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PRODUCT GUIDE

OVERVIEW

Samsung microprocessor peripherals provide a complete solution to increasing complex and performance-oriented
applications environment. Standard functions in high performance CMOS technology reduce designers time-to-
market by shortening design, testing and debug activities.

At Samsungs world class manufacturing facilities in Korea and San Jose, product reliability and failure rates are
carefully monitored. This emphasis on manufacturing products of the highest quality and reliability translates into
higher system reliability, reduced down time and reduced repair costs.

Our advanced CMOS technology, CSPIIA, provides performance levels to match today’s high speed microprocessors.
CSPIIA features dual-layer metal, single -layer poly, and features sizes down to 2u drawn. This 11 mask process results
in cost-effective manufacturing to produce high performance CMOS building blocks at competitive prices. Figure 1
summarizes microprocessor support from Samsung peripheral products.
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PRODUCT GUIDE

DYNAMIC RAM <::>

MEMORY
SUPPORT

KS84C21/22
KS842C31/32

E2PROM

CPU SUPPORT

KS82C54 PIT
KS82C55A PPl
KS82C37A DMA
KS82C84A

CPU

8086 68000
8088 68010
80186 68020
80286 68030
80386 88000
80960

g 8 83
g g 8 4

/\

\/

SAMSUNG’S TOTAL SYSTEM SOLUTION-

PERIPHERAL
CONTROL

KS53C80 SCslI
KS5380C

INTERRUPT
CONTROL

KS82C59A

CRT
CONTROL

KS68C45S

BUS
CONTROL

KS82C88A
KS82C288
KS82C289

COMMUNICATIONS
KS82C50A/450
KS82C452/462
K$82C453/463
KS82C52
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ALPHA NUMERIC INDEX

Device Function Page
KS53C80/KS5380C SCSI Bus Controller 49
KS68C45S CRT Controller 76
KS82C37A DMA Controller 97
KS82C450/50A Asynchronous Communications Element 119
KS82C52 Serial Controller Interface 144
KS82C54 Interval Timer 160
KS82C55A Programmable Peripheral Interface 175
KS82C59A Interrupt Controller 193
KS82C84A Clock Generator 219
KS82C88A Bus Controller 228
KS82C288 80286 Bus Controlier 237
KS82C289 80286 Bus Arbiter 257
KS82C411 Parallel /O Interface 277
KS82C452/462 Parallel and Dual Asynchronous Communications Element 285
KS84C21/22 1M/4M DRAM Controller (Mask Programmable) 296
KS84C31/32 Enhanced Dynamic RAM Controllers 327
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PRODUCT GUIDE

CROSS REFERENCE GUIDE

AMD SAMSUNG INTEL SAMSUNG NEC SAMSUNG
AMS380 KS53C80 82C37A KSB2C37A-5 82C37A5 KS82C37A5
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D8255A2 | KSB2C55A-5 82C55A8 | KSB2C55A-8 82C88-8 KS82C88A-8
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D8284A8 | KSB2C84A-8 s Tkoascars
DB284A10 | KSB2C84A-10 82C84 KS82C84A-5
: M82C54-10 | KS82C54-10
D82885 KSB2C8A5 820844 KS82C84A-8
82C84A-1 KSB82C84A-10 M82C55A-8 | KSB2C55A-8
8288 KS82C88A-8 M82C59A5 | KS82C59A-8
HARRIS SAMSUNG 8288 KS82C88A-8 MB2C50A-8 | KSB2C59A-8
o | s s oo
LoGIC M82C84A-8 | KSB2CB4A-8
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QUALITY and RELIABILITY

1. INTRODUCTION

SEC has been providing a wide variety of semiconductor products to the world since 1974. Since this time, extensive
in-sights have been gained to create methods which most effectively result in reliable products. The worldwide customers
of SEC have encouraged and helped develop the existing manufacturing and quality philosophy that is a way of life for
SEC management and it's employees. This philosophy dictates the need for a zero defect environment through out SEC’s
processes leading ultimately to total customer satisfaction. By developing and using methods of Statistical Process Con-
trol and Statistical Quality Control, SEC has made great strides in improving product quality & reliabitity. The direct result
of these improvements has been reduced product DPM (Defects Per Million) to levels below customer requirements.
SEC’s repeated ability to exceed requirements for customer’s “‘Dock to Stock’ programs and our commitment to all
our customers needs, has made SEC the company to watch as we move ahead into the 1990’s and beyond.

SEC’s MPR products are among the most reliable in the industry. SEC has always made a commitment to achieve
the highest possible quality, reliability, and customer satisfaction with its products. Extensive qualification, monitor and
outgoing programs are used to scrutinize product quality and reliability. Stringent controls are applied to every wafer
fabrication and assembly lot to achieve reproducibility, and therefore maintain product reliability.

In this chapter, the quality and reliability programs established at SEC will be discussed. In addition, a description of
reliability theory, reliability tests and various support efforts provides a broad framework from which to comprehend SEC
quality and reliability.

To better understand the Quality Department’s role in product development and manufacturing, a detailed diagram is
listed below. As can be noted, Quality Engineering is involved in ail phases, save that of initial product planning.

STEP | SALES | mnrion | DESIGN ‘ PROCESS ENG'S' qaciaa PRODUCTION e RCTIoN
) MARKET SURVEY
z
z SPEC. REVIEW
3
[ COUNGIL FOR DEVELOPMENT }
© [ DESIGN J
= T
2 [ DESIGN REVIEW l
E
= _—[ QUALIFICATION FOR RAW MATERIAL J
b4
2 | TRIAL MFG |
&
a 1
[ EVALUATION & QUALIFICATION l
= ,
] I STANDARDIZATION J
g
g | APPROVAL } { bp I
z
- [ QUALIFICATION I
@x
o
r INCOMING INSP. }——77
z L PROCESS GONTROL } | mass probucTion
= - -
Q
2 [ PROGESS MONITOR '——l
Q
[
g { RELIABILITY TEST |
7]
g [ LOT ACCEPTANCE TEST ]——’
I FAILURE ANALYSIS | | sweene |

& CLAIM —“L INITIATE CORRECTIVE AGTION ] CUSTOMER
%

=

Quality Assurance During Development
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QUALITY and RELIABILITY

2. QUALITY & RELIABILITY PROGRAM
2.1 QUALIFICATION

Procedures to qualify devices are listed below. There are both general and product-specific requirements. Procedures
are detailed for new products, die-only qualifications, and package-only qualifications. The latter two are for products
and/or packages already qualified, but where there is room for further product optimization.

Qualification Program

|

|

l

* Solderability
* Other as
applicabie

* TIC, T/S 200CYC.
* PIC 20000CYC.

. * New Process Package .

New Product Wafer-fabrication Sub-assembly Other
e HOPL 1000HR ¢ HOPL 1000HR e HOPL 500HR * Same as
e HTRB  1000HR ¢ HTRB  1000HR ¢ HTRB 500HR New product
* [OPL 1000HR ¢ HTS 1000HR e T/C 200CYC. Qual.
¢ HTS 1000HR e PCT 168HR e T/S 200CYC.
* PCT 168HR ¢ WHOPL 1000HR e PCT 168HR
« WHOPL 1000HR * WHTRB 1000HR e Other as
e WHTRB 1000HR * T/C, T/S 200CYC. applicable

*Testing time for each test items

depends on the grade (group) of devices.
(see the device group list 2.1 2))

** Design, Equipment,
Material(s), etc....

& SAMISUNG
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QUALITY and RELIABILITY

1) PROCESS DEVELOPMENT QUALIFICATION

Purpose: To investigate the change of a process parameter and then apply it to a production process by reliability testing

of a process which has been newly developed.

New Process, Wafer Fabrication Qualification

Package
No Test Item Test Condition 9
L-IC Discrete
High Temperature Ta = Topr(max)
1 Operating Life (HOPL) Vee =Vee(max) YES —
STATIC, DYNAMIC
1000HRS
High Temperature Ta=T(max)
2 Reverse Bias (HTRB) Vs =0.8% Veso - YES
1000HRS
High Temperature Ta=T(max)
8 Storage (HTS) 1000HRS YES YES
Pressure Cooker Ta=121°C42°C
4 Test (PCT RH=100% 15 PSIG YES YES
est (PCT) 168HRS
= 85° =859
5 Wet High Temperature Ta V85 _C\’/C':(?nin?s " YES —
h K cc=
Operating Life (WHOPL) 1000HRS
—85° = 850,
6 Wet High Temperature Ta :,85 % BRxHV 85% YES
. - cs=U. c80 -
Reverse Bias (WHTRB) 1000HRS
- 65°C+150°C (Liquid)
7 Thermal Shock (T/S) 5min, <10sec, 5min YES YES
200 cycles
—-65°C=150°C (Air)
8 Temperature Cycle (T/C) 10min, 10mir YES YES
200 Cycles

When the results of a reliability test are good, the process characteristics good and the yield level is satisfied, the
process can be applied to production. If there are any problems found in a process after it has been applied to produc-
tion, the problem will be investigated in detail and the process will be revised. Once the process has been revised and

approved it will again be applied to production.

& SAMSUNG
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QUALITY and RELIABILITY

2) PRODUCT DEVELOPMENT QUALIFICATION

Purpose: To develop a stable and uniform product that satisfies the customer’s requirements for quality by using the ex-
act reliability test specification called out for the new product.

Products are grouped according to the importance of their application.

. New Products

Group 1 Group 2 Group 3
1. A/D, D/A Converter 1. Transistor 1. ASIC Opinion Product
2. IC for LCD 2. Regulator/OP AMP 2. Toy/Melody IC
3. IC for PC 3. IC for Telephone 3. MICOM family
4. ASIC Master 4. Comparator/Timer 4. Products Except Group 1,
5. Codec 5. MICOM Group 2 Products
6. MPR 6. Audio/Video IC
7. IC for Exchange 7. General Mos IC
8

¢ SAMSUNG
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QUALITY and RELIABILITY

New Product Qualification Test ltems

Part Reference
No. Test Item Test Condition Note
L-IC | Discrete Method
High Temperature Ta=Tj(max)
1 Reverse Bias (HTRB) Veg=0.8% Vego — YES
1000HRS
High Temperature Ta=Topmax) MIL-STD-883
2 Operating Life Vee = Vec(max) YES — 1005
(HOPL) Static, Dynamic
1000HRS
High Temperature Ta=Tgg(max)
3 | storage (HTS) 1000HRS YES | YES
Operating Life (OPL) Ta=25°C MIL-STD-750 For Small-
4 Pc¢ =P¢(max) — YES 1026.3 Signal Device
1000HRS
Intermittent Ta=25°C MIL-STD-750
5 OPL (IOPL) P¢ = Pc(max) — YES 1036.3
2min/2min On/Off
1000HRS
Power Cycle ATy=125°C For
6 (P/C) 120Sec/120Sec On/Off | YES YES PWR TR,
10000CYC. PWR IC
Pressure Cooker Ta=121°C+2°C
7 Test (PCT) RH=100% 15PSIG YES YES
168HRS
Wet High Ta=85°C, RH=85%
8 Temperature Vee=0.8 x Vego — YES
Reverse Bias 1000HRS
(WHTRB)
Wet High Ta=85°C, RH = 85% | i
9 Temperature Ve = Vee(min) Pdmin YES —
Operating Life 1000HRS
(WHOPL) 1
Thermal Shock -65°C+150°C
10 (TIS) 5min, <10Sec, 5min YES YES M'L‘f(;[:'aea
(Liquid) 200 Cycles
Temperature Cycle -85°C+~150°C MIL-STD-883
11 (T/IC) 10min, 10min YES YES 1011
(Air) 200 Cycles
Solder Heat Ta=260°C +5°C MIL-STD-750
12 Resistance t=10+2Sec YES YES 2031.1
(S/H)
Ta=245°C £5°C MIL-STD-883
13 | Solderability t=5+0.5sec YES YES 2003
Reject is >10%
uncovered surface
Ta=35°C, 5% NaCl MIL-STD-883
14 | Salt Atmosphere 24HRS YES YES 1009A
¢ SAMISUNG 23
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New Products Qualification Test Item (Continued)

Part
No. Test Item Test Condition Reference Note
L-IC | Discrete Method
. 1500G, 0.5ms : MIL-STD-750 For
15 gllfg:: nical 3 Times Each direction| YES YES 2016 Hermetic
of X, Y and Z Axis
20G, 3 Axis MIL-STD-883 For
16 | Vibration f=20 to 2000 cps YES YES 2007 Hermetic
for 4 min, 4 cycles
Constant 2000G MIL-STD-883 For
17 . X,Y,Z Axis YES YES 2001 Hermetic
Acceleration . .
1min for each Axis
R=1.5kQ MIL-STD-883
18 ESD C=100pF YES YES 3015
(Human Body 5 Discharge
Model) V= £ 1000V
For
19 Latch-up Test YES — — CMOS
Fine Leak Helium MIL-STD-883 For
20 Gross Leak Fluoro Carbon YES YES 1014 Hermetic
Note) e SOT-23, TO-92S PKG: PCT-48HR
2 SAMISUNG
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QUALITY and RELIABILITY

3) PACKAGE DEVELOPMENT QUALIFICATION

Purpose: Whenever a new package type is developed, it must meet the specifications for devices that have been qualified
and have maintained certain specified quality levels before the new package type may be applied to production.

Flow

Contents

Remarks

Beginning of PKG development

(proceed at least 2 lots)

Select representative device for product group

e Push Test * MPT
Ass’y Qual ¢ Die Thick * Dimension
* Bond Pull * X-Ray
e Lead Torque ¢ Solderability
¢ HTRB (TR) e PCT ¢ Vibration
Reliability Qual * HOPL (IC) * LTS * M/S
¢ T/C * S/H e Const

Approvement of Qual

* New PKG Development will be approved
when Rel quali is good for 500HR.

Package Sub-Assembly Qualification Test Items
Package
No. Test item Test Condition Notes
Plastic Hermetic
High Temperature Ta=T{max) For
1 Reverse Bias (HTRB) Ves=0.8x Veao YES YES Discrete
500HRS
. Ta=Tox(max)
2 gf:r;;r;pﬁ;:tm%m Voo = Veo(may) YES YES For IC
Static, Dynamic, 500HRS
-65°C+=25°C=150°C
3 Eg‘)pe'a‘”re Cycle 10min, 5min, 10min YES YES
200 CYCLES
Ta=121°C+2°C
4 Z,’?g“re Cooker Test AH =100%, 15PSIG YES -
168HRS
-65°C=150°C (Liquid)
5 Thermal Shock (T/S) 5min, < 10sec, Smin YES YES
200 CYCLES
. 260°C £5°C
6 (Ssolls)er Heat Resistance 1041 sec YES YES
Once without Flux
5| Vibration (variaple- 100 ~ 2000 ~ 100Hz _ vES F‘:;gf:’:s'e
Frequency) 20G, 5min, 5Times, X, Y, Z applicable
. 1500G, 0.5ms
8 Mechanical Shock (M/S) 3 Times, X, Y, Z — YES same as above
20000G
9 Constant Acceleration X, Y, Z Axis - YES same as above
1 min for each Axis

¢ SAMISUNG
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QUALITY and RELIABILITY

4) CHANGE QUALIFICATIONS:

Purpose: To apply changes to production processes and designs by evaluating the quality levels for those processes
and designs of devices in production.

Classification Change

Design Change of more than 1EA MASK for the product in production.

¢ D/A ¢ Coating
Ass’y e W/B

* Mold

¢ Diffusion/Photo/Etch, etc.
Diffusion o Metalization

* Passivation

Process

Procedure: issuance of EIN for the change - Review of initial characteristics -» Reliability test — Issuance of ECN
(register of specification)- Application for production. Evaluation level: LTPD 10% (1/2)

2.2 MONITOR PROGRAM
1) ON GOING PROCESS CONTROL

All parameters of each process are controlled by SPC (Statistical Process Control). All resultant SPC data is gathered
by computers and recorded automatically. Trends of each parameter are plotted on control charts by the computer and
corrective actions are immediately taken whenever a parameter goes ‘‘out-of-control” beyond the control limits.
Whenever a parameter goes ‘‘out-of-control” in a process, engineers involved with that particular process have meetings
to decide the disposition of those lots that were effected by the out-of-control process and corrective actions are im-
plemented. In the case of critical defects, all lots are scrapped by MRB (Material Review Board).

As the key item of ongoing process control, Cp or Cpk value is controlled by computer for each process. The UCL and_
LCL for each process is then determined by the computer generated Cp or Cpk value. Cp or Cpk values are continually
upgraded to insure the stabilization of process and a QIP (quality improvement plan) is made out to drive defects down
to zero.

Process capabilities of each process are totaled and analyzed and those results of analysis are reflected on the QIP.
The stabilization and maximization of process capabilities are driven by SPC.

2) PRODUCT RELIABILITY MONITOR

The reliability monitor program begins where the qualification program ends, at the start-up of limited production. Everything
that is subject to qualification is considered subject to the monitor program. Generally, the product to be used for reliability
monitors is gathered from each fab lot each month, where the product selected is representative of:

1) each fab process technology
2) each generic product type
3) each package technology

4) each subassembly plant

The product is-shipped directly to the appropriate Q & R group, which puts the product through a series of electrical,
mechanical, thermal, and environmental tests that usually are identical to those used initially for qualifying the product.
Most tests are of short duration, but some may extend out to thousands of hours. Each month the test results are evaluated
and problems, should they exist, identified.

Each monitor failure is analyzed. If a problem is detected where the failure rate is greater than that considered accep-
table, or a reliability problem is suspected, a Material Review Board (MRB) is called. This meeting is attended by ap-
propriate Q & R personnel, scheduling personnel, engineering, and any other affected group.

This group reviews the data, decides on disposition of the affected material, decides on appropriate corrective action,
and basically controls the problem or issue until it is satisfactorily resolved.

& SAMSUNG | 26
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3) FINAL QUALITY ASSURANCE PROGRAM

After the completion of the entire manufacturing process a sample of each lot is pulled and the data sheet verification
test is repeated. This final verification objective is to ensure that test system to test system variations are not compromis-
ing the quality, and that inadvertent system or handling problems have not occurred.

4) ENVIRONMENT MONITOR

¢ instruments

—F.M.S #1 (HIAC/ROYCO System 1 Set)
~F.M.S #2 (P.M.S System 1 Set) —j— On line monitoring system
- Control Particle Monitoring System (2 Set) (Central control room)

~ Portable Particle Counter, Sensors

¢ Block Diagram

L_'____] (CENTRAL CONTROL ROOM)

f |

FMS #1 FMS #2 PATROL INSPECTION
AIR PARTICLE R/HUMIDITY DiFF./PRESSURE D.I RESISTIVITY GAS PRESSURE
0.3um <30 454 5% ° 20.01 mmH20 =16 MQ =50 PSI
TEMPERATURE HEPA AIRVELOCITY D.I PARTICLE GAS DEW POINT BACTERIC INSP.
231+05°C 203 mis =2ealml =-70°C =10 COL'Y

HEPA P/C INSP.
=<10ea (0.3um)

PRODUCT AREA (CLEAN ROOM CLASS 1~100)

¢ SAMSUNG 27
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¢ Environment Monitor

Item Frequency

1. Particie (Air, D-1 Water) 5 min

2. Temperature, Relative Humidity 5 min

3. D.I Resistivity 5 min

4. Differential Pressure 5 min

5. HEPA Air Velocity 5 min

6. Gas (Hz, Oz, Ny, Air) Dew Point 5 min

7. Gas Pressure 5 min

8. HEPA Filter Particle All HEPAs/1 room/Day

9. D-l Bacteria Main Lot Weekly
10. D-l Bacteria Using Lot Monthly

Corrective Action Requirement

CENTRAL ENVIRONMENTAL CONTROL
T

OUT OF SPEC.

ISSUE TROUBLE SHEET

CORRECTIVE ACTION

CHECK Aw OUT OF SPEC.
SHUT DOWN
l
CIA
O YES & cHeck

¢ SAMSUNG
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2.3 QUALITY CONFORMANCE PROGRAM
1) DESCRIPTION

SEC has established a comprehensive reliability program to monitor and ensure the ongoing reliability of the
MPR  family. ~ This program involves not only reliability data collection and analysis on existing parts, but also
rigorous in-line quality controls for all products.

Listed below are details of tests performed to ensure that manufactured product continues to meet SEC’s stringent
quality standards. In line quality controls are reviewed extensively in later sections.

The tests run by the quality department are accelerated tests, serving to model ‘“‘real world” applications through
boosted temperature, voltage, and/or humidities. Accelerated conditions are used to derive device knowledge through

means quicker than that of typical application situations. These acceierated conditions are then used to assess
differing failure rate mechanisms that correlate directly with ambient conditions. Following are summaries of
various stresses (and their conditions) run by SEC on Linear IC products.

2) HIGH TEMPERATURE OPERATING LIFE TEST (HOPL)

(T;=125°C, V¢c = Ve max, static)

High temperature operating life test is performed to measure actual field reliability. Life tests of 1000HR to 2000HR
durations are used to accelerate failure mechanisms by operating the device at an elevated ambient temperature
(125°C). Data obtained from this test are used to predict product infant mortality, early life, and.random failure
rates. Data are translated to standard operating temperatures via failure analysis to determine the activation
energy of each of the observed failures, using the Arrhenius relationship as previously discussed.

3) WET HIGH TEMPERATURE OPERATING LIFE TEST (WHOPL)
(Ta=85°C, R.H.=85%, Vcc = Ve 0pt, static)
Wet high temperature operating life test is performed to evaluate the moisture resistance characteristics of plastic

encapsulated components. Long time testing is performed under static bias conditions at 85°C/85 percent relative
humidity with nominal voltages. To maximize metal corrosion, the biasing configuration utilizes low power levels.

4) INTERMITTENT OPERATING LIFE (IOPL)

{Pmax, 25°C, 2min on/2 min off)

This test is normally applied to scrutinize die bond thermal fatigue. A stressed device undergoes an “ON” cycle,
where there is thermal heating due to power dissipation, and an “OFF " cycle, where there is thermal cooling due

to lack of inputted power. Die attach (between die and package) and bond attach (between wire and die) are the
critical areas of concern.

5) HIGH TEMPERATURE STORAGE TEST (HTS)
(Ta=125°C, UNBIASED)

High temperature storage is a test in which devices are subjected to elevated temperatures with no applied bias.
The test is used to detect mechanical instabilities such as bond integrity, and process wearout mechanisms.

6) PRESSURE COOKER TEST (PCT)
(121°C, 15PSIG, 100% R.H., UNBIASED)

The pressure cooker test checks for resistance to moisture penetration. A highly pressurized vessel is used to
force water (thereby promoting corrosion) into packaged devices located within the vessel.

7) TEMPERATURE CYCLING (T/C)
(—65°C to +150°C, AIR, UNBIASED)

This stess uses a chamber with alternating temperatures of —65°C and + 150°C (air ambient) to thermally cycle
devices within it. No bias is applied. The cycling checks for mechanical integrity of the packaged device, in
particular bond wires and die attach, along with metal/polysilicon microcracks.

8) THERMAL SHOCK (T/S)
(—65°C to +150°C, LIQUID, UNBIASED)

This stress uses a chamber with alternating temperatures of -65°C to +150°C (liquid ambient) to thermally cycie
devices within it. No bias is applied. The cycling is very rapid, and primarily checks for die/package compatibility.

¢ SAMISUNG | 29
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9) RESISTANCE TO SOLDER HEAT
(UNBIASED, 260°C, 10 sec)

‘ Solder Heat Resistance is performed to establish that devices can withstand the thermal effects of solder dip,
soldering iron, or solder wave operations.

10) MECHANICAL SHOCK
(UNBIASED, 15009, Pulse = 0.5msec)

This test determines the suitability of a device to be used in equipment where mechanical “shocks’ may occur.
Such shocks result from sudden or abrupt changes produced by rough (non-standard) handling, transportation,
or field operations.

11) VARIABLE FREQUENCY VIBRATION
(UNBIASED, Range =100 to 2000Hz)

Variable Frequency Vibration is done to model the effects of differential vibration in the specified range. Die attach
and bonding integrity are particularly stressed, testing the mechanical soundness of device packaging.

12) CONSTANT ACCELERATION
(UNBIASED, 10kg to 20kg)

This is an accelerated test designed to indicate types or modes of structural and mechanical weaknesses not
necessarily detectable in Mechanical Shock and Variable Frequency Vibration stressing.

13) RELATIVE STRESS COMPARISONS

Many stresses are run at SEC on many different devices. Through both theoretical and actual results, it was
clearly determined which stresses were most effective. Also established were the stresses which weren’t fully
effective.

Comparisons have been made on the basis of defects able to be determined, efficiency in detection, and cost.
For the reader’s benefit, SEC provides the results of its conclusions on the following pages.
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3. CUSTOMER SUPPORT SYSTEM
3.1 INTRODUCTION

Manufacturing companies have developed customer support systems for the purpose of uniting communications. Through
these communications pass the information and knowledge required to satisfy the customers needs in areas such as
quality and reliability, customer claims, customer training, field service technical issues, pricing or availability and above
all, trust. Open lines of communication establishes thorough trust between the customer and vendor and are essential
for such programs as dock-to-stock in order to achieve the ultimate in customer/vendor relations. SEC, in its commit-
ment to customer satisfaction, has installed within its organization a support system that is designed to produce the open
lines of communication between all facets of relations for both the customer and SEC.

3.2 POLICY

SEC has developed within its organization, a customer support system. SEC’s policy requires that this system be mann-
ed with the proper personnel that are thoroughly trained in the areas that each represent and are dedicated to opening
and maintaining lines of communication with the customer. Technical data used by SEC to support the customer must
be up to date and always available for use by the customer (privileged or confidential information maybe excluded). Customer
training is provided to the customer by only the most knowledgeable SEC personnel. SEC will provide customer field
service in the form of periodic goodwill visits to customer sites or specialized problem solving services as required. Pro-
cess change notification procedures as well as safety standards are also strictly adhered to.

3.3 CUSTOMER SUPPORT SYSTEM
1) QUALITY ASSURANCE SERVICE

SEC has felt the need to reorganize its current Quality Assurance Sections in order to better service our customers.
From this new organizational change, a new QA section was born. This new QA section, known as QA Section 3, was
developed specifically for the customer. The customer service team in QA3, was organized to respond prombtly to
customers quality requirements. The purpose of this team is to form a more responsive communication channel between
plant R & D, the sales department and the customer. Customers will achieve satisfaction with our company’s products
by use of the newly organized customer service system. This service system is openly available to customers for
comments concerning problems oropinions about SEC’S devices. An 800 numberis published onthe inside of the hand-
books cover.

2) CUSTOMER SERVICE TEAM

The following organizational chart illustrates the world-wide base that the customer service team of SEC has establish-
ed. Maintaining continuity between all of SEC’s worldwide customer service teams is accomplished through the use of
a newly installed computer network which allows constant communication between all teams.

C/S ORGANIZATION

|
|

ASIA AMERICA EUROPE
SEOUL, KOREA SAN JOSE, CA FFT, WEST GERMANY
TOKYO, JAPAN CHICAGO, IL LONDON, U.K
TAIPEI, TAIWAN BOSTON, MASS

HONG KONG
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3) CUSTOMER CLAIM SUPPORT SYSTEM

Information from the field concerning quality is an essential factor for the improvement of product quality. Equally impor-
tant, is the investigation of field failures. Timely feedback of the results from the analysis is required to better service
customers properly. This data also serves as a direct guide to the improvement of reliability and quality for both SEC
and our customers.

The flowchart below demonstrates the process in which SEC currently follows for customer claims.

CLAIM SUBMITTED

CLAIM RECEIVED

PRELIMINARY F/A

PRELIMINARY REPORT

FINAL F/A
FINAL REPORT

NOTIFICATION OF
CORRECTIVE ACTIONS

FOLLOW UP AND FEEDBACK
TO MANUFACTURING

NOTIFY CUSTOMER OF
COMPLETED C/A AND THEIR RESULTS

4) CUSTOMER TRAINING SYSTEM

SEC has recently established a training team for the purpose of teaching SEC’s customers the methods currently used
by SEC to insure the product quality and reliability at the customers site. SEC offers this training in the form of group
seminars or presentations and when requested or deemed necessary, individualized training is offered. In some cases,
the training will take place at the customers site at the customers convenience while in other cases, SEC will extend
on invitation to the customer to visit our manufacturing site.

5) CUSTOMER FIELD SERVICE

SEC has developed field service teams that are devoted to making customer contact when there aren’t any problems.
In other words, SEC is interested in making periodic goodwill visits. The visiting team would be comprised of those managers
and engineers that are involved with the product types that the customer currently uses. The main goal of this team
is to establish customer trust through communication.
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3.4 PROCESS CHANGE NOTIFICATION SYSTEM (PCN)

Changes in a process are sometimes required to produce a higher quality product at a lower price. These changes can
include new or different types of material, new or modified designs and new or different processes. SEC has developed
a PCN procedure that is followed whenever a major or critical change is to be considered for any process. The idea
behind the PCN is to allow change to a process by submitting the planned change for qualification by SEC engineering
and then presenting the PCN to the customer for final approval. By following this procedure, the customer is assured
that no major or critical change will occur to the process without the customers consent.

EIN ENGINEER INFORMATION NOTICE
Meeting DECIDE PCN AREA
Engineering Evaluation CHECK ELECTRICAL CHARACTERISTICS

No

Qualification Test

PCN

Customer No Reject Change

Yes

SPEC Revision

Mass Production

3.5 SAFETY STANDARDS

Most customers express the desire to use only products which have been manufactured with materials that meet the
safety specifications of the Underwriters Laboratories. SEC has chosen to adhere to the specifications called out in the
UL standard 94 by purchasing and using only those plastic materials that conform to this standard. UL 94 tests for a
number of different flammability conditions that effect the plastic material used in semiconductor devices including horizontal
burning, vertical burning and flame spread.
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4. FAILURE ANALYSIS
4.1 PROCEDURE

A general failure analysis procedure is shown below. The method demonstrated in the flow chart applies to all rejects.
However, each analysis is specific unto itself, so that a completely exhaustive analytical flow is impossible for the limits
of this manual. Specific instances and examples of interest are provided later in the chapter. Also included in this section
is a typical day-by-day accounting of a failure analysis in progress. A two-week turnaround is the objective, with greater
than 90% of analysis lasting equal to or less than this duration. A sample analysis pian and report are attached at the

conclusion of this section.

l Failure Occurred

I Obtain ;ample J

i y i I.._1 Failure State Retrieval of Past
l Visual In.spectlon Investigation ﬂ Failure Examples

Electrical Measurement

Curve tracer,
Oscilloscope, Failure Mode Classification
Tester, etc. ‘ Probable Mechanism
Failure Check | Simulation Test |

Fluoroscopy, Leak Test, Backing, Vibration -
Test, Aging Under Power Application, etc. ——lElectrlcal Measurementl

l——-{ Determine Failure Mode |———‘

l Parameter Failure | I Function/Logic Failure I
I ] 4
| 1dentity Failed Area | | Identity Failed Block |
1 1
Identify Circuit of Identify Failure by
Failed Area Bench Tester
1 1
Analyze Characteristics Identify Circuit of
of Failed Area Failed Area

Analyze Characteristics
of Sensitivity on
Test Parameter

]
Bake (lon Contamination)J I Decap/Visual Inspection |
' Electrical Analysis by
L Retest/Restress I Dynamic Probing
| Isolation for Parameter
: - Analysis
| Decap/Visual Inspection J v
Layer Strip/Visual
Inspection/Cross-Section
I Conclusion l
2

rFeedback to Manufacturing Process H Corrective Action J——J

Failure Analysis Procedure Flow Chart
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Applicable Comments for the above flow chart are made below.

1) DETERMINATION OF FAILURE MODE

The basic failure mode shall be determined with data from computer and bench testing. As a defect can represent various
electrical failure modes, it is critical to determine the most basic failure mode. (For example, a Vo /Von parameter failure
may be also analyzed as a functional failure. However, it is very important to determine Vo /Vou as the basic failure
mode.)

2) IDENTIFICATION AND ANALYSIS OF FAILED CIRCUIT AREA

Correlation shall be derived with general (macroscopic) failure phenomenon through circuit interpretation of the failed area.

3) SENSITIVITY OF TEST

Parametric value of failed sample shall be determined through adjusting DC and AC parameters, temperature range, etc.

4) ION CONTAMINATION

For a sample assumed to have an inversion phenomenon caused by ionic contamination, characteristics shall be iden-
tified by conducting a Ta=150°C, 24 hour cure and repeating test/restress.
Contamination of a specific layer shall be determined by stripping each layer.

5) DECAPSULATION

There are 5 decap methods with respective merits and demerits. The appropriate method must be utilized on the basis
of the characteristics and potential cause for each failure.

6) ISOLATION AND DYNAMIC PROBING

It is essential to isolate the probable failing part of the circuit for its electrical failure mode. Without isolation, exact detec-
tion of a failed part can not be accurately accomplished as an electrical failure mode has an influence on other parts
of the circuit.

7) LAYER STRIPPING

Each layer strip should meet specification requirements with respect to time. It should never be the case that chemical
attack is mistaken for causing the failure of a part.

8) GENERATION OF ACTIVATION ENERGY

Accelerated life testing requires generation of actual activation energies based upon establishing a definitive failure mode.
This generation has a great effect in determining the acceleration factor of Arrehenius’ model.

9) CORRECTIVE ACTION

Failure analysis is fully completed only by establishing a future plan and corrective action, which are taken to resolve
a problem and prevent its recurrence.
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4.2 Failure Modes and Mechanisms
1) Failure mechanisms for devices vary widely. They are caused by both front-end (wafer) and back-end (assembly) pro-

cessing. To classify problems and their instigations, the tabie listed below is provided.

‘Items and Causes of Failure Modes

Item Type of Failure Failure Mode Cause
Wire Disconnection Open ' Incomplete
Wire Short Short Manufacture or
Purple Plague Open, High Resistance Misuse
Wire Bond Detaching Open, High Resistance
Bonding Misplaced Bonding, Open, High Resistance
Loose Contact Short
- Incomplete
Improper Bond Shape Open, High Resistance Manufacture
Erroneous Bonding Open, High Resistance
Junction Destruction by Surge Low Breakdown Voltage, Incomplete
_ Short. O Manufacture or
Region Hot Spot ort, Open Misuse
Lead Disconnection Open, High Resistance
Case Same as above
Lead Short Short, High Leakage
Incomplete Seal
Enclosed High Break'dow.n Vo'l_t"faghe
Seal Humidity Gas Deterioration, Hig Same as above
Leakage
Contamination of Surface
Dust and Dirt Short, Low Breakdown Voltage
Large Leakage
High Current Density Open, Short ’
- Misuse
Electromigration Open, High Resistance
Metallization Scratch Open, Short
- - - - Incomplete
Insufficient Thickness Open, High Resistance Manufacture
Excessive Etching
Contamination, Dust
and Dirt ) Incomplete
; - Open, High Resistance Manufacture or
Poor Wiring and Element Misuse
Connection
chi Chip Crack Open, Short
i
Mo:nting Chip Detaching Open, Short, High Same as above
Thermal Resistance
Pinhole, Crack Low Breakdown Voltage, Short
Oxidized — — Incomplete
Film Insufficiently Oxidized Low Breakdown Voltage Manufacture
Film Thickness
Surface Channel Formation Low Breakdown Voitage
Treatment Contamination High Leakage Same as above
Insufficient Photoresist Low Breakdown Voltage
Mask - . Same as above
Mask Misalignment Short, Open, High Leakage
Material and . .
Diffusion Improper Impurity Density Same as above Same as above
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2) Standard product reliability tests can naturally generate failures. Here, in this section, a table is given which lists tests
and their associated rejects. Each test has a specific purpose, and if there exists a particular product weakness, a
given test will expose it. In this manner, by knowing a test and it’s function, a clear determination can be made as
to the relevance of a failure for that particular test.

Reliability Tests and Associated Failure Modes

Failure Cause Diffusion Oxide lization| Wire Bonding Package Package | Lead bility] Mark | Die bonding
Environment Seal Fatigue
ftem Test Condition «Contamination ( *Contamination | *Conpos. | *lnterface «Conductive ions | *Sealing | *Conpos. | *Marking | ¢Themal
«Crystal Defect | *Pin Hole *Scratch | sCorrosion | ¢Inadequate Reject Reject | Resistance
ePhotoresist | sCrack *Void eMisbonding | +Environments Reject
Reject oThickness *Open *Wire Open *Crack
Unstable +Chemical «Chip Position
Interface Reject

Tic -65°C-150°C 0 0 0 0 0

200 Cycles
s -65°C-125°C 0 0 0 0 0

200 Cycles

90-98%R.H./65°C3HRS
Moisture | 80-98%R.H./25°C8HRS 0 0 0 0 0
Resistance | 90-98%R.H./65°C3HRS,

10 Cycles |

20G-3 Axis
Vibration | Orientation 0 0 0
Fatigue | f=20to 2000 cpe

for 4 min. 4 cycles
Constant Pulse Duration:
Acceleration| >-11™ $%¢ 0 0

Shock pulse: 0.5-3Kg

. | 15009, 0.5ns
g':c"a"'“' Each Direction of X, Y 0 0
ock 3

and Z Axis
Lead W=227g 0
Integrity  [90°C 3 times
Marking | Isoprophylalcohol 0
Solderability| Ta=230° 5 Sec. 0

Once With Fiux
Salt Spray | Ta=35°C, 5% NaCl 0 0
OPL Individual Spec 0 0 0 0 0 0
10PL Individual Spec 0 0 0 0 0 0
HTRB Individual Spec 0 0 0 0 0 0
HTS Individual Spec 0 0 0 0
WHTS 80°C, 90% RH

85°C, 85% RH 0 0 0 0 0

Of

WHTRB :?asc, 8500 RH 0 0 0 0 0 0 0 0 0
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3) Ananomalous manufacturing step can manifest itself in many ways with respect to product reliability. The chart below
depicts process steps, the types of rejects they can generate, and the way to defect such failures. Of course, there
are numerous QC and Production checks along all stages of the manufacturing process. However, a semiconductor
product typically involves so many operations it’s nearly impossible to detect all potential reliability hazards. Thus,

.there are final electrical and visual tests, reliability tests, and statistical analyses which are run prior to product releasal.
The chart below speaks to the electrical, visual, and reliability tests.

Failure Mechanisms of Integrated Circuits

Process Step
Affecting Failure Mechanism Failure Mode Failure Detection Method
Reliability
Dislocation and Stacking Degradation of Function Electrical Test -
Fauit Characteristics Operation Life
Non-Uniform Resistivity Unpredictable Characteristic Electrical Test
Values
Wafer Surface Abnormalities Improper Electrical Electrical Test
Fabrication Characteristics, Operation Test
Short and Open
Cracks, Chips, Open and Short Electrical Test
Scratches (Usually Visual Inspection
Caused During Handling) (Before Seal)
Temperature Cycling
Contamination Degradation of Junction Visual Inspection (Before
Characteristics Seal), Temperature
: Cycling, High Temperature
) Storage, Reverse Bias
Cracks and Pin Holes Shorts, Low Breakdown Temperature Cycling
Voltage High Temperature Storage
High-Voltage Test,
Operation Life
Passivation Visual Inspection
(Before Seal)
Non-Uniformity of Film Low Breakdown Voltage Same as Above
Thickness Increase of Leakage Current
in Oxide Film
Scratch, Crack, Scar of Open, Short Visual Inspection (Before
Photo Mask Seal),
Electrical Test
Mask Misalignment Open, Short Same as Above
Abnormality of Photo- Degradation of Characteristics Same as Above
Resist Pattern (Line- Due to Parameter Drift
Width, Space, Pin Hole) Open, Short
improper Elimination of Open, Short, Intermittent Visual Inspection (Before
Oxide Film Failure Seal)
Electrical Test
Etching Operation Life
Under-Cut Short or Open in Visual Inspection
Metallization (Before Seal)
Electrical Test
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Failure Mechanisms of Integrated Circuits (Continued)

Process Step

Metallization

Material Incompatibility

by Poor Adhesion

Affecting Failure Mechanism Failure Mode Failure Detection Method
Reliability
Spotting (Smear) Latent Short Visual Inspection
Etching Inhomogeneous Etching (Before: Seal)
Temperature Cycle,
High Temperature Storage
Operation Life
Contamination Low Breakdown Voltage Same as Above
(Photo Resist, Residue Increase of Leak Current Reverse Bias
of Chemical Substance) .
Improper Control of Performance Degradation High Temperature Storage
Diffusion Doping Profile Caused by Instability Temperature Cycling
and Fault Operation Life
Electrical Test
Scratched and Smeared Open and Short Visual Inspection
Metallization (Before Seal)
(Caused During Handling) Temperature Cycling
Operation Life
Thin Metallization Due Open or High Impedance Electrical Test
to Insufficient Internal Connection Operation Life
Deposition or Oxide Temperature Cycle
Film Step
Oxid Film Contamination Open Metallization Caused High Temperature Storage

Temperature Cycling
Operation Life Test

Corrosion (Residue of
Chemical Substance)

Open Metallization

Visual Inspection

(Before Seal),

High Temperature Storage
Temperature Cycle,
Operation Life

Displacement
Contaminated Contact

High Contact Resistance, Open

Visual Inspection
(Before Seal),
Electrical Test, High
Temperature Storage
Temperature Cycle,
Operation Life

Improper Temperature
and Period for

Peeled Metallization
Poor Adhesion

Electrical Test
High Temperature Storage

Die Separation

Metallization Short Temperature Cycle
Operation Life
Cracks and Chips Caused | Open Visual Inspection

by Improper Dicing

(Before Seal)
Temperature Cycling
Thermal Shock
Vibration Shock

¢ SAMISUNG

Electronics

39




QUALITY and RELIABILITY

Failure Mechanisms of Integrated Circuits (Continued)

Process Step
Affecting Failure Mechanism Failure Mode Failure Detection Method
Reliability
Void Between Header Degradation Due to Radiography, Operation Life
and Die Overheating Constant Acceleration
Shock, Vibration
Die Bonding Over-Spreading of Short, Intermittent Short Visual Inspection
Eutectic Solder (Before Seal),

Radiography, Vibration
Shock

Poor Bonding of Die to
Header

Die Crack and Lifting

Visual Inspection
(Before Sealing),
Constant Acceleration,
Shock, Vibration

Mismatching of Materials

Crack or Peeling of Die

Temperature Cycling
High Temperature Storage
Constant Acceleration

Poor Bonding Strength

Open Wire, Open, Lifting
Vibration Shock

Constant Acceleration

Mismatched Material and
Contaminated Bonding
Pad

Lead Bond Peeling

Temperature Cycling

High Temperature Storage
Constant Acceleration
Shock, Vibration

Formation of
Intermetallic Plague

Open Bonding

High temperature storage,
Temperature Cycling.
Constant Acceleration Shock,
Vibration

Insufficient Bonding
Area or Spacing

Open
Bonding Short

Operation Life Test,
Constant Acceleration,
Shock Vibration,
Visual Inspection
(Before Seal)

Wire Bonding

Improper Bonding Open, Short Visual Inspection

Arrangement (Before Seal)
Electrical Test

Die Cracks or Chips Open, Shock Visual Inspection

(Before Seal)

High Temperature Storage
Temperature Cycling
Constant Acceleration,
Shock Vibration

Excessive Loop or Sag
in Wire

Short to the Case, Substrate
or other Parts of the Leads

Visual Inspection
(Before Seal),
Radiography, Constant
Acceleration, Vibration

Crack, Scratch,
or Scar on Lead

Wire Disconnection Causing
Open, Short

Visual Inspection
(Before Seal),
Constant Acceleration,
Shock Vibration
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Failure Mechanisms of Integrated Circuits (Continued)

Process Step

Glass

Affecting Failure Mechanism Failure Mode Failure Detection Method
Reliability
Insufficent Elimination Short, Intermittent Short Same as Above
of Tail Wire Radiography
Incomplete Hermetic Seal | Performance Degradation, Fine Leak, Gross Leak
Shorts and Opens Caused by
Chemical Corrosion and
Moisture
Bad Atmosphere in Performance Degradation Due Operation Life
Package to Inversion Layer Reverse Bias, High Temp.
Channeling Storage, Temperature
Cycling
Bending or Breaking of Open Visual Inspection,
the External Lead Lead Fatique
Sealing Crack or Void in Seal Short or Open in Metallization Seal, Electrical Test

Due to Leak

High Temperature Storage
Temperature Cycling
High Voltage Test

Migration on Seal
between Outer Lead and
Metal Case

Intermittent Short

Low Voltage Test

Electro-Conducting Same as Above Constant Acceleration,
Particles Floating Vibration

in Package Radiography
Mismarking Inoperable Electrical Test

4) Equipment

A listing of important equipment used for failure analysis is shown below in tabular from, SEC’s committment to
comprehensive analysis of all relevant rejects necessarily implies a usefulness for key analytical instruments. Con-
stant efforts are made to both use and modify equipment to meet specialized investigations. However, only standard
equipment, not a listing of hybrids (for confidential development purposes), is listed below.

Equipment. for failure analysis

Microscope)

Category Item Application
1. Stereo Microscope Use for visual inspection
Visual 2. SEM (Scanning Electron Use to inspect the surface or cross-section

of a device at high magnification. Through
voltage contrast techniques, it is

possible to analyze voltage levels

while the device is operating

3. Infrared Microscope

Using the infrared radiation emitted by a
functioning device, a thermal map can be
produced.

4. X-Ray

Use to inspect the bonding wire of
encapsulated devices.

5. Metallugical Microscope

Inspect interconnects, contacts, bonds

6. Radiographic Scope

Inspect bond wires, die attach

< SAMSUNG

Electronics

41




QUALITY and RELIABILITY

Equipment for failure analysis (Continued)

2. EDX Spectrometer

Category Item Application

1. Auger Electron Used to detect and analyze
Elementatl Spectrometer (AES) contamination on the surface of a die
Analysis

Used with SEM to analyze elements present
in a device. This is done by measuring

the energy distribution of X-rays produced
by the interaction of primary electrons

and the sample.

3. Differential Interference
Microscope

Used for elemental analysis

4. Electron Probe
Micro Analyzer (EPMA)

Used for current analysis

5. Ioh Micro Mass Analyzer
(IMMA)

Spectral analysis of chemical constituents

6. Surface Eveness Micrometer

Measures planarity

7. Differential Scanning
Calorimeter (DSC)

Permits the analysis of glasses and
polymers-especially encapsulation resins-
through the measurement of reaction heat

8. Thermo Gravimetric Analyser

Used to determine the thermal stability of
polymers and glasses by measuring
variations in mass with temperature.

9. Plasma Etcher

Used to open devices encapsulated in
epoxy resins, to remove silicon nitride, and
to remove thin oxide films

10. Transmission Electron
Microscope (TEM)

Used for elemental analysis and high
resolution surface on spectron

11. Surface Tunneling
Microscope (STM)

Used for elemental analysis

12. Electron Spectrometry for
Chemical Analysis (ESCA)

Used for elemental analysis

13. Secondary lon Mass
Spectroscope

Used for elemental analysis

Decapsulation
System

. Grinding Machines

. Angle Lapping

. Evaporation

. Diamond Cutter
(Cross Section Cutter)

. Molding System

. Jet-Etching System

. Etching Solution

. Hot Plates

. Ventilation Hoods

HPON=

©Woo~NOO,

Used to decapsulate devices,
to cut the cross section of die,
to remove a surface layer.
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Equipment for failure analysis (Continued)

Category Item Application
1. Curve Tracer Used to measure electrical
Electrical 2. TR, IC, MOS Tester characteristic of devices,
Test 3. ESD Simulator to establish the cause of failure.
4. LCR Meter
5. DC-Analyzer
6. Noise Tester
7. Logic State Analyzer
8. Manipulator Probe Ssytem
9. Electron Beam Tester
10. Hot Electron Analyzer
11. LR Scope
Stress 1. Temperature Probe System Used to stress or cure the failed devices
Test 2. Constant Temperature Oven to identify a failure mechanism.

3. Ovenn for Oper Life Test
4. Humidity Oven
5. Vibration System

This is a very important tool for analyzing
degradation phenomena and intermittent
failures.
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Methods and Equipment for Failure Analysis

item

Contents of Inspection

Equipment for Analysis

External Visual
Check

* Condition of Lead, Plating, Soldering,
Welding Area

» Mark, Date Code

e Package damage

¢ Solderability

¢ Sealing

Stereo-Optical-Scope x 40
Optical Microscope x 100
Helium Leak Detector
Gross Leak Detector
(Using Fluorocarbon)

Electrical Test

e DC Parameter, AC Parameter Test

¢ Function Test

¢ Margin Test of Voltage and Temp.

¢ Diode Characteristics between Each
Pin

¢ Disconnection, Short Circuit and /
or Electrical Characteristic
detected by the above Inspection

IC Tester

Curve Tracer (HP4145)
Oscilloscope

DC Power Supply

Oscillator (Sine Wave Pulse)
Heat-Gun, Cooling Gas Spray
Thermo-Spot

observed after decapping

Radiography * Internal Structure of Device is Soft X-Ray
Checked Non-Destructively
Decapping ¢ Internal Structure is Metal Cutting Scissors, Nippers

Cap opener, plastic etcher,
Hot plate, Drill, HNO3

Internal Visual
Check

¢ Detection of Defective Spot on the
Chip Surface

¢ Detection of Discrepancy of Internal
Connection (Metallization, Wire Bond
-ing, Etc.)

o Electrical Characteristics are
Checked by Mechanical Prober

¢ Detection of Hot Spot

® Existence of Foreign Material

Optical Microscope

Micro-Prober
SEM

Laser Cutter

Infrared Micro Scanner
Thermal Plotter
Infrared Microscope

Internal Structure
Analysis

* Cross Sectional Analysis of Chips
to Observe Diffusion Layer of
Oxide Film

* Analysis of Metallic Elements

* Removing of Over-Coating Glass and
Aluminum Metallization

Optical Microscope

SEM; MAX, AES, SAM, IMA
Spectrometer

Micro-Prober

Simulation Test

® Operational Test on Actual
Equipment

Actual Electronic Equipment
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4.3 FAILURE MODE EFFECT ANALYSIS (FMEA)

Failure Mode Effect Analysis is a method used for checking if measures are taken against every possible failure in the
design, the manufacturing process, the operating method, etc. For this analysis, factors such as design, manufacturing
process, packaging, and operating method are divided into'small units, and its functions are clearly defined. All possible
failure modes are listed for each item, its effect on the product and the cause of each failure is examined. Each item
is then evaluated to clarify the corrective actionto be taken.
Table shows an example of FMEA in the manufacturing process of plastic encapsulated MOS LSI. The incident
column pertaining to the Evaluation Points show the failure rate; Effectiveness column shows the impact ot the ettect
by the failure of the product, device, or system; and Detectability shows the rate of detection of the failure. These are
individually graded on the basis of ten points. The result is then evaluated by muitiplying the points. The larger value
indicates the importance of the item. A counterplan for each item is then specified and action taken.

Manufacturing Process FMEA Example (Plastic Encapsulated Products)

Process Name
(Process
Function)

Failure Mode

Failure Effect

Failure Cause

Counterplan

Al metallization

Improper thickness
Lack of Al wiring
Breakage defect

Electromigration
open circuit

Operator’s mis-
handling, dirt/foreign
matter attachment,
poor adjustment of
equipment

Improvement and adjustment
of written working process,
dust control of clean room,
SEM test in the process

Glassivation

Lack of glassivation
film, failure film
thickness

Increased leak current,
improper operation

Dirt/foreign matter
attachment, operator’s
mishandting

Dust control of clean room,
improvement and adjustment
of written working process

Visual Inspection

Scratch, die crack, dirt,
spot, residual resist

Open circuit, increased
junction leak current

Mishandling of wafer,

.| Misclearning of water

Improvement and adjustment
of written working process

improper bonding
position, shorted
bonding wire

circuit

Assembly Process | Die crack Increased junction leak | Poor adjustment of Corrective action to device
Die Selection current, improper equipment, operator’s | control operator, improvement
operation mishandling and adjustment of written
working process
Die Bonding Die crack Open circuit, increased | Operator's mishandling | Corrective action to device
Die floating junction leak current, temperature too low control operator, improvement
improper operation and adjustment of written
working process, visual
inspection
Wire Bonding Open bonding, Open circuit, short Poor bonding strength, | Improvement and adjustment

operator's mishandling,
poor adjustment of
equipment, looped
bonding wire, shape
defact

of written working process,
corrective action to device
control operator, visual
inspection
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QUALITY and RELIABILITY

Manutacturing Process FMEA Example (Plastic Encapsulated Products) (Continued)

Process Name
(Process
Function)

Failure Mode

Failure Effect

Failure Cause

Counterplan

Sealing (Resin)

Open bonding wire,
shorted bonding wire,
package crack,
corrosion

Open circuit, short
circuit, defective
appearance

Poor adjustment of
equipment, insufficient
cure

Ditto

Lead Surface
Treatment

(plating)

Poor metal-plating
thickness, dirt

Poor soldering, poor
contact

Operator's mishandling
poor adjustment of
equipment, insufficient
cleaning

Adjustment of written working
process, corrective action to
control operator

Lead Formation

Abnormal shape, broken
lead

Failure inserting in the
printed substrate poor
operation

Operator's mishandling
poor adjustment of
equipment

Ditto

Marking

Marking error illegible
marking

Operating destruction

Operator’s mishandling
insufficient cure

Improvement and adjustment
of written working process
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KS53C80/KS5380C

SMALL COMPUTER SYSTEM INTERFACE

PRODUCT FEATURES
o Directly drives the SCSI bus

o Supports asynchronous operation, with data
transfer rates of 1.5 or 3.0 megabytes per second

o Supports arbitration, selection/reselection
e Supports initiator and target roles

¢ Low-power CMOS technology

» Generates parity

Processor Interface
« Supports DMA or programmed 1/0
o Generates optional interrupts

o Supports DMA transfers—normal mode or block
mode

e Supports memory or /O mapped intertace
o Interfaces directly with the CPU

PRODUCT OVERVIEW

The KS53C80 is a CMOS SCSI controller, designed to
provide an interface between a central processing unit,
and the physical layer of the Small Computer System
interface (SCSH) bus, as defined by the ANSI X3T9.2
committee. The device can function as both target and
initiator, and can be used in host port, host adapter and
formatter modes.

The KS53C80 looks like a peripheral device to the
microprocessor. It has internal registers, addressed by
the CPU as memory mapped I/O ports. By means of
these registers, the KS53C80 controls the interface
between the CPU and the SCSI bus, with a minimum of
intervention from the processor. Figure 1 shows a
functional block diagram of the device.

If the KS53C80 detects errors on the SCSI bus, it
generates an interrupt to the CPU. The chip also supports
direct memory access (DMA), in normal or biock mode,
providing an easy interface with DMA controllers.

With the high current open collector output driver, the
KS53C80 can sink 48mA at 0.5V. The device can thus be
connected directly to the SCSI bus. Additional ground
lines increase noise immunity, and reduce ground
bouncing.
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Figure 1. Functional Block Diagram of KS53C80
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KS53C80/KS5380C

SMALL COMPUTER SYSTEM INTERFACE

CMOS VERSUS NMOS FEATURES

The Samsung CMOS KS53C80 has a number of en-
hancements that differentiate it from NMOS devices.
These differences are described below.

e Prevents Additional ACK Occurrences

At the end of process, when a valid EOP is received,
the NMOS device sets the end of DMA status bit and
stops additional DMA requests (DRQs). This means
thatadditional data transmitted without phase change
may be lost. The KS53C80 inhibits ACK until the
deviceis instructed to continue by a write operation to
the Start DMA Initiator Receive register.

e Faster REQ/ACK Transition Times

The KS53C80 achieves faster response times. This is
partly a function of the intrinsically faster CMOS cellis,
but can also be attributed to design features of this
particular device, such as the cell-placement priority
for the handshaking signals (REQ and ACK), and the
increased number of ground lines that minimize the
noise factors.

e No Spurious RST Interrupt

The KS53C80 has an internal 30A pull up on the RST
signal. This prevents an unwanted interrupt that can
be caused by a floating condition on the input of the
RST signal when itis not terminated on the SCSI bus.

e Verification of True End of DMA Send Qperations

The Samsung KS53C80 uses bit 7 of the Target
Command Register to indicate that the last byte of the
DMA transfer has actually been sent to the SCSI bus.
The NMOS device does not have this feature, and if
EOP is applied on the last byte, the END OF DMA
status bit indicates only that the last byte has been
received, and there is nothing to indicate whether this
byte has been placed on the SCSI bus.

e Faster Transfer Rates

There are two versions of the KS53C80. The slower
version (1.5 megabytes per second) is the same as the
N5380 NMOS device. The fast version is twice as
efficient (3.0 megabytes per second).

INTERFACE SPECIFICATIONS

The KS53C80 SCSI Bus Controller is available in two
packages: the first, shown in Figure 2 is a 44-pin PLCC
(plastic leaded chip carrier) device. The second, shown
in Figure 3 is a 48-pin DIP device.

Table 1 shows detailed pin allocations for the PLCC
device, while Table 2 shows the DIP version. Table 3
provides the input/output signal definitions for the SCSI
bus interface, and Table 4 for the CPU interface.
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Figure 2. Physical Layout of the KS53C80 SCSI Bus
Controller (PLCC Version)

Figure 3. Physical Layout of the KS53C80 SCSI Bus
Controller (DIP-48 Version)
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KS53C80/KS5380C

Table 1. KS53C80 Pin Allocations PLCC Version.

SMALL COMPUTER SYSTEM INTERFACE

Table 2. KS53C80 Pin Allocations DIP Version

:':_ z:g’::\: Signal Name :': f;g:‘:\: Signal Name
1 SDB7 Data Bit 7 (SCSI) 1 SDB7 Data Bit 7 (SCSI)
2 | RST Reset 2 | RST Reset
3 Vss Vss 3 Vss Vss
4 | BSY Busy 4 | BSY Busy
5 | SEL Select 5 | SEL Select
6 | ATN Attention 6 | ATN Attention
7 | RESET Reset 7 | NIC Not Connected
8 | IRQ interrupt Request 8 | RESET Reset
9 | DRQ DMA Request 9 | IRQ Interrupt Request

10 | EOP End of Process 10 | DRQ DMA Request

11 DACK DMA Acknowledge 11 EOP End of Process

12 | Ves Vss 12 | DACK DMA Acknowledge

13 | READY Ready 13 | Vss Vss

14 | A0 Address 0 14 | READY Ready

15 | A1 Address 1 15 | A0 Address 0

16 | A2 Address 2 16 | A1 Address 1

17 | CS Chip Select 17 | A2 Address 2

18 | IOW 1/O Write 18 | NIC Not Connected

19 | IOR 1/0 Read 19 | CS Chip Select

20 | D7 Data 7 (CPU) 20 | IOW 1/0 Write

21 | D6 Data 6 (CPU) 2t | IOR 1/0 Read

22 | D5 Data 5 (CPU) 22 | D7 Data 7 (CPU)

23 | Ve Voo 23 | D6 Data 6 (CPU)

24 D4 Data 4 (CPU) 24 D5 Data 5 (CPU)

25 | D3 Data 3 (CPU) 25 | Voo Voo

26 | D2 Data 2 (CPU) 26 | D4 Data 4 (CPU)

27 D1 Data 1 (CPU) 27 D3 Data 3 (CPU)

28 | DO Data 0 (CPU) 28 | D2 Data 2 (CPU)

29 | MSG Message 29 | D1 Data 1 (CPU)

30 | CID Control/Data 30 | DO Data 0 (CPU)

31 | Vgs Vss 31 | NIC Not Connected

32 | 10 Input/Output 32 | MSG Message

33 | ACK Acknowledge 33 | CID Control/iData

34 | REQ Request 34 | Vs Vss

35 | SDBP Data Bit Parity (SCSI) 35 | 10 Input/Output

36 | Vss Vss 36 | ACK Acknowledge

37 | SDBO Data Bit 0 (SCSI) 37 | REQ Reguest

38 | SDB1 Data Bit 1 (SCSI) 38 | SDBP Data Bit Parity (SCSI)

39 | sSDB2 Data Bit 2 (SCSI) 39 | Vss Vss

40 | SDB3 Data Bit 3 (SCSI) 40 | SDBO Data Bit 0 (SCSI)

41 | SDB4 Data Bit 4 (SCSI) 41 | SDB1 Data Bit 1 (SCSI)

42 | Vss Vss 42 | NIC Not Connected

43 | SDB5 Data Bit 5 (SCS!) 43 | SDB2 Data Bit 2 (SCSI)

44 | SDB6 Data Bit 6 (SCSI) 44 | SDB3 Data Bit 3 (SCSI)

45 | SDB4 Data Bit 4 (SCSI)
46 | Vss Vss

47 | SDB5 Data Bit 5 (SCSI)
48 | SDB6 Data Bit 6 (SCSI)
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KS53C80/KS5380C

Table 3. KS5380C Pin Allocation DIP Version.

SMALL COMPUTER SYSTEM INTERFACE
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Figure 4. Physical Layout of the KS5380C SCSI

Bus Controller (DIP-40 Version)

:i‘: /-\st;gl::\: Signal Name :': ;:g'::: Signal Name
1 | DO Data 0 (CPU) 21 | CS Chip Select
2 | SDB7 Data Bit 7 (SCSI) 22 { DRQ DMA Request
3 | SDB6 Data Bit 6 (SCS!) 23 | IRQ Interrupt Request
4 | SDB5 Data Bit 5 (SCSI) 24 | TOR 1/0 Read
5 | SDB4 Data Bit 4 (SCSI) 25 | READY Ready
6 | SDB3 Data Bit 3 (SCSI) 26 | DACK DMA Acknowledge
7 | SDB2 Data Bit 2 (SCSI) 27 | EOP End of Process
8 | SDBI Data Bit 1 (SCSH) 28 | RESET Reset
9 | SDBO Data Bit 0 (SCSH 29 | IOW 110 Write

10 | SDBP Data Bit Parity (SCSI) 30 | AO Address 0

11 | Vs Vss 31 | Vec Vee

12 | SEL Select 32 | A1 Address 1

13 | BSY Busy 33 | A2 Address 2

14 | ACK Acknowledge 34 | D7 Data 7 (CPU)

15 | ATN Attention 35 | D6 Data 6 (CPU)

16 | RST Reset 36 | D5 Data 5 (CPU)

17 | 10 Input/Output 37 | D4 Data 4 (CPU)

18 | CID Control/Data 38 | D3 Data 3 (CPU)

19 | MSG Message 39 | D2 Data 2 (CPU)

20 | REQ Request 40 | D1 Data 1 (CPU) R
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K353C80I K553aoc SMALL COMPUTER SYSTEM INTERFACE

Table 3. Interface Signal Definitions—SCSI Bus
Note: | indicates that the signal is an input to the KS53C80 chip. O indicates that the signal is an output from the KS53C80 chip.

Symbol Type Description

SDBO0-7 /0 Data Bits 0-7: Eight-bit bidirectional data bus. SDB7 is the most significantbit, and has highest priority
during arbitration.

SDBP /0 Data Bit Parity: This bit is used for parity checking. The bit is always generated when sending
information, but parity checking when receiving is optional. Data parity is odd (the number of ones,
including parity, is odd). Parity is not valid during arbitration.

SEL 110 Select: This bit is used by the initiator to select a target or by the target to reselect an initiator.

BSY 1/0 Busy: Indicates that the SCSI bus is being used, and may be driven by both the target and the initiator.

ACK /0 Acknowledgg}_az is asserted by the initiator during information transfer, in response to the
assertion of REQ by the target. ACK is deasserted after REQ becomes inactive.

ATN 1/0 | Attention: This signal is driven by the initiator after successful selection of the target.

RST 1/0 Reset: This input indicates a reset condition on the SCSI bus.

[e} 110 Input/Output: This signal indicates the direction of data flow on the SCSlibus, and is controlled by the

target. When asserted, the data is transferred to the initiator. When deasserted, data is transferred to
the target. The signal also distinguishes between the selection and reselection phases.

C/D /0 | Control/Data: This signal is controlled by the target, and indicates that data (C/D deasserted) or
control phase.
REQ 170 Request: Controlied by the target, REQ is asserted by the target to begin the handshake associated

with data transfer. REQ is deasserted on receipt of ACK from the initiator. Data is latched on the falling
edge of REQ for the initiator data receive operation.

Table 4. Interface Signal Definitions—CPU Bus

Symbol Type Description
Do-7 1/0 Data 0-7: This is an eight-bit bidirectional, tri-state data bus between the KS53C80 and the CPU
(microprocessor). D7 is the most significant bit.
Cs 1 Chip Select: This input from the CPU enables reading or writing of the internal register selected by
address inputs A0-2.
DRQ (0] DMA Request: This signal is sent from the KS53C80 to the DMA controller, or the CPU, and requests a

direct memory access (DMA) operation. It occurs only when the DMA Mode bit is set in the MODE
Register. DRQ is cleared when DACK is asserted.

IRQ (0] Interrupt Request: Flags the CPU that one of the interrupt conditions has been met. This includes
SCSI bus fault conditions, and events requiring CPU intervention.
READY (o] Ready: This signal is transferred from the KS53C80 to the CPU. It controls the speed of block mode

DMA transfer and must be enabled by the CPU. Itindicates that the chip is ready to send or receive data,
and remains low (inactive) until the last byte has been sent, or until the DMA mode bit has been reset.

DACK | DMA Acknowledge: This input resets DRQ and, in conjunction with 1OR or IOW, selects the data
register to be accessed for the read or write operation. CS must be high.
EOP | End of Process: This input is sent to the KS53C80 by the CPU or DMA controller, to terminate the DMA

transfer. If it is asserted during a DMA cycle, the byte being processed is sent, but no further bytes are
requested. The KS53C80 can automatically generate an interrupt in response to receiving EOP.

AO-2 | Address 0-2: These inputs from the GPU select one of eight internal registers in the KS53C80, in
conjunction with IOR, IOW and CS.

IOR | Input/Output Read: This signal is sent from the CPU, and initiates a read operation in the register
selected by A0-2 and CS.

Iow | Input/Output Write: This signal is sent from the CPU, and initiates a write operation in the register
selected by A0O-2 and CS.

RESET | Reset: This input clears all registers. It does not force the SCSIsignal RST to become active, and thus

affects only the local KS53C80.
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SMALL COMPUTER

SYSTEM INTERFACE

REGISTERS

The KS53C80 is made up of eight physical registers, that
are configured and addressed as 16 registers. The
controlling CPU can read from or write to these registers
to monitor and initiate SCSI bus activities.

There are four groups of registers:

Three data registers: Input Data Register, Output Data
Register, and the Current SCSI Data Register.

Three control registers: Mode Register, and Initiator
Command Register, Target Command Register.

Three miscellaneous registers: Current SCSI| Bus
Status Register, ID Select Register, Reset Error/
Interrupts Register.

Four DMA registers: Start DMA Send Register, Start
DMA Target Receive Register, Start DMA Initiator
Receive Register, DMA Status Register.

Registersare selected by the address inputs, AQ-2, when
CSisasserted. A read operation is initiated by IOR and a
write operation by IOW, so that IOR and IOW act as
virtual functional address bits. Table 5 shows the register
addresses, and indicates the functions performed by
each register. Table 6 is a register reference chart.

Table 5. Register Addresses

Table 6. Register Reference Chart

A2 | A1 | AO |Reg. Register Name Operation

1 1 1 7 |Start DMA Initiator Write
Receive

1 1 7 |Reset Error/Interrupt Read

1 1 0 Start DMA Target Write
Receive

1 1 0 6 |Input Data Read

1 0 1 5 |Start DMA Send Write

1 0 1 5 |DMA Status Read

1 0 0 4 [ID Select Write

1 0 0 4 [ Current SCSI Control Read

0 1 1 3 |Target Command Read/Write

0 1 0 2 |Mode Read/Write

0 0 1 1 | Initiator Command Read/Write

0 0 0 0 |[Current SCSi Data Read

0 0 0 0 |Output Data Write

READ

‘CURRENT SCSi DATA BUS (00)
7 6 5 4 3 2 1 0

WRITE

OUTPUT DATA REGISTER (00)
7 6 5 4 3 2 1.0

[(TLI11T1]

SDB7 . . . SDBO

HEEEEERE

INITIATOR COMMAND REGISTER

Assert Data
Bus

Assert ATN
Assert SEL

Assert BSY

Assert ACK

Lost Arbitration

Arbitration in Progress

Assert RST

MODE REGISTER (02)
7 6 5 4 3 2 1 0

| Arbitrate
DMA Mode
Monitor BSY
Enable End of DMA
Interrupt
Enable Parity Interrupt
Enable Parity Checking
Target Mode
Block Mode DMA

TARGET COMMAND REGISTER (03)
7 6 5 4 3 2 t 0

SDB7 . .. SDBO

INITIATOR COMMAND REGISTER
1)
7 6 5 4 3 210

[ I [T T]

Assert Data
Bus
Assert ATN
Assert SEL
Assert BSY
Assert ACK

o

Test Mode
Assert RST

MODE REGISTER (02)
7 6 5 4

3 2 1 0

Arbitrate
DMA Mode
Monitor BSY
Enable End of DMA

Interrupt
Enable Parity Interrupt
Enable Parity Checking
Target Mode
Block Mode DMA

TARGET COMMAND REGISTER (03)
7 6 5 4 3 2 10

[Tefole[ [T 1]
[ Assert 110
Assert C/D
Assert MSG
Assert REQ

Last Byte Sent

CURRENT SCSI REGISTER (04)
7 6 5 4 3 2 10

Assert /0
Assert C/D
Assert MSG
Assert REQ

Last Byte Sent

ID SELECT REGISTER (04)

DMA STATUS REGISTER (05)
7 6 5 4 3 2 1 0

DMA Request
End of DMA

INPUT DATA REGISTER (06)

[(TIITLIT]

SDB7 . .. SDBO

START DMA SEND (05)

7 6 5 4 3 2 1 0
x e [x [x[x[x]

[x]x

START DMA TARGET RECEIVE (06)

RESET ERROR/INTERRUPT (07)

aononong

[TTITILT] OODhhhkx

START DMA INITIATOR RECEIVE (07)
$ 4 3 2 1 ©

7 6
XX |X|X|X|{X[(X]|X

Note: X = Don’t Care
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SMALL COMPUTER SYSTEM INTERFACE

Data Registers

Data registers are used to transfer data to and from the
3CS! bus and the microprocessor bus.

Input Data Register—6 (Read Only)

FUNCTION:

Holds data received from the SCSI bus during a DMA
operation. As an option, parity may be checked when the
register is loaded.

When this register is functioning as a read-only input
data register, data are latched into the register under the
following conditions:

e ACK goes low — DMA target receive operation.
¢ REQ goes low — DMA initiator operation.
¢ DMA MODE bit is set.

The register can be read by asserting IOR and DACK at
the same time or by a CPU read operation of address
location 6. Note that DACK and CS must never be active
simultaneously.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0

SDB7 SDB6 SDB5 SDB4 SDB3 SDB2 SDB1 SDBO

Output Data Register—0 (Write Only)
FUNCTION:

Used for sending information to the SCSI bus. It is used
to assert the |D bits during the arbitration and selection
phases. Data is sent to the register using a normal write
operation, or by asserting IOW and DACK at the same
time, under DMA control, irrespective of Address and
CS. In1/0 operation, this register is written when IOW is
asserted, A0-2 = 000, and CS = 0.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0

SDB7 SDB6 SDB5 SDB4 SDB3 SDB2 SDB1 SDBO

Current SCSI Data Register—0 (Read Only)
FUNCTION:

Enablesthe microprocessor to read the active SCSI data
bus of any time. Used during programmed 1/O data
read, or arbitration. The SCSI bus data are not latched.

A read operation of this register is initiated when @
low, and address 0 (A0-2 = 000) is sent from the CPU. IOR
must be low to enable the read. This register is also read
during arbitration to determine whether devices with
higher priority are also arbitrating.

If parity checking is enabled, the SCSI bus parity is
checked at the beginning of the read cycle. Parity error
checking is not guaranteed during arbitration.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0

SDB7 SDB6 SDB5 SDB4 SDB3 SDB2 SDB1  SDBO

Control Registers

These registers store the control signals that govern the
operation of the CPU and SCSI buses.

Mode Register—2 (Read/Write)
FUNCTION:

Controls the operating modes of the chip, deciding
whether the chip is to function as initiator or target;
whether DMA transfers are to be used; and whether
interrupts are to be generated for a number of error
conditions. The register is set during a write operation
(IOW = 0), and may be sampled during a read operation
(IOR =0), to check the value of the internal control bits.

REGISTER CONFIGURATION

7 6 5 4
[x x x x

3 2 1 0
X X X x|
|
Controf arbitration
Enable DMA Mode
Monitor BSY
Enable EOP Interrupt
Enable Parity Interrupt
Enable Parity Checking
Enable Target Mode
Block Mode DMA

BIT 7—BLOCK MODE DMA

This bit must be used in conjunction with Bit 1 (DMA
Mode)

Normal DMA Mode

BLOCK MODE DMA =0 and DMA MODE bit = 1: The
DMA handshake is the normal interlocked handshake.
The rising edge of DACK indicates the end of each byte
transfer.
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SMALL COMPUTER SYSTEM INTERFACE

Block DMA Mode

BLOCK MODE DMA =1 and DMA MODE bit = 1: DACK
is allowed to remain active during DMA operation, and
READY can be used to request the next data transfer.
The trailing edge of IOW or IOR indicates the end of
each byte transfer.

This mode is compatible with the KS82C37 DMA Con-
troller.

BIT 6—TARGET MODE

TARGET MODE = 1: C/D, 1/0, MSG and REQ are
asserted on the SCSI bus, and the chip acts as the SCSI
device target.

TARGET MODE =0: ATN, ACK are asserted on the SCSI
bus, and the device acts as the SCSI device initiator.

BIT 5 - PARITY CHECK

PARITY CHECK = 1: Parity error is saved in the parity
error latch whenever data is received under DMA control,
or read out from the Current SCSI Data Register (0).

The state of the parity bit can be determined by reading
the DMA status register (5), and can be reset by reading
the Reset Error/Interrupt Register (7).

PARITY CHECK =0: Parity error is not saved in the parity
error latch.
BIT 4—ENABLE PARITY INTERRUPT

ENABLE INTERRUPT PARITY = 1: If a parity error is
detected when this bit is set, and if PARITY CHECK is
set, an interrupt (IRQ) is generated.

ENABLE INTERRUPT PARITY = 0: Disabled.

BIT 3—EOP INTERRUPT

INTERRUPT EOP = 1: If this bit is set, an interrupt is
generated when the DMA controller asserts EOP. EOP is

valid in conjunction with either IOR, IOW and DTACK.
INTERRUPT EOP = 0: Disabled.

BIT 2—BUSY MONITOR

BUSY MONITOR = 1: If BSY unexpectedly goes inactive
for longer than400 ns, butless than 1200ns, an interrupt
is generated. This causes the lower six bits of the
Initiator Command Register to be reset (0), and all
signals are disabled on the SCSI bus until the Busy Error
bit is reset. This feature allows the CPU to respond if the
SCSI bus becomes available.

BUSY MONITOR = 0: Busy Monitor is disabled, and no
interrupt is generated.

BIT 1—DMA MODE

DMA MODE = 1: If this bit is set, the KS53C80 is in DMA
Mode, and the internal state machine controls ACK,
REQ and the CPU signals DRQ and READY automa-
tically. ASSERT DATA BUS (register 1, bit 0) must be
active for all DMA transfers. TARGET MODE (Register 2,
bit 6), must be active (1) for a write operation to port 6,
and inactive (0) for a write operation to port 7 (initiator
role). BSY must be active when this bit is set.

DMA Mode is not reset when EOP is received, but must
be reset by the CPU. However, EOP automatically
inhibits additional DMA cycles.

DMA MODE = 0: Stops all DMA transfers.

BIT 0—ARBITRATION

ARBITRATION = 1: Starts the arbitration process. Before
this bit is set, the Output Data Register (0) should
contain the correct SCSI device ID. The KS53C80 waits
for the SCSI bus to be free before starting arbitration.
The status of the arbitration phase can be checked by
reading bit 5 and 6 in Register 1: Arbitration in Progress
(bit 6), Lost Arbitration (bit 5).

ARBITRATION = 0: Disabled

Initiator Command Register—1 (Read or Write)
FUNCTION:

Asserts and monitors certain initiator SCSI bus signals,
and monitors bus arbitration.

REGISTER CONFIGURATION

7 6 5 4 38 2 1 0
HIEIEREEEEEEEEEE

T

Assert Data Bus

Assert ATN
Assert SEL
Assert BSY
Assert ACK
Lost Arbitration (Read Only)

Test Mode (Write Only)

Arbitration in Progress (Read Only)
Assert RST

BIT 7 - ASSERT RESET

ASSERT RESET = 1: RST is asserted on the SCSI bus,
initializing all devices on the bus to the reset condition.
IRQ goes active (high) indicating a SCSI reset. This
interrupt cannot be disabled by masking it out. All
control registers and logic are reset to ‘0’ except the RST
bit itself, and the Test Mode bit (Register 1, bit 6).

ASSERT RESET = 0: a). RST is disabled. b). External
RESET may have been used.
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BIT 6—ARBITRATION IN PROGRESS (Read Only)

ARBITRATION {N PROGRESS = 1: The arbitration bit is
set, provided that the ARBITRATE bit (Register 2, bit 6) is
also set. It indicates that the KS53C80 has detected a bus
free phase, and is currently arbitrating for the bus.
Resetting the ARBITRATE bit also resets ARBITRATION
IN PROGRESS.

BIT 6—TEST MODE (Write Only)

TEST MODE = 1: When this bit is set, all output drivers,
including SCSland CPU signals are tristated. All writable
registers can be accessed during Test Mode.

This function is used only during testing. When the bitis
reset, the KS53C80 returns to normal operation. It can be
reset by CPU signal RESET. It is not affected by RST on
the SCSI bus, or by ASSERT RST bit in the Initiator
Command Register.

BIT 5—LOST ARBITRATION (Read Only)

LOST ARBITRATION = 1: When this bit is asserted, it
indicates that the KS53C80 has arbitrated for the bus,
and detected that another device on the bus, with higher
priority, has asserted the SEL line. The ARBITRATE bit
(Register 2, bit 2) must be active at this time.

BIT 4—ASSERT ACK

ASSERT ACK = 1: When this bitis set, ACK is asserted on
the SCSI bus. The TARGET MODE bit (Register 2, bit 6)
must be reset at this time, indicating that the KS53C80 is
the initiator.

BIT 3—ASSERT BSY

ASSERT BSY =1: BSY is asserted on the SCSI bus. This
only signifies that the process of selection or reselection
has been completed.

BIT 2—ASSERT SEL

ASSERT SEL = 1: SEL is asserted on the SCSI bus. SEL
is normally asserted after a successful arbitration.

ASSERT SEL = 0: Resetting this bit deasserts the SEL
line.
BIT 1—ASSERT ATN

ASSERT ATN = 1: If the KS53C80 is the initiator
(TARGET Mode bit, Register 2, bit 6 reset), ASSERT ATN
asserts the ATN line to request a message out phase.

SMALL COMPUTER SYSTEM INTERFACE

BIT 0—ASSERT DATA BUS

ASSERT DATA BUS = 1: If this bit is set, the open drain
drives of SDBO-7 and the parity bit (Output Data
Register) are enabled. Data and parity are asserted on
the SCSI bus. For this to occur, the following conditions
must exist:

e The phase signals (I/O, MSG, C/D) agree with
ASSERT I/0, ASSERT C/D, and ASSERT MSG inthe
Target Command Register, meaning that there is no
phase mismatch.

o The /O is inactive, which means the output is to the
target.

e TARGET MODE is inactive.

When the KS53C80 operates as target, the TARGET
Mode bit must be set, and the outputs are asserted
unconditionally. During arbitration, ASSERT DATA BUS
bit has no influence.

Target Command Register—3 (Read/Write)
FUNCTION:

This register controls and monitors the SCSI information
transfer phases.

The functions and the conditions governing the functions
of this register differ, depending upon whether the
KS53C80 is acting as initiator or target.

Initiator (Read):

The Target Command Register allows the target to
monitor and set/reset the SCSI lines REQ, MSG, C/D
and I/0. In addition, reading a 1" in bit 7 signals that the
last byte has been send to the SCSI bus during a DMA
write operation.

Target (Write):

When the device is in Target Mode, the register enables
the CPU to control the SCSI bus information transfer
phase asserted by the target.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0
[x x x x x x x x]

, 1

Assert I/0

Assert C/D
Assert MSG

Assert REQ

Last Byte Sent
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BIT 7—LAST BYTE SENT

LAST BYTE SENT = 1: This bit is set to indicate that the
last byte in a DMA transfer has been sent to the SCSI bus.

BITS 6-4—NOT USED
BIT 3—ASSERT REQ

ASSERT REQ = 1: REQ is asserted. Note that the REQ
line is asserted only if the KS53C80 is in Target Mode
(Register 2 bit 6 is set.)

ASSERT REQ = 0: REQ is deasserted.

BITS 2-0—ASSERT REQ, ASSERT MSG, ASSERT C/D

These bits are encoded to control a variety of SCSI bus
functions.

I P Direction
MSG|C/D | I/ Phase I(nitiator) = T(arget)

0 0 0 |Data Out 1—-T

1 0 0 |Unspecified

0 1 0 |Command Transfer -7

1 1 0 |Message Out 1-T

0 0 1 |Data In -7

1 0 1 |Unspecified

0 1 1 [Status =T

1 1 1 |Message In -7

170 controls the bidirectional SCSI bus, and decides
whether it is to function as an input or output bus to the
K853C80. When I/O is high, the SCSI bus functions as
an input bus to the chip. When I/O is low (active) itis an
output bus from the chip. The I/O line is asserted only if
the Target Mode bit is set.

C/D determines whether control information or data is
transferred on the bus. When C/D is high, control
information is transferred on the bus. When C/D is low
(active) data is transferred on the bus.

MSG selects between Message and Status or Command
transfers on the bus. When it is high, status or commands
are transferred. When MSG is low (active) messages are
transferred.

When the KS53C80 is connected as Initiator and the
DMA mode bit is true, a phase mismatch interrupt is
generated when REQ goes active and the phase lines
I1/0, C/D and MSG are in different state than the
appropriate bit in the Target command register.

Miscellaneous Registers
Current SCSI Bus Control Register—4 (Read Only)
FUNCTION:

This register is used to monitor seven SCSI bus control
signals, and the data parity bit. The SCSI control lines
are not latched. The CPU may sample the register to
determine the current bus phase, or poll REQ to seeifa
data transfer is pending. Note that the SCSI signals are
true (low) if the appropriate bit is set in the register.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0
[x x x x x x x x|
I |
_| soep
e
o
_lew
MSG
_| re@
| BSY
RST
BIT 7—RST

RST = 1: SCSI bus is in a reset condition.
RST = 0: SCSI bus in not reset.

BIT 6—BSY

BSY = 1: SCSI bus is being used.
BSY = 0: SCSI bus is free.

BIT 5—REQ

REQ = 1: Indicates a request fora REQ/ACK data transfer

has been received by the KS53C80.
'REQ = 0: REQ is inactive.
BIT 4—MSG
MSG = 1: The bus transfer is in the message phase.
MSG = 0: The bus is not in message phase.
BIT 3—C/D
C/D = 1: Data is on the bus.
C/D = 0: Control signals are on the bus.
BIT 2—1/0

1/0 = 1: Data is being transferred to the initiator.
1/0 = 0: The bus is active as an input bus.
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BIT 1—SEL

SEL = 1: The initiator has selected a target, or a target
has reselected an initiator.
SEL = 0: The device is not selected.

BIT 0—SDBP
SDBP = 1/0: Indicates state of parity bit.

Note that parity is odd, so SDBP is set high or low,
(depending upon the state of the eight data bits), to force
an odd number of ones, including the parity bit.

ID Select Register—4 (Write Only)
FUNCTION:

Monitors a single device ID if selection or reselection is
being attempted. An ID number is given to each SCSI
device inasystem, by assigning one bit of the ID register.
Ifan ID match is found while a bus-free condition exists,
BSY false and SEL is active, the KS53C80 will generate
an interrupt to indicate a selection or reselection.

Parity is checked in the selected device if ENABLE
PARITY CHECKING is appropriately set (active).
REGISTER CONFIGURATION

7 6 5 4 3 2 1 0
[ x X X X X X X x|
SDB7 SDB6 SDB5 SDB4 SDB3 SDB2 SDB1 SDBO

Reset Error/interrupt Register—7 (Read Only)
FUNCTION:

This is a dummy register. When the register is read, the
following actions take place:

o Reset Interrupt Request (IRQ) signal.
o Interrupt Latch request bit reset in Register 5.
e Busy Error is reset in Register 5.

e Parity Error is reset in Register 5.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0
[ x x x x x x x x|
DMA Registers

Three write-only registers initiate all DMA activity. The
following Mode bits must be set appropriately, before a
write operation is performed in any of these registers.
Data (D0-7) are not valid and are meaningless when a
write operation is being performed in one of the DMA
registers.

Target | DMA Block*

Mode | Mode | Mode DMA Register Selected
X 1 1/0 Start DMA Send
1 1 1/0 Start DMA Target Receive
0 1 1/0 Start DMA Initiator Receive

* This bit is set (1) to enable Block Mode DMA transfer. If it is 0, a
normal DMA transfer is initiated.

Start DMA Send Register—5 (Write Only)
FUNCTION:

Initiates a DMA send from the DMA to the SCSI bus,
during either a Target or an Initiator operation. The
DMA MODE bit (Register 2, bit 1) must be set prior to
starting a DMA operation.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 ¢
X X X X X X X X
| |

Start DMA Target Receive Register—6 (Write Only)
FUNCTION:

Initiates a DMA receive from the SCSI bus to the DMA,
during Target mode only. Both the DMA Mode bit
(Register 2, bit 1) and the TARGET Mode bit (Register
2, bit 6) must be set.

REGISTER CONFIGURATION

5 4 3 2 1 0
[ x X X X X X X x|

Start DMA Initiator Receive Register-—7 (Write Only)
FUNCTION:

Initiates a DMA receive from the SCSI bus to the DMA,
during Initiator mode only. The DMA Mode Bit (Register
2, bit 1) must be set, and the TARGET Mode Bit
(Register 2, bit 6) must be reset prior to this operation.

REGISTER CONFIGURATION

7 6 5
| x X X X X X X
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DMA Status Register—5 (Read Only)

FUNCTION:

Monitors the control signals not found in the Current
SCSI Bus Status Register (ATN, ACK), and six status
bits.

REGISTER CONFIGURATION

7 6 5 4 3 2 1 0
X X X X X X X X
X _x : |

I
I Monitor ACK
Monitor ATN
Monitor Busy Errors

Phase Match

Interrupt Request
Parity Error

DMA Request

End of DMA Transfer

BIT 7—END OF DMA TRANSFER

END_OF DMA TRANSFER = 1: This bit is set only if a
valid EOP has been received: DACK, EOP and either the
read initiate (IOR) or write initiate (IOW) signals are
active at the same time. REQ and ACK should be
monitored to make sure that the last byte has actually
been transferred, since EOP may go active while the last
byte is being sent to the Output Data Register.

This bit is reset by whenever the DMA MODE bit is reset
in the Mode Register. This may occur when the busy
condition is lost. Therefore, the DMA STATUS Register
should be read before resetting the ASSERT BSY bit
(Register 1, bit 3), at the conclusion of the DMA transfer.

BIT 6—DMA REQUEST

DMA REQUEST = 1: Permits the CPU to read the output
pin DRQ.

The bit is cleared by resetting the DMA MODE bit in the
Mode Register, or by asserting DACK and |OW for DMA
send (write) operations, and DACK and |OR for DMA
read operations. It is not reset if a Phase Mismatch
Interrupt Occurs

BIT 5—PARITY ERROR

PARITY ERROR = 1: Indicates that a parity error has
occurred during device selection, or during receipt of
data.

It can be set only when the ENABLE PARITY CHECK bit
is active. It is cleared by reading the RESET PARITY/
INTERRUPT Register (7).

BIT 4—INTERRUPT REQUEST ACTIVE

INTERRUPT REQUEST ACTIVE = 1/0: Indicates the
current state of the IRQ output.

The bit is cleared by reading the Reset Parity/Interrupt
Register.

BIT 3—PHASE MATCH

PHASE MATCH = 1: When active, it indicates whether
the lower three bits of the Target Command Register
match the Current SCSI bus signals, MSG, C/D, I/0.
This bit must be set before data is transferred on the
SCSI bus. The bit is updated constantly, to reflect the
current status. |t is used by the initiator. (SCSI signals
MSG, C/D and I/0 indicate the current transfer phases.)

BIT 2—BUSY ERROR

BUSY ERROR = 1: Indicates the loss of the BSY signal. it
is set if MONITOR BUSY is active (1) and BSY goes
inactive for at least the bus-settle period of 400ns. When
this bit is set, SCSI outputs are disabled, and DMA
MODE is reset.

BIT 1—MONITOR ATN

MONITOR ATN = 1/0: Indicates the condition of the
SCSI bus control signal ATN. This bit is monitored by the
CPU.

BIT 0—MONITOR ACK

MONITOR ACK = 1/0: Indicates the state of the SCSI bus

control signal ACK. This bit is monitored by the target
device.

DATA TRANSFER MODES

The KS53C80 controls data transfer between SCSI bus
devices. It supports four operating modes:

o Programmed Input/Output (I/0) transfer

o Normal Direct Memory Access (DMA) transfer

o Block DMA transfer

e Pseudo DMA transfer.

Programmed I/O Transfer

This transfer mode is used to transfer small data blocks,
such as control, message or status.
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To start an initiator send operation, bits C/D, 1/0 and
MSG in the Target Command Register are set to enable
control or data to be placed on the bus; to enable the
SCS! bus as an input or an output device; and to
determine whether the transfer is a message or non-
message transfer.

For an operation to start, there must be a phase match;
ASSERT DATA BUS must be active, and the 1/0 signal
must be inactive. The handshake signals REQ and ACK
are monitored and asserted individually, by reading the
CPU and writing the appropriate register bits.

The data to be transferred is loaded into the Output Data
Register (0). The processor waits until REQ is asserted
(Register 4, bit 5), and then looks for a Phase Match. If
there is an appropriate match, ASSERT ACK is asserted,
to complete the handshake. The CPU samples REQ until
it becomes inactive, indicating that the request for
transfer has been met. At that point, ASSERT ACK is
reset.

Normal DMA Transfer

DMA transfers are generally used to transfer large
blocks of data. The DMA Mode bit must be set, and the
BLOCK Mode bit must be reset.

To initiate a DMA transfer the KS53C80 generates a DMA
request (DRQ) to transfer a byte to or from the DMA
Controlier. This DRQ is output to the DMA Controller.
The DMA Controlier acknowledges receipt, with the DAGK
handshaking signal, and asserts either IOR or IOW, to
enable a read or a write operation, respectively. DRQ is
terminated when DACK. goes active, and DACK is
terminated at the end of the minimum pulse width for
IOR or IOW. This procedure is followed for each byte
transferred. Note that DACK must not be active while CS
is active.

DMA Block Transfer

To increase transfer rate, an external DMA device, such
as the KS82C37 can go into block mode transfer, and
perform sequential DMA transfers, without giving up the
bus to the CPU. Block mode transfers are supported for
both Target and Initiator roles. In this mode, the BLOCK
Mode bit must be set.

Atthe start of the transfer, DRQ is asserted, as for normal
transfer. DACK is then asserted, to acknowledge request,
and remains active during the entire transfer. While DACK
is active, the CPU cannot gainaccess to the system bus.
IOR or IOW is asserted, to initiate the read or write
operation. When the read or write initiate is terminated,
READY goes active, indicating that the KS53C80 is ready
for another data transfer. READY is used to insert wait
states in a read or write cycle as long as READY is low.

To get the best performance in block mode, the DMA
logic may optionally use the normal DMA mode DRQ-
DACK handshaking.

Block Mode transfers end when 1OR or 1OW goes
inactive. This means that another transfer can be initiated,
without waiting for DACK, thus increasing the data
throughput rate.

READY will be false (low) whenever the Input Data
Register (R6) or the byte in the Output Data Register
(RO) is not sent to the SCSI data bus.

Care must be taken when using READY as a DMA
request signal. If a phase mismatch error occurs during
transfer, READY will remain inactive and INT will be
asserted. In this instance, the control has to given back
from the DMA Controller to the CPU so that the interrupt
can be received.

Emulated DMA Mode Transfer During I/O Transfers

To improve performance during l/O transfers, and avoid
continually monitoring and asserting REQ and ACK, the
system may be set up to emulate DMA mode during i/0
transfers.

The KS53C80 operates in DMA mode, and uses the CPU
to generate the DMA handshake signals. DRQ is then
monitored by polling the DMA REQ bit (6) in the DMA
Status Register (5); by sampling the signal through an
external 10 port; or by using it to generate a CPU
interrupt.

When DRQ is detected, the CPU can proceed with a
DMA read or write transfer. External decoding is used to
generate the appropriate IOR, IOW and DACK signals.
Since external logic is often needed to generate CS, the
designer can take advantage of the same logic to
generate DACK at no extra cost.

Halting DMA Operation

The DMA operation may be halted in a number of ways,
as described below.

Using the EOP Signal

To halt DMA operation, EOP is asserted for the required
minimum time while IOR or IOW and DACK are simuita-
neously active. If EOP goes active and neither IOR or
IOW is active, an interrupt is generated, but the DMA
transfer continues.
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The EOP signal does not reset the DMA MODE bit, so
Pprovisions must be made to do this. In addition, since
EOP may go active during the last byte sent to the
Output Data Register, the REQ and ACK signals should
be monitored to make sure that the last byte has actually
been sent. In addition, LAST BYTE SEND (Register 3, bit
7) can be monitored. Note that this bit is not implemented
in all 5380-type SCSI controllers.

Bus Phase Mismalich interrupt

Bus phase mismatch halts a DMA transfer. This method
can be used if the KS53C80 is operating as an initiator. It
prevents recognition of REQ, and disables all the SCSI
data and parity drivers. If REQ becomes active, an
interrupt will be generated. The DMA transfer is stopped,
however the DMA MODE bit must be reset by the CPU or
by a valid EOP signal.

Resetling the DMA MODE Bit

A DMA mode transfer may be terminated at any time by
resetting the DMA MODE bit. This_bit should also be
reset if the operation was halted by EOP or by a phase
mismatch interrupt.

If the DMA MODE bit is used instead of EOP during a
Target role operation, the time when the bit is reset is
critical, and in most instances, it is easier to use EOP
when the device is in Target Mode. If the KS53C80 is
receiving data as the target device, DMA MODE should
be reset when the last DRQ is received, 'ang 'before
DACK is asserted. Otherwise, an additional REQ will
occur. When DMA MODE is reset, DRQ is terminated.
However, the last byte received will remain in the Input
Data Register, and may be obtained either by performing
a normal CPU read operation, or by cycling DACK and
I0R.

The DMA MODE bit must be set before writing to any of
the Start DMA registers for subsequent bus phases.

INTERRUPTS

The KS53C80 generates an interrupt signal (IRQ) which
it sends to the processor when a task has been completed
or if an abnormal operating condition is detected. The
following occurrences will cause IRQ to be asserted:

e The KS53C80 is selected or reselected

e The operation is completed and EOP is asserted
during a DMA transfer

e The SCSI bus is disconnected and the BSY signal is
lost

e A parity error is detected

e The SCSI bus is reset
e There is a SCSI bus phase mismatch.

When the CPU receives an interrupt (IRQ), it reads the
DMA Status Register and the Current SCSI Bus Status
Register, to determine what was the cause of the
interrupt.

IRQ is reset by writing to the Reset Error/Interrupt
Register (7), or by driving RESET active to implement an
external reset.

Selection/Reselection Interrupt

A select interrupt occurs when the select signal (SEL) is
active; the device ID is valid, and the SCSI bus is not busy
(BSY inactive for a bus-settle delay of at least 400
nanoseconds). If I/O is active, this is considered to be a
reselect interrupt.

ID status is decided by amatch inthe ID Select Register (4).
A single-bit match is adequate to enable the interrupt.
SCSi bus protocol requires that not more than two
devices be active during the selection process. The
Current SCSI Data Register (0) is read to make sure that
this condition is met.

If parity checking is supported, parity is also expected to
be good during the selection phase. So if ENABLE
PARITY BIT (Register 2, bit5) is set, the PARITY ERROR
bit should be sampled to make sure that there is no parity
error.

The appropriate settings for the DMA Status Register
and Current SCSI Bus Register during a selection/
reselection interrupt are shown below.

DMA Status Register—5 Read Only
7 6 5 4 3 2 1

0
[0 o o+ x o x o]
|

Ak
ATN
Busy Error
Phase Match
Interrupt Request Active
Parity Error
DMA Request
End of DMA
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Current SCSI Bus Status Register—4 Read Only

7 6 5 4 3 2 1 0
[0 o o x xx +x]
T

SDBP

SEL

1o
C/D

MSG
REQ
BSY
RST
The select interrupt is disabled by writing all zeros into
the ID Select Register (4)

End of Process (EOP) Interrupt

An end of process signal (EOP) occurring during a DMA
transfer (DMA MODE active), sets the END OF DMA
status bit (Register 5, bit 7) and generates an interrupt.
ENABLE EOP INTERRUPT bit (Register 2, bit 3) is set.
EOP is not recognized unless EOP, DACK and either
IOR or IOW are concurrently active time. DMA transfers
will still occur if EOP is asserted.

The appropriate settings for the DMA Status Register
and the Current SCSI Bus Status Register during an
EOP interrupt, are shown below.

DMA Status Register—5 Read Only

7 6 5 4 3 2 1 0
[+ 0o 0o 1 0 0 0o x|

T

ACK
ATN

Busy Error
Phase Match
Interrupt Request Active
Parity Error

DMA Request

End of DMA

Current SCSI Bus Status Register—4 Read Only

7 6 5 4 3 2 1 0

[o 1 x x x x o x|
]
| soep
s
1 wo
_lem
| wsa
| mea
BSY
RST

This interrupt is disabled by resetting the ENABLE EOP
INTERRUPT bit.
Loss of Busy Interrupt

This interrupt is generated if the BSY signal goes false
(indicating disconnection of the SCSI bus) for at least a
bus-settle delay period of 400 nanoseconds.

The appropriate settings for the DMA Status Register
and the Current SCSI Bus Status Register during a loss
of BSY interrupt, are shown below.
DMA Status Register—5 Read Only

7 6 5 4 3 2 1 0

IT? 0 0 1 X 1 0

0]
I

ACK
ATN

Busy Error
Phase Match
Interrupt Request Active
Parity Error

DMA Request

End of DMA

Current SCSI Bus Status Register—4 Read Only

7 6 5 4 3 2 1 0
F)ooxxx1x]
.[I
SDBP
I sEL
/0
C/D
MSG
REQ
BSY
RST

The Loss of Busy Interrupt is disabled by resetting the
MONITOR BUSY bit.

Parity/Error Interrupt

Parity status is checked by reading the Current SCSI
Data Register. If the PARITY ERROR bit is set, an
interrupt will be generated, provided that the ENABLE
PARITY CHECK bit (5) and ENABLE PARITY INTERRUPT
bit (Register 2, bit 4) are set in the Mode Register
(Register 2, bit 5). The parity checking feature can be
used without generating a parity error interrupt if the
ENABLE PARITY CHECK bit is disabled.

The appropriate settings for the DMA Status Register
and the Current SCSI Bus Status Register during Parity
Error interrupt, are shown below.
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DMA Status Register—5 Read Only

7 6 5 4 3 2 1 0
[0 x 1 1 1 0o x x|

l |

'ACK

ATN

Busy Error
Phase Match
Interrupt Request Active
Parity Error
DMA Request
End of DMA

Current SCSI Bus Status Register—4 Read Only

7 6 5 4 3 2 1 0
[0 0 0o x x x 1 x]
II
| spep
=
7s)
o)
MSG

SCSI Bus Reset Interrupt

RST going active generates the SCSI Bus Reset Interrupt.

After abus clear delay of 800 nanoseconds, the KS53C80

releases all bus signals. This type of interrupt may also

be generated by setting ASSERT RST (Register 1, bit 7).

Since RST is notlatched in the Current SCSI Bus Status

Register, this bit may not be set when the register is read.
- The reset status may then be decided by default.

The appropriate settings for the DMA Status Register
and the Current SCSI Bus Status Register during SCS!
Bus Reset interrupt, are shown below.

DMA Status Register—5 Read Only

7 6 5 4 3 2 1 0
{o 0 0o x x 1

| ‘ACK

ATN

Busy Error

Phase Match

Interrupt Request Active
Parity Error
DMA Request
End of DMA

Current SCSI Bus Status Register—4 Read Only
7 6 5 4 3 2 1 0

(=]
(=]
[=]
x
x
-

This interrupt may not be disabled.

SCSI Bus Phase Mismatch Interrupt

The SCSI bus phases are controlled by I1/0, C/D and
MSG. These signals are constantly compared with
corresponding bits in the Target Command Register
(ASSERT 1/O, ASSERT C/D, ASSERT MSG). The
results of the comparison are stored in DMA Status
Register (PHASE MATCH).

If a phase mismatch is detected during a DMA transfer
(DMA MODE active) when REQ is active, an interrupt is
generated. REQ is not recognized during a phase
mismatch, and the KS53C80 is disconnected from the
SCSI bus during an initiator send operation. SDB0-7
cannot be driven, even if ASSERT DATA BUS is active.

This interrupt is significant only when the device is
acting as initiator. [t may occur in Target mode, if another
device is driving the phase lines to a different state.

The appropriate settings for the DMA Status Register
and the Current SCSI Bus Status Register during Bus
Phase Mismatch interrupt, are shown below.

DMA Status Register—5 Read Only

7 6 5 4 3 2 1 0
o 0 0 1 0 0 X 0]
1
'ACK
ATN
Busy Error
Phase Match
interrupt Request Active
Parity Error
DMA Request
End of DMA
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Current SCSI Bus Status Register—4 Read Only

7 6 5 4 3 2 1 0
[o 1+ 1+ x x x o x|
IT
SDBP
SEL
70
oo}
MSG
| mem
BSY
RST

The bus phase mismatch interrupt is disabled by resetting
the DMA MODE bit.

RESETS CONDITIONS
There are three ways in which the KS53C80 can be reset.

Chip Reset

The chip is reset when the RESET input from the
processor goes active and remains active for a minimum
time. The chip is initialized, and all internal registers and
control logic are cleared. This signal does not reset the
SCSI bus.

SCSI Bus Reset (RST) Received

The RST input from the SCSI bus generates an interrupt
(IRQ), and resets all internal logic and registers in the
chip, with the exception of the IRQ latch, and the
ASSERT RST bit 7 in the Initiator Command Register.

SCSI Bus Reset (RST) Issued

RST may also go active on the SCSI bus if the CPU sets

ASSERT RST (bit 7) in the Initiator Command Register.
RST clears all internal logic and registers, as described
above, with the exception of IRQ and ASSERT RST.
RST generated in this way remains active until either
ASSERT RST is reset, or until a chip reset is initiated.
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DC CHARACTERISTICS
This section provides the DC power characteristics for the KS53C80 SCSI Controller.

Absolute Maximum Ratings

Supply Voltage .............c..oeeellll. -0.5V to 7.0V Output Voltage ............coeiiiiiinnnn. 0V to Vge
Input Voltage .............cccoiiiiiiiiaa.. 0V to 5.5V Storage Temperature ................ -65°C to 150°C

Power Requirements

Symbol Parameter . Condition Min Typ Max Unit
Vee Supply Voltage 4.5 5.0 5.5 \
Ipp” Supply Current — 10 20 mA
Ta Ambient Temperature 0.0 25 70 °C

* All input pins should not be floating.

Input Requirements

Symbol Parameter Condition Min Typ Max Unit
Viy Input High Level 2.0 — 5.25 \
ViL Input Low Level -0.3 — 0.8 )
SCSI Bus
lin tnput High Level Viy = 5.5V — — 50 HA
I Input Low Level ViL =0V — — -50 UA
Other Pins
i Input High Level Vi = 5.5V — — 10 MA
I Input Low Level ViL=0v — — -10 UA

Output Requirements

Symbol l Parameter J Condition ’ Min T Typ T Max [ Unit
SCSI Bus
Vo | Output High Level | Voo = Min, Ig, = 48.0mA | — | — J o | v
Other Pins
Vou Output High Level Vgs = Min,, lgy = -3.0mA 2.4 — — \
VoL Output Low Level Vgs = Min,, Ig, = 7.0mA — — 05 v

AC SWITCHING CHARACTERISTICS
Figures 4 through 12 provide switching characteristics for a number of typical KS53C80 operations:

Figure 4. CPU Write Cycle Timing

Figure 5. CPU Read Cycle Timing

Figure 6. DMA Read (Block Mode) Target Receive Timing
Figure 7. DMA Write (Block Mode) Target Send Timing

Figure 8. DMA Read (Non-Block Mode) Target Receive Timing
Figure 9. DMA Write (Non-Block Mode) Target Send Timing
Figure 10. DMA Read (Non-Block Mode) Initiator Receive Timing
Figure 11. DMA Write (Non-Block Mode) Initiator Send Timing
Figure 12. Arbitration Timing

Figure 13. Reset Timing
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SMALL COMPUTER SYSTEM INTERFACE

Figure 4.

A0-2

CPU Write Cycle Timing

AN

) AANMIRRRNNANY

71—

T2.

X

G—TAJ

{—————T3
oW \_ A
SANNNANANNNNNY SKE‘( XA
1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units

T Address Setup to Write Enable 20 10 ns
T2 Address Hold from End Write Enable 20 10 ns
T3 Write Enable Width 70 35 ns
T4 | Chip Select Hold from End of IOW 0 0 ns
T5 Data Setup to End of Write Enable 50 20 ns
T6 | Data Hold Time from End of IOW 30 10 ns

Note: Write enable is the occurrence of CS and 10W.

Figure 5.

A0-2

CPU Read Cycle Timing

A\ e

& X -jf
|-——T3
- \ #
T4 T5:
27 AT VNNV
1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T Address Setup to Read Enable 20 10 ns
T2 Address Hold from End Read Enable 20 10 ns
T3 Chip Select Hold from End of IOR 0 0 ns
T4 Data Access Time from Read Enable 130 65 ns
T5 | Data Hold Time from End of IOR 20 10 ns
Note: Read enable is the occurrence of CS and I10R.
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Figure 6. DMA Read (Block Mode) Target Receive Timing

READY

SMALL COMPUTER SYSTEM INTERFACE

DRQ /

T

To
I

BACK )(

o \ | p 4 - b
9 AALARRLARRRARARRARARAARRANRN G

op )k " 7(

REG - L i N
ACK I I

T2—>fe—T13
SDBO0-5067
SDBP

1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max | Units
T1 | DRQ False from DACK True 130 60 ns
T2 | IOR Recovery Time 120 60 ns
T3 Data Access Time from Read Enable 100 110 50 ns
T4 | Data Hold Time from End of IOR 20 10 ns
TS | Width of EOP Pulse 100 50 ns
T6 | 1OR False to REQ True (ACK False) 190 70 ns
T7 | ACK True to REQ False 125 50 ns
T8 | ACK False to REQ True (IOR False) 170 70 ns
T9 | ACK True to READY True 140 60 ns
T10 | READY True to Valid CPU Data 50 20 ns
T11 | IOR False to READY False 20 125 140 70 ns
T12 SCSI DATA Setup Time to ACK True 20 10 ns
T13 | SCSI DATA Hold Time from ACK True 50 20 ns
Note: DACK, I0R, and EOP = 1, for at least T5 for EOP pulse recognition. Read enable is DACK and 1OR occurrence.
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SMALL COMPUTER SYSTEM INTERFACE

Figure 7. DMA Write (Block Mode) Target Send Timing

DRQ J

|e——T1
T2 ht) |
ow \ 7 *__
Y—Tl T5 J
DO-D7 X
o 6
] * A
l———— T7 T8 —
AEO )
, s -
=X !
T10 t ™ »! l-—————nz————-—»'
READY *
T13 { } T4
gg—:g‘.—sm BYTE N-1 ‘* X BYTE N
1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T1 DRQ Faise from DACK True 100 130 60 ns
T2 Write Enable Width 100 50 ns
T3 Write Recovery Time 120 60 ns
T4 Data Setup to End of Write Enable 50 20 ns
T5 | Data Hold Time from End of TOW 40 20 ns
T6 | Width of EOP Pulse 100 50 ns
T7 | ACK True to REQ False 125 60 ns
T8 | REQ from End of IOW (ACK False) 180 100 ns
T9 | REQ from End of ACK (IOW False) 170 90 ns
T10 | ACK True to READY True 140 70 ns
T11 | READY True to IOW False 70 30 ns
T12 | TOW False to READY False 20 130 140 70 ns
T13 | DATA Hold Time from ACK True 40 20 ns
T14 | Data Setup to REQ True 60 30 ns
Note: DACK, 10W, and EOP = 1, for at least T6 for EOP pulse recognition. Write enable is DACK and 1OW occurrence.
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Figure 8. DMA Read (Non-Block Mode) Target Receive Timing

DRQ ]{ 4——12——%———
-« T1
BACK \¥ 7!
le——— 13—
ioR 7[

DO-W\EEEEEE\EE:}EE:}}:::}.Eﬁ—;}i;;>§§+ - *}::EE}}}}}

7 L—n—»

REQ \ / j

. _.___3‘_79_’1 JF-—"HD

ACK i .

TN —— o f——T12—|
1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T1 | DRQ False from DACK and IOR True 130 60 ns
T2 | DACK False to DRQ True 30 20 ns
T3 | DACK Hold Time from End of IOR 0 0 ns
T4 | Data Access Time from Read Enable 115 60 ns
(IOR and DACK Low)

T5 | Data Hold Time from End of IOR 20 10 ns
T6 | Width of EOP Pulse 100 50 ns
T7 | ACK True to DRQ True 110 60 ns
T8 | DACK False to REQ True (ACK False) 150 70 ns
T9 | ACK True to REQ False 125 60 - ns
T10 | ACK False to REQ True (DACK False) 150 70 ns
T SCSI DATA Setup Time to ACK 20 10 ns
T12 SCSI DATA Hold Time from ACK 50 20 ns

Note: DACK, IOR, and EOP = 1, for at least T6 for EOP pulse recognition. Write enable is DACK and IOR occurrence.
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Figure 9. DMA Write (Non-Block Mode) Target Send Timing

oRQ —__———/ 1__n ‘_j( ~ "‘j [
N f

[ ——T3 T4

iow \ 7

T5—— o l————— T
Do-D7 y
T7—m———p{
£op F

. ‘4——— T9
. |-————— T8
REQ 3

— T 11—
u——'no——»’
ACK QF
Jj—m————» e ———

SDB0-SDB7
SDBP

DACK i

1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T1 | DRQ False from DACK True 130 60 ns
T2 | DACK False to DRQ True 30 20 ns
T3 Write Enable Width 100 50 ns
T4 | DACK Hold from End of IOW 0 0 ns
T5 Data Setup to End of Write Enable 50 20 ns
T6 | Data Hold Time from End of IOW 40 20 ns
T7 | Width of EOP Pulse 100 50 ns
T8 | ACK True to REQ False 125 60 ns
T9 | REQ from End of DACK (ACK False) 150 70 ns
T10 | ACK True to DRQ True 110 50 ns
T11 | REQ from End of ACK (DACK False) 150 70 ns
T12 | SCSI DATA Hold Time from Write Enable 15 10 ns
T13 | SCS! DATA Setup to REQ True 60 | 30 ns

Note: DACK, 10W, and EOP = 1, for at least T7 for EOP pulse recognition. Write enable is DACK and 1OW occurrence.
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SMALL COMPUTER SYSTEM INTERFACE

Figure 10. DMA Read (Non-Bilock Mode) Initiator Receivé Timing

DRQ /

- , \

[—T4

T3

27 AAAVA NV ANA NN ANV NNV

= S— \
Fn»l ]

REQ \

K

[€——T6

|\

T10

T —la——T12
gDBO—SDB7
B

1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T1 | DRQ False from DACK True 130 60 ns
T2 | DACK and IOR False to DRQ True 30 20 ns
T3 | DACK Hold Time from End.of IOR 0 0 ns
T4 Data Access Time from Read Enable 115 60 ns
T5 | Data Hold Time from End of IOR 20 10 ns
T6 Width of EOP Pulse 100 50 ns
T7 REQ True to DRQ True 150 70 ns
T8 | DACK False to ACK (REQ False) 160 80 ns
T9 | REQ True to ACK True 160 80 ns
T10 | REQ False to ACK False (DACK False) 140 70 ns
™ SCSI DATA Setup Time to REQ 20 10 ns
T12 SCS! DATA Hold Time from REQ 50 20 ns
Note: DACK, IOR, and EOP = 1, for at least T6 for EOP pulse recognition. Write enable is DACK and IOR occurrence.
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Figure 11. DMA Write (Non-Block Mode) Initiator Send Timing

BACK 3( 71

T3 T4

iow A\ £

| TS5 T6

DO-7 *

1 P -
EOP \~L ;(

| T8 —————~|
1
REQ
T8 T10

Ack X

’<—T12————> le—T1

gg%g—som BYTE N-1 BYTE N

1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
Tt | DRQ False from DACK True 130 60 ns
T2 | DACK False to DRQ True 30 20 ns
T3 Write Enable Width 100 50 ns
T4 | DACK Hold from End of IOW 0 0 ns
T5 Data Setup to End or Write Enable 50 20 ns
T6 | Data Hold Time from End of IOW 40 20 ns
T7 Width of EOP Pulse 100 50 ns
T8 | REQ True to ACK True 160 80 ns
T9 | REQ False to DRQ True 110 50 ns
T10 | DACK False to ACK Faise 150 70 ns
™ IOW False to Valid SCSI Data 100 50 ns
T12 DATA Hold Time from Write Enable 15 10 ns

Note: DACK, IOW, and EOP = 1, for at least T7 for EOP pulse recognition. Write enable is DACK and IOW occurence.
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Figure 12. Arbitration Timing

SMALL COMPUTER SYSTEM INTERFACE

— i

Tt ———»

. SENTNNNNNINANANNANY = B CAAANANNNNNNN

ARBITRATION

IN PROGRESS (R1 BIT 6) EL
T3————>
- ‘Z
1.5M/sec. 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
T1 | SCSI Bus Clear from SEL True 0.6 06 us
T2 ARBITRATE Start from BSY False 1.2 2.2 1.2 2.2 us
T3 SCSI Bus Clear from BSY False 04 11 04 11 us
Figure 13. Reset Timing
! 1 |
RESET { }é
1.5M/sec 3.0M/sec
Name Description Min Typ Max Min Typ Max Units
m™ Minimum Width of Reset 100 50 ns
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PACKAGING

The Samsung KS53C80 SCSI controller is available in 44-pin PLCC package. Figure 14 shows the dimensions
two packages. Figure 13 shows the dimensions of the of the 48-pin DIP package.

Figure 14. KS53C80 44-Pin PLCC Package

Units: Inches

Figure 15. KS53C80 48-Pin DIP Package
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KS68C45S

CRT CONTROLLER

FEATURES/BENEFITS

Programmable:

— Number of characters displayed

— Interlace or non-interlace scan modes
- Cursor format and blink rate

— Cursor skew

~ Horizontal and vertical SYNC signal
— Display timing

e 3.7 or 6 MHz display operation

o Bufferiess line refresh

o No DMA required

o Built-in light-pen detection function

¢ Supports paging and scrolling by page, line, or

DESCRIPTION

The KS68C45S CRT Controller (CRTC) provides an
interface for computers to raster-scan type CRT displays.
The Controller's data and control lines are fully compa-
tible with the 6800 MPU. The Controller generates timing
signals necessary for the raster-scan type CRT display
based on specifications programmed into the Controller's
registers.

Because it is programmable, the CRT Controller is
capable of a wide-range of CRT display-types from small
character displays up to raster-type full-graphic dispiays
as well as large, limited-graphic displays.

Figure 2a: KS68C45S 44-Pin PLCC

character @ g8
9538 sEa3353
o TTL-compatible low-power CMOS OO00000000en
/6 5 4 3 2 1 4443 42 41 40
e 512K address space for graphic systems ma2[] 7 o) 39 {] RA3
mMa3[] s 38 ] rae
o 16K refresh memory for character or semi-graphic maa[] o 37 [ oo
displays mas [ 10 % [] o1
mas (] 11 35 [ o2
¢ Single +5V power supply wmaz ] 12 KS68C45S u [ os
mas ] 13 33 [ pa
" Mag [ 14 32105
Figure 1. System Block Diagram waro ] 15 o i oe
ma11 (] 16 30 [Jo7
Nc[] 17 29 [1NC
mggzm VIDEO SIGNAL VIDEO 18 19 20 21 22 23 24 25 26 27 28
CONTROLLER DoooooJogoo
S28885ETege
E— 327450
ADDRESS BUS 8
LIGHT s
PEN Figure 2b: KS68C45S Pin DIP
LIGHT PEN
CONTROL
ARG LPSTB
rl P —» S
MPU
BUS DRIVER
MAQ-MA13
DATA BUS 3
DO-D7 §
CLK
osc |21 |2 2 ]
3
l | CHARACTER I
RAO-RA4 GENERATOR
DE; CURSOR; H-SYNC; V-SYNC
— ——
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Table 1: KS68C45S Signal Descriptions
The CRTC provides 13 signals to the MPU and 25 interface signals to the CRT display.

Symbol l Type | Name and Function

Processor Interface

Do-Dy /0 | Bi-directional DataLines: Used for data transfer between the CRTC and MPU. Qutputs of the
data bus are 3-state buffers that remain in the high-impedance state unless the MPU performs
a CRTC read operation.

EN [ Enable: Input which enables the data bus input/output'buffers and clocks data to and from
the CRTC. This signal is usually derived from the processor clock. The HIGH-to-LOW
transition is the active edge.

CS | Chip Select: Input which selects the CRTC, when LOW, to read or write to the internal register
file. This signal should only be active when there is a valid stable address being decoded from
the processor.

RS 1 Register Select: input used to access internal registers. A LOW on this pin allows writes into
the Address Register and allows reads from the Status Register. When HIGH, the data register
is selected. The contents of the Address Register = the identity of the register accessed when

RS is high.

R/W | Read/Write: Input which determines whether the internal register file is written to (LOW) or
read from (HIGH).

RES I | Reset: When LOW, forces the CRTC into the following status:

1) All counters in the CRTC are cleared and the device stops the display operation.
2) All outputs go LOW.

Control registers in the CRTC are not affected, and remain unchanged.

This signal has the following restrictions for usage:

1) RES is effective only when Light-Pen Strobe (LPSTB) is LOW.
2) The CRTC starts the display operation immediately after RES goes HIGH. Display Enable
(DE) and the cursor are not active until after the first frame has been displayed.

The RES input and the LPSTB input are encoded as shown:

RES LPSTB Operating Mode
0 0 Reset
0 1 Test Mode
1 0 Normal Mode
1 1 Normal Mode

After RES has gone |L.OW (and LPSTB =0), MAg-MA 13 and RAp-RA4 will be driven low on the
falling edge of CLK. RES must remain low for at least one cycle of the character clock (CLK).

77

£ SAMSUNG



K868C4SS CRT CONTROLLER

Table 1: KS68C45S Signal Descriptions (Continued)

Symbol JType l

Name and Function

Internal Signals to the CRT Display

CLK I Character Clock: A standard clock input signal which defines character timing for the CRTC
display operation. This signal is normally derived from the external dot-timing logic.

H-SYNC (o] Horizontal Sync: Provides horizontal synchronization for the display device.

V-SYNC (o] Vertical Sync: Provides vertical synchronization for the display device.

DE O Display Enable: Defines the display period in horizontal and vertical raster scanning. When

HIGH, this signal enables the video signal.

MAG-MA;3 | O

Refresh Memory Address 0-13: Used to address up to 16K-words of frame buffer for character
storage and display refresh operations. The starting scan address is fully programmable and
the ending scan address is determined by the total number of characters displayed, which is
also programmable in terms of characters/line and lines/frame. The buffer can supportup to 8
pages at 2000 characters per page.

RAg-RA, o)

Raster Address 0-4: Selects the raster of the character generator or graphic-pattern generator.

CURSOR (6]

Cursor: Used to display the cursor on the CRT screen. This output is inhibited while DE is
LOW. This output is normally mixed with the video signal. The cursor may be programmed to
any character in the address field. Within the character, the cursor may be programmed to be
any block of scan lines, since the start-scan line and the end-scan line are both programmable.

LPSTB |

Light Pen Strobe: Edge-sensitive input which accepts a strobe pulse detected by the light-pen
control circuit. When this signal is activated, the refresh memory address (MAp-MA+3) is
stored in the 14-bit light-pen register.

Software must correct the stored refresh-memory address for the delay time of the display
device, light pen, and light-pen control circuits.

Vece

5V + 5%.

Vss

Ground.
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Figure 3. CRTC Block Diagram
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REGISTER DESCRIPTION

Table 2: Internal Registers Assignment

Address .

Register Regis- Data Bit
CS/RS|4 3 2 1 0(fer# Register Name ProgramUnit |Read Write | 7 | 6 | 5 | 4 |3 {2 |1 |0
1 (XX XX XX — —
01 01IX X X X X| AR {Address Register — X (o]
0|(1[0 000 0| RO |Horizontal Total* Character X [¢]
0|10 00 0 1| R1 |Horizontal Displayed |Character X [0}
0{1{0001 0| R2 ";'g;'tz'z’:a' Sync* Character X | o

Vertical-Raster,
0[1]0 001 1| R3 |Sync Width Horizontal- X O  |wv3|wv2 (wv1 |wv0 [wh3 wh2|wh1 |whO
Character

0/1]00 10 0| R4 |Vertical Total* Line X o
0|1(00 10 1| Rs |Vertical Total Adjust |Raster X (o)
0(1]/0 0 11 0| R6 |Vertical Displayed Line X (o]
0|10 011 1) R7 |Vertical Sync* Position|Line X o]
0|10 100 O R8 |Interlace & Skew — X O |{C1|COo (D1 |Do V|8
0| 1]0 100 1) R [MamumPaster |\ pagier X | o
0|10 10 1 0| R10 |Cursor Start Raster Raster X [¢] B |P
0 1 0 1 0 1 1| R11 {Cursor End Raster Raster X (0]
0(1]0 1 10 0] R12 |Start Address (H) — (o] (o]
0|1{01 10 1|RI3 |Start Address (L) — (o] (¢]
0|1]0o1 11 0|R14 |Cursor (H) — o o
0[1(01 11 1]R15 |Cursor (L) — o o
0|1{1 00 0 0|R16 |Light Pen (H) — le) X
0]1|1 00 0 1] R17 {Light Pen (L) — (o] X
Notes:

1. The Registers marked *: (Written Value) = (Specified Value) - 1
2. Written Value of R9 is mentioned below.
R {‘:“l’:"g‘cf”sa;:c”,;g:e (Written Value Nr) = (Specified Value) - 1
2) Interlace Sync & Video Mode
(Written Value Nr) = (Specified Value) - 2
3. CO and C1 specify skew of CUDISP output signal.
D0 and D1 specify skew of DISPTMG output signal.
When S is “1”, V specifies video mode. S specifies the Interlace Sync Mode.
. B specifies the cursor blink. P specifies the cursor blink period.
5. wv0 ~ wv3 specify the pulse width of Vertical Sync Signal.
wh0 ~ wh3 specify the puise width of Horizontal Sync Signal.
. RO is ordinally programmed to be odd number in interlace mode.
O: Yes, X; No
. The X bits are don't care.

ES

o NO®
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CRT CONTROLLER

FUNCTIONAL DESCRIPTION

The KS68C45S CRT Controller consists of programmable
horizontal and vertical timing generators, a program-
mable linear address register, programmable cursor
logic, a light-pen capture register, and control circuitry
for interface to a processor bus.

All CRTC timing is derived from the CLK, usually the
output of an external dot-race counter. Coincidence
circuits continuously compare counter contents to the
contents of the programmable register file, Rg-R47. For
horizontal timing generation, comparisons result in: 1)
horizontal synch pulse (H-SYNC) of a frequency, position,
and width determined by the registers; and 2) horizontal
display signal of a frequency, position, and duration
determined by the registers.

The horizontal counter produces H clock which drives
the scan-line counter and vertical control. The contents
of the raster counter are continuously compared to the
maximum scan-line address register. A coincidence
resets the raster counter and clocks the vertical counter.

Comparisons of vertical counter contents and vertical
registers result in: 1) vertical sync pulse (V-SYNC) of a
frequency and position determined by the registers; and,
2) vertical display signal of a frequency and position
determined by the registers.

The vertical control logic has two other functions:

1) To generate row selects, RAg-RA4, from the raster
counter for the corresponding interface or non-
interlace modes.

2) To extend the number of scan lines in the vertical
total by the amount programmed in the vertical-totat
adjust register.

The linear address generator is driven by the CLK and
locates the relative positions of characters in memory
with their positions on the screen. Fourteen lines,
MAg-MA 13, are available for addressing four pages of 4K
characters each, eight pages of 2K characters each, or
any combination totalling 16K characters. The linear
address generator repeats the same sequence of ad-
dresses for each scan line of a character row.

The cursor logic determines the cursor location, size,
and clock rate on the screen. These features are all
programmabile.

The light-pen strobe going HIGH causes the current
contents of the address counter to be latched in the
light-pen register. The contents of the light-pen register
are subsequently read by the processor.

Internal CRT Controller registers are programmed by

.the processor through the data bus, Dy-D7, and the

control signals: R/W, CS, RS, and EN.
OPERATIONAL DESCRIPTION

Control Modes
There are four control modes:

1) Non-interlace Mode
2) Interlace Sync Mode
3) Interlace Sync and Video Mode (even)
4) Interlace Sync and Video Mode (odd)

Non-Interlace Mode

In Non-Interlace Mode each field is scanned twice, and
addresses RAg-RA4 are counted up one, from zero.

Interlace Sync Mode

In Interlace Sync Mode, the raster address in the even
and odd fields is the same as that addressed in the
Non-Interlace Mode. One character pattern is displayed
inboth fields, but, the displayed position of that character
is 1/2 the raster space down from its position in the even
field.

Interlace Sync and Video Mode (even)

TRN (total number of rasters) is programmed to be even.
An even-field is output by even raster-addressing.

Interlace Sync and Video Mode (odd)

TRN is programmed to be odd. An odd-field is output by
odd raster-addressing. Odd and even addresses are
reversed to the odd and even lines in each field. This
reversal creates a more stable interlace display than
when TRN is programmed even.

Cursor Control

Start and end values are programmed to the raster
register and must meet the condition Cursor Start <
Cursor End < Maximum raster address register.

=§§sAM§un|G
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CRT CONTROLLER

Internal Registers

Internal registers are:

Register
Symbol Register Name
AR Address Register
Ro Horizontal Total Register
R4 Horizontal Displayed Register
Ro Horizontal Sync Position Register
R3 Sync Width Register
R4 Vertical Total Register
Rs Vertical Total Adjust Register
Rg Vertical Displayed Register
Rs Vertical Sync Position Register
Rg Interlace and Skew Register
Rg Maximum Raster Address Register
R1o Cursor Start Raster Register
Ry Cursor End Raster Register
R12, Ry3 Start Address Register
R14, Ris Cursor Register
R+6 R17 Light Pen Register

Table 3: Functional Description of Internal Registers

AR — Address Register

A 5-bit register used to select the internal control
registers (Rg-R17). This register is the address of one of
the control registers. In order to access the control
registers, the address of the control register must be
written to the Address Register. (Programming data
from binary 8 to binary 13 into the Address Register
produces no results.)

To select AR, RS and CS must equal 0.

Ro — Horizontal Total Register

An 8-bit register used to program the total number of
horizontal characters per line. This number mustinclude
the retrace period and is programmed according to the
CRT specification. If N is the total number of characters,
N-1 is programmed to this register. N must be even for
the Interlace Mode.

R4 — Horizontal Displayed Register

An 8-bit register used to program the number of
horizontal dispiayed characters per line. Any number
less than the total number of horizontal characters can
be programmed.

Ry — Horizontal Sync Position Register

An 8-bit register used to program the horizontal sync
position as a multiple of the character clock period. Any
number less than the total horizontal number can be
programmed. If H is the character number of the
horizontal sync position, H-1 is programmed to this
register.

The value of this register determines the optimum
horizontal position. The display position on the CRT
screen moves to the left if the programmed value of this
register is increased. The display position on the CRT
screen moves to the right if the programmed value of this
register is decreased.

R3 — Sync Width Register
7

I v [ el "l al+]

An 8-bit register used to program the horizontal and
vertical sync pulse width. The horizontal sync (H-SYNC)
width is programmed to the least-significant 4 bits of R3
as multiples of the character clock period. Zero cannot
be programmed. The vertical sync (V-SYNC) is pro-
grammed to the most-significant 4 bits of Rz as multiples
of the raster period. If 0 is programmed in the most-
significant 4 bits, a raster period of 16 (16H) is specified.

Table 4: Raster Scan Mode
Raster Scan Mode (2!, 29)

Non-Interlace Mode

Interlace Sync Mode

wlol-ol<
- |loo|®n

ey

Interlace Sync & Video Mode

R4 — Vertical Total Register

A 7-bit register used to program the total number of lines
per frame, including the vertical retrace period. This
register must be programmed according to the CRT
specification. If L is the total number of lines, L-1 is
programmed to this register.

Rs — Vertical Total Adjust Register

A 5-bit register used to program the optimum number to
adjust the total number of rasters per field. This register
is also used to decide the vertical deflection frequency.

¢ SAMSUNG
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Rg — Vertical Displayed Register Table 6: Pulse Width of Horizontal Sync Signal
A 7-bit register used to program the number of displayed Horizontal Sync Signal ¥ |
character rows on the CRT screen. Any number less HSW
than the total number of vertical characters can be » P P
programmed. Pulse Width 2 20
— 0 0 0 0
R; — Vertical Sync Position Register 1CH 0 0 0 1
2 0 0 1 0
A T7-bit register used to program the vertical sync 3 0 0 1 1
position on the screen as multiples of the horizontal 4 0 1 0 0
character line period. Any number less than the total 5 0 1 0 1
number of vertical characters can be programmed. If Vis 6 0 1 1 0
the character number of the vertical sync position, V-1is 7 0 1 1 1
programmed to this register. g 1 g g ‘13
If the programmed value of this register is decreased, the 10 1 0 1 0
display position is moved down on the CRT screen. If the 1 1 0 1 1
programmed value of this register is increased, the 12 1 1 0 0
display position is moved up on the screen. 13 1 1 0 1
14 1 1 1 0
Table 5: Pulse Width of Vertical Sync Signal 15 1 1 1 1
Vertical Sync Signal o s oo e
vsw 1
Pulse Width o7 26 25 24 Rg — Interlace and Skew Register
16H 0 0 0 0 7 Y
1 0 0 0 1 ‘01‘colo1|oo‘ ' 'v|s‘
2 0 0 1 0
3 g ? (1) :) An 8-bit register used to program the raster scan mode,
5 0 1 0 5 the skew of CURSOR, and Display Enable (DE).
6 0 1 1 0 In Table 7, bits 4 and 5 specify DE output delay (skew).
7 0 1 1 1 Bits 6 and 7 specify CURSOR output delay (skew) in two
8 1 8 g 0 characters, starting from 0. If 3is programmed to these
9 1 bits, the signal is not output.
10 1 0 1 0 R
1 1 0 1 1 Bits 2 and 3 are not used.
12 1 1 0 0 Bits 0 and 1 (V, S) specify scan modes.
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

H: Raster Period
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Table 7: DE and Cursor Skew

DE Skew (25, 2%) DO D1
Non-skew 0
One-character skew 1
Two-character skew 0
Non-output 1 1
" Cursor Skew Bits (27, 25) co ct
Non-skew 0 0
One-character skew 1
Two-character skew 0
Non-output 1 1

Rg — Maximum Raster Address Register

A 5-bit register used to program the maximum raster
address and to define the total number of rasters per
character, including line space.

In Interlace Sync Mode where TNR equals the Total
Number of Rasters, TNR equals 5. Where Nr equals the

Ry — Cursor End Raster Register

A 5-bit register used to program the cursor end raster
address.

Ry, Ri3 — Start Address Register

The two registers form a single 16-bit register used to
program the first address to be read out of refresh
memory, and used to program for paging and scrolling.
The most significant two bits of Ry, are aiways 0.

R14, R1s — Cursor Register (Read/Write)

The two registers form a single 16-bit register used to
store the cursor location. The most significant two bits of
Ry4 are always 0.

R4, R17 — Light-Pen Register (Read Only)

The two registers form a single 16-bit register used to
store the detected address of the light pen. The most
significant two bits of R4 are always 0.

Table 9: Programmed Values into the Registers

raster number and equals the programmed value, Nr Register Name Register Value
equals 4. Where X equals TNR, X - 1 is programmed. -
Horizontal Total RO Nht
In Non-interlace Mode, TNR = 5, Nr = 4, X - 2 is Horizontal Displayed R1 Nhd
programmed. Horizontal Sync Position R2 Nhsp
In Interlace and Video Mode, TNR =5, Nr = 3, X - 1 is Sync Width R3 Nvsw, Nhsw
programmed. Vertical Total R4 Nvt
Vertical Total Adjust R5 Nadj
R1p — Cursor Start Raster Register Vertical Displayed R6 Nvd
7 0 Vertical Sync Position R7 Nvsp
Interlace & Skew R8
N B ’ il L L [ t l J Max. Raster Address R9 Nr
A T7-bit register. The cursor start raster address is g”'sm gtaanRa?ter 21?
programmed in the least-significant 5 bits. The cursor ursor End naster
display mode is programmed to the most-significant 2 Start Address (H) R12 0
bits. Start Address (L) R13 0
Cursor (H) R14
Table 8: Cursor Display Mode Cursor (L) R15
Cursor Display Mode (25, 25) B P Light Pen (H) R16
Non-blink 0 0 Light Pen (L) R17
Cursor Non-display 0 ! Table 10: Raster Address Output
Blink 16 Field Period 1 0
ik o Tletd Terio No. of Rasters in a Line | Odd Field | Even Field
- old Peri
Blink 32 Field Period ! ! Even Odd Address | Even Address
odd 0Odd Line Even Address | Odd Address
Even Line Odd Address | Even Address

& SAMISUNG
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Restrictions on Internal Register Programming

0 < Nhsp = Nht 2 < Nr < 30 (Interlace Sync and Video Mode)

0 < Nvsp < Nvt (see note 1) 3 < Nht (not for Non-Interlace Mode)

0 < Nhd < Nht + 1 < 256 5 < Nht (Non-interlace Mode only)

0 < Nvd < Nvt +1 <128 Notes: |
0 = Nes = Nce = Nr (for Non-interlace and Interlace 1. The pulse widthis changed £1/2 the raster time when the vertical |
Sync Modes) sync signal extends over two fields in the Interlace Mode.

0= Ncs = Nce < Nr + 1 (for Interlace Sync and Video 2. Ncs = Cursor start, Nce = Cursor end

Mode)

Figure 4: Video Signal and Character Display

1CHAR. CLOCK
2 4 6 8

2
4 CHAR.
DISPLAY
1LINE| 6
"
SCAN | 8
LINES | 49 LINE
12 SPACE
1

- FHT AT [ | | FIRSTSCANLINE

| [ - 1| L | SECOND SCANLINE

CLK

MAO-MA13

RACO-RA4

LINE 0 N 1

Notes:

Tr = Raster Period

TL = Line Period = (Nr + 1) « Tr
a = Nhd

b = Nht

c = Nhd +1

Nr = Max. Raster Address
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Figure 6: CRT Screen Format

MAX. RASTER ADDRESS (Nr + 1)

NUMBER OF VERTICAL DISPLAYED CHARACTERS (Nvd)
NUMBER OF VERTICAL TOTAL CHARACTERS (Nvt + 1)

NUMBER OF HORIZONTAL TOTAL CHARACTERS (Nht + 1)
I_—_ NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (Nhd)

Figure 7: Raster Scan Display

Non-intertace Mode

0 e

1— o
2 -
3 —— ——

LINE #0

B S —
~--99o0-0-00eo---5 |LINE #1
—_— .

Total number of rasters in a line is even.

A 8—-4—cC
L HORIZONTAL
RETRACE
PERIOD
DISPLAY PERIOD
VERTICAL RETRACE PERIOD
i VERTICAL TOTAL ADJUST (Nadj)

Interlace Sync Mode

e +--6 |LINE#1
R i
———— e ---8

Total number of rasters in a line is odd.

LINE #0
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Figure 8: Vertical Timing Chart

B A lm—
e =
LINE| © l 1 1 2 ] 3 maT Nvsp ’ Nut
Nvd « TL e
eonson [T (1. [ nnne nr
Nvsp = T, C—>|
V-SYNC 1
Note:
Nvd = Number of vertical displayed characters
Nvsp = Vertical sync position
Nvt = Number of vertical total characters
Tadj = Nadj « Tr = Fine adjustment period of frame
Tvsw = Nvsw » Tr = Vertical sync pulse width
Tm = (Nvt + 1) = T+ Tadj = Frame period
A= Tad|
B=T,
@D = See Fig. 9a for the expansion of this region
@E = See Fig. 9b for the expansion of this region
Figure 9: Cursor Control
0 0
1 ‘1] 1
2 2 2
3 3 3
) 3 4
5 5 5
f 6 6
7 7 7
: : 3
10 13 1
Cursor Start Address = 9 Cursor Start Address = 9 Cursor Start Address = 1
Cursor End Address = 9 Cursor End Address = 10 Cursor End Address = 5
Figure 10:
Fon Torr ton T
—Pl ‘<— BLINK PERIOD = 16 OR 32 . FIELD PERIOD
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Figure 11: Horizontal Timing Chart

e TUM............. ..

CURSOR i ! |
|
L ‘ e |
wsynel .., — L
0 1 2 a b lo 12

e 00 aEEE—— 6 0 © & CE—— 'S &6

RA0-RA4 K 0

RASTER PERIOD Tr

Notes:

Tc = Character clock period

A = Horizontal display period Nht - Tc

B = Horizontal Retrace Period

C = Nhsp =~ Tc

D = Nhsw » Tc

a=Nhd-1

b = Nhd

Nhd = Number of Horizontal Displayed Characters
Nhsp = Horizontal Sync Position

Nht = Number of Horizontal Total Characters
Tr = Raster Period = (Nht + 1) » Tc

CRT CONTROLLER
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Figure 12a: Cursor Timing

LINE-RASTER AND CURSOR

RAQ-RA4

LINE# - 0 | LINE# = 1 ‘ LINE# - 2 ’
°|1|2[3J_" | Nr |o|1|2 3{ . IN! [ 1|2 3| _(‘ Nr l
CURSOR
CURSOR TIMING:
Nhd Nhd+Nht Nhd+Nht Nhd+Nht
Nhd+1 Nhd Nhd Nhd
Nhd+2 Nhd+1 Nhd+1 Nhd#+1
1 lnnmz l Nhd+2 lm-mz
I
wows| | || —= JJII =TIl = [[[[[=1]

RA0-RA4 1 I 2 3 I 4 l

CURSOR n ﬂ n

Note:

The foliowing are programmed in Cursor Display Mode:
Cursor Start: Raster Register = 1. Cursor End: Raster Register = 3
Cursor Register = Nhd + 2

in Blink mode: When field period is 16 or 32 time period, it is changed into display or non-display mode.
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Figure 12b: Fine Adjustment Period of Frame

VERTICAL PERIOD

~¢——————— VERTICAL RETRACE PERIOD: VERTICAL DISPLAY PERIOD

monne| o[ 1] 2] IEiE

N

£

o]

o Ve e pe Tan Tan Tas Innlpn e

Note:
A = Fine adjustment period of Frame Period.
Tadj = Nadj « Tr

Figure 13a: Switching from Vertical Period to Vertical Retrace Period

VERTICAL RETRACE PERIOD ]4—— VERTICAL DISPLAY PERIOD ——————————»

o 1 B I C D S I D0

LINE Nvd-2 Nvd-1 Nvd

*fUyuUuUL...JuuuuytL..... Il

Notes:
A = Fine adjustment period of Frame Period.
Tadj = Nadj * Tr
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Figure 13b: V-Sync Timing Chart

e ___Mrure...

|

1
V-SYNC

1 FRAME

Notes:
A = Vertical Display Period
B = Vertical Retrace Period

Figure 13c: H-Sync Timing Chart

DE

H-SYNC I l

Notes:
A = Horizontal Display Period
B = Horizontai Retrace Period

Figure 14: Refresh Memory Addressing (MA0O-MA13) Stage Chart

HORIZONTAL DISPLAY

—1CHAR, —

[

HORIZONTAL RETRACE PERIOD —
{NON DISPLAY)

0 0 1 . Nhd-1 Nhd . Nht
ofa] m n i
Nr 0 1 — Nhd-1 Nhd — Nht
o| Nha Nhd+1 | 2Nnd 2Nhd |, Nhd+Nht
14 t " " " "
Nrl Nhd Nhd+1 —|  2+Nhd-1 2Nhd | — Nhd+Nht
of 2Nnd 2Nhd+1 | _.| 3*Nhd-1 3Nhd | . 2Nhd+Nht
214 t 14 " "
Nr{ 2:Nhd 2:Nhd+1 —=|  3+Nha-1 3Nhd | — 2Nhd+Nht
0 | (Nvd-1)Nhd [ (Nvd-1)Nhd+1 | ___ Nvd+Nhd-1 Nvd:Nhd |___ | (Nvd-1 )Nhd+Nht
Nvd-1| ¢ (1 " " "
Nl (Nvd-1)Nhd | (Nvd-1)Nhd+1 |—|  Nvd-Nhd-1 Nvd*Nhd | =] (Nvd-1)Nhd+Nht
o [ NvdNhd e NharT || (varT)NRa-T | (Nva+T)Nhd || Nvd-NRA*NRT
wwa [ 4 # i 4 i i
Nr{ Nvd*Nhd Nvd*Nhd+1 | —= (Nvd+1)Nhd-1 | (Nvd+1)Nhd |— Nvd+Nhd+Nht
o Nvt-Nnd NviNhd+1 | _, | (NVE-)Nhd-1 | (Nvt+1)Nhd |__| Nvi-Nhd+Nht
Nvt |y +H +H +H ] i
Nri  NvisNhd Nvt:Nhd+1  |—=| (Nvt+1)Nhd-1 | (Nvi+1)Nhd |—=| Nvi-Nhd+Nnt
0 | (Nvi+1)Nhd | (Nvt+1)Nhd+1 || (Nvt+2)Nhd-1 | (Nvi+2)Nhd |___ [ (Nvi+2)Nhd+Nht
+ " [} t " t
Nadj-1 | (Nvi+1)Nhd | (Nvi+1)Nhd+1 |—| (Nvt+2)Nhd-1 | ( ) | (N

Notes:

0 — Nr; 0 — Nadj = Raster Address

0, 1, 2 — Nvd-1 = Line Number

0 — Nvd-1 = Vertical Display Period
Nvd — Nadj-1 = Vertical Display Period

Thick line square indicates valid refresh memory address (0 — Nvd+*Nhd-1).

Refer to Cursor Timing.
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Table 11: DC Characteristics
Ve = 5.0V £ 5%, Vgg = 0V, Tp = -20°C to 75°C

Item Symbol Test Condition Min Typ Max Unit
Input High Voltage Vin 20 —  V Ve )
Input Low Voltage Vi -0.3 - 08 Vv
Input Leakage Current Iin ViN® = 0V - 5,25V -25 —_ 25 A
3-State Input Current (Off-State) Irsi \\:g\lc;&“! 2_53'4\/ -10 — 10 uA
Output High Voltage Vou I'tgig:bi z :fggZ: 24 - - v
Output Low Voltage VoL. lLoap = 1.6mA — — 04 \"
Input Capacitance - Cw \émi :.gh\;Hz, Ta=25C— | — | 100 12;515:&’ PF
Qutput Capacitance Cour \F/”‘:‘ :.gh\;Hz, Tp = 25°C — - 10.0 pF
Power Dissipation Pp — 600 1000 mw
Typical Condition: T = 256°C, V¢ = 5.0V
Note:
(a) = Except D0O-D7
(b) = DO-D7
(c) = Other Inputs
Table 12: AC Characteristics
3.7 MHz 6 MHz
ftem Symbol |  Test Condition | Min | Typ | Max | Min | Typ | Max | unit
CRTC Timing
Light Pen Strobe Pulse Width PW, py 60 - - 60 — - ns
Light Pen Strobe Tiep1 — — 70 — — 70 ns
Uncertain Time of Acceptance TLpp2 — — 0 — — 0 ns
Raster Address Delay Time Trap — | — |0 | =1 — |15 ns
Memory Address Delay Time Tmap — — 160 - - 106 ns
DE Delay Time Toto - — 250 — — 165 ns
CURSOR Delay Time Tcop — | — |20t — | — | 165 { ns
V-SYNC Delay Time Tvsp - - 250 | — - 165 ns
Horizontal Sync Delay Time THsp — — |20 | — — | 132 | ns
Rise and Fall Time for CLK Input | Teg, Ter — - 20 — — 14 ns
Clock Low Pulse Width PWeL . 130 - _ 86 - — ns
Clock High Pulse Width PWcy 130 - — 86 - - ns
Clock Cycle Time Teve 270 — — 178 - — ns
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Table 12: AC Characteristics (Continued)

]
3.7 MHz 6 MHz
Item Symbol Test Condition Min | Typ [ Max | Min | Typ | max | unit
MPU Write Timing
Enable Cycle Time Tcvce 1.0 —_ — 10375 — — us.
Enable High Pulse Width PWey 0.45 — — 10165 — — I75)
Enable Low Pulse Width PWegL 040 | — — 10188 | — — us
Enable Rise and Fall Time Ter Ter e — 25 — — 15 ns
Address Setup Time Tas 140 —_ — 30 — — ns
Data Setup Time Tosw 195 - —_ 45 - —_ ns
Data Hold Time TH 10 — — 10 — — ns
Address Hold Time TaH 10 — — 10 — — ns
MPU Read Timings
Enable Cycle Time Tevee 1.0 — — 10375 — — us
Enable High Pulse Width PWey 045 | — — 10165 | — — us
Enable Low Pulse Width PWg 0.40 —_ — 0158 | — —_ us
Enable Rise and Fall Time Ter Ter — — 25 — — 15 ns
Address Setup Time Tas 140 — — 30 — — ns
Enable Data Delay Tobr — — 320 — — 90 ns
Data Hold Time Th 10 - —_ 10 — — ns
Address Hold Time TaH 10 — — 10 - — ns
Data Access Time Tace — . 460 — — 120 ns
Vee = 5V & 5%, Ty = -20°C to 75°C
Figure 15: Write Timing Sequence
EN 08vy ¥ 0.8v
]
Ezﬁiuon ss [20v 20v3
E!
REGISTER) KOsy oV A
?&)NTROL H
REGISTER)
— | -
‘X 2.0V 2.0V
Do-D7
N 0.8V 0.8V
Notes:
A= Teope D = PWg_ G = Tpgw
B =Tas E=Tg H=Tan
C = PWgy F=Tg =Ty
93
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Figure 16: Read Sequence

[ ———

css
R/WB, RS
24vH -2
Do-D7 4V) 24V
04V 0.4V
Notes
A = PWegy D = Tg, G =Tay
B=Thas E=Tg H=Ty
C = PWg_ F = Tpor I'=Tacc

Figure 17: CLK, MAO-MA13, and LPSTB Timing

Tipo2 e e

CLK 0.8V
—/— 0.8V
MA0-MA13 M M+1 x M+2 X x

LPsrs_———j/uv _\——_—
LPSTB zov} ........... ________\__

h

Note:
A — Sets Refresh Memory Address (M+2) into the light pen registers.
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Figure 18: CRTC Timing Chart

- Teyee
W,
oL
20V 20V \ \
CLK
4 Xo0.8v 0.8V A 0.3V
—»F |‘ PWcn G|
2av
MAO-MA13 / 0.4V
—
-«A <-—A——>-‘
24V
RAO-RA4 } 0.4V
—_—
] B
kz.av‘
DE / 0.4V
j———C ——— rq——(:————»
H2av
CURSOR / oav
[e———D———» D —
H-SYNC y \
V-SYNC 0.4V
[ ————E ———» {3
2.0V X-20v
LPSTB \
PW py ———————————>
Notes:
A = Tuap E = Tusp
B = Trap F=Ter
C = Tomp G = Ter
D =Teoo
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PACKAGE DIMENSIONS Uniits: Inches
1s:
40-pin DIP 44-pin PLCC
% | 2030 |
.060 [ 2.080
150 \
200
L322 "
e e
o5 g5
o 0B L
[\
M\
===
008 00600 [V o O
Clom e >

ORDERING INFORMATION AND PRODUCT CODE

KS 68C45S X X X

SAMSUNG Packaging
SEMICONDUCTOR P — Plastic DIP
L — Plastic Leaded Chip Carrier
(PLCC)
Part Number l———————
Speed ‘ Temperature
-4 3.7MHz C — Commercial (0°C to +70°C)
-6 6MHz I | — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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PROGRAMMABLE DMA CONTROLLER

FEATURES/BENEFITS
¢ Pin and functional compatibility with the industry
standard 8237/8237A

o High Speed — 5MHz, 8MHz and 10MHz versions
available

o Four independent maskable DMA channels with
autoinitialize capability

e Independent polarity control for DREQ and DACK
signals

o Address increment or decrement selection
e Cascadable to any number of channels

o Memory-to-memory transfer

o Fixed or rotating DMA request priority

o Low power CMOS implementation

o TTL input/output compatibility

* 8080/85, 8086/88, 80186/286/386 compatible

INCREMENTGR/
DECREMENTOR DECREMENTOR
TERMINAL | £ MPORARY WORD TEMPORARY
JCOUNT | COUNT REGISTER ADDRESS REGISTER
ADSTE ~—] 16 (L]
AEN «—
c5 —»d :

CLQ?_I'( — "
EOP <m0 TIMING BASE | CURRENT BASE  |CURRENT| <
TOR <o AND WORD | WORD ADDRESS |ADDRESS |
oty CONTROL| COUNT | COUNT REGISTER |REGISTER
1OW «= cipcuir | | REGISTER | REGISTER @x16) | (4x16)

WMEMR <«— @x16) | (4x16)

MEMW «—f

READY ——p»

RESET —f

STATUS TEMPORARY
REGISTER REGISTER
HLDA —»f ®) @)
HRQ ERGODEN
DREQg-3 ———){ROTATING
PRIORITY
LOGIC
DACKs 3

REQUEST
REGISTER
@

Figure 1: KS82C37A Block Diagram

DESCRIPTION

The KS82C37A is a high performance, programmable
Direct-Memory Access (DMA) controller offering pin-
for-pin functional compatibility with the industry standard
8237/8237A. It features four channels, each independently
programmable, and is cascadable to any number of
channels. Each channe! can be programmed to autoini-
tialize following DMA termination.

In addition, the KS82C37A supports both memory-to-
memory transfer capability and memory block initiali-
zation, as well as a programmable transfer mode.

The KS82C37A is manufactured using a proven CMOS
technology to produce a powerful, reliable product. It is
designed to improve system performance by allowing
external devices to transfer data directly from the system
memory. High speed and very low power consumption
make it an attractive addition in portable systems or
systems with low power standby modes.

KS82C37A

BUFFER [—— A&7

Vo =
BUFFER Ao-As

7
sutrer K DBo-DBy

KS82C37A
NRBRRRNBRSURERERLLBS

Figure 3: 40 Pin DIP
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Table 1a: 40-Pin DIP Pin Assignment

Pin # |Pin Name | Pin # | Pin Name | Pin # |Pin Name | Pin # |Pin Name | Pin # | Pin Name | Pin # | Pin Name

1 [IOR 8 |ADSTB 15 |DACKa 22 |DBg 29 |DB; 36 |EOP
2 [IOW 9 |[AEN 16 |DREQs 23 |DBs 30 |DBy 37 (A4

3 |MEMR 10 [(HRQ 17 |DREQ> 24 |DACK;, 31 |Vee 38 |As

4 |MEMW 11 |CS 18 |DREQq 25 |DACKp 32 |Ag 39 |[Ag

5 |N.C. 12 |[CLK 19 |DREQp 26 |[DB,4 33 |Aq 40 |A7

6 |READY 13 |RESET 20 |(Vss 27 |DBs3 34 |A,

7 |HLDA 14 |DACKs 21 |DBy 28 |DB, 35 |A;

Table 1b: 44-Pin PLCC Pin Assignment

Pin # |Pin Name | Pin # | Pin Name | Pin # |Pin Name | Pin # |Pin Name | Pin # [Pin Name | Pin # | Pin Name

1 |IOR 9 |HLDA 17 [N.C. 25 |DBg 33 |DB; 41 A4
2 [low 10 |ADSTB 18 |DACK; 26 |DBs 24 |DBy 42 |(Ag
3 |MEMR 11 |AEN 19 |DREQs 27 |DACK; 35 |Vge 43 |Ag
4 |MEMW 12 |HRQ 20 |DREQy 28 |DACKp 36 |Ag 4 |A;
5 [N.C. 13 [CS - 21 |DREQq 23 |N.C. 27 |Ay

6 |READY 14 |CLK 22 |DREQg 30 |DB4 38 |A,

7 [NC. 15 |RESET 28 |vgg 31 [DBs 39 |A;

8 [NnC. 16 |DACK?2 24 |DB; 32 |DB, 40 |EOP

Table 2: Pin Descriptions

Symbol Type Name and Function

Ag-3 1/0 | Low Address Bus: Bi-directional, 3-state signals. The 4 least significant address lines.
Idle Cycle (Inputs). Addresses the KS82C37A control register to be loaded or read.
Active Cycle (Outputs). Lower 4 bits of the transfer address.

Aszg (o) High Address Bus: 3-state output signals. The 4 most significant address lines representing
the upper 4 bits of the transfer address. Enabled during DMA service only.
ADSTB (0] Address Strobe: Active HIGH output signal to control latching of the upper address byte.

Drives the strobe input of external transparent octal latches. During block operations, ADSTB
is activated only if the upper address byte needs updating, eliminating S, states and
accelerating operation.

AEN (o] Address Enable: Active HIGH output signal to enable the 8-bit latch containing the higher
order address byte onto the system address bus. During DMA transfers, it can disable other
system bus drivers.

CLK | Clock Input: Generates timing signals to control internal operations and data transfer rate.
Input can be driven from DC to maximum frequengy. CLK may be stopped in Active or Idle
Cycle for standby operation.

#SAMSUNG :
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Table 2: Pin Descriptions (Continued)

Symbol

Type

Name and Function

cs

Chip Select: Active LOW input signal to select the KS82C37A as an I/0 device (Idle Cycle) for
CPU communication on the data bus.

DACKg 3

(o}

DMA Acknowledge: Individual channel active LOW (RESET) or HIGH output lines. Informs a
peripheral that the requested DMA transfer has been granted.

DBo7

/0

Data Bus: Bi-directional 3-state data lines connected to the system data bus.

Idle Cycle. During /0 Read (Program condition), outputs are enabled and contents of
KS82C37A internal registers are read by the CPU. In /0O Write, outputs are disabled and data
from the data bus are written into the registers.

Active Cycle. The upper byte of the transfer address is output to the data bus during DMA |/O
device-to-memory transfers. In memory-to-memory transfers, data is read into the KS82C37A
Temporary Register from data bus inputs during the read-from-memory transfer, and written
to the new memory location by data bus outputs during the write-to-memory transfer.

DREQg-3

DMA Request: Asynchronous DMA service request input lines from I/0 devices. DMA service
is requested by activation of the channel from a specific device. DREQ must be maintained
until DACK (service acknowledge) is activated.

1/0 Device Priority. Order of service is programmable. Priority may be fixed (descending order
from channel 0 or rotating (most recent channel served gets the lowest priority).

EOP

110

End of Process: Active Low bi-directional 3-state signal. The KS82C37A terminates DMA
service when EOP is activated.

Internal EOP (Output). EOP is activated when the word count for any channel turns over from
0000(H) to FFFF(H) and a TC pulse is generated. In memory-to-memory transfer, service is
terminated when TC for channel 1 occurs.

External EOP (Input). An external EOP signal pulling EOP LOW terminates active DMA
service. An EOP signal also resets the DMA request. If autoinitialize is enabled, the base
registers are written to the current register of the channel. If the channel is not programmed for
autoinitialize, the mask bit (Mask Register) and TC bit (Status Register) are set for the
currently active channel. The mask bit is not changed if the channel is set for autoinitialize.
Since EOP is driven by an open drain transistor on-chip, it should be maintained HIGH with a
pull-up resistor in order to avoid erroneous EOP inputs.

HLDA

Hold Acknowledge: Active HIGH input signal from the GPU, following an HRQ. Notifies the
KS82C73A that the CPU has released control of the system buses.

HRQ

Hold Request: Active HIGH output signal to the CPU. Requests control of the system buses.
HRQ is issued following a request for DMA service (DREQ) from a peripheral, and is
acknowledged by the HLDA signal.

170

TOR Read: Active LOW bi-directional, 3-state signal.
Idle Cycle. CPU input control signal for reading the Control Registers.
Active Cycle. Output control signal to read data from a peripheral device during a DMA cycle.

170

IOW Write: Active LOW bi-directional, 3-state signal.
Idle Cycle. CPU input control signal for loading information into the KS82C37A.
Active Cycle. Output control signal to load data to a peripheral device during a DMA cycle.
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Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function

MEMR (o} Memory Read: Active LOW 3-state output signal. KS82C37A reads data from a selected
memory address during a DMA read or memory-to-memory transfer.

MEMW o Memory Write: Active LOW 3-state output signal. KS82C37A writes data to a selected memory
address during a DMA write or memory-to-memory transfer.

READY 1 Ready: A LOW ready signal extends the memory read and write pulse widths from the
KS82C37A to accommodate slow 1/O peripherals or memories. Transition must not be made
during the specified setup/hold time.

RESET | Reset: Active HIGH asynchronous input signal. Clears the Command, Status, Request and
Temporary Register, the Mode Register Counter, and the First/Last Flip-Flop. The Mask
Register is set to ignore DMA requests. The KS82C37 is in Idle Cycle following Reset.

Vee —_— Power: 5V + 10% DC supply.

Vss — | Ground: OV

FUNCTIONAL DESCRIPTION

The KS82C37A DMA controlleris a state-driven address
and control signal generator designed to accelerate data
transfer in systems moving data from an 1/0 device to
memory, or a block memory to an /O device. Data
transfer is direct, bypassing storage in a temporary
register.

The KS82C37A also mediates memory-to-memory block
transfers and will move data from a single location to a
memory block. Temporary storage of data is required,
but the transfer rate is significantly faster than CPU
processes. The device provides operating modes to
carry out both single byte transfers and memory block
transfers, allowing it to control data movement with
software transparency. An operational flowchart of the
KS82C37A is shown in Figure 3.

The organization of the KS82C37A is outlined in the
block diagram. It is composed of three logic blocks, a
series of internal registers and a counter selection. The
logic blocks include the Timing and Control and Priority
Encoder circuits.

The Timing Control block generates internal timing
signals from the clock input and produces external
control signals.

Command Control decodes incoming instructions from
the CPU, and the Priority Encoder block regulates DMA
. channel priority.

The internal registers hold internal states and instruction
from the CPU. Addresses and word counts are computed
in the counter section.

OPERATIONAL DESCRIPTION

DMA Operation

In a system, the KS82C37A address and control outputs
and data bus pins are usually connected in parallel with
the system buses with an external latch required for the
upper address byte. When inactive, the controller's
outputs are in a high impedance state. When activated
by a DMA request (and bus control has been relinquished
by the host), the KS82C37A drives the buses and
generates the control signals to perform the data transfer.
The operation performed by activating one of the four
DMA request inputs has previously been programmed
into the controller via the Command Mode Address, and
Word Count Registers.

For example, if a block of data is to be transferred from
RAM to an {/0 device, the starting address of the data is
loaded into the KS82C37A current and Base Address
Registers for a particular channel, and the length of the
block is loaded into that channel’s Word Count Register.
The corresponding Mode Register is programmed for a
memory-to-I/O operation (read transfer), and various
options are selected by the Command Register and
other Mode Register bits. The channel’'s mask bit is
cleared to enable recognition of a DMA request (DREQ).
The DREQ can be generated by a hardware signal or by
a Software Command.

Once initiated, the biock DMA transfer proceeds as the
controller outputs the data address, simultaneous MEMR
and IOW pulses, then selects an I/O device via the DMA
acknowledge (DACK) outputs. The data byte flows
directly from the RAM to the I/O device. After each byte
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Figure 3: Operational Flowchart
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is transferred, the address is automatically incremented
(or decremented) and the Word Count is decremented.
The operation is then repeated for the next byte. The
controller stops transferring data when the Word Count
Register underflows, or an external EOP is applied.

To betterunderstand KS82C37A operation, consider the
states generated by each clock cycle. The DMA controller
operates in two major cycles, active and idle. After being
programmed, the controller is normally idle until a DMA
request occurs on an unmasked channel, or a software
request is given. The KS82C37A then requests control of
the system buses and enters the active cycle. The active
cycle is composed of several internal states, depending
on the options that have been selected and the type of
operation that has been requested.

When performing 1/0-to-memory or memory-to-l/O
DMA the KS82C37A can enter seven distinct states,
each composed of one full clock period. State 1 (S4) is
the idle state. It is entered when the KS82C37A has no
valid DMA requests pending, at the end of a transfer
sequence, or when a Reset or Master Clear occurs.
While in S, the DMA controller is inactive, though it may
be in the process of being programmed by the processor
(Program Condition).

State 0 (Sp) is the first state of a DMA service. The
KS82C37A has requested a hold but the processor has
not yet returned an acknowledge. The KS82C37A may
still be programmed until it has received HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. Sy, Sy, Sz, and Sy are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with
normal timing, wait states (Sy) can be inserted prior to
the execution of the S, cycle by use of the Ready line on
the KS82C37A.

Note that the data is transferred directly from the /O
device to memory (or vice versa) with IOR and MEMW
(or MEMR and IOW) being active at the same time. The
data is neither read into nor driven out of the KS82C37A
in 1/0-to-memory or memory-to-l/O transfers.

Table 3: Memory-to-Memory Transfer States

State
Transfer States Numbers Notes
Read-from-Memory S11, S12 | Memory-to-Memory
S13, Sy4 |transfers require 8
states per transfer. 4
states for the Read-
N from-Memo!
Write-to-Memory S, S22 portion, andry4 Write-
S23, S24 to-Memory states to
complete the transfer.

The KS82C37A can enter eight distinct states when
performing memory-to-memory DMA, each composed
of one full clock period. Four states are required for the
read-from-memory step, and four for the write-to-
memory operations. Data bytes in transit are stored in
the Temporary register.

Idle Cycle

When none of the channels are requesting service, the
KS82C37A enters the Idle cycle and performs S, states.
In this cycle, the KS82C37A samples the DREQ lines on
the falling edge of every clock cycle to determine if any
channel is requesting a DMA service.

Note that DMA requests will be ignored in standby
operation wherethe clock has been stopped. The device
will respond to a CS (chip select), in case of an attempt
by the microprocessor to write_or read the internal
registers of the KS82C37A. When CS is low and HLDA is
low, the KS82C37A enters the Program Condition. The
CPU can then establish, change or inspect the internal
definition of the part by reading or writing the internal
registers.

The KS82C37A may be programmed with the clock
stopped, provided HLDA is low and at least one rising
clock edge occurred after HLDA was driven low, so the
controller is in an Sy state. Address lines Ag - Ag are
inputs to the device and select which registers are read
or written. The IOR and IOW lines are used to select and
time the read or write operations.

Due to the number and size of the internai registers, an
internal flip-flop is used to generate an additional
address bit. This bit is used to determine the upper or
lower byte of the 16-bit Address and Word Count
Registers. The flip-flop is reset by a Master Clear or
Reset.” Separate software commands can also set or
reset this flip-flop.

Special software commands can be executed by the
KS82C37A in the Program Condition. These commands
are decoded as sets of addresses with CS, IOR, IOW,
and do not make use of the data bus. The commands
include: Set and Clear First/Last Flip-Flop, Master Clear,
Clear Mode Register Counter, and Clear Mask Register.

Active Cycle

When the KS82C37A is in the Idle cycle, and a software
requests . or an unmasked channel requests a DMA
service, the device outputs an HRQ to the micro-
processor and enters the Active cycle. It is in this cycle
that the DMA service will take place, in one of the four
modes described below:
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Single Transfer Mode

In Single Transfer Mode, the device is programmed to
make one transfer only. The Word Count is decremented
and the address decremented or incremented following
each transfer. When the Word Count rolis over from zero
to FFFFH, a terminal count bit in the status register is set,
an EOPpulse isgenerated, and the channel autoinitializes
if this option has been selected. If not programmed to
Autoinitialize, the mask bit is set, along with the TC bit
and an EOP pulse is generated.

DREQ must be held active until DACK becomes active. If
DREQis held active throughout the single transfer, HRQ
goes inactive and releases the bus to the system. It again
goes active and, upon receipt of a new HLDA, another
single transfer is performed, unless a higher priority
channel takes over. In 8080A, 8085A, or 8088/86 systems,
this ensures one full machine cycle execution between
DMA transfers. Details of the timing between the
KS82C37A and other bus control protocols depends
upon the characteristics of the microprocessor involved.

Block Transfer Mode

In Block Transfer Mode, the KS82C37A is activated by
DREQ or software request and continues making data
transfers during the service until a TC, caused by word
count going to FFFFH, or an external End of Process
(EOP) is encountered. DREQ need only be held active
until DACK becomes active. Again, Autoinitialization
occurs at the end of the service if the channel has been
programmed for that option.

Demand Transfer Mode

In Demand Transfer Mode the KS82C37A continues
making transfers until a TC or an external EOP is
encountered, oruntil DREQ goes inactive. Thus, transfers
continue until the I1/O device has exhausted its data
capacity. When the I/O device has caught up, DMA
service is reestablished by means of a DREQ. In the
interim between services when the microprocessor is
allowed to operate, the intermediate values of address
and word count are stored in the KS82C37A Current
Address and Current Word Count registers.

Higher priority channels may intervene in the demand
process, once DREQ has gone inactive. Only an EOP
can cause an Autoinitialization at the end of the service.
The EOP is generated either by TC or by an external
signal.

Cascade Mode

This mode is used to cascade more than one KS82C37A
for simple system expansion. The HRQ and HLDA
signals from additional KS82C37A devices are connected

Figure 4: Cascaded KS82C37As

DREQq-3 I
Vo
DACKg-3 )3
DREQ HRQ
DACK HLDA
HRQ
CPU
HLDA
DREQ HRQ
DACK HLDA
STAGE 1
KS82C37A DREQo-3
170
DACKg-3
STAGE 2
KS82C37A

to the DREQ and DACK signals respectively of a channel
for the initial KS82C37A. This allows the DMA requests
of the additional devices to propagate through the
priority network circuitry of the preceding device. The
priority chain is preserved and the new device must wait
for its turn to acknowledge requests. Since the cascade
channel of the initial KS82C37A is used only for setting
the priority of additional devices, it does not output an
address or control signals of its own. These could
conflict with the outputs of the active channel in the extra
devices.

The KS82C37A will respond to DREQ and generate
DACK but all other outputs except HRQ will be disabled.
An external EOP wiil be ignored by the initial device, but
will have the usual effect on the added device.

Figure 4 shows two additional devices cascaded with an
initial device and using two of the initial device’s channels.
This forms a two-level DMA system. More KS82C37As
could be added at the second level by using the
remaining channels of the firstlevel. Additional devices
can also be added by cascading into the channels of the
second level devices, forming a third level.

When programming cascaded controllers, start with the
first level device (the one closet to the microprocessor).
After Reset, the DACK outputs are programmed to be
active low and are held in the high state. If they are used
to drive HLDA directly, the second level device(s) cannot
be programmed until DACK polarity is selected as active
high on the initial device. In addition, the initial device's
mask bits funciton normally on cascaded channels, so
they may be used to inhibit second-level services.
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Transfer Types

Each of the three active transfer modes can perform
three different types of transfers. These are Read, Write
and Verify. Write transfers move data from an 1/0 device
to the memory by activating MEMW and 10R. Read
transfers move data from memory to an I/0 device by
activating MEMR and IOW (refer to Table 4).

Verify transfers are pseudo-transfers. The KS82C37A
operates like Read or Write transfers, generating ad-
dresses and responding to EOP, etc., however the
memory and 1/0 control lines all remain inactive. Verify
mode is not allowed for memory-to-memory operation.
Note that Ready is ignored during verify transfers.

Autoinitialize

By programming a bit in the mode register, a channel
may be set up as an Autoinitialize channel. During
Autoinitialization, the original values of the Current
Address and Current Word Count Registers are auto-
matically restored from the Base Address and Base
Word Count Registers of that channel following EOP.
The Base Registers are loaded at the same time as the
Current Registers by the microprocessor and remain
unchanged throughout the DMA service. The mask bitis
not set when the channel is in Autoinitialize. Following
Autoinitialization, the channel is ready to performanother
DMA service, without CPU intervention, as soon as a
valid DREQ is detected, or software request is made.

Table 4: 1/0-Memory Transfer States*

Memory-to-Memory

The KS82C37A incorporates a memory-to-memory
transfer feature, to perform block moves of data from
one memory address space to another with minimum of
program effort and time. Programming bit 0 in the
Command Register selects channels 0 and 1 to operate
as memory-to-memory transfer channels.

The transfer is initiated by setting the software or
hardware DREQ for channel 0. The KS82C37A requests
a DMA service in the normal manner. When HLDA goes
high, the device, using four-state transfers in Block
Transfer mode, reads data from the memory. The channel
0 Current Address Register is the source for the address
used and is decremented or incremented in the normal
manner. The data byte read from the memory is stored in
the KS82C37A internal Temporary Register. Another
four-state transfer moves the data to memory using the
address in the channel 1 Current Address Register. The
Current Address is incremented or decremented in the
normal manner, and the channel 1 Current Word Count
is decremented.

When the word count of channel 1 goes to FFFFH, a TC
is generated, causing an EOP output which terminates
the service. When Channel 0 word count decrements to
FFFFH the channel 0 TC bit in the status register is not
set nor is an EOP generated in this mode. However,
channel 0 is Autoinitialized, if that option has been
selected.

Operational State Description Notes
Sq AEN High S, state is omitted if there is no
Low Order Bits: Ag - A7 change in the 8 high order bit
High Order Bits: DBy - DBy transfer address during demand
ADSTB High and block mode transfers.
DACK Active
Ss TOR Low or MEMR goes Low S, State (and Sa) are 1/0 or
memory I/O timing control states.
Ss TOW Low or MEMW goes Low S3 is omitted when compressed
timing is used.
Ss 10R High S4 state completes the DMA
IOW High transfer of one word.
MEMR High
MEMW High
Word Count Register Decremented by 1
Address Register Incremented (or Decremented) by 1

* In I/O memory transfers, data is transferred directly without being handled by the KS82C37A.
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If full Autoinitialization for a memory-to-memory oper-
ation is desired, the channel 0 and channel 1 word
counts must be set to the same value before the transfer
begins.Otherwise,should channel 0 underflow before
channel 1, it Autoinitializes and sets the data source
address back to the beginning of the block. Should the
channel 1 word count underflow before channel 0, the
memory-to-memory DMA service terminates, and
channel 1 Autoinitializes but not channel 0.

In  memory-to-memory mode, Channel 0 may be
programmed to retain the same address for all transfers,
allowing a single byte to be written to an entire block of
memory. This channel 0 Address Hold feature is selected
by bit 1 in the command register.

The KS82C37A responds to external EOP signals during
memory-to-memory transfers, but only relinquishes the
system buses after the transfer is complete (i.e. after an
Sy4 state). Data comparators in block search schemes
may use this input to terminate the service when a match
is found. The timing of memory-to-memory transfers is
found in Figure 14b. Memory-to-memory operations can
be detected as an active AEN with no DACK outputs.
Priority

The KS82C37A has two types of priority encoding
available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order
based upon the descending value of their numbers. The
channel with the lowest priority is 3 followed by 2, 1 and
the highest priority channel, 0. After a channel has been
recognized for service, the other channels are prevented
from interfering with the service until it is completed.

The second scheme is Rotating Priority. The last channel
to get service becomes the lowest priority channel with
the others rotated accordingly. The next lower channel
from the channel serviced has highest priority on the
following request; Priority rotates every time control of
the system buses is returned to the CPU.

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recognized
after no more than three higher priority services have
occurred. Thus any one channel is prevented from
monopolizing the system.

Note that regardless of which priority scheme is chosen,
priority is evaluated every time a HLDA is returned to the
KS82C37A.

Compressed Timing

In order to achieve even greater throughput where
system characteristics permit, the KS82C37A can com-
press the transfer time to two clock cycles. From Figure
3, it can be seen that state Sz is used to extend the access

PROGRAMMABLE DMA CONTROLLER

time of the read pulse. By removing state S, the read
pulse width is made equal to the write pulse width and a
transfer consists only of state S, to change the address
and state S4 to perform the read/write. S4 states will stilt
occur when Ag - Aqs need updating (see Address
Generation). Timing for compressed transfers is found
in Figure 3. EOP will be output in S, if compressed
timing is selected. Compressed timing is not allowed for
memory-to-memory transfers.

Table 5: Priority Decision Modes

Priority Mode Fixed Rotating
Service Terminated Channel| — [CHg|CH; |[CH, |CHj3
Highest | CHy |CH4 |CHp | CHz | CHy
Order of CH; |CH,|CH3 | CHy | CH,
Priority or next
DMA CH, [CHz |CHg|CH; | CH,
Lowest | CHz |CHg |CH,¢ | CHy |[CHg

Address Generation

In order to reduce the pin count, the KS82C37A multi-
plexes the eight higher order address bits on the data
lines. State S4 is used to output the higher order address
bits to an external latch from which they may be placed
on the address bus. The falling edge of Address Strobe
(ADSTB) is usedto load these bits from the data lines to
the latch. Address Enable (AEN) is used to enable the
bits onto the address bus through a three-state enable.
Lower order address bits are output by the KS82C37A
directly. Lines Ag - A7 should be connected to the
address bus. The timing diagram of Figure 3 shows the
time relationships between CLK, AEN, ADSTB, DBy -
DBy and Ag - A7.

During Block and Demand Transfer mode service, which
include multiple transfers, the addresses generated will
be sequential. For many transfers the data held in the
external address latch will remain the same. This data
need only change when a carry or borrow from Az to Ag
takes place in the normal sequence of addresses. To
save time and speed transfers, the KS82C37A executes
the S, states only when updating of Ag - A1s in the latch
is necessary. This means for long services, S states and
ADSTB may occur only once every 256 transfers, a
saving of 255 clock cycles for each 256 transfers.

External EOP Operation

The EOP pin is bidirectional and open drain, and can be
driven by external signals to terminate DMA operation. it
is important to note that the KS82C37A wili not accept
external EOP signals when itisin an S, (Idle) state. The
controller must be active to latch external EOP. Once
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latched, the external EOP will be acted upon during the
next S, state, unless the KS82C37A enters an idle state
first. In the latter case, the latched EOP is cleared.
External EOP pulses that occur between active DMA
transfers in demand mode are not recognized, since the
KS82C37A is in an S state.

INTERNAL REGISTERS

The KS82C37A contains 27 registers that are used
internally for controland temporary data storage. These
registers are listed in Table 6 below, and described in the
subsections following.

Base Address and Base Word Count Registers

Each of the four (4) channels has a pair of Base Address
and Base Word Count Registers. These 16-bit registers
store the original value of their associated current
registers. During Autoinitialize these values are used to
restore the current registers to their original values.

The base registers are written simultaneously with their
corresponding current register (in 8-bit bytes) by the
microprocessor when in the Program Condition. These
registers cannot be read by the microprocessor.

Table 6: Internal Registers

Figure 5: Command Register

Name Number | Size
Base Address Registers 4 16-Bit
Base Word Count Registers 4 16-Bit
Command Register 1 8-Bit
Current Address Registers 4 16-Bit
Current Word Count Registers 4 16-Bit
Mask Register 1 4-Bit
Mode Registers 4 6-Bit
Request Register 1 4-Bit
Status Register 1 8-Bit
Temporary Address Register 1 16-Bit
Temporary Register 1 8-Bit
Temporary Word Count Register 1 16-Bit

Command Register

The operation of the KS82C37A is controlled by the 8-bit
Command Register. It is programmed by the micropro-
cessor and is cleared by a Reset or a Master Clear
instruction. Figure 5 lists the function of the command
bits, while Table 7 contains the Read and Write addresses.

Glels{alslz[1]0]

MEMORY-TO-MEMORY DISABLE

0
[1 ] MEMORY-TO-MEMORY ENABLE |

CHANNEL 0 ADDRESS HOLD DISABLE

CHANNEL 0 ADDRESS HOLD ENABLE

CONTROLLER ENABLE

0
. [1_] CONTROLLER DISABLE

0 | NORMAL TIMING
[ 1 | COMPRESSED TIMING

(x [ IFBITo=1
[0 [ FIXED PRIORITY |

" [1 | ROTATING PRIORITY

LATE WRITE SELECTION

{ 1 | EXTENDED WRITE SELECTION

(xTwFeITa=1
o | 0 [ DREQ SENSE ACTIVE HIGH 1

1 | DREQ SENSE ACTIVE LOW

[0 | DACK SENSE ACTIVE LOW |

" [1_] oack SENSE ACTIVE HiGH

Current Address Register

Each of the channels has a 16-bit Current Address
register. This register holds the value of the address used
during DMA transfers. The address is automatically
incremented or decremented after each transfer, with
the values of the address stored in the Current Address
register during the transfer.

This register is written or read by the microprocessor in
successive 8-bit bytes. It may also be reinitialized (by an
Autoinitialize) back to its original value, where an
Autoinitialize takes place only after an EOP.

In memory-to-memory mode, the channel O current
address register can be prevented from incrementing or
decrementing by setting the address hold bit in the
command register.

Current Word Register

Each of the channels also has a 16-bit Current Word
Count register which is used to determine the number of
transfers to be performed. The actual number of transfers
is one more than the number programmed in the Current
Word Count register (i.e. programming a count of 100
will result in 101 transfers). The word count is decre-
mented after each transfer, and when the value in the
register goes from zero to FFFFH, a terminal count (TC)
is generated.

This register is loaded or read in successive 8-bit bytes
by the microprocessor in the Program Condition.
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Following the end of a DMA service it may also be
reinitialized by an Autoinitialization back to its original
value. Autoinitialization can occur only after an EOP or
TC. If not Autoinitialized, this register will have acount of
FFFFH after TC.

Mask Register

Each of the channels has associated with it one mask bit
in the 4-bit Mask register which can be set to disable an
incoming DREQ. Each mask bitis set when its associated
channel produces an EOP if the channel is not pro-
grammed to Autoinitialize. Each Mask register bit may
also be set or cleared separately or simultaneously
under software control.

The entire register is also set by a Reset or Master Clear.
This disables all hardware DMA requests until a clear
Mask register instruction allows them to occur. The
instruction to separately set or clear the mask bits is
similar in form to that used with the Request register.
Refer to the Figure 6 and Table 7 for details.

When reading the mask register, bits 4-7 will always read
as logical ones, and bits 0-3 will display the mask bits of
channel 0-3, respectively. The 4 bits of the mask register
may be cleared simultaneously by using the Clear Mask
Register command (see software commands section).

Figure 6: Mask Register

7 413 10

[)
S | [
CHANNEL 0 SELECTED

Mode Register

Each of the channels has a 6-bit mode register associated
with it. When this register is being written to by the
microprocessor in the Program Condition, bits 0 and 1
determine which channel Mode register is to be written.
When the processor reads a mode register, bits 0 and 1
are both ones. See Figure 8 and Table 7 for mode register
functions and addresses.

Figure 8: Mode Register

[71slsJas]2T1]0]

0 [ 6 | CHANNEL 0 SELECTED

0 | 1 | CHANNEL 1 SELECTED

1] 0 | CHANNEL 2 SELECTED

1| 1| CHANNEL 3 SELECTED

x | x | READBACK

0 | 0 | VERIFY TRANSFER

0 [ 1 | WRITE TRANSFER

1 |0 | READ TRANSFER

1 1] nLeGAL

X IFBITS 6 AND 7 = 11

0 | AUTOINITIALIZATION DISABLE
| 1 | AUTOINITIALIZATION ENABLE
[0 [ ADDRESS INCREMENT SELECT
1 | ADDRESS DECREMENT SELECT

0 | DEMAND MODE SELECT
1 | SINGLE MODE SELECT

0 | BLOCK MODE SELECT

1 | CASCADE MODE SELECT

s [« [0 [0

CHANNEL 2 SELECTED
1 | CHANNEL 3 SELECTED

WASK BIT CLEARED
[1_[ masK eiT SET

L NOT USED ]

y
{010 |
0 [ 1 [ CHANNEL 1 SELECTED ]
1[0
1
[]

Figure 7: All Four Size Bits of the Mask Register May
Also Be Written with a Simple Command

7]els[a 10
LT T T

DON'T CARE

0 _{ MEMORY-TO-MEMORY DISABLE

[ | MEMORY-TO-MEMORY ENABLE

0 | MEMORY-TO-MEMORY DISABLE

(1] MEMORY-TO-MEMORY ENABLE

0. | MEMORY-TO-MEMORY DISABLE

{1 | MEMORY-TO-MEMORY ENABLE

0 | MEMORY-TO-MEMORY DISABLE
[+ | MEMORY-TO-MEMORY ENABLE

Request Register

The KS82C37A responds to requests for DMA service
initiated by the software and by a DREQ. Each channel
has a non-maskable request bit associated with it in the
4-bit Request Register. These are subject to prioritization
by the priority Encoder network with each bit set or reset
separately under software control. To set or reset a bit,
the software loads the proper form of the data word. The
entire register is cleared by a Reset. See Table 7 for
register address coding, and Figure 9 for request register
format.

A software request for DMA operation can be made in
block or single modes. For memory-to-memory transfers,
the software request for channel 0 should be set. When
reading the request register, bits 4-7 will always read as
ones, and bits 0-3 will display the request bits of
channels 0-3 respectively.
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Figure 9: Request Register

(zTels[ala]2T]1To]

SELECT CHANNEL 0

0 | SELECT CHANNEL 2

Note that the Temporary Register always contains the
last byte transferred in the previous memory-to-memory
operation, unless cleared by a Reset or Master Clear.

Figure 11: Definition of Register Codes

[
0 |1 ]| SELECT CHANNEL 1
1
1

1 | SELECT CHANNEL 3

0 | RESET REQUEST BIT
[1_| SET REQUEST BIT
DON'T CARE; WRITE BITS 4-7

ALL ONES; READ

Status Register

The KS82C37A Status register can be read by the
microprocessor. It contains information about which
channels have reached a terminal count and which
channels have pending DMA requests.

Bits 0-3 are set every time a TC is reached by that
channel or an external EOP is applied. These bits are
cleared upon Reset, Master Clear, and on each Status
Read.

Bits 4-7 are set whenever their corresponding channel is
requesting service, regardless of the mask bit state. If the
mask bits are set, software can poll the status register to
determine which channels have DREQs, and selectively
clear a mask bit, thus allowing user defined service
priority. Status bits 4-7 are updated while the clock is
high, and latched on the falling edge. Status Bits 4-7 are
cleared upon Reset or Master Clear.

Figure 10: Status Register

L

CHANNEL 0 HAS REACHED
CHANNEL 1 HAS REACHED Y
CHANNEL 2 HAS REACHED
CHANNEL 3 HAS REACHED

G000

CHANNEL 0 REQUEST
CHANNEL 1 REQUEST
CHANNEL 2 REQUEST

{1 | CHANNEL 3 REQUEST

FEF| F H— -

Temporary Register

The Temporary Register is used to hold data during
memory-to-memory transfers. When the transfers are
completed, the last word moved can be read by the
MiCroprocessor.

___ ____SIGNALS

Register | Operation |{CS IOR IOW A; A, A; Ay
Command | Write o 1 0 1 0 O0 O
Mode Write 0 1 0 1 o 1 1
Request Write o t o0 1 0 0 1
Mask Set/Reset | O 1 0 1 0 1 O
Mask Write o 1 0 1t 1 1 1
Temporary |Read o o 1 1 1t 0 1
Status Read o o 1 1 0 0 0
PROGRAMMING

The KS82C37A accepts programming from the host
processor any time that HLDA is inactive, and at least
one rising clock edge has occurred after HLDA has gone
low. It is necessary for the host processor to ensure that
programming and HLDA are mutually exclusive.

Note that a problem can occur if a DMA request occurs
on an unmasked channel while the KS82C37A is being
programmed. For example: Where the CPU is starting to
re-program the two byte address register of channel 1
when channel 1 receives a DMA request: If the KS82C37A
is enabled (bit 2.in the Command register is set to 0), and
channel 1 is unmasked, then a DMA service. will occur
after only one byte of the Address register has been
reprogrammed. This condition can be avoided by dis-
abling the controller (bit 2 in the Command register is set
to 1) or masking the channel before programming any of
its registers. Once the programming is complete, the
controller can be enabled or the channel unmasked.

Software Commands

There are special software commands which can be
executed by reading or writing to the KS82C37A. These
commands do not depend on the specific data pattern
on the data bus, but are activated by the I/0 operatuon
itself.

The KS82C37A Software Commands are summarized
below:

Clear First/Last Flip-Flop

This command is executed prior to writing or reading
new Address or Word Count information to the KS82C37A.
This initializes the flip-flop to a known state so that
subsequent accesses to register contents by the micro
processor will address upper and lower bytes in the
correct sequence.
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Table 7: Software Command Codes and Register Codes

|

Operation Az Ay [Aq | Ag (IOR IOW
Read Status Register 1]0(0(0]|0 |1
Write Command Register 1j]o0jolof{1 ][O0
Read Request Register 1{0(0(1]0 (1
Write Request Register 11001} 0
Read Command Register 1{0]1{0|0}|1
Write Single Bit Mask 11011101 0
Read Mode Register 1j0|1]1]0 |1
Write Mode Register 101|110
Set Byte Pointer F/F 1t{t[(0[0|0 1
CLR Byte Pointer F/F 1]1]0j0[|1]0
Read Temporary Register 1{1{0}|1;01!1
Master Clear t[(1]0]1](1 0
CLR Mode RegisterCounter { 1 {1 |1 |0 | 0 | 1
CLR Mask Register 1 (t1i170]1 0
Read All Mask Bits 1{1(1[1]0]|1
Write All Mask Bits 1(1j1j1]1]0

Set First/Last Flip-Flop

This command will set the flip-flop to first select the high
byte first on read and write operations to Address and
Word Count Registers.

Master Clear

This software instruction has the same effect as the
hardware Reset. The Command, Status, Request, and
Temporary Registers, and Internal First/Last Flip-Flop
and Mode Register counter are cleared and the Mask
Register is set. The device then enters the Idle cycle.

Clear Mode Register

This command clears the mask bits of all four channels,
enabling them to accept DMA requests.

Clear Mode Register Counter

Since only one address location is available for reading
Mode Registers, an internal two-bit counter is included
to select Mode Registers during read operations.

To read the Mode Registers, first execute the ClearMode
Register Counter Command, then do consecutive reads
until the desired channel is read. Read orderischannel 0
first, channel 3 last. The lower two bits on all Mode
Registers will read as ones.

PROGRAMMABLE DMA CONTROLLER

APPLICATIONS

Figure 12 shows an application for a DMA system
utilizing the KS82C37A DMA controller and an 80C88
microprocessor. The KS82C37A DMA controller is used
here to improve system performance by allowing an 1/0
device to transfer data directly to or from the system
memory.

Components

The system clock is generated by the KS82C84A clock
driver and is inverted to meet the clock high and low
times required by the KS82C37A DMA controller. The
four OR gates are used to support an 80C88 micro-
processor in minimum mode by producing the contro!
signals used by the processor to access memory or I/O.
A decoder is used to generate the chip select for the
DMA controller and memory.

Since the most significant bits of the address are output
on the address/data bus, an octal latch is used to
demultiplex the address. Hold Acknowledge (HLDA)
and Address Enable (AEN) are ORed together to insure
that the DMA controller does notencounter bus conten-
tion with the microprocessor.

Operation

A DMA request (DREQ) is generated by the /0 device.
After receiving the DMA request, the DMA controller
issues a Hold Request (HRQ) to the microprocessor.
The system buses are not released to the DMA controlier
until a Hold Acknowledge signal is returned to the DMA
controller from the 80C88 processor. After the Hold
Acknowledge has been received, addresses and control
signals are generated by the DMA controller to ac-
complish the DMA transfers. Data is transferred directly
from the 1/O device to memory (or vice versa) with IOR
and MEMW (or MEMR and IOW). being active. Recall
that data is not read into or driven out of the DMA
controller in I/O-to-memory or memory-to-I/0 data
transfers.
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Table 8: Word Count and Address Register Command Codes

_______SiGNALs intemal | Data Bus
Channel Register Operation S IOR IOW A3 A, A; A, | Flip-Flop | DBy-DB;
0 Base and Current Address Write o 1 o0 0 0 0 o 0 Ay - Ay
0 1 0O 0 0 o0 o 1 Ag - A
Current Address Read 0 0 1 0 0 0 0 0 Ag - A7
0 0 1 o 0 0 O 1 Ag - A
Base and Current Word Count Write 0 1 0 0 0 0 1 0 Wo - W7
o 1 0o 0o o0 o0 1 1 Wg - Wys
Current Word Count Read 0 0 1 0 0 0 1 0 Wo - W7
0 0 1 o 0 o0 1 1 Wg - Wyg
1 Base and Current Address Write 0 1 0 0 0 1 0 0 Ag - A7
0o 1 o 0 © 1 0 1 Ag-Ass
Current Address Read 0o 0 1 0 0 1 0 0 Ag - A7
o o 1 o o 1 0 1 Ag - Ass
Base and Current Word Count Write 0 1 0 0 0 1 1 0 Wy - Wy
0 1 0 o O 1 1 1 Wsg - W5
Current Word Count Read 0 0 1 [¢] 0 1 1 0 Wy - W7
o o1 o o0 1 1 1 W - Wi
2 Basé and Current Address Write 0 1 0o o0 1 0 0 0 Ag - A
0 1 0 o 1 0 o0 1. Ag - Ass
Current Address Read 0 0 1 0 1 0 0 0 Ag - Ay
o o0 1 0 1 0 o 1 Ag - Ags
Base and Current Word Count Write 0 1 0 0 1 0 1 0 Wo - W7
) 0o 1 0 0 1 0 1 1 Ws - Wi
Current Word Count Read 0 0 1 0 1 0 1 0 Wo - Wy
o o0 1 0 1 0 1 1 Wg - Wys
3 Base and Current Address Write 0 1 0o o0 1 1 0 0 Ag - A7
0 1 (V] 1 1 0 1 Ag - Ags
Current Address Read 0 0 1 0 1 1 0 0 Ag - Ay
0o o0 1 0 1 1 0 1 Ag - Ags
Base and Current Word Count Write 0 1 0 0 1 1 1 0 Wy - Wy
0 1 0 o 1 1 1 1 Wg - Wys
Current Word Count Read 0 o 1 0 1 1 1 0 Wo - W,
0o 0 1 0 1 1 1 1 Wg - Wys

& SAMSUNG

Electronics



KS82C37A

PROGRAMMABLE DMA CONTROLLER

Figure 12: Application for DMA System
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Table 9: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.0V

Operating Temperature Range

Commercial

0°C to 70°C

Industrial

-40°C to +85°C

Table 10: Absolute Maximum Ratings

DC Supply Voltage

+7.0V

Input, Output or I/O Voltage Applied

Vgs - 0.5V to Vg + 0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

1w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings onty, and functional operation
of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not impiied.

Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 11: Capacitance (Ta = 25°C, Voo = OV, Viy = +5V or Vgg)

Symbol Parameter Test Conditions Typ Units ]
Cyo 1/0 Capacitance 20 pF
- FREQ = 1MHz
Cn Input Capacitance Unmeasured Pins Returned to Vgg 5 PF
Cout Output Capacitance 15 pF
Table 12: DC Characteristics (Tp = 0°C to 70°C, V¢ = 5V £ 10%, Vgg = 0V)
Limits
Symbol Parameter Test Conditions Min Max Units
lpp Operating Power Supply Current Vee = 5.5V — 2.0 mA/MHz
Vin = Vee OF Vss
Outputs Open
looss Standby Power Supply Current Ve = 5.5V — 100 LA
Vin = Ve or Vss
Outputs Open
Input Leakage Current
e for Unidirectionals 0V = Viy = Vee -1.0 +1.0 A
Input Leakage Current
wo | for Bidirectionals OV = Vin = Voo -10.0 +10.0 LA
loL Output Leakage Current 0V < Vour < Vee -10.0 +10.0 MA
Vin Logical One Input Voltage 20 - \
ViL Logical Zero Input Voltage —_ 08 Vv
Vou Output High Voltage lon = -2.5mA 24 — Vv
lon = ~100pA Vee - 0.4 — v
Voo Output Low Voltage loL = +3.2mA — 0.4 \

Notes:

1. Input timing parameters assume rise and fall. transition times of 20ns or less.

2. The net IOW or MEMW puise width for a normal write will be tcy ~ 100ns, and for an extended write will be 2 - tcy - 100ns.
The net IOR or MEMR pulse width for a normal read will be 2 - tcy - 50ns and for a compressed read will be tcy - 50ns.

3. DREQ should be held active until DACK is returned.

4. DREQ and DACK signals may be active HIGH or active LOW. The timing diagrams assume active HIGH.

5. Successive read and/or write operations by the external processor to program or examine the controller must be timed to
allow at least 100ns (KS82C37A-10) and 200ns (KS82C37A-5) as recovery time between active read or write puises.

6. EOP is an open drain output, and requires a pullup resistor to V.

7. Pin 5 can be either tied to Vpp, or left unconnected.
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Table 13: AC Characteristics, DMA (Master) Mode (Tp = 0 to 70°C, V¢ = 5V + 10%, Vsg = 0V)

e ————

& SAMISUNG

Electronics

Limits (5MHz) | Limits (8MHz) | Limits (10MHz)
Symbol Parameter Min Max Min Max Min Max Units

taer | AEN HIGH from CLK LOW (S;) Delay Time — 175 — 105 — 90 ns
tAET AEN LOW from CLK HIGH (S4) Delay Time — 130 . 80 —_— 80 ns
taAFaB ADR Active to Float Delay from CLK HIGH - 90 — 55 — 55 ns
tarc | READ or WRITE Float Delay from CLK HIGH — 120 — 75 — 75 ns
taroB DB Active to Float Delay from CLK HIGH — 170 - 135 - 100 ns
taun | ADR from READ HIGH Hold Time toy-100] — |tey-75| — |tey-75| — ns
tans DB from ADSTB LOW Hold Time 30 - 25 — 20 - ns
tanw | ADR from WRITE HIGH Hold Time tey50 1 — [toy 50| — [tcy-50 | — ns
DACK Valid from CLK LOW Delay Time —_ 170 —_ 105 — 90 ns

tax | EOP HIGH from CLK HIGH Delay Time — 170 — 105 — 90 ns
EOP LOW from CLK HIGH Delay Time — 100 . 60 — 60 ns

tasm | ADR Stable from CLK HIGH — 110 — 60 — 60 ns
tass DB to ADSTB LOW Setup Time 100 — 85 —_ 75 — ns
ten CLK HIGH Time 70 — 56 — 45 — ns
toL CLK LOW Time 70 — 50 — 45 — ns
toy CLK Cycle Time 200 — 125 — 100 ns
toc. | CLK HIGH to READ or WRITE LOW Delay - 190 — 120 — 90 ns
toctR | READ HIGH from CLK HIGH (S,) Delay Time — 190 — 115 — 95 ns
toctw | WRITE HIGH from CLK HIGH (S,) Delay Time — 130 — 80 — 80 ns
tpat HRQ Valid from CLK HIGH Delay Time - 120 -_ 75 - 75 ns
tbae HRQ Valid from CLK HIGH Delay Time —_ 120 - 75 — 75 ns
teps | EOP LOW from CLK LOW Setup Time 40 — 25 — 25 — ns
tepw | EOP Pulse Width (ext. EOP) 220 — 135 — 80 - ns
teans ADR Float to Active Delay from CLK HIGH . 110 —_ 60 s 60 ns
t gac | READ or WRITE Active from CLK HIGH — 150 — 9% — 90 ns
traDB DB Float to Active Delay from CLK HIGH — 110 - 60 — 60 ns
ths HLDA Valid to CLK HIGH Slbtup Time 75 — 45 — 45 _ ns
tioH Input Data from MEMR HIGH Hold Time 0 — 0 — 0 — ns
tios Input Data to MEMR HIGH; Setup Time 155 — 90 — 80 — ns
topn | Output Data from MEMW HIGH Hold Time 15 — 15 — 15 — ns
topy | Output Data Valid to MEMW HIGH 125 — 85 — 65 — ns
tas DREQ to CLK LOW (84, S4) Setup Time 0 — (] — 0 — ns
tRH CLK to READY LOW Hold Time 20 . 20 —_ 10 . ns
trs READY to CLK LOW Setup Time 60 — 35 — 35 — ns
st ADSTB HIGH from CLK HIGH Delay Time - 80 — 50 — 50 ns
ts1r ADSTB LOW from CLKHIGH Delay Time —_ 90 —_ 90 — 90 ns
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Table 14: AC Characteristics, Peripheral (Slave) Mode (T = 0 to 70°C, Vg = 5V + 10%, Vgg = 0V)

Limits (5MHz) | Limits (8MHz) | Limits (10MHz)
Symbol Parameter Min Max Min Max Min Max | Units
tar ADR Valid or CS LOW to READ LOW 10 — 10 - 0 - ns
taw ADR Valid to WRITE HIGH Setup Time 130 - 100 ot 60 — ns
tocw CS LOW to WRITE HIGH Setup Time 130 — 100 —_ 85 . ns
tow Data Valid to WRITE HIGH Setup Time 130 - 100 — 90 — ns
tra ADR or CS Hold from READ HIGH 0 — (] — 0 — ns
trpE Data Access from READ — 140 — 120 — 95 ns
troF DB Float Delay from READ HIGH 0 70 0 70 0 70 ns
trsTD Power Supply HIGH to RESET LOW Setup Time | 500 - 500 — 500 — ns
tRsTs RESET to First IOWR 2 - tcy C - 2- toy —_— 2. tcy —_ ns
tasTw | RESET Pulse Width 300 — 200 — 100 - ns
taw /O Read Width 200 - 155 — 120 _ ns
twa ADR from WRITE HIGH Hold Time 0 - 0 - 0 — ns
twe 'CS HIGH from WRITE HIGH Hold Time —_ — 0 — ns
twp Data from WRITE HIGH Hold Time 10 —_ 10 — 10 — ns
twws | WRITE Width 150 — 100 — 20 - ns
Figure 13: AC Test Circuits
PINS Vv, Ry (o}
Vi All Outputs Except EOP 17v 520Q 100pF
Ry EOP Vee 1.6KQ 50pF
DEVICE UNDER TEST o TEST POINT
1
Iz
Figure 14: AC Testing Input, Output Waveforms
INPUT ol
iy 224V X Von
15v 15v
T X Vo
OUTPUT ouTPUT
Z—»LORH Z—»> LORH
2y VoL Vo 245
———————————— —
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Figure 15: Timing Diagrams (Master Mode)
a) DMA Transfer Timing

SioLE SiDLE So So St
A

ok =/ 1og

4 s
o

SioLe SipLe SioLe
ﬁ toy
ta fcn
HRQ —-f s

o V///7 AN
AEN tsm : L—

ADSTB H}::‘f,}‘ " ‘>l T
FaDB [T Lt | tax

DBg-7
ltrans l . t I—dP- |lt—taras
*—'1 | tarw-»] tanv|
Agz "3 VALID | X | avoressvaup| [ ]
tax |L l<—————]'mn Fl" tanr
DACK 4 focL
trac | <tocL | DCTR - oCTR [t tarc
1OR, MEMA i \_  ~—
BTy "‘—‘-I'DCTVI D tocTw l
1OW, MEMW /\
e — " tocr
— (EXTENDED WRITE) (EXTENDED WRITE) | <—->[
INT EOP - tak
lepw zu(
EXT EGP

b) Memory-to-Memory Transfer Timing

o —>\rr|s;rr 1';: tsr
/
ADSTB e L_, e — | L_» l‘":s e
Aoy rare ADDRESS VALID j | | ADDRESS VALID 4_;—
taroe - taroB | l‘ﬂ
DBo-7 k Ass N — { Ao L | our
ﬁ l<—> tocL i'g:»'l

bt iDH I toov 33". tarc
MEMR - tios ; -] l—
N . toct. tocL ocTw tarc
N — /'_1_- 1. __J F_}

(EXTENDED WRITE)

] bt tax sy - taxk
tEPS lq— l f

tePw

MTEP OSSN SSNNNNNNSS, 777777777777

EOP

K SAMSUNG

Electronics




KS82C37A

PROGRAMMABLE DMA CONTROLLER

c) Compressed Transfer Timing

d) Ready Timing
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Figure 16: Timing Diagrams (Slave Mode)

a) Slave Mode Read Timing
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KS82C37A

PACKAGE DIMENSIONS

Units: Inches

2030

015 100
023 TYP
=
= o
Cos et 5™ 1*1% am™ ki
Plastic Package 44 Pin PLCC
ORDERING INFORMATION & PRODUCT CODE DIMENSIONS
KS 8C37A X X X
SAMSUNG Packaging
SEMICONDUCTOR P — Plastic DIP
L — Plastic Leaded Chip Carrier
(PLCC)
Part Number }— |
Speed Temperature
-5 5MHz C — Commercial (0°C to +70°C)
-8 8MHz | — Industrial (-40°C to +85°C)

-10 10MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.
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KS82C450/C50A

ASYNCHRONOUS COMMUNICATIONS ELEMENT

FEATURES

.

Single Chip UART/BRG
DCto10 MHz Operation(DCto 625K Baud)
Crystal or External Clock input

On Chip Baud Rate Generator 1t0 65535 Divisor
Generates 16x Clock

Prioritized Interrupt Mode

Fully TTL/CMOS Compatible

MicroprocessorBus Oriented Interface

Easily interfaces to most popular p-processors
Low Power CMOS Implementation (1 mA/MHz Typ)
Modem Interface

Line Break Generation and Detection

Loopback Mode

Double Buffered Transmitter and Recelver

DESCRIPTION

The KS82C450 is an improved specification version of the
KS82CS50A Asynchronous Communications Element
(ACE). Functionally, the KS82C450 is equivalent to the
KS82C50A..

The KS82C450/KS82C50A are functionally equivalent to
their NMOS counterparts, exceptthat they are fabricatedin
CMOS.

The 82C50A Asynchronous Communications Element
(ACE) is a high performance programmable Universal
Asynchronous Receiver/Transmitter (UART) and Baud
Rate Generator (BRG) on a single chip. The device sup-
ports data rates from DC to 625K baud (0 - 10 MHz clock).

The ACE receiver circuitry converts start, data, stop and
parity bits into a parallel dataword. The transmitter circuitry
converts a parallel data word into serial form and appends
the start, parity and stop bits. The word length is program-
mableto 5, 6, 7 or 8 data bits. Stop bit selection provides a
choiceof 1, 1.5 or 2 stop bits.

Single 5V Supply
DATASUS e
oro0 @~  surrer <+—>le FECEVERBUFFER | T -
SN et POWER
< .l UWECONTROL | —JRECEIVER TG :
o ——— SURPLY REGBTER |» | Rax
o —>
A ——b| owno;xm
A2 =t - BAUD RATE o
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cst ———]
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—_— \nEaTATe [ TRARBMITIER
Lt PEQUTER TIMNG & CONTROL
w | TRARSMTTER
o= TRANSMITYER SHETREGBTER [~ SOuT
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—_—]
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Figure 1 : BLOCK DIAGRAM OF KS82C450/KS82C50A
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ASYNCHRONOUS COMMUNICATIONS ELEMENT

DESCRIPTION (Continued)

The Baud Rate Generator divides the clock by a divisor
programmable from 1 to 2'*~1 to provide standard RS-
232C baud rates when using any one of three industry
standard baud rate crystals (1.8432 MHz, 2.4576 MHz or
3.072 MHz). The BAUDOUT programmabile clock output
provides a buffered oscillator or a 16x (16 times the data
rate) baud rate clock for general purpose system use.

To meet the system requirements of a CPU interfacing to
an asynchronous channel, the modem control signals
RTS, CTS, DSR, DTR, RI, DCD are provided. inputs and
outputs have been designed with full TTL/CMOS com-
patability in order to facilitate mixed TTL/NMOS/CMOS
systemdesign.

53858 ¢8=zBEE
aooannonn |l
6 5 4 3 2 1 44 43 42 41 40
ps [}7 O 3o ImR
pe []s ss[JouTt
o7 (]9 37 ;]Bﬁ
ReLk [}10 36 [ JRTS
sin (11 as| Jourz
NC E 12 KS82C450/KS82C50A 2 ch
sout {}13 23 ;] INTRPT
cso [ 32[Inc
cst [}1s 3 ;]Ao
csz s 30 _J a1
BAUDOUT [ |17 20| ]2
L1s 19 20 2 23 24 25 26 27 28
;;—_(' g E & % g2 2 § é I‘é’

Figure 2a: PLCC CONFIGURATION
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Figure 2b : 40-PIN DIP CONFIGURATION

& SAMSUNG

¥ clectronics

e

120



KS82C450/C50A

ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table1: PIN DESCRIPTIONS

Symbol

Pin(s)

Type

Name and Function

RD,RD

22,21

Read, Read: RD, RD are read inputs which cause the KS82C450/KS82C50A to
output data to the data bus (D, - D,). The data output depends upon the register
selected by the address inputs A , A, and A,. The chip select inputs CS0, CS1 and
CS2enable the RD, RD inputs.

Only an active RD or RD, not both, is used to receive data from the KS82C450/
KS82C50A during a read operation. If RD is used as the read input, RD should be
tied high. If RD is used as the active read input, RD should be tied low.

WR, WR

19,18

Write, Write:WR, WR are write inputs which cause data from the databus (D, - D,)
to be input to the KS82C450/KS82C50A. The data input depends upon the
register selected by the address inputs A, A, and A,. The chip selectinputs CS,,
CS, and CS, enable the WR, WR inputs.

Only an active WR or WR, not both, is used to transmit data to the KS82C450/
KS82C50A during awrite operation. If WRis used as the write input, WR should be
tied high. If WR is used as the write input, WR must be tied low.

o

Data Bus: The Data Bus provides eight, 3-state input/output lines for the transfer
of data, control and status information between the KS82C450/KS82C50A and
the CPU. For character formats of less than 8 bits, D7, D6 and D5 are don’t cares
for data write operations and zero for data read operations. These lines are
normally in a high impedance state exceptduring read operations. DO is the Least
Significant Bit (LSB) and is the first serial data bit to be received or transmitted.

An A, A,

28, 27,26

Register Select: The address lines select the internal registers during CPU bus
operations.

XTAL,, XTAL,

16,17

1,0

Crystal/Clock: Crystal connections for the internal Baud Rate Generator. XTAL1
can also be used as an external clock input, in which case XTAL2 should be left

open.

SOouT

Serial Data Output: Serial data ouputput from the KS82C450/KS82C50A trans-
mitter circuitry. A Mark (1) is a logic one (high) and Space (0) is a logic zero (low).
SOUT is held in the Mark condition when the transmitter is disabled, MR is true, the
Transmitter Register is empty, or when in the Loop Mode. SOUT is not affected by
the CTS input.

Ground: Power supply ground, 0V

Clear to Send: An active low signal, the logical state of the CTS pin is reflected in
the CTS bit of the (MSR) Modem Status Register (CTS is bit 4 of the MSR, written
MSR{4]). A change of state in the CTS pin since the previous reading of the MSR
causes the setting of DCTS (MSR[0]) of the Modem Status Register. When CTS s
active (low), the modem is indicating that data on SOUT can be transmitted on the
communications link. If CTS pin goes inactive (high), the KS82C450/KS82C50A
should not be allowed to transmit data out of SOUT. CTS pin does not affect Loop
Mode operation.

Data Set Ready: An active low signal, the logical state of the DSR pin is reflected in
MSRI5] of the Modem Status Register. DDSR (MSR[1]) indicates whether the
DSRpin has changed state since the previous reading ofthe MSR. When the DSR
pinisactive (low), the modem is indicating thatitis ready to exchange data with the
KS82C450/KS82C50A, while the DSR pin inactive (high) indicates that the
modem is not ready for data exchange. The active condition indicates only the
condition of the local Data Communications Equipment (DCE), and does notimply
that a data circuit has been established with remote equipment.
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KS82C450/C50A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table 1: PIN DESCRIPTIONS e

Symbol

Pin(s)

Type

Name and Function

DTR

33

(@)

Data Terminal Ready: An active low signal, the DTR pin can be set (low) by writing
alogic one to MCR[0]. Modem Control Register bit 0. This signal is cleared (high)
by writing a logic zero to the DTR bit (MCR[0]) or whenever a MR active (high) is
applied to the KS82C450/KS82C50A. When active (low), DTR pin indicates to the
DCE that the KS82C450/KS82C50A is ready to receive data. In some instances,
DTR pin is used as a power on indicator. The inactive (high) state causes the DCE
to disconnect the modem from the telecommunications circuit.

RTS

32

Request to Send: An active low signal, RTS is an output used to enable the
modem. The RTS pin is set low by writing a logic one to MCR[1] bit 1 of the Modem
Control Register. The RTS pin is reset high by Master Reset. When active, the
RTS pin indicates to the DCE that the KS82C450/KS82C50A has data ready to
transmit. In half duplex operations, RTS is used to control the direction of the line.

BAUDOUT

15

BAUDOUT: This active low output signal is a 16x clock outused for the transmitter
section (16x = 16 times the data rate). The BAUDOUT clock rate is equal to the
reference oscillator frequency divided by the specified divisor in the Baud Rate
Generator Divisor Latches DLL and DLM. BAUDOUT may be used by the receiver
section by tying this output to RCLK.

outm

34

Output 1: This is an active low general purpose output that can be programmed
active (low) by setting MCR[2] (OUT1) of the Modem Controt Register to a high
level. The OUT1 pin is set high by Master Reset. The OUT1 pin is inactive (high)
during loop mode operation.

ouT2

31

Output 2: This a an active low general purpose output that can be programmed
active (low) by setting MCR[3] (OUT2) of the Modem Control Register to a high
level. The OUT2pinis set high by Master Reset. The OUT2signalisinactive (high)
during loop mode operation.

39

Ring Indicator: When low, Rl indicates that a telephone ringing signal has been
received by the modem or data set. The Rl signal is a modem contro! input whose
condition is tested by reading MSR[6] (R!). The Modem Status Register output
TERI(MSR{2)) indicates whether the Rlinput has changed from alow to high since
the previous reading of the MSR. If the interrupt is enabled (IER[3] = 1) and BI
changes from a high to low, an interrupt is generated. The active (low) state of RI
indicates that the DCE is receiving a ringing signal. Rl will appear active for
approximately the same length of time as the active segment of the ringing cycle.
Theinactive state of Rl will occur during the inactive ségments of the ringing cycle,
or when ringing is not detected by the DCE. This circuit is not disabled by the
inactive condition of DTR.

DCD

38

Data Carrier Detect: When active (low), DCD indicates that the data carrier has
been detected by the modem or data set. DCD is a modem input whose condition
can be tested by the CPU by reading MSR[7] (DCD) of the Modem Status
Register, MSR[3] (DDCD) of the Modem Status Register indicates whether the

D input has changed since the previous reading of the MSR. DCD has no effect
onthereceiver. Ifthe DCD changes state with the modem status interruptenabled,
an interruptis generated.

When DCD is active (low), the received line signal from the remote terminal is
within the limits specified by the DCE manufacturer. The inactive (high) signal
indicates that the signal is not within the specified limits, or is not present.
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KS82C450/C50A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table1: PIN DESCRIPTIONS e

Symbol Pin(s) [ Type Name and Function

MR 35 I Master Reset: The MR input forces the KS82C450/KS82C50A into an idle mode in
which all serial data activities are suspended. The Modem Control Register (MCR)
along with its associated outputs are cleared. The Line Status Register (LSR) is
cleared except for the THRE and TEMT bits, which are set. The KS82C450/
® KSB82C50A remains in an idle state until programmed to resume serial data
activities. The MR inputis a TTL compatible Schmitt trigger.

INTRPT 30 O | Interrupt Request: The INTRPT output goes active (high) when one of the
following interrupts has an active (high) condition and is enabled by the Interrupt
Enable Register: Receiver Error flag; Received Data Available; Transmitter
Holding Register Empty; and Modem Status. The INTRPT is reset low upon
appropriate service or a MR operation.

SIN 10 | Serial Data Input: The SIN input is the serial data input from the communication
line or modem to the KS82C450/KS82C50A receiver circuits. AMark (1) is high,
and a Space (0) is low. Data inputs on SIN are disabled when operating in the loop

mode.
Vo 40 - | Power Supply: +5V +10% DC Supply. A 0.1 pA decoupling capacitor from V,,
(pin 40) to V¢ (pin 20) is recommended.

Cs0, Cs1,8S52(12,13, 14 1 Chip Select: The Chip Select inputs act as enable signals for the write (WR, WR)
and read (RD, RD) input signals. The Chip select inputs are latched by the ADS
input.

NC 29 - Do Not Connect
CcSsout 24 O | Chip Select Out: When active (high), this pin indicates that the chip has been

selected by active CS0, CS1andCS2 inputs. No data trasfer can be initiated until
CSOUT is alogic one, active (high).

DDIS 23 O | Driver Disable: This outputis inactive (low) when the CPU is reading data from the
KS82C450/KS82C50A. An active (high) DDIS output can be used to disable an
external transceiver when the CPU is reading data.

ADS 25 | Address Strobe: When active (low), ADS latches the Register Select (A0, A1 and
A2) and Chip Select(CS0, CS1and CS2)inputs. An active ADS is required when
the Register Select pins are not stable for the duration of the read or write
operation, multiplexed mode. If not required, the ADS input should be tied low,
non-multiplexed mode.

RCLK 9 ] Receiver Clock: This input is the 16x Baud Rate Clock for the receiver section
of the KS82C450/KS82C50A. This input may be provided from the BAUDOUT
output or an external clock.
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KS82C450/C50A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table 2a : ACCHARACTERISTICS: (T,=0°C to +70°C, V.=5.0V £10%)

Test "KS82C450 | KS82C50A
Symbol Parameter Conditions Min | Max |Min | Max Units
tADS Address strobe width 60 -1 90 - ns
tAS Address Setup time 60 -1 90 -1 ns
tAH Address Hold Time 0 - 0 - ns
tCS Chip Select Setup Time 60 -1-90 - ns
tCH Chip SelectHold Time - 0 - 0 - ns
tDIW | RD/RD Strobe Width 125 - 1175 - ns
tRC Read Cycle Delay 175 - | 500 - ns’
RC Read Cycle=tAR* +tDIW+tRC . 360 {788 A ons
tDD RD/RD to Driver Disable Delay @100 pF loading *** - 60 - 75 ns
tODD | Delaly from RD/RD to Data @100 pF loading*** - 125 - | 175| ns
tHZ 'RD, RD to Floating Data delay @100 pF loading*** 0| 100|100 -1 ns
tDOW |  WR/WR Strobe Width 100 -1175 -1 ns
twC Write Cycle Delay 200 -1 500 - ns
wcC Write Cycle = tAW + tDOW + tWC 360 - 1755 - ns
tDS Data Setup Time 40 -1 90 - ns
tDH Data Hold Time 40 -| 60 - ns
tCSC* Chip Select Output Delay from Select | @100 pF loading* -| 100 - 125 ns
tRA* Address holdtime from RD, RD 20 -1 20 -| ns
tRCS* |  Chip SelctHold Time from RD/RD 20 -1 20 - ns
tAR* | RD, RD Delay from Address 60 -] 80 -1 ns
t{CSR* | RD/RD Delay from Chip Select 50 -| 80 -1 ns
fWA* |  AddressHold Time from WR/WR 20 -1 20 -1 ons
tWCS*|  Chipselect hold time from WR, WR 20 -| 20 -l ns
tAW* | WR/WR Delay from Address 60 -| 80 -l ns
tCSW*| 'WR/WR Delay from Select 50 -| 80 -1 ns
tMRW Master Reset Pulse Width 5 -1 10 - ys
tXH Duration of Clock High Pulse External Clock 140 -1 140 - ns
(3.1 MHz Max.)
tXL Duration of Clock Low Puise External Clock 140 - | 140 -1 ns
(3.1 MHz Max.)

»

: Preliminary
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KS82C450/C50 A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table 2a: AC CHARACTERISTICS (Continued): (T,=0°C to +70°C, V.=5.0V £10%)

Test *KS82C450 | KS82C50A

Symbol Parameter Conditions Min | Max | Min | Max Units

Baud Generator

N Baud Divisor 1] 251 1 | 211

tBLD Baud Output Negative Edge Delay 100 pF Load - 125 - 250 ns

tBHD Baud Output Positive Edge Delay 100 pF Load - 125 - 250 ns

tLW Baud Output Down Time fX=2MHz, = 2, 425 - | 425 ns

100 pF Load
tHW Baud Output Up Time fX=3MHz, =3, 330 - | 330 - ns
100 pF Load

Receiver ‘

tSCD Delay from RCLK to Sample Time - 2 - 2 us

tSINT Delay from Stop to Set interrupt 1 1{ RCLK**
Delay from RD/RD

tRINT (RD RBR/RD LSR) 100 pF Load 1 1 us
to Reset Interrupt

Transmitter

tHR Delay from WR/WR 100 pF Load - 175 | - [1000| s
(WRTHR) to Reset Interrupt

tiRS Delay from Initial INTR Reset to 24 40 | 24 40 | RCLK
Transmit Start Cycles

tSl Delay from Initial Write to Interrupt 16 48 | 16 48 | RCLK
(Note 1) Cycles

tST! Delay from Stop to Interrupt (THRE) 8 8| RCLK

Cycles**

tiR Delay from RD/RD (RD IiR) to 100 pF Load - | 250 - {1000 ns
to Reset Interrupt (THRE)

Modem Control

tMDO |  Delay from WR/WR 100 pF Load -] 200| - [1000| s
(WR MCR) to Output

tSIM Delay to Set Interrupt from 100 pF Load 250 - {1000 ns
MODEM Input ‘

tRIM Delay to Reset Interrupt from 100 pF Load - | 250 - | 1000 ns
RD/RD (RD MSR)

-Applicable only when ADS is tied low.
“RCLKisequaltot, andt, .
***Charge and discharge time is determined by V,, , V,, and the external loading.

* Note: Preliminary
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KS82C450/C50 A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Figure 3 : TIMING DIAGRAMS
a) Write Cycle Timing
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KS82C450/C50A ASYNCHRONOUS COMMUNICATIONS ELEMENT

Figure 3 : TIMING DIAGRAMS cot

c) Receiver Timing
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d) Transmitter Timing
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e) Modem Controls Timing
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KS82C450/C50A

Figure 3 : TIMING DIAGRAMS <
f) BAUDOUT Timing
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ASYNCHRONOUS COMMUNICATIONS ELEMENT
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Table3: CAPACITANCE (TA=25°C, VDD=VSS=0V, VIN=+5V or VSS)

Symbol Parameter Test Typical Units
Conditions Values
CIN Input capacitance Freq=1 MHz 15 pF
cout Output capacitance Unmeasured pins 15 pF
Clro I/O capacitance returnedto VSS 20 pF
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KS82C450/C50A

Table 4 : OPERATING CONDITIONS

ASYNCHRONOUS COMMUNICATIONS ELEMENT

Operating Voltage Range +4.5Vto +5.5V
Operating Temperature Range
Commercial 0°Cto +70°C
Industrial -40°C to +85°C
Table 5 : ABSOLUTE MAXIMUM RATINGS
Supply Voltage +8.0 Volts
Input, Output or /O Voltage Applied GND-0.5VtoV , +0.5V
Storage Temperature Range -65°Cto +150°C
Maximum Package Power Dissipation 1 Watt
Junction Temperature +150°C
Lead Temperature (Soldering, 10 seconds) +260°C

ojc

12°C/W (Cerdip), 17°C/W (LCC)

6ja

36°C/W (Cerdip), 41°C/W (LCC)

Table 6 : DC CHARACTERISTICS (T,=0°C t0 +70°C, V. =5.0V £10%)

Symbol Parameter Test Limits Units
Conditions Min Max

VIH Logical one input voltage 2.0 Vv
VIL Logical zero input voltage - 08 \
VTH Schmitt trigger logic one input voitage MR input 2.0 - \
VTL Schmitt trigger logic zero input voltage MR input 0.8 v
VIH (CLK) | Logical one ciock voltage External Clock 2.0 Vee \"
VIL(CLK) | Logicalzero clock voltage External Clock - 0.8 \
VOH Output high voitage IOH=-2.5mA 3.0 - v

IOH=-100 pA V0.4 - \Y
VOL Output low voltage 10L=+2.5mA - 0.4 \
I Input leakage current V=V or GND -1.01 +1.0 HA
10 Input/output leakage current Vour=Vee 0r GND -10.0| +10.0 pA
ICCOP Operating power supply current External Clock, - 6 mA

Freq=2.4576 MHz,

V=5.5V,

V=V 0r GND,

Outputs open
ICCSB Standby supply current Vec=5.5V, 100 RA

V=V 0r GND,

Outputs open
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KS82C450/C50A

ASYNCHRONOUS COMMUNICATIONS ELEMENT

REGISTERS

The three types of internal registers in the KS82C450/
KS82C50A used in the operation of the device are control,
status and data registers. The control registers are the Bit
Rate Select Register DLL and DLM, Line Control Register,
Interrupt Enable Register and the Modem Control regis-
ters, while the status registers are the Line Status Regis-
ters and the Modem Status Register. The data registers
are the Receiver Buffer Register and Transmitter Holding
Register. The Address, Read and Write inputs are used in
conjunction with the Divisor Latch Access Bit in the Line
Control Register (LCR[7]) to select the register to be
written or read (see Table 7). Individual bits within these
registers are referred to by the register mnemonic and the
bit number in square brackets. An example, LCR[7] refers
to Line Control Register Bit 7.

The Transmitter Holding Register and Receiver Buffer Reg-
ister are data registers holding from 5 to 8 data bits. If less
than eight data bits are transmitted, data is right justified to
the LSB. Bit0 ofadataword is always the first serial data bit
received and transmitted. The KS82C450/KS82C50A
data registers are double buffered so that read and write
operations can be performed atthe same time the UART is
performing the parallel to serial and serial to parallel
conversion. This provides the microprocessor with in-
creased flexibility in its read and write timing.

Table 7 : ACCESSING KS82C450/KS82C50A INTERNAL REGISTERS

Mnemonic Register DLAB | A2 A1 A0
RBR Receiver Buffer Register 0 0 0 0
(read only)
THR Transmitter Holding Register 0 0 0 0
(write only)
IER Interrupt Enable Register 0 0 1
IR Interrupt Identification Register X 0 1 0
(read only)
LCR Line Control Register X 0 1 1
MCR Modem Control Register X 1 0 0
LSR Line Status Register X 1 0 1
MSR Modem Status Register X 1 1 0
SCR Scratch Register X 1 1 1
DLL Divisor Latch (LSB) 1 0 0 0
DLM Divisor Latch (MSB) 1 0 0 1
Notes: 1. X=Don't Care
2. 0=LogicLow
3. 1 =Logic High
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KS82C450/C50A

ASYNCHRONOUS COMMUNICATIONS ELEMENT

Line Control Register (LCR)

The format of the data character is controlled by the Line
Control Register. The contents of the LCR may be read,
eliminating the need for separate storage of the line char-
acteristics in system memory. The contents ofthe LCR are
described in Table 8.

LCR[0] and LCR[1] word length select bit 0, word length
select bit 1: The number of bits in each transmitted or
received serial character is programmed per Table 9.

LCR[2] Stop Bit Select: LCR[2] specifies the number of
stop bits in each transmitted character. If LCR[2] is a logic
zero, one stop bit is generated in the transmitted data. If
LCRI2] is a logic one when a 5-bit word length is selected,
1.5 stop bits are generated. If LCR[2] is a logic one when
either a 6-, 7- or 8-bit word length is selected, two stop bits
are generated. The receiver checks the first stop-bit only,
regardless of the number of stop bits selected.

LCR(3] Parity Enable: When LCR(3] is high, a parity bit
between the lastdata word bitand stop bitis generated and
checked.

LCR[4] Even Parity Select: When parity is enabled
(LCR[3]=1), LCR[4]=0 selects odd parity, and LCR[4]=1
selects even parity.

LCR[5) Stick Parity: When LCR[3, 4 and 5] are logic one the
Parity bit is transmitted and checked as a logic zero. If

Table 8 : LCRBIT DEFINITIONS

LCR(3 and 5] are one and LCR[4] is a logic zero then the
parity bits is transmitted and checked as a logic one. If
LCRI5) is alogic zero Stick Parity is disabled.

LCR(6] Break Controi: When LCR[6] is set to logic one, the
serial output (SOUT) is forced to the spacing (logic zero)
state. The break is disabled by setting LCR[6] to a logic
zero. The Break Control bit acts only on SOUT and has no
effect on the transmitter logic. Break Control enables the
CPU to alert a terminal in a computer communications
system. If the following sequence is used, no erroneous or
extraneous characters will be transmitted because of the
break.

1. Loadan all0s pad character in response to THRE.
2. Setbreakin response to the next THRE.

Wait for the transmitter to be idle, (TTEMT=1), and
clear break when normal transmission has to be re-
stored.

During the break, the transmitter can be used as a charac-
ter timer to accurately establish the break duration.

LCR[7] Divisor Latch Access Bit (DLAB): LCR[7] must be
set high (logic one) to access the Divisor Latches DLL and
DLM of the Baud Rate Generator during a read or write
operation. LCR[7] must be input low to access the Re-
ceiver Buffer, the Transmitter Holding Register, or the
Interrupt Enable Register.

LINE CONTROL REGISTER (LCR)

Bit Function IL(;R | LoR |L%R ILSR IL(;R ILCZFIT?R ||.%R]
Number WORD 00- SDATABITS
LENGTH  01- SDATABITS
0 Word Length Select Bit 0 (WLSO0) SELECT 107 DA
1 Word Length Select Bit 1 (WLS1) STOP  o-1sToparr
S ———— L 1-15STOPBITS IF 5 m'v& ag"s
2 Stop Bit Select (STB) SELECT :‘;‘;5“5" WoRo LENGTH
3 Parity Enable (EN) PARTY ooy osco
4 Even Parity Select (E PS) {GENERATED AND CHECKED)
5 Stick Parity L c PRIy TEURNeKAY e ey e
SELECT
S s o
o - PARITY 1= ,
7 Divisor Latch Access Bit (DLAB) TRARSMISSION AND CHECKNG OF A
PARITY BIT FORCED TO A LOGIC 1 IF
LCA4]-0 OR TO A LOGKC 0 IF LCR{4}1.
Table9: LCR WORD LENGTH SELECTION o BREAK  o-smemosamiso o
CONTROL ! - BREAX ENABLED: THE SERWL OU
LCR[1] LCR[2] Word Length (BOLT) S FORCED TO THE SPACNG SATE
. DIVISOR 0~ MUST BE LOW TOACCESS THE RCVR
0 0 5Bits T A o Ty
i BT DiSoR LATHES DLLAND DLW OF
o 1 6 Blts THE BAUD RATE GENERATOR DURING
1 o 7 an A READ OR WRITE OPERATION
1 1 8 Bits Figure 4 : LINE CONTROL REGISTER
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KS82C450/C50A

ASYNCHRONOUS COMMUNICATIONS ELEMENT

Line Status Register (LSR)

The LSR is a single register that provides status indica-
tions. The LSR is usually the first register read by the CPU
to determine the cause of an interrupt or to poll the status of
the KS82C450/KS82C50A.

Three error flags OE, FE and PE provide the status of any
error conditions detected in the receiver circuity. During
reception of the stop bits, the error flags are set high by an
error condition. The error flags are notresetby the absence
of an error condition in the next received character. The
flags reflect the last charater only if no overrun occurred.
The Overrun Error (OE) indicates that a character in the
Receiver Buffer Register has been overwritten by a char-
acter from the Receiver Shift Register before being read by
the CPU. The character is lost. Framing Error (FE) indi-
cates that the last character received contained incorrect
(low) stop bits. This is caused by the absence of the
required stop bit or by a stop bit too short to be detected.
Parity Error (PE) indicates that the last character received
contained a parity error based on the programmed and
calculated parity of the received character.

The Break Interrupt (Bl) status bit indicates that the last
character received was abreak character. A byeak charac-
ter is an invalid data character, with the entire character,
including parity and stop bits, logic zero.

The Transmitter Holding Register Empty (THRE) bit indi-
cates that the THR register is empty and ready to receive
another character. The Transmission Shift Register Empty
(TEMT) bit indicates that the Transmitter Shift Register is
empty, and the KS82C450/KS82C50A has completed
transmission of the last character. If theinterrupt is enabled
(IER[1]), an active THRE causes an interrupt (INTRPT).

The Data Ready (DR) bit indicates that the RBR has been
loaded with a received character (included Break) and that
the CPU may access this data.

Reading LSR clears LSR[1] - LSR[4], (OE, PE, FE and B).

The contents of the Line Status Register are indicated in
Table 10, and are described below.

LSR[0] Data Ready (DR): Data Ready is set high when an
incoming character has been received and transferred into
the Receiver Buffer Register. LSR[0] is reset low by a CPU
read of the data in the Receiver Buffer Register.

LSR[1] Overrun Error (OE): Overrun Error indicates that
data in the Receiver Buffer Register was not read by the
CPU before the next character was transferred into the
Receiver Buffer Register, overwriting the previous charac-
ter. The OE indicator is reset whenever the CPU reads the
contents of the Line Status Register.

LSR{2] Parity Error (PE): PE indicates that the received
data character does not have the correct even or odd

parity, as selected by the Even Parity Select bit (LCR[4]).
The PEbitis set high upon detection of aparity error, andis
reset low when the CPU reads the contents of the LSR.

LSR[3] Framing Error (FE): FE indicates that the received
character did not have a valid stop bit. LSR[3] is set high
when the stop bit following the last data bit or parity bit is
detected as a zero bit (spacing level). The FE indicator is
reset low when the CPU reads the contents of the LSR.

LSR[4] Break Interrupt (BI): Bl is set high when the re-
ceived datainputis heldin the spacing (logic zero) state for
longer than a full word transmission time (start bit+data
bits+parity+stop bits). The Bl indicator is reset when the
CPU reads the contents of the Line Status Register.

LSR[1] - LSR[4] are the error conditions that produce a
Receiver Line Status interrupt (priority 1 interrupt in the
Interrupt Identification Register (IIR)) when any of the
conditions are detected. Thisinterruptis enabled by setting
IER[2]=1in the Interrupt Enable Register.

LSRI[5] Transmitter Holding Register Empty (THRE):
THRE indicates that the KS82C450/KS82C50A is ready to
accept a new character for transmission. The THRE bit is
set high when a character is transferred from the Transmit-
ter Holding Register into the Transmitter Shift Register.
LSR(5] is reset low when the CPU loads the Transmitter
Holding Register. LSR[5] is not reset by a CPU read of the
LSR.

When the THRE interrupt is enabled (IER[1]=1), THRE
causes a priority 3 interrupt in the IIR. If THRE is the
interrupt source indicated in IR, INTRPT is cleared by a
read of the lIR.

LSRI6) Transmitter Empty (TEMT): TEMT is sethighwhen
the Transmitter Holding Register (THR) and the Transmit-
ter Shift Register (TSR) are both empty. LSR[6] is resetfow
when a character is loaded into the THR and remains low
until the character is trasferred out of SOUT. TEMT is not
reset low by a CPU read of the LSR.

LSR[7]: This bit is permanently set to logic zero.
Table 10 : LSR BIT DEFINITIONS
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Bit Function Logic1| Logic0
Number
0 Data Ready (DR) Ready | Not Ready
1 Overrun Error (OE) Error | NoError
2 Parity Error (PE) Error No Error
3 Framing Error (FE) Error No Error
4 Break Interrupt (Bl) Break | NoBreak
5 Transmitter Holding Empty | Not Empty
Register Empty (THRE)
6 Transmitter Empty (TEMT)| Empty | Not Empty
7 Not Used
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Modem Control Register (MCR)

The MCR controls the interface with the modem or data set
as described below. The MCR canbe written and read. The
RTS,DTR, OUT1 and OUT2 outputs are directly controlied
by their control bits in this register. A high input asserts a
low (true) at the outputpins.

MCR[0]: When MCR[0]is sethigh, the DTR output s forced
low. When MCR([0] is reset low, the DTR output is forced
high. The DTR output of the KS82C450/KS82C50A may
be input into an EIA inverting line driver as the 1488 to
obtain the proper polarity input at the modem or data set.

MCR{[1}:WhenMCR{1]is sethigh, the RTS outputis forced
low. When MCR([1] is reset low, the RTS output is forced
high. The RTS output of the KS82C450/KS82C50A may
be input into an EIA inverting line driver as the 1488 to
obtain the proper polarity input at the modem or data set.

MCRI[2}: When MCR[2] is set high, the OUT1 output is
forced low. When MCR[2] is reset low, the OUT 1 output is
forced high. OUT 1 is a user designated output.

MCR[3]: When MCR[3] is set high, the OUT2 output is
forced low. When MCR(3] is reset low, the OUT2 output is
forced high. OUT2 s a user designated output.

MODEM CONTROL REGISTER (MCR)

lmcn MCR] Mcn[ucnlmcn lucnlmcﬂ Imcnl
7 Is s |ajslz2]11]o0
L ]

DATA 0 = DTR OUTPUT HIGH (INACTIVE)
TERMINAL 1 =BTROUTPUTLOW (ACTIVE)

READY

REQUEST 0« TiTS OUTPUT HIGH (INACTIVE)
‘ ¥ [0 SEND 1= TITS OUTPUTLOW (ACTIVE)

s~ OUT1 0 «OUT] QUTPUT HIGH (INACTIVE)

1-"GUT1 QUTPUT LOW (ACTIVE)

—s oumn2 0 - BOTZ OUTPUT HIGH (INACTIVE)
s

OUTPUT LOW {ACTIVE)

 EEEEe— R L0 0 ] 0 = LOOP DISABLED

1« LOOP ENABLED

THESE BITS ARE PERMANENTLY
SETTOALOGIC &

Figure 5 : MODEM CONTROL REGISTER
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MCRI[4]: MCR[4] provides a local loopback feature for
diagnostic testing of the KS82C450/KS82C50A. When
MCRYU[4] is set high. Serial Output (SOUT) is set to the
marking (logic one) state, and the receiverr data input
Serial Input (SIN) is disconnected. The output of the
Transmitter Shift Register is looped back into the Receiver
Shift Register input. The four modem control inputs (CTS,
DSR, DCD and RI) are disconnected. The four modem
control outputs (DTR, RTS, OUT1 and OUT2) are inter-
nally connected to the four modem control inputs. The
modem control output pins are forced to their inactive state
(high). In the diagnostic mode, data transmitted is immedi-
ately received. This allows the CPU to verify KS82C450/
KS82C50A transmit and receive data paths .

In the diagnostic mode, the receiver and transmitter inter-
rupts are fully operational. The modem control interrupts
are also operational, but the interrupt sources are now the
lower four bits of the MCR instead of the four modem
control inputs. The interrupts are still controlled by the
Interrupt Enable Register.

MCR[5] - MCR([7]: Bits are permanently setto logic zero.
Table 11 : MCR BIT DEFINITIONS

Bit Function Logic 1 Logic0
Number
0 Data Terminal DTR DTR
Ready (DTR) Output Low | Output High
1 Requestto Send RTS RTS
(RTS) Output Low | Output High
2 OuUT1 OuT1 OUT1
Output Low | Output High
3 ouT2 ouT2 ouT2
Qutput Low | Output High
4 LOOP LOOP LOOP
Enabled Disabled
5 0
6 0
7 0

Modem Status Register (MSR)

The MSR provides the CPU with status of the modem input
lines from the modem or peripheral device. The MSR
allows the CPU to read the modem signal inputs by
accessing the data bus interface of the KS82C450/
KS82C50A. In addition to the current status information,
four bits of the MSR indicate whether the modem inputs
have changed since the lastreading of the MSR. The delta
status bits are set high when a control input from the
modem changes state, and reset low when the CPU reads
the MSR.

The modem input lines are CTS (pin 36), DSR (pin 37), R
(pin 39) and DCD (pin 38). MSR[4] — MSR[7] are status
indications of these lines. The status indications follow the
status of the input lines. If the modem status interruptin the
Interrupt Enable Register is enabled (IER[3]), a change of
state in a modem input signals will be reflected by the
modem status bits in the liR register and an interrupt
(INTRPT) is generated. The MSR is a priority 4 interrupt.
The contents of the Modem Status Register are described
inTable 12.

Note that the state (high or low) of the status bits are
inverted versions of the actual input pins.
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MSR[0] Delta Clear to Send (DCTS): DCTS indicates that
the CTS input (pin 36) to the KS82C450/KS82C50A has
changed state since the last time it was read by the CPU.

MSR[1] Delta Data Set Ready (DDSR): DDSR indicates
that the DSR input (pin 37) to the KS82C450/KS82C50A
has changed state since the last time it was read by the
CPU.

MSR[2] Trailing Edge of Ring Indicator (TERI): TERI
indicates that the RI input (pin 39) to the KS82C450/
KS82C50A has changed state (L—H) since the last time it
was read by the CPU.

MSR[3] Delta Data Carrier Detect (DDCD): DDCD indi-
cates that the DCD input (pin 38) to the KS82C450/
KS82C50A has changed state since the last time it was
read by the CPU.

MSRI[4] Clear to Send (CTS): CTS is the status of the CTS
input (pin 36) from the modem indicating to the KS82C450/
KS82C50A that the modem is ready to receive data from
the transmitter output (SOUT). If the KS82C450/
KS82C50A is in the loop mode (MCR[4]=1), MSR[4] is
equivalent to RTS in the MCR.

MSR[5] Data Set Ready (DSR): DSR is a status of the DSR
input (pin 37) from the modem to the KS82C450/
KS82C50A which indicates that the modem is ready to
provide received data to the receiver circuitry. If
KS82C450/KS82CS50A is in the loop mode (MCR[4]=1),
MSRI5)is equivalentto DTR in the MCR.

MSRI6] Ring Indicator (Rl): Rlindicates the status ofthe RI
input (pin 39). If the KS82C450/KS82C50A is in the loop
mode (MCR[4]=1), MSR[6] is equivalent to OUT1 in the
MCR.

MSR([7] Data Carrier Detect (DCD): DCD indicates the
status of the Data Carrier Detect (DCD) input (pin 38). If the
KS82C450/KS82C50A is in the loop mode (MCR[4]=1),
MSR[4]is equivalent to OUT2 of the MCR.

The modem status inputs (Rl, DCD, DSR and CTS) reflect
the modem input lines with any change of status. Reading
the MSR register well clear the delta modem status indica-
tions but has no effect on the status bits. The status bits
reflect the state of the input pins regardless of the mask
control signals. If aDCTS, DDSR, TERI or DDCD are true
and a state change occurs during a read operation
(RD,RD), the state change is not indicated in the MSR. If
DCTS, DDSR, TERI or DDCD are false and a state change
occurs during a read operation, the state change is indi-
cated after the read operation.

For LSR and MSR, the setting of status bits is inhibited
during status register read (RD,RD) operations. If a status
condition is generated during a read (RD,RD) operation,
the status bit is not set until the trailing edge of the read
(RD,RD).

If a status bit is set during a read (RD,RD) operation, and
the same status condition occurs, that status bit will be
cleared at the trailing edge of the read (RD,RD) instead of
being setagain.

Baud Rate Select Register (BRSR)

The KS82C450/KS82CS50A contains a programmable

Baud Rate Generator (BRG) that divides the clock (DC to

10 MHz) by any divisor from 1 to 2'*~1 (see BRG descrip-

tion). The output frequency of the BRG is 16x the datarate:
Divisor # = Frequency Input + (Baud Rate x 16)

Two 8-bit registers store the divisor in 16-bit binary format.
These Divisor Latch registers must be loaded during
initialization. On loading either of the Divisor Latches, a 16-
bit Baud counter is immediately loaded, preventing long
counts oninitial load.

Sample Divisor Number Calculation:

Given: Desired Baud Rate 1200 Baud
Frequency Input 1.8432 MHz
Formula: Divisor # = Frequency Input + (Baud Rate x 16)
Divisor # = 1843200 = (1200 x 16)
Answer: Divisor # = 96 = 60,,;, — DLL =01100000
DLM = 00000000
Check: The Divisor #96 will divide the input frequency

1.8432 MHz down to 19200 which is 16 times
the desired baudrate.

Table 12: MSR BIT DEFINITIONS

Bit Number Function

0 Delta Clear to Send (DCTS)
Delta Data Set Ready (DDSR)
Trailing Edge of Ring Indicator (TERI)
Delta Data Carrier Detect (DDCD)
Clear to Send (CTS)
Data Set Ready (DSR)
Ring Indicator (RI)
Data Carrier Detect (DCD)
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Table 13: DIVISOR LATCH BIT DEFINITIONS

Least Significant Bit Most Significant Bit
Bit Number Function Bit Number Function
0 DLL[0} 8 DLM[0]
1 DLL[1] 9 DLM[1]
2 DLL[2) 10 DLM[2]
3 DLL[3] 11 DLM[3]
4 DLL{4] 12 DLM[4]
5 DLL[5] 13 DLM[5]
6 DLL[6) 14 DLM[6]
7 DLL{7] 15 DLM[7]

Receiver Buffer Register (RBR)

The receiver circuitry in the KS82C450/KS82C50A is pro-
grammable for 5, 6, 7 or 8 data bits per character. For
words of less than 8 bits, the data is right justified to the
leastsignificant bit (LSB = DataBit 0, RBR([0]). Data Bit0
of a data word (RBR[Q]) is the first data bit received. The
unused bits in a character less than 8 bits are output low to
the paralle! output by the KS82C450/KS82C50A.

Received data at the SIN input pin is shifted into the
Receiver Shift Register by the 16x clock provided at the
RCLK input. This clock is synchronized to the incoming
databased on the position of the startbit. When acomplete
character is shifted into the Receiver Shift Register, the
assembled data bits are parallel ioaded into the Receiver
Buffer Register. The DR flag in the LSR register is set.

Double buffering of the received data permits continuous
reception of data without losing received data. While the
Receiver Shift Register is shifting a new character into the
KS82C450/KS82C50A, the Receiver Buffer Register is
holding a previously received character for the CPU to

Table 14 : RBR BIT DEFINITIONS

read. Failure to read the data in the RBR before complete
reception of the next character result in the loss of the data
inthe Receiver Register. The OE flaginthe LSRregisterin-
dicates the overrun condition.

Transmitter Holding Register (THR)

The Transmitter Holding Register (THR) holds parallel
data from the data bus (D0 - D7) until the Transmitter Shift
Register is empty and ready to accept a new character for
transmission. The transmitter and receiver word length
and number stop bits are the same. If the character is less
than eight bits, unused bits at the microprocessor data bus
are ignored by the transmitter.

Data Bit 0 (THR{0]) is the first serial data bit transmitted.
The THRE flag (LSR[5}) reflects the THR status, the TEMT
fiag (LSR[5]) indicates if both THR and TSR are empty.

Table 15 : THR BIT DEFINITIONS
Bit Number

0 Data - THRI[0]
Data - THR[1]
Data - THR[2]
Data - THR|[3]
Data - THR[4]
Data - THR[5]
Data - THR([6]
Data - THR([7]

Function

N | s (W (N -

Scratchpad Register (SCR)

This 8-bit Read/Write register has no effect on the
KS82C450/KS82C50A. It is intended as a scratchpad
register to be used by the programmer to hold data tempo-
rarily.

Table 16 : SCR BIT DEFINITIONS

Bit Number Function Bit Number Function
0 Data - RBR[0] 0 Data - SCRI0]
1 Data - RBR[1] 1 Data - SCR[1]
2 Data - RBR[2] 2 Data- SCR[2)
3 Data - RBR(3] 3 Data - SCR(3]
4 Data- RBR[4] 4 Data - SCR{4]
5 Data - RBR[5] 5 Data - SCR([5]
6 Data- RBRI[6} 6 Data - SCR[6]
7 Data - RBR{7] 7 Data - SCR[7]
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INTERRUPT STRUCTURE

Interrupt ldentification Register (IIR)

The KS82C450/KS82C50A has interrupt capability for in-
terfacing to current microprocessors. In order to minimize
software overhead during data character transfers, the
KS82C450/KS82C50A prioritizes interrupts into four
levels:

» Receiver Line Status (priority 1)

* Received Data Ready (priority 2)

« Transmitter Holding Register Empty (priority 3)

* Modem Status (priority 4)

Information indicating that a prioritized interrupt is pending
and the type of interrupt s stored in the Interrupt identifica-
tion Register (IIR). When addressed during chip select
time, the lIR indicates the highestpriority interrupt pending.
No other interrupts are acknowledged until the interrupt is
serviced by the CPU. The contents of the IIR are indicated
in Table 17 and are described below.

IIR[0]: IIR[0] can be used in either a hardwired prioritized or
polled environment to indicate if an interrupt is pending.
When lIR[0]is low, aninterruptis pending, and liR contents
may be used as a pointer to the appropriate interrupt
service routine. When is high, no interruptis pending.

IR[1] and lIR(2]: IIR[1] and IIR[2] are used to identify the
highest priority interrupt pending as indicated in Table 17.

IR[3] - 1IR[7]: These five bits of the {IR are logic zero.

Table 17 : INTERRUPT IDENTIFICATION REGISTER

Interrupt Enable Register (IER)

The Interrupt Enable Register (IER)is a Write register used
to independently enable the four KS82C450/KS82CS50A
interrupts which activate the interrupt (INTRPT) output. All
interrupts are disabled by resetting IER[0] — IER[3] of the
Interrupt Enable Register. Interrupts are enabled by set-
ting the appropriate bits of the IER high. Disabling the
interrupt system inhibits the Interrupt Identification Regis-
ter and the active (high) INTRPT output. All other system
functions operate in their normal manner, including the
setting of the Line Status and Modem Status Registers.
The contents of the Interrupt Enable Register are indicated
in Table 18 and are described below.

IER[0]: When programmed high (IER[0] = Logic 1), IER[Q]
enables Received Data Available interrupt.

IER[1]: When programmed high (IER[1} = Logic 1), IER[1}
enables the Transmitter Holding Register Empty interrupt.

IER[2]: When programmed high (IER[2] = Logic 1), {ER[2]
enables the Receiver Line Status interrupt.

IER[3]: Wehn programmed high (IER[3] = Logic 1), IER[3]
enables the Modem Status interrupt.

IER[4] - IER[7]: These four bits of the IER are logic zero.

interrupt identification Interrupt Set and Reset Functions
Priority Interrupt Interrupt Interrupt
Bit2 Bit1 Bit0 Level Flag Source Reset Control
X X 1 None None
1 1 0 First Receiver OE, PE, LSR Read
Line Status FE or Bl
1 0 0 Second Received Receiver RBR Read
Data Data
Available Available
0 1 0 Third THRE THRE 1IR Read if THRE
is interrupt source
or THR Write
0 0 0 Fourth Modem CTS,DSR, MSR Read
Status RI,DCD

Note: X - Don't Care
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Table 18 : REGISTER SUMMARY

Register Register Bit Number
Mnemonic Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
RBR Data Data Data Data Data Data Data Data
(Read Only) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
(MSB) (LSB)'
THR Data Data Data Data Data Data Data Data
(Write Only) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bito
DLL Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0o
DM Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
IER 0 0 0 0 EDSS! ELSI ETBEI ERBFI
(Enable (Enable (Enable (Enable
Modem | Receiver [Transmitter | Received
Status Line Holding Data
Interrupt) | Status Register | Available
Interrupt) Empty Interrupt)
Interrupt)
IR 0 0 0 0 0 Interrupt | Interrupt ‘0 - if
(Read Only) ID - ID Interrupt
Bit1 Bit0 Pending
LCR DLAB Set Stick EPS PEN STB WLSB1 WLSBO
(Divisor Break Parity (Even (Parity | (Number (Word (Word
Latch Parity Enable) of Stop Length Length
Access Select) Bits) Select) Select)
Bit) Bit 1 Bit0
MCR 0 0 0 LOOP ouT2 ouT1 RTS DTR
(Request (Data
to Send) Terminal
Ready)
LSR 0 TEMT THRE B! FE PE OE DR
(Transmitter | (Transmitter | (Break | (Framing (Parity (Overrun (Data
Empty) Holding Interrupt) Error) Error) Error) Ready)
. Register .
Empty)
MSR DCD RI DSR CTS DDCD TERI DDSR DCTS
(Data (Ring (Data (Clear (Delta (Trailing (Delta (Delta
Carrier | Indicator) Set to Send) Data Edge Data Clear
Detect) Ready) Carrier Ring Set to Send)
Detect) | Indicator) | Ready)
SCR Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Note: 1. LSB, Data Bit 0is the first bit transmitted or received
=+ 137
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OR (LSR[0])
ERBFI (IER[0])

THRE (LSRIS))
ETBEI (IER[1))

OE (LSR([1))
PE (LSR([2))

FE (LSR{3))
B! (LSR(4))
ELSI (IER[2))
DCTS (MSR[0])
DDSR (MSR[1])
TERI (MSR[2))
DDCD (MSR(3))
EDSSI (IER(3))

—
D—>—]
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INTRPT
PIN 30

Figure 6: KS82C450/82C50A INTERRUPT CONTROL STRUCTURE

Transmitter

The serial transmitter section consists of a Transmitter
Holding Register (THR). Transmitter Shift Register (TSR)
and associated control logic. The Transmitter Holding
Register Empty (THRE) and Transmitter Shift Register
Empty (TEMT) are two bits in the Line Status Register
which indicate the status of THR and TSR. To transmita 5 -
8 bitword, the word is written through DO - D7 to the THR.
The microprocessor should perform a write operation only
if THRE is high. The THRE is set high when the word is
automatically transferred from the THR to the TSR during
the transmission of the start bit.

When the transmitter is idle, both THRE and TEMT are
high. The first word written causes THRE to be reset to
zero. After completion of the transfer, THRE returns high.
TEMT remains low for at least the duration of the transmis-
sion of the dataword. If asecond character is transmitted to
the THR, the THRE is reset low. Since the data word
cannot be transferred from the THR to the TSR until the
TSR is empty, THRE remains low until the TSR has
completed transmission of the word. When the last word
has been transmitted out of the TSR, TEMT is set high.
THRE is set high one THR to TSR transfer time later.

Receiver

Serial asynchronous data is input into the SIN pin. The idle
state of the line providing the input into SIN is high. A start
bit detect circuit continually searches for a H — L transition
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from the idle state. When a transition is detected, a counter
is reset, and counts the 16x clock to 7'/,, which is the center
ofthe startbit. The start bitis validifthe SIN is still low at the
mid bit sample of the start bit. The start bit is verified to pre-
vent the receiver from assembling an incorrect data char-
acter due to a low.going noise spike on the SIN input.

The Line Control Register determines the number of data
bits in a character (LCR[0}, LCR[1]), number of stop bits
LCR[2), if parity is used LCR[3]}, and the polarity of parity
LCRI[4). Status information for the receiver is provided in
the Line Status Register. When a character is transferred
from the Receiver Shift Register to the Receiver Buffer
Register, the Data Received indication in LSR[0] is set
high. The CPU reads the Receiver Buffer Register through
DO - D7. Thes read resets LSR[0]. If DO - D7 are not read
prior to a new character transfer from the RSR to RBR, the
overrun error status indication is set in LSR[1]. The parity
check tests for even or odd parity on the parity bit, which
precedes the first stop bit. Ifthere is a parity error, the parity
error is setin LSR[2]. There is circuitry which tests whether
the stop bit is high. If it is not, a framing error indication is
generated in LSR(3].

The center of the start bit is defined as clock count 7'/, If
data into the SIN is a symmetrical square wave, the data
cell centers will occur within £3.125% of the actual center,
giving an error margin of 46.875%. The start bit can begin
as much as one 16x clock cycle prior to being detected.
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Baud Rate Generator (BRG)

The BRG generates the clocking for the UART function, at
standard ANSI/CCITT bit rates. The oscillator driving the
BRG may be provided with an external crystal to the XTAL1
and XTAL2 pins, or an external ciock into XTAL1. In either
case, a buffered clock output, BAUDOUT is provided for
other system clocking. If two KS82C450/KS82C50As are
used on the same board, one can use a crystal, with the
buffered clock output routed directly to XTAL1 of the other
KS82C450/KS82C50A.

The data rate is determined by the Divisor Latch registers
DLL and DLM and the external frequency or crystal input,
with the BAUDOUT providing an output 16x the data rate.
The bit rate is selected by programming the two divisor
latches, Divisor Latch Most Significant Byte and Divisor
Latch Least Significant Byte. Setting DLL=1 and DLM=0
selects the divisor to divide by 1 (divide by 1 gives maxi-
mum baud rate for a given input frequency at XTAL1). The
on-chip oscillator is optimized for a 10MHz crystal.

The BRG can use any of three different popular crystals to
provide standard baud rates. The frequency of these three
common crystals on the market are 1.8432MHz,
2.4576MHz and 3.072MHz. With these standard crystals,
standard bitrates from 50t038.5 kbps are available. The
following tables illustrate the divisors needed to obtain
standard rates using these three crystal frequencies.

Table 20 : BAUD RATES WITH 2.4576 MHZ CRYSTAL

ASYNCHRONOUS COMMUNICATIONS ELEMENT

Table 19 : BAUD RATES WITH 1.8432 MHZ CRYSTAL

Desired Divisor Used Percentage Error
Baud Rate to Generate Difference Between
16 x Clock Desired and Actual
50 2304
75 1536
110 1047 0.026
134.5 857 0.058
150 768
300 384
600 192
1200 96
1800 64
2000 58 0.69
2400 48
3600 32
4800 24
7200 16
9600 12
19200 6
38400 3
56000 2 2.86

Table 21 : BAUD RATES WITH 3.072 MHZ CRYSTAL
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Desired Divisor Used Percentage Error Desired Divisor Used Percentage Error
Baud Rate to Generate Difference Between Baud Rate to Generate Difference Between
16 x Clock Desired and Actual 16 x Clock Desired and Actual
50 3072 - 50 3840
75 2048 - 75 2560
110 1396 0.026 110 1745 0.026
1345 1142 0.0007 1345 1428 0.034
150 1024 - 150 1280
300 512 300 640
600 256 - 600 320
1200 128 1200 160
1800 85 0.392 1800 107 0.312
2000 77 0.260 2000 96
2400 64 2400 80
3600 43. 0.775 3600 53 0.628
4800 32 . - 4800 40
7200 21 1.587 7200 27 1.23
9600 16 - 9600 20
19200 8 19200 10
38400 4 - 38400 5
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Reset

After powerup, the KS82C450/KS82C50A Master Reset
schmitt trigger input (MR) should be held high for
TMRW ns to reset the KS82C450/KS82C50A circuits to
an idle mode unitl initialization. A high on MR causes the
following:

« Initializes the transmitter and receiver internal clock
counters.

+ Cleats the Line Status Register (LSR), except for
Transmitter Shift Register Empty (TEMT) and Transmit
Holding Register Empty (THRE), which are set. The
Modem Control Register (MCR}) and Line Control Reg-
ister (LCR) are also cleared. All of the discrete lines,

Table 22: RESET OPERATIONS

memory elements and miscellaneous logic associated
with these register bits are also cleared or turned off.
The Divisor Latches, Receiver Buffer Register, Trans-
mitter Buffer Register are not effected.

Following removal of the reset condition (MR low), the
KS82C450/KS82C50A remains in the idle mode untit pro-
grammed. :

A hardware reset of the KS82C450/KS82C50A sets the
THRE and TEMT status bitin the LSR. When interrupts are
subsequently enabled, an interrupt occurs due to THRE.

A summary of the effect of a Master Reset on the
KS82C450/KS82C50A is given in Table 22.

Register/Signal Reset Control Reset
Interrupt Enable Register Master Reset All Bits Low (0-3 forced, 4-7 permanent)
Interrupt Identification Register Master Reset Bit0is High, Bits 1 and 2 Low

Bits 3-7 Permanently Low

Line Control Register Master Reset All Bits Low
MODEM Control Register Master Reset All Bits Low
Line Status Register Master Reset Bits 5 and 6 High, all other Bits Low
MODEM Status Register Master Reset Bits 0-3 Low, Bits 4-7 Input Signal
SOuUT Master Reset High
Interrupt (RCVR Errors) Read LSR/MR Low
Interrupt (RCVR Data Ready) Read RBR/MR Low
Interrupt (THRE) Read lIR, Write THR/MR Low
Interrupt (Modem Status Changes) Read MSR/MR Low
ouT2 Master Reset High
RTS Master Reset High
DTR Master Reset High
ouTi Master Reset High
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KS82C450/C50A

PROGRAMMING

The KS82C450/KS82C50A is programmed by the control
registers LCR, |IER, DLL, DLM and MCR. These control
words define the character length, number of stop bits,
parity, baud rate and modem interface.

While the Control registers can be written in any order, the
IER should be written to last because it controls the
interrupt enables. Once the KS82C450/KS82C50A is pro-
grammed and operational, these registers can be updated
any time the KS82C450/KS82C50A is not transmitting or
receiving data.

The control signals required to access KS82C450/
KS82C50A internal registers are shown below.

Software Reset

A software reset of the KS82C450/KS82C50A is a useful
method for returning to a completely known state withouta
system reset. Such a reset consists of writing to the LCR,
Divisor Latches and MCR registers. The LSR and RBR
registers should be read prior to enabling interrupts in
order to clear outany residual data or status bits which may
be invalid for subsequent operation.

Crystal Operation

The KS82C450/KS82C50A crystal oscillator circuitry is
designed to operate with a fundamental mode, parallel
resonant crystal. Table 23 shows the required crystal
parameters and crystat circuit configuration, respectively.

When using an external clock source, the XTAL1 input is
driven and the XTAL2 output is left open. Power consump-
tion when using an external clock is typically 50% of that
required when using a crystal. This is due to the sinusoidal
nature of the drive circuitry when using a crystal.

The maximum frequency of the KS82C450/KS82C50A is
10 MHz with an external clock or a crystal attached to
XTAL1and XTAL2. Using the external clock or crystal, and
a divide by one divisor, the maximum BAUDOUT is
10 MHz and the maximum data rate is 625 kbps.

o SAMSUNG
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Table 23 : TYPICAL CRYSTAL OSCILLATOR CIRCUIT

Parameter
Frequency 1.0tc 10MHz
Type of Operation Parallel resonant,
Fundamental mode
Load Capacitance (C,) | 20 or 32 pF (typical)
Ryones (Max) 100 (f=10MHz,C  =32pF)
200 (f=10MHz,C , =20pF)

XTAL1
— PIN 16

% CL | )
- XTAL §

XTAL2

TO BAUD RATE
» GENERATOR
LOGIC

PIN 17

RS

KS82C450/KS82CS0A

TCL

Figure 7 : CRYSTAL OSCILLATOR CIRCUIT
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ASYNCHRONOUS COMMUNICATIONS ELEMENT

PACKAGE DIMENSIONS

Units: Inches

i170

REF

.130
L ReF REF

k\/

lll
ll\

Eleclronlcs
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(6¥'stlotg’
(667 1)06S" |
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050 1 02

ALL DIMENSIONS IN INCHES

Figure 8 : PLASTIC PACKAGING

Figure9 : PLCC PACKAGING
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KS82C450/C50A ASYNCHRONOUS COMMUNICATIONS ELEMENT

ORDERING INFORMATION and PRODUCT CODE

KS 82CXXX- X X X
S A

Samsung
Semiconductor, Inc.
Packaging
P - Plastic DIP
| L - Plastic Leaded Chip Carrier (PLCC)
Part Number |
Speed | Temperature
Blank | C - Commercial (0°Cto +70°C)

I -Industrial (-40°Cto + 85 °C)

Samsung Semiconductorproducts are designated by a Product Code. When ordering, refer to products by their full code. For unusual,
and/or specific packaging or processing requirements not covered by the standard product line, please contact the Samsung
Microprocessor Peripherals Product Group.
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KS82C52

SERIAL CONTROLLER INTERFACE (SCC)

FEATURES

Pin and functional compatibility with the
industry standard 8252

TTL Input/output compatibility

Low power CMOS implementation
High speed - DC to 16 MHz operation
Single chip UART/BRG

Crystal or external clock input

On chip baud rate generator featuring
72 selectable baud rates

Interrupt mode with mask capability
Microprocessor bus oriented interface
Line break generation and detection
Loopback and echo modes

Fully static operation

DATA
Do-07 (TN aus
BUFFER

RD ——d

WR ————»d READ/WRITE
CONTROL

DESCRIPTION

The KS82C52 is a high performance, single chip program-
mable Universal Asynchronous Receiver/Transmitter
(UART) and Baud Rate Generator (BRG). The Baud Rate
Generator can be programmed for one of 72 different baud
rates using a single industry standard crystal or external
frequency source. A programmable buffered clock output is
available and can be programmed to provide either a buff-
ered oscillator or 16X baud rate clock for general purpose
system usage.

The KS82C52 features full TTL/CMOS compatibility, allow-
ing it to be designed into mixed TTL/NMOS/CMOS system
environments. Its high speed and high performance make
it ideally suited for aerospace and defense applications,
while a very low power consumption suits it to portable
systems and systems with low power standby modes.

N
UART TBRE
A——N] CONTROL&
N———/ STATUS
REGISTERS DR

Ay ——— LoGIC

Ay ——>

& — 1

X ———»1 PROGRAM-

OX ¥~ BAUD RATE
GENERATOR

RsT ' CONTROL

£
AN

INTR+——]  LO8C

L N [TRANSMITTER|.e N |TRANSMITTER SDO
BUFFER REGISTER
v REGISTER Pe—»Ss
¥
RECEIVER RECEIVER
K] urrer (") mecisTeR [+ soi
REGISTER Pe—S
MODEM DSR
A—— | CONTROLS cTs
STATUS BTR
REGISTERS D__
RTS
INTERNAL
DATA Bus
<vr

Figure 1 : KS82C52 BLOCK DIAGRAM
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KS82C52 SERIAL CONTROLLER INTERFACE (SCC)

TOP VIEW

KS82C52

12 13 14 15 16 17 18

Figure 2 a: PLCC CONFIGURATION

b1 ~/ 28 hcso
WRO 2 27 B Voo
D, 03 26 [1 DR
Dy a4 25 1 SDI
D,05 P 24 0INTR
D; 06 @) 23[RST
Dy 7 ® 22 O TBRE
Dsaa 8 21 p CO
Dsag Oy 20 PDRTS
D;gt10 N 19 P DTR
Ao O 1 18 [ DSR
Ai 12 17 D CTs
X g 13 16 [ Vgg
ox O 14 15 0 spo

Figure 2 b: 28-PIN DIP CONFIGURATION
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KS82C52

SERIAL CONTROLLER INTERFACE (SCC)

Table 1 : PIN DESCRIPTIONS

Symbol

Pin(s)
28-Pin DIP

Type

Name and Function

A

or

A1

11,12

Address Inputs: The address lines select the various internal registers during CPU bus
operations.

co

21

Clock Out: This output is user programmable to provide either a buffered IX output or a
buffered Baud Rate Generator (16x) clock output. The buffered IX (Crystal or-external
clock source) output is provided when the Baud Rate Select Register (BRSR) bit 7 is set to
a zero. Writing a logic one to BRSR bit 7 causes the CO output to provide a buffered
version of the internal Baud Rate Generator clock which operates at sixteen times the
programmed baud rate.

28

Chip Select: The chip select input acts as an enable signals for the RD and WR input
signals.

CTS

Clear to Send: The logical state of the CTS line is reflected in the CTS bit of the Modem
Status Register. Any change of state in CTS causes INTR to be set true when INTEN and
MIEN are true. A false level on CTS will inhibit transmission of data on the SDO output
and will hold SDO in the Mark (high) state. If CTS goes false during transmission, the
current character being transmitted will be completed. CTS does not affect Loop Mode
operation.

I/0

Data Bits 0 - 7: The Data Bus provides eight, 3-state input/output lines for the transter of
data, control and status information between the KS82C52 and the CPU. For character
formats of less than 8 bits, the corresponding D,, Ds and D, are considered don't cares for
data write operations and are O for data read operations. These lines are normally in a
high impedance state except during read operations. D, is the Least Significant Bit (LSB)
and is the first serial data bit to be received or transmitted.

26

Data Ready: A true level indicates that a character has been received, transferred to the
RBR and is ready for transfer to the CPU. DR is reset on a data READ of the Receiver
Buffer Register (RBR) or when RST is true.

18

Data Set Ready: The logical state of the DSR line is reflected in the Modem Status
Register. Any change of state of DSR will cause INTR to be set if INTEN and MIEN are
true. The state of this signal does not affect any other circuitry within the KS82C52.

19

Data Terminal Ready: The DTR signal can be set fow by writing a logic 1 to the
appropriate bit in the Modem Control Register (MCR). This signal is cleared high by
writing a logic 0 to the DTR bit in the MCR or whenever a RST (high) is applied to the
KS82C52.

INTR

24

Interrupt Request: The INTR output is enabled by the INTEN bit in the Modem Control
Register (MCR). The MIEN bit selectively enables modem status changes to provide an
input to the INTR logic. Figure 15 shows the overall relationship of these interrupt control
signals.

IX, OX

13,14

o

Crystal/Clock: Crystal connections for the internal Baud Rate Generator. IX can also be
used as an external clock input in which case OX should be left open.

Read: The RD input causes the KS82C52 to output data to the data bus (D, - D,). The
data output depends upon the state of the address inputs (A, A,). CSO enables the RD
input.

RST

23

Reset: The RST input forces the KS82C52 into an /dle mode in which a serial data
activities are suspended. The Modem Control Register (MCR) along with its associated
outputs are cleared. The UART Status Register (USR) is cleared except for the TBRE and
TC bits, which are set. The KS82C52 remains in an /dle state until programmed to
resume serial data activities. The RST input is a Schmitt trigger input.

RTS

20

Request to Send: The RTS signal can be set low by writing a logic 1 to the appropriate
bit in the MCR. This signal is cleared high by writing a logic 0 to the RTS bit in the MCR or
whenever a reset RST (high) is applied to the KS82C52.
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SERIAL CONTROLLER INTERFACE (SCC)

KS82C52

Table 1 : PIN DESCRIPTIONS <o

Symbol Pin(s) Type Name and Function
28-Pin DIP |
SDI 25 | Serial Data Input: Serial data input to the KS82C52 receiver circuits. A Mark (1) is
high, and a Space (0) is fow. Data inputs on SD! are disabled when operating in the
loop mode or when RST is true.

SDO 15 (o] Serial Data Output: Serial data output from the KS82C52 transmitter circuitry. A Mark
(1) is a logic one (high) and Space (0) is a logic zero (low). SDO is held in the Mark
condition when the transmitter is disabled, when CTS is false, RST is true, when the
Transmitter Register is empty, or when in the Loop Mode.

TBRE 22 o Transmitter Buffer Register Empty: The TBRE output is set high whenever the
Transmitter Buffer Register (TBR) has transferred its data to the Transmitter Register.
Application of a reset (RST) to the KS82C52 will also set the TBRE output. TBRE is
cleared low whenever data is written to the TBR.
Vee 27 Power: 5V + 10% DC Supply J
FUNCTIONAL DESCRIPTION Operating Modes

The KS82C52 UART contains a programmable baud rate
generator that provides clocking for the transmitter and
receiver circuits. The clock output, CO, is a buffered
version of either the clock input (1X) to the device or a clock
rate that is 16 x the actual baud rate generated.

The transmitter is used for sending serial data out through
the SDO pin. The Transmitter Buffer Register accepts 5-to
8-bit wide parallel data from the data bus and transfers it to
the Transmitter Register which then shifts the data out
serially through the SDO pin. This form of double buffering
technique allows continuous data flow transmission.

The receiver accepts serial data via the SD! pin and con-
verts it to parallel form for the system CPU to read. Data is
received serially into the Receiver Shift Register from the
SDI pin, then sent to the Receiver Buffer Register for
access by the CPU. The receiver aiso detects parity errors,
overrun errors, frame errors and break characters.

The Modem Control and Status block provides the means
for communicating with the modem or data set. The Mo-
dem Control Register is used to select one of four modes
of communication: normal mode, loop mode, echo mode
and transmit break. The Modem Contrc: Register defines
which interrupts will be enabled and will also set the
modem control output lines, RTS and DTR. The Modem
Status Register keeps track of any changes in the modem
control inputs lines, CTS and DSR, as well as allowing the
CPU to read their inputs.

The format of the data character being transmitted (eg:
number of data bits, parity control and the number of stop
bits) is controlled by the UART Control Register. Changes
in the status of the device at any given time is reflected in
the UART Status Register.

Normal Mode: Configures the KS82C52 for normal full or
half-duplex communications. Data will not be looped back
in any form between the serial data input pin and the serial
data output pin (see Figure 3a).

Transmit Break: This mode of operation causes the trans-
mitter to transmit break characters only. A break character
is composed of all logical zeros for the start, data, parity
and stop bits.

Echo Mode: When selected, echo mode causes the
KS82C52 to re-transmit data received on the SDI pinoutto
the SDO pin. In this mode of operation, any data written to
the Transmitter Buffer Register will not be sent out on the
SDO pin (Figure 3b).

Loop Test Mode: This mode internaily re-directs data that
would normally be transmittea back to the receiver cir-
cuitry. The transmitted data will not appear at the SDO pin.
Aiso, data that is received on the SDI pin will be ignored by
the device. This mode of operation is useful for performing
self test(s) on the device (Figure 3c).

S Serial Data from _____..l SDO I
§ Transmitter Register
Serial Data to a) NORMAL MODE
X Receive Register %1
5 ey SDO
g Serial Data to - b) ECHO MODE
¥ Recelve Register sDI
& Serial Data from __-
a -
$  Transmitter Register m
g Serial Data to ¢) LOOP TEST MODE
X Receive Register ~®—

Figure 3 : OPERATING MODES
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KS82C52 SERIAL CONTROLLER INTERFACE (SCC)

Table 2 : RECOMMENDED OPERATING CONDITIONS

Operating Voltage Range 7 +4Vto+7V
Operating Temperature Range ' Commercial - 0°Cto+70°C

Table 3 : ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage (V,) ’ 480V
Input (V,,) or VO Voltage Applied Vu-05VtoV, +05V
Output (V,,,) Voltage Applied Ve-05VtoV, +05V
Maximum Power Dissipation R 1 Watt
Storage Temperature ' ‘ . 65 °C to +150 °C

Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not
implied. Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 4: DC CHARACTERISTICS (T, = 010 70 °C, V.= SV £ 10%, V,, = O¥)

Symbol Parameter Test Conditions Limits Units
Min Max
lo Operating Power External Clock F = 2.45576 MHz 3 mA
Supply Current Veo=55V,V, =V oarV,
Outputs Open
g Input Leakage Current V,, = Vi, or Vg on input pins -1.0 +1.0 A
loe /O Leakage Current Vo = Vo 0F V, 00 3-218% pins -10.0 +10.0 nA
Vv, Input HIGH Voltage : 2.0 v
V,,(CLK) Input HIGH Voltage Clock |  External Glack B B v
\'A Input LOW Vaitage . o . 0.8 v
V, (CLK) Input LOW Voltage Clock | - External Clock ) V,+05 v
Va, | Output HIGH Voltage I, =25 mA 1 30 Y
Jﬂ: -100 pA v Vl' 0.4
Vo Output LOW Voltage |, = +2.5 mA 04
Vv, Schmitt Trigger Reset Input ) V,,-05
Input HIGH Voltage ‘ _ ]
V. Schmitt Trigger Reset input - Ve+05 v
Input LOW Voltage e ‘

Lo is typically < 1 ma/MHz:

ESAMSUNG R
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SERIAL CONTROLLER INTERFACE (SCC)

KS82C52

Table 5 : AC CHARACTERISTICS (T, # 010 70 °C, V,, = 5V + 10%, V,, = 0V)

Symbol Parameter Test Conditions Limits (16 MHz) Units
Min Max
FC Clock Frequency bt + toc, Must be 0 16 MHz
262.5ns
L Clock High Time 25 ns
oo Clock Low Time 25 ns
| — Control Disabie to Centrol 100 ns
Enable )
tonex Select Hold Frem Contra! 50 ns
Trailing Edge - »
Lonem Control Pulse Width Cantol Consists of RD 150 ns
. or WR
L Data Setup Time 50 ns
Yo Clock Output C, = 50 pi 15 ns
Fall Time :
tooo Clock Output C, =50 pt 15 ns
Rise Time S
| . Read Disable 2 0 60 ns
| Read Low to Data Valid 1 . 120 ns
T/T. X Input tx </, FCor 50 ns, tx ns
Rise/Fall Time (External whichever is smaller
Clock)
taen Select Setup to Control Leadin 30 ns
Edge
tomox Data Hold Time 20 ns
Table 6 : CAPACITANCE (T, =0t0 70 °C, V,, =5V £ 10%, V,, = OV)
Symbol Parameter Test Conditions Limits Units
. Min Max
C, Input Capacitance Freq =1 MHz 10 pF
o 11O Capacitance -Unmeasured pins are 20 pF
our Output Capacitance returned to V , (GND) 15 pF
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SERIAL CONTROLLER INTERFACE (SCC)

Figure 4 : BUS OPERATION TIMING DIAGRAM

’——> NEXT BUS CYCLE

- s
CSO, Ao, Ay y SELECT VALID (
t t
SveTL toremH CTHSX

openvmgﬁ m WR Xk X{

'ovwn A‘wuox

'
Doy - Dy j VALID K
lSVCTL
t t
. Bt i CTLCTH hat CTHCTL
™ X ¥ X
t t
READ RLOV RHDZ
OPERATION | ‘—’—’1 r‘—’i
\
PROPAGATION DELAY
INPUT OUTPUT
R, ViH+ 04V Vou
ViL-04V Voo
OUTPUT FROM
DEVICE UNDER TEST 1~ TEST POINT
CL R,
I ENABLE/DISABLE DELAY
90%
OuTPUT o
TEST CONDITION v, R, R, C.
1| Propagation Delay 1.7V 520 oo 100 pF
2| Disable Dela A.C. Testing: Allinput signals must switch between V, 0.4Vand V, +
id Voo 5K 5K 50 pF 04V TRand TF mustbe < 15ns.

Figure 5 : AC TEST CIRCUITS

Figure 6 : AC TESTING /O WAVEFORM
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KS82C52

SERIAL CONTROLLER INTERFACE (SCC)

PROGRAMMING INSTRUCTIONS

Reset

During and after power-up, the KS82C52 Reset input
(RST) should be held high for at least two IX clock cycles
in order to initialize and drive the KS82C52 circuits to an
idle mode until proper programming canbe done. A highon
RST causes the following events to occur:

* Resets the internal Baud Rate Generator (BRG)

circuits, clock counters and bit counters. The Baud
Rate Select Register (BRSR) is not affected.

+ Clears the UART Status Register (USR) except for
Transmission Complete (TC) and Transmit Buffer
Register Empty (TBRE) which are set. The Modem
Control Register (MCR) is also cleared. All of the
discrete lines, memory elements and miscellaneous
logic associated with these register bits are also
cleared or turned off. Note that the UART Control
Register (UCR) is not affected.

Table 7 : CONTROL SIGNALS

Following removal of the reset condition (RST = low), the
KS82C52 remains in the idle mode until programmed to its
desired system configuration.

Control Words

The complete functional definition of the KS82C52 is pro-
grammed by the systems software. A set of control words
(UCR, BRSR and MCR) must be sent out by the CPU to
initialize the KS82C52 to support the desired communica-
tionformat. These control wordswill program the character
length, number of stop bits, even/odd/no parity, baud rate
etc. Once programmed, the KS82C52 is ready to perform
its communication functions.

The control registers can be written to in any order.
However, the MCR should be written to last because it
controls the interrupt enables, modem control outputs and
the receiver enable bit. Once the KS82C52 is programmed
and operational, these registers can be updated any time
the KS82C52 is not immediately transmitting or receiving

data.

TSO A, A, WR RD Operation 1
0 0 0 0 1 Data Bus =Transmitter Buffer Register (TBR)
0 0 0 1 0 Receiver Buffer Register (RBR) =>Data Bus
0 0 1 4] 1 Data Bus =UART Control Register (UCR)
0o 0 1 1 0 UART Status Register =Data Bus
0’ 1 0 0 1 Data Bus = Modem Control Register (MCR)
0 1 0 1 1} Modem Contro! Register (MCR) =>Data Bus
0 1 1 0 1 Data Bus =>Bit Rate Select Register (BRSR)
0 1 1 1 0 Modem Status Register (MSR) =Data Bus

Table 7 shows the control signals required to

[o: o4
access the KS82C52 internal registers. L

UART Control Register (UCR)

The UCR is a write only register which con-
figures the UART transmitter and receiver
circuits. Data bits D, and D, are not used but
should always be set to a logic zero (0) in
order to,ensure software compatibility with
future product upgrades. During the Echo
Mode, the transmitter always repeats the
received word and parity, even when the
UCR is programmed with different or no
parity.

[osfoufosJoz o 00 |
LT LT 1

¥ STOP BIT SELECT 0 =1 stop bit

1 = 1.5 stop bit{Tx) and 1 stop
bit (Rx) if 5 data bits selected

1 =2 stop bits for 6, 7 or 8 data
bits selected

b——————— PARITY CONTROL 000 = Tx and Rx Even
001 = Tx and Rx Odd
010 = Tx Even, Rx Odd
011 = Tx Odd, Rx Even
100 = Tx Even, Rx check disabled
101 = Tx Odd, Rx check disabled
11X = Generation, check disabled

Figure 7 : UCR

-+ WORD LENGTH 00 = 5 bits
SELECT 01 =6 bits
10 = 7 bits
11 =8 bits
> RESERVED Sat to 00 for future product

upgrade compatability
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KS82C52

SERIAL CONTROLLER INTERFACE (SCC)

Baud Rate Select Register (BRSR)

The KS82C52 is designed to operate with a single crystal
or external clock driving the IX input pin. The Baud Rate
Select Register is used to select the divide ratio (one of 72)

Table 8 : BAUD RATE DIVISORS

for the internal Baud Rate Generator circuitry. The internal
circuitry is separated into two separate counters, a Pres-
caler and a Divisor Select. The Prescaler can be setto any
one of four divisionrates: +1,+3,+40r+5.

The prescaler design has been optimized to provide stan-
dard baud rates using any one of three popular crystals.
Using one of these system clock frequencies:
1.8432 MHz, 2.4576 MHz or 3.072 MHz and Prescaler
divide ratios of + 3, + 4, or + 5 respectively, the Prescaler
output will provide a constant 614.4 KHz. When this
frequency is further divided by the Divisor Select counter,
any of the standard baud rates from 50 Baudto 38.4 KBaud
can be selected (Table 8). Non-standard baud rates up to
1 Mbaud can be selected using different input frequencies
(crystal or external frequency input up to 16 MHz) and/or

different Prescaler and Divisor Select ratios.

Regardless of the baud rate, the baud rate generator
provides a clock which is 16 times the desired baud rate.
For example, in order to operate at a 1 Mbaud data rate, a
16 MHz crystal, a Prescale rate of + 1, and a Divisor Select
rate of external is used. This provides a 16 MHz clock as
the output of the Baud Rate Generator to the Transmitter

and Receiver circuits.

The CO select bit in the BRSR determines if the buffered
version of the external frequency input (IX input) or the
Baud Rate Generatoroutput (16x baud rate clock) is output
on the CO output. The Baud Rate Generator output is
always a 50% nominal duty cycle except when external is
selected and the Prescaler is setto + 3 or + 5.

Baud Rate Divisor
38.4K external N
18.2K 2
9600 4

7200 16/3
4800 8
3600 32/3
2400 16
2000 58/3
1800 22 -
1200 32
600 64
300 128
200 192
150 256
134.5 288
110° 352
75 512
50 768

Note: These baud rates are based upon the following
input frequency/Prescale divisor combinations:

1.8432 MHz and Prescale = + 3
2.4576 MHz and Prescale = + 4
3.072 MHz and Prescale =+ 5

*All baud rates are exact except for those in Table 9.

Table 9 : BAUD RATE % ERROR

{07 o6 [ 0s [0a]0s [0z [£i ][00
T 1 [ 11

PRESCALER SELECT 00 =+ 1
Ol=+3

Baud Rate Actual Percent Error
2000 1986.2 0.69%
134.5 133.33 0.87%
110 109.71 0.26%

10=+d
Mue+s

t—————————————% DIVISOR SELECT 00000 = + 2
00001 = + 4
00010 = + 16/3
00011 =+8
00100 = + 32/3
00101 = + 16
00110 = + 58/3

01110 = + 352
01111 = + 512
10000 = + 768
11111 = oxternal (+1:

0= IX output
1 = BRG output

CO SELECT

Figure 8 : BRSR

Modem Control Register

The MCR is a general purpose control register which can
be written to and read from. The RTS and DTR outputs are
directly controlled by their associated bits in this register.
Note that a logic one asserts atrue logic level (low) atthese
output pins. The Interrupt Enable (INTEN) bit is the overall
controlforthe INTR output pin. When INTEN is false, INTR
is held false (low).

The Operating Mode bits configure the KS82C52 into one
of four possible modes. “Normal" configures the KS82C52
for normal full or half duplex communications. "Transmit
Break” enables the transmitter to only transmit break
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KS82C52

SERIAL CONTROLLER INTERFACE (SCC)

characters (Start, Data and Stop bits are all logic zero ).
The Echo Mode causes any data that is received on the
SDI input pin to be re-transmitted on the SDO output pin.
Note that this output is a buffered version of the data seen
on the SD! input and is not a resychronized output. Also
note that normal UART transmission via the Transmitter
Register is disabled when operating in the Echo mode
(Figure 10). The Loop Test Mode internally routes trans-
mitted data to the receiver circuitry for the purpose of self
test. The transmit data is disabled fromthe SDO output pin.
The Receiver Enable (REN) bit gates off the input to the
receiver circuitry when in the false state.

Modem Interrupt Enable will permit any change in modem

status line inputs (CTS, DSR) to cause an interrupt when

this bit is enabled. Bit D, must always be written to with a
logic zero to ensure correct KS82C52 operation.

[osoe [os [0 ]os [oq Jo1 00 ]

0 = RIS output high*

REQUEST TO SEND
(RTS) 1 = RTS output low

L—————— DATA TERMINAL

0 =DTR output high
READY (DTR)

1 = DTR output low

L ——» INTERRUPT ENABLE 0 = Interrupts disabled
INTEN) 1 = Interrupts enabled

MODE SELECT 00 = Normal

01 = Transmit break
Echo mode
11 « Loop test mode

> RECEIVER ENABLE 0= Not enabled
(REN) 1 = Enabled

MODEM INTERRUPT 0 = Not enabled
ENABLE (MIEN) 1 = Enabled

v

MUST BE SET TO LOGIC ZERO FOR
NORMAL CA82C52 OPERATION

See Modem Status Register description for a description of register flag
images with respect to output pins.

Figure 9 : MCR
SERIAL DATA
FROM

TRANSMITTER
REGISTER

ECHO MODE

SDO
PIN 15

LOOP
MODE

SERIAL DATA
TO RECEIVER
REGISTER

SDI
PIN 25

Figure 10 : LOOP AND ECHO MODE
FUNCTIONALITY

UART Status Register (USR)

The USR provides a single register that the controlling
system can examine to determine if errors have occurred
or if other status changes in the KS82C52 require atten-
tion. For this reason, the USR is usually the first register
read by the CPU to determine the cause of an interrupt or
to poll the status of the KS82C52.

Three error flags OE, FE and PE report the status of any
error conditions detected in the receiver circuitry. These
error flags are updated with every character received
during reception of the stop bits. The Overrun Error (OE)
indicates that a character in the Receiver Register has
been received and cannot be transferred to the Receiver
Buffer Register (RBR) because the RBR was not read by
the CPU. Framing Error (FE) indicates that the last charac-
ter received contained improper stop bits. This could be
caused by the absence of the required stop bit(s) or by a
stop bit(s) that was too short to be properly detected. Parity
Error (PE) indicates that the last character received con-
tained a parity error based on the programmed parity of the
receiver and the calculated parity of the received character
data and parity bits.

The Received Break (RBRK) status bit indicates that the
last character received was a break character. A break
character would be considered to be an invalid data
character in that the entire character including parity and
stop bits are a logic zero.

The Modem Status bit is set whenever a-transition-is
detected on any of the modem input lines (CTS or DSR).
A subsequent read of the Modem Status Register will show
the state of these two signals. Assertion of this bit will cause
aninterrupt (INTR) to be generated if the MIEN and INTEN
bits in the MCR register are enabled.

The Transmission Complete (TC) bit indicates that both
the TBR and Transmitter Registers are empty and the
KS82C52 has completed transmission of the last charac-
ter it was commanded to transmit. The assertion of this bit
will cause an interrupt (INTR) if the INTEN bit inthe MCR
register is true.

The Transmitter Buffer Register Empty (TBRE) bit indi-
cates that the TBR register is empty and ready to receive
another character.

The Data Ready (DR) bit indicates that the RBR has been
loaded with a received character (including Break) and that
the CPU may access this data.

Assertion of the TBRE or DR bits do not affect the INTR
logic and associated INTR output pin since the KS82C52
has been designed to provide separate requests via the
DR and TBRE output pins. If a single interrupt for any
status change in the KS82C52 is desired this can be ac-
complished by "ORing" DR, TBRE and INTR together.
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Reading the USR clears all of the status bits in the USR
register but does not affect associated output pins.

Modem Status Register (MSR)

[o; [ o6 [oe [ 04] 03[0z ]0)[0s]

PARITY ERROR (PE) 0« No Error
1w Emror

lee—————» FRAMING ERROR (FE) 0= No Error
1= Emror

\—-———————% OVERRUN ERROR (OE) 0 = No Error
1= Emor

‘————————— RECEIVED BREAK (RBRK) 0 = No Break
1 = Broak

L, MODEMSTATUS (MS)

1 = Status change
b TRANSMISSION 0 = Not complete
COMPLETE (TC) 1 = Complete
> TER BUFFER 0 = Not Empty
REGISTER EMPTY (TBRE) 1= Empty
DATA READY (DR) 0 = Not Ready
1 = Ready

Figure 11 : USR

The MSR allows the CPU to read the modem signal inputs
by accessing the data bus interface of the KS82C52. Like
all of the register images of external pins in the KS82C52,
true logic levels are represented by a high (1) signal level.
By following this consistent definition, the system software
need not be concerned with whether external signals are
high or low true. In particular, the modem signal inputs are
low true, thus a 0 (true assertion) at a modem input pin is
represented by a 1 (true) in the MSR.

Any change of state in any modem input signals will set the
Modem Status (MS) bit in the USR register. When this
happens, an interrupt (INTR) will be genérated if the MIEN

and INTEN bits of the MCR are enabled.

The Data Set Ready (DSR) input is a status indicator from
the modem to the KS82C52 which indicates that the
modem is ready to provide received data to the KS82C52
receiver circuitry.

0 = No status change

(o7 ]o¢ [0s [ 0405 [0z [ 0100 ]
LT T 1

CLEARTOSEND 0 - false
(€TS) 1=true

L———» DATA SET READY O =false
(DSR) 1 = true

]
e

> |

Figure 12 : MSR

The receiver circuitry in the KS82C52 is programmable for
5, 6, 7 or 8 data bits per charactér. For words of less than
8 bits, the data is right justified to the Least Significant Bit
(LSB = D,). Bit D, of a data word is always the first data bit
received. The unused bits in a less than 8 bit word, at the
parallel interface, are set to a logic zero (0) by the
KS82C52.

Received data at the SDI input pin is shifted into the
Receiver Register by an internal 1 x clock which has been
synchronized to the incoming data based on the position of
the start bit. When a complete character has been shifted
into the Receiver Register, the assembled data bits are
parallel loaded into the Receiver Buffer Register. Both the
DR output pin and DR flag inthe USR register are set. This
double buffering of the received data permits continuous
reception of data without losing any of the received data.

While the Receiver Register is shifting a new characterinto
the KS82C52, the Receiver Buffer Register is holding a
previously received character for the system CPU to read.
Failure to read the data in the RBR before complete
reception of the next character can result in the loss of the
data in the Receiver Register. The OE flag in the USR
register indicates the overrun condition.

[o- Joe Jos Jouos Jo. [o. [oo ]
L

Bt + & &+ X

L— Bit1

S—F N LA

word | 6 bit

Clearto Send (CTS) is both a status and control signal from B3 i [ 8bit
the modem thattetis the KS82C52 that the modem s ready e L word
to receive transmit data from the KS82C52 transmitter > 815 B2
output (SDO). A high (false) level on this input will inhibit . y
the KS82C52 from beginning transmission and if asserted B -
in the middle of a transmission will only permit the > b7 -
K$§82C52 to finish transmission of the current character. Note:  The LSB, Bit O is the first serial data bit received.
Recelver Buffer Register (RBR) Figure 13 : RBR
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Transmitter Buffer Register (TBR)

The Transmitter Buffer Register (TBR) accepts parallel
data from the data bus (D-D;) and holds it until the
Transmitter Register is empty and ready to accept a new
characterfor transmission. The transmitter always has the
same word length and number of stop bits as the receiver.
For words of less than 8 bits the unused bits at the
microprocessor data bus are ignored by the transmitter.

Bit 0, which corresponds to D, at the databus, is always the
first serial data bit transmitted. Provision is made for the
transmitter parity to be the same or different from the
receiver. The TBRE output pin and flag (USR register)
reflect the status of the TBR. The TC flag (USR register)
indicates wheri both the TBR and TR are empty.

[07 [0s [ 05| 0a] 05 |02 [ 01 ] 04 ]

B0 — = =

» 5 bit
L »
Bit2 1 lord sbit
word 7bit
word | gbit
word

-————————» Bit3

L  —  — » B4 L

> Bit5 -

> Bit6 X

> Bit7 —_

Note:  The LSB, Bit 0 is the first serial data bit transmitted.

Figure 14 : TBR

INTERRUPT STRUCTURE

The KS82C52 has provisions for software masking of inter-
rupts generated for the INTR output pin. Two control bits in
the MCR register, MIEN and INTEN, control modem status
interrupts and overall KS82C52 interrupts respectively.
Figure 15 illustrates the logical control function provided by
these signals.

The modem status inputs (DSR and CTS) will trigger the
edge detection circuitry with any change of status. Reading
the MSR register will clear the detect circuit but has no
effect on the status bits themselves. These status bits
always reflect the state of the input pins regardless of the
mask control signals. Note that the state (high or low) of the
status bits are inverted versions of the actual input pins.

The edge detection circuits for the USR register signals will
trigger only for a positive edge (true assertion) of these
status bits. Reading the USR register not only clears the
edge detect circuit but also clears (sets to 0) all of the status
bits. The output pins associated with these status bits are

not affected by reading the USR register.

A hardware reset of the KS82C52 sets the TC status bit in
the USR. When'interrupts are subsequently enabled an
interrupt can occur due to the fact that the positive edge
detection circuitry in the interrupt logic has detected the
setting of the TC bit. If this interrupt is not desired the USR
should be read prior to enabling interrupts. This action
resets the positive edge detection circuitry in the interrupt

control logic (Figure 15).

Note:  For USR and MSR, the setting of status bits is
inhibited during status register READ operations. If a
status condition is generated during a READ
operation, the status bit is not set until the trailing

edge of the RD pulse.

If the bit was already set at the time of the READ
operation, and the same status condition occurs, that
status bit will be cleared at the trailing edge of the RD
pulse instead of being set again.

mBRK, Tc, 0, | PERTIVE
FE, PE (USR) DETECT pllf;l\ngA
RD (USR) — 1
DSR, CTS (MSR) _omg%ﬁvs
’ EDGE
DETECT
DM ——

Figure 15 : INTERRUPT STRUCTURE
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SOFTWARE RESET

A software reset of the KS82C52 is a useful method for
returning to a completely known state without exercising a
complete system reset. Such a reset would consist of
writing to the UCR, BRSR and MCR registers. The USR
and RBR registers should be read prior to enabling inter-
rupts in order to clear out any residual data or status bits
which may be invalid for subsequent operation.

CRYSTAL OPERATION

The KS82C52 crystal oscillator circuitry is designed to
operate with a fundamental mode, parallel resonant crys-
tal. To summarize, Table 10 and Figure 16 show the
required crystal parameters and crystal circuit config-
uration respectively.

When using an external clock source, the IX input is driven
and the OX output is left open. Power consumption when
using an external clock is typically 50% of that required
when using a crystal. This is due to the sinusoidal nature
of the drive circuitry when using a crystal.

Table 10 : CRYSTAL SPECIFICATIONS

Parameter Typical Crystal Specs
Frequency 1.0to 16 MHz
Type of Operation Parallel resonant, Fundamental
mode
Load Capacitance (C,) | 20 or 32 pF (typ.)
R, s (Max.) 100 Q (f = 16 MHz, C_ =32 pF)
200 Q (f = 16 MHz, C, = 20 pF)

c1
I .
oo — ]
I ox
02

"C1=C2=20ptforC =20pt
'C1=C2=47ptfor C_= 32 pf

Figure 16 : TYPICAL CRYSTAL CIRCUIT
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o

APPLICATIONS

The following example (Figure 17) shows the interface for
an KS82C52 in an 80C86 system.

Use of the Samsung Interrupt Controller (KS82C59A) is
optional and necessary only if aninterrupt driven systemis
desired.

By using the Samsung KS82C84A clock generator, the
system can be built with a single crystal providing both the
processor clock and the clock for the 82C52. The 82C52
has special divider circuitry which is designed to supply in-

dustry standard baud rates with a 2.4576 MHz input
frequency. Using a 15 MHz crystalas shown, resultsinless
than a 2% frequency error which is adequate for many
applications. For more precise baud rate requirements, a
14.7456 MHz crystal will drive the 80C86 at 4.9 MHz and
provide the 82C52 with the standard baud rate input
frequency of 2.4576 MHz. If baud rates above 156 Kbaud
are desired, the OSC output can be used instead of the
PCLK (+6) output for asynchronous baud rates up to 1
Mbaud.

CHIP SELECT —9CSO
ADO.AD7 K > Do - D,
2
ADDRESS BUS —<—| Ay . A, SDO
80C86 socss| IORD ——»dRD
OR (MAX MODE) ___ 82Cs2 SERIAL DATA
80C88 IOWR ——»d WR
SDI je——
3, .
INT & INT IRy, [#—<— INTR, DR, TBRE
INTA NTA
LK p—9 INTA "
KS82C59A 0
5 MHz
_L—_t— Xy CLK
ismiz [ ] 2L PCLK 25MHz
T——i—— X, 0SC [—» 15MHz
L Kkss2csdA
Figure 17 : 80C86/KS82C52 INTERFACE
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KS82C52

PACKAGE DIMENSIONS

Units: Inches

—|

mp
g

g

013

-k

B B

028 - ->| |<— /
032 050

0097
.0103 70
180

g§—
g

100
110

Figure 17 : PLCC PACKAGING

¥

060 022 TYP
===
590 -
¢ 012 ™<= s> 7T 10

Figure 18 : PLASTIC PACKAGING
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ORDERING INFORMATION

KS 82€52 X _)L X

Samsung I

Semiconductor Inc.
Packaging
P - Plastic DIP
L- Plastic Leaded Chip Carrier

|

Part Number | (PLCO)

Speed | Temperature

-16 16 MHz | L C-Commercial (0 °C to + 70 °C)
| - Industrial (-40°C to + 85 °C)

Samsung products are designated by a Product Code. When ordering, refer to products by their full code. For unusual, and/or
specific packaging or processing requirements not covered by the standard product line, contact the Samsung Microprocessor
Peripherals Product Marketing.
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KS82C54

PROGRAMMABLE INTERVAL TIMER

FEATURES/BENEFITS

¢ Ahigh performance device featuring pin and functional
compatibility with the industry standard 8254

High Speed — 8MHz and 10MHz versions

e Low power CMOS implementation

TTL input/output compatibility

Compatible with 8080/85, 8086/88, 80286/386 and
680X0uP families

Fully static operation

Three independent 16 bit counters
¢ Six programmable counter modes

Status read-back command

Binary or BCD counting

DESCRIPTION

The KS82C54 is a counter/timer device that includes
complete pin and functional compatibility with the
industry standard 8254. Designed for fast 10MHz oper-
ation, it has three independently programmable 16 bit
counters and six programmable counter modes. Counting
can be performed in both binary and BCD formats.

The KS82C54 offers a very flexible, hardware solution to
the generation of accurate time delays in microprocessor
systems. A general purpose, multi-timing element, it can
be used to implement event counters, elapsed time
indicators, waveform generators plus a host of other
functions.

The low power consumption of the KS82C54 makes it
ideally suited to portable systems or those with low
power standby modes. It is manufactured using proven
CMOS process technology to produce a solid, reliable
product.

= pLCC
TOP VIEW
[<«—— CLkoO
DATA BUS / (. \
D7-Dg BUFFER <:> COUNTER 0  |«—— GATED
NV |— outo
Ks82C54
— (2]
RD —0) 2
— 2 ~<—— CLK1
WR —»0 E J\
READ/WRITE
Ao LOGIC § COUNTER 1 |<—— GATE1
F4
A = L — OuT1
1
j«—— cLk2
CONTROL
a él‘l;?:% a A COUNTER 2 |«—— GATE2
[— oum2 KS82C54
N ] 8

N I

Figure 2: KS82C54 Block Diagram

Figure 1b: 24-Pin Configuration
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Table 1a: 28-Pin PLCC Pin Assignment

Table 1b: 24-Pin DIP Pin Assignment

Pin # | 1/O |Pin Name| Pin # | I/O |Pin Name Pin# | 1/O (Pin Name Pin# | I/0 |Pin Name
1 — INC 15 — INC 1 I/0 |Dy 13 0 |ouTt
2 110 |Dy 16 0 |ouTi 2 I/0 |Dg 14 I. |GATE1
3 I/0 |Dg 17 | |GATE1 3 /0 |Ds 15 | |CLK1
4 170 |Ds 18 I |CLK1 4 I/0 |Ds4 16 | |GATE2
5 I/O |Dg4 19 | |GATE2 5 I/0 (D3 17 0 |out2
6 I/0 |Ds3 20 0 |ouT2 6 I/0 |Dy 18 I |CLK2
7 170 |Ds 21 | |CLK2 7 I/0 |Dy 19 I |Ag
8 I/0 |Dy 22 I (Ao 8 VO |Dg 20 A
9 /0 |Dg 23 1Ay 9 I |CLKo 21 I |Cs
10 | |CLKO 24 I |CS 10 O |ouTo 22 I |RD
1 — |NC 25 — |NC 1 | |GATEO 23 I |WR
12 O |ouTo 26 I {RD 12 — |Vss 24 — |Vee
13 | |GATEO 27 I (WR
14 — | Vss 28 — |Vee

Table 2: Pin Descriptions

Symbol Type Name and Function
Ag, A4 | Address: These two address pins are used to select the Control Word Register (for read or
write operations), or one of the three counters. They are normally connected to the system
address bus.
Ay Ag Selects
0 0 Counter 0
0 0 Counter 1
0 1 Counter 2
1 1 Control Word Register
Ccs | Chip Select: Active LOW control signal to enable the KS82C54 to respond to RD and WR
signals. If CS is not LOW, RD and WR are ignored.
D7 - Dy 1/0 | Data: Bi-directional 3-state data bus lines, connected to system data bus.
CLKO 1 Clock 0: Clock input of Counter 0.
CLK1 | Clock 1: Clock input of Counter 1.
CLK2 | Clock 2: Clock input of Counter 2.
GATEQ | Gate 0: Gate input of Counter 0.
GATE1 1 Gate 1: Gate input of Counter 1.
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Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function

GATE2 N Gate 2: Gate input of Counter 2.

OouUTO0 (0] Output 0: Output of Counter 0.

ouT1 o Output 1: Output of Counter 1.

ouT2 (0] Output 2: Output of Counter 2. L

RD I Read Control: Active LOW control signal used to enable the KSSéC54 for read operations by
the CPU.

WR | g;itf Control: Active LOW control signal used to enable the KS82C54 to be written to by the

Vece — | Power: 5V * 10% DC Supply.

Vss — | Ground: OV.

FUNCTIONAL DESCRIPTION

The KS82C54 is a versatile programmable interval timer/
counter designed for use in high speed 8, 16 and 32-bit
microprocessor systems. It provides a means of gener-
ating accurate time delays in hardware that is fully
software configurable. It can be treated as an array of I/0
ports, with minimal software overhead.

The internal structure of the KS82C54 is illustrated in the
block diagram of Figure 2. Major functional blocks
include a data bus buffer, read/write logic, controt word
register, and three programmable counters.

Data bus Buffer Block

The 8-bit, 3-state data bus buffer provides contfollable,
bidirectional interface between the KS82C54 and the
microprocessor system bus.

Read/Write Logic Block

The read/write logic block generates internal control
signals for the different functional blocks using address
and control information obtained from the system. The
active LOW signals: CS, RD and WR are used to select
the KS82C54 for operation, read a counter, and writetoa
counter (or the control word register) respectively. CS
must be LOW for RD or WR to be recognized. Note that
RD and WR must not be active at the same time.

The inputs Agand A4 are used to select the Control Word
Register, or one of the three counters that is to be written
to or read from (see Table 4). Ag and A1 connect directly
to the corresponding signals of the microprocessor
address bus, while CS is derived from the address bus
using either -a linear select method, or an address
decoder device.

Control Word Register

The Control Word Register is a write only register that is
selected by the read/write logic block when Agand A =
1. When CS and WR are LOW, data is written into the
KS82C54 Control Word Register from the CPU via the
data bus buffer. Control word data is interpreted as a
number of different commands which are used to
program the various device functions. For example,
status information is available with the Read-Back
Command. These are discussed further in the section on
programming.

Counter Blocks

The KS82C54 contains three identical, independent
counter blocks. Each counter provides the same func-
tions, but can be programmed to operate in different
modes relative to each other. A typical KS82C54 counter
is illustrated in Figure 3, and contains the following
functional elements: control logic, counter, output -
latches, count registers and status register.

The Control Logic provides the interface between the
Counter Element, the program instructions contained in
the Control Word Register and the external signals
CLKn, GATEn and OUTn. It also keeps the Status
Register information current, controls the access of OL
and CR to the internal data bus, and the loading of CE
from the CR registers.

The Counter Element (shown in the Figure 3 as CE, for
Counting Element) is a 16-bit presettable synchronous
down counter.
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The Output Latches (shown as OLy and OL ) provide a
mechanism whereby the CPU can read the current
contents of the CE. These two 8-bit latches (M for most
significant byte and L for least significant byte) together
form a 16-bit latch capable of holding the complete
content of the CE. Note that this arrangement is also
used for communicating 16-bit values over the 8-bit
internal data bus.

During normal operation, the contents of OL. track with
the contents of CE. When a Counter Latch Command is
issued by the CPU to a particular counter, its OL latches
the current value of CE so that it can be read by the CPU
(the CE cannot be read directly). OL then returns to
tracking with CE. Note that only one latch (OLy followed
by OL ) atatime is enabled by the counter’s control logic.

The Count Registers (shown as CRy, and CR|) behave
as input latches to the CE, and provide a mechanism
whereby the initial count value can be downloaded from
the CPU to the CE. Similar in operation to OL, CR is
controlled by the counter control logic. When a two byte
initial count is to be downloaded, it is transferred one
byte at a time across the internal KS82C54 data bus to
the appropriate register (CRy if the most significant
byte, CR| otherwise). CE is loaded by transferring both
bytes simultaneously from CR. Note that CR is the
interface between CE and the data bus, since CE cannot
be accessed directly.

Both CRy, and CR__ are cleared automatically when the
counter is programmed and a new initial count is to be
written. Thus, regardless of the counter's previous

Figure 3: Block Diagram of a Counter

8-BIT INTERNAL DATA BUS ’)

‘CONTROL WORD
REGISTER

STATUS

LA‘I’CH

ERARETRS

STATUS
nsem:] I Chm CRu
J L J -
CONTROL CE
LOGIC (16-BIT DOWN COUNTER)

w.__‘ ol o

GATEn

CLKn ouTn

programming, both CR bytes will be initialized to a
known zero state. This is important in the case where
one byte counts are programmed (either most significant
or least significant byte), so that the unused byte is
always zero, and won't corrupt the initial count value
loaded into CE.

The Status Register and Status Latch is used to hold the
current contents of the Control Word Register and the
status of the output and null count flag (see section on
Programming). The contents of the Status Register must
be latched to become available to the data bus, where
they can be read by the CPU.

Note that the Control Word Register is also shown in the
Counter block diagram. While not a part of the Counter
Element, its contents determine the functional operation
of the counter, including mode selection programmed.

OPERATIONAL DESCRIPTION

The following operations are common to all modes.

Control Word: When a Control Word is written to a
Counter, all Control Logic is Reset, and OUT is initialized
to a known state. No CLK puises are needed.

Gate: The GATE input is always sampled on the rising
edge of CLK. in modes 0, 2, 3, and 4 the GATE input is
level sensitive, and the logic level is sampled on the
rising edge of CLK. In modes 1, 2, 3, and 5 the GATE
input is rising-edge sensitive. In these modes, a rising
edge of GATE (trigger) sets an edge-sensitive flip-fiop in
the Counter. This flip-flop is sampled on the next rising
edge of CLK, then is immediately reset. In this way, a
trigger will be detected no matter when it occurs and a
high logic level does not have to be maintained until the
next CLK pulse. A summary is given in Table 5.

Note that in Modes 2 and 3, the GATE input is both
edge-and level-sensitive. If a CLK source other than the
system clock is used in modes 2 and 3, GATE should be
pulsed immediately after the WR for a new count value.

Counter: New Counts are loaded, with the largest
possible initiat COUNT being O; (equivalent to 216 for
binary counting and 104 for BCD counting, as in Table 3)

Counters decremented on the falling edge of CLK do not
stop when they reach zero. In Modes 0, 1, 4, and 5 the
Counters wrap around to the highest count (either FFFF
hex for binary counting or 9999 for BCD counting), then
continue counting. Modes 2 and 3 are periodic; the
Counters reload themselves with the initial count, then
continue counting from there.
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Table 3: MIN and MAX Initial Counts

Minimum Maximum
Mode Count Count*
0 1 0
1 1 0
2 2 0
3 2 0
4 1 0
5 1 0

* 0 is equivalent to 216 for binary counting and 104 for BCD counting.

Table 4: Read/Write Operations Summary

CS |RD [WR | Ay | Ag

0 1 0 0 0 |Write into Counter 0

0 { 1] 0| 0| 1 |Write into Counter 1

0 1 0 1 0 |Write into Counter 2

0 1 0 1 1 |Write Control Word

0 ] 1 0 0 |Read from Counter 0
0 0 1 ] 1 |Read from Counter 1
0 0 1 1 0 |Read from Counter 2
0 0 1 1 1 | No-Operation (3-State)
1 X X X X No—Operatiqn (3-State)
0 1 1 X X |No-Operation (3-State)

Table 5: Gate Pin Operations Summary

If both the Count and Status Registers of a counter are
latched, the first read operation of that counter will
return the latched status, regardless of which was
latched first. The next one or two reads (the counter can
be programmed for one or two type counts) will return
the latched count. Subsequent reads will return an
unlatched count. Read and write operations are sum-
marized in Table 4.

PROGRAMMING THE KS82C54

The KS82C54 is programmed by writing a Control Word
into the Control Word Register (selected by Ag, A'1, 1')
and an initial count to the Counter to be written into. Ag
and A, are used to select the appropriate Counter. The
format of the count depends on the Control Word used.

Wirite Operation

As mentioned previously, programming of the KS82C54
is performed in two steps:

e Each counter requires a Contro! Word before the
initial count can be written into the selected Counter.

e The initial count must follow the convention in the
Control Word for the particular Counter; i.e., LSB or
MSB only or LSB and then MSB.

The instruction sequence has to be followed as shown
above, however, the sequence of programming the
Counter can be random, since every Counter has its
associated Control Word Register. A new initial count
may be written to the Counter without rewriting the
Control Word for that Counter. Of course, the new count
must follow the programmed count format.

Signal Status
Modes Low, or Going Low Rising High
0 — « Disables counting « Enables counting
1 — « Initiates counting —
« Resets output after next clock

2 « Disables counting « Initiates counting « Enables counting
« Sets output immediately high )

3 « Disables counting « Initiates counting « Enables counting
« Sets output immediately high

4 « Disables counting — « Enables counting

5 — « Initiates counting —
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Figure 4: Control Word Format

Ap=1,CS5=0,AD=1,WR=0
D¢ Do

Faor [sor T awe] we] ] wosos]

SC-SELECT COUNTER

SELECT COUNTER 0
SELECT COUNTER 1
SELECT COUNTER 2

READ-BACK COMMAND
SEE OPERATIONS;

-iwlole
-lo|=lo

M-MODE

MODE 0
MODE 1
MODE 2
MODE 3
MODE 4
MODE 5

-l XX 0lo
ojo|=|=|o|e
=jo|=iolslo

RW-READ/WRITE
RW1 RWO
[] 0 | COUNTER LATCH COMMAND

(SEE READ OPERATIONS)

0 1__| READ/WRITE LEAST SIGNIFICANT BYTE ONLY
1 0 | READ/WRITE MOST SIGNIFICANT BYTE ONLY

1 1 | READ/WRITE LEAST SIGNIFICANT BYTE FIRST
THEN MOST SIGNIFICANT BYTE

D

BINARY COUNTER 16-BITS ]

]
[sammv CODED DECIMAL (BCD) COUNTER
(4-DECADES) )

8Ci
o

Note: Don’t care bits (X) should be 0 to ensure compatibility

with future Samsung products.

If a Counter is programmed as a 16 bit counter, the
Control Register should not be accessed between
-~ writing the first and second byte gaunt. Otherwise, the
Counter will be loaded incorrectly:

Read Operation

There are three methods of reading the Counters:

e by a simple read operation

e by a Counter Latch Command

e by a Read-Back Command

The first method is performed just by performing a read
of the desired Counter Register. The value read is the
current status and may be changing if the CLK input is
not inhibited.

Counter Latch Command

This method of reading the Counter requires a write
command to the Control Word Register of the Counter
selected by SC0 and SC1 in the Control Word and RW0

and RW1 =0 See Figure 5. The selected counter output
will be latched in the OL latch of the Counter at the time
the Control Word is received and is held until it is read by
the CPU or the Counter is reprogrammed. The OL latch
is then loaded according to the Counter Element. This
allows reading the Counter atany time without affecting
counting. More than one Latch Command may be
issued since all counter blocks are built identical.
Latching the count by the Latch Command does not
influence the programmed Mode of the Counter. Multiple
successive Latch Commands do not overwrite the value
latched at the first Latch Command. Only a read of the
OL or reprogramming of the Counter will alter the
latched Counter value. It is also important that two read
commands have to be issued if the Counter is program-
med as a 16 bit counter. A program may not transfer
commands between the two read cycles. Otherwise, an
incorrect count value will be read.

Read-Back Command

A third method of reading the count value requires
issuing a Read-Back Command prior to the read oper-
ation. See Figure 6. If the COUNT bit is set, the
appropriate count values of the Counter selected by
CNTO, 1, 2 are latched. The status of the Counter are
latched if the STATUS bit is 1" Multiple counters may be
selected.

The Counter Status format is shown in Figure 7. DO to D5
contain the Mode of the counter as programmed by the
last Control Word.

D6 (Null Count) indicate when the last Count Register
(CR) has been loaded into the Counting Element (CE).
See also Mode Definition.

Figure 5: Counter Latching Command Format

A1, Ag=11;CS=0;RD=1;WR=0
D7 D¢ Ds Dq D3 D2 Dy
[sc1 [scoo]| o o [ x [ x X
$C1, SCO—SPECIFY COUNTER TO BE LATCHED
sC1_ sce COUNTER
0 ) [
0 1 1
1 0 1
1 1 READ-BACK_COMMAND

Do
| x

}

D5, D4-00 DESIGNATED COUNTER LATCH COMMAND
X — DON'T CARE

Note: Don'’tcare bits (X) should be 0 to ensure compatibility with
future Samsung products.
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‘1" After a write to the Word Control Register (Note 1)

‘1" After a write to the Counter Register (CR) (Note 2)

‘0" After a new count is loaded into the Count Element
(CR — CE).

Note 1: Only the Counter specified by the Control Word is affected.
Note 2: If the Counter is programmed for two byte counts, the
COUNT bit goes to ‘1’ after the second byte is written.

The output OUT of the selected counter can be read by
D7 (OUTPUT) of the Status byte. If both COUNT and
STATUS has been selected, the first read operation of
that Counter will return the latched status and the next
one or tworead will return the latched count. Subsequent
reads return unlatched counts.

Figure 6: Read-Back Command Format

A1, Ag=22CS=0;RD =1, WR=0
Oy Dg Ds Dy D3 D2 D1 Do
[ 1+ [ 1 [count|starus|[cnrz[enri[ento] o |

Ds : 0 = Latch count of selected conter(s)

Dy : 0 = Latch status of selected counter(s)
D3 : 1 = Select Counter 2

D, : 1 = Select Counter 1

D¢ : 1 = Select Counter 0

Do : Reserved for future expansion; Must be 0

Figure 7: Status Byte

D7 Dg Ds D4 D3 D2 D4 Do

|ourpu1'lc'gﬂ-,';.r aw1 [nwo Lua l m I Mo lscn l

Dy :1=0UT Pin is 1
0=0UT Pinis 0
Dg :0=0UTPinis0
0 = Count Available for Reading
Ds-Dg : Counter Programmed Mode (See Figure 4)

MODE DEFINITIONS

The following terms are useful in describing the operation
of the KS82C84.

o CLK pulse: A rising edge, followed by a falling edge,
of a Counter's CLK input.

e Trigger: A rising edge of a Counter's GATE input.

e Counter loading: Transfer of a count from the CR to
the CE (see Functional Description)

Mode 0: Interrupt on Terminal Count

Mode 0 is typically used for event counting. After the
Control Word is written, OUT is set low, and remains low
until the Counter reaches zero. OUT then goes high and
remains high until a new count or a new Mode 0 Control
Word is written into the Counter.

GATE = 1 enables counting while GATE = 0 disables
counting. GATE has no effect on OUT.

After a Control Word and initial count are written to a
Counter, the initial count is loaded on the next CLK
pulse. Since this CLK puise does not decrement the
count, OUT does notgo high until N + 1 CLK pulses after
the initial count is written (where N is the initial count
value).

If a new count is written to the Counter, itis loaded on the
next CLK pulse and counting continues from the new
count. If a two-byte count is written, the following
happens:

1. Writing the first byte disables counting. OUT is set low
immediately (no clock pulse required).

2. Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the counting sequence to be synchronized
by software. Again, OUT does not go high until N + 1
CLK pulses after the new count of N is written.

If an initial count is written while GATE =0, it will still be
loaded on the next CLK pulse. When GATE goes high,
OUT will go high N CLK pulses later. A CLK pulse is not
required to load the Counter as this has already been
done.

Mode 1: Hardware Retriggerable One-Shot

OUT is initially high. To begin the one-shot pulse, OUT
goes low on the CLK pulse following a trigger and
remains low until the Counter reaches zero. OUT then
goes high and remains high until the CLK pulse following
the next trigger.
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After a Control Word and intial count have been written,
the Counter is armed. A trigger causes the Counter to be
loaded and OUT to be set low on the next CLK pulse,
starting the one-shot pulse. An initial count of N results
in a one-shot pulse N CLK cycles long. Since the one-
shotis retriggerable, OUT remains low for N CLK pulses
after any trigger. The one-shot pulse can be repeated
without rewriting the same count into the counter. GATE
has no effect on OUT.

Figure 8: Mode 0 Timing

CW=10 LSB=4

WR

GATE

our 1\ |
[nfwlw|w]elelefe]slgle]
CW=10 LSB=3

wa [\

S R

our |\ |

Iwlwlw]nlg]e]

CW=10 LsB-3 LsB =2

Notes: These conventions apply to all mode timing diagrams:

1. Counters are programmed for binary (not BCD) counting and for

reading/writing least significant byte (LSB) only.

2. The counter is always selected (CS always low).

3. CW stands for Control Word; CW = 10 means a control word of 10,
hex is written to the counter.

. LSB is the Least Significant Byte of count.

. Numbers below diagrams are count values. The lower number is
the least significant byte. The upper number is the most significant
byte. Since the counter is programmed to read/write only, the
most significant byte cannot be read.

6. N stands for an undefined count. Vertical lines show transitions

between count values.

[0

If a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected unless
the Counter is retriggered. In this case, the new count
is loaded into the Counter and the one-shot pulse
continues for the duration of the count.

Mode 2: Rate Generator

This mode functions like a divide-by-N counter and is
typically used for generating Real Time Clock Interrupts.
OUT is initially high. When the initial count has decre-
mented to 1, OUT goes low for one CLK pulse, then
high again. The Counter reloads the initial count and
the process is repeated. Mode 2 is periodic, with the
same sequence repeated indefinitely. For an initial
count of N, the sequence repeats every N CLK cycles.

GATE =1 enables counting; GATE =0 disables counting.
If GATE goes low during an output pulse, OUT is set
high immediately. A trigger reloads the initial count
into the Counter on the next CLK pulse; OUT goes low
N CLK pulses after the trigger. Thus the GATE input
can be used to synchronize the Counter.

Figure 9: Mode 1 Timing

J— CW=12 LsB=3

M W an W
N AVAWAWAWAWAWAWAWAWAWAW A
(7R ¥ A LY A

GATE ~~ " "7 °""77 AY AN Y A Wt
our __ T L '
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After a Control Word and intial count have been written,
the Counter is loaded on the next CLK pulse. OUT goes
low N CLK pulses after the initial count is written, which
allows the Counter to be synchronized by software.

Writing a new count while counting does not affect the
current counting sequence. If a trigger is received aftera
new count is written but before the end of the current
period, the Counter is loaded with the new count on the
next CLK puise and counting continues from the new
count. Otherwise, the new count is loaded at the end of the
current counting cycle. In Mode 2,a COUNT of 1isillegal.

Mode 3: Square Wave Mode

Mode 3 is typically used for Baud rate generation, and is
similar to Mode 2 except for the duty cycle of OUT. OUT
is initially high. When halif the initial count has expired,
OUT goes low for the remainder of the count. Mode 3 is
also periodic, with the sequence above repeated indefi-
nitely. An initial count of N results in a square wave witha
period of N CLK cycles.

Figure 10: Mode 2 Timing

GATE =1 enables counting; GATE = 0 disables counting.
If GATE goes low while OUT is low, OUT is set high
immediately (no CLK pulse is needed). A trigger reloads
the Counter with the initial count on the next CLK pulse.
Thus the GATE input can be used to synchronize the
Counter.

The Counter is loaded on the next CLK pulse after a
Control Word and initial count have been written. This
allows the Counter to be synchronized by software.

Writing a new count while counting does not affect the
current counting sequence. If a trigger is received after
writing a new count but before the end of the current
half-cycle of the square wave, the Counter is loaded with
the new count on the next CLK pulse and counting
continues from the new count. Otherwise, the new count
is loaded at the end of the current half-cycle.

Mode 3 is implemented as follows according to whether
the initial count value is even or odd:

Figure 11: Mode 3 Timing

CW=14 LSB=3

o
GATE
e p— W e U

mM
GATE \ r
our 77 L

ojolo|o]ofo]o
|"|"|"I”|4|3|2|115[4|3|

CwW:-16 LSB=4

=\
S A WAV W AW W W A Wa W o WaWa W W Wal

GATE

ouT ’

out 2777 | W |
RO
CW=16 LSB-4

S

N AWANAWAWAWAWAWANAWAWAWANAWE N

GATE \ '

OUT-—-_, \ ’ \ ’
[nfwln]nwfelelelelslelalslslsd

Note: A gate transition should not occur one clock cycle prior to
reaching the terminal count (TC).

Note: A gate transition should not occur one clock cycle prior to
reaching the terminal count (TC).
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Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then decremented by two
on succeeding CLK pulses. When the count expires,
QUT goes low and the counter is reloaded with the initial
count. The above process is repeated indefinitely.

0Odd counts: OUT is initially high. The initial count minus
one (to given an even number) is loaded on one CLK
pulse and then decremented by two on succeeding CLK
pulses. One CLK pulse after the count expires, OUT
goes low and the Counter is reloaded with the initial
count minus one. Succeeding CLK pulses decrement
the count by two. When the count expires, OUT goes
high again and the Counter is reloaded with the initial
count minus one. The above process is repeated indefi-
nitely. So for odd counts, OUT is high for (N + 1)/2
counts and low for (N - 1)/2 counts.

Figure 12: Mode 4 Timing

PROGRAMMABLE INTERVAL TIMER

Mode 4: Software Triggered Strobe

OUT is initially high. When the initial count expires, OUT
goes low for one CLK pulse and then goes high again.
The counting sequence is triggered by writing the initial
count.

GATE =1 enables counting; GATE =0 disables counting.
GATE has no effect on OUT.

The Counter is loaded on the next CLK pulse after a
Control Word and initial count have been written. This
CLK pulse does not decrementthe count, so for an initial
count of N, OUT does not strobe low until N + 1 CLK
puises after the initial count is written.

If a new count is written during counting, it is loaded on
the next CLK pulse and counting continues from the
new count. If a two-byte count is written, the following
events occur:

Figure 13: Mode 5 Timing

CW=12 1LsB=3

=\

S AWAW AW AW AWAWA WA WA WA o
GATE T TTTTTT “ --.‘-------‘----...A --------
our 77 / \

CW=1A LSB-3

OUT;‘_/ \ '
[wlwlwlnlwln]slefsizleleln
CW=1 LsB=2 LSB - 4

WR \__/

N ANAWAWANAWANAVAWAWAWAW AW

GATE TN\ TTTmm TN T

oot 77 A}

0o oo o | FF{ FF ! o
|"!"|"|“‘”|3|21||o il o]y

CW=18 LSB=3

AV AN AVAVANANAVANAWAW

GATE

our —f

CwW=18 LSB=3

Cw=18 iSB=3 LSB = 2
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1. Writing the first byte has no effect on counting.

2. Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the sequence to be retriggered by software.
OUT strobes low N + 1 CLK pulses after the new count of
N is written.

Mode 5:

HARDWARE TRIGGERED strobe (Retriggerable).
OUT is initially high. Counting is triggered by a rising
edge of GATE. When the initial count has expired, OUT
goes low for one CLK pulse, then goes high again.

After a Control Word and initial count has been written,
the counter is loaded on the first CLK pulse following a
trigger. This CLK pulse does not decrement the count,

& SAMSUNG

Electronics

so, given an initial count of N, OUT does not strobe low
until N + 1 CLK pulses after a trigger.

A trigger causes the Counter to be loaded with the initial
count on the next CLK pulse. The counting sequence is
retriggerable, so OUT will not go low until N + 1 CLK
pulses after any trigger. GATE has no effect on OUT.

If a new count is written during counting, the current
counting sequence will not be affected. If a trigger
occurs after the new count is written, but before the
current count expires, the Counter will be loaded with
the new count on the next CLK pulse and counting will
continue from there.
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Table 6: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.0V

Operating Temperature Range

Commercial

0°C to 70°C

Industrial

-40°C to +85°C

Table 7: Absolute Maximum Ratings

DC Supply Voltage

+7.0V

Input, Output or I/0 Voltage Applied

Vgs - 05V to Vg + 0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

1w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation
of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied.

Exposure to maximum rating conditions for extended periods may affect device reliability.

Table 8: Capacitance (Tp = 25°C, Vgg = 0V, V|n = +5V or Vgg)

Symbol Parameter Test Conditions Typ Units
Cyo 1/0 Capacitance 20 pF
: FREQ = 1MHz
Ciy Input Capacitance Unmeasured Pins Returned to Vgg 10 PF
Cour Output Capacitance 20 pF
Table 9: DC Characteristics (Tp = 0°C to 70°C, Vg = 5V = 10%, Vgg = OV)
Limits
Symbol Parameter Test Conditions Min Max Units
Icc Vee Supply Current — 20 mA
lccss Standby Supply Current — 10 uA
e Input Load Current ViN = Vcc to OV -_ +20 uA
lorL Output Float Leakage Vourt = Ve to 0.45V — +10 pA
Viy Input High Voltage 20 Vect0.5V \
Vi Input Low Voltage -05 08 v
Vou Output High Volitage lon = -400uA 3.0 — '
lon = -2.56mA 2.4 — \
VoL Output Low Voltage loL = 25mA . 0.4 v
& SAMSUNG
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Table 10: AC Characteristics (T4 = 0°C to 70°C, Vg = 5V =+ 10%, Vgs = 0V) Bus Parameters

Limits (8MH2) | Limits (10MHz)
Symbol Parameter Test Conditions Min Max Min Max | Units
tap Data delay from address — 220 — 185 ns
tan Address stable before RD! 45 — | 30 — ns
taw | Address stable before WR 0 — 0 - ns
toL CLK setup for count latch -40 45 -40 40 ns
tek | Clock period 125 DC 100 DC ns
tor | RD1 to data floating 5 90 5 65 ns
tow | Data setup time before WR1 120 — 95 — ns
te Clock fall time — 25 — 25 ‘ns
taH Gate hold time after CLK! Note 2 50 — 50 - ns
tgL - | Gate width low 50 — 50 — ns
tas Gate setup time to CLK! 50 - 40 —_ ns
tew Gate width high | 50 — 50 . ns
ton Output delay from CLKI — 150 — 100 ns
toog Output delay from GATE! — 120 - 100 ns
tewn High pulse width Note 3 60 — 30 — ns
tew. , | Low pulse width Note 3 60 — 50 — ns
tg | Clock rise time . 25 . 25 ns
tra Address hold time after RD! 0 - 0 - ns
tap | Data delay from RDI —_ 120 — 85 ns
trn | RD pulse width 150 — 95 — ns
try | Command recovery time 200 — 165 — ns
tsn CS stable before RDI 0 — 0 - ns
tsw CS stable before WRi 0 — ] — ns
twa Address hold time WR! 0 — 0 — ns
twe CLK delay for loading 0 55 o] 55 ns
two Data hold time after WRt o | - 0 — ns
twa Gate delay for sampling -5 50 -5 40 ns
two OUT delay from Mode Write - 260 . 240 ns——
tww | WR pulse width 150 — 95 | — ns

Notes:

1. AC timings measured at Vo = 2.0V, Vo = 0.8V.

2. Inmodes 1and 5, triggers are sampled on each rising clock edge. A second trigger within 120ns of the rising clock edge may not be detected
(70ns for KS82C54-10).

3. Low-going glitches that violate tpyy, tpw, May cause errors requiring counter reprogramming.
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Figure 14: Timing Diagrams

a) Write Timing
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b) Read Timing
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¢) Recover Timing

d) Clock and Gate Timing
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PACKAGE DIMENSIONS Units: Inches

o2, 123 |
060 | 1265 "l
180 4 A\
200
L8 _fm
% I l’ Toe
> 300
Iy ¥
060 22 Ve L@
oS
540
ce_ l‘—m.;;’ l o 100
015 T Q& 610 10 70 "
Figure 15: Plastic Package Figure 16: PLCC Package

ORDERING INFORMATION & PRODUCT CODE

KS 8254 X X X

SAMSUNG Packaging
SEMICONDUCTOR i P — Plastic DIP

L — Plastic Leaded Chip Carrier
(PLCC) -
Part Number }——————
Speed ‘ Temperature
-8 8MHz C — Commercial (0°C to +70°C)
-10 10MHz l | — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.

¢ SAMSUNG

Electronics



KSBZCSSA PROGRAMMABLE PERIPHERAL INTERFACE

FEATURES/BENEFITS : DESCRIPTION
e Pin and functional compatibility with the industry The KS82C55A Programmable Peripheral Interface is a
standard 8255A high performance CMOS device offering pin for pin

functional compatibility with the industry standard 8255A.

* Provides support for 8080/85, 8086/8 and 80186 It includes 24 I/O pins which may be individually

286/386 programmed in 2 groups of 12 and used in 3 major
o Very high speed — 5SMHz, 8MHz and modes of operation. Bus hold circuitry on all /0O ports
10MHz version together with TTL compatibility over the full temperature

range eliminates the need for pull-up resistors.

e Low power CMOS implementation

. " The KS82C55A is a general purpose programmable 1/0
* TTL input/output compatibility device designed for use with many different micropro-
e 24 programmable I/O pins cessors. Also makes it an attractive addition in portable
systems or systems with low power standby modes.

o Direct bit set/reset capability
o Bidirectional bus operation
s Enhanced control word read capability

e Bus-hold circuitry on all I/0 ports eliminates
pull-up resistors

POWER _| ———» +V q Y
SUPPLY » GND

0

GROUP A K:> EN
—»] GROUP & N Po(rgA 7-Pho

NTROL
N——] —

GROUP A e
) pC,-pC
PORTC [N T

=
N—]
BI-DIRECTIONAL
DATA BUS
02-Dp <::> %AJSA /L_m% GROUP B A :;g o
L e e — @ PORT C [N—7 -

[

— Al
AD———d READ/ 1\ Grour B uo o8,
WR———»q WRITE gggg; o?. <Lr—: PORTB [N oo
CONTROL \,——I/ ®

A1 LOGIC ey
Ag ——————»

RESET— IV (N )
S g

Figure 2: KS82C55A Block Diagram Figure 1b: 40-Pin DIP Configuration
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Table 1a: 44-Pin PLCC Pin Assignment

Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name
1 [NC 9 A 17 |PCy 25 |PBy4 33 |Dy4 41 |PA;
2 |PAg 10 |Ag 18 |PCy 26 |PBs 34 |NC 42 |PAg
3 |PAy 1 |Pc; 19 |PC; 27 |PBg 35 |Ds 43 |PAg
4 |PA 12 |NC 20 |PBg 28 |[PBy 36 |Dp 44 |PA,
5 |PAg 13 1PCg 21 |PBy 29 |Veo 37 |Dy
6 |RD 14 |PCs 2 |PB; 30 |Dy 38 |Dg
7 |CS 15 [PCy4 23 [NC 31 |Dg 39 |RESET
8 |Vss 16 |PCo 24 |PBj 32 |Ds 40 [WR
Table 1b: 40-Pin DIP Pin Assignment
Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name | Pin # | Pin Name
1 |PA; 8 |Aq 15 |PCy 22 |PBy 29 |Ds 36 |(WR
2 |PAy 9 |Ag 16 |PC, 23 |PBs 30 (D4 37 |PA7
3 |PAy 10 |PCy 17 |PC3 24 |PBg 31 |Dg 38 |PAg
4 |PAg 11 |PCg 18 |PBg 25 |PBy 32 (D, 39 |PAs
5 |RD 12 |PCs 19 |PB; 26 |Vec 33 |Dy 40 |PA4
6 |CS 13 |PCy4 20 |PB, 27 |D; 34 |Dg
7 |Vss 14 |PCq 21 |PBg 28 |Dg 35 |RESET

FUNCTIONAL DESCRIPTION

General

The KS82C55A is a programmable peripheral interface
device designed for use in high speed, low power
microcomputer systems. it is a general purpose I/0
component which functions to interface peripherai
equipment to the microcomputer system bus. The
functional configuration of the KS82C55A is programmed
by the system software such that no external logic is
necessary to interface peripheral devices.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface |
the KS82C55A to the system data bus. Data is transmitted
“or received by the buffer upon execution of input or
output instructions by the CPU. The databus buffer also
transfers control words and status information.

Read/Write and Control Logic

This block manages all of the internal and external
transfers of both Data and Control or Status Words. it
accepts inputs from the CPU Address and Control buses
and issues commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is programmed
by the system software. The CPU outputs a Control -
Word to the KS82C55A. The Control Word contains
information such as code, bit set, bit reset, etc., that
initializes the functional configuration of the KS82C55A.

Each of the Control blocks (Group A and Group B)
accepts commands from the Read/Write Control Logic,
receives Control Words from the internal data bus and
issues the proper commands to its associated ports.

e Control Group A - Port A and Port C upper (C7-Cy4)
e Control Group B - Port B and Port C lower (C3-Cg)

& SAMSUNG

Electronics

176



KS82C55A

PROGRAMMABLE PERIPHERAL INTERFACE

Table 2: Pin Descriptions

Symbol Type Name and Function
Ao, Aq | Address: These input signals in conjunction with RD and WR, control the selection of one of
the three ports or the Control Word Registers.
A A; | RD | WR | CS | Input Operation (Read)
0 0 0 1 0 Port A - Data Bus
0 1 0 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
1 1 0 1 0 Control Word - Data Bus
Aq Ao | RD | WR | CS | Output Operation (Write)
0 0 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control
Aq Ao | RD | WR | CS | Disable Function
X X X X 1 Data Bus - 3-State
X X 1 0 Data Bus - 3-State
CS t | ChipSelect: A low on this input enables the KS82C55A to respond to RD and WR signals. RD
and WR are ignored otherwise.
Dg-7 I/0 | Data Bus: Bi-directional, 3-state data bus lines, connected to system data bus.

PAg-7 1/0 | Port A, Pins 0-7: An 8-bit data output latch/buffer and an 8-bit data input buffer.

PBg-7 1/0 | Port B, Pins 0-7: An 8-bit data output latch/buffer and an 8-bit data input buffer.

PCoy_3 1/0 | PortC, Pins 0-3: Lower nibble of an 8-bit data output latch/buffer and an 8-bit data input buffer
(no latch for input). This port can be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B.

PCy7 I1/0 | Port C, Pins 4-7: Upper nibble of Port C.

RD 1 Read Control: This input is low during CPU read operations.
WR | Write Control: This input is low during CPU write operations.
RESET l Reset: A high on this input clears the control register and all ports are set to the input rhode.
Vee - Power: 5V * 10% DC Supply.
Vss — | Ground: OV.
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PROGRAMMABLE PERIPHERAL INTERFACE

The Control Word Register can be both written and read
as shown in the address decode table in the pin
descriptions (Table 2). The Control Word format for both
read and write operations is shown in Figure 8. Bit D will
always be a logic ONE when the Control Word is read, as
this implies control word mode information.

Ports A, B, and C

The KS82C55A contains three 8-bit ports (A, B, and C).
All three ports can be configured in a wide variety of
functional characteristics by the system software, but
each also has its own special features.

Port A: One 8-bit data output buffer and one 8-bit input
buffer. Both pull-up and pull-down bus-hold devices are
present on Port A.

Port B: One 8-bit data output buffer and one 8-bit data
input buffer. Only pull-up bus-hold devices are present
on Port B.

Port C: One 8-bit data output buffer and one 8-bit data
input buffer (no latch for input). Port C can be divided
into two 4-bit ports under the mode control. Each 4-bit
port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in con-
junction with ports A and B. Only puli-up bus-hold
devices are present on Port C.

See Figure 3 for the bus-hold circuit configuration for
Ports A, B, and C.

Figure 3: Port A, B, C, Bus-Hold Configuration

RESET

INTERNAL

| __ EXTERNAL
DATA IN PORT A PIN

INTERNAL
DATA OUT

5y

Voo

RESET [t

L EXTERNAL PORT
B, C PIN

INTERNAL
DATA ? °

WR

OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be
selected by the system software:

e Mode 0 - Basic Input/Output
e Mode 1 - Strobed Input/Output
e Mode 2 - Bidirectional Bus

When the Reset input goes high, all ports will be set to
the input mode with all 24 port lines held at a logic one
level by the internal bus hold devices. After the reset is
removed, no additional initialization is required for the
KS82C55A to remain in the input mode. No pull-up or
pull-down devices are required. During execution, any
of the other modes may be selected by using a single
output instruction. This allows a single KS82C55A to
service a variety of peripheral devices with a simple
software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of the
output registers, including the status flip-flops, will be
reset whenever the mode is changed. Modes may be
combined such that their functional definition can be
tailored to almost any 1/0 structure. For example, Group
B can be programmed in Mode 0 to monitor simple
switch closings or display computational results, and
Group A could be programmed in Mode 1 to monitor a
keyboard or tape reader on an interrupt-driven basis.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single output instruction. This feature reduces the
software requirements in control-based applications.

When Port C is being used as status/control for Port A or
B, these bits can be set or reset by using the Bit
Set/Reset operation as if they were data output ports.

Interrupt Control Functions

When the KS82C55A is operating in Mode 1 or Mode 2,
control signals are provided for use as interrupt request
inputs to the CPU. The interrupt request signals, gener-
ated from Port C, can be inhibited or enabled by setting
or resetting the associated INTE flip-flop using the Bit
Set/Reset function of Port C.

This function allows the Programmer to Enable or
Disable a specific 1/0 device to interrupt the CPU
without affecting any other device in the interrupt
structure. :
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E
Figure 4: Mode Definitions & Bus Interface INTE Flip-Flop Definition:
(Bit-Set) - INTE is Set - Interrupt enable
(Bit-Reset) - INTE is Reset - Interrupt disable
<L ADDRESS BUS ") Note: All mask flip-flops are automatically reset during mode
\ v selection and device reset.
A
(‘ | r CONTROL BUS v) Mode 0 (Basic Input/Output)
1L This mode provides simple input and output operations
$ il ———-> for each of the three ports. No handshaking is required.
iL Jdi Data is simply written to or read from a specified port.
s -4
1 b oree Ak I Mode 0 Basic Functional Definitions:
" 0“0{ ¢ . ]‘ e Two 8-bit ports and two 4-bit ports

B8 r—-—l——|
m @ o @w @o e Any port can be input or output
e Outputs are latched
PB7-PBg PC3PCy  PC7-PCy PAT-PA

e Inputs are not latched

MODE 1 o 16 different Input/Output configurations are possible

S S |
@o t t ¢ t t 3 t t @,o in this mode.
PB7-PBg CONTROL OR 10 CONTROL OR 10 PAT-PAg Mode 1 (strobed InpuVOutpm)

wooe 2 o] . ¢ _ T This mode transfers 1/0 data to or from a specified port

L — L in conjunction with strobes or handshaking signals. In
aiuo t t ¢ l L T l T iﬂE:ﬁzcﬂoNAL Mode 1, Port A and Port B use the lines on Port C to
e

PorPBo Vo PArPRo generate or accept these handshaking signals.
CONTROL

Mode 1 Basic Functional Definitions:
e Two Groups (Group A and Group B).

Figure 5: Mode Definition Format e Each group contains one 8-bit data port and one 4-bit
control/data port.
[0+]0s |05 |04 J03 [0z D4 [0 ] o The8-bitdata port can be either input or output. Both
inputs and outputs are latched.
G"(m? T ¢ The4-bit portis used for control and status of the 8-bit
PORT C (LOWER) - data port.
PORT B 1 [ INPUT
0 joutpur Figure 6: Bit Set/Reset Format
MODE 0 | MODE 0
SELECTION 1 | MODE 1
GROUP A |°7l°8[°5|°‘|°3|°2l°1 |°°|
T T
1 [INPUT |
PORT C (UPPER) L x x x|
: ::"PL:_"T DON'T CARE | l——‘ BIT SET/RESET H—-‘:ZTSE—T{
PORT A 0 | OUTPUT
00 | MODE 0 BIT SELECT
MODE o1 | MODE 1 0|1j2(3]|a|5[6]7
SELECTION 1X | MODE 2 Bp|O | t[O]|1|O (10 |1
Bs|OjoO[t1[1]|]O0]|0O 1|1
Bafo]ofofo[1]1[1]1
»| MODE SET FLAG | 1 [ACTIVE
[ BIT SEVRESET FLAG | 0 | ACTIVE |

égsm\nams

Electronics



KS82C55A

Input Control Signal Definitions

STB (Strobe Input): A LOW on this input loads data into
the input latch.

IBF (Input Buffer Full F/F): A HIGH on this output
indicates that the data has been loaded into the input
latch. IBF is set by the STB input being LOW and is
RESET by the rising edge of the RD input.

Figure 7: Mode 0 Configuration

P

ROGRAMMABLE PERIPHERAL INTERFACE

INTR (Interrupt Request): A HIGH on this output can be
used to interrupt the CPU when an input device is
requesting service. INTR is set by the STB beinga ONE,
IBF is a ONE, and INTE is a ONE. It is RESET by the
falling edge of RD. This procedure allows an input
device to request service from the CPU by simply
strobing its data into the Port.

INTE A: Controlled by bit Set/Reset of PC,.
INTE B: Controlled by bit Set/Reset of PC,.

Output Control Signal Definition
CONTROL WORD
Or D¢ Ds Ds D3 D2 D1 0 OBF (Output Buffer Full F/F): The OBF output will go
LrJofoloToofoo] LOW to indicate that the CPU has written data out to the
specified port. The OBF F/F will be set by the rising edge
A _’7c_>m,-m of the WR input and reset by the ACK input being low.
R LA ACK (Acknowledge Input): A LOW on this input informs
D7-Dp ——] c s the KS82C55A that the data from Port A or Port B has
7 PCsPC been accepted. (i.e., a response from the peripheral
B __71_.." PB;-PBy device indicating that it has received the data output by
the CPU).
Table 3: Mode 0 Port Definition
Control Word Bits Port Direction
Control Group A Group B Group A Group B
Word # D; | Dg | Ds | Dg | D3 | Do | Dy | Dg PA7-PAg PC+-PC,4 PC3-PCy PB7-PBg
0 1 0 0 0 0 0 0 0 OUTPUT | OUTPUT | OUTPUT | OUTPUT
1 1 0 0 0 0 0 0 1 OUTPUT | OUTPUT INPUT OUTPUT
2 1 0 oo 0 0 1 0 OUTPUT | OUTPUT | OUTPUT INPUT
3 1 0 0 0 0 0 1 1 OUTPUT | OUTPUT INPUT INPUT
4 1 0 0 0 1 0 0 0 | OUTPUT INPUT OUTPUT | OUTPUT
5 1 0 0 0 1] 0 0 1 OUTPUT INPUT INPUT OUTPUT
6 1 0 0 0 1 0 1 0 OUTPUT INPUT OQUTPUT INPUT
7 1 0 0 0 1 0 1 1 OUTPUT INPUT INPUT INPUT
8 1 0 0 1 0 0 0 0 INPUT OUTPUT | OUTPUT | OUTPUT
9 1 0 0 1 0 0 0 1 INPUT OUTPUT INPUT OUTPUT
10 1 0 0 1 0 0 1 0 INPUT OUTPUT QUTPUT INPUT
1 1 0 0 1 0 0 1 1 INPUT OUTPUT INPUT INPUT
12 1 0 0 1 1 0 0 0 INPUT INPUT OUTPUT | OUTPUT
13 1 0 0 1 1 0 0 1 INPUT INPUT INPUT OUTPUT
14 1 0 0 1 1 0 1 0 INPUT INPUT OUTPUT INPUT
15 1 0 0 1 1 0 1 1 INPUT INPUT INPUT INPUT
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INTR (Interrupt Request): A HIGH on this output can be
used to interrupt the CPU when an output device has
accepted data transmitted by the CPU. INTR is set when
ACK is a ONE, OBF is a ONE and INTE is a ONE. It is
Reset by the falling edge of WR.

INTE A: Controlled by bit Set/Reset of PCy.
INTE B: Controlied by bit Set/Reset of PC,.

Mode 2 (Strobed Bidirectional Bus I/0)

This mode provides a means for communicating with a
peripheral device on a single 8-bit bus to facilitate both
transmitting and receiving of data (bi-directional bus
1/0). Handshaking signals maintain proper bus flow
discipline in a similar manner to Mode 1. interrupt
generation and enable/disable functions are also available.

Mode 2 Basic Functional Definitions:

e Used in Group A only.

e One 8-Bit, bi-directional bus port (Port A) and a 5-bit
control port (Port C).

e Both inputs and outputs are latched.
e ine b5-bit controi port (Port C) is used for controi and
status of the 8-bit, bi-directional bus port (Port A).

Figure 8. Mode 1 Input

PROGRAMMABLE PERIPHERAL INTERFACE

Bidirectional Bus I/0 Control Signal Definition

INTR (iInterrupt Request): A HIGH on this output can be
used to interrupt the CPU for input or output operations.

Output Operations

OBF (Output Buffer Full): The OBF output will go LOW
to indicate that the CPU has written data into Port A.

ACK (Acknowledge): A LOW on this input enables the
3-state output buffer of Port A to send out the data.
Otherwise, the output buffer wilibe in the high impedance
state.

INTE1 (The INTE Flip-Flop Associated with OBF):
Controlled by bit Set/Reset of PCg.
Input Operations

STB (Strobe Input): A LOW on this input loads data into
the input latch.

IBF (Input Buffer Full F/F): A HIGH on this output
indicates that data has been loaded into the input latch.

INTE2 (The INTE Flip-Flop Associated with IBF): Con-
trolled by bit Set/Reset of PCy.

Figure 9: Mode 1 Output

MODE 1 (PORT A
CONTROL WORD o {po )

D7 Dg Ds Dy D3 D2 Dy Dy
nnRnnsced ey e
PCes

1= INPUT
0 = OUTPUT

CONTROL WORD MODE 1 (PORT B)

D7 D¢ Ds Dy D3 D2 Dy Do
LD L ]| el

TINTE 8]

[ «— 578,

—— IBfp

> INTRg
[] JR——

CONTROL WORD MODE 1 (PORT )

D; Dg Ds Dy D3 Dz Dy Do’

[ To T To T <D

PCss

1 = INPUT
@ = OUTPUT

CONTROL WORD MODE 1 (PORT B)
D; Dg Ds Dy D3 D Dy Dy

PB;-PBy
[ DD o B |, rorese[5)

PCi1}——— OBFg

PC; |e——— ACKp

—[PCo}———» INTRy
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Special Mode Combination Considerations

Several combinations of modes are possible. For any
combination, some or all of the Port C lines are used for
control or status. The remaining bits are either inputs or
outputs as defined by a Set Mode command.

The state of all the Port C lines, except the ACK and STB
lines, will be placed on the data bus during a read of Port
C. In place of the ACK and STB line states, flag status will
appear on the data bus in the PC,, PCy4, and PCg bit
positions as shown in Table 4.

Through a Write Port C command, only the Port C pins
programmed as outputs in a Mode 0 group can be
written. No other pins can be affected by a Write Port C
command, and the interrupt enable flags cannot be
accessed. The Set/Reset Port C Bit command must be
used to write to any Port C output programmed as an
output in a Mode 1 group or to change an interrupt
enable flag.

With a Set/Reset Port C Bit command, any Port C line
programmed as an output (including INTR, IBF and
OBF) can be written, or an interrupt enable flag can be
set or reset. Port C lines programmed as inputs, including

Figure 10: Combinations of Mode 1

'ACK and STB lines, are not affected by a Set/Reset Port
C Bit command. Writing to the corresponding Port C bit
positions of the ACK and STB lines with the Set/Reset
Port C Bit command will affect the Group A and Group B
interrupt enable flags (see Table 5).

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5mA.
Thus the KS82C55A can directly drive Darlington type
drivers and high-voltage displays that require such sink
or source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the KS82C55A is in Modes 1 or 2, Port C
generates or accepts handshaking signals with the
peripheral device. Reading Port C allows the programmer
to test or verify the status of each peripheral device and
change the program flow accordingly.

There is not special instruction to read the status
information from Port C. This function is performed by
executing a normal read operations of Port C.

Figure 11: Mode Control Word

PORT A - (STROBED INPUT)
PORT B - (STROBED OUTPUT)

RD ——»0) PA7-PAg B

CONTROL WORD ? * STB,
O; Ds Ds D¢ Dy D Dy Dy s[> IBFx

Glelo [ Iwls [o 1<) ol Tr

1 = INPUT
0 = OUTPUT

e

PB7-PBp 8

PORT A - (STROBED OUTPUT)
PORT B - }STNOQED INPUT)

RD ——»0f PA7-PAq 8

e i
CONTROL WORD 7 | OBF,

D7y Dg Ds Dy D3 D Dy Op PCs [4——— ACKs

e e w1 D] sl w0

|—>PC~.5 PB,-PB,
1= INPUT e
0 = OUTPUT PC2 fa———— §TBg

. PCi b——» IBFg
WR PCo I INTRp

CONTROL WORD
Dy Dg Ds Dy D3 D2 Dy Do

[ 1 | 1 [><|>Q>Q|/o[uo||/o]
1 | wpur
PC2.0
o | outeur
1 | neur
PORT B
o | outpur
o | MopE o
GROUP B MODE
1 | mope 1

R

Figure 12: Mode 2

PC3l—— INTR,

PA7-PAy 8 >

PC7|—» OBFa
TINTE 17 | PCs | ACK,
ﬁ?f'rE_ﬂJE §7Ba
LINTEZ;
{pe 1BF,
S A
RD PC2 o jt—~—> 1/O

WR ——»-0f
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Figure 13: Mode 1/4 Combinations

MODE 2 AND MODE 0 (OUTPUT)
‘CONTROL WORD
D7 Dg Ds D¢ D3 D2 Dy Dy pCs—— INTRs
O <D< o [ Two]

PC7 |——»- OBFa
PCy f¢——— ACKa
PCy|a——5TBs
pcsf—— 1BFa
D ——»0 PCoofe34> 110

PBr-PBof 8

MODE 2 AND MODE 1 {OUTPUT)

PC20

1= INPUT
0 = OUTPUT

CONTROL WORD PC3—— INTRp

PC; |——— OBFj
PCs j«——— ACKa
PCy[*—— STBa

pcs—— 1BFa

[N

PBrPB| 8 )
RD —»0) $C; ja—— ACKa
__ PCy |——= OBFs
WR [——" INTRg

MODE 2 AND MODE 0 (INPUT)

‘CONTROL WORD

D7 Dg Ds Dy D3 D Dy Do PCaf—— INTR,
[T DI e Lo Two) -
PAT-PAQ
PCzo PCr | GBFa
1 = INPUT P
0 = QUTPUT Pg: > :Taa‘
A
PCs I —» BFs
RD ——»of l«-3<» 110

WR—qf paras.,—_a—>

MODE 2 AND MODE 1 (INPUT)

[ INTRA

(=)

PC7}—— OBFa
PCs f#———— ACKa
PC4 f——— 5TB,

PCs|—» 1BF,
Y

PB7-PBg 8
RD —»qf PCy §TBa

PCi ——— I1BFs
WR ——»=9 PCo |——— INTRg

CONTROL WORD
D7 Dg Ds D¢ D3 Dz Dy Do

O < [ 4

Figure 14: Mode 1 Status Word Format

Figure 15: Mode 2 Status Word Format

INPUT CONFIGURATION
D¢ Ds Dy 03 D2 04

07
[wo T wo ]lar. Imre,]mm.]mrE.TlnF.ern.[
L T L . 1

GROUP A

GROUP B

INPUT CONFIGURATION
o7 Ds Ds D4 D3 02 D1 Do
[O8Fa [ntea] vo | wo [nvaa[iNTEq [ GBFa [iNTRa |
1 I |
T T
GROUP A

GROUP B

D7 Ds Ds D4 D3 D2 04 Do
[o8Fa [nTEs [ 180 [inTES [invaa I 4| J
1 Il 1

T I
GROUP A

GROUP B

(DEVINED BY MODE 0 OR MODE 1 SELECTION)
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Table 4: Mode Definition Summary

PORT MODE 0 MODE 1 MODE 2
PAg
PA4
PA,
PORT | PA; | AN A'(')r'N Al
A PA4 All OUT All OUT BIDIRECTIONAL
PAs
PAg
PA;
PBg
PB4
PB,
PORT PBs All IN All IN MODE 0
B PB, or or or
PBs All OUT Al OUT MODE 1 only
PBg
PB;
AIN,BIN | AIN,BOUT | AOUT BIN |A OUT, B OUT
PCy All IN INTRg INTRg INTRg INTRg 1/0
PC4 or IBFg OBFg IBFg OBFg 1/0
. PC, All OUT STBg ACKg STBg ACKpg 1/0
PORT PCs3 INTRA INTRp INTRA INTRA INTRp
C PC4 All IN STBa STBa 1/0 1/0 STBa
PCs or IBFa IBFp 1/0 1/0 IBFa
PCq All OUT 1/0 1/0 ACKp ACKp ACKp
PC; 1/0 1/0 OBFp OBFp OBFp
Table 5: Interrupt Enable Flags in Modes 1 and 2
Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTEg PC, 'ACKg (Output Mode 1) or STBg (Input Mode 1)
INTEa, PC4 'STBa (Input Mode 1 or Mode 2)
INTEa1 PCg ACKp (Output Mode 1 or Mode 2)
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APPLICATIONS

The KS82CS55A is a very powerful device for interfacing
peripheral equipment to the microcomputer system. It is
flexible enough to interface almost any I/O device
without the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a service routine associated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
KS82C55A is programmed by the 1/0 service routine
and becomes an extension of the system software. By
examining the interface characteristics of the I/0 device
for both data transfer and timing, and matching this
information to the examples and tables in the Operational
Description, a Control Word can easily be developed to
intialize the KS82C55A to exactly fit the application.
Figures 16 through 22 illustrate a few examples of typical
KS82C55A applications.

Figure 17: Printer Interface

PROGRAMMABLE PERIPHERAL INTERFACE

L4

Figure 16: Keyboard and Display Interface

INTERRUPT
REQUEST * |
PC =
2 e Ro
PAy L]
Pha R FULLY
PAs Rs  pECODED
PA, Ry  KEYBOARD
R
mooe 1 _| 7S s
(INPUT) | PAs SHIFT
PA7 CONTROL
PCyf STROBE
PC; ACK
KSB2C55A
PBo Bo
PBy B4
P8, -]
BURROUGHS
PB; B3 SELF-SCAN
PBy By  DISPLAY
PBs Bs
MODE 1 _PBg BACKSPACE
(OUTRUT) 1 pg, CLEAR
PCy DATA READY
PC2 ACK
PCe BLANKING
PCo LPCr CANCEL WORD

mrERAUnT 1

REQUEST

Figure 18: Keyboard and Terminal Address Interface

INTERRUPT
REQUEST ]
PCa [ pagt—1 —1T
PA > |
PR2l—>™ contROL [ | HIGH-SPEED
pAsl—>] LOGICAND |—»| | PRINTER
pag|—>| DRIVERS .
Pas ] -
MODE 1 | -
(OUTPUT) | PR 1
PA7 ™ | HAMMER
—| I” RELAYS
PC4q}—»| FORWARD/REV —>}
pcsl—> PaPER FEED  |—>
peg[*—] AcK >
PC7|—3] DATA READY  |—»|
KSB2C55A il omg
P
PBo —>] ] |
[y -
P8y |—»| DaTA READY
5 | ack
PBaf—w —{ PAPER FEED
MODE 1 | PB5 —| FORwARD/REV
(OUTPUT) | paig [ —{ riBBON
PB7I— le—] CARRIAGE SEN.
PC1|— DATA READY
PC2le— ack
INTERRUPT ]
REQUEST

INTERRUPT
REQUEST "—I
PC3 _p‘o
PA1 [
PA;
2 Rz FULLY
PA3 R;  DECODED
A R, KEYBOARD
PAs Rs
MODE 1 | PAg
(INPUT) | o0 SHIFY
7 CONTROL
PCq STROBE
PCs ACK
PBg BUSY LT
PBy TEST LT
KS82C55A
TERMINAL
ADDRESS
—
PBy -
PBy -
PB; . ~o—]
mope o _| PB3| —
(INPUT) | PBg -]
PBs -"“._
PB, o e
—_—
PCo PB7 -—
INTERRUPT ]
REQUEST =
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Figure 19: D/A, A/D

PROGRAMMABLE PERIPHERAL INTERFACE

Figure 20: Basic Floppy Disc Interface

INTERRUPT
REQUEST
PC.
F’A‘. LsB * e Do
oy oy 21 riopey pisk
A m o) SN
3 12-BIT DA 3
PAy > CONVERTER PAY Dq
mopE 0 _| P (DAC) PAs Ds
(OUTPUT) 7| PAs MODE 2 | pag De
PA; PAy by
PC,
PCs PCy DATA STB
PC, PCs ACK (IN)
Ksg2cs5a | PCr MSB PCs ACK (OUT)
— PCr DATA READY
peo | s78 DATA KS82C55A
PCy OUTPUT ENABLE PCo SYNC READY
ss'r/:gsn 7] PCy INDEX
PC2 SAMPLE ENABLE PC2 TRACK 0 SENSOR
PC3 sTB
'.;.u LsB PBo HEAD
PBy PBy FO
PB2 8-BIT A/D PB; READ ENABLE
CONVERTER
mMODE o _[PB3|w (ADC) MODEO _|PBs WRITE ENABLE
(INPUT) PB4 (OUTPUT) | PB, DISC SELECT
P PBs ENABLE CRC
PBg e PBg TEST
PBy MsB PB; BUSY LT
Figure 21: Basic CRT Controller Interface Figure 22: Machine Tool Controller
INTERRUPT INTERRUPT
REQUEST ] REQUEST <—)
PG Toay Ro P Tom Ro
PAY Ry PAq Rq
PAz R2 CRT CONTROLLER R:
PA; R, ® CHARACTER GEN Pha 2 SLEvEL
« REFRESH BUFFER PAg 3 TAPE
PA, Ra « CURSOR PA, Rs
PA; . CONTROL R
MODE 1 mope 1 | P >
(ouTpuT) -1 PRs SHIFT (INPUT) — PAs Rg
PA7 CONTROL PA7 Ry
PCy BLACK/WHITE PC4 STB
PCs BLANKED PC;| ACK
Ce
P Ack LPCe STOP/GO
PCy DATA READY
- KSB2C55A
MACHINE TOOL
FCo ROW STB MODE 0 PCo S P
PCy OLUMN STB (INpUT) —{PCt LIMIT SENSOR (H/V)
PC2 CURSOR H/V STB PC2 OUT OF FLUID
MODE ::0 PBo CHANGE TOOL
) 0 _{PBy PBy LEFT/RIGHT
R CURSOR, ROW, g UPDOWN
B URSOR, ROW,
3 R AoEss MODEo _|PBs HOR. STEP STROBE
PB4 H&V (OUTPUT) |pB, VERT. STEP STROBE
PBs PBs SLEW/STEP
PBg PBg FLUID ENABLE
s PBy EMERGENCY STOP

¢ SAMISUNG

Electronics




K882C55A PROGRAMMABLE PERIPHERAL INTERFACE

Table 6: Recommended Operating Conditions

DC Supply Voltage +4.0V to +6.0V
Operating Temperature Range Commercial 0°C to 70°C
Industrial -40°C to +85°C

Table 7: Absolute Maximum Ratings

DC Supply Voltage +7.0V
Input, Output or I/0 Voltage Applied Vss - 0.5V to Vge + 0.5V
Storage Temperature Range -65°C to +150°C
Maximum Package Power Dissipation 1w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 8: Capacitance (Ta = 25°C, Vg = 0V, Vg = +5V or Vgg)

Symbol Parameter Test Conditions Typ Units
20 pF

Cwo /O Capacitance Unmeasured Pins Returned to Vgg

Cin Input Capacitance . 10 pF

=RV + 100/41' VSS = OV\

Limits

Symbol Parameter Test Conditions Min Max Unit
lce Vee Supply Current (Note 3) 10 mA
lccss VCC Supply Current-Standby VCC = 5.5V, VIN = VCC or Vss 10 HA

Port Conditions:

If I/P = Open/High

— O/P = Open Only

With Data Bus = High/Low

— CS8 = High

— Reset = Low,

Pure Inputs = Low/High
IpAR Darlington Drive Current Ports A, B, C +25 mA

REXT = 750Q, VEXT =15V
e Input Leakage Current Vin = Ve to OV (Note 1) +1 uA
loFL Output Float Leakage Current Vin = Ve to OV (Note 2) +10 uA
IpHH Port Hold High Leakage Current Vout = 3.0V (Ports A, B, C) -50 -300 HA
lpHHO Port Hold High Overdrive Current Vout = 3.0V +350 HA
lpHL Port Hold Low Leakage Current Vout = 1.0V (Port A Only) +50 +300 UA
lpHLO Port Hold Low Overdrive Current Vout = 0.8V -350 LA
Vi Input High Voitage 20 Vee \
Vi Input Low Voltage -05 08 Vv
Vor Output High Voltage lon = -2.56mA 30 \

lon = -100pA Vee - 04 \"
VoL Output LOW Voltage loL = 25mA ) 0.4 )

Notes: 1. Pins A1, AQ, CS, WR, RD, Reset. 2. Data Bus; Ports B, C. 3. Qutputs Open.
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Table 10: AC Characteristics (T = 0°C to 70°C, Vg = 5V + 10%, Vgs = 0V)

. Limits (8MHz) | Limits (10MHz)
Symbol Parameter Test Conditions Min Max Min Max | Units
tap 'ACK = 0 to Output 175 125 ns
tar ‘ACK =110 INTR = 1 150 100 ns
tak ‘ACK Pulse Width 200 100 ns
taos ACK =0 to OBF = 1 150 100 ns
tar Address Strobe Before RDI 0 ns
taw Address Strobe Before WRI 0 ns
tor RD # Data Floating 10 75 10 75 ns

RD!t to Data Floating

tow Data Setup Time Before WR! 100 50 ns
[ Peripheral Data After RD 0 ns
tiR Peripheral Data Before RD 0 0 ns

ko ‘ACK =1 to Output Float 20 250 20 175 ns
tpH Peripheral Data After STB High 50 40 ns

tpg Peripheral Data Before- STB High 20 20 ns

tra Address Hold Time After RDt 0 0 ns

tro Data Delay from RD! 120 95 ns
taes Reset Pulse Width See Note 2 500 400 ns
tris RD=11t0IBF=0 150 120 ns
trrr RD =010 INTR=0 200 160 ns
thR RD Pulse Width 150 100 ns

try Recovery Time Between RD/WR 200 100 ns

tsis 'STB =0 to IBF = 1 150 100 ns
tgr  |STB=1to INTR = 1 150 00 | ns
tst 'STB Pulse Width 100 50 ns

twa Address Hold Time After WRt Ports A & B 20 10 ns
Port C 20 10 ns

twe 'WR =1 to Output 350 150 ns
two Data Hold Time After WR! Ports A & B 30 20 ns
Port C 30 20 ns

twir WR=0t0INTR=0 See Note 1 200 160 ns
twog |WR=1to OBF =0 150 120 ns
tww 'WR Pulse Width 100 70 ns

Notes:

1. INTR1 may occur as early as WRI.

2. Width of initial Reset pulse after power on must be at least 50usec. Subsequent Reset pulses may be 500ns minimum.

<
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Figure 23: Timing Diagrams

a) Mode 0 (Basic Input)

RR

" X 7
INPUT Xr _‘x
}4——— AR ———p «——— 1RA———]

_ N
AQ, A1, CS K
7
D7-Do ____..._..__..__-'______.< / ————
\ "

b) Mode 0 (Basic Output)

tww

[t———— tow ——————> | lwD |

twa taw |

Ao, A1, CS X . X
L
OUTPUT ' )
1\

c) Mode 1 (Strobed Input)

A )

{et— tpH
INPUTFROM _ _ _ _ __ . e
PERIPHERAL b Y

j
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d) Mode 1 (Strobed Output)

WR )

INTR

ouTPUT

Wi

d—fwos-J

e) Mode 2 (Bidirectional)

OBF

INTR

AcK

sT8

1BF
PERIPHERAL
BUS

RD

-5

AN

Na%

/Y

tsiB

N\

R
Ol

toy —»-

PROGRAMMABLE PERIPHERAL INTERFACE
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f) Write Timing

A0, A1, C§

| twa

DATA BUS g

WR

X
tww
g) Read Timing
— -
A0, A1, CS
.
- tar | 2! Iq—» tra
|
A
tRp for |

DATA BUS O; HIGH IMPEDANCE \

VALID HIGH IMPEDANCE
AN

Figure 24: AC Testing I/0 Waveform

24

20 20

> TEST POINTS < CL = 150pF

0.8 0.
0.45 d

A.C. Testing Inputs are driven at 2.4V for a logic 1 and 0.45V fora
logic 0. Timing measurements are made at 2.0V for a logic 1 and
0.8V for logic 0.

Figure 25: AC Testing Load Circuit

DEVICE

UNDER Vext*
TEST . —I—Ww—‘ EXT’
[

I L = 150pF

" Vexr is set at various voltages during testing to guarantee the
specification. C includes jig capacitance.
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PACKAGE DIMENSIONS

020
9 om0
060

{ 2030
I 2,080

U v

'r—

2160
.200
125
L3es
-

i 1k
o5 o 100
060 023 Tve

g

- % |

008 600 Lid
C o1 it gz T T W

Plastic Package

Units: Inches
092 [ 685
r.;‘“x_so_,|l o
l 656 .
—=—b o 2
R 630
+ 'E 500

026
032

ORDERING INFORMATION & PRODUCT CODE DIMENSIONS

KS 82C55A

—

Part Number }—— |

X

- SAMSUNG
SEMICONDUCTOR

X

I L

Speed ‘
-8 8MHz
10 10MHz |

T ]

0097
.0103

PLCC Package

Packaging

P — Plastic DIP

L — Plastic Leaded Chip Carrier
(PLCC)

Temperature
C — Commercial (0°C to +70°C)
| — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.
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KS82C59A

PROGRAMMABLE INTERRUPT CONTROLLER

FEATURES

¢ Pin and functional compatibility with the industry
standard 8259/8259A

o TTL input/output compatibility

o Low power CMOS implementation

e Compatible with 8080/85, 8086/88, 80286/386 and
68000 family microprocessor systems

o Eight level priority controller
o Expandable to 64 levels

o Programmable interrupt modes, with each
interrupt maskable

o Edge- or level-triggered interrupt request inputs
o Polling operation

o Fully static design

DATA
BUS
BUFFER

DESCRIPTION

The KS82C59A is a high performance, completely
programmable interrupt controller. It can process eight
interrupt request inputs, assigning a priority level to each
one, and is cascadable up to 64 interrupt requests.
Individual interrupting sources are maskable. lts two
modes of operation (Call and Vector) allow it to be used
with a wide variety of microprocessors.

Featuring fully static, very high speed operation, the
KS82C59A is designed to relieve the system CPU from
polling in a multi-level priority interrupt system. Its very
low power consumption makes it useful in portable
systems and systems with low power standby modes.

INT

CONTROL LOGIC

WRITE |9
LOGIC
T

s}
IN- INTERRUPT
semice peioaiTy <_—_ NLOUEST e in:
ISTER REGISTER [«— IR, T\
(ISR) (RR)  f=— Ins i 28 |1 Vee
|«— IRg WRI{] 2 27 23 A
. IRy ﬁnﬁl: 3 26 [ INTA
7] 4 L) m]
CASq ———->|cASCADE/ T T T Ds]s 21 [ :ﬁ:
CAS; <——»| BUFFER D56 2
CAS; = »| COMP C_—_:> b= B IRs
INTERRUPT MASK REGISTER (IMR 1Rq
- (IMR) s g KS82C59A 5, |5 R
} 02} o 20 P g,
SP/EN b1 10 19 [ 1Ry
Do n 18 [ IRy
CASo ] 12 17 3 INT
casi 7 4 16 |3 sP/EN
INTERNAL BUS vssE 1: 1: g (s;PA/:zN

Figure 1: Block Diagram of KS82C59A

Figure 2b: Pin Configuration
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PROGRAMMABLE INTERRUPT CONTROLLER

Table 1: Pin Descriptions

Pin

Symbol | (28-Pin DIP)

Type

Name and Function

Ao

27

Ag Address Line: This signal acts in conjunction with the CS, WR and RD
signals. It is used by the KS82C59A to decipher various Command Words
written by the CPU, and Status information read by the CPU. It is typically
connected to the CPU-Ag address line.

CASg.o 12,13, 15

170

Cascade Line: These signals are outputs for the master KS82C59A, and inputs
for slaved KS82C59As. The CAS lines are used as a private bus by a KS82C59A
master to control a multiple KS82C59A system structure.

Chip Select: An active LOW signal used to enable RD and WR communication
between the CPU and the KS82C59A. Note that INTA functions are independent
of CS.

D7-Do

4-11

170

Data Bus: Bidirectional, 3-state, 8-bit data bus for the transfer of control, status
and interrupt vector information.

INT

17

Interrupt: This signal goes HIGH when a valid interrupt request is asserted. Itis
used to interrupt the CPU, thus, it is connected to the CPU'’s interrupt pin.

INTA

26

Interrupt Acknowledge: Signal used to enable the KS82C59A interrupt vector
data onto the data bus by a sequence of interrupt acknowledge puises issued
by the CPU.

IRo-7

18-25

Interrupt Requests: Asynchronous input signals. An interrupt request is
executed by raising an IR input (LOW to HIGH), and holding it HIGH until it is
acknowledged (Edge Triggered Mode), or just by a HIGH level on an IR input
(Level Triggered Mode).

Read: Active LOW signal used to enable the KS82C59A to output status
information onto the data bus for the CPU.

SP/EN -

16

1/0

Slave Program/Enable Buffer: Active LOW, dual function control signal. When
in the Buffered Mode its can be used as an output to control buffer transceivers
(EN). When not in the buffered mode it is used as an input to designate a master
(SP = 1) or a slave (SP = 0).

Vee

28

Power: 5V + 10% DC Supply.

Vss

14

Ground: OV.

WR

Write: Active LOW signal used to enable the KS82C59A to accept command
words from the CPU.

& SAMSUNG e

Electronics




KS82C59A

FUNCTIONAL DESCRIPTION

The KS82C59A Programmable Interrupt Controiler is
designed for use in interrupt-driven micro-computer
systems. Acting as an overall peripherals manager, its
functions include:

e Accepting interrupf requests from assorted peripheral
devices

e Determining which is the highest priority

o Establishing whether or not the new interrupt is of a
higher priority than any interrupt which might be
currently being serviced, and if so,

e Issuing an interrupt to the CPU

e Then providing the CPU with the interrupt service
routine address of the interrupting peripheral

Each peripheral device usually has a specific interrupt
service routine which is particular to its operational or
functional requirements within the system. The
KS82C59A can be programmed to hold a pointer to the
service routine addresses associated with each of the
peripheral devices under its control. Thus when a
peripneial inteéiiupt 18 passed irough w the CPU, the
KS82C59A can set the CPU Program Counter to the
interrupt service routine required. These pointers (or
vectors) are addresses in a vector table.

The KS82C59A is intended to run in one of two major
operational modes, according to the type of CPU being
used in the system. The CALL Mode is used for 8085
type microprocessor systems, while the VECTOR Mode
is reserved for those systems using more sophisticated
processors such as the 8088/86, 80286/386 or 68000
family.

In either mode, the KS82C59A can manage up to eight
interrupt request levels individually, with a maximum
capability of up to 64 interrupt request levels when
cascaded with other KS82C59As. A selection of priority
modes is also available such that interrupt requests can
be processed in a number of different ways to meet the
requirements of a varity of system configurations.

Priority modes can be changed or reconfigured dynamic-
ally at any time during system operation using the
operation command words (OCWs), allowing the overall
interrupt structure to be defined for a complete system.
Note that the KS82C59A is programmed by the system
software as an I/O peripheral.

PROGRAMMABLE INTERRUPT CONTROLLER

— L a—————————

The major functional components of the KS82C59A are
laid outin the block diagram of Figure 1. Vector data and
device programming information are transferred from
the system bus to the KS82C59A via the 3-state, bi-
directional Data Bus Buffer which is connected to the
internal bus of the controller. Control data between the
KS82C59A and the CPU, and between master and slave
KS82C59A devices, is managed by one of three functional
blocks:

o The Read/Write Control block processes CPU-initiated
reads and writes to the KS82C59A registers

e The Control Logic block receives and generates the
signals that control the sequence of events during an
interrupt

¢ The Cascade Control block is used to operate a
private bus (CASg-CAS») connecting a master and up
to 8 slave KS82C59As.

Programming data passed over the system bus is saved
in the initialization and Command Word Registers. Note
that the contents of these registers cannot be read back

ks A MDL
Uy wil .

Peripheral interrupt requests (IRg-IR7) are handled by
the functional blocks comprising the Interrupt Request
Register (IRR), the Interrupt Mask Register (IMR), the
In-Service Register (ISR) and the Priority Decision Logic
block. Interrupt requests are received at the IRR, the IMR
masks those interrupts which cannot be accepted by the
KS82C59A, and the ISR shows those interrupt priority
levels which are being serviced. These three registers
can all be read by the CPU under software control. The
Priority Decision Logic block determines which interrupt
will be processed next according to a variety of indicators
which include the current priority, mode status, current
interrupt mask and interrupt service status.

The actual operation of the KS82C59A and its many
modes are described in the section following device
specifications and characteristics.

OPERATIONAL DESCRIPTION

The KS82C59A is designed to operate in one of two
mutually exclusive modes, selected according to the
type of system processor used: Call Mode for 8080/85
type processors, and Vector Mode for 8088/86 and
80286/386 type processors. The major difference between

& SAMSUNG
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these two modes is the way in which interrupt service
routine address data is passed to the system CPU.
Unless specifically programmed to the contrary, the
KS82C59A defaults to the CALL Mode of operation, (see
section on Programming).

Call Mode

In CALL mode, the interrupt service routine address is
passed in two steps, in response to three Interrupt
Acknowledge (INTA) signals sent by the CPU to the
KS82C59A. In a system containing a single Interrupt
Controller, the sequence of steps to respond to a
peripheral interrupt request is outlined below, and shown
graphically in Figure 4. The itnerrupt service routine
addresses are loaded into the KS82C59A during the
initialization procedures.

Step Event Sequence

1 One or more interrupt request lines (IRy-IR7) are
raised HIGH, setting corresponding IRR bits.

2 The requests are evaluated by the KS82C59A,
and if their priority is high enough, and if they
are not masked, the INT signal is sent to the
CPU.

3 The CPU acknowledges the INT with an interrupt
acknowledge (INTA).

4 On receipt of the first INTA, the KS82C59A sets
the highest priority ISR bit, and resets the corres-
ponding IRR bit. In addition, the KS82C59A
sends a CALL instruction 0OCDH) to the CPU via
the data bus.

5 The CALL instruction causes the CPU to send
two more INTA signals to the KS82C59A.

6 On receipt of the second INTA signal, the
KS82C59A sends the low order 8-bit address
byte to the CPU via the data bus. On receipt of
the third INTA, the high order address byte is
sent to the CPU.

7 This completes the 3-byte CALL instruction
procedure. The ISR bit is reset at the end of the
interrupt sequence by EOl command, except in
the Automatic EOl mode, where the ISR bit is
reset automatically at the end of the third INTA.

Vector Mode

In VECTOR mode, the interrupt service routine address
is calculated by the CPU from a one byte interrupt vector
supplied by the KS82C59A. The significant bits T3 of
the interrupt vectors are loaded into the KS82C59A
during the initialization procedures.

Note that no data is transferred by the KS82C59A to the
CPU at the first INTA signal (the KS82C59A data bus
buffers are disabled). It is similar to the CALL mode in
that this cycle is used for internal operations that freeze
the state of the interrupts for priority resolution and
leaves the data bus buffers disabled or, in cascaded
mode: to issue the interrupt code on the cascade lines
(CASg-2).

The sequence of steps that occur to respond to a peri-
pheral interrupt request in Vector mode are outlined
below and illustrated in Figure 7.

Step Event Sequence

1 One or more interrupt request lines (IRg-IR7) are
raised HIGH, setting corresponding IRR bits.

2 The requests are evaluated by the KS82C59A,
and if their priority is high enough, and if they
are not masked, an INT signal is sent to the CPU.

3 The CPU acknowledgesthe INT with an interrupt
acknowledge (INTA).

4 Upon receipt of the first INTA signal from the
CPU, the KS82C59A sets the highest priority
ISR bit and resets the corresponding IRR bit.
The KS82C59A data bus buffer is not active
during this cycle (high impedance state).

5 Upon receipt of the second INTA signal gener—:
ated by the CPU, the KS82C59A sends an 8-bit
interrupt vector to the CPU via the data bus.

6 This completes the 1-byte VECTOR mode pro-
cedure. In the Automatic End-of-interrupt (AEOI)
mode, the ISR bit is reset at the end of the
second INTA.

in EOI mode, the ISR bit remains set until an
appropriate EOl command is received at the end
of the interrupt sequence.

The interrupt sequence procedures, when several
KS82C59As are cascaded together, is shown for both

" CALL and VECTOR modes in Figures 5 and 8, respec-

tively.
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Figure 4: CALL Mode Operation (Single KS82C59A Systems)

PERIPHERAL CIRCUIT
(CONNECTED TO IRn)

GENERATED
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IRn

HOLD IRn HIGH UNTIL
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KS82C59A

SET BIT n OF IRR

IS IRn
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PRIORITY?

CPU
(INTERRUPT ENABLE)
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GENERATED
GENERATE INT
FOR IRn
RESET INTERRUPT
REQUEST AT IRn -«
QUTPUT CALL -t
INSTRUCTION CODE
(OCDH) TO DATA BUS [~
]
OUTPUT ADDRESS
LOWER BYTE (ADy)
INTA TO DATA BUS
SEQUENCE ~— |

GENERATE FIRST INTA
PULSE WHEN INT
1S RECEIVED

]

SBVE OPCONE (00DH)

!

GENERATE SECOND
INTA PULSE

SAVE AD_

OUTPUT ADDRESS -
HIGHER BYTE (ADy)
TA BUS
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SAVE ADy

Y
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INTERRUPT ROUTINE
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COMMAND FOR IRn
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Figure 5: CALL Mode Operation (Cascaded KS82C59A Systems)

PERIPHERAL CIRCUIT SLAVE C KS82C59A (m) MASTER C KSSZCSSA (n) CcPU
(CONNECTED TO 1Rm) (ICW; m SNGL = 0) (ICW;n SNGL = (INTERRUPTS ENABLED)

GENERATED
INTERRUPT REQUEST
IRm

SET BIT n OF IRR

SET BIT m OF IRR

IS IRm
HIGHEST
PRIORITY?

IS IRn
HIGHEST
PRIORITY?

HOLD I18m HIGH UNTIL
FIRST INTA PULSE IS

GENERATED
GENERATE INT GENERATE INT
FOR IRm FOR IRn \
GENERATE FIRST INTA
PULSE WHEN INT
RESET INTERRUPT | _ IS RECEIVED
REQUEST AT IRm -
y |
OUTPUT OPCODE SAVE OPCODE (OCDH)
(0CDH) TO DATA BUS w
OUTPUT CAS,-CAS,
v y

OUTPUT ADDRESS GENERATE SECOND
LOWER BYTE (AD._) < INTA PULSE

INTA TO DATA B
SEQUENCE \J
| smem
GENERATE THIRD

OUTPUT ADDRESS -t INTA PULSE

HIGHER BYTE (ADy)

TO DATA BUS —
[
Y

SET BIT m OF ISR SET BIT n OF ISR E AD; AND AD,
RESET BIT m OF IRR RESET BIT n OF IRR ey Tt
L INTERRUPT ROUTINE

| I

RESET BIT m OF ISR | ls?gEI:MOIO%OSML':ch

Y

ISSUE EO! COMMAND
RESET BIT n OF ISR —_— TO IRn OF MASTER
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Figure 6: CALL Mode Address Byte Sequence

CONTENTS OF FIRST INTERRUPT VECTOR BYTE
D? D6 DS D4 DS D? D\ DO

Zooe Lol fofo] frfof ]

CODE

The lower address of the appropriate service routine is enabled onto the data bus
during the second INTA puise.

When the Interval = 4, bits Ag-A; are programmed, and A,-A, are inserted
automatically by the KS82C59A.

When the Interval = 8, bits Ag and A; only are programmed, with Ag-A; inserted
automatically by the KS82C59A.

CONTENTS OF SECOND INTERRUPT VECTOR BYTE

INTERVAL = 4

R

D, | Dg | Ds | Dy | Dy | D | Dy | Dy
7oA | A | A |1 1 1 0 0
6 | A | AL A | 1 1 0 0 0
5 | A | A | A | 1 0 1 0 0
P S O A 0 0 0 0
3 | A | A | A | O 1 1 0 0
2 | A A Ao 1 0 0 0
1 A | A | AL O 0 1 0 0
0 | A | A | A | O 0 0 0 0

INTERVAL = 8

R

D, | Dy | Ds { D, | Dy | D, | D, | D,
7 A | A |1 1 1 0 0 0
6 | A | A | 1 1 0 0 0 0
5 | A | A | 1 0 1 0 0 0
4 A | Al 0 0 0 0 0
3 | A | A | O 1 1 0 0 0
2 | A | A | O 1 0 0 0 0
1 A | A | 0 0 1 [ 0 0
o | A | A | O 0 0 0 0 0

During the third INTA pulse, the higher address of the appropriate service routine is
enabled onto the bus. This address was initially programmed as byte 2 of the
initialization sequence (Ag-As).

CONTENTS OF THIRD INTERRUPT VECTOR BYTE
D, O, D D, D D, D, D

bw Ay ]Jw

A

A‘S ‘ A|2
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Figure 7: Vector Mode Operation (Single KS82C59A Systems)

PER{PHERAL CIRCUIT KS82C59A CPU
(CONNECTED TO IRn) (INTERRUPT ENABLE)

GENERATED INTERRUPT
REQUEST iRn F——————» SET BIT n OF IRR l

1S IRn
HIGHEST
HOLD IRn_HIGH UNTIL PRIORITY?

FIRST INTA PULSE IS

GENERATED
GENERATE INT
FOR 1Rn
RESET INTERRUPT GENERATE FIRST TNTA
REQUEST AT IRn -t PULSE WHEN INT
IS RECEIVED
Y
INTERNAL OPERATION
iNTA | GENERATE SECOND
SEQUENCE INTA PULSE

ECTOR NUN
v UMBER
TO DATA > RECEIVE
BUs VECTOR NUMBER
A
SET BIT n OF ISR EXECUTE
RESET BIT n OF IRR INTERRUPT ROUTINE
ISSUE EOI

RESET BIT n OF ISR - COMMAND FOR IRn
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Figure 8: Vector Mode Operation (Cascaded KS82C59A Systems)

PERIPHERAL CIRCUIT
(CONNECTED TO IRm)
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MASTER C KS82C59A (n)
(ICW1n SNGL = 1)
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y

GENERATE INT
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cPU
(INTERRUPT ENABLE)

REQUEST AT IRm i

INTA —
SEQUENCE

OUTPUT VECTOR
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¥
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1S RECEIVED
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SET BIT m OF ISR
RESET BIT m OF IRR

RESET BIT m OF ISR |

\
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\
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Figure 9: Vector Mode Address Byte

CONTENTS OF FIRST INTERRUPT VECTOR BYTE
8086, 8088, 80286 MODE

R |0, [ Dy |Ds O, | Dy | D, | D, | D

LA I S I P I R I RN I O IR I 1
6 | T, | T | T | |{T 1] 1 |o
s | T, | Te | Ts | Ta | Taf 1 | 0 | 9
4 0
3
2

T, Te Ts T
T | T | Ts | Ta | Ts

Ts 1

1 1

0
T Te Ts Ts Ta 0 1 0
0

1 T T | T | Ta | T o | 1

0 T; Te Ts T, Ty 0 0 0

The value T, to T, is programmed during byte 2 of the}initialization (ICW,).

During the second INTA pulse, the interrupt vector of the appropriate service
routine is enabled onto the bus. The low order three bits are supplied by the
KS82C59A according to the IR input causing the interrupt.

Table 7: KS82C59A Registers

REGISTERS

The KS82C59A contains a number of registers, used to
keep track of interrupts which are being serviced, or
pending, as well as those which are masked. These
registers are described in Table 7. They can be written to
using the command word structure, or in the case of IRR,
are set by external peripheral devices requesting interrupt
service. The contents of all registers can be read by the
CPU for status updates (see Table 9).

Symbol Name

Function

IMR Interrupt Mask Register

An 8-bit wide register that contains the interrupt request lines which are masked.

IRR Interrupt Request Register

An 8-bit wide register that contains the levels requesting an interrupt to be
acknowledged. The highest request level is reset from the IRR when an interrupt is
acknowiledged, (not affected by IMR).

ISR In-Service Register

An 8-bit wide register that contains the priority levels which are being serviced. The
ISR is updated when an End of Interrupt Command (EOI) is received.

Table 8: Register Read/Write Operations

Operations Bit Programming
KS82C59A CPU Other Conditions CS [RD ([WR | A,
IRR to Data Bus IRR Read IRR set by OCW,
ISR to Data Bus ISR Read ISR set by OCWj; 0 0 1 0

Polling data to Data Bus Polling Polling data is read instead of IRR and ISR

IMR to Data Bus IMR Read 0 0 1 1
Data Bus to ICW; Reg. ICW; Write Set ICW; (Dy = 1)

Data Bus to OCW, Reg. OCW, Write Set OCW,, (Dy, D3 = 0) 0 1 0 0
Data Bus to OCWj Reg. OCW; Write Set OCWj3 (D4 =0, D3 = 1)

Data Bus to ICW, Reg. ICW, Write Refer to section on Control

Data Bus to ICW; Reg. ICW3 Write Words for ICWo-ICW,

Data Bus to ICW, Reg. ICW, Write writing procedure 011101
Data Bus to IMR OCW, Write After initialization

Data Bus set to High
Impedance State

xX X

lllegal State
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PROGRAMMING COMMANDS

The KS82C59A is initialized and programmed with
special command words issued by the CPU. These
commands fall into two major categories: /nitialization
Command Words (ICW1-ICW4), and Operational
Command Words (OCW1-OCWS3). Initialization com-
mands are used to bring the KS82C59A to-a known state
when the systemis first activated, or after a system restart.

Operational commands are used once the KS82C59A is
in operation (and after it has been initialized), to set, or
alter specific interrupt program modes. The format and
use of these two command types is described below.

INITIALIZATION COMMANDS

The KS82C59A is initialized by a sequence of 2 to 4
command words (ICWs), where the actual number of
commands sent depends on the system configuration,
and the initial operating modes to be programmed. Note
that each KS82C59A in the system must be initialized
before operations begin in earnest (Figure 11).

The initialization sequence is started when the CPU
sends Ag = 0 and ICW; with D4 = 1 (Figure 10). During
initialization, the events below occur automatically:

e Edgesense circuitis reset. Thus, after initialization, an

interrupt request must make a LOW-to-HIGH transition
to be recognized.

IMR is cleared (Interrupts enabled).

The priority of IR7 is set to 7 (the lowest priority).

Special Mask Mode is reset.
Status read is set to IRR.
I1f SNGL bit of ICW, = 1, then no ICW3 will be issued.

[f1C4 bit of ICW; = 0, then functions selected in ICW,
are reset: Non-buffered Mode, no Automatic EOI, Call
Mode operation.

o If IC4 = 1, then KS82C59A will expect ICWj.

(]

Bit Definitions (ICW4, ICW,)

Setif ICW, is to be issued. This bit must be set
for systems operating in Vector Mode.

e SNGL Setif this KS82C59A is not cascaded to other
KS82C59As in the system (ICW3 not issued).
When KS82C59As are cascaded, SNGL is
reset and ICWj is issued.

CALL Address Interval. if ADI = 1, then
interval = 4. If ADI = 0, then interval = 8.

e ADI

o LTIM Level Trigger Mode. If LTIM = 1, edge detect
logic on the IR inputs is disabled, and the

KS82C59A operates in level triggered mode.

Service routine Page Starting Address (Call

Mode). In a single KS82C59A system, the 8

interrupt request levels generate CALLs to 8

equally spaced locations in memory. These

are spaced atintervals of either 4 or 8 memory

locations according to the AD! value. Thus,

the vector tables associated with each

KS82C59A in the system occupy pages of 32
or 64 byte, respectively.

® As 15

Bits Ag-A4 are automatically inserted to give
an address length of 2 bytes (Ag-Ass).

Note that the 8-byte interval is compatible
with KS80C85B restart instructions.

Service routine Vector Address Byte. In the
vector mode, bits Aq1-Aqs are inserted in the
five most significant places of the vector byte.
Thethree least significant bits are inserted by
the KS82C59A according to the interrupt
request level. The ADI (Address Interval) and
As-Aqg bits are ignored.

® Aq-15

Bit Definitions (ICW3)

This word is read only when SNGL = 0 in ICW,
(cascading is used).

o Master Mode: Sent to the master KS82C59A, each bit
of ICW3 represents a potential slave device connected
toan IR input. If a slave exists, the corresponding bit
in ICWj3 is set. Where a slave is not attached to an IR
input of the master, the corresponding bit is reset.

In operation, the master outputs byte 1 of the interrupt
sequence to the bus, then enables the appropriate
slave (via the cascade bus CASg-p) to output bytes 2
and 3 (Call Mode) or byte 2 only (Vector Mode).

e Slave Mode: When sent to a slave KS82C59A, bits
IDg-2 contain the slave address on the cascade bus.
Each slave device in the system must be initialized
with a unique address. Remaining bits are not used.

In operation, the slave compares the cascade inputto
its 3-bit address and if they match, outputs byte 2 and
3 (Call Mode), or byte 2 only (Vector Mode) to the bus.

Bit Definitions (ICWj)

This word is used only when bit IC4 in ICWj is set. Note
that only five bits are used.
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Microprocessor System Mode: uPM = 0 for
Call Mode, uPM = 1 for Vector Mode.

This bitis set if the Automatic End of Interrupt
Mode is to be programmed.

When the Buffered Mode is selected, the M/S
bit is used to determine_the master/slave
programming. That is: M/S = 1 indicates the
device is a master, while M/S = 0 indicates a
slave. If the BUF bitis not set, M/S is not used.

e uPM
e AEOI

o M/S

e BUF  The Buffered Mode is programmed by setting
BUF = 1. In buffered mode, the output pin
SP/EN becomes an enable output, and the
M/S bit determines whether the device is a

master or a slave.

e SFNM Special Fully Nested Mode is programmed by
setting SFNM = 1.

Figure 10: Initialization Flow Chart

READ TO ACCEPT.
INTERRUPT. REQUESTS

OPERATIONAL COMMANDS-

Once the KS82C59A has been initialized, it can accept
and process interrupt requests received on its IR input
lines. Interrupts are processed according to the modes
programmed during the initialization process. A number
of commands, sent to the KS82C59A from the CPU,
allow the programmed modes or the interrupt request
priorities to be changed on the fly during operation.
These commands are described below (and Figure 12):

Bit Definitions (OCWj)

OCW, is used to set and clear mask bits in the IMR, thus
enabling or disabling specific IR inputs. In the Special
Mask Mode, the ISR is also masked.

Bits Mg_7 correspond to the 8 IR inputs. If bit
M, = 1, the IR, input is disabled. If M, = 0, the
IR, input is enabled.

* Moz

Bit Definitions (OCW,)

OCW, is used to program the different End of Interrupt
(EOI) Modes, and alter the interrupt request priorities.

* Lop

These bits determine the interrupt levei to be
acted upon when bit SL = 1 (active).

e EOI The End of Interrupt command is issued by
the CPU, rather than by the KS82C59A (in
automatic EOl mode). Note that this bit is
used in conjunction with bits R and SL to
control the interrupt priority assignments and

rotations.

e SL Set Interrupt Level bit. This lowest priority
interrupt is assigned to the IR input corres-
ponding to the octal value of Lg-o.

* R This bit determines if interrupt priority rotation
is in effect. R = 1 indicates priorities will be.
rotated, perhaps combined with other modes.

Bit Definitions (OCW3)

OCWj is used to program the Special Mask Mode, the
Polling Mode, and select internal registers to be read by
the CPU.

e RIS If RIS = 1, select ISR. IF RIS = 0, select IRR.

e RR Read Register bit. if RR = 1, output the
: contents of the register selected by bit RIS
onto the bus. The register selection is retained,
so OCWj; does not have to be reissued in

order to read the same register again.
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e P If P =1, the Polling Mode is selected for this
KS82C59A. In this mode the CPU will poll for
new interrupt requests, rather than having the
KS82C59A actively set the CPU INT input.

If Special Mask Mode is enabled (ESMM = 1),
then SMM = 1 programs the special mask
mode, and SMM = 0 clears the special mask
mode.

o ESMM If ESMM = 1, then the special mask mode is
enabled, and can be set or reset by the SMM
bit. If ESMM = 0, the special mask mode is
disabled and SMM is ignored.

¢ SMM

OPERATIONAL MODES

The KS82C59A can be programmed to operate in a
number of different modes which are summarized and
described below. Depending on the mode, some are set
during initialization, and some during operation.

Mode Location Set

Buffer Mode BUF, M/S (ICWy)

Cascaded Mode SNGL (ICW4)

e Master Mode Ss.7 (ICW)

e Slave Mode 1Dg-2 (ICWs3)

End of Interrupt

(EO!) Modes EOI (OCWy)
e Automatic EOl Mode AEOI (ICWy)

e Non-specific EOI EOIL, SL, R (OCWy)
e Specific EOI EOIl, SL, R (OCWy)

Nested Modes

o Fully Nested Mode default mode

e Special Fully Nested Mode SFNM (ICWy)
AEOI (ICW,)

Polling Mode P (OCW3)

Rotation Modes

e Automatic Rotation Mode R, SL, EOI (OCWo)

e Specific Rotation Mode R, SL, Lg-2 (OCWo)

Special Mask Mode ESMM, SMM  (OCW3)

System Modes

o CALL Mode uPM (ICWy)

e VECTOR Mode uPM (ICW,)
1C4 (ICWy)

Trigger Modes

e Edge Triggered Mode LTIM (ICW4)

o Level Triggered Mode LTIM (ICWy)

¢ SAMSUNG
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Buffer Mode

In larger systems the KS82C59A may be required to
drive the data bus through a buffer. To handle this
situation, the Buffer Mode is programmed during initiali-
zation (using the BUF and M/S bits in ICWj).

When in buffer mode, SP/EN is used to enable the data
bus buffers, and determine the direction of data flow
through the buffer (Figure 13). This signal is active when
the output ports of the KS82C59A are activated.

Note that when cascaded KS82C59As are required to be
used in the buffer mode, the master/slave selection is
done using the M/S bit of ICW4, (and SNGL bit of ICW; is
setto 1). M/Sis set to 1 for the master mode and O for the
slave mode.

Figure 13: Buffer Mode

BUFFER KSB2C59A
A B <:',> DrDo

DATA BUS
—o
<
g
]

A%
Notes:

1. D determines the data direction
Low Level: A — B; High Level: B —~ A

2. The KS82C59A is set to input SP/EN in its initial state, and is
pulled up by R to set D to the low leve! during initialization.

Cascaded Mode

In systems that contain more than 8 priority interrupt
levels, several KS82C59A devices can be easily cascaded
together to handle a maximum of 64 interrupt levels. Ina
cascaded configuration, one KS82C59A serves as a
master, controlling up to 8 slaves (able to handle 8
interrupts each). The master selects the slaves via the
cascade local bus (CASy.»), enabling the corresponding
slave to output the interrupt service routine address (or
vector) following each of the second and third INTA
signals (second INTA signal only in Vector mode). At the
end of the interrupt cycle, the EOl command must be
issued twice, one for the master, and one for the
appropriate slave.
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Figure 11. Initialization Command Word Format

Dy De D5 D4 D3 D2 D4 Do
ICW, l ° |A1 IA. |A;l‘ Imulen lsNeLIuc.

Ws | 1 |ICWs NEEDED |
sELECTION [0 {1cwa NOT NEEDED |
INTERRUPT | 1 | SINGLE MODE 1
SCALE "5 | casCADED MODE H|
A7-Ag OF INTERRUPT
]
J
]

CALL MODE [ 1 [4-BYTE INTERVAL
| INTERVAL | 0 | 6-BYTE INTERVAL

VECTOR ADDRESS IN
CALL MODE |

{ IRINPUT | t [LEVELT MODE
»| TRIGGER g [epGE-TRIGGER MODE

As At Az Az An
ICW> |1 | e Aw|M|AoJ

I ‘ J ‘ | A15-Ag OF INTERRUPT VECTOR
ADDRESS (CALL MODE)
T7-T3 OF INTERRUPT VECTOR
ADDRESS (VECTOR MODE)

ICW3; ] 1 s7 | Sg 1 S5 Sq | S3 I Sz | Sy l s.,J
(MASTER
DEVICE) I | [ | . SLAVE | 1 | IR INPUT IS A SLAVE ]

| o [ INPUT IS NOT A sLAVE |

:gx‘;ilIIoIolnlo'n|m,|m,
DEVICE)

SLAVE ID

NOTE THAT THE SLAVE ID IS
EQUAL TO THE CORRESPONDING
MASTER IR INPUT

alalalalofo|o|e la—]
w|alojolsije|o]|o |l

-‘Q-IQ-AQ-AQHGE

~Nlo|jo|la|le|n|[=]|e

Ao D7 Dg Ds Dy D3 D2 D4 Do

ICW, l 1 I 0 | 0 l [] |smu|aus‘uls|Asou|pmJ
INTERRUPT [ 1 [VECTOR MODE 1
SELECT | 0 | CALL MODE |
INTeRRgpT [-[AUTO EOL 1
MODE | 0 | NORMAL EO! |
y
0 | X | NON-BUFFER MODE BUFFER
1 | 1 | BUFFER MODE MASTER s:EEDcET
1 | o | BUFFER MODE SLAVE
EXTENDED | 1 | SPECIAL FULLY NESTED MODE ]
NEST "o [NOT SPECIAL FULLY NESTED MODE ]
— ————————
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Figure 12. Operation Command Word Format

oow, [+ T [ [ [ e e [ [ [0 ]

| | [ | ‘ | | r | INTERRUPT [ 1 [SET (DISABLED) MASK |
MASK [ | RESET (DISABLE) MASK

Ao D7 D¢ Ds Dy D3 D2 Dy Do
oCcw, |an|sL|EO|lo|o||.,||..'||.o—|
o ) [) 0 | INTERRUPT REQUEST (IR) LEVEL
° ° ] 7| TO BE ACTED UPON
[) 1 o 2
[ 1 1 3
1 ) 0 4
1 [) 1 5
1 1 ) 6
1 1 1 7
\ y
PRIORITY [) [ 1 Eol NO LEVEL | NO ROTATION | NORMAL EOI COMMAND
noz:‘r‘;ou : 1 [] 1 © 10N ""RGTATION | ROTATE ON NORMAL EOI COMMAND
Ol CC 0 1 1 WITH LEVEL | NO ROTATION | SPECIFIC EOI COMMAND
1 1 1 DESIGNATION [ oTATION | ROTATE ON SPECIFIC EOI COMMAND
o 1 ) NON-EOI NO ROTATION | NO OPERATION
" 1 o | COMMAND | movation | seT pRIORITY commanD
“La-Lg ARE USED ° 0 [ NO LEVEL | NO ROTATION | ROTATE IN AUTOMATIC EOI MODE (CLEAR)
1 o ] DESIGNATION [ aG7ATION | ROTATE IN AUTOMATIC EOI MODE (SET)
Ao D7 Dg 23 Dq D3 D2 Dy Do
OoCw; I [] | [} issuu|suu| o ‘ 1 |p |nn‘mq
/ y
X | NO OPERATION READ
——1REGISTER
1 | READ IS-REG ON NEXT RD | RECITER
1 | 0 | READ IR-REG ON NEXT RD
POLLING | 1 | POLLING COMMAND |
[0 [No POLLING 1
'
0 | X [ NO OPERATION SPECIAL
MASK
1 | 1 | SET SPECIAL MAsK Mask
1| 0 | RESET SPECIAL MaSK
- —— ——— — — —— =
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The CASg_2 bus lines are normally held in a LOW state,
and activated only for slave inputs (non-slave inputs to
the master do not affect the cascade bus). The slave
address will be held on the cascade bus from the trailing
edge of the first INTA signal to the trailing edge of the last
INTA signal (either second or third depending on the
system mode).

Within the system, each slave can be programmed to
operatein a differentmode (except AEOI), independently
of other slave devices. The interrupt output (INT) of each
slave is tied to one of the interrupt request lines (IRg_7) of
the master device. Unused IR pins on the master device
can be connected to other peripheral devices (as in the
single standalone mode of operation), or leftunconnected.

Note that an address decoder is required to activate the
chip select (CS) input of each KS82C59A in the system.

Master Mode

A KS82C59A operating in the Master Mode can be
controlling both peripheral interrupts as well as other
KS82C59A slave devices. Since both types of interrupts
are connected to the IRg_; pins, it is necessary to
differentiate between the two. This is accomplished in
the initialization control word (ICW3) sent out to the
master. ICW3 sets the S, bits corresponding to IR, pins
connected to slaves equai to one (1), while Sy, bits
- corresponding to IRy, pins connected to peripheral
inputs are reset to zero (0).

Peripheral interrupt requests to IRy, pins (Sy, = 0) are
handled by the master as if it were operating singly. That
is, the CAS line remain LOW, and the master provides the
interrupt or vector as required.

Slave interrupt requests to IR, pins (S, = 1) are handled
as follows: the master sends an interrupt to the CPU if
the slave requesting the interrupt has priority. If so, the
master outputs the slave address n to the CAS bus on the
first INTA signal, then lets the slave complete the
remainder of the interrupt cycle. Note that two EOI
commands are required to terminate the sequence, one
each for the master and slave.

Slave Mode

When a slave KS82C59A receives a peripheral interrupt
request, and it has no higher interrupt requests pending,
the slave sends an interrupt request to the master via its
INT output. This interrupt request is passed by the
master to the CPU, which then initiates the interrupt
cycle, in turn causing the master to output the slave’s
address on the CAS bus. Each slave in the system
continuously monitors the CAS bus, comparing the
addresses thereon until a match is found with its own

address. When the slave initiating the interrupt request
finds an address match, it completes the interrupt
sequence as though it were a single KS82C59A.

Note: Since the master holds the CAS bus LOW (corresponding to
CAS address 0) when processing peripheral interrupt requests,
address 0 should not be used as a slave address unless the system
contains the full complement of 8 slaves.

End of Interrupt (EOI) Modes

The EOI! Modes are used to terminate teh request for
interrupt service sequence, update the ISR register and
alter the interrupt priorities. The EOl mode selected
depends on the nesting mode currently programmed.
The options are discussed below:

Automatic EOI (AEOI) Mode

In AEOI Mode, the ISR bit corresponding to the interrupt
is set and reset automatically during the final INTA
signal. This means that the CPU does not have to issue
an EOl command at the end of the interrupt routine.

Caution is urged in using AEOI however, as the ISR does
not save the routine currently in service in this mode.
Thus, unless the interrupts are disabled by the interrupt
service routine, a stack overflow situation can result
from newly generated interrupts (which bypass the
priority structure), or from level triggered interrupts.

The Automatic EOl mode is programmed by setting the
AEOI bit in ICW,.

Non-specific (Normal) EOI Mode

When the KS82C59A is operated in the Fully Nested
Mode, it can easily determine which ISR bit is to be reset
at the conclusion of an interrupt sequence. In this case,
the non-specific EOl command is used to reset the
highest priority level selected from the interrupts in
service, (the valid assumption is made that the last
interrupt level acknowledged and serviced necessarily
corresponds to the highest priority ISR bit set).

A Non-specific EOl Mode is selected via OCWo, where
EOI =1, SL = 0 and R = 0. Refer to Figure 14a, c.

Specific EOl Mode

The Specific EOI Mode is required when the fully nested
(normal) modeis not used, and the KS82C59A is unable
to determine the last interrupt level acknowledged (such
as might be encountered if the Special Mask Mode is
programmed). The Specific EOl command identifies the
ISR bit (interrupt level) to be reset using bits Lo of
OCW,, which also has the following bit settings: EOl =1,
SL = 1 and R = 0. Refer to Figure 14b, d.
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Figure 14: EOl Commands

D; Ds Ds

Cool]
a) Non-specific EOl Command

[ols o ]e [ofululn]
b) Specific EOl Command

G e [o[o[x]x]x]
c) Rotate on Non-specific EOl Command
Gl le o Tule]n]

d) Rotate on Specific Command

Ds D3 D2 Dy Do
ocw, o [o[x][x[x]

ocw,

ocw,

ocw;

Mask Modes

The Mask Modes are used to selectively enable or
disable interrupt requests. This is distinct from the
automatic disabling of an interrupt which is in effect
while arequest from the same interrupt is being serviced.

NGiiiial Masx miode

Interrupt request lines IRg_7 can be individually masked
in the InterruptMask Register (IMR), using OCWj4. Each
bitin IMR masks one interrupt request line if it is set, with
no effect on the other interrupt request lines. Bit 0 masks
IR, bit 1 masks IRq etc.

Special Mask Mode

The Special Mask Mode is used to dynamically alter the
interrupt priority structure under software control during
program execution. In this mode, when a mask bit is set
in OCW4, it disables further interrupts at that level, and
enables interrupts from all other levels that are not
masked. This includes those interrupts which are lower
(as well as higher) in priority.

The Special Mask Mode is set by ESMM =1 and SMM =1
in OCWj3. To clear this mode, the CPU must issue
another OCW3 with ESMM = 1 and SMM = 0. Setting
ESMM = 0 alone has no effect. To correctly enter the
Special Mask Mode, use the following procedure:

1. CPU reads the ISR
2. CPU writes the ISR data from (1) to the IMR (OCW4)

3. CPU selects Special Mask Mode by issuing OCW3
with ESMM =1 and SMM = 1.

This procedure ensures that all interrupt requests not
currently in service will be enabled.

Note that if IMR is not set equal to ISR when Special
Mask Mode is selected, bits which may be set in the ISR
will be ignored. If a corresponding bit is not set in IMR,
that interrupt request may be serviced, causing all
interrupts of fower priority to be effectively disabled.
This is illustrated in Figure 15.

When the Special Mask Mode is selected, the Specific
EOI! Mode must be used to terminate the interrupt
sequence, so the CPU can explicitly specify which ISR
bit is to be reset.

Figure 15: Special Mask Mode

1SRo

ISRy ISRg ISRs ISRy ISR3 ISR2 ISRy

ISR
IMR = ISR

* SET SPECIAL MASK MODE
SSMM = 1 AND SMM = 1

Interrupt request IRg and IR; cannot be accepted when IMR 7 ISR,
even with the Speciai Mask iviode set

Ry ISRg
o [o]

ISR7 ISRg

ISRy ISR3

IMR = ISR
IMR7 IMRs IMRs IMR4 IMR3 IMR2 IMR¢ IMRg

SET SPECIAL MASK MODE
SSMM = 1 AND SMM = 1

All interrupt requests, except those being serviced can be accepted
when IMR = ISR, and the Special Mask Mode is set

Priority Levels That Can Interrupt (White Boxes)

Nested Modes

The nesting modes are used to determine, and change,
the priority of incoming interrupt requests.

Fully Nested Mode

This is the default nesting mode which is entered
automatically after initialization, unless another mode
has been programmed. In the Fully Nested Mode, the
interrupt request priorities are set in descending order
from 0 to 7. That is; IRg is the highest priority interrupt,
IR; the lowest.
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When an interrupt is acknowledged, the highest priority
requestis selected, the corresponding ISR bit is set, and
the service routine address information is output to the
data bus. The ISR bit is reset by the EOl command from
the CPU, or automatically if AEO/ Mode is programmed,
at the completion of the interrupt sequence. While the
ISR bit is set, all interrupt requests of equal or lower
priority are inhibited. Interrupt requests of higher priority
will generate an interrupt to the CPU, but whether or not
these will be acknowledged depends on the system
software. Interrupt priorities can be altered in this mode
using one of the Rotation Modes.

Note that fully nested interrupt priorities are not neces-
sarily preserved in those systems containing cascaded
KS82C59As, as it is possible for interrupts of higher
priority than the one being serviced to be ignored. This
situation occurs when a slave accepts a peripheral
interrupt request (and passes the request to the master).
When the master accepts the request, it locks out further
interrupts from that slave. Should an interrupt of higher
priority come in to the same slave, it will not be
recognized until the interrupt being serviced has com-
pleted processing. To preserve interrupt priorities in this
situation, use the Special Fully Nested Mode.

Figure 16: Fully Nested Mode

LOWEST HIGHEST
PRIORITY PRIORITY
IRR7 IRRg IRRs IRR4 IRR3 IRR2 IRRy IRRp

plofofoJofo]o]
ISRy ISRs ISRs ISRs ISRy 1SR; ISR: 1SRy
AT e To LT o]

Interrupt requests IR through IR, can be accepted while IRg is being
serviced

IRR STATUS

EVENT

ISR STATUS

IRR; IRRs IRRs IRRs IRR3 IRRz IRRy IRAQ

IRR STATUS

IR IS GENERATED

1SRy ISRs ISRs ISR3 ISRz ISRy ISRy

ISR STATUS

IRR STATUS

IR4 IS GENERATED
ISR; ISRg ISR; ISR4 ISR3 ISRz ISRy 1SRy

ISR STATUS

Interrupt requests IR, cannot be accepted

IRy IRRs IRRs IR mn; IRR2 IRRy IRRg

IRR STATUS

EOlI COMMAND IS ISSUED FOR IR,
ISR7 ISRg ISRs lSH. ISR3 ISRz ISRy ISRp

ISR STATUS

Interrupt requests IR4can be accepted after IR, has been completely
serviced. The HIGH level is maintained at iR, until IR, is accepted.

Special Fully Nested Mode

This mode is very similar to the Fully Nested Mode, but is
used in systems with cascaded KS82C59's, so as to
preserve the interrupt priorities within each slave, as well
as within the master. The Special Fully Nested Mode is
programmed by setting the SFNM bit in the ICW,4 word
in both the master and the slave during initialization.
This allows interrupt requests of a higher level than the
one being serviced to be accepted by the master from
the same slave. That is, the slave is not locked out from
the priority logic in the master, and higher priority
interrupts within the slave will be recognized by the
master, which will generate an interrupt to the CPU.

Caution should be exercised in this mode during the End
Of Interrupt processing. It is essential that the system
software check whether or not the interrupt just serviced
was the only one from that slave. After the first non-
specific EOl has been issued to the slave, the CPU
should read the slave’s ISR and check that no other bits
are set (ISR = 0). Only if the slave ISR is zero, can a
non-specific EOI be sent to the master to complete the
interrupt sequence. If bits are setin the siave ISR, no EOI
should be sent to the master.

Polling Mode

The Polling Mode is used to bypass the KS82C59A
Interrupt control logic in favour of PCU software control
over interrupt request processing. This allows systems
to be built up with more than one master KS82C59A, and
consequently, the sytem can contain more than 64
interrupt priority levels (since each master can handle 64
levels individually). In this case, the CPU polls each
master looking for the highest priority interrupt request
within the realm of each master.

In the Polling Mode, the INT outputs of the KS82C59A
masters, and the INT input of the CPU are disabled.
Interrupt service to individual peripheral devices is
accomplished by system software using the Poll
Command (Bit ‘P’ = 1 in OCW3). When a poll command
has been issued, the KS82C59A waits for the CPU to
perform a register read. This read is treated by the
KS82C59A as an interrupt acknowledge, and it sets the
appropriate ISR bit and determines the priority level if
there is an interrupt request pending. it then outputs the
polling data byte onto the data bus (see Figure 17),
including the binary code of the highest priority level
requesting service. The CPU then processes the interrupt
according to the polling data read, terminating the
interrupt sequence with an EOQL. Interrupt is frozen from
WR to RD.
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Figure 17: Poll Command

D;. Dg Ds Dy D3y Dz Dy Do
ocwa [t o Jo oo Jw|w|we|

Notes:
1. Wy-W, is binary code of highest priority level requesting service.
2. INT is equal to one (1) if there is an interrupt.

Rotation Modes

The different Rotation Modes allow the interrupt request
priorities to be changed either automatically, or under
software control. This is particularly useful for situations
where there are a number of equal priority devices, or
where a particular application may call for a specific
priority change.

Automatic Rotation Mode

The Automatic Rotation Mode is recommended where
there are a number of equal priority devices. In this mode
the device is assigned the lowest priority immediately
after it has had an interrupt request serviced. Its priority
is subsequently increased as other devices have their
interrupt requests serviced, and are then rotated to the
bottom of the priority list. In the worst case, a device
woild have to wait for a maximum of seven nther device
interrupts of equal priority to be serviced once, before it
was serviced. The effect of rotation on interrupt priority
is illustrated in Figure 18.

Automatic Rotation can be activated in one of two ways,
both using the command word OCW,, and both com-
bined with EOl modes:

e Rotation in Non-specific EOl Mode (R =1, SL >0 and
EOI = 1)

e Rotation in Automatic EOl Mode (R =1, SL =0 and
EOI = 0). This mode must be cleared by the CPU
(accomplished by sending OCW, with: R=0, SL =0
and EOI = 1.

Specific Rotation Mode

The Specific Rotation Mode provides a mechanism to
arbitrarily change interrupt priority assignments. This is
accomplished by programming the lowest priority inter-
rupt request line (specified by bits Lg.o in OCWy),
thereby fixing the other priorities. That is, if IR, is
programmed as the lowest priority device, then IRg will
have the highest priority.

Caution: because this change in priority levels is different
from the normal Fully Nested Mode, it is essential that
the user manage the interrupt nesting via the system
software.

Specific rotation can.be activated in one of two ways,
both using the command word OCWo.:

o The Set Priority command is issued in OCW, with: R=
1 ,
SL =1 and Lg- equal to the binary code of the lowest
priority device.

o As part of the Specific EOI Mode, with OCW,, (Rotate
on Specific EOl command) values:R=1,SL=1,EOl =1
and Lg-2 equal to the binary priority level code of the
lowest priority device. When the specific EOl is issued
by the CPU, the KS82C59A resets the ISR bit desig-
nated by bits Lg_p in OCWS, then rotates the priorities
so that the interrupt just reset becomes the lowest
priority.

Figure 18: Effect of Rotation

ISRy ISRs ISRs ISR4 ISRy ISR ISRy ISRg
LofrJofrJoJoJoTo]

LOWEST PRIORITY

X\
[7lels[efsfz]1]0]

BEFORE ROTATE: IR, is the highest priority requiring service

ISR STATUS

HIGHEST PRIORITY

PRIORITY STATUS

AFTER ROTATE: IR, was serviced, all other priorities have heen
rotated correspondingly

ISRy ISRg ISR ISRy ISRy ISRz ISRy ISRo
[of1[oJofoJoJofo]

ISR STATUS

HIGHEST PRIORITY LOWEST PRIORITY

PRIORITYSTATUS | 2 [ 1 o |7 |6 [s [a]3a]

Figure 18: Rotation Commands

Dg Ds Dy Dy D Dy Do
ocw, [1[oJoJoJo[x][x[x]

a) Rotate in Automatic EOl Mode (Set)

ocw, [oJofJoJoJolx][x]x]

b) Rotate in Automatic EOl Mode (Reset)

ocw, [1JoeJ1JoJo[x][x]x]

c) Rotate on Non-specific EOl Command

ocw; [1 11 o]0 ]u]w]

d) Rotate on Specific Command

ocw, [1[1]ofoJofL]u]lu]

e) Set Priority Command (Specific Rotation)
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KS82C59A

PROGRAMMABLE INTERRUPT CONTROLLER

System Modes

The KS82C59A must operate in the system mode that
corresponds to the processor type used in the system.
Call Mods is used for 8085 type systems (and features an
interrupt cycle controlled by three INTA signals), while
Vector Mode is used for more sophisticated 8088/86 and
80286/386 type systems (and features an interrupt cycle
controlled by only two INTA signals). These modes are
described in more detail back in the Operational Des-
cription section.

Trigger Modes

In the KS82C59A, the interrupt request lines (IRg-7) can
be programmed for either edge or level triggering
sensitivity, with the requirement that all IR lines must be
in the same mode. That is, all edge triggered, or alt level
triggered. Figure 21 illustrates the priority cell diagram
which shows a conceptual circuit of the level sensitive
and edge sensitive input circuitry of the IR lines.

Note thatto ensure a valid interrupt request is registered
by the KS82C59A, it is essential that the IR input remain
HIGH until after the first INTA has been received. In both
modes, if the IR input goes LOW before this time, the
interrupt will be registered as a default IR7 regardless of
which IR input initiated the interrupt request. This
default IR7 can be used to detect (and subsequently
ignore) spurious interrupt signals such as those caused
by glitches or noise on the IR input lines. The technique
is described below: )

o [fthe IR7inputis notused, it can be assigned solely to
intercepting spurious interrupt requests, invoking a
simpleservice routine that contains a return only, thus
effectively ignoring the interrupt.

o [f IRy is used for a peripheral interrupt, a default IRz is
detected with the extra step of reading the ISR. A
normal IRz interrupt causes the corresponding bit to
be setin the ISR, while a default IR; interrupt does not.
It is necessary that the system software keep track of
whether or not the IR; service routine has been
entered. Inthe event that another IRz interrupt occurs
before servicing is complete, it will be a default IRy
interrupt (and should be ignored).

Edge Triggered Mode

Programmed by setting the LTIM bitin ICW: LTIM =0for
low-to-high-transition edge triggering. An interrupt re-
quest is detected by a rising edge on an IR line. The IR
line must remain HIGH until after the falling edge of the
first INTA signal has been received from the CPU. This is

& SAMISUNG
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required to latch the corresponding IRR bit. It is recom-
mended that the IR line be kept HIGH to help filter out
noise spikes that might cause spurious interrupts. To
send the next interrupt request, temporarily lower the IR
line, then raise it. '

Level Triggered Mode

Programmed by setting the LTIM bitin ICW4: LTIM =1 for
level triggering. An interrupt request is detected by a
HIGH level on an IR line. This HIGH level must be
maintained until the falling edge of the first INTA signal
(asin the edge-triggered mode), to ensure the appropriate
IRR bit is set. However, in the level triggered mode,
interrupts are requested as /ong as the IR line remains
HIGH. Thus, care should be exercised so as to preventa
stack overflow condition in the CPU.

Figure 20: Trigger Mode Timing

. _ _/._
80C8s KSB0CES
R —
LATCH* * EARLIEST IR LATCH*
ARMED  CAN BE REMOVED ARMED

*EDGE TRIGGERED MODE ONLY

Figure 21: Priority Cell Structure

oLT__llgg‘I;'l'E TO OTHER PRIORITY CELLS |N-SERVICE
LATCH
"

g CLR ISR
ISR PRIORITY
BIT RESOL)
o VER

1

NN | controL

F_l REQUEST] LOGIC

INTERNAL
DATA BUS

NTA
i i NOTES:
FREEZE 1. MASTER CLEAR ACTIVE ONLY
DURING ICW1

READ IMR

2. FREEZE 15 ACTIVE ONLY
80C85 MODE DURING INTA AND POLL
- SEQUENCES
3. D-LATCH TRUTH TABLE
C | D | O [OPERATION
FREEEE 1|00 | FoLLow
0 [X |G} HOLD
80C86 MODE
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K882C59A PROGRAMMABLE INTERRUPT CONTROLLER

APPLICATION DIAGRAMS

Figure 22: KS82C59A in Standard System Configuration Figure 24: Multiple KS82C59A Masters in a Polled System

i
KS82C59A
<:: 16-BIT ADDRESS BUS > / SLAVE 1
- <
[ 1 i '
< CONTROL BUS > gz, H
— — — TEM A
7or| [vowhwr [ 23 | '
KS82C59A
S-BIT DATA BUS SLAVE §
<: "]
CS Ao D7-Dp §g
«—»{CASo ceu 33 KS82C59A SYSTEM B
CASCADE | | CAS: * SLAVE 1 INTERRUPT
~«—]|cas, |- REQUEST
-~ LINES
SP/EN IR; IRs IRs IRs IRz IRz IRy iRy 1 ]
! KS82C59A
I T I T T T T T I / —
SLAVE PROGRAM/ L | <<
ENABLE BUFFER ‘ T A% v ies SYSTEM n
INTERRUPT REQUEST LINES oF -
3 |
1’2
]
i
|
KS82C59A
SLAVE 8
| I— - =
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IR INPUTS
Notes:

1. Master KS82C59As in Poll Mode
2. Maximum of 64 Inputs per System
3. Total Capacity Limited by CPU

Figure 23: Multiple KS82C59As in a Cascaded System
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KS82C59A

PROGRAMMABLE INTERRUPT CONTROLLER

Table 5: Recommended Operating Conditions

DC Supply Voltage +4.0V to +6.0V
Operating Temperature Ranges Commercial 0°C to 70°C
Industrial -40°C to +85°C

Table 6: Absolute Maximum Ratings

DC Supply Voltage

-0.5 to +7.0V

Input, Output or I/O Voltage Applied

Vgg - 0.5V to Vg + 0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operatiori of
the device at these or any other conditions beyond those indicated in the operational sections of this specification is notimplied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 7: Capacitance (Ta = 25°C, Vg = OV, Vi = +5V or Vgg)

Symbol Parameter Test Conditions Typ Units
Cio 1/0 Capacitance 20 pF
. FREQ = 1MHz
O Input Capacitance Unmeasured Pins Returned to Vgg 7 pF
Cour Output Capacitance 15 pF
Table 8: DC Characteristics (Tp = 0°C to 70°C, Vg = 5V + 10%)
Limits
Symbol Parameter Test Conditions Min Max Unit
lce Vee Supply Current Vin = OVV¢g, CL = OpF . 1 mA/MHz
CS = Vcc, IR = VCC
| Standby Power Supply Current — 10 A
ccsB Y pply ViL = OV, Vi - Vg M
I input Leakage Current 0V =V =Vee -10 +1.0 uA
VIN =0V —_ -300 [IA
ILir IR tnput Load Current Vin = Voo, All temp ranges _ 10 uA
ILOL Qutput Leakage Current oV =Vour = Vcc -10.0 +10.0 LA
ViH Input HIGH Voltage 22 Vee + 05 v
ViL Input LOW Voltage -05 0.8 \
lop = -2.5mA 3.0 - \
Vou Output HIGH Voitage lon = ~100uA Voo - 0.4 _ Y
VoL Output LOW Voltage log = +2.5mA - 0.4 v

2 SAMSUNG
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K882C59A PROGRAMMABLE INTERRUPT CONTROLLER

Table 9: AC Characteristics (T = 0°C to 70°C, Vg = 5V £ 10%)

Limits (8MHz) | Limits (10MHz)

Symbol Parameter Test Conditions Min Max Min Max Units
taHDV Data Valid from Stable Address — 200 —_ 160 ns
tanaL Ay/CS Setup to RD/INTA! 10 — 10 - ns
taHwL Ay/CS Setup to WR! 0 — 0 — ns
tchoL End of Command to next Command | Note 1 200 — 160 — ns

(Not same command type) End of

INTA Sequence to Next INTA

sequence (same as Tgyo)
tcvov Cascade Valid to Valid Data Slave, C_ = 100pF — 200 — 130 ns
toviaL Cascade Setup to Second or Third Slave 40 — 30 — ns

INTA! (Slave only) .
tovwH Data Setup to WR1 160 - 100 — ns
tialAH INTA Pulse Width HIGH INTA Sequence 160 — 100 — ns
tiaAL INTA Pulse Width LOW : 160 — 100 — ns
tiaLcv Cascade Valid from First INTAI Master, C, = 100pF — 260 — 160 ns

(Master Only)
tuHIH Interrupt Output Delay C, = 100pF — 200 . 120 ns
tyLuH Interrupt Request Width (LOW) Note 2 100 . 100 . ns
tRHAX Ay/CS Hold After RD/INTA! 0 — 0 — ns
tRHDZ Data Float After RD/INTA! C_ = 100pF 10 85 10 65 ns
tRHEH Enable Inactive from RDt or INTA! — 50 — 50 ns
tRHAL End of RD to next RD End of INTA to 160 — 100 — ns

next INTA within INTA sequence only )
trLOV Data Valid from RD/INTA| C. = 100pF — 120 - 95 ns
tRLEL Enable Active from RD! or INTAI — 100 — 70 ns
tRiRM RD Pulse Width 160 — 100 - ns
trv1 Command Recovery Time Note 3 200 —_ 160 — ns
tay2 INTA Recovery Time Note 4 200 — 160 — ns
twHAX Ay/CS Hold After WR! 0 — 0 - ns
twHDX Data Hold After WRt 0 - 0 - ns
twHWL End of WR to next WR 160 — 100 - ns
twLwH ‘WR Pulse Width 160 - 100 - ns

Notes: :

1. The time to move INTA to/from command (read/write).
2. The time to clear the input latch in edge-triggered mode.
3. The time to move from read to write operation.

4, The time to move to the next INTA operation.
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K882C59A PROGRAMMABLE INTERRUPT CONTROLLER

Figure 25: Timing Diagrams

a) Interrupt Cycle (CALL Mode)

INT

—>]tovia|

L_ \ fcvov
haLcv
CAS2-CASo N\

b) Interrupt Cycle (VECTOR Mode)

R \
UK

Lm

Note that IR input should remain at a high level until the leading edge of the first INTA pulse.
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KsszcsgA PROGRAMMABLE INTERRUPT CONTROLLER

c) Read Cycle
4
e, TS )<
K
|t 1AMRL —pn!
- | tRHAX
™ \ L___]j/‘
RD
[ tRLOV ——»] | <-tRHDZ
- aHov -
DrDy {
d) Write Cycle

twHax

twiwn

WR N\
F_______? twHDX

A
tovwH
D7-Do

e) Other Timing

RHRL >
4
RD trv1
tavi
| tav1
WR
. ~ |

Yaiam twhHwi

INTA

| oo H
tcHeL
INTA or RD/WR
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K882059A PROGRAMMABLE INTERRUPT CONTROLLER

PACKAGE DIMENSIONS

Figure 26: Plastic Packaging DIP-28 Figure 27: PLCC-28 Package
Units: Inches
| 1.420 |
1.440 |
21y
o el sl o [ . = &
X ¥
1¢_‘1L_JF L5
[
Sl ol e
0097 100
0103 a7 w0
80
ORDERING INFORMATION AND PRODUCT CODE
KS 82C59A X X X
T T
SAMSUNG . Packaging

SEMICONDUCTOR P — Plastic DIP
L — Plastic Leaded Chip Carrie
(PLCC) .

Part Number I——————
Speed ‘ Temperature
-8 8MHz C — Commercial (0°C to +70°C)

-10 10MHz l | — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
{

¢ SAMSUNG '

Electronics



K382C84A CLOCK GENERATOR AND DRIVER

FEATURES DESCRIPTION
o Pin and functional compatibility with the industry The KS82C84A is a high performance, single chip clock
standard 82C84/82C84A generator/driver for the 8088/86 type processors, offering

. _ pin-for-pin functional compatibility with the industry
Very high speed — 8 and 10MHz standard 8284/8284A. It features a crystal-controlled
¢ Low power CMOS implementation oscillator, a divide-by-three counter, complete Multibus™
Ready synchronization, and reset logic.

The KS82C84A is manufactured using CMOS technology. n

TTL input/output compatibility

0,
5V + 10% power supply Its very low power consumption also makes it suitable

Provides Local READY and Multibus™ READY for portable systems and systems with low power
Synchronization standby modes.

Generates System Reset Output from Schmitt
Trigger Input

Capable of Clock Synchronization with other
8284As

Uses a Crystal or a TTL signal for frequency
source

AES = o _
Q ——— RESET

X1 —
i osOuLLATOR [ —o—osc
c Figure 1a:
3 P> 2 Pk 20-Pin PLCC Configuration
SYNC SYNC
EFi l I
CSYNC -
———P——»cC
RDY1
RDY2 L - =
AENZ D af o af— ReADY
= = Figure 1b:
ASYNC 18-Pin DIP Configuration

Figure 2: KS82C84A Block Diagram

Multibus is a trademark of Intel

— — — T ————— — o
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KS82C84A

CLOCK GENERATOR AND DRIVER

Table 1a: 20-Pin PLCC Pin Assignment

Table 1b: 18-Pin DIP Pin Assignment

Pin #

1/0

Pin Name

Pin # | /O | Pin Name Pin# | I/O | Pin Name Pin # | VO | Pin Name

1

CSYNC

1" RESET 1 CSYNC 10 RESET

(o)

PCLK

AEN1

o
12 I |RES PCLK 1 RES
13 O |0sC AEN1 12 osC

RDY1

14 — |NC RDY1 13 F/C

READY

15 | |F/C READY 14 EFI

RDY2

16 I |EFI RDY2 15 ASYNC

AEN2

o|Oo|-|0O|0O|j0O|O

17 1 [ASYNC AEN2 16 X2

NC

olo|-|olo|-|-]-

18 I [X2 CLK 17 X1

Olo|N|lOoia|~lwWIN

CLK

O o (N (OO |s~|wW]|N

19 X1 Vss 18 — Vee

-
o

Vss

20 | — [Veo

Table 2: Pin Descriptions

Symbol

Type

Name and Function

AEN1, AEN2 1

Address Enable: AEN is an active LOW signal which qualifies its respective Bus Ready
Signal. AENT1 validates RDY1 while AEN2 validates RDY2. Two AEN signal inputs are
useful in system configurations with two multi-master System Buses. In non-multi-
master configurations the AEN signal inputs are tied true (LOW).

ASYNC

Ready Synchronization Select: ASYNC defines the synchronization mode of the READY
logic. When ASYNC is LOW, two stages of READY synchronization are provided. When
HIGH or open a single stage of READY synchronization is provided.

CLK

Processor Clock: CLK is used by the processor and all devices which connect directly to
the processor’s local bus. CLK has an output frequency of 1/3 the crystal or EF| input
frequency and a 1/3 duty cycle. An output HIGH of 4.5 volts (Vcc = 5V) is provided to
drive MOS devices.

CSYNC

Clock Synchronization: CSYNC is an active HIGH signal which allows multiple 8284As
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the
internal counters are reset. When CSYNC goes LOW the internal counters are allowed to
resume counting. CSYNC must be externally synchronized to EFl. When using the
internal oscillator, CSYNC should be hardwired to ground.

EFI

External Frequency: When F/C is strapped HIGH, CLK is generated from the input
frequency appearing on this pin. This input signal is a square wave 3x the frequency of
the desired CLK output. EFI should be connected to Vgg or Vgg if F/C is LOW.

F/C

Frequency/Crystal Select: F/C is a strapping option. When strapped LOW, F/C permits
the processor clock to be generated by the crystal. When strapped HIGH, CLK is
generated form the EFI| input. '

0OSsC

Oscillator Output: OSC is the TTL level output of the internal oscillator circuitry. Its
frequency is equal to that of the crystal.

PCLK

Peripheral Clock: PCLK is a TTL level peripheral clock signal whose output frequency is
1/2 that of CLK and has a 50% duty cycle.

¢ SAMISUNG
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KS82C84A

CLOCK GENERATOR AND DRIVER

Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function

RDY1, RDY2 | Bus Ready: (Transfer Complete) RDY is an active HIGH signai which indicates that data
from a device located on the system data bus has been received, or is available. RDY1 is
qualified by AEN1 while RDY2 is qualified by AEN2.

READY O Ready: READY is an active HIGH signal which is synchronized to the RDY signal input.
READY is cleared after the guaranteed hold time to the processor has been met.

RES | Reset In: RES is an active LOW signal used to generate RESET. The KS82C84A provides
a Schmitt trigger input so that an RC connection can be used to establish the power-up
reset of proper duration.

RESET (0] Reset: RESET is an active HIGH signal whichis used to reset the 8086 family processors.
Its timing characteristics are determined by RES.

X1, X2 | Crystal In: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is
3x the desired processor clock frequency. (If no crystal is attached, then X1 should be
tied to Vgg or Vgg and X2 should be left open.)

Vee — Power: 5V + 10% DC Supply.

Vss — | Ground: OV.

FUNCTIONAL DESCRIPTION

the EFI clock external to the KSR2CR4A is synchronized
using two Schottky flip-flops. The counter output is a
33% duty cycle clock at one-third the input frequency.

Osciilator

The oscillator of the KS82C84A is designed for use with
an external parallel resonant, fundamental mode crystal o
from which the basic operating frequency is derived. The F/C input is a strapping pin that selects either the
crystal oscillator or the EFi input as the clock for the =3
counter. If the EF| input is selected as the clock source,
the oscillator section can be used independently for
another clock source with output taken from OSC.

The crystal frequency should be selected to be 3X the
required CPU clock frequency. X1 and X2 are the two
crystal inputs. For the most stable operation of OSC, two
capacitors (C1 = C2), as shown in the waveform figures,

are recommended. The output of the oscillator is buffered
and brought. out on OSC so that other system timing
signals can be derived from this stable, crystal-controlled
source.

Capacitors C1, C2 are chosen such that their combined
capacitance:

_C1-C2 . .
CT = Circo (Including Stray Capacitance)
matches the load capacitance as specified by the crystal
manufacturer. This insures operation within the frequency
tolerance specified by the crystal manufacturer.

Clock Generator

The clock generator consists of a synchronous divide-
by-three counter with a special clear input that inhibits
the counting. This clear input (CSYNC) allows the
output clock to be synchronized with an external event
(such as another KS82C84A clock). The ASYNC input to

Clock Outputs

The CLK output is a 33% duty cycle clock driver
designed to drive the 8088/86 processors directly. PCLK
isa TTL level peripheral clock signal with a frequency of
1/2 CLK, and a 50% duty cycle.

Figure 3: CSYNC Synchronization

EFt

D Q ’— D [+] CSYNC
CKt! CcKI K A
EFl

€LOCK
SYNC

TO OTHER KS82C84As
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KS82C84A

CLOCK GENERATOR AND DRIVER

Reset Logic .

The reset logic provides a Schmitt trigger input (RES)
and a synchronizing flip-flop to generate the reset
timing. The reset signal is synchronized to the falling
edge of CLK. Utilizing this function, a simple RC network
can be used to provide a power-on reset.

READY Synchronization

Two READY Inputs (RDY1, RDY2) are provided to
accommodate two multi-master system buses. Each
input has a qualifier (AEN1 and AEN2, respectively). The
AEN signals validate their respective RDY signals. If a
multi-master system is not being used, the AEN pin
should be tied LOW.

Synchronization is required for all asynchronous active-
going edges of either RDY input to guarantee that the
RDY setup and hold times are met. Inactive-going edges
of RDY in normally ready systems do not require
synchronization, but must satisfy RDY setup and hold.

The ASYNC input defines two modes of READY synchro-
nization operation: When ASYNC is LOW, two stages of
synchronization are provided for active READY input
signals. Positive-going asynchronous READY inputs are
first synchronized to flip-flop one at the rising edge of
CLK, and then synchronized to flip-flop two at the next
falling edge of CLK, after which the READY output goes
active (HIGH). Negative-going asynchronous READY
inputs are synchronized directly to flip-flop two at the
falling edge of CLK, after which the READY outputgoes
inactive. This mode of operation is intended for asyn-
chronous (normally not ready) devices in the system
which cannot be guaranteed by design to meet the
required RDY setup timing, trivcL, on each bus cycle.

When ASYNC is HIGH or open, the first READY flip-fiop
is bypassed in the READY synchronization logic. READY
inputs are synchronized by flip-flop two on the falling
edge of CLK before they are presented to the processor.
This mode is available for synchronous devices that can
be guaranteed to meet the required RDY setup time.

ASYNC can change at every bus cycle to set the correct

synchronization mode for each device in the system.
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Electronics

222



KS82C84A

CLOCK GENERATOR AND DRIVER

Table 3: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.0V

Operating Temperature Range

Commercial

0°C to 70°C

Industrial

-40°C to +85°C

Table 4: Absolute Maximum Ratings

DC Supply Voltage

+7.0V

Input, Output or I/0O Voltage Applied

Vgs - 0.5V to Vg + 0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

W

Note: Stresses beyond those listed above may cause permanent damage tothe device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 5: DC Characteristics (T4 = 0°C to 70°C, V¢g = 5V £ 10%, Vgg = 0V)

Limits
Symbol " Parameter Test Conditions Min Max Unit
Cin Input Capacitance freq = 1MHz 7 pF
oo Operating Supply Current: ?g/m_z‘ 15MHz xtal, C,_ i 0 10 mA
7 30MH7 xtal, G, = 0 40 mA
lccs Standby Supply Current (Note 1) 100 LA
I Input Leakage Current: ASYNC Only ASYNC = Voo 10 UA
(Note 2) ASYNC = Vgg 130 A
All Other Pins | OV = V|y < V¢ +1.0 HA
Viu Input HIGH Voltage 22 |Vgo + 05 v
ViHR Reset Input HIGH Voltage 0.6Vee \
Vinr-ViLR RES Input Hysteresis 0.25 \'
Vi Input LOW Voltage 038 \"
Vou Output HIGH Voltage CLK: lpy = -4mA Vec-0.4 \
} Others: Ioy = -2.5mA
VoL Output LOW Voltage CLK: lg = 4mA 0.4 \
Others: lg; = 2.5mA
Notes:
1. Vi, F/C X1 = Vg - 0.2V; V) X2 < 0.2V; ASYNC = Vo or ASYNC = Open.
2. An internal pull-up resistor is implemented on the ASYNC input.
223
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KS82C84A

CLOCK GENERATOR AND DRIVER

Table 6: AC Characteristics, DMA (Master) Mode (T4 = 0°C to 70°C, Vg = 5V £ 10%, Vgs = 0V)

Limits (8MHz) Limits (10MHz)

Symbol Parameter Test Conditions Min Max Min Max Uhnits

tasvry - | AENT, AEN2 Setup to 15 15 ns
RDY1, RDY2

tayver | ASYNC Setup to CLK 50 50 ns
tcHicH2 - | CLK Rise or Fall Time 1.0V to 3.5V 10 10 ns
torzoL

toHoL CLK HIGH Time YatoLoL+2 VatoLoL+2 ns
toiaix | AENT, AEN2 Hold to CLK ] 0 ns
toarx | ASYNC Hold to CLK 0 0 ns
tercH CLK LOW Time YatoLoL-15 YatoLcL~15 ns
toLoL CLK Cycle Period 125 100 ns
toLin RES Hold to CLK (Note 2) 10 10 ns
toLi CLK to Reset Delay 40 40 ns
toLr1x RDY1, RDY2 Hold to CLK 0 0 ns
toLrPH CLK to PCLK HIGH Delay 22 22 ns
toLpL CLK to PCLK LOW Delay 22 22 ns
teHEL External Frequency HIGH Time |90%-90% V| 13 13 ns
tenvL CSYNC Hold to EFI 10 10 ns
teLen External Frequency LOW Time | 10%-10% V)y 13 13 ns
teLeL EFI Period (Note 1) 36 33 ns
tiHeL RES Setup to CLK {Note 2) 65 65 ns
tib Input Fall Time (Note 1) 15 15 ns
tin Input Rise Time (Note 1) 15 15 ns
toLcH OSC to CLK HIGH Delay -5 22 -5 22 ns
toLoL OSC to CLK LOW Delay 2 35 2 35 ns
toLon Output Rise Time (except CLK) |From 0.8V to 2.0V 15 15 ns
toHoL Output Fall Time (except CLK) |From 2.0V to 0.8V 15 15 ns
tpHPL PCLK HIGH Time toLcL-20 tcrer-20 ns
thLPH PCLK LOW Time toLcL-20 tcLcL-20 ns
tRivcH RDY1, RDY2 Active Setup to CLK |ASYNC = LOW 35 35 ns
triveL RDY1, RDY2 Active Setup to CLK [ASYNC = HIGH 35 35 ns
tRYHCH Ready Active to CLK (Note 3) ¥stoLeL~-15 ¥atoLoL-15 ' ns
tRyLcL Ready Inactive to CLK (Note 4) -8 -8 : ns
tyHeEH CSYNC Setup to EFI 20 20 ns
tyhyL CSYNC Width 2tg L 2-tg | ns

XTAL Frequency 24 25 24 30 MHz

Notes:
1. Transition between Vy (Max) - 0.4V and V; (Min) + 0.4V.
2. Setup and hold necessary only to guarantee recognition at next clock.
3. Applies only to T3 and Ty, states.
4. Applies only to T states.
& SAMSUNG
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K882C84A CLOCK GENERATOR AND DRIVER |

Figure 4: Timing Diagrams

a) Clocks and Reset Signals
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b) Ready Signals (for Asynchronous Devices)
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c) Ready Signals (for Synchronous Devices)

CLk __/—lt_ / 3 ¥ \ / X / y
tCLRIX 3l trtveL |
ft———tR1VEL ——
RDY1,2
l—| tcLrix
——>| te-tatvRV
AENT2 h 3 r—
Id——'AVVCI.—b toLa <—>|
ASYNC £
tcravx
READY Vi }—
L—'mmcu—> tRYLCL. fot—

& SAMSUNG

Electronics




KS82C84A

Figure 5: AC Testing I/0 Waveform

CLOCK GENERATOR AND DRIVER

Figure 6: AC Testing Loading Circuit

Vi + 0.4V

> < 20v
ViL + 0.4v 08V

A.C. Testing: All input signals must switch between 0.45V and
2.4V. Tgise and Tga . must be < 15ns. All timing measurements
are made at 0.8V and 2.0V.

v = 225V

R = 7002 (For sl outputs except CLK)
RL = 4630 (For CLK output)

DEVICE UNDER
TEST

C_ = 100pF for CLK
C, = 10pF for READY
C, includes probe and jig capacitance

Figure 7: Clock High & Low Time (Using X1, X2)

Figure 8: Clock High & Low Time (Using EFI)

Vee

C1

C2amHz B2

I |c; I —1x2 CLK (SEE NOTE %)
FiC
_F CSYNC

Vee

[F’C

PULSE GENERATOR EFI CLK (sEEL?lAOPI'E 1)

I——- CSYNC

Figure 9: Ready to Clock (Using X1, X2)

Figure 10: Ready to Clock (Using EFI)

Vee

Electronics

I Vee
AEN1 cLK ‘l(sss NOTE 1) I e
al X e LOAD
i o
= é’ 24 Mz READY (SEE NOTE 2) PULSE GENERATOR - (SEE NOTE 1)
Y] W W—
1 =
PULSE GENERATOR
TRIGGER RDY2
TRIGGER -
3 FiC PULSE GENERATOR DY2
RENZ _
osc LOAD
e F CSYNC  READY PR
Notes: 1. C_ = 100pF
2. C, = 30pF
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K882C84A CLOCK GENERATOR AND DRIVER

PACKAGE DIMENSIONS
Units: Inches

Plastic Package PLCC Package

ORDERING INFORMATION AND PRODUCT CODE

KS 82C84A X X
N D
SAMSUNG | Packaging
SEMICONDUCTOR P — Plastic DIP

L — Plastic Leaded Chip Carrier

(PLCC)

Part Number |

Speed J Temperature

-8 8MHz C — Commercial (0°C to +70°C)
-10 10MHz ‘ | — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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KS82C88A

MICROPROCESSOR BUS CONTROLLER |

FEATURES/BENEFITS

¢ Pin and functional compatibility with the Industry
standard 8288

¢ Very high speed — 8MHz and 10MHz

e Low power CMOS implementation

o Bipolar drive capability

e TTL I/O compatibility

e 3-state command output drivers

o Configurable for use with an I/0 bus

o Facilitates interface to one or two muiti-master
buses

DESCRIPTION

The KS82C88A Bus Contrafler is a 20-pin CMOS compo-
nent which includes command and control timing
generation as well as a bipolar bus drive capability white
optimizing system performance. A strapping option on
the bus controller configures it for use with a multi-
master system bus and separate 1/0 bus.

The KS82C88A is manufactured using advanced CMOS
technology. Fully static, with very high speed operation,
the KS82CB88A is designed for use in medium-to-large
8088/86 microprocessor systems.

S —» MRADC
PROCESS o — . —
STATUS S DECODER MwTC
§ AMWC
oo e
GENERATOR 10RC
oweC
AIOWC
— INTA
Figure ta: 20-Pin PLCC Configuration
CLK DTR
AEN —
T CONTROL CoaNAL N
CEN L - OR MCE/PDEN <
ioB ALE g
[}
N
@
w
x

Figure 2: KS82C88 Block Diagram
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KS82C88A ' MICROPROCESSOR BUS CONTROLLER

Table 1a: PLCC Pin Assignment Table 1b: 20-Pin DIP Pin Assignment

Pin #| /0

Pin Name |Pin # | I/O | Pin Name

2
*

1/0 | Pin Name |Pin # | /O | Pin Name

1 R

108

1" IOWC I 1oB M IowWC

CLK

12 AIOWC I |CLK 12 AIOWC

S

13 IORC

DTR

O|0|{0 |0

o}
(o}

IS, 13 | O |IORC
o}

14 INTA DTR 14 INTA

[eB e

ALE

(o)

15 I |CEN ALE 15 I |CEN

AEN

16 DEN

MRDC

I |AEN 16 O |DEN
MRDC 17 O |(MCE/PDEN

OO

17 MCE/PDEN

AMWC

18 I |S; AMWC 8 I 1S,

oloiv|loio|alw|n

O[O0

MWTC

O[NNI

O|O|O

19 | 1S MWTC 19 I |So

-
o
!

Vss

20 | — [Vee

-
o
!

Vss 20 | — |Vec

Table 2: Pin Descriptions

Symbol

Type

Name and Function

AEN

Address Enable: AEN enables the KS82C88 command outputs at least tag cv (Table 4)
after it becomes active (LOW). When AEN goes inactive, the command output drivers are
immediately 3-stated. AEN does not affect the I/O command lines if the KS82C88 is in the
1/0 Bus mode (IOB tied HIGH).

AIOWC

Advanced 1/0 Write Command: The AIOWC issues an I/0 Write command earlier in the
machine cycle to give I/O devices an early indication of a write instruction. Its timing is the
same as a read command signal. This signal is active LOW.

ALE

Address Latch Enable: This signal serves to strobe an address into the address latches. Itis
active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is intended
for use with transparent D type latches.

AMWC

Advanced Memory Write Command: This active LOW signal is used to issue amemory write
command earlier in the machine cycle to give memory devices an early indication of a write
instruction. Its timing is the same as a read command signal.

CEN

Command Enable: When LOW all KS82C88 command outputs, and the control outputs
DEN and PDEN are forced to the inactive state. When HIGH, these outputs are enabled.

CLK

Clock: This clock signal from the KS82C88 clock generator is used to determine when
command and control signals are generated.

DEN

Data Enable: This active HIGH signal enables data transceivers onto either the local or
system data bus.

DTR

Data Transmit/Recelve: This signal establishes the direction of data flow through the
transceivers. HIGH indicates Transmit (write to 1/0 or memory), LOW indicates Receive
(Read).

INTA

Interrupt Acknowledge: This active LOW signal tells an interrupting device that its interrupt
has been acknowledged and that it should drive vector information onto the data bus.

0B

Input/Output Bus Mode: When IOB is strapped HIGH the KS82C88 functions in the 1/0 Bus
mode. When strapped LOW, the KS82C88 functions in the System Bus mode. (See sections
on I/0 Bus and System Bus modes)

& SAMSUNG e
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KS82C88A

MICROPROCESSOR BUS CONTROLLER

Table 2: Pin Descriptions (Continued)

Symbol Type Name and Function
IORC (0] 170 Read Command: This active LOW signal instructs an I/O device to drive its data onto
the data bus.
IOWC O | I/0 Write Command: This active LOW signal instructs an I/O device to read the data on the

data bus.

MCE/PDEN (o}

MCE (IOB is tied LOW): Master Cascade Enable occurs during an interrupt sequence and
serves to read a Cascade Address from a master PIC (Priority Interrupt Controller) onto the
data bus. The MCE signal is active HIGH.

PDEN (10B Is tied HIGH): Peripheral Data Enable enables the data bus transceiver for the
1/0 bus that DEN performs.

MRDC (0] Memory Read Command: This active LOW signal instructs the memory to drive its data
onto the data bus.

MWTC (o] Memory Write Command: This active LOW signal instructs the memory to record the data
present on the data bus.

S0, $1. 52 | Status Input Pins: These are status input pins from 8088/86/89 processors. The KS82C88
decodes these inputs to generate command and control signals at the appropriate time.
These pins are HIGH when not in use. Internal puil-up resistors hold these lines HIGH when
no other driving source is present.

Vee — Power: 5V + 10% DC Supply.

Vss — Ground: OV.

FUNCTIONAL DESCRIPTION

Command and Control Logic

The KS82C88A decodes the status line signals (So, S1,
S,) common to the 8086/88/89 processors to deter-
mine what command is to be issued, (Table 3).

Table 3: KS82C88A Commands

S | S| S Processor State | 8288A Command

0 | 0 | O |interrupt Acknowledge |INTA

0 | 0| 1 |Read /O Port 1ORC

0 | 1| O (writel/O Port TOWC, AIOWC

0 1 1 |Halt None

1| 0| O [CodeAccess ‘MRDC

1| 0| 1 |Read Memory ‘MRDC

1 1 | O |Write Memory 'MWTC, AMWC

1 1 1 |Passive None
Operating Modes

The KS82C88A can be operated in one of two modes,
1/0 Bus Mode or System Bus Mode according to the
system hardware configuration.

1/0 Bus Mode: (I0B Strapped HIGH)

In the I/0 Bus (I0B) mode the I/O command lines (IORC,
IOWC, AIOWC, INTA) are always enabled (not dependent
on AEN). When an I/O command is initiated by the
processor, the KS82C88A immediately activates the
command lines using PDEN and DT/R control the I/0

. bus transceiver. Since no arbitration is present, the I/0

command lines should not be used to control the sytem
bus in this mode. This mode allows one KS82C88A to
handle two external buses. No waiting is involved when
the CPU wants to gain access to the I/0 bus. Normal
memory access requires a Bus Ready signal (AEN LOW)
before proceeding. The OB mode is aimed at applica-
tions where I/0 or peripherals dedicated to one processor
exist in a multi-processor system.

System Bus Mode: (/OB Strapped LOW)

In this mode no commands are issued until tag, cv (Table
4) after the AEN Line is activated (LOW). This mode
assumes that bus arbitration logic will inform the bus
controller (on the AEN line) when the bus is free for use.
Both memory and I/0O commands wait for bus arbitration.
This mode is used when only one bus exists, and both
1/0 and memory are shared by more than one processor.

& SAMSUNG
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MICROPROCESSOR BUS CONTROLLER

Table 4: Command Outputs

MRDC Memory Read Command

MWTC Memory Write Command

10RC I/0 Read Command

owc I/0 Write Command

AMWC Advanced Memory Write Command
AIOWC Advanced 1/0 Write Command
INTA Interrupt Acknowledge

Command Outputs

Advanced write commands prevent the processor from
entering unnecessary wait states. They are available to
initiate write procedures early in the machine cycle.

INTA (Interrupt Acknowledge) acts as an I/O read
during an interrupt cycle. INTA informs an interrupting
device that it should place service vectors onto the data
bus.

Control Outputs

KS82C88A control outputs include Data Enable (DEN),
Data Transmit/Receive (DT/R) and Master Cascade
Enable/Peripheral Data Enable (MCE/PDEN). DEN
determines when the external bus should be enabled
onto the local bus and DT/R determines the direction of
data transfer. These two signals are usually connected to
the transceiver chip select and direction pins.

MCE/PDEN alters its function with the operating mode.
In the 10B mode, the PDEN signal serves as a dedicated
data enable signal for the I/O or Peripheral System Bus.

In the System Bus Mode, MCE is used during interrupt
acknowledge cycles. Two interrupt acknowledge cycles
occur back to back during interrupt sequences, with no
data or address transfers during the first cycle. Thus
logic should be provided to mask off MCE. Just before
the second cycle, MCE gates a master Priority Interrupt
Controller's (PIC) cascade address onto the processor's
local bus where ALE strobes it into the address latches.
On the leading edge of the second interrupt cycle, the
addressed slave PIC gates an interrupt vector onto the
system data bus where it is read by the processor.

If the system contains only one PIC, MCE is not used
and the second Interrupt Acknowledge signal gates the
interrupt vector onto the processor bus.

Address Latch Enable (ALE) and Halt

ALE occurs every machine cycle and strobes the current
address into the address latches. ALE also strobes S,
S4, S into a latch for halt state decoding.

Command Enable (CEN)

CEN is acommand qualifier for the KS82C88A. If CEN
is HIGH, the KS82C88A functions normally, and ail
command lines are held in their inactive state (note
3-state). This feature can be used to implement
memory partitioning and to eliminate address conflicts
between system bus and resident bus devices.
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MICROPROCESSOR BUS CONTROLLER

Table 5: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.0V

Operating Temperature Range Commercial 0°C to 70°C
Industrial -40°C to +85°C

Table 6: Absolute Maximum Ratings

DC Supply Voltage +7.0V

Input, -Output or I/0 Voltage Applied

Vgs-0.5V to Vgc+0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

1w

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 7: DC Characteristics (T = 0°C to 70°C, V¢ = 5V £ 10%, Vgs = 0V)

Limits
Symbol Parameter Test Conditions Min Max | Units
Cin Input Capacitance Freq. = 1MHz 5 pF
Cout |Output Capacitance Unmeasured pins at Vss 15 pF
IBHH Input Leakage Current (Bus Hold High) Vin = 2.0V (Notes 3, 4) -50 -300 MA
lgHHo | Bus Hold High Overdrive (Notes 3, 5) -600 HA
lcc Operating Supply Current ViN = Vgc or Vss, Voe = 5.5V 5 mA
: Outputs Unloaded, Freq 5MHz
lccs | Standby Supply Current Vin = Vgg or Vgg, Ve = 5.5V 100 A
Outputs Unloaded
I Input Leakage Current 0V = V|y = Vg (Notes 1, 2) +10 MA
lLo Output Leakage Current 0V < Vout < Ve +10 MA
Ven | Vim for Clock, Sp, Sy, S 30 [Vgct03| V
Voo |V for Clock, S, Sy, S 02Vec | V
Vi Input High Voltage 22 WNgct03| VvV
ViL Input Low Voltage -03 0.8 \
VoH Output High Voitage | Command Outputs {lgy = -5mA 3.7 \"
'OH = -1mA 3.7 Vv
Control Outputs loH = -4mA 3.0 \
lon = ~2.5mA Vcc-0.4 \
VoL Output LOW Voltage loL = 12mA 0.45 "
loL = 8mA 0.44 \"
Notes: 1. Except Sq. S, S,.
2. During input leakage test, maximum input rise and fall time should be 15ns between V¢ and Vgg.
3. Sp, Sy, S; only.
4. Raise inputs to Vg, then lower to 2.0V.
5. An external driver must sink at least Igyo to toggle a status line from HIGH to LOW.
232
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MICROPROCESSOR BUS CONTROLLER

Table 8: AC Characteristics, (T, = 0°C to 70°C, Vpp = 5V + 10%, Vgg = 0V)

Limits (8MHz) [Limits (10MHz)
Symbol Parameter Test Conditions Min Max Min | Max | Units
taeHcz - | Command Disable Time D (Note 2) 40 40 ns
taeLcH | Command Enable Time C (Note 1) 40 40 ns
taeLcy | Enable Delay Time B8 100 250 100 200 ns
taevny | AEN to DEN A 25 20 ns
tcerrn | CEN to Command B toemLt10 toLmL ns
tcewny | CEN to DEN, PDEN A 25 25 ns
tcHoL (CLK High Time 40 30 ns
tcHptH | Direction Control Inactive Delay A 30 30 ns
tcHoTL | Direction Control Active Delay A 50 50 ns
tche | ALE Inactive Delay A (Note 3) 2 25 2 15 ns
tcHsy | Status Inactive Hold Time 10 10 ns
tcLcH  (CLK Low Time 66 50 ns
tcict  {CLK Cycle Period 125 100 ns
tcLLn | ALC Active Belay (from CLK) A 20 20 ns
tcimen | MCE Active Delay (from CLK) A 25 20 ns
tcmn | Command Inactive Delay B 2 35 2 35 ns
tcume | Command Active Delay B 5 35 5 35 ns
tcusH | Status Active Hold Time 10 10 ns
tcynvy | Control Active Delay A 2 45 2 45 ns
tcunx | Control Inactive Delay A 5 45 5 45 ns
tmane | Command inactive to DEN Command: B, tcLcH-5 toLcH-5 ns
Low Delay DEN: E
tonor | Output, Fall Time From 2.0V to 0.8V 15 20 ns
toLon |Output, Rise Time From 0.8V to 2.0V 15 12 ns
tsieL | Status Inactive Setup Time 35 35 ns
tsvcH | Status Active Setup Time 35 35 ns
tsvii | ALE Active Delay (from Status) A 20 20 ns
tsymcH | MCE Active Delay (from Status) A 30 20 ns
Refer to Figure 5 for Test Conditions Definition Table.
Notes: 1. tog oy Mmeasurement is between 1.5V and 2.5V.
2. tagcz Measured at 0.5V change in Vgyr.
3. In 5MHz 80C86/88 systems, minimum ALE HIGH time = tg o - (tepsv(Mmax) + tgy ) + top L (min) = 74ns.
233
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Figure 3: Timing Diagrams

a) Read/Write Timing

STATE «—— Sy S S2 $3 Sq
e lcmu—»l
o g—xk " /) /Y
/ / N\ A ewe N |
teusv | tgven >
la—»] | teLsH - |t |
%285 Sk N( 7|£ \
ADDRESS/DATA ADDRESS X WRITE DATA 1
teLH —] — e
ALE 2
—»]

sviH tcLMH—]
MRDC, iORC, INTA
AMWC, AIOWC

toLmL-a |
— | —tcLmL
MWTC, I0WC . .
tcvNy |

(READ)
DEN *iNTa)

TN —»]

Ss=w (READ]
POEN ¢ (lNTAg

- fcvny
DEN (WRITE)
tovix —
PDEN (WRITE)
tcHDTH tcHomL
(| —l e
& (READ
ovR G 7{ JL
> fcHoTH
—

tcumeH - tovnx
MCE ] 2

— tsvmeH

Notes: 1. Address/Data bus is shown only for reference purposes.
2. Leading edge of ALE and MCE is determined by the falling edge of CLK or STATUS going active, whichever occurs last.
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KS82C88A MICROPROCESSOR BUS CONTROLLER

Figure 3: Timing Diagrams (Continued)

b) DEN, PDEN Qualification Timing

e

AEN
tAEVNY.

- ICEVNV

PDEN

c) Address Enable Timing (3-State Enable/Disable)

AEN

OUTPUT
COMMAND
CELRH
CEN
CELRH —»

Note: CEN must be LOW or valid prior to S, to prevent the command from being generated.

Figure 5: Test Load Circuits 3-State Command
Figure 4: AC Testing I/0 Waveform Output Test Load

Test v R C

v
o Condition | low | loo | V) | @ | P
v,L_Mv.D< 0.8V A -40mA | +80mA | 213 220 80
R
ouT
IC

-8.0mA [+20.0mA| 2.29 ) 300
-8.0mA - 15 187 300
-8.0mA - 18 187 50
-1.0uA | +1.0uA | 213 | 870K | 30

AC Testing: Inputs are driven at V,, + 0.4V for alogic “1”,
and V- 0.4V for a logic “0". The clock is driven at 3.9V
and 0.4V. Timing measurements are made at 2.0V and
0.8V. Input rise and fall times shouid be <15ns measured
between 0.8V and 2.0V.
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K882088A ‘ o MICROPROCESSOR BUS CONTROLLER

PACKAGE DIMENSIONS
Units: Inches

)

014 100
02 TP

[ 290 ——:ll
o0 0 o
Cor i3 ™ ™ T

Plastic Package PLCC Package

ORDERING INFORMATION & PRODUCT CODE

KS 82C8A X X X

SAMSUNG Packaging
SEMICONDUCTOR P — Plastic DIP
L — Plastic Leaded Chip Carrier
: (PLCC)
Part Number I—————
Speed { Temperature
-8 8MHz - C — Commercial (0°C to +70°C)
-10. 10MHz l l | — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, piease contact the SAMSUNG MOS Products Group.
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KS82C288

BUS CONTROLLER
FOR 80286 MICROPROCESSORS

FEATURES/BENEFITS

e Provides commands and control for local and
sysiem bus in 80286-based machines

o Flexible command timing

¢ Works with KS82C289 Bus Arbiter and KS82C284
Clock Generator

¢ Optional IEEE-796 (Multibus®) compatible timing
¢ 10, 12.5 MHz versions
* Supports high-speed, non-Multibus systems

e Control drivers with 16 mA Ilg_ and 3-state
command drivers with 32 mA Ig.

¢ Single +5V supply
e Low-power CMOS
¢ 20-lead PLCC or plastic DIP

Figure 1. Block Diagram of KS82C288
3-STATE

COMMAND
STATUS OUTPUTS

50— - INTA
P status ||

> ioRC
% DECODER commann [T 12°¢
M/D—] OUTPUT [ iOWT

LoGIC s wRBC

|- MwTCc _ |
oLk STATE
CONTROL MACHINE CONTROL
INPUTS OUTPUTS
r CEN/AEN— L i DY
CENL—#{CONTROL CONTROL |» DEN
INPUT OUTPUT
CMDLY —1 LoGIC LOGIC [T™ ALE
READY —1 - MCE _
4
MB

DESCRIPTION

The 20-pin CMOS KS82C288 controls buses in 80286-
based computer systems. The Bus Controller provides
command and control outputs with flexible timing
options. Separate outputs are used for memory and 1/0O
devices. The data bus is controlled with separate direction-
control and data-enable signals.

Using a strapping option, the KS82C288 can be used for
either Multibus-compatible bus cycles or high-speed
bus cycles.

Figure 2a. KS82C288 PLCC Pin Diagram

[ m/io
oTR
Ks82c288 16 []DEN
15 [ CEN/AEN
14 [J CENL

MCE
ALE
MB
CMDLY
MARDC

® N o> o» s

9 10 11 12 13
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BUS CONTROLLER
K8820288 FOR 80286 MICROPROCESSORS

‘Table 1: KS82C288 Interface Signal Descriptions

Symbol Type Name and Function

CLK | System Clock: Provides the basic timing control for the KS82C288 in an 80286-based
system. Its frequency is twice the internal processor clock frequency. The falling edge of
CLK establishes when inputs are sampled and command and control outputs change.

S0, §1 | Status Signal 0, Status Signal 1: These are bus cycle status signals that, along with M/I1O,
start a bus signal and define the type of bus cycle. These signals are active LOW. A bus cycle
is started when either SO or S1 is sampled LOW at the falling edge of CLK. Setup and hold
times must be met for these signals to operate properly.

There are eight bus cycles defined by S0, S1, and M/IO, as described below:
80286 Bus Cycles

M/I0 s S0 Type of Bus Cycle
0 0 0 Interrupt Acknowledge
0 0 1 1/0 Read
0 1 0 1/0 Write
0 1 1 None; Idie
1 0 0 Halt, or Shutdown R
1 [¢] 1 Memory Read
1 1 0 Memory Write
1 1 1 None; Idie |

M/10 | Memory or I/0 Select: This signal determines whether the current bus cycle is in the

memory space or in the /0 space. When LOW, the current bus cycle is in the I/0 space.
When HIGH, the current bus cycle is in the memory space. Setup and hold times must be
met for proper operation.

MB | Multibus Mode Select: Determines the timing of the command and control outputs. When
HIGH, the bus controller operates with Multibus I-compatible timings. When LOW, the bus
| controller optimizes the command and control output timing for short bus cycles. The

function of the CEN/AEN pin is selected by this signal.
This input is typically a strapping option and is not dynamically changed.

CENL | Command Enable Latched: A bus controller select signal which allows the Bus Controller
to respond to the current bus cycle being initiated. CENL is an active-HIGH input latched

- internally at the end of each Tg cycle. CENL is used to select the appropriate bus controlier
for each bus cycle in a system where the CPU has more than one bus it can use. To select
this KS82C288 for all transfers, connect CENL to V¢g.

No control inputs affect CENL. Setup and hold times must be met for proper operation.

CMDLY [ - Command Delay: CMDLY allows the start of acommand to be delayed. if sampled HIGH
(active), the command output is not activated and CMDLY is again sampled at the next CLK
cycle.

When sampled LOW, the selected command is enabled.

If READY is detected LOW before the command output is activated, the KS82C288 will
terminate the bus cycle, even if no command was issued. if no delays are required before
“starting a command, CMDLY should be connected to GND. This input has no effect on
KS82C288 control outputs. Setup and hold times must be satisfied for proper operattion.4
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Table 1: KS82C288 Interface Signal Descriptions (Continued)

Symbol

Type

Name and Function

READY

Ready: Indicates the end of the current bus cycle. Multibus I-mode requires at least one
wait state to allow the command outputs to become active. READY must be active (LOW)
during reset to force the KS82C288 into an idle state. Setup and hold times must be satisfied
for proper operation. The KS82C284 Clock Generator drives READY LOW during RESET.

CEN/AEN

Command Enable, Address Enable: Controis the command and DEN outputs of the
KS82C288. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times must be
satisfied to assure a guaranteed response to synchronous inputs.

When MB is HIGH, CEN/AEN has the AEN function. Active LOW, AEN indicates that the
CPU has been granted the use of a shared bus and the bus controller command outputs

not have control of the shared bus and forces the command outputs into 3-state OFF and
DEN inactive (LOW).

When MB is LOW, this input has the CEN function. CEN is unlatched active HIGH input
which allows the Bus Controller to activate its command and DEN outputs. With MB LOW,
CEN LOW forces the command and DEN outputs inactive but does not tristate them.

This input may be connected to Vgc or to GND.

ALE

Address Latch Enable: This signal controls the address latches used to hold an address
stable during a bus cycle. ALE will not be issued for the halt bus cycle and is not affected by
any of the control inputs.

MCE

Master Cascade Enable: Signals that a cascade address from a master KS82C59A
interrupt controller may be placed onto the CPU address bus for latching by the address
latches under ALE control. The CPU'’s address bus may then be used to broadcast the
cascade address to slave interrupt controllers so only one of them will respond to the
interrupt acknowledge cycle.

MCE is only active during interrupt acknowledge cycles and is not affected by any control
input. Using MCE to enable cascade address drivers requires latches which save the
cascade address on the falling edge of ALE.

DEN

Data Enable: Controls when the data transceivers connected to the local data bus are
enabled. DEN is delayed for write cycles in the Muitibus I-mode.

DT/R

Data Transmit/Receive: Establishes the direction of data flow to or from the local data bus.
When HIGH, this control output indicates that a write bus cycle is being performed. When
LOW, a read bus cycle is being performed. DEN is always inactive when DT/R changes
states. This output is HIGH when no bus cycle is active. DT/R is not affected by any of the
control inputs.

1/0 Write Command: Instructs and I/O device to read the data on the data bus. The MB and

CMDLY inputs control when this output becomes active. READY controls when this
output becomes inactive.

I/0 Read Comand: Instructs an I/O device to place data onto the data bus. The MB and
CMBDLY inputs control when this output becomes active. READY controls when this output
becomes inactive.

Memory Write Command: Instructs amemory device to read the data on the data bus. The

MB and CMDLY inputs control when this output becomes active. READY controls when it
becomes inactive.
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Table 1: KS82C288 Interface Signal Descriptions (Continued)

Symbol Type Name and Function

MRDC O | Memory Read Command: Instructs the memory device to place data onto the data bus.
The MB and CMDLY inputs control when this output becomes active. READY controls
when it becomes inactive.

INTA O | Interrupt Acknowledge: Tells an interrupting device that its interrupt request is being
acknowledged. The MB and CMDLY inputs control when this output becomes active.
READY controls when it becomes inactive.

Vee — | 5V £ 5%.

GND — Ground.

Table 2. Command and Control Outputs for Each Type of Bus Cycle

MCE |

| _ | __ |command| DWR [ ALE, DEN
Type of Bus Cycle M/10 | st S0 Activated State Issued? Issued?
Interrupt Acknowledge 0 0 0 INTA LOW Yes Yes
I/O Read 0 0 1 10RC LOW Yes No
1/0 Write 0 1 0 owc HIGH Yes No
None; Idle 0 1 1 None HIGH No No
Halt/Shutdown 1 0 0 None HIGH ‘No No
Memory Read 1 0 1 MRDC Low Yes No
Memory Write 1 1 0 MWTC HIGH Yes No
None; Idle 1 1 1 None HIGH No No

FUNCTIONAL DESCRIPTION

The KS82C288 Bus Controller provides 80286-based
systems with address latch control, data transceiver
control, and standard level-type command outputs. The
Bus Controller can drive either IEEE-796 Multibus |
buses or non-lEEE-796 buses. Command outputs have
sufficient drive capabilities for large TTL buses.

A special Multibus | mode is provided to satisfy the
address/data setup and hold time requirements of the
IEEE-796 Standard.

Command timing may be tailored to special needs
through the Bus Controller's CMDLY input (to determine
the start of a command) and READY (to determine the
end of a command).

Connection to multiple buses is supported with a
latched enable input (CENL). An external address decoder
can determine which, if any, Bus Controller should be
enabled for the bus cycle. The CENL input is latched to
allow the address decoder to take advantage of pipelined
timing on the 80286 local bus.

Buses shared by several Bus Controllers are supported.
The KS82C288's AEN input prevents the Bus Controller
from driving the shared-bus command and data signals
except when enabled by an external bus arbiter such as
the KS82C289.

Data transceivers for all the buses are controlled by
separate DEN and DT/R outputs. Bus contention is
eliminated by disabling DEN before changing DT/R.
DEN timing allows enough time for tri-state bus-drivers
to enter 3-state OFF before aliowing other drivers onto
the same bus.

CPU refers to any 80286 processor or 80286 support
component which may become an 80286 bus master

and thereby drive the KS82C288 status inputs S0, S1,
and M/I0.
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OPERATIONAL DESCRIPTION

Any CPU driving the local bus uses and internal clock
which is one half the frequency of the system clock
(CLK). One 80286 processor bus cycle is equal to one
bus T-state (see Figure 3). The local bus master informs

the Bus Controller of its internal clock phase when it
asserts the status signals. Status signals are always
asserted at the beginning of Phase 1 of the local bus
master’s internal clock.

Figure 3. CLK Relationship to the Processor Clock and Bus T-States

PHASE 1

[———— ONE PROCESSOR CLOCK CYCLE —————¥}

~4——————————— ONE BUS T STATE ——————»

PHASE 2

r<¢—— OF PROCESSOR
CLOCK CYCLE

T rp—
- __/_
Veu

ANV N
Ve =

KS82C288 Bus States

The KS828288 has tivee bus siates (see Iiguis 4). The
three bus states are: Idle (T)), Status (Ts), and Command
(Tg). Each bus state is two CLK cycles long.

The T, bus state occurs when no bus cycle is currently
active on the 80286 local bus. This state may be repeated
indefinitely. When control of the local bus is being
passed between masters, the bus remains in the T state.

KS82C288 Bus Cycles

The SO and S7 inputs from the master processor signal
the start of a bus cycle. When either input goes LOW, a
bus cycle is started. The Tg bus state is defined to be the
two CLK cycles during which either SO or S1 are active
(see Figure 5). These inputs are sampled by the
KS82C288 at every falling edge of CLK. When either SO
or S1aresampled LOW, the next CLK cycle is considered
the second phase of the internal CPU clock cycle.

The local bus enters the T bus state after the Tg state.
The shortest bus cycle may have one Tg state and one
T state. Longer bus cycles are formed by repeating the
T state after the Tg state. A repeated T bus state is
called a wait state.

The READY input determines whether the current T¢
bus state will be repeated. The READY input has the
same timing and effect for all bus cyctes. READY is
sampled at the end of each T¢ bus state to see if it is

active. If sampled HIGH, the T¢ bus state is repeated to

OF PROCESSOR
CLOCK CYCLE

insert a wait state. Control and command outputs do not
change during wait states.

When READY is sampled LOW, the current bus cycle is
terminated.

The Bus Controller may enter the Tg bus state directly
from T if the status lines are sampled active (LOW) at
the next falling edge of CLK.

Figure 4. KS82C288 Bus States

NEW CYCLE

READY
NEW CYCLE

NEW CYCLE
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Figure 5. Bus Cycle Definition

SAMPLE
READY

Figures 6 through 10 show the basic command and For figures 6 through 10, the CMDLY input is connected

control output timing for read and write bus cycles to GND and CENL is connected to Vgc. The effects of
including the basic idle-read-idle and idle-write-idle bus CENL and CMDLY are described in the section on
cycles. Halt bus cycles are not shown because they control inputs.

activate no outputs. Figures 6, 7, and 8 show non-Multibus | cycles. MB is

The signal label CMD represents the appropriate com- connected to GND and CEN is connected to Vg in

mand output for the bus cycle. non-Multibus cycles. Figure 6 shows a read cycle with
no wait states while figure 7 shows a write cycle with
one wait state. The READY input is shown to illustrate
how wait states are added.

Figure 6. Idle-Read-Idle Bus Cycles with MB = 0

READ BUS CYCLE
m Ts Te m

CLK

ALE
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o]
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Figure 7. Idle-Write-Idle Bus Cycles with MB = 0

-« ————— WRITE BUS CYCLE
T

WAIT STATE
Ts Tc Tc T

CLK

|

-
| L

Vor

- —
s iy NS 2200,

Figure 8. Write-Write Bus Cycles with MB = 0 Bus cycles can occur back-to-back with no T, bus states
between T¢ and Tg. Back-to-back cycles do not affect
the timing of the command and control outputs. Com-
mand and control outputs always match the states
shown for the same clock edge (within Tg, T¢) or falling
bus state of a bus cycle.

1ST WRITE CYCLE 2ND WRITE CYCLE

A special case in control timing occurs for back-to-back
write cycles when MB = 0 (non-Multibus mode). In this
oK case, DT/R and DEN remain HIGH between the bus
cycles (see Figure 8). The command and ALE output
timings do not change.

Tc Ts Tc

S1-80

Figures 9 and 10 show a Multibus cycle (MB = 1). AEN
and CMDLY are connected to GND. The effects of
READY CMDLY and AEN are described in the section on control
inputs. Figure 9 shows a read cycle with one wait state
pen VM and Figure 10 shows a write cycle with two wait states.
DEN The second wait state of the write cycle is not required
vrariad and is shown only forexample. The READY input shows

o on how wait states are added.
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Figure 9. Idle-Read-Idle Bus Cycles with 1 Wait State and with MB = 1
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Figure 10. Idle-Write-ldle Bus Cycles with 2 Wait States in Multibus Mode (MB = 1)
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The MB controlinput affects the timing of the command
and DEN outputs. These outputs are automatically
delayed in Multibus 1 mode to satisfy three requirements:

1) 50 ns minimum setup time for valid address before
any command output becomes active

2) 50 ns minimum setup time for valid write data before
any write command output becomes active

3) 65 ns maximum time from when any read command
becomes inactive until the slave’s read data drivers
reach 3-state OFF.

Three signal transitions are delayed by MB = 1:

1) The HIGH-to-LOW transition of the read command
outputs (IORC, MRDC, and INTA) are delayed by
one CLK cycle

outputs (IOWC and MWTC) are delayed by two CLK
cycles.

3) The LOW-to-HIGH transition of DEN for write cycles
is delayed one CLK cycle.

Back-to-back bus cycles with MB = 1 do not change the
timing of any of the command or control outputs. DEN
always becomes inactive between bus cycles withMB =1.

ALE will be issued during the second half of Tg for any
bus cycle except for a halt (shutdown) bus cycle. ALE
becomes inactive at the end of Tg to allow latching the
address to keep it stable during the entire bus cycle. The
address outputs may change during Phase 2 of any T
bus state. ALE is not affected by any control input.

Figure 11 shows how MCE is timed during Interrupt
Acknowledge (INTA) bus cycles. MCE is one CLK cycle
longer than ALE to hold the cascade address from a
master KS82C59A Programmable Interrupt Controller
valid after the falling edge of ALE. With the exception of
the MCE control output, an INTA bus cycle is identical in
timing to a read bus cycle. MCE is not affected by any
control input.

Control inputs

The control inputs (CENL, CMDLY, READY, CEN/AEN)
can alter the basic timing of command outputs, allow
interfacing to multiple buses, and share a bus between
different masters. In many 80286-based systems, each
CPU has more than one bus which may be used to
perform a bus cycle. Normally, a CPU will have only one
Bus Controller active for each bus cycle. Some buses
may be shared by more than one CPU, as in Multibus
configurations, requiring only one ofthem to use the bus
at a time.

Figure 11. MCE Operation for an INTA Bus Cycle

T l Ts | Te

CLK

ALE

MCE

Systems with multiple and shared buses use two control
input signals from the KS82C288 bus controller, CENL
and AEN (see figure 12). CENL enables the Bus Controller
to control the current bus cycle. The AEN input prevents
a bus controller from driving its command outputs. AEN
HIGH means that another bus controller may be driving

the shared bus.

Figure 12 shows two buses: a local bus and a Muttibus 1.
Only one bus is used for each CPU bus cycle. The CENL
innuts of the Rius Controller select which bus controller
is to perform the bus cycle. An address decoder deter-
mines which bus to use for each bus cycle. The Bus
Controller connected to the shared Multibus | must be
selected by CENL and be given access to the Multibus |
by AEN before it will begin a Multibus | operation.

CENL must be sampled HIGH at the end of the bus state
(see waveforms) to allow the bus controller to activate its
command and control outputs. If sampled LOW, the
commands and DEN will not go active and DT/R will
remain HIGH. In this situation, the Bus Controller will
ignore the CMDLY, CEN, and READY inputs until
another bus cycle is started via SO and S1. Since an
address decoder is commonly used to identify which
bus is required for each bus cycle, CENL is latched
internally, so the input does not have to be latched.

The CENL input can affect the DEN control output.
When MB = 0, DEN normally becomes active during
Phase 2 of Tg in write bus cycles. This transition occurs
before CENL is sampled. If CENL is sampled LOW, then
the DEN output will be forced LOW during T¢ as shown
in the timing waveforms.

When MB = 1, CEN/AEN becomes AEN. AEN controls
when the Bus Controller command outputs enter and
exit 3-state OFF. AEN should be driven by a Multibus |
type bus arbiter such as the KS82C289, which assures
only one bus controller is driving the shared bus at any

one time.

¢ SAMSUNG

' Electronics

245




KS82C288

BUS CONTROLLER
FOR 80286 MICROPROCESSORS

When AEN makes a LOW-to-HIGH transition, the com-
mand outputs immediately enter 3-state OFF and DEN is
forced inactive. An inactive DEN should force the local
data transceivers connected to the shared data bus into
3-state OFF (see figure 12). The LOW-to-HIGH transition
of AEN should occur during T| or Tg bus states.

The HIGH-to-LOW transition of AEN signals that the
Bus Controller may now drive the shared bus command
signals. Since a bus cycle may be active or be in the
process of starting, AEN can become active during any
T-state. AEN LOW immediately allows DEN to go to the
appropriate state. Three CLK edges later, the command
outputs will go active (see timing waveforms). The
Muiltibus | requires this delay for the address and data to
be valid on the bus before the command becomes active.

When MB = 0 (non-Multibus mode), CEN/AEN becomes
CEN. CENis an asynchronous input which immediately
affects the command and DEN outputs. When CEN
makes a HIGH-to-LOW transition, the commands and
DEN areimmediately forced inactive. When CEN makes
a LOW-to-HIGH transition, the commands and DEN
outputs immediately go to the appropriate state (see
timing waveforms). READY must still become active to
terminate a bus cycle if CEN remains LOW for a selected
bus controller (CENL was latched HIGH).

Some memory or I/0 systems may require more address
or write data setup time than provided by the basic
command output timing. To provide flexible command
timing, the CMDLY input can delay the activation of
command outputs. The CMDLY input must be sampled
LOW to activate the command outputs. CMDLY does not
affect the control outputs ALE, MCE, DEN, and DT/R.

CMDLY is first sampled on the falling edge of the CLK
ending Tg. If sampled HIGH, the command output is not
activated, and CMDLY is again sampled.on the next
falling edge of CLK. Once sampled LOW, the proper
command output becomes active immediately if MB = 0.
If MB = 1, the proper command goes active no earlier
than shown in figures 9 and 10.

READY can terminate a bus cycle before CMDLY allows
acommand to be issued. When READY does terminate a
bus cycle before CMDLY allows a command to be
issued, no commands are issued and the bus controller
deactivates DEN and DT/R in the same manner as if a
command had been issued.

Waveforms

The waveforms show the timing relationships of inputs
and outputs. They do not show all possible transitions of
all signals in all modes. Instead, all signal timing rela-
tionships are shown through general cases. Special cases
are shown when necessary. Most functional descriptions
of the KS82C288 are provided in figures 5 through 11, but
the waveforms also provide some functional descriptions
of the KS82C288.

To find the timing specification for a signal transition in a
particular mode, first look for a special case in the
waveforms. If no special case applies, then use a timing
specification for the same or related function in another
mode.
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Figure 12, System Use of AEN and CENL
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Table 3: Recommended Operating Conditions

DC Supply Voltage

+4.0V to +6.oﬂi

Operating Temperature Range }Commercial

0°C to 70°C

i Industrial

-40°C to +85°C

Table 4: Absolute Maximum Ratings

DC Supply Voltage

+7.0V

Input, Qutput or /O Voltage Applied

Vss5-0.5V to Vg+0.5V

Storage Temperature Range

-65°C to +150°C

Maximum Package Power Dissipation

W

Note: Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the operationat sections of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 5: DC Characteristics (Tp = 0°C to 70°C, Vgg = 5V + 10%, Vss = OV)

Symbol Parameter Test Conditions ! Min Max Units ’
A" Input LOW Voltage -05 0.8 \
ViH Input HIGH Voltage 20 Vee + 05 \Y
ViLe CLK Input LOW Voltage -05 0.6 "
ViHe CLK Input HIGH Voltage 3.8 Veo + 05 Vv
VoL Output LOW Voltage
Command Outputs loL = 32 mA (Note 1) 0.45 \
Control Outputs loL = 16 mA (Note 2) - 045 \Y

Von Output HIGH Voltage
Command Outputs loH = -5 mA (Note 1) 2.4 \"
lon = =1 mA (Note 1) Vee - 05 \
Control Outputs lon = -1 mA (Note 2) 24 \
lon = -0.2 mA (Note 2) Vee - 05 \
I Input Leakage Current 0V = Viy = Vo +10 UA
Lo Output Leakage Current 0.45V = Vout = Voo +10 UA
lce Power Supply Current 75 mA
lceg Power Supply Current (Static) (Note 3) 1 mA
Cclk | CLK Input Capacitance Fc =1 MHz 12 pF

C, Input Capacitance Fc =1 MHz 10 pF

Co Input/Output Capacitance Fc =1 MHz 20 pF
* Ta is guaranteed from 0°C to +70°C as long as Tcage is not exceeded.
Notes: ) o
1. Command Outputs are iJ\JTA, 1ORC, 1I0WC, MRDC and MWRC.
2. Control Outputs are DT/R, DEN, ALE and MCE.
3. Tested while outputs are unloaded, and inputs at V¢ or Vgg.
248
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Table 6: AC Characteristics (Tp = 0°C to 70°C, Vg = 5V £ 10%, Vgs = OV)

8 MHz 10 MHz 12.5 MHz 16 MHz \

(Preliminary)
Te§t -8 -8 -0 | -10 | -12 | -12 | -16 | -16 ‘
Symbol Parameter Condition Min | Max | Min | Max | Min | Max | Min | Max | Unit
1 CLK Period 62 250 50 | 250 40 250 | 62 250 ns
2 CLK HIGH Time at 3.6V 20 16 13 10 ns
3 CLK LOW Time at 1.0V 15 12 1 9 ns
4 CLK Rise Time 1.0V to 3.6V 10 8 8 6 ns
5 CLK Fall Time 3.6V to 1.0V 10 8 8 6 ns
6 |M/IO and Status Setup Time 22 18 15 12 ns
7 |M/IO and Status Hold Time 1 1 1 1 ns
8 CENL Setup Time 20 15 15 | 15 ns
9 CENL Hold Time 1 1 1 1 ns
10 |READY Setup Time 38 26 18 14 ns
11 |READY Hold Time 25 25 20 16 ns
12 |CMDLY Setup Time 20 15 15 12 ns
13 CMDLY Hold Time 1 1 1 1 ns
14 | AEN Setup Time (Note 3) 20 15 15 12 ns
15 AEN Hold Time (Note 3) 0 0 0 0 ns
16 ALE, MCE Active Delay (Note 4) 3 20 3 16 3 16 3 13 ns
from CLK
17 ALE, MCE Inactive Delay (Note 4) 25 19 19 15 ns
from CLK .
18 DEN (Write) Inactive (Note 4) 35 23 23 18 ns
from CENL
19 |DT/R LOW from CLK (Note 4) 25 23 23 18 ns
20 DEN (Read) Active (Note 4) 5 35 5 21 5 21 5 17 ns
from DT/R
21 DEN (Read) Inactive Delay (Note 4) 3 35 3 21 3 19 3 15 ns
from CLK
22  |DT/R HIGH from (Note 4) 5 35 5 20 5 18 5 14 ns
DEN inactive
23 |DEN (Write) Active Delay (Note 4) 30 23 23 18 ns
from CLK
24 DEN (Write) Inactive Delay (Note 4) 3 30 3 19 3 19 | 3 15 ns
from CLK
25 DEN Inactive from CEN (Note 4) 35 25 25 20 ns
26 DEN Active from CEN (Note 4) 30 24 24 19 ns
27 |DT/R HIGH from CLK (Note 4) 35 25 25 20 ns
(when CEN = LOW)
28 |DEN Active from AEN (Note 4) 30 26 26 20 ns
& SAMSUNG |
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Table 6: AC Characteristics (T = 0°C to 70°C, Vg = 5V + 10%, Vgg = 0V) (Continued)

8 MHz 10 MHz 12.5 MHz 16 MHz
(Preliminary)
Test -8 -8 -10 -10 -12 -12 -16 -16

Symbol Parameter Condition Min | Max | Min | Max | Min | Max | Min | Max | Unit

29 |CMD Active Delay from CLK | (Note 5) 3 25 3 21 3 21 3 17 ns

30 |CMD Inactive Delay (Note 5) 5 20 5 20 5 20 5 16 ns
from CLK

31 CMD Active from CEN (Note 5) 25 25 25 20 ns

32 |CMD Inactive from CEN {Note 5) 25 25 25 20 ns

33 CMD Inactive Enable (Note 5) 40 40 40 35 ns
from AEN

34 CMD Float Delay from AEN (Note 6) 40 40 40 35 ns

35 MB Setup Time 20 20 20 20 ns

36 | MB Hold Time 0 0 0 0 ns

37 Command Inactive Enable (Note 5) 40 40 40 35 ns
from MBI

38 |Command Float Time (Note 6) 40 40 40 35 ns
from MB!

39 |DEN Inactive from MB1 (Note 4) 30 26 26 20 ns

40 |DEN Active from MBI (Note 4) 30 30 30 24 ns

*Tp is guaranteed from 0°C to +70°C as long as Teage is not exceeded.
Notes:
3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK edge.
. Control output load: CL = 150 pF.
. Command output load: CL = 300 pF.
. Float condition occurs when output current is less than | o in magnitude.
AC Drive and Measurement Points — CLK input
.~ AC Setup, Hold and Delay Time Measurement — General
. AC Test Loading on Outputs

WooNDO A

Note 7: AC Drive and Measurement Points — CLK Input

4.0v

0.45V
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Note 8: AC Setup, Hold and Delay Time Measurement — General

4.0v

CLK INPUT

0.45V

lO\ 1SETUP —= [<&— HOLD 451
24V

OTHER
DEVICE
INPUT

0.45V

DEVICE
OUTPUT

Note 9: AC Test Loading on Outputs

DEVICE

OUTPUT

Co

1
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WAVEFORMS

CLK Characteristics

Status, ALE, MCE Characteristics

t 15—
7 ->| t;
o -t tg —]  ——
M0, S1, So

g [a— e ty7 [
ALE 7 \
S
- t1 [— | ty7
MCE 7

CENL, CMDLY, DEN Characteristics with MB = 0 and CEN = 1 During Write Cycle
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WAVEFORMS (Continued)

Read Cycle Characteristics with MB = 0. and CEN = 1
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write Cycie Characierisiics wiith MB - § and CEN - 1
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K882C288 FOR 80286 MICROPROCESSORS

WAVEFORMS (Continued)

CEN Characteristics with MB = 0

—

- t5 |- —» 26
DEN
= a2 |——
—=| 3y I<— 32
CMD z

— t27 "-
DTR 7'

= I

AEN Characteristics with MB = 1

ek ™\ mu—

— tu —| ti5 |w-—
e N nore | , " ~
—»{ t33 ’4— —=| tg — tag | 134
C L —— \l } 1:
[
L

—

DEN _—f - \% _

t2a

Note:
1. AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms.
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K882C288 FOR 80286 MICROPROCESSORS

WAVEFORMS (Continued)

MB Characteristics with AEN/CEN = High

Tc | Ts |

S NN

J N S

FLOATING tao [
—

—| 12 |<— - 12

IF WRITE

t |-—

READY

| Ts | Tc 1 Tc ) Ts |

—| |t - 122 |-—
DTR

CLK

S0-51

MB

MwTC

DEN

READY

Note:
1. MB is an asynchronous input. MB setup and hold times specified to guarantee the response shown in the waveforms.
2. If the setup time, t35, is met two clock cycles will occur before CMD becomes active after the falling edge of MB.
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BUS CONTROLLER
FOR 80286 MICROPROCESSORS

PACKAGE DIMENSIONS

\
HaT

o E
il

.008
€512 Byl N

20-Pin DIP

ORDERING INFORMATION AND PRODUCT CODE

KS  82C288 X

SAMSUNG
SEMICONDUCTOR

Part Number |

Speed
-8.0 8.0MHz

-100  10.0MHz
125 125MHz |

L.

Units: Inches

0a2
‘ 056

e

.nazﬁ )‘ "I [ \»l\
0097 ~ J00
0103 70 .

20-Pin PLCC

Packaging

| P — Plastic DIP

L — Plastic Leaded Chip Carrier
(PLCC)

Temperature

C — Commercial (0°C to +70°C)
| — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code..When ordering, piease refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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BUS ARBITER

FEATURES/BENEFITS

o Supports serial, parallel, and rotating priority
resolving schemes

e Three modes of bus release operation

e Supports multi-master system bus arbitration
protocol

o Compatible with IEEE 796 (MULTIBUS™) Standard
e Available in 20-pin plastic DIP

8, 10, 12.5 MHz versions
Low power CMOS

Figure 1. KS82C289 Block Diagram

DESCRIPTION

The Samsung KS82C289 20-pin CMOS Bus Arbiter
signals to request, possess, and release the system bus.
External logic determines which bus cycle requires the
system bus and sets the priority of requests for control of
the system bus.

The KS82C289 has processor-interface and Multibus
state machines which support bus request and bus
release logic.

The KS82C289 Bus Arbiter requires a Bus Controller,
Clock Generator, and processor (bus master) to interface
to the Multi-master System Bus.

oK 16 oK
ALWAYS/CBGLCK 15 .
SYSB/RESB 3 BUS REQUEST T
AND
RESET RELEASE
REN 13 LOGIC

S0/HOLD
1 —

18 X
19 PROCESSOR

>

6 —| INTERFACE

WIO —t—»11 W sTate

CLK ——m117 MACHINE
-

READY — 2

7 BAEG
9 BPRN
MULTIBUS » BPRC
INTERFACE
\TE 5

STA
MACHINE e

Figure 2a: 20-pin PLCC Configuration

[1'S0/HOLD

[ cLk

[ {oCcK

[l ALWAYS/CBOLCK
[1iiock

MULTIBUS is a trademark of Intel, Corp.

Figure 2b: 20-pin DIP Configuration

15 [ ALWAYS/CBALCK
AL]
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"
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Table 1. KS82C289 Pin Allocations in a 20-pin Plastic DIP

BUS ARBITER

Note on Conventions: A bar over the signalname is used to denote an active low signal (SO)A Active high signals are shown with no bar (HOLD).

Pin Signal Pin Signal :
No. Abbrev. Signal Name No. Abbrev. Signal Name

1 M/10 Memory or I/0 Select 11 | BUSY Busy

2 | READY Ready 12 | CBRQ Common Bus Request
3 | SYSB/RESB | System Bus/Resident Bus 13 | AEN Address Enable

4 | RESET Reset 14 | LLOCK Level Lock

5 | BCLK Bus Clock 15 | ALWAYS/ Always Release/Common
6 NIT Initialize CBQLCK Bus Request Clock

7 | BREQ Bus Request 16 | LOCK Lock

8 |BPRO Bus Priority Out 7| CiK System Clock

9 BPRN Bus Priority In 18 S0/HOLD Status Input S0/Hold
10 Vss Ground 19 | St Status Input S1

20 | Vee vce
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KS82C289 BUS ARBITER

Table 2. KS82C289 Signal Descriptions
Note: | indicates that the signal is an input to the KS82C289 chip. O indicates that the signal is an output from the KS82C289 chip.

Symbol Type Description
CLK | System Clock: Receives the CLK signal from the clock generator as a timing reference.
The processor interface state machine (see Figure 1) is synchronous to the falling edge |
of CLK.
S0/HOLD | Status Input SO or Hold: Becomes active if SO is received from the processor or HOLD is

received from the bus master.
HOLD is selected if the SO/HOLD pin is high at the falling edge of the processor RESET.
S0 is selected if SO/HOLD pin is low at the falling edge of the processor reset.

S1, M/IO I Status Input 1, Memory or Input/Output Select: SO0, S1, and M/IO are the status input
signals from the processor. These inputs are decoded, along with SO/HOLD, to start a
bus request or to release the bus.

If either S1 or SO is low at the falling edge of the clock, a bus cycle is started.
Bus Cycle Status Encoding

M/10 SO | SO0/HOLD Type of Bus Cycle

0 0 0 Interrupt acknowledge
0 1 1/0 Read
0 1 0 1/O Write
0 1 1 None; bus idle
1 0 0 Halt or shutdown
1 0 1 Memory read
1 1 0 Memory write
1 1 1 None; bus idle
SYSB/RESB | System Bus/Resident Bus: Decides when the muiti-master system bus is needed for the

current bus cycle.

If SYSB/RESB is high at the end of the T bus state, the arbiter will request or retain the
multi-master system bus.

SYSB/RESB is sampled at every falling edge of the CLK which starts at the end of the Tg
bus state until the bus cycle is finished by the READY signal or SYSB/RESB becomes
high (inactive).

READY ] Ready: Indicates the end of the bus cycle if READY is low (active). The processor does
not require the READY signal to end the bus cycle.

LOCK | Lock: If LOCK is active (iow), the arbiter is prevented from releasing the multi-master
system bus to any other arbiters having higher priority. LOCK is sampled at the end of
every bus state.
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Table 2. KS82C289 Signal Descriptions (Continued)

Symbol

Type

Description

ALWAYS

Always Release: Must be programmed during the falling edge of the processor reset by
setting this pin low. Arbiter will release the multi-master system bus after each bus
transfer cycle. Arbiter will be in the Always Release mode until reprogrammed.

CBQLCK

Common Bus Request Lock: Is programmed if this pin is set high during the falling edge
of the processor reset. CBQLCK is active on and prevents the arbiter from releasing the
multi-master system bus to any other arbiters.

INIT

Initialize: If INIT islow (active), all the arbiters on the multi-master system bus are reset.
Releases the multi-master system bus but, pending a bus request, it cannot be cleared.
Hence, arbiters can regain the multi-master system bus immediately, if necessary. INIT is
not synchronous to CLK.

Note: LLOCK (Level Lock) is not affected by this signal.

RESET

Reset: If RESET is high (active), BREQ, BUSY, and AEN are cleared and become
inactive. RESET will also stop any current bus cycle without waiting for it to end. The bus
cycle terminated by RESET will not be completed when RESET becomes inactive.

BCLK

Bus Clock: BCLK is the multi-master system bus clock. All of the multi-master bus
interface signals are synchronized to BCLK. BCLK may not be synchronousto CLK. The
multi-master system bus interface state machine (see Figure 1) is asynchronous to the
falling edge of BCLK.

BREQ

Bus Request: The arbiter keeps the BREQ low (active) until it releases the multi-master
system bus. BREQ is essential in the rotating and parallel priority resolving technique.

BPRN

Bus Priority In: When low (active), this arbiter has the highest priority. When high,
another arbiter with higher priority is requesting the multi-master system bus.

CBRQ

/0

Common Bus Request: An open-drain input/output which requires an external pull-up
resistor.

As an input: Another arbiter is requesting the multi-master system bus. It is enabled by
the CBRQ.

As an output: This arbiter is requesting the muiti-master system bus. When BREQ (Bus
Request) is issued, the CBRQ is pulled low. When the arbiter gains the multi-master
system bus, the CBRQ is released.

BPRO

Bus Priority Out: BPRO low (active) is used for the serial priority technique. BPRO is
connected to the BPRN (Bus Priority In) of the immediately lower priority to decide the
status of the priority for that arbiter.

LLOCK

Level Lock: LLOCK cannotbe cleared by the INIT, but can be cleared by RESET. When
buffered with a tri-state buffer enabled by the AEN (Address Enable), LLOCK can be
used as a multi-master system bus lock. LLOCK is active low and it is decoded from the
processor LOCK.
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Table 2. KS82C289 Signal Descriptions (Continued)

Symbol Type Description

AEN 0] Address Enable: Connected to the clock generator, bus controller, and the processor’s
address latches.
When low (active), can be used as Hold ACK (Hold Acknowledge) to a bus master. When
high, indicates to the bus master that the arbiter has released the system bus.
‘AEN becomes active relative to BCLK (Bus Clock).
'AEN becomes inactive relative to CLK (System Clock).

BUSY I/0 | Busy: An open-drain input/output which requires an external pull-up resistor.
As an input: Low (active) indicates that the multi-master system bus is in use.
As an output: When high, indicates that this arbiter has taken control of the multi-master
system bus.

Vss — Ground.

Voo — +5 volts supply voltage.

OPERATIONAL DESCRIPTION

Arbitration Between Bus Masters

The KSR2(C283 Bus Arbiter is a priority controlling
device which allows the multi-master system bus to be
used for multi-processing. Both higher and lower priority
bus masters are aliowed to gain the system bus, de-
pending on the release mode. Ordinarily, the higher
priority master acquires the system bus immediately
after any lower priority master finishes its present cycle.
Therefore, at the end of each transfer cycle, the Arbiter
can keep the system bus or release it depending on the
bus arbitration inputs, arbiter strapping options, and the
processor state.

Releasing the Multi-Master System Bus

The Bus Arbiter can retain or release control of the
multi-master system bus following every transfer cycle.
There are three modes in which the Arbiter can release
the multi-master system bus.

These three modes cannot release the multi-master
system bus if the cycles are LOCKed.

Mode 1
Always Release Mode

—{ Acquire Transfer H Acquire—%% Transfer }——

Figure 3. Always Release Mode

Releases the multi-master system bus at the end of each
transfer cycle. Mode 1 must be programmed at the
falling edge of the processor RESET.

Mode 2

Releases the multi-master system bus if either condition,
below, is met:

a) a lower priority bus master demands the bus by
puliing CBRQ low.

b) BPRN = 1, which indicates that the higher priority bus
master is asking for the multi-master system bus.

Mode 3
Mode 3 is the same as Mode 2, only CBRQ has no effect.

Gaining Control of the Multi-Master System Bus

The CBRQ signal indicates whether or not another
Arbiter wishes to gain control of the multi-master system
bus. To perform this function, CBRQ must be connected
to all other Arbiter CBRQ pins. Therefore, if any Bus
Arbiter activates the CBRQ pin, it will pull down the
CBRAQ line to low.

Besides the CBRQ line, only the BPRN indicates if other,
higher-priority, masters are requesting the bus.

A lower priority master can gain the bus in between the
bus master's transfer cycles if the bus master has
terminated its use of the bus. Then the bus must gain
BCLK again at the beginning of the next transfer cycle.
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This requires two BCLK periods if no other master
demands the bus. This step of giving up and getting back
the bus is wasteful and unnecessary. To bypass this
problem CBRQ is useful. The Bus Arbiter does not need
to release the bus if the CBRQ is not asserted. This
alleviates the inefficient delay of getting back the multi-
master system bus.

Bus States
The Bus Arbiter has three processor bus states:

a) Ty (Idie)
b) Ts (Status)
c) Tc (Command)

Each bus cycle is two CLK cycles long.

Figure 5. 80286 Bus Cycle Definition (without wait states)

Figure 4. Bus States and the READY Signal

NEW CYCLE

READY
L

NEW CYCLE NEW CYCLE

ALWAYS Vs
READY -
L
NEW CYCLE

Internal CPU processor clock phases correspond to the
bus state phases.

PHASE 1

Vee

SAMPLE
READY

e ANV NNV NNV NNV VNNV ANN AN

< .

Bus Cycles

The S1 and SO status inputs are sampled only at the
falling edge of the CLK. S1 and S0 indicate the start of
the bus cycle by going active (low).

The arbiter enters the Tg state if either the S1 or SO is
active (low) during the two CLK cycles.

The arbiter enters the T¢ state after Tg is exited.

The shortest bus cycle is one Tgand one T¢. The longest
bus cycle is one Tg followed by multiple T states. A
repeated T¢ bus state is referred to as a wait state.

The READY input determines whether the current Tg is
to be repeated. It is sampled at the end of every T¢ state if
it is high. If it is high (1), then the T is repeated. When
READY is sampled low, the current bus cycle is aborted.

If the ST and SO status lines are low at the next falling
edge of the CLK, then the Bus Arbiter enters the Tg state
immediately after the current bus cycle is aborted.

If none of the status lines are saripled active (low) at the
next falling edge of the CLK, then the Bus Arbiter enters
the T, state. T, is repeated until the status lines are
sampled active (low).
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Bus Masters

MULTIBUS protocols allow multiple processing elements
to share access to common system resources. When a
common system resource such as the system bus is
“BUSY”, local processors must wait for access.

The Bus Arbiter sets priorities and schedules access to
the multi-master system bus. The bus arbiter supplies
access to the system bus depending upon the release
mode and the higher or lower priority of each bus master.

When the bus arbiter is used, higher priority bus masters
access the system bus before lower priority bus masters
or when the current lower priority bus master completes
its transfer cycle. Lower priority bus masters access the
system bus when there are no higher priority bus
masters or when the proper surrender conditions exist.

The bus arbiter arranges scheduling and access trans-
parently to the bus master.

The bus arbiter retains or releases the system bus at the
end of each transfer cycle. The processor state, bus
arbitration inputs, and arbiter strapping options are the
factors used by the bus arbiter to determine release
status. Refer to section “Release Modes” for more
specific information.

Figure 6. Bus Exchange Timing for the MULTIBUS®

Establishing Priority

The Bus Arbiter establishes the priority level of the bus
masters that are competing for access to a multi-master
bus. To do this, the bus arbiter uses parallel, serial, and
rotating techniques. Each of these techniques assumes
that at any point in time, one bus master has priority over
all other bus masters.

The highest priority arbiter is the arbiter with a BPRN
input (low). The arbiter with the highest priority cannot
access the system bus until the system bus is released
from its current transaction.

When the system bus completes its current transaction,
the present bus owner releases BUSY. BUSY is an
active-low ‘Wired-OR’ MULTIBUS signal which indicates
that the systembus is inactive. This signal is sent to every
bus arbiter in the system.

When the arbiter with the highest priority (BPRN low)
receives the BUSY signal, it seizes the system bus by
pulling BUSY (low). Figure 6 is a graphic representation
of the Bus Exchange Timing.

BPRN

ASNN

4
BUSY 3 y \ Q

BUS EXCHANGE TIMING

A multi-master bus request is initiated when two condi-
tions occur. 1) aprocessor signals the status for memory
read, memory write, I/0 read, I/0O write, or interrupt
acknowledge. 2) anSYSB/RESB (high) attheend of Tg.

An interrupt acknowledge cycle does not always require
the MULTIBUS each time the status input indicates. To
determine when to request the MULTIBUS, the arbiter
uses external logic, through the SYSB/RESB input.

When the arbiter samples SYSB/RESB, and it is (high),
the MULTIBUS is requested. When the arbiter samples
SYSB/RESB and it is not (high), the arbiter continues to

sample SYSB/RESB until either SYSB/RESB is (high) or
the bus cycle is terminated. The arbiter does not request
the MULTIBUS if the bus cycle is completed before
SYSB/RESB returns (high). Figure 7 is an example of an
SYSB/RESB sampled repeatedly.

The bus arbiter generates and uses only one BREQ from
the time it requests the system bus through the entire
time it has access to the system bus. The bus arbiter
does not generate a separate BREQ for each bus cycle.
All multi-master system bus requests using BREQ are
synchronized to the system bus clock, BCLK.
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Parallel Priority Technique This technique establishes a fixed position of priority.
The highest priority bus arbiter has its BPRN tied (low),
ensuring that it always receives highest priority when it
requests the system bus. Figure 10 illustrates serial
priority bus behavior.

In order to use the parallel technique for determining
bus master priority, each bus arbiter on the multi-master
system bus must have its own bus request line (BREQ).
Figure 8 is a representation of the parallel technique.

A lower priority arbiter receives temporary higher priority
status from the fixed higher priority arbiter. When the
arbiter with the higher priority is not accessing or
requesting the system bus, it asserts its BPRO signal
(low). This asserts the BPRN signal of the fixed lower
priority arbiter, allowing it to have the highest priority,
temporarily.

Each BREQ line is fed into a priority encoder. The
encoder generates the binary address of the active BREQ
line with the highest priority. Then a decoder uses the
binary address to identify the BPRN line corresponding
to the requesting bus arbiter with the highest priority.
The BPRO output is not used with the parallel priority
resolving technique.

When its BPRO goes inactive, a fixed higher priority
arbiter retrieves its priority status from a fixed lower
priority arbiter. The BPRO of an arbiter becomes inactive
when it either requests access to the system bus or when
The only limiting factor, for the number of bus masters its BPRN goes inactive because the BPRO from the next
that can be handled by the parallel technigue, is the higher arbiter goes inactive. This allows for a trickle
«external circuitry. The external circuitry must be able to down effect from fixed higher priority arbiters down to
resolve the bus priorities within one BCLK period. the fixed lowest priority arbiter.
Otherwise the parallel priority resolving technique can
be used for any number of bus masters.

When anarbiter receives the highest priority, BPRN (low)
and the system bus is released, the arbiter’s associated
bus master is allowed onto the multi-master system.

BREQ output is not used for the serial technique.

The number of bus arbiters connected in serial for
Serial Priority Technique priority resolution is limited by propagation delay bet-
ween BPRN and BPRO, 18ns, because priority must be
established within one BCLK period. Therefore the
maximum number of bus arbiters equals BCLK period
divided by BPRN to BPRO delay.

The serial priority technique does not require external
circuitry. The arbiters are connected in a daisy chain
fashion. The highest priority arbiter has its BPRO output
connected to the BPRN input of the next lower priority
arbiter. That next lower arbiter has its BPRO output BCLK period
connected to the BPRN input of the next lower priority number of bus arbiters =
arbiter after itself, etc. Figure 9 is a representation of

serial technique connection.

BPRN to BPRO delay

Figure 7. Bus Request Timing During an Interrupt Acknowledge Cycle
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Figure 8. Parallel Priority Resolving Technique
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Figure 9. Connections for Scrial Priority Resoiving Technique
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Figure 10. Serial Priority Bus Behavior
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Note: Events A through F described above.

Rotating Priority Technique

The rotating priority technique requires external circuitry,
similar to the parallel priority technique. The rotating
technique assigns and re-assigns priority to the arbiters
dynamically.

The priority encoder used in the rotating technique is a
more complex circuit than the one used in the parallel
technique. The circuit rotates priority between requesting
arbiters. This provides each arbiter with an equal chance
to use the multi-master. system bus over a specified
amount of time.

Choosing a Priority Technique

Each priority technique, parallel, serial, and rotating
provides a trade-off between using complex external
circuitry and allowing equal access to the system bus by
each bus master.

The parallel priority technigue does not require extensive
external logic circuits, does allow for re-assignment of
priority status for each bus master, and can accommodate
a relatively large number of bus masters.

The serial priority technique does not require any
external logic circuits but has fixed priority settings
assigned to each bus master and can accommodate a
limited number of bus masters.

The rotating priority technique does requires more
complicated external logic circuits but does provide
equal access between each of the bus masters and the
system bus.

’ A

THE LOCAL
80286 REQUESTS
THE MULTIBUS

THE LOCAL
80286 NO LONGER
NEEDS THE MULTIBUS

Releasing the MULTIBUS

The bus arbiter can either release or retain control of the
system bus after the completion of a data transfer cycle
on the MULTIBUS. Whether the bus arbiter releases
control of the system bus depends upon the release
mode selected and the priority settings in effect for the
release mode selected.

There are three release modes. Table 3 describes the
release modes and the mode settings which enable
release of the system bus.

Table 3. Release Modes

Release Acceptable Release
Mode Conditions
Mode 1 The bus arbiter always releases the bus
at the end of the transfer cycle.
Mode 2 The bus arbiter retains the system bus
until:
o ahigher-priority bus master requests
the system bus. This drives the BPRN
(high)
e a lower priority bus master requests
the system by pulling CBRQ (low)
Mode 3 The bus arbiter retains the system bus

until:

e a higher priority bus master requests
the system bus. This drives the BPRN
(high)

¢ CBRQ (low) is ignored

Note: If the cycles are LOCKed, the bus arbiter

does not release the system bus, even if
the mode release conditions are met.
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The arbiter will surrender the MULTIBUS after each
complete transfer cycle if the “Always Release” mode 1 is
programmed.

If the “Always Release” mode 1 is not programmed, the
arbiter will not surrender the MULTIBUS until one of the
following occur:

e the processor enters a halt state

e the arbiter is forced off because the BPRN becomes
(high) and mode 2 or mode 3 is programmed into the
arbiter

e the arbiter is forced off because a common bus
request CBRQ input is enabled and mode 2 is
programmed into the arbiter

CBRQ reduces bus exchanges. The present bus master
retains the sytem bus as long as CBRQ is (high). CBRQ
remains (high) until another master requests the system
bus.

BPRN indicates if a bus master of higher priority is
requesting the system bus. It does not indicate if a bus
master of lower priority is requesting the system bus.

In order to allow lower priority bus masters access to the
svstem bus, bus masters must release the system bus at
the end of each transfer cycle and re-establish priority to
access the system bus again and wait for a current
transfer cycle opening. This release, re-establishing
priority and re-accessing can take approximately two
BCLK periods.

CBRQ eliminates unnecessary releasing of a bus master
from the system bus. When a bus master requires the

Figure 11. Effects of Bus Release Mode on Bus Efficiency

~system bus it must assert CBRQ (low). If CBRQ remains

(high), the current bus master does not have to release
the system bus at the end of each transfer cycle.

LOCK overrides any of the release mode options. As
long as LOCK is asserted, the arbiter will not release
control of the MULTIBUS to any other requesting bus
master.

INIT or RESET signals cause the arbiter to surrender the
MULTIBUS. The release mode and arbiter input status
are ignored.

The three bus release modes operate the same irregard-
less of the type of microprocessor used.

Choosing a Release Mode

The release mode affects subsystem bus utilization and
the system as a whole. The acquire and release times
specified for each of the release modes impacts the
system bus efficiency. Figure 11 illustrates the differences
caused the release and acquisition times for each
release mode.

Mode 1 requires a request and release phase for every
transfer cycle. This allows lower priority bus masters to
access the system bus, but it reduces the overall bus
efficiency.

Modes 2 and 3 let the bus master retain the system bus
for multiple transfer cycles. A bus master releases the
system bus when it is forced off by another bus master’s
request.

Each release mode allows the designer to optimize the
system use of the MULTIBUS.

ACQUIRE TRANSFER RELEASE
MODE 1 X TIME X7CVCLE X TIME K

MODE 2 %OUIREXTRANSFER x RELEASE *ACQUIREX TRANSFER XRELEASE ACOUIREXTRANSFERXRELEASE ACOUIREX:

MODE 3 x ACQUIRE x TRANSFER X TRANSFE%TRANsFERXTRANSFERX X x
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Configuring Release

The bus arbiter does not require any additional hardware
to configure in any ofthe three release modes. In addition,
the processor can be configured to switch between
mode 2 and mode 3 by software control. This requires

Figure 12. 82289 Release Mode Configurations

82289

RESET «~—————#1 RESET

_[__ ALWAYS/CBQLCK

MODE 1

82289

RESET —E RESET
ALWAYS/CBQLCK
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that a parallel port or addressable latch is used to drive
the ALWAYS/CBQLCK input pin of the processor. Figure
12 illustrates the three release mode configurations.

82289

Vcc——} ALWAYS/CBQLCK

MODE 2

82289

RESET: RESET

ALWAYS/CBQLCK

MODE 3

ENABLE —»|

PARALLEL
DATA /0 OR
ADDRESSABLE

—10°

[+
VAN

—-—°< |-— MULTIBUS BCLK

SELECTABLE BETWEEN MODES 2 AND 3

LOCK and LLOCK

The three modes of releasing the muiti-master system
bus can be nulled by the LOCK input. But, LOCK will not
surrender control of the multi-master system bus to any
other Arbiter. The Bus Arbiter will surrender the muiti-
master system bus if RESET or INIT becomes -active.
RESET and INIT are independent of the states of the
Arbiter inputs or the current release mode.

The LOCK signal can be asserted to the bus arbiter
synchronous with the CLK and independent of the three
release modes to prevent the release of the multi-master
system bus to other bus masters regardless of their order
of priority.

The LLOCK output signal can be asserted at all the bus
cycles thatare LOCKed. LLOCK is 1if LOCKis 1,and 0 if
LOCK is0. Once LLOCK is active, it will wait until the end
of the current transfer cycle before becoming inactive.

* WHEN HIGH THE 82289 IS IN MODE 2;
WHEN LOW THE 82289 IS IN MODE 3.

RESET and Initialization (INIT)

INIT (active low) is an asynchronous signal from the
multi-master system bus. BREQ, BUSY, and AEN are
cleared and become inactive when INIT is active (low).
The Bus Arbiter will not clear any pending bus request
from other bus masters while INIT is active. INIT can
interrupt an active bus cycle, but, it will not prevent the
Arbiter from requesting the multi-master system bus
when it becomes inactive and completing the bus cycle.

RESET (active high) is synchronous to the CLK and can
be synchronous to the processor. BREQ, BUSY, and
AEN are cleared and become inactive when RESET is
asserted. Also, RESET will clear the LLOCK signal and
clear any pending bus request, unlike the INIT signal.
RESET will stop any current bus cycle without waiting
for the cycle to end. And, the bus cycle terminated by
RESET will not be completed after the RESET becomes
inactive.
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KS82C289 BUS ARBITER

DC ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Storage Temperature ............... -65°C to +150°C Note: Operation at absolute maximum ratings may cause permanent
Ambient Temperature Under Bias ...... 0°C to 70°C damage to the device.
Case Temperature ........................ 0°C to 85°C

Table 4. DC Electrical Characteristics

Symbol Parameter Condition Min | Max | Units
ViL Input Low Voltage 08 v
ViH Input High Voltage 20 \
Vite CLK Input Low Voltage 0.6 \
Vihe CLK Input High Voltage 3.0 Vce \
VoL Output Low Voltage:

BUSY, CBRQ, BPRO loL = 32 mA 0.45 \'

BPRO, BREQ, AEN loL = 16 mA 0.45 v

LLOCK loL =5 mA 0.45 v

VoH Output High Voltage lon = 400 uA 24 Vv
I Input Leakage Current Vss < Vin < Ve i +1 LA
'S Outnut L eakage Current Vgur = Vee 0r Voo +10 juA
lcet Quiescent Current CLK, VN - Ve or Vss +10 HA
lcc2 Supply Current +80 mA
CeLk CLK, BCLK Input Capacitance FC =1 MHz 12 pF
CiNn input Capacitance FC =1 MHz 10 pF
Co Input/Output Capacitance FC =1 MHz 20 pF

AC SWITCHING CHARACTERISTICS

Table 5. KS82C289 AC Switching Characteristics

No. Parameter Test 8.0 MHz 10.0 MHz 12,5 MHz Units
Conditions| Min Max Min Max Min Max
01 |CLK Cycle Period 60 |BCLK+50] 50 |BCLK+50| 40 |BCLK+50| ns
02 {CLK Low Time at 1.0v 15 230 15 230 10 ns
03 |CLK High Time at 3.6V 20 235 15 230 12 ns
04 |CLK Rise/Fall Time 1 to 3.6V 10 10 9 ns
05 [BCLK Cycle Time 100 100 100 ® ns
06 |BCLK High/Low Time 30 25 20 ns

& SAMSUNG |
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K382C289 _ BUS ARBITER

Table 5. KS82C289 AC Switching Characteristics (Continued)

No. Parametor Test 8.0 MHz 10.0 MHz 12.5 MHz Units
Conditions | Min Max Min Max Min Max
07 {SO/HOLD, §1, M/ Setup Time 22 15 13 ns
08 |S0/HOLD, 57, M/IO Hold Time 1 1 1 ns
09 | READY Setup Time 38 30 24 ns
10 |READY Hold Time 25 20 16 ns
11 |LOCK, SYSB/RESB Setup Time 20 15 12 ns
12 |LOCK, SYSB/RESB Hold Time 1 1 1 ns
13 |RESET Setup Time 20 15 12 ns
14 |RESET Hold Time 1 1 1 ns
15 |RESET Active Pulse Width 16 16 16 CLKs
16 {INIT Setup Time Note 2 45 45 45 ns
17 [INIT Hold Time Note 2 1 1 1 ns
18 |INIT Active Pulse Width 3ty + (tsa) 3t) +(t) 3(t) + (ts) ns
BUSY, BPRN, CBRQ,
19 |CBQCLK/ALWAYS Hold Time to 20 18 15 ns
BCLK or (RESET)
BUSY, BPRN, CBRQ,
20 [CBQCLK/ALWAYS Hold Time to 1 1 1 ns
BCLK or (RESET)
21 |BCLK to BREQ Delay C=60 pF 30 30 25 ns
22 |BCLK to BPRO Delay C=60 pF 35 35 28 ns
23 [BPRN to BPRO Delay C=60 pF 25 25 20 ns
24 |BCLK to BUSY Active Delay C=300pF| 1 60 1 60 ° 1 50 ns
25 |BCLK to BUSY Float Delay Note 1 35 35 28 ns
26 |BCLK to CBRQ Active Delay  [C =300 pF 55 55 45 ns
27 |BCLK to CBRQ Float Delay Note 1 35 35 28 ns
28 |BCLK to AEN Active Delay C=150 pF 1 25 25 1 20 ns
29 |CLK to AEN Inactive Delay C=150pF| 3 25 25 3 20 ns
30 |CLK to LLOCK Delay C=50 pF 20 20 16 ns
31 |RESET to LLOCK Delay Note 2 35 35 28 ns
32 |CLK to BCLK Setup Time Note 3 38 38 35 ns

Ta = 0°C to 70°C
Tease = 0°C to 85°C
Voo = 5V = 5%

Notes: AC timing is referenced to 0.8V and 2.0V points.

1. When Ig <o, float condition occurs.

2. CLK and BCLK are asynchronous to each other in actual use. But, this specification is required for component testing.
3. INIT is asynchronous to CLK and to BCLK during actual use. But, this specification is required for component testing.
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BUS ARBITER

Figure 13. AC Drive and Measurement Points CLK Input

4.0v
(2.4v) 2,6V

CLK INPUT
(BCLK INPUT)

(0.45V)

Figure 14. AC Setup, Hold and Delay Time Measurement
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Figure 15. AC Test Loading on Outputs

I DEVICE OUTPUT
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WAVEFORMS

The following waveforms, Figures 16 through 24, contain
examples of general cases of the timing relationships of
the inputs and the outputs. These figures do not
represent all the possible input and output transitions of
all signals in all modes.

Refer to the identified special cases or a timing specifi-
cation for the same or related function in another mode
for examples of specific transitions.

The bus arbiter serves as an interface between the iAPX
subsystem and MULTIBUS. The iAPX 286 subsystem
operates synchronously to the CLK signal. The
MULTIBUS operates synchronous to the BCLK signal.

CLK and BCLK operate asynchronously to each other
and at different frequencies. The relative phase and
frequency of CLK and BCLK at the time the input is
sensed effects the exact clock period where a synchro-

nous input to one clock will cause a synchronous
response in the other clock.

The CLK period cannot be too long, relative to the BCLK
period, ty greater than t5 + 50ns, in order to maintain
proper MULTIBUS arbitration. If the CLK period is too
long relative to the BCLK period, another arbiter could
gain control of the system bus before the current arbiter
releases AEN synchronous to its CLK.

The AEN release is synchronous to the fall of the CLK
edge after the processor cycle ends. The BREQ and
BUSY releases are synchronous to the fall of the BCLK
after the processor cycle ends.

However, all 286 speed selections are MULTIBUS com-
patible because any CLK frequency greater than
6.66 MHz, processor speeds greater than 3.33 MHz,
avoids conflict with 10 MHz BCLKs.
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Figure 16. MULTIBUS® Acquisition and Always-Release Operation
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Figure 18. MULTIBUS® Release due to CBRQ Active
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Figure 20. BPRN to BPRO Timing Relationship
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Figure 21. 80286 LOCK and 82289 LLOCK Relationship
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Figure 23. INIT Active Pulse
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Figure 24. Programming the Always-Release/Common-Bus-Request-Release Option
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KS82C289

PACKAGE DIMENSIONS

20-pin DIP
020
Q%0 L 1.038 ol
060 | 7658 I
150 (8 \
170
15
L%
040 Full 200
060 022 TP

S
o
sfe
Sl

c o e 220,
12 TS 310

ORDERING INFORMATION AND PRODUCT CODE

KS 82C289

SAMSUNG
SEMICONDUCTOR

Part Number l—

Units: Inches

0097 S
0103 A70 ‘
1
Packaging

P — Plastic DIP
L — Plastic Leaded Chip Carrier
(PLCC)

Temperature
C — Commercial (0°C to +70°C)

Speed
-8.0 8.0MHz
-10.0 10.0MHz

-12.5 12.5MHz ‘

I — Industrial (-40°C to +85°C)

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.

 SAMSUNG
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K8820411 : PARALLEL /O INTERFACE

FEATURES GENERAL DESCRIPTION

¢ Fully IBM PC parallel port compatible KS82C411 Parallel /O Interface is a 40 pin DIP cus-
° tom LS| which provides parallel port interface between
IBM PC and printer with minimum external compo-
¢ Bidirectional 1/O port nents. It can be used to communicate with an indus-
« H/W or SIW controliable /0 try standard parallel printer such as IBM parallel printer

or Centronics compatible one.
¢ User controllable interrupt request

e Completely TTL compatible I/0

It contains all parts of IBM printer adapter without I/O
¢ Minimum components required device select logic, and performs the same function

¢ On-chip 20 MHz osciilator as that.

" The outputs of KS82C411 fabricated by high speed
* High speed CMOS procass . CMOS process, are TTL compatible which can source
¢ 40 Pin DIP 4mA and can sink 12mA each.

The KS82C411 also can be used to design
monochrome display interface or RS-232C interface
board with its on chip-oscillator. The on-chip oscilla-
tor and it’s divided by 10 output can offer the baud rate
clock of the RS-232C interface or the dot clock of the
monochrome display interface.

PIN DIAGRAM BLOCK DIAGRAM
) INTERNAL DATA BUS
] x1—1 oso = DATA MODE
x1—1 o 21— Vop X2~ Q_ OUTPUT Y PRE:N
X212 221—A1 DCLK —f—— BUF.
0SC——3 23}——A0 osc
DCLK 4 24 |—PDO DATA
RESET—-{5 25 |—~pD1 \ INPUT
IOW—16 26— D(0-7 DATA |/ BUF.
1OR —1{7 27— PD3 ( ’C BUF. v v STROBE
DIR-—{8 28— PD4 DIR - L_,\pONTRO ATO
D0~—-9 29[~ PD5 i ) gSTNP%LT —\BUF ATO
D1~—110 30 —PD6 A0 B
2 ~—]11 31|—PD7 A1 READ  IW.D BUE. SLCTIN
p3 —{12 32|—ERROR CE WRITE |R.D| CONTROU
D4 —{13 33{-—SLCT oW NTROL] ‘é"g ISIGNAL K,
D5~-]14 34—PE TOR LoGIC f=:3 INPUT
oy —ia 36 F—BUsY | T - S
IRQ—] 167; % | STROBE RESET SIGNAL ~§E2$ A
CE—)18 381—AUTO (—{inpUT UFR—{—PE
MODE—{19 39—INIT BUF. BUSY
Vss—120 40—SLCTIN = ACK
IRQ
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KS82C411

PARALLEL 1/0 INTERFACE

PIN DESCRIPTION
I:input O : output B : bidirection S : source

Pin No. | Symbol Name Type Pin Function

1 X1 Crystal in | X1, X2 are the pins to which a crystal (whose frequency

2 X2 Crystal out (o) is between 1.5 MHz and 20 MHz) is attached.

3 CLK Clock out 0 Oscillator out.

4 DCLK Divided CLK o Clock output whose frequency is one tenth that of CLK.

5 RESET Reset in | Active high clears date and control registers.

6 oW 110 write | Active low enables the CPU to write data or control words
to the chip.

7 iOR 110 read | Active low enables the chip to send data, control words
or pinter status to the CPU.

8 DIR Direction O | Itis active high only when CE and 10R are activated. It in-
dicates the direction of data transfer between CPU and

KS82C411. When activated, the chip sends data, control

words or printer status to the CPU.

9-16 Do-7 Data 110 The bidirectional 8-bit data bus is connected to the sys-
tem data bus. The CPU transmits or receives data/control
words through the data bus. The CPU also receives sta-
tus from printer.

17 IRQ Interrupt request (o} It is an interrupt request output pin, which is the inverted
ACK signal only when it is internally enabled. It is enabled
by writing D4 = 1 in the printr control register. When RESET
is activated it is disabled remaining high impedance.

18 CE Chip enable 1 When CE =0, it enables the data transfers between CPU
and the chip.

19 MODE Mode select | MODE = 1: The chip is in read only mode the parallel /0

port.

MODE =0: If b5 of Control Word Register (CWR) is ‘1’, CPU
can read external data from parallel port. If b5 of CWR
is ‘0’, CPU can read back the parallel port which was last
written to it.

20 Vss Ground Ground pin

21 SLCTIN Select in o Active low allows data entry into the printer.

22 INIT Initiate 'O | Active low clears the printer buffer.

23 AUTO Auto feed (o} When it is low, the printer is feed automatically one line
after printing.

24 STROBE | Data strobe (o] Active low writes data into the printer.

25 BUSY Busy state 1 A high indicates that the printer can not receive data dur-
ing either case:

* In data entry

* |n printer error status

¢ Under printing

¢ Under processing of paper feed

¢ In off-line status

26 ACK Acknowledge | A low indicates that data bus has been received and that
the printer is ready to accept other data. The CPU can read
this status in D6 by the “Read Status” command.
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K382041 1 PARALLEL /O INTERFACE

PIN DESCRIPTION (Continued)

I:input O :output B : bidirection S : source

Pin No. | Symbol Name Type Pin Function

27 PE Paper end | It is a output pin from the printer. A high indicates that the
printer is out of paper. The CPU can read this status in D5
by the “Read Status” command.

28 SLCT Printer | It is always high unless the selected printer power is down.
The CPU can read this status in D4 by the “Read Status”
command.

29 ERROR Error status I | Itis aoutput pin from the printer. Active low indicates the

printer is in either status.

* Paper end status

e Off-line status

e Other abnormall motor operation

The CPU can read this status in D3 by the “Read Status”
command.

30-37 PD7-0 Printer data bus 110 Printer data port. This port is cleard by RESET. These out-
put pins send out the dat to the printer by the CPU “Write
Data” command. They are compatible with the TTL logic
Level. The CPU con also “Read back” these data which
the CPU last wrote by the “Read Data” command.

38-39 AOQ,A1 Address A0 | These two address lines are used to decode the five com-
Address A1 mand registers with IOR, IOW, CE.
40 Voo Power supply +5 Volt power supply.

FUNCTION DESCRIPTION

The printer deiver responds to five /O instructions: two outputs and three inputs. The output instructions transfer
data into 2 latches, one is the dat latch, the other is the printer control signal latch. The two of three input instruc-
tions allow the processor to read or read-back the contents of the above two latches. The last one allows the processor
to read the real time status of a printer.

A description of each instruction follows:

(1) Write data to the printer port. .

During write operation, the data on the system data bus are latched in at the rising edge of IOW, and is put
on the printer data bus (PDO-PD7).

The write operation when the MODE pin is high, is discarded. The write operation when the MODE pin is low
and internal RDEN is high (read external data mode), will reset the RDEN to the low level, and outputs the data
through the PD(0-7) pins.

The printer data latch is cleared by RESET.

(2) Read data on the printer port.
The read operation can be determined to the MODE pin and b5 of control word register.
They are as follows:

Mode b5 of CWR Function
1 X Read external data
without the state of RDEN.
1 Read external data.
0 Read back the printer port written
(The same function as IBM Printer Adapter)
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PARALLEL /O INTERFACE

FUNCTION DESCRIPTION (Continued)

(3) Write control word to the printer.
This instruction causes the latch to capture the six least significant bits of the data bus. These control sig-
nals are shown below.

Data bus

b7

b6

b5

b4

b3

b2 b1

b0

Control signal

RDEN

IRQEN

SLCTIN*

INIT AUTO*

STROBE*

Note: b3, b1, b0 data are inverted at the output pins SLCTIN, AUTO, STROBE respectively.

If b4 (IRQEN) = 1, KS82C411 will interrupt the PROCESSOR ON THE CONDITION THAT ACK pin transits

high to low.

If b5 (RDEN) = 1, printer data pins are disabled. And CPU can read external data through Printer data pins.
If bS5 = 0, Printer data pins are enabled. CPU can read back the exact values that was previously written to

the printer port.

" (4) Read control word from printer.
During read operation of the processor, the latched printer control signals is sent back to CPU data bus.
They are as follows:

Data bus

b7

b6

bs

b4

b3

b2 b1

b0

Control signal

1

1

RDEN

IRQEN

SLCTIN*

INIT AUTO*

STROBE*

Note: The unused pins (b7, b6) are fixed to “1” on system data bus.
The states of SLCTIN, AUTO, STROBE pins are inverted on system data bus.

(5) Read status from the printer
During read operation of the processor, the real time printer status signals on the pin 25-29 are transfered

to the Processor.

Data bus b7 b6 b5 b4 b3 b2 b1 b0
Status word BUSY* ACK PE SLCT ERROR 1 1 1
Note: The BUSY state is inverted on system data bus.
The unused bits (b2, b1, b0) are fixed to “1” on system data bus.
(6) Reset operation
When RESET =1, -
STROBE =1, AUTO =1, INT=0, SLCTIN =1, IRQEN =0, AND RDEN =0.
CE Al A0 OR oW Selected command
1 X X X X Not selected
0 0 0 0 1 Read data
0 0 0 1 0 Write data
0 0 1 0 1 Read status
0 0 1 1 0 Invalid
0 1 0 0 1 Read control
0 1 0 1 0 Write control
0 1 1 0 1 Invalid
0 1 1 1 0 Invalid
280
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PARALLEL 1/O INTERFACE

ELECTERICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Characteristics Symbol Ratings Unit
Supply. voltage range Voo -05t0+7.0 \

Operating temperature Tor —-40 to+85 Deg
Storage temperature Tsra —65 to—150 Deg

* Absolute Maximum Ratings are those values beyond which permanent damage to the device may occur. These
are stress ratings only and functional operation of the device at or beyond them is not implied. Long exposure
to these conditions may affect reliability.

D.C. CHARACTERISTICS (Temp =25 Deg, Voo =5V Unless otherwise specified.)

Parameter Symbol | Condition Min. Typ. Max. | Unit
Power supply Voo 4.5 5.0 55 "
Input high voltage 1 VIH1 Voo =5V +/-5% (PIN 1) 4.0 —_— — \'
Input low voltage 1 VIL1 Voo =5V +/~5% (PIN 1) — — 1.0 \
Input high voltage 2 VIH2 Vpp =5V +/—-5% (Other inputs) 2.0 — — \%
Input low voitage 2 ViL2 Vpp =5V +/~5% (Other inputs) — — 08 \
Output high voltage VOH |IOH = —4mA 35 _ _ v
(PIN 3,4,8) (DO-7, PDO0-7)
Output low voltage VOL I0L.—5mA (PIN 2,3,4,8)
IOL=8mA (PIN 21-24) - — 0.45 v
10L = 12mA (D0-7, PD0-7)
Input current 1IN VIN =0V-Vpp MAX (Except Pin 1) -15 — 15 pA
Z:Zi‘;ﬁ,ﬂ‘i?ﬁ?fn . IFL VIN = 0V-Voo MAX (IRQ, D0-7) -10 | — 10 | 4A
Static supply current IDD X:DE ; T{az \;\:::) load _ 10 20 A
Dynamic current IDD Voo =5V 20MHz osc — 20 25 mA
Note: Pin 21-24 are the open drains with internal pull-up resisters of 2.7 KQ
A.C. CHARACTERISTICS
Parameter Symbol Max. Min. Unit
Chip select setting time tws - 0 ns
Chip select holding time tWH —_ 20 ns
Write pluse width tWR — 200 ns
Data setting time on DO-7 twbDS — 70 ns
Data hold time on DO-7 tWDH — 30 ns
Data delay from IOW to PDO-7 tWDLY 70 — ns
Chip select setting time tRS _ 0 ns
Chip select holding time tRH — 20 ns
Read pluse width tRD - 200 ns
Delay time from IOR to DIR tDIR 20 — ns
281
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PARALLEL 1/0 INTERFACE

ELECTERICAL CHARACTERISTICS (Continued)

Parameter Symbol Max. Min. Unit
Data setting time on PDO-7 tRDS — ns
Data holding time on PDO-7 tRDH — 0 ns
Data delay from IOR to DO-7 tRDLY 70 - ns
Delay time from ACK to IRQ tiD 40 - ns
Reset pulse width tRST — 50 ns
Output signal setting time after RESET tRSC 50 — ns
DCLK delay time after CLK tDCLK 20 — ns
Output disable time tiDIS 50 — ns
Output enable time tiIEN 50 — ns
TIMING DIAGRAMS
READ OPERATION
MODE __/ L
(or RDEN)
CE
A0,A1
h tRS tRD tRH
TOR
N 4
tDIR tDIR
DIR tRDS tRDH
PD(0:7)
PRINTER VALID IN
STATUS tRDLY tRDLY
D(0:7) ;j( VALID OUT

WRITE OPERATION

CE
AD,A1

Iow

tWH >‘<

>l<tws |
I

tWR i
\L/Z

twDS

tWDH

D7)

%_

PD(0:7)

PRINTER
CTRL

— twