) and the remaining half of U1. It 
provides a reset signal while the chip is powered on. 

2. LOAD AND SHIFT FUNCTION: U2 (2-input NAND 
gates), U3 (D-type flip-flops connected In toggle mode), U4 
(B-bit parallel-in serial-out Shift Register), and U5 (divide-by-
6 counter) constitute a 6-bit word programmable data gen
erator. It issues a set of MICROWIRETM equivalent outputs 
to program the control register in the PLL. U5 pin #8 is the 
Control Register Enable (CRE) signal. A logic LOW level 
allows data to be strobed into the registers. A logic HIGH 
level latches the register data and issues the information to 
the appropriate circuitry in the chip. U4 pin # 9 to the Con
trol Register Data (CRD) input shifts out a selectable 6-bit 
word. U3 pin #8 is input to the Control Register Clock 
(CRC) whose negative edge clocks the CRD pattern into the 
register. 

3. REFERENCE FREQUENCY CLOCK: U6 (CMOS Inverter 
HC04) and a crystal form a stable reference oscillator which· 
is required by the PLL for proper operation. This signal is 
applied to the RFC Input of the OUT. 

4. DIP SWITCHES: Three sets of toggle DIP switches are 
used to manually program the PLL input pins for the differ
ent modes of operation and for the various ranges of data 
rates and window strobe features. 

(i) SW2-Switches #1 to #6 select the 32 combinations 
or steps of Early/Late window strobe position which is 
useful for the purpose of window skew compensation 
or recovery routines of marginally readable data. For 
normal device operation (non-test mode), the test bit 
(switch #6) must be set logic LOW. 

The control register bit and toggle switch correspon
dence is shown below. Whenever the reset function is 
activated, the current SW2 setting is loaded into the 
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control register. For detailed window step vs. strobe bit, 
refer to Figure 4 in the data sheet. 

SW2: Switches #1 #2 #3 #4 #5 #6 

Control Register Bit: 0 2 3 4 Test 

(ii) SW3-The top three switches are used to select the 
VCO frequency range via the Range Select pins RSO, 
RS1, and RS2. The fourth switch is not used. The rela
tive VCO frequency versus the 3 bit code is tabulated 
below: 

Switch 

#3 #2 #1 VCORange 
RS2 RS1 RSO 

1 1 X 0.50 MHz-1.25 MHz 
1 0 1 1.25 MHz-2.5 MHz 
1 0 0 2.5 MHz-5.0 MHz 
0 1 1 5.0 MHz-10.0 MHz 
0 1 0 10.0 MHz-20.0 MHz 
0 0 X 20.0 MHz-48.0 MHz 

Important-If the desired VCO frequency is located at 
the boundary of 2 ranges (overlapping), select the 
range which places that frequency at the higher end of 
the spectrum, (e.g. Fvco = 20.0 MHz, choose RS code 
= 010). This will optimize the performance of the chip. 

(III) SW4-The functions of the 8 switches are detailed as 
follows: 

Switches # 1 to # 3 control the Frequency Lock Control 
(FLC). At most one and only one of the 3 switches 
should be engaged or closed. 

Switch # 1 closed-FLC connects to PDT 

Switch #2 closed-FLC connects to RG 

Switch #3 closed-FLC connects to GND 

Switches #4 and #5 program the Sync Pattern Select 
Pins SPO, SP1 for the internal divider modulus to detect 
either the H, 2T, 3T, or 4T preamble pattern. (T = VCO 
period; e.g. 3T = 100100 ... preamble). 

Switch Sync Matching 

.#5 #4 Divider Modulus 

SP1 SPO M 

0 0 1 
0 1 2 
1 0 3 
1 1 4 

Switches #6 to #8 control the High Gain Disable 
(HGD) pin. Again, only one of these 3 switches should 
be closed at any time. 

Switch #6 closed-HGD connects to GND 

Switch #7 closed-HGD connects to RG 

Switch #8 closed-HGD connects to PDT 
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III. TEST HARDWARE 

1. EXTERNAL COMPONENTS: All integrated circuits are 
socket mounted to make it easy for the purpose of inter· 
change or replacement. Passive components for the loop 
filters, charge pump resistors, and the crystal oscillator sec· 
tions are also provided with sockets to facilitate alteration of 
components for different data rates. 

2. POWER SUPPLY: Three separate supply terminals are 
provided on board. One ties to the Analog Vee and a sec· 
ond ties to the Digital Vee of the PLL chip. A third post 
makes connection to the rest of the digital support circuitry. 
Normally two + 5V supplies are used, one to supply the Vee 
pins of the PLL device under test, another to power the 

support circuitry. It should be noted that in order to take 
advantage of the power on reset function, the power of the 
PLL chip must be turned on first, then apply power to the 
support circuitry. 

3. ENCODED READ DATA (ERD) AND READ GATE (RG): 
A word pattern generator is a convenient signal source to 
provide the desired TTL logic level signals to these inputs. 

4. LOOP FILTER COMPONENTS: Normally components 
"Re1" should be replaced by a short·circuited connection 
and "Ce1" should be open·circuited for a second order loop 
filter implementation. These optional components are in· 
tended for higher order filter realization. 

IV. DP8459 EVALUATION BOARD PARTS LIST: (10 Mblt/s 2, 7 code operation) 

DUT = DPB459 (PLCC package) 
U1 = 74ALSOO 
U2 = 74ALSOO 
U3 = 74ALS74 
U4 = 74LS165 
U5 = 74LS92 
U6 = 74HC04 

SW1 = SPDT 
SW2 = 16·Pin 
SW3 = B·Pin 
SW4 = 16·Pin 

Bypass Capacitors: 

Momentary 
DIP Toggle 
DIP Toggle 
DIP Toggle 

Switch 
Switch 
Switch 
Switch 

Loop Filters: 
Ct1 = 0.05 p.F 
Ct2 = NC' 
Rt = 680 

D1 = Zener Diode (Vz = 3.3V) 
Q1 = 2N2369 (NPN) 
Q2 = 2N2369 (NPN) 

Xtal = 20 MHz 

Crystal Oscillator: 
Cb1 = 0.1 p.F 
Cb2 = 0.1 p.F 
Cb3 = 0.1 p.F 
Cb4 = 0.1 p.F 
Cb5 = 0.1 p.F 
Cb6 = 0.1 p.F 
Ca1 = 0.1 p.F 
Ca2 = 1000pF 
Cdi = 0.1 p.F 

Cv1 = 0.022 p.F 
Cv2 = 510pF 

Cx1 = 22pF 
Cx2 = 100pF 
Cx3 = 56pF 
Rx1 = 1 MO 
Rx2 = 1000 

Other External Components: 
Ce1 = NC' 
Re1 = Short Circuit It 
Rn = 2.4kO 
Rb = 2.4kO 
Ce2 = NC' 
Ce3 = 1000pF 
Rpu = 5100 
Rpd = 5100 

Rv = 1500 

'Ne means no component required there (leave nodes open). 
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Reset Circuitry: 
R1 = 2kO 
R2=10kO 
R3=10kO 
R4 = 10kO 
R5=1kO 
R6=1kO 
C1=10p.F 
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FIGURE 2. Trace Side (Bottom View) 
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FIGURE 3. Component Side with Ground Plane 
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1.0 INTRODUCTION 
Due to the increase in CMOS processing capabilities it is 
now possible to integrate both the analog and digital circuit
ry to achieve a high performance monolithic data separator. 
The choice of CMOS technology also enables the integra
tion of an analog data separator function with good perform
ance onto a floppy disk controller, resulting in National's 
DP8472/3/4 family of integrated floppy data separator/con
trollers. 
This paper discusses the functionality of the DP847x data 
separator blocks, after a brief introduction to floppy disk 
data separator theory. It then delves into the detail of PLL 
design theory, providing design equations and considera
tions that enables the user to optimize the performance of 
the PLL for various applications. 

2.0 THE FUNCTION OF A DATA SEPARATOR 

2.1 Encoding Techniques 
The floppy disk controller writes data to the floppy disk drive 
in a bit serial fashion as a series of encoded pulses. These 
pulses are then converted by the drive into magnetic flux 
reversals on the floppy disk media. The pulses can be later 
read by the drive and converted back to encoded pulses 
which can be decoded by the controller into the original 
data. 
Since data is one serial set of bits, and because "real 
world" imperfections in the writing/reading process can 
cause the serial information to vary and jitter, the clocking 
information is embedded into the data stream, which en
ables synchronization to the data by the circuitry in charge 
of reading the data. 
It is the purpose of the Data Separator circuit to take the 
encoded data from the disk, and to recover and separate 
out the clock signal. The separated clock and data signals 
are then sent to the controller's deserializer which converts 
the data to bytes of data suitable for microprocessor manip
ulation. 
The two most popular encoding schemes used on floppy 
disks are: FM (Frequency Modulation). and MFM (Modified 
Frequency Modulation). FM defines a bit cell for each bit of 
data. Each cell contains a position for a clock pulse and a 
position for a data pulse. Each of these positions are re
ferred to as windows. The clock pulse is present in every 
cell and a data pulse is present only if the data bit for that 
cell is a one. When this data is read back from a disk. a read 
clock can be generated from the clock pulses of the signal. 
An example of FM encoded data is shown in Figure 1. 
FM encoding was the first method used for recording data 
on a floppy disk. It is still used in some low cost systems 
where storage capacity is not a critical issue. This method 
works very well and requires relatively simple circuitry to 
separate the clock pulses from the data pulses when the 
data is read back. However. only 50% of the useful disk 
space is used for recording data. The other 50% is used to 
record clock pulses. 
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FIGURE 1. Examples of how clock and data Information Is encoded Into 
FM and MFM formats. Notice the Increased density of MFM over FM. 

MFM encoding allows 100% of the useful disk space for 
storing data. and is currently the most widely used recording 
format used for floppy disks. MFM defines a bit cell for each 
bit of data. similar to FM. Again. each cell contains a posi
tion for a clock pulse (clock window) and a position for a 
data pulse (data window). A data pulse is present if the data 
bit is a one. A clock pulse is present only if the data bit is a 
zero and the data bit in the previous bit window was a zero. 

A comparison of FM and MFM can be seen in Figuf"6 1. 
Because MFM requires fewer pulses to encode the same 
amount of data. the information can be stored in half the 
area required for FM encoded data. The only drawback of 
MFM is that it requires better read/write head and accom
panying electronics. It also requires a higher precision data 
separator than FM requires. This is to resolve the location of 
each pulse more precisely than with FM. 

2.2 Typical Floppy Format 

A disk consists of many separate tracks. These tracks are 
configured as a set of concentric circles. Each track con
tains a set of many sectors. Each sector contains one Ad-
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dress Field and one Data Field. Figuf"6 2 shows the most 
common track format used on floppy disks today. It is the 
IBM double density standard. 

The Address Field within a sector is used to identify what 
sector the following data field belongs to. It begins with a 
synchronization field or preamble to allow the data separa
tor (which will be described soon) to synchronize to the 
speed at which the data is being read from the disk. 

Next an address mark uniquely identifies this field as an 
Address Field. The address marks are encoded with a 
unique illegal pattern that is an MFM encoding rule violation. 
The violation is a missing clock pulse from a particular loca
tion within the byte. This illegal pattern guarantees that this 
is an address mark field and not a data pattern from some 
other area of the disk. The following four bytes identify the 
sector being read. This is followed by a CRC (Cyclic Redun
dancy Check). The CRC allows the controller to verify that 
the information read is free of errors. This is followed by a 
gap which is simply a series of bytes that physically sepa
rates the Address Field from the Data Field. 
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FIGURE 2. Typical format of a floppy disk. This Is the IBM MFM standard. 
Notes: 

C2' ~ Dala Pattern 01 C2, Clock Panern 01 14 
A I' = Data Panern 01 AI, Clock PaUsrn 01 OA 
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The Data Field contains the data that the sector represents. 
It begins with a preamble and data field address mark, simi
lar to the beginning of the Address Field. The actual sector 
data follows this. The data is followed by a eRe and then a 
gap, that separates this sector from the next. 

2.3 Obstacles In Reading Data 

Since MFM is the most popular floppy disk data encoding 
method the following discussion will refer specifically to 
MFM. 

The floppy controller must be able to decode the data read 
from a disk drive. Theoretically, this could be a fairly easy 
process. The controller must first synchronize to the clock 
pulses in the preamble field of a sector. After that, it is just a 
matter of checking when the next encoded data pulse ar
rives. The pulse can arrive, 1, 1.5 or 2 bit periods later. 
Using this information the controller can decode this and all 
subsequent bits, reconstructing the original data from this 
information. 

Unfortunately, this simple method is not so simple. The data 
pulses read back from a disk drive will generally be some
what different from the data originally written. 

There are three major sources of data degradation. 

1. Bit Shift-As data is written, magnetic interaction of adja
cent bits cause the data to be shifted in time from its 
nominal position. When these flux transitions are record
ed close to each other, the superposition of their magnet
ic fields tends to move their apparent position. Thus when 
they are read, the floppy drive's peak detector moves the 
peak of these flux transitions apart from each other. This 
is the major cause of instantaneous bit shift. 

(This type of data degradation is mostly predictable and 
can be partially compensated for by shifting the data as it 
is written to the disk in the opposite direction that the bit 
is predicted to shift. This is called Write Precompensa
tion, and all three controllers have circuitry to enable the 
data to be precompensated. The write precompensation 
circuit accepts the serial write data output from controller 
and shifts the data early, late, or none, based on the early 
and late input Signals. The amount of write precompensa
tion is software selectable on the DP8472/4. This circuit 
uses the same type of delay elements as the secondary 
yeo. The DP8473 utilizes a shift register delay technique 
to provide IBM@ compatible write precompensation.) 

Several other factors can contribute to jitter. The drive's 
peak detector may be unbalanced, resulting in a bit shift 
similar to that described above. This could cause positive 
going peaks to appear earlier than negative going peaks 
or vice-versa. Also, a long cable between the disk drive 
and the disk controller may contribute to bit shift. 

2. Motor Speed Variation (MSV)-This is an error in the 
spindle motor speed from the nominal, and causes the 
data rate to vary typically 1-2% for each drive. For de
Sign purposes this value is doubled since drive media is 
interchangeable. Thus a slow drive can record data that 
is read on a fast drive. 

3. Instantaneous Speed Variation (ISV)-This is an addi
tional speed error that is a constantly changing affect due 
to disk-jacket friction, and mechanical resonances. Usu
ally this variation has a frequency component less than 
1 kHz and causes the data rate to vary an additional 1-
2% (again doubled). 

While bit shift is the primary cause of decoding problems, 
the speed variations create difficulty in locking to the fre
quency of the data stream, and degrade jitter tolerance. The 
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data separator must be able to synthesize the average fre
quency of the data coming in, and if the disk data rate dif
fers from the nominal value then synchronization is more 
difficult. 

2.4 Performance Measures of a Data Separator 

There are several measures of data separator performance. 
The most universal one is window margin. Window margin 
measurements themselves can be subdivided into two cate
gories, DynamiC, and Static (described shortly). Window 
margin is defined as the amount of bit shift that can be 
tolerated by a data separator without mis-decoding the data. 
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FIGURE 3. Window Margin Timing Definition 

Figure 3 shows a timing diagram of a typical bit cell, and its 
composite data and clock windows. Theoretically a pulse 
(either clock or data) could be shifted in time either early or 
late relative to its nominal position by up to 1,4 of a bit period 
and still be decoded correctly. This is the theoretical window 
boundary region in Figure 3. If the pulse is shifted more than 
this, then it would fall into another pulse's window. In reality, 
due to the limitations of practical data separator implemen
tations, the actual window boundary in which data will be 
directly decoded is less than the full 1,4 period. This is 
shown in Figure 3 as the actual window region. Typically this 
actual window size is measured as either a percentage of 
the theoretical maximum or in terms of nanoseconds. The 
former is the more popular method and will be used here as 
well. In equation form: 

WM% = (Actual Window Size) x 100% 
(Nominal Theoretical Window Size) 

Window margin should be measured with a specified 
amount of ISV and MSV, at a specific data rate, with a spec
ified data field and format pattern, and a known bit shift 
algorithm. If any of these are unspecified, then a true com
parison of data separator performance is more difficult. Win
dow margin is usually specified as a percentage of the nomi
nal frequency window (as opposed to the nominal frequency 
plus the MSV). 



There are two basic types of window margin tests. One test 
is where the data separator and controller must read a sec
tor of data, in which all the bits are shifted until the data 
separator cannot read the sector correctly. This is called 
dynamic window margin. A second test is to present a long 
sequence of perfectly centered MFM clock pulses except 
for one bit. This bit is shifted until an error occurs. This sec
ond test is called static window margin. 

Do Not Confuse the Two Measurements. The first one more 
correctly reflects the "Real World". The second one is an 
indicator of the accuracy of the circuits that compose the 
PLL, but does not include most of the errors due to the 
response of the P LL. 

As an example of a dynamic window margin test: A data 
separator has a 70% window margin at 500 Kb/s, with a 
total ± 1.5% MSV, and ± 1 % ISV. The encoding is MFM, 
and the data pattern is a repeating DB6DB6 ... (HEX) pat
tern. A reverse write precompensation algorithm is used for 
pattern dependent bit jitter (all bits are jittered). These con
ditions are one of the worst case conditions for analog data 
separators. This means that the data separator will correctly 
decode a pulse so long as it is shifted no more than 
± 350 ns from its nominal position (the theoretical window 
at 500 Kb/s is ±500 ns) over the full MSV and ISV range. 

Another data separator performance measurement is Bit Er
ror Rate (BER). This is a measure that is defined as ratio of 
the number of bit errors during long term reading divided by 
the total number of bits read. A small bit error rate is desir
able. BER is better for evaluation of total system perform
ance, since the performance of the whole system effects on 
this figure. Thus as a final system checkout the manufactur
er can specify the media, drives, data separator, and deter
mine the error rate of this system. It is relatively difficult to 
isolate the bit errors due solely to the data separator. This 
specification is a less exact performance measurement than 
window margin for a data separator. 

Why Is Window Margin Important? 

The greater the window margin the lower the error rate. For 
example if a bit is read with too much bit jitter for the data 
separator, then that data cannot be read and the whole sec
tor (or file) is lost. This is especially fatal since floppies do 
not have error correction capability. 

Another area where window margin is important, is manu
facturing yields. A larger window margin ensures that when 
intermixing best/worst case drives and controllers there is 
minimum fallout. Thus larger volume vendors tend to try to 
optimize window margin to improve yields as well as data 
integrity. 

Each designer needs to decide for himself what margin re
quirements are necessary. In general, many high quality an
alog designs typically achieve 60-65% window margin un
der worst case conditions, with the best designs approach
ing 70%. 
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Later in sections 4.2 and 5.1 theoretical calculation and 
practical measurements of window margin are described. 

2.5 Analog Data Separator Basics 

The job of a data separator is to produce a read clock that 
follows the slow data rate change caused by the drive motor 
variation (MSV and ISV), but not track the instantaneous bit 
jitter. This read clock then is used to clock in the serial data 
into some type of deserializer. Generating a read clock for 
MFM encoded data is potentially difficult. Because of the 
MFM encoding rules, many clock pulses are missing from 
clock or data windows. As a matter of fact, in a long string of 
one's, there are no clock pulses at all. A data separator 
must use both clock pulses and data pulses to synchronize 
to the encoded signal. The most popular method to do this 
is with a Phase Locked Loop (PLL). 

A PLL consists of three main components, a phase detec
tor, a filter, and a voltage controlled oscillator (VeO), as 
shown in Figure 4. Also in most cases a divider is used to 
divide the veo frequency as needed. The basic operation 
of a PLL is fairly straight-forward. The phase detector de
tects the difference between the phase of the veo (or divid
er) output and the phase of a periodic input signal. This 
phase difference is converted to a current which either 
charges or discharges a filter. The resulting filter voltage 
changes the frequency of the veo (and also the divider) 
output in an attempt to reduce the phase difference be
tween the two phase detector input signals. A PLL is 
"locked" when the frequency of the two phase detector in
put signals is the same. 

Input 
Data 

Signal that Is ... -------------1-- the Average Input 
Frequency 

TL/F/9419-4 

FIGURE 4. Simplified Block Diagram 
of Phase Locked Loop 

With a slight modified version of the basic PLL, an MFM 
data separator can be made. A modification is required be
cause MFM encoded data is not a periodic signal. A phase 
comparison can only be made when a pulse arrives from the 
disk. When there is no clock or data pulse, the PLL should 
continue generating the frequency it was generating before 
the miSSing pulse. This is called a phase only comparison, 
and it is the usual method of tracking an MFM signal. 
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FIGURE 5. Simplified Block Diagram of Typical Data Separator 

A typical data separator is shown in Figure 5. In addition to 
the components of a typical PLL, it includes a quarter period 
delay line and either a pulse gate or pulse inserter (not 
both). Both of these blocks enable the pulse gate or pulse 
inserter to decide when the phase comparison should be 
made. The quarter period delay line delays the incoming 
data pulses a quarter of a bit cell, and this feeds the pulse 
gate or pulse inserter. The pulse gate will disable phase 
comparisons when a VCO pulse occurs but read data puls
es are missing. The pulse Inserter will insert fake read data 
pulses into the phase detector when there Is a VCO pulse 
but no read data pulse. These components are required to 
determine the proper timing of the phase comparisons for 
MFM encoded data. The need for these blocks can be dem
onstrated by referring to Figure 6. Only the use of the pulse 
gate is described since this is what is implemented in the 
DP847x data separators. 

Figure 6a shows two MFM bit cells, each with a clock pulse. 
The VCO output provides two clocks per cell since an MFM 
pulse can appear in either of the two windows that compose 
the bit cell. (Note for simplicity the divider block is ignored.) 
To achieve lock, the data separator tries to line up the rising 
edge of the input pulses with the rising edges of the veo 
output cycles. MFM encoded data is not periodic, that is 
some of the cells are missing pulses. The data separator 
must decide when to make a valid phase comparison. This 
can be seen from F/{/ure 6a where the phase detector first 
makes a comparison to an early pulse, which Is correct, but 
then on the next VCO cycle the phase detector now com
pares this VCO edge even though no input pulses are pres
ent. Hence, there must be a mechanism for fooling the 
phase detector Into not making a comparison. The method 
chosen in the DP847x is to use a pulse gate to eliminate the 
unwanted veo edge. 

However, disabling the phase detector's input does not 
completely solve the problem, as shown in Figure 6b. Here 
the first early pulse is compared correctly. At the beginning 
the next veo cycle the data separator does not know 
whether to do a phase comparison, since it does not know 
whether the pulse is miSSing or just late. Thus by the time 
the next pulse does arrive the PLL is lost. 

Therefore, the DP847x data separators use a % period (Yz 
bit window) long delay line with the pulse gate. Now with this 
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delay line, all phase comparisons are made to the delayed 
data. Thus the PLL Is operating % of a period behind the 
data coming from the disk, but this allows the phase com
parison enable logic to determine whether a pulse will occur 
in a bit cell or not, and make the proper comparison. 

Figure 6c shows how this works. For an early bit, the data 
input enables a phase comparison, and the phase detector 
compares the delayed data bit to the veo edge. In the case 
of this early bit, the proper pump up is generated. On the 
next VCO cycle, the quarter period delay has detected no 
pulse, and so no comparison is made. For the late bit, the 
comparison is enabled prior to the veo clock, so a pump 
down is generated until the delayed data bit is seen by the 
phaSe detector. 

At nominal frequency, a delay of % of a bit ensures that the 
phase detector will be properly enabled even if the data bit 
is late all the way to the edge of its clock or data window. 
(Remember one bit cell contains a clock and a data window. 
A data pulse will appear within either (but not both) of these 
windows. Therefore the theoretical maximum amount of bit 
shift is % of a bit cell.) 

The quarter period delay line solves this problem of fore
casting the future. It causes the MFM encoded data pulses 
to be delayed by a quarter of a bit period. This allows the 
pulse gate to determine when data pulses exist ahead of 
time and thus enable the phase detector only at the appro
priate times. 

It is important that the quarter period delay line be accurate. 
If the quarter period delay line is not accurate Oe. it's too 
long or too short), then the window margin performance of 
the data separator will be reduced. This performance reduc
tion Is due to the PLL's inability to correctly resolve bit shift 
near the edge of a bit window. For example, if at 500 Kb/s 
the delay line were shorter than it should be, say 400 ns 
long instead of 500 ns, then a bit shifted 450 ns from its 
nominal position is incorrectly decoded. The window margin 
in this case is immediately reduced 20% from it's ideal. The 
same degradation occurs when the delay line is too long. 

2.6 Operation of an Analog Data Separator 

A data separator can be described as operating in one of 
three phases during each read cycle: Idle Phase, Initial 
Locking Phase, and the Tracking Phase. 
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FIGURE 6. This shows why a % period delay line Is needed. 
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a) Shows phase comparisons that occur if only a phase 
detector is used; b) Shows the data separator's need to predict 

the arrival of a pulse; and c) Shows how the % period delay fixes this. 
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~ Initially, when the data separator is not being used to read 3.0 DP8472/3/4 DATA SEPARATOR FUNCTIONAL 
Z data from the disk, it is in the Idle Phase. While in the Idle DESCRIPTION 
CC Phase, the PlL is both phase and frequency locked to a The integrated floppy disk data separators from National 

reference frequency. (Frequency comparison is implement- Semiconductor combine the performance of an analog PLL 
ed by forcing a phase comparison every VCO clock.) The and the ease of use of a digital data separator. They do not 
PLL must eventually lock to both clock and data pulses of require any external trimmed components, and they have a 
the encoded data when it is read fromthedisk,sothe refer- data rate range from 125 Kbits/sec up through 1.0 Mbitsl 
ence frequency is generally two times the data rate frequen- sec (up to 1.25 Mb/s for the DP8472/4 with a 10 MHz 
cy. clock). They are built using CMOS technology to achieve 
When data is to be read from the disk, the PLL switches good linear performance as well as low power operation. A 
from the reference frequency to the incoming data stream. block diagram for the data separator is shown in Figure 1. 
Because the encoded data read from the disk is not a peri- 3.1 Block Diagram Description 
odic Signal, only phase comparisons are made. Since the The heart of the DP847x data separator is the main PLL. 
PLL was initially locked to a frequency very close to twice The main PLL consists of the VCO, programmable divider, 
the actual data rate, the time required for the PLL to lock phase detector, and the charge pump. The entire operation 
onto the data read from the disk is minimized. of the PLL and data separator logic is based on the Refer-
To further minimize this locking time, the beginning of each ence Clock which should be an accurate reference frequen-
Address Field and Data Field starts with a preamble (or syn- cy. The Reference Clock is divided by two, then feeds the 
chronization field). The preamble is a series of bytes with a Secondary PLL, and the divide-by-N counter. As discussed 
zero data pattern (all clock pulses and no data pulses). later the Secondary PLL is used to calibrate the operation of 
When read, the preamble will produce a periodic signal with the quarter period delay and Primary VCO. The Reference 
little bit jitter. The data separator can lock to this signal with Clock's Divide-By-N counter and the Programmable Divider 
the least chance of an error. It would be ideal for the floppy are both programmable counters whose divide by factor is 
controller to switch the data separator from the Idle Phase determined by the data rate selected. The output of the di-
to the Initial Locking Phase at the beginning of a preamble vide-by-N and the Programmable divider is always twice the 
to enable the maximum amount of lock time. data rate. The output of the divide-by-N is used as a refer-
Once the PLL is locked to the average frequency of the data ence frequency for the PLL to lock to when the PLL is idle. 
being read from the disk, it should simply track the data The output of the Programmable Divider is the separated 
frequency. This means tracking the slow data rate speed clock that is used to strobe the incoming pulses into the 
variations caused by the drive motor, yet ignoring instanta- controller's deserializer. 
neous bit jitter. This is the Tracking Phase. The data separa- Note: Throughout this discussion, the Reference Clock as shown In Figure 1 
tor then allows the controller's deserializer to start decoding is the master clock for the dais separator block. This Reference Clock 

. d ta also generates several other clock frequencies that are used by the 
the incoming a . dais separator sub-sections. In the following discussions the term 
2.7 Digital Data Separators Referance Clock refers only to the signsl in Figure 1 that feeds the 

dMde-by-2 and dMde-by-N blocks. Also the term Divide-By-N counter 
A second method of separating clock and data information is used for the counter driven by the Reference Clock, whereas the 
is to use a digital data separator. While the circuits for the Programmable Divider refers to the counter driven by the VCO. 

analog solution has evolved significantly, digital data sepa- While the primary intention of the DP8472/4 is to have the 
rators have also improved somewhat, in a (less than suc- Reference Clock set at 8 MHz, it is possible to vary this 
cessful) attempt to match the performance of the analog clock from 4 MHz to 10 MHz. If the clock is scaled the data 
approach. These circuits are described below. rate scales proportionally as well, because the Secondary 
First Generation Digital Data Separator (DDS)-This circuit PLL and the dividers track the frequency change. If the 
is a very convenient all digital data separator. Its prima~ DP8472/4 is operated with a 4 MHz clock, then actual data 
advantages are simplicity, and low external parts count. ThiS rate will be half the value selected when operating at 8 MHz. 
circuit usually consists of a set of counter timing circuits and In the DP8473, the Reference Clock of Figure 1 is derived 
some control logic to count times between individual pulses, from a prescaler circuit that is operating at 24 MHz. The 
and thus determine whether a pulse is clock or data. The output of this prescaler circuit is 8 MHz for all data rates 
SMC9216Is representative of this technology. Its major dis- except 300 Kb/s. At 300 Kb/s the equivalent prescaler out-
advantage is performance, and the inability to optimize the put is 9.6 MHz. The 24 MHz is intended to be a fixed fre-
window margin for various lock ranges. The dynamic win- quency, but could be scaled lower for unique applications if 
dow margin for these types of circuits is usually around 55% desired. 

with no MSV and as low as 30% with a ±3% total MSV. Under normal operation both the DP8472/4 and the 
Second Generation DDS-A sophisticated digital data sep- DP8473 fIX the Secondary PLL and the Primary VCO to run 
arator can be compared functionally to an analog data sep- at one half the Reference Clock frequency. Thus using an 
arator. The ideal digital separator consists of a sampler 8 MHz clock on the DP8472 or the 24 MHz clock on the 
(phase detector), a ROM look up table, with memory (filter), DP8473 Primary VCO's output is 4 MHz (except on the 
and a programmable counter (VCO). The pulse gate can be DP8473 at 300 Kb/s where the VCO output is 4.8 MHz.) 
implemented as an extension of the ROM look up table. Operation at different data rates is accomplished by chang-
These circuits are typically much better than 1st generation ing the Divide-By-N and Programmable Divider. 
circuits, but still far short of the analog approach. These The basic operation of the Phase Locked Loop is fairly stan-
circuits have dynamic window margins of 50-55% over a dard although there are several added features in the 
± 6% lock range (total MSV variation). DP847x PLLs. The phase detector determines the phase 
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FIGURE 7. A more detailed Block Diagram of the DP847x data separators, a) showing the zero phase start up, 
secondary PLL, control logic block and external R's and C's. b) Also showing a more detailed diagram of the 

secondary PLL, main VCO and delay line. This highlights the self calibration technique. 
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difference between two inputs. One input is always the di
vided output of the Programmable Divider. 

The other input is either a reference frequency (derived from 
the Reference Clock) of twice the data rate while the data 
separator Is in the idle mode, or when reading the disk the 
encoded data from the drive after it has passed through the 
quarter-period delay line. 

While in the Idle mode, the phase detector determines both 
phase and frequency information. This is accomplished by 
forcing the pulse gate to enable all phase comparislons. 
This state Is set by the top two multiplexers of Figure 7 
which in idle mode select clocks generated by the Refer
ence Clock to enable the pulse gate on every clock edge 
(hence all clocks are compared by the phase detector). By 
locking to the Reference Clock generated frequencies in 
both phase and frequency, the PLL is preventing from lock
ing back to a harmonic of this frequency. 

When the data separator is told to read the Incoming data 
pulses, Read Gate is asserted. This changes the signals 
selected by the multiplexers. The top multiplexer switches 
to inputting the "raw" read data pulses into the pulse gate, 
and the bottom multiplexer sends read data delayed by a 
quarter bit period to the phase detector input. When this 
switch occurs, the Zero Phase Start-Up logic synchronizes 
the Programmable Divider's output to be in phase with the 
very next arriving data pulse. This causes the PLL to acquire 
lock to the data quicker since it is starting with a "near zero" 
phase error between the Programmable Divider and the en
coded data. 

The quarter-period delay line consists of a series of voltage 
controlled delay elements. The encoded data from the disk 
drive enters the beginning of the delay line. The output Is 
derived from the output of one of the delay elements. The 
delay element used for the output depends upon the data 
rate used. . 

When locked to either the read data pulses or the refer
ence, the phase detector issues either a pump up signal or 
a pump down signal depending upon whether the VCO 
should increase or decrease its frequency. The length of 
this pump Signal is proportional to the amount of phase dif
ference between the two input signals. When locked, the 
phase difference between the VCO and the delayed data 
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will be small. In this case the width of the pump signal could 
be so small that the rise time may prevent the signal from 
ever being recognized by the charge pump. To ensure that 
the charge pump can recognize even the smallest pump 
Signal, both pump up and pump down Signals are asserted 
at each phase comparison and the appropriate signal is ex
tended by an amount proportional to the phase difference 
between the two input Signals. The pump signals are then 
subtracted from each other by the charge pump. Therefore, 
the rise time of the pump up or down signals will not de
grade the performance of the charge pump. 

The charge pump simply adds or removes an amount of 
charge proportional to the length of the pump signal to or 
from an external filter. The voltage of the external filter de
termines the frequency produced by the VCO. 

Finally a synchronized clock and serial data signal is sent to 
the controller's deserializer by the Data Synch Logic Block. 
This circuit takes the output of the Programmable Divider 
and the Read Data pulses, and synchronizes these two sig
nals, by centering the read data pulse in the appropriate 
Programmable Divider's clock cycle. This allows the control
ler to easily deserialize and decode the data pulses proper
ly. 

An additional block not shown here, but used on the 
DP8473 is the filter selection logiC. This logic is used to 
select different filters for different data rates. The descrip
tion and use of this circuitry is described in section 5.3. 

3.2 Self Calibration 
Normally, most VCO implementations would need an exter
nal precision capacitor (maybe trimmed) to set its center 
frequency. Also, the quarter period delay line would require 
an external trimming resistor to set the delay to exactly a 
quarter of the data rate. The actual delay of the delay ele
ments used in these functions would normally vary from one 
part to another due to normal process variations. However, 
the DP847x has been designed to eliminate the need for 
these external trims. There are actually two PLLs in the 
DP847x; the Primary PLL, and a Secondary PLL The Pri
mary PLL is used for data separation. The Secondary PLL is 
used to calibrate all of the delay elements used in the chip. 
This includes the quarter-period delay line, the main VCO 
and the write precompensation logiC on the DP8472. 



The veo of the Secondary PLL is a ring oscillator of delay 
elements. The amount of delay that each inverter produces 
is regulated by a control voltage which is the internally con
nected output of the Secondary PLL. The Secondary PLL is 
locked to the same frequency as the Primary veo, half of 
the reference clock frequency. The delay elements used in 
the secondary veo are identical to those used in the Pri
mary veo and are regulated by the same control voltage. 
There are also the same number of delay elements in each. 
Therefore, the center frequency of the Primary veo is inter
nally trimmed to exactly half of the reference frequency. 
Since the delay elements in the Secondary PLL have a 
known delay, any number of identical elements that are set 
by the calibration voltage will have a very accurate delay. 
Thus the quarter period delay line Is just a chain of these 
delay elements that have the desired total length. In the 
DP8472 the write precompensation delay line consists of 
the same quarter period delay line elements, but the desired 
precompensation taps are selected to get the proper delay. 

The delay elements used in the quarter-period delay line 
and the write precompensation logic are also of the same 
type used in the secondary VCO. Because the delay of each 
element is accurately set by the Secondary PLL, there is no 
need for any trimmed tuning components for any of these 
circuits. Essentially, the only external passive components 
required for the DP847x are for the filter(s) (two capacitors 
and a resistor per data rate), and a resistor to set the gain of 
the charge pump (ie. the amount of charge pump current). 

3.3 Data Separator Read Algorithm 

Since the DP8472/3/4 floppy disk controllers incorporate 
the analog data separator, these chips take advantage of 
close proximity of the controller and data separator blocks 
to implement a read algorithm that is much more sophisti
cated than previous floppy controller integrated circuits. 

Before describing the details of the algorithm, a brief discus
sion of a disk read (or write) is necessary. When the contrOl
ler is issued a read (or write) command, it is asked for a 
specified sector. The controller starts to look at the incom
ing MFM information. It scans this information, trying to lo
cate the proper address field. In order to do this, the data 
separator is first told to lock to the disk data, and once 
locked the controller looks at the Incoming information. In 
most controllers, the data separator is told to look at the 
data continuously until the correct sector address is found. 
This makes the data separator susceptible to being thrown 
out of lock, since the controller is not "watching" the data 
separator to see if it has maintained lock through the search 
process (which it can easily lose). Once the correct address 
is found the controller must then ensure that the associated 
data area is read, by re-Iocking to the incoming signal and 
then reading (or writing) the data. 

Figure 8 shows in state diagram form the algorithm used by 
the DP847x controllers to ensure that disk data is correctly 
read (or written). This algorithm is much more sophisticated 
than previous generation controllers. The following de
scribes the operation. When the controller is idle, the data 
separator is locked to the crystall clock reference In a fre
quency comparison mode. (Frequency comparisons are 
made by disabling the pulse gate, and ensuring that all ref
erence and veo cycles are compared.) 

NOT 3rd 
ADDRESS 

MARK 

TUF/U41U-10 

FIGURE 8. State Diagram for a Data Separator Synchronization and Read Operation 
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When a read command is issued to the controller the con
troller asserts an internal Read Gate signal to the data sep
arator. This causes the PLL to switch from locking to the 
reference to locking to the data with the pulse gate enabled, 
and the primary VCO/divider started in phase with the next 
incoming pulse. The PLL waits 6-bit times to lock 'to the 
data. When the seventh bit arrives the data separator as
sumes that this bit is a preamble bit (thus an MFM clock bit). 
The controller I data separator then continues looking at the 
data until a non-preamble pattern is detected (ie. an MFM 
data pulse). It then checks to see if it has now encountered 
an address mark with the proper rule violation. If it has not, 
read gate is deasserted. The data separator returns to the 
idle state for 6 byte times, and then starts all over again. 

If three address mark bytes are found then the data separa
tor remains locked to the data while the controller looks to 
see if it has found the right address field. If the controller 
discovers that this field is not the correct address field then 
it deasserts read gate for 6 bytes, and tries again. 

If the correct address field is encountered, the controller de
asserts read gate during the gap between the address and 
data fields. It then re-asserts read gate, and follows the 
state diagram to read the data field (ie. looking for pream
ble, address marks etc.). 

This comparison is done on a bit-by-bit basis, therefore en
suring that the PLL never tries to lock on an unwanted field 
for more than one bit time. In other words, the PLL will never 
loose lock. This algorithm provides a very fast lock to the 
data stream, and ensures that the data separator neVer falls 
out of lock while reading the data. Both of these features 
reduce the need to do retries of operations to ensure cor
rect execution. 

4.0 DESIGNING WITH THE DP8472/3/4 
DATA SEPARATORS 

The following section is a fairly in-depth description of the 
design characteristics of the PLL in the DP8472/3/4 con
trollers. (National Semiconductor cannot be responsible for 
the sanity of anyone who ventures into this section. Hence 
we recommend using the filter values supplied in the data
sheets.) 
Two elements determine the overall performance of a 
Phase Locked Loop: the loop gain and the loop filter design. 
When using the DP847x both of these elements are con
trolled by the user. The amount of current in the charge 
pump circuit can be set with an external resistor. This will 
set the overall gain of the PLL. The filter is external to the 
DP847x and is user definable. This gives the user the possi
bility of tailoring the data separator performance to his own 
application requirements and design criteria. The following 
information will present some tradeoffs that apply in choos
ing the external components for typical applications. 

4.1 Basic Phase Lock Loop Theory 

This section will first start with the basic control systems 
model for a second order PLL, and then' apply these basic 
equations to the individual blocks that compose the data 
separator in the DP8472/3/4 Controllers. 

Initially Locked Model 

In order to understand the behavior of the data separator 
and to discuss the tradeoffs of the different design parame
ters, some background in the theory of PLLs will be present
ed. 
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Figure 9 shows a diagram of a PLL which is assumed to be 
in a locked state. Each box contains the phase transfer 
function of the corresponding block and each node has the 
relative phase Signal. The PLL is locked, which means that 
the veo output and the input Signal are at the same fre
quency and in-phase with each other (the phase error is a 
constant). This model is useful for understanding the phase 
locking process when the PLL is switched from the refer
ence frequency to the incoming data. 

+ '. F(s) 

-V- Ko F(s) -
VD = ('1-'2) 

-
'2 

VF(s) 

1 Kvco -- -- -N s 

TLIFI9419-11 

FIGURE 9. The Block Diagram for an Initially 
Locked PLL Control System, Showing the 

Transfer Functions for Each Block 

The frequency variations that this model take into account 
are assumed small enough so that the loop stays locked in 
frequency. Therefore, only the effect on the phase differ
ence is considered. Also, it is easier to refer to bit shift toler
ance in terms of phase. Hence the phase transfer functions 
yield the most appropriate information. 

The concept of phase is very much related with the concept 
of time. The advantage of phase information is that it is 
independent of frequency of the Signal and it is measured 
as a pure number (radians). 

A simple Re fiiter model will be used to simplify the math. 
This is actually a good model because the effect of a sec
ond capacitor is only seen at high frequencies. This simplifi
cation allows the use of second order PLL theory that is 
easily available in literature. (See for example: R.E. Best, 
Phase Locked Loops, McGraw-Hili, 1984) 

From Figure 9 the closed loop phase transfer function for 
the loop can be derived using standard control system theo
ry techniques, and reduces to: 

H(s) = 92(S) = KoK'vcoF(s) (1) 
91(S) s+KoK'vcoF(s) 

where K'vco = KvcolN, N being the number of veo cy
cles between phase comparisons due to the divider that 
typically is inserted between the veo and phase detector. 
The closed loop phase error function can be written as: 

9.(s) 
H (s) = - = l-H(s) = 

• 91(S) 

91-92'= s 

91 s+KoK'vcoF(s) 
(2) 

Now we'll evaluate the variables that appear in expressions 
(1) and (2). 



r--------------------------------------------------------------------,~ 

The Charge Pump 

In the phase detector/charge pump circuit a current is gen
erated in the correct direction (positive or negative) every 
time the edges of the VCOldivider output and the incoming 
data pulses are not coincident. The current is a pulse with 
amplitude equal to IpUMP and length equal to the phase 
error between the two signals. The pump current is zero for 
the rest of the period, so the average current is: 

IZ = IpUMP9. 
2'11" 

(3) 

where 9. is the phase error between the VCOldivider and 
input pulses. The phase detector and charge pump gain is: 

(4) 

where IpUMP = Kp X IR. IR is the current set by an external 
resistor at SETCUR pin. The current at this pin is: IR = 
VREF/Rl, Kp = 2.5, and VREF eo 1.2V. Thus combining 
equations: 

I (2.5)(1.2) 
PUMP=--

Rl 
(5) 

Note that the maximum current that can flow to or from the 
charge pump is 500 ,...A, which corresponds to a resistor 
value of 3 kO. The minimum current is limited to 125,...A by 
stability and leakage constraints on the internal reference 
circuits. So Rl must be smaller than 12 kO. In conclusion, 
the charge pump current and resistor can be set in the fol
lowing range: 

125,...A S IpUMP S 500,...A 

3 kO S Rl S 12 kO 

Any value in this range can be chosen, and usually the 
choice is dependent on the PLL filter capacitor's mechani
cal size and cost. We have chosen in the datasheet a value 
of 5.6 kO since it represents a good compromise of all 
these considerations. . 

The VCO and Programmable Divider 

The VCO gain is defined as the ratio between a frequency 
change at the output vs. a voltage change at the input (FIL
TER pin). This value cannot be set by the user and has 
been deSigned to be immune to process, temperature and 
voltage variation. There is a variation of less than ± 20% 
between different parts, and the typical value of Kvco is: 

K = 25Mrad/sec 
veo volt 

(6) 

The actual value K'veo for expressions (1) and (2) differs by 
a factor of N. N is the ratio between the frequency of the 
internal VCO and the "instantaneous" frequency of the 
data. This takes into account both the factor due to the way 
the data is encoded, and the factor due to the internal pro
grammable divider used for the data rate selection. The 
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following table gives the value of N for different codes, data 
rates, and data patterns. K'vco can be derived from thel!e 
values of N. 

For example in the DP8472/4, if an 8 MHz crystal is used, 
and the 250 Kb/s MFM data rate is selected K'vco = 
25/16 = 1.56 Mrad/sec/volt. If a 4 MHz crystal is used 
then the 500 Kbl s data rate pin selection must be chosen to 
achieve 250 Kb/s MFM. This K'veo = 3.13 Mrad/sec/volt. 

TABLE I. VCO Gain Reduction Factor for 
the DP8472/4 with an 8 MHz Crystal/Clock 
or the DP8473 with a 24 MHz Crystal/Clock 

Data 
Code Data Patterns 

Rate 

1 Mb/s MFM all O's, all1's 
010101 ... 

500 Kb/s MFM all O's, all1's 
010101 ... 

FM allO's 
all1's 

300 Kb/s MFM all O's, all1's 
(DP8473) 010101 .•. 

250 Kb/s MFM all O's, all1's 
010101 ... 

FM allO's 
all1's 

125 Kb/s FM allO's 
all1's 

N 

4 
8 

8 
16 

8 
4 

16 
32 

16 
32 

16 
8 

32 
16 

On the DP8473, the crystal/clock Is fixed at 24 MHz, which 
causes the PLL divider to be' equivalent to the 8 MHz 
DP8472. So for a 250 Kb/s data rate N= 16 and K'veo 
= 1.56 Mrad/set/volt. For the DP8473 set to 300 Kb/s 
MFM the PLL operates equivalent to the DP8472 selected 
to run at 250 Kb/s but the crystal clock is set at 9.6 MHz. 
Thus the N values for this case is the same as for 250 Kb/s. 
and K'vco = 1.56 Mrad/sec/volt again. 

The loop filter calculation is made assuming lock and acqui
sition during a preamble (all O's pattern), so these values of 
N are used in the bandwidth and damping calculations 
shown later. 

The PLL Loop Filter 

Inside the data separator. the charge pump output is con
nected directly to the veo input. A filter is attached exter
nally to this point. The typical configuration of this filter is 
shown in Figure 10. The output of the phase detector 1 
charge pump circuit is basically a current generator with a 
very high output impedance (hundreds of kO). This high im
pedance combined with the external capacitor. C2. of the 
filter provide a small (close to 0) steady phase error after a 
frequency step in the input signal. The charge pump setting 
along with C2 sets the bandwidth on the PLL. The DP847x's 
charge pump circuit eliminates the need for an external ac
tive filter. The resistor R2 is the damping resistor and it con
trols the stability of the loop. 

Z g 
CI'I 



IlIImplng Resistor 

2 '-. Secondary Capacitor C~Cl 
Primary Loop Filter 
Capacitor 

TLlF/9419-12 

FIGURE 10. Simple Schematic of Typical 
OP847x Data Separator Filter Configuration 

The filter design is usually improved by adding another ca
pacitor in parallel, Cl' This second capacitor is intended to 
improve the low-pass filtering action of the PLL. In our sub
sequent filter discussions, Cl is ignored initially since its val
ue will be much smaller than C2. 
In the DP847x, the input of the filter is a current from the 
phase detector 1 charge pump, the output is a voltage to the 
VCO. Therefore, the transfer function of the filter of Figure 9 
is simply its impedance: 

F(s) = 2(s) = 1 + SR2C2 (7) 
SC2 

(As mentioned, we are ignoring the effect of Cl for now.) 
Substituting these equations into (1) and (2) produces: 

K'veoKo(sR~2 + 1) 

H(s) = C2 (8) 

. (S2 + s(K'VeoR2KO)'+ K'V~KO) 
This then reduces to a standard second order equation of 
the form: 

H( ) (2S(Oln + Oln2) 
S = (s2 + 2tOlns + Oln2) 

and Similarly the error function has the form: 
s2 

H.(s) = (s2 + 2tOlns + Oln2) (9) 

In this discussion we won't be making use of the error func
tion equation, however it is the basis of much of the acquisi
tion equations which are used to derive Figures 11 and 12. 
The complete analysis is beyond the scope of this paper, 
but is discussed in detail by most of the references. From 
equation 8, and the standard second order equation we can 
solve for the bandwidth, Oln and damping, t. The natural 
frequency is: 
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IpUMPK'veo 
Oln = 2'ITC2 (10) 

By combining Kveo and IpUMP constants, the design equa
tions for the PLL can be simplified, by introducing KpLL, 
which is defined as the product of VREF x Kp x Kveo. By 
using the KpLL constant the above equation becomes: 

KpLL 
Oln = 2'ITNR1C2 

(11) 

where N is the VCO divider as defined in Table I. The damp
ing factor is given by: 

;. K' R K K'VeoR2KOC2' 
2"Oln = veo 2 0 C 

. 2 

2tOln = Oln2R2C2 

= OlnR2C2 
2 

(12) 

These two parameters (equations 11 and 12) will allow us to 
caiculate the Ptl filter components based on bandwidth, 
and damping. The closed loop phase transfer function 
shows that the PLL behal/fls like a low-pass filter. It passes 
signals for input phase signals whose frequency spectrum is 
betWeen 0 and Olh. This means that a second-order PLL is 
atile to track a phase and frequencY modulation of the input 
Signal up to a frequency equal to Oln/2'IT, and it will not 
follow iriput variations of higher frequencies. 

4.2 Sy8tem Performance a"d Filter 0881gn 
The system performance of a data separator can be de
scribed by three main criteria. 
1) Acquisition Time-ability to guarantee lock during a pre

amble. 
2) Wiridow Margin-ability to recognize data shifted in time 

from its ideal position (bit jitter) without incorrectly decod
ing it. 

3) Tracking of Disk 'DatS-ability to follow slow « 1 kHz) 
disk data speed variations. 

The filter deSign must meet the requirements set by these 
performance characteristics. The two conflicting require
ments are that the bandwidth must be large enough to en
sure proper locking to the data stream, but as small as pos
sible while tracking the data to maximize bit shift rejection 
and window margin. Primarily the filter sets the bandwidth, 
and it is determined by the required acquisition time as 
shown later. 
To illustrate this, a numerical example (for 500 Kb/s data 
rate) is presented following the design considerations step 
by step. After we have completed the paper deSign a dis
cussion of performace measurements is provided. Once the 
initially calculated paper values are chosen, then real mea
surements must be made, and adjustments to these values 
are decided upon. 



Acquisition to the Data Stream 

Acquisition means to achieve phase lock and to bring the 
phase error of the vee to zero, or close to it. This includes 
acquisition of phase lock to either the data input or to the 
reference frequency. The lock mechanisms for these two 
cases may be different. 

At the moment just before Read Gate is asserted, it will be 
assumed that the vee is locked to the reference frequency. 
It has been locked for a relatively long period of time, there
fore the phase error between the vee output and the refer
ence frequency is nearly zero. Because the system is initial
ly locked, the initially locked model can be used. 

When Read Gate is asserted by the controller, the input to 
the phase detector is switched from the reference frequen
cy to the data stream. This is an instantaneous change of 
both phase and frequency to the input of the phase detec
tor. The loop must be designed to assure that it can achieve 
both phase and frequency lock to the incoming data. Phase 
and Frequency Lock implies that the steady state phase 
and frequency error at the phase detector input is near zero. 

The goal is to lock to the data stream within the length of 
the preamble, very often half of the preamble to increase 
the probability of locking successfully. In fact, during a pre
amble the data pulses are relatively free of bit shift and the 
frequency is constant. There are two basic requirements to 
ensure that the data separator correctly locks to the data 
stream in the required amount of time. 

1. The loop bandwidth must be large enough to ensure that 
phase and frequency error of the vee goes to zero within 
the required time (usually within Yz the length of the pre
amble). This implies that the shorter the preamble the 
larger Cdn. 

2. The filter must also be designed to guarantee that a data 
pulse will never fall out of the data window during the lock 
process. The peak phase error during acquisition must be 

0.8 
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~ l ~ ~~f=2.0 0 1-2 ~1I'l 
-D.2 

I~ -:;; ~;2 :::::: ---D.4 - --0.6 

"'n(t) 

less than Yz of a data or clock window (i.e. or < w/2). If 
the filter is incorrectlly designed and the data pulse falls 
outside the window (called cycle slipping) during acquisi
tion, the loop may never lock within the desired acquisi
tion time and the encoded data will not be decoded cor
rectly. This requires that to guarantee lock over a wider 
variation of data rate, a larger Cdn is required. 

Both of these requirements can be approximately derived 
from Figures 11 and 12. These curves plot relative phase 
error normalized to Cdn versus time in units normalized to 
Cdn. This period of time, and the amount of phase error pres
ent is dependent upon Cdn and damping. 

For the first requirement, the phase error settles close to 0 
in about: 

5 
tacq =

Cdn 
(13) 

This equation yields a minimum starting bandwidth, and is 
valid for systems where the speed variation of the incoming 
data Is small (± 1-2%). 

For the second requirement, the peak phase error, 
6e(PEEK), during acquisition can be determined from Figures 
11 and 12. The design must ensure that the sum of this 
peak phase error due to a phase step, 6e(PHASE)' the peak 
phase error due to a frequency step, 6e(FREO), and the 
phase error due to PLL noise and non-linearities, 6e(PLL), 
must all be less than w/2. In equation form: 

6e(PEAK) = 6e(FREO) + 6e(PHASE) 

w 
+6e(PLL) <"2 (14) 

Thus the sum of the peak phase errors for a phase step and 
a frequency step must be calculated. 

l;oo 
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TlIFI9419-13 

FIGURE 11. A Plot of Normalized Phase Error of a PLL to a Phase Step Input 
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FIGURE 12. A Plot of Normalized Phase Error of a PLL to a Frequency Step 
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FIGURE 13. Two "Worst Case" Data Field Patterns for Measurement of PLL 
Bit Shift Tolerance a) "11000" Pattern with 2/3 ,,"5 Pulse Spacing (at 500 Kb/s), and 

b) A "DB6" ("110") Pattern with 2/4 ,,"S Pulse Spacing (at 500 Kb/s) 
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FIGURE 14. A Plot of Normalized Bit Shift Resistance Versus Time for a PLL 

For determining the peak phase step error, the value of 
8e(PHASE) is the maximum Y-axis value of the chosen curve 
multiplied by the input phase step, and the result is in radi
ans. For example with a damping of 0.7 a maximum error of 
-- 0.20 occurs at about 3 Wn. If the maximum phase step is 
11"12 when switching to the data, then the peak phase error 
is 0.1 11" radians. The choice of which curve to use depends 
on damping factor desired. 

Since a frequency step is also present at the transition of 
READ GATE, the peak phase error of the frequency step 
given by the normalized plot in Figure 12 must also be de
rived. The phase error can be calculated by reading the 
peak Y-axis value from the desired curve and using: 

aW 
8e(FREQ) = Y

Wn 
(15) 

to determine 8e(FREQ). Where Y is the value read from the Y 
axis, and aw is the maximum frequency step times 211". The 
maximum frequency step is the worst case frequency varia
tion of the data being read from the disk drive, which is the 
sum of the MSV and the ISV. 

With the equations for loop bandwidth, damping factor, and 
the relationship between acquisition time and bandwidth, 
the following example demonstrates the first steps at arriv
ing at the loop filter components. 

Example 1: Design a data separator using the DP8472 or 
DP8473. Determine the loop bandwidth, damp
ening factor, and C2, R1, R2 component values 
for a data separator that decodes MFM data at 
a data rate of 500 kbits/sec. The preamble is 
12 bytes long, and the total MSVIISV is ±6%. 
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Select a value of pump current resistor. For ex
ample 5.6 kfi. 

Find out the minimum acquisition time required. 
Generally, half preamble which is 6 bytes. Thus: 

taeq = «6 x 8) bits) x 21£S/bit = 961£s 

Next calculate Wn based on the larger of the 
two acquisition requirements. The first require
ment for Wn is: 51 Wn < taeq; Thus: 

ron > 52.5 Krad/sec. 

Calculate ron for the second acquisition require
ment, i.e. ensuring the maximum phase error is 
less than 11"/2. Due to the Zero Phase start-up 
block within the Data Separator, the maximum 
phase step when switching to the data is 11"/8. 
We'll choose a damping of 0.7. From Figure 11 
the maximum overshoot is 0.2 (11"/8) = 0.08 
rad (Note 1.0 rad = 314 ns at 500 kb/s). As
sume that the data separator contributes a total 
0.1 rad noise error. This is for charge pump 
asymmetry, delay line variation, and VCO jitter. 

Using equation 18: 

8e(PEAK) = 8e(FREQ) + 0.08 rad + 0.1 read < 
11"/2 or ... 

500 ns > 25 ns + 31 ns + 8e(FREQ) which 
results in: 

8e(FREQ) < 443 ns or 1.41 rad 

This yields the maximum tolerable phase error 
due to a frequency step (which is dependent on 
ron)· 

Z . 
U1 
CI 
U1 

• 



First find the maximum frequency step in radi
ans that the data separator must undergo. The 
design requirement was 6%, but in order to ac
count for gain variations in the data separator 
some margin on top of this is required, so we 
will design to 8% total speed variation. Thus: 

~CIl = 0.08 (500k) 211" = 251 Krad 

The relative phase step error from Figure 12 
using a damping factor of 0.7, is Y = 0.45, plug
ging into equation 15: 

CIln ~ ~CIl = 0.45 (251 Krad) = 80 Krad/s. 
ge 1.41 

The larger of the two calculated CIln's is 80 
Krad/sec, so that is the chosen bandwidth. 

C2 = KpLL (16) 
2'ITR1NCIln2 

75 Mrad :::: 0.041 F 
2'IT(8)(5.6 kO)(80 k2) P. 

We will round down to the next lowest standard 
value of 0.039 p.F. 

2( 
R2 =-- (17) 

CIlnC2 , 

= ~ :::: 2(0.7) :::: 4500 
R2 C2C1ln (0.039) (80K) 

In the above example we have calculated a set of compo
nent values for the acceptable bandwidth based on acquisi
tion. This calculation yields a good starting point from which 
experimental measurements can be made, but may not be 
the optimum values. Depending on other considerations we 
may decide to chose a value of CIln that is slightly different 
depending on window margin, or bit shift performance; as 
will be shown. 

Theoretical Dynamic Window Margin Determination 

Previously in section 2.4 Window Margin was discussed in 
terms of distortions of the data that degrade the window 
margin. Here, using a model for these distortions we will 
arrive at a calculation of the expected Dynamic Window 
Margin for the DP847x analog PLL. The effects of Window 
error, VCO jitter, and PLL response to a previous or present 
bit shift all cause a reduction of the available window margin 
available. (Remember the goal is to maximize the total avail
able bit window.) The following analysis provides a feel for 
the amount of degradation due to various parameters, and 
serves to provide an indicator of the expected PLL perform
ance. The following is a list of parameters that cause loss of 
window: 

Internal Window Error (or static phase error): The win
dow error is related to the accuracy of the internal delay line 
in the data path before the phase detector. As explained 
previously, this delay line is automatically trimmed using the 
crystal frequency as reference. The static phase error is the 
sum of two factors. One of these factors is the difference 
between the data stream frequency and the nominal and 
unavoidable internal mismatches. Another contributing fac-
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tor is charge pump leakage. This factor causes a perceived 
phase error that is equivalent to varying the delay line 
length. This is usually> 2%-4%. 

VCO Jitter: The VCO jitter is caused by the modulation of 
the VCO frequency with secondary VCO frequency, crystal 
oscillator and other noise. This can account for another 
2-5% percent of error. 

PLL Response: The PLL response to a data bit shifted from 
its nominal position because of noise or jitter is directly 
translated in a margin loss for the bits following any shifted 
bit. For a highly accurate PLL circuit this is the primary 
source of error,and it typically results in a window loss of up 
to 20%, depending on data pattern and frequency variation 
constraints. 

All of these degradations are summed into the Window Mar
gin specification. 

9wm = (Yz Bit Window) - ge(PLL) - ge(SWL) (18) 

This yields the margin loss, where 9wm is the total window 
margin or the total amount of a half bit cell in which a data 
pulse will be properly recognized, ge(PLL) is the error due to 
PLL response, and ge(SWL) is the total error contributed by 
imperfections of the PLL circuitry (including delay line accu
racy, leakage, and noise). 

The window margin loss contributed by the device accura
cies are relatively straightforward, and are supplied by Na
tional. The more difficult task is to determine the window 
margin loss due to the PLL response. 

Tracking of the Disk Data 

The bit shift produced by an average disk depends on the 
pattern of encoded pulses recorded on the media. Pulses 
that are placed close together appear to push each other 
apart when they are read back. This is the primary cause of 
bit shift. 

The PLL tolerance to bit shift is dependent on the amount of 
data bits that are shifted, and the data pattern. It can toler
ate more bit shift by individual bits if only a few of the bits 
within a pulse stream are shifted. However, if most of the 
data read by the PLL is shifted (both early and late), the loop 
is constantly correcting itself and is never really phase 
locked. Because it is not phase locked the maximum tolera
ble bit shift is less. 

Some data patterns are better at determining PLL perform
ance than others. These are patterns that are particularly 
difficult for a PLL remain locked to while the data pulses are 
shifted early and late. For example a bit pattern of "11000" 
is difficult to decode since it has pulses alternately spaced 
by 1 and 1.5 bit cells. See Figure 13a. This is difficult to 
decode in some cases because under maximum bit shift 
conditions all pulses are equally spaced. 

Another bit pattern that is difficult to decode is a repeated 
bit pattern triplet of "110" (or "101" also referred to as a 
"DB6" pattern), which has a pair of pulses one bit cell apart, 
and the next pair two bit cells apart. This pattern is particu
larly difficult to decode because it contains two pulses of 
minimum spacing, followed by two maximum spaced pulses. 
This pulse pattern is shown in Figure 13b. 

Unlike the acquisition process described earlier, the PLL 
must largely ignore individual bit shifts during the tracking 
phase. The PLL should only follow the longer term average 



data rate. The desired PLL response during the tracking 
phase is somewhat different from the response required 
during the acquisition phase. Instead of a high bandwidth to 
decrease the lock time, a low bandwidth is preferred to pre
vent the PLL from following individual bit shifts. When 
choosing the filter bandwidth, the lowest possible value 
should be used that still satisfies the acquisition time re
quirement. 

Figure 14 can be used to determine the theoretical window 
margin. This curve of phase bit shift resistance plots the 
amount of error introduced in the PLL's VCO by a phase 
error. The following example will show the steps involved in 
calculating expected window margin, and illustrate some 
concepts of tracking data. 

Example 2: Determine the total dynamic window margin for 
a loop with a bandwidth of 90 Krad/sec, a 
damping of 0.7, and at a 500 Kb/s data rate. 
The intrinsic circuit errors amount to 0.1 radi
ans of the window. Calculate the margin for 
both the 110 and 11000 pattern. 

First step is to calculate the bandwidth of the 
PLL while tracking these data patterns. The 
bandwidth is the square root of the ratio of the 
pulses per bit cell relative to preamble data, 
multiplied by the bandwidth. Preamble data has 
1 pulse/bit cell, and a 110 pattern has 2 pulses 
per 3 bit cells, while a 1100 pattern has 4 puls
es for every 5 cells. Thus: 

CIIn(110) = (90 Krad/sec) X .JO,66 
= 72 Krad/sec 

CIIn(11000) = (90 Krad/ sec) X .JO,8 
= 81 Krad/sec 

To analyze the problem, we need to look at 
two bits. The present bit which has an early 
phase step, and the next bit which has an 
equal late phase step. We must determine how 
large a shift in the first bit can be tolerated 
such that the same amount of shift in the sec
ond bit will still fall within the proper window. In 
equation form: 

8e(2) + KWMA8e(l) + 8pLL ~ 8T (19) 
where ABe(I), the shift of the first bit, is multi
plied by KWM, which is the affect the first bit 
has on the VCO when then next bit arrives. 8T 
is the total window available (in this case ± 500 
ns). 8pLL is the static error degradation due to 
the DP847x and is 10% of 500 ns or 50 ns. 
A8e(2) is the maximum phase error of the sec
ond bit. We can solve for A8e(2) assuming that 
A8e(l) = A8e(2): 

8T - 8pLL 
A8e(2) = 1 + KWM (20) 

The value of KWM is the value read off the y
axis of Rgure 14, at a time normalized to CIIn. 
This time is the time between two bits or: 

For a "110" pattern CIIn(t) = (4 j.Ls) (72 Krad/s) 
= 0.29, resulting in a value from Figure 14 of 
KWM = 0.37. And for a "11000" pattern wn(t) 
= (3 j.Ls) (81 Krad/s) = 0.24, which results in 
KWM = 0.28. Using 0.37, the window margin 
is: 
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500 ns - 31 ns 
ABe(2) = 1.37 = 342 ns 

In terms of percentage this is 100·(342/500)% 
= 68%. Note that this is the window margin at 
nominal frequency. 

Open Loop Bode Plots and the Second Capacitor 

Figure 15 shows the open loop gain Bode plot for the sec
ond order PLL. This plot is useful as a double check to 
make sure that we have a stable design and is important to 
show the affect of the second capacitor in the filter. In this 
plot, it is assumed that the charge pump output impedance 
is infinity. 
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FIGURE 15_ Bode Plot of Opel"! Loop 
Gain of DP8472/3/4 Using a Typical 
Filter at 500 Kb/s (from Example 1) 

As can be seen, the gain starts off with a slope of 40 dB per 
decade due to the two poles of the filter and VCO. The 
phase angle starts at -180·C. The stabilizing zero is intro
duced at CIIl = 1/R2C2, and causes the slope to change to 
20 dB per decade. CIIn is the extrapolation of 40 dB/dec line 
to 0 gain, and the actual crossing point is CII = 2 CClln. Exam
ple 4 discusses how to plot this curve. 

The further reduce the effect of unwanted changes in the 
veo phase the second capacitor can be added to the filter. 
This capacitor, Cl, introduces a pole, Figure 15, between 
the loop natural frequency and the data rate frequency. The 
pole due to the second capacitor occurs at. C112 = 1/T2 = 
1/R2Cl. This capacitor provides further attenuation of bit 
shift caused frequency components, and the pump pulse 
noise, both of which have frequency components that are 
around the data frequency. The only considerations in 
choosing the value of this capacitor are related to the stabil
ity of the loop, and inadvertently affecting CIIn. A good criteri
on for stability is that the Bode plot of the open loop gain, 
Figure 15 must cross the 0 dB gain with a slope of 
20 dB/dec, ie. before the break caused by Cl'S pole. 



To determine a simple method for deriving Cl, we must look 
at the open loop gain of the PLL along with the transfer 
funqtion of the loop filter. The open loop gain is: 

62 = KoK'vco F(s) 
61 s 

(21) 

Where F(s) is the filters transfer function: 

F(s) = Z(s) = ( SR2C1C2) 

(Cl+~ 

(22) 

Combining these two equations and manipulating we find 
that the second pole occurs at: 

1 
flip = R2Cl (confirming Figure 15) (23) 

This is assuming C2 > > Cl (which we ought to assume to 
maintain the validity of previous filter assumptions). 

The zero introduced by C2 and R2 should be designed to be 
close to the 0 dB gain crossing. Its frequency is fIIz = 
1/R2C2. The frequency of the pole due to R2 and Cl is 
approximately flip = 1/R2Cl. This pole must not significant
ly change the slope around the 0 dB line. If we choose Cl = 
C2/20 the effect on the slope of the transfer function is less 
than 1 dB/decade at the frequencies around the 0 dB gain 
line crossing. Thus as a guide: 

Example 3: For example 1, determine Cl. 

Very simply for example 1a: 

Cl s: 0.039 ,...F "" 2000 pF 
20 

(24) 

The 1/20 factor provides the approximate value 
for Cl. 

Example 4: Plot the Bode diagram of the open loop gain for 
the DP8472 with C2 = 0.027, Cl = 1000 pF, 
Rl = 5.6 kO, R2 = 5450. 

There are two easy methods of doing this. One 
method involves determining the open loop 
gain at a low frequency, where the poles and 
zeros don't have any affect, and then using this 
gain point at a start drawing the properly sloped 
lines to the break point frequencies. A second 
method is to calculate the fIIn, and 2tflln fre
quencies. 
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For the first method, first calculate the locations 
of 7"1 and 7"2 in Figure 15. Thus 

1 1 
fill = ;;- = R2C2 

1 _ 4 
(5450)(0.027,...F) - 6.8 X 10 

1 1 
f112 =:;; = R~l 

1 _ B 
(5450)(1000 pF) - 1.8 X 10 

Now pick a point that is below fill, and calculate 
the open loop gain, which is: 

K = 20 log [(KVCOKpVREF) (_1_)] 
LOOP . 271"Rl NfII fIIC2 

At fII = 104, the KLOOP is: 

( 12X10B) 
KLOOP = 20 log R1C2f112N = 39 dB 

Now draw a line from fII = 104 to fill with a 
40 dB/decade slope. Then at fill draw a line to 
f112 with a 20 dB/decade slope, and finally draw 
a line from f112 with a 40 dB/decade slope. 

To understand the affect of Clo the additional attenuation 
introduced can be determined as using: 

1 
Ap(w) =--fII-

1 +
flip 

Using our previous example 1: 

Thus 

flip = 1000 pF 5450 = 1834 Krad, and 

fII = 271" (500 kHz) = 3142 Krad/sec. 

1 
Ap(w) = --a142 = 0.37 

. 1 +--
1834 

which yields an additional 9 dB of attenuation. 

Choosing Component Tolerances and Types 

(25) 

One of the most often asked questions Is how accurate 
should the filter and charge pump resistors and capacitors 
be? The answer depends on how accurate a data separator 
is required. For a good performance design, the following 
criteria can be followed for each component:· 

Rl: The pump set resistor's tolerance affects the loop band
width, fIIn. The loop bandwidth directly affects window mar
gin. Due to the square root relationship, a 5% change in this 
resistor changes fIIn by 2.5% which in tum affects the win
dow margin by 1-2%. It Is thus recommended that Rl be a 
1 % resistor. A standard carbon or metal film resistor with a 
low series inductance should be chosen. 



C2: The main filter capacitor also affects Cdn in the same 
way as Al so it too should be relatively accurate. 5% is 
recommended. This capacitor should be a very good quality 
capacitor, with good high frequency response and low di
electric absorption. Mica is a good choice although maybe 
too expensive. Polypropalene and metal film are good as 
well. Avoid Mylar or Polystyrene. 

R2: This resistor has a much lower affect on window margin, 
and thus standard 5% resistors can be used. 

Cl: The second capacitor's accuracy in not critical 10%-
20%, but its high frequency characteristics should be quite 
good, similar to a good high frequency power supply decou
piing capacitor. 

5.0 ADVANCED TOPICS 

The following sections discuss several specialized areas of 
evaluation and design of the PLL for the DP847x controllers. 
Also a short discussion of the crystal oscillator design con
siderations is given. 

5.1 Design and Per10rmance Testing 

Testing data separators can get rather complicated. Once 
the PLL circuitry, gain, bandwidth, and damping are set, 
then data separator lock range testing, window margin test
ing, and finaly bit error rate testing may be undertaken. This 
testing can require some fairly sophisticated setups, and is 
time consuming. To help the designer get started, a rigorous 
approach to floppy disk PLL design verification is described 
with reference to desired performance and available equip
ment. If the designer is not concerned about optimum per
formance for custom applications, then the values for the 
PLL filter and pump resistor provided in the DP847x data
sheet should prove more than adequate. 

Step 1-Calculatlng the Filter/Pump Resistor: Following 
the examples above, the optimum "paper design" filter 
components should be calculated (or use the values provid
ed in the datasheets and tweak them). 

Step 2-Testlng Lock Range and Damping: For charac
terization of the PLL's acquisition, a fairly simple setup can 
be used, which utilizes a pulse generator to provide a pulse 
train that simulates a preamble to be input into the data 
separator's read data input. A second synchronous square
wave that is 20-50 times the period of the data pulses is 
applied to read gate. The frequency of the read data pulses 
should be varied from the nominal data rate to the limits of 
the desired lock range, and the lock range requirement 
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should be verified by monitoring the Filter pin, and the Pump 
outputs. Figure 16 shows a typical setup, and some typical 
waveforms on the pump and filter pins during acquisition. 
Figure 16b shows a proper locking PLL which does not ex
hibit "cycle slipping". Cycle Slipping is denoted by the saw 
tooth waveform on the filter pin, which can be seen by the 
locking shown in Figure 16c. 

In both Figure 16b and c the total amplitude, AV, of the filter 
pin waveform is typically less than 200 mV. 

The object is to adjust the PLL bandwidth to ensure that 
when locking over the desired range of data rates {for ex
ample 500 Kb/s ±6%) that no cycle slipping occurs. If slip
ping does occur then the bandwidth should be increased. 

A second piece of information that these curves provide is 
verification of the damping of the PLL. As in Figure 16b the 
filter pin waveform should slightly overshoot, and then (may
be) slightly undershoot the eventual locked voltage. If there 
is very little overshoot then the loop may be overdamped, 
and if the filter pin voltage "rings" for a few cycles the loop 
is probably underdamped. For example, Figure 16c not only 
cycle slips, but does not overshoot, therefore the loop band
width may be fine, and the loop is just too heavily damped. 

Step 3-Wlndow Margin Evaluation: Usually to perform 
this test a disk simulator should be used to simulate the 
worst case drive read data conditions, and measure the er
ror performance of the data separator. This simulator can 
be used to vary the following parameters: 

1. Motor Speed Variation 

2. Instantaneous Speed Variation 

3. Instantaneous bit shift 
(to determine the window edge) 

4. Data pattern. 

The test setup shown in Figure 17 can accomplish some of 
this testing. The disk simulator looks like a formatted disk to 
the controller/data separator. To test the data separator, 
software in the host computer performs a repeated series of 
read operations over a period of time, while the designer 
programs the disk simulator to vary the data rate from one 
end of the lock range to the other. At each data rate the bit 
shift is increased until the error rate increases above a mini
mal threshold. 

This testing should measure window margin over the entire 
lock range, and under conditions as described In section 
2.4. Typically this process is a trial-and-error process. The 
bandwidth and damping can be adjusted based on the re
sults of these tests. 

• 
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FIGURE 17. Block Diagram of Connection of Disk Simulator to Data Separator to be Tested 
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FIGURE 18. Various window margin graphs. a) Data separator with slightly long delay line and fairly normal lock range; 
b) data separator with short delay line; c) a relatively poor data separator with a long delay line, and wide bandwidth. 
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ISV may also be simulated. Unfortunately most disk simula
tors do not easily test for this. Therefore it is very likely that 
the window margin measurement will be made with only 
MSV variation initially. This may also be desirable since 
MSV-only testing will yield a better understanding of the 
PLL's lock range. If MSV-only testing is done initially then 
the design of the PLL and total frequency range for evalua
tion should be the sum of the desired MSV and ISV. For 
example, a design requirement of ± 3% ISVand ±3% MSV 
can be approximated by ± 6% MSV. 

If an MSV-only test is done, it may be useful to then follow 
this with a simple ISV test just to double check that the loop 
will follow the ISV properly with little degradation in window 
margin. It is also sometimes useful to vary the ISV frequen
cy until the window margin degrades, just to give an indica
tion of how high the ISV frequency can go. A typical PLL's 
ISV performance should not degrade until the frequency is 
greater than about 800 Hz. 

Step 4-Considering Temperature, Supply and Device 
Variations: The next step is to take the above "optimum" 
filter and simulate variations in gain induced by temperature, 
supply and processing. This is accomplished with the same 
disk simulator setup as in step 3. To simulate these varia
tions, the designer need only vary the pump resistor's value. 
This will affect the open loop gain identically to device varia
tions. The above tests should be re-run with a minimum and 
maximum resistor. If the performance "falls-off-a-cliff" then 
some compromises and adjustments to the filter may be 
required. 

For relatively small temperature ranges a resistor variation 
of ±10-15% should be adequate. For full 0·_70· simula
tion, resistor variation of ±20% is a more accurate reflec
tion of the OP847x performance. If for some reason the 
performance of the data separator cannot be maintained at 
the desired window margin, then trimming the pump resistor 
may be needed to meet performance over the full process 
spread. 

The final simulation involves varying the delay line length. It 
is possible to simulate variations in the delay line by forcing 
a leakage current onto the filter pin (at the VCO input) using 
a pull up or pull down resistor. This leakage current will 
cause a phase error within the loop and will cause the loop 
to act as if the delay line length were changed. Before actu
ally running dynamic window margin tests, the designer 
must determine the actual length of the delay line, and then 
adjust this length to the limits specified in the datasheet. 
Then at each limit the dynamic window margin test can be 
performed. 

In order to measure the length of the delay line a static 
window margin test can be performed. This test uses a disk 
simulator with a format that has all O's or l's data fields. 
Within the data field one bit is shifted until the PLL mis-de
codes the data. Using the maximum tolerable bit shift num
ber, the delay line length can be extrapolated. This same 
measurement can be done with various filter pull up/down 
resistors. By proper resistor selection the limits of the delay 
line length can be simulated. Using these simulated delay 
line techniques a dynamic window margin test can be run, 
and the resultant PLL performance can be characterized. 

Step Sa-Bit Error Rate Measurements: This test is per
formed as a verification of the final total system. It consists 
of putting together a complete floppy drive, floppy media, 
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separator, and controller system then running long term 
read/write tests randomly across the disk media. For a 
known number of read/writes and the resultant value of 
read errors, a number can be derived that is the ratio of bit 
errors to total number of bits read. This test proves the in
tegrity of the entire system, and should be performed over 
some manufacturing spread of products. While this test is 
useful to verify the complete system integration, the data 
separator is only one small part of the total contribution to 
the total system error rate. 

Step Sb-Real World Worst-Case Tests: As a final analy
sis and proof that the data separator is solid it is often useful 
to test the data separator on a known "worst case" drive 
and disk. Generally the evaluation is done with a disk that is 
recorded off speed and off track. This ensures that a maxi
mum amount of bit shift and speed variation is present. The 
main problem is to ensure that the disk still has acceptable 
data. If excessive errors are encountered, evaluation of the 
types of error that are occurring can be used to determine 
whether the bandwidth of the PLL needs to be increased 
(acquisition related errors) or decreased (bit shift related er
rors). 

Alternate Simple In-System Data Separator Evaluation 

Provided here are some quick tips on evaluating the data 
separator without any test equipment, but just by running 
long term in-system tests. 

1. If after some initial testing a lot of sector or 10 address 
mark or data address mark not found errors are given by 
the controller, then in all likelihood the data separator is 
not locking properly. The bandwidth of the loop should be 
increased, or possibly the loop is too heavily over
damped. 

2. If the disk controller is experiencing a large amount of 
address or data field CRC errors, then probably the loop 
is being sent out of lock by bit shift noise. Thus, the gain 
of the loop may be too high or the loop is underdamped. 

S.2 Understanding the Window Margin Curves 

Careful analysis of a window margin curve can yield quite a 
bit of information about the data separator characteristics. 
Figures 18a, b, and c show some typical window margin 
plots. These curves were made using a disk simulator that 
outputs a "reverse write precompensated" bit shift pattern 
to the data separator. 

These curves plot the maximum bit shift tolerance (vertical 
axis) versus motor speed variation (MSV-only) (horizontal 
axis). The controller was programmed to perform a repeti
tive single sector read, while the simulator outputs a format
ted track at the programmed MSV and bit shift amount. All 
the data read with MSV and bit shift amounts that fall under 
and within the curve (shaded area) can be conSistently read 
correctly. All data read with MSV and bit shift amounts out
side and above the curve either could not be correctly locat
ed by the controller, or had errors in it. 

The first thing to note is that as the MSV variation from the 
nominal frequency increases, there is a point at which the 
PLL performance drops to zero bit shift (the vertical lines of 
the curve). This is an indication of the lock range of the PLL. 
Thus for Figure 18a the lock range is -8% to +10%. This 
asymmetry in the lock range is typical of the OP847x series 
PLLs and is due to a slight skew in the charge pump. This 
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skew adds some bit shift rejection improvement. Figure 18b 
has a lock range of -7% to + 9%, while Figure 18e has a 
much wider lock range of nearly ±12%. This is an indica
tion of the loop bandwidth. Here Figure 18a has the lowest 
bandwidth, then Figure 18b, and finally Figure 18e has the 
highest bandwidth. 

Another characteristic of each of these curves is the down
ward slope in the positive MSV direction. The start of this 
slope is the point at which the delay line becomes longer 
than the % period of the data rate. For example, in Figure 
18a the slope starts at about 0 MSV (ignoring the dip at zero 
MSV for the moment which is due to some internal noise). 
This indicates that the delay line is a quarter period of the 
nominal data rate. Unfortunately, this causes a degradation 
in performance at higher MSV. In Figure 18b the slope 
starts at about +3%-4% MSV, and so the delay line is 
about 3%-4% short at a nominal data rate. This is an opti
mal delay line length to maximize performance over a 
±6%-8% lock range. In Figure 18e the delay line is about 
3%-4% too long and so there is quite a bit of degradation 
in window margin in the + MSV portion of the curve. 

A final observation is that the wider the bandwidth the lower 
the window margin, assuming other things like data rate re
main constant. 

Another interesting fact to note is the type of errors that 
occur when the bit shift/MSV exceeds the PLL perform
ance. Generally to the left or right of the curve (extreme 
MSV) the controller will give "Address Mark not Found" er
rors which is an indication of the PLLs' inability to lock prop
erly. Errors for bit shift that exceeds the curve but for MSV 
within the PLL's lock range are generally CRC errors, al
though at very high bit shift a mixture of CRC and Address 
Mark Errors are expected. 
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5.3 DP8473 Filter Switching Design Considerations 

The DP8472 was designed to support a single disk data rate 
very easily. The ability to switch between different data rates 
was left for off chip circuitry to handle. The DP8473, by 
virtue of its primary applications (IBM PC, XT, AT and 
PS/2 compatible designs), is required to switch between 
250 Kb/s, 300 Kb/s, and 500 Kb/s. In addition the DP8473 
also supports switching to a 1 Mb/s data rate which is be
yond current applications. Due to the desire to handle multi
ple data rates, the DP8473 incorporates on-Chip data rate 
selection logic, and also filter switching logic. In this section 
we will discuss how this logic works and how to design a set 
of filters to maximize performance at various combinations 
of data rates. 

It should be noted that the following design considerations, 
while specifically directed toward the DP8473, can also be 
applicable to a DP8472/4 design when using external cir
cuitry that is similar to that used on the DP8473. 

Designing with a Single Filter 

Previous design examples have dealt with optimization of a 
single filter at a single data rate. If the DP8473 is to be used 
at one data rate, the circuit connection is shown in Figure 
19, and its design is straight forward. It is possible to use a 
single filter and obtain a reasonable performance at two 
data rates (i.e., 250 Kb/s and 500 Kb/s or 500 Kb/s and 
1 Mb/s). This can be accomplished since the loop band
width is scaled by the PLL's divider. Since the divider value 
increases by a factor of two when going from the high to the 
low data rate, the bandwidth scales by: 

Czln500 
Czln250 = .J2 

This scaling is probably not enough to optimize the lower 
data rate and the damping is affected too, but the single 
filter approach can still provide acceptable performance in 
many instances. 

TL/F/9419-26 

FIGURE 19. DP8473 Filter Configuration for a Single Data Rate Filter, 
May Be Used as Compromise Filter for Any Two Data Rates 
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Designing for 250K/300K/500K MFM 
This next filter configuration allows fewer compromises (and 
hence better performance) when using all 3 PCAT data 
rates. This configuration is shown in F/{/ure 20. This circuit 
uses two pairs of R's and C's that compose two indepen
dent filters. One filter is connected to the FGND250, and the 
other to FGND500. 

To implement the design of Figure 20, first deSign single 
optimum filters at 250 Kb/s, 300 Kb/s, and 500 Kb/s. Use a 
single pump resistor for all data rates. Verify and tweak the 
performance of these filters individually. The 500 Kb/s filter 
can be directly used. The 250 Kb/s and 300 Kb/s individual 
filter values need to be compromised into a Single Rand C 
filter. Cl should be 1/20th of C2, and if desired Cs can be 
added with a value that is 1/20th of C4. 

Designing for 1.0 Mb/s and a 2nd Data Rate 

By adding an additional capacitor to Figure 19 1.0 Mb/s 
data rate can be supported, as shown in Figure 21. In this 
figure a single damping resistor is used, but depending on 
the chosen data rate, one or both capacitors is selected. 
This configuration allows the bandwidth to be adjusted more 
flexibly when deSigning for the various data rates. The de
sign process is, however, a little more complex. 

To implement the design of Figure 21, first design single 
optimum filters at 1.0 Mb/s and 500 Kb/s (or 250 Kb/s). 
Use a single pump resistor for ail data rates. Verify and 
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tweak the performance of these filters individually. Using 
these values, choose a value for R2 (damping resistor) that 
is a good compromise for all data rates. Next choose C2 to 
be the optimum value from the initial individual design verifi
cation of the 1.0 Mb/s design. Next choose Cs such that the 
sum of C2 and Cs equals the value for the optimum 
500 Kb/s (or 250 Kb/s) design. Finally, choose Cl to be 
1/20th of Cs. 

Designing for All Possible Data Rates 

To support all possible data rates the simplest circuit config
uration is one similar to F/{/ure 20, but with an additional 
capacitor selected for the 1 Mb/s data rate. 

To implement the design of Figure 22, first design single 
optimum filters at 250 Kb/s, 500 Kb/s, (300 Kb/s also if 
needed), and 1 Mb/s. Use a single pump resistor for all data 
rates. Verify and tweak the performance of these filters indi
vidually. Using all of these values, choose a value for R2 
(damping resistor) that is a good compromise for all data 
rates. Next choose C2 to be the optimum value from the 
initial individual design verification for 1 Mb/s data rate filter. 
Next choose Cs from the 500 Kb/s initial design. Cs should 
be chosen such that C2 + Cs equals the optimum 500 Kb/s 
filter value. Then the 250 Kb/ s (and 300 Kb/ s if used) filter 
capacitor, C4, must be chosen in a similar manner. C4 
should be chosen such that C4 + C2 equals the optimum 
250 Kb/s filter capacitor value, or if using 300 Kb/s it must 
equal the best compromise 250/300 Kb/s filter capacitor. 
Cl should be chosen to be 1/20th of C2. 

SOOK 
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TLIF/9419-27 

FIGURE 20. DP8473 Filter Configuration for Optimum 250/300/500 Kb/s (2 Filter) Design 
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FIGURE 21. DP8473 Filter Configuration for a Slight Tradeoff Filter Design at 1 Mb and 500 Kb/s 

SOOK 2S0K 1.011 
Filter Filter Filter 

Filter 

DP8473 
Floppy Disk 
Controller 

C4 

FGNDSOO 

SETCUR 

Rl 

TL/F/9419-29 

FIGURE 22. DP8473 Filter Configuration for All Data Rates 
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The previous filter does, however, have some minor per
formance tradeoffs if all data rates are to be implemented. If 
the best performance is desired, then the configuration 
shown in Figure 23 should be used. In this figure, 3 individu
al filters are used for each of the data rates. The 1.0 Mbl s 
filter must be switched via some external circuitry, labeled 
"ground switch" in the figure. The circuit should enable this 
filter only when 1 Mb/s data is used, and this filter should be 
disabled when any other data rate is needed. The circuit to 
accomplish this could be as simple as an open collector 
gate derived from the RPM/LC pin, or an alternative that 
uses no additional hardware is to use an unused drive select 
output If the latter option Is chosen, then software will have 
to select the 1 Mbl s filter prior to using this data rate by 
enabling this bit In the Drive Control Register. 

The design of this filter network Is very straightforward. Sim
ply design and optimize each filter individually, and use 
these filter values directly. (Again if 300 Kb/s is also used 
the 250 Kb/s filter used will be a compromise between the 
optimal 250 Kb/s and 300 Kb/s filters derived Individually.) 

5.4 DP847x Oscillator Design 

Figure 24 shows the schematic of the crystal oscillator used 
on all the floppy disk controllers. This circuit consists of a 
simple inverter whose impedance has been optimized for 
use as an oscillator. The inverter Is biased Into Its linear 
operating region by a high value (>1 MO) resistor that is in 
parallel with the crystal. This biasing allows the inverter to 
operate as a simple Inverting linear gain element. 
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.. -------------~ TLlF/9419-31 

FIGURE 24. Simplified Schematic of Oscillator 
Circuit for DP8472/4 and DP8473 

The DP8472/4 and DP8473 oscillators are both intended to 
be used in fundamental mode parallel reSonant crystal oscil
lators. The only external components required are the crys
tal and two external capacitors. These capacitors are usual
ly very small (picofarads). 
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FIGURE 23. Filter Configuration for Optimal Filter Design at All Data Rates 
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TABLE II. Important Parameters for Selection of 
Crystals for Use with the DP8472/3/4 

Parameter DP8472 DP8473 

Crystal Frequency 4 MHz to 10 MHz 24 MHz 

Oscillatory Mode Fundamental Fundamental 

Oscillator Resonance Parallel Parallel 

Accuracy <0.5% <0.5% 

Series Resistance <300n <100n 

Shunt CapaCitance <7pF <7pF 

External Parallel 
Capacitors 30pF 10 pF 
(include parasitics) 

Table II shows the important parameters to check for when 
selecting a crystal to use with these floppy disk controllers. 
While the recommended resonance mode is parallel, a se
ries resonant crystal can be used. It will just oscillate in par
allel mode 30 ppm-300 ppm from its ideal frequency. 

If an external oscillator circuit is used, it must have a duty 
cycle of at least 40%-60%, and minimum input levels of 
2.4V and 0.4V. The controller should be configured so that 
the clock is input into the OSC2 pin, and OSC1 is tied to 
ground. 

5.5 Trimming for Perfection 

The DP847x controllers have data separators that achieve 
excellent performance. However, product, temperature, and 
power supply variations can degrade performance some
what. This can lead to up to a 10% variation in window 
margin performance. While this is still exceptional for any 
analog deSign, it is possible to trim out this variability. 

The two major factors that contribute to data separator per
formance degradation are: 1) Loop Gain variation; 2) 1,4 pe
riod delay line length variation. 

Trimming the Loop Gain 

The loop gain variation can be trimmed by replacing the 
pump resistor, R1, with a variable resistor. This resistor 
should be trimmed based on the ideal lock range of the PLL 
desired. For example, if a ±6% lock range is desired, then 
during final board product test, a tester can be used to mea
sure the total lock range and R1 can be adjusted larger to 
reduce lock range, or smaller to increase It. 

Trimming the Quarter Period Delay Line 

The perceived length of the quarter period delay line can be 
modified by causing a static phase error in the loop to com
pensate for the quarter period delay line's error. This is ac
complished by placing a pull up or pull down resistor on the 
filter pin. This resistor can be adjusted by measuring the 
Static Window margin for both an early and late single bit 
shift. Based on these measurements the delay line can ef
fectively be adjusted by changing the value of the filter pull 
up/down resistor. 

5.6 Initially Unlocked Model 

This section is provided in order to complete the full discus
Sion of the theoretical operation of a data separator. It is 
useful to discuss how the controller locks back to the crys
tall clock reference when it needs to. This operation is taken 
care of by the controller so that the user need not concern 

himself with the design aspects of this section. However, if 
the user desires a more complete understanding of the en
tire lock process that the data separator goes through, this 
section is presented. 

Another model is used to analyze the behavior of the PLL in 
an unlocked state. It is assumed in this model that the loop 
is not locked, and the VCO frequency is different from the 
input frequency. This model can be used to evaluate how 
the PLL re-Iocks to the reference clock after reading bad 
data and being thrown off frequency. 

The first operation of the PLL is to frequency lock, so for this 
model each block is described as a function in terms of 
frequency, not phase. An equation can be derived for the 
frequency error that is similar to equation (2) for the phase 
error: 

ne Ke = - = .,-----,..,--...,:.,,--::-,:-:-:-
n1 [1 + KeF K'veoF(s)) 

(26) 

In the initially unlOCked model, the phase detector has a key 
role. The phase detector compares the VCO output with the 
input signal. If the VCO output rising edge is leading the 
input Signal, a pump-down signal is generated from this 
edge of the VCO to the next rising edge of the input signal. If 
the VCO is lagging the input Signal, a pump-up signal is 
generated from the edge of the input signal to the rising 
edge of the VCO. 

There is no overshoot of the VCO frequency. Only one type 
of pump signal is generated, up or down, to bring the VCO 
frequency toward the input frequency. For example, if the 
VCO frequency is higher than the input frequency, only 
pump-down signals are generated. It can also be seen that 
the larger the frequency difference between the VCO and 
the input, the longer the pump pulses become. The average 
current flowing from the charge pump is roughly proportion
al to the frequency difference of the Signals at the input of 
the phase (and now also frequency) detector. The phase 
detector gain is: 

KeF = IpUMP (27) 
bo", 

for "'2 < 2"'1, where bo", = "'2 - "'1, and 

KeF = -lpUMP (28) 

for "'2 > 2"'1. Therefore, if "'2 is not too far from "'1, the 
expression (8) can be written for our PLL as: 

sbo", C2 

Ke(s) = K'veo IpUMP 

( bo", C2 ) 
1 + s R2 C2 + K' I 

veo PUMP 

(29) 

This expression will allow the calculation of the time that the 
loop requires to lock back to the reference after a read op
eration goes through a bad data field or write splice. 

Acquisition to the Crystal 

After the completion of a read attempt, it is important to 
ensure that under the worst case conditions the PLL will 
properly re-Iock itself to the reference clock. In order to 
achieve the required performance during the acquisition to 
the data stream, the PLL must have reached the lock to the 
crystal before it is allowed to lock back to the data. 
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If the PLL attempts to lock to a write splice the vee may be 
pulled way off frequency. To prevent this, read gate should 
be deasserted as soon as a wrong or bad data field is de
tected. This will prevent the vee frequency from being 
pulled too far away. In the DP8472/3/4 Floppy Disk Control
lers the read algorithm has been optimized to prevent this. 
If the PLL is locked to the data stream, when read gate is 
deasserted, the lock mechanism to lock back to the refer
ence frequency Is quite Similar to locklng to the data. If the 
frequency of the vee has been swept way off· frequency 
because of a bad data field, noise, write splice, or missing 
data, the unlocked PLL model must be used. Since when 
locking to the crystal the phase-frequency comparison is 
always enabled, the phase detector acts as a frequency 
discriminator. Switching to the crystal imposes a frequency 
step to the PLL. It can be demonstrated that the frequency 
error generated is an exponential function of time, going to 
o with the time constant of: 

T R C C2amR2N 
p= 22+ K 

PLL 
(30) 

Thus T p can be assumed to be the worst case acquisition 
time to the reference clock. 
Example 3: From the previous example 1, we have chosen 

the values for the components of: ~ = 
0.039 ,...F, R2 = 5350.. We would like to find 
the worst case time required to re-Iock to the 
crystal. Assume that the maximum frequency 
range of the vee is ± 30%. 

If the VCO is pulled 30% off center, then: 

am = 2'11"(500 kHz) (0.30) = 942 Krad/sec 

Using equation (10) for example 1, we can ob
tain: 

T p = (0.039 ,...F)(545o.) 
+ (O.039,...)(942K)(5.6Ko.)(8) 

(75 Mrad) 
Tp = 41 ,...s 

This is about 4 byte times. Thus, read gate 
must be deasserted for this length of time be
fore re-asserted to assure that the PLL has re
locked to the reference. Most floppy control
lers de-assert read gate much longer than this, 
and the DP6472/3/4 deasserts its internal 
read gate for 6 bytes. 
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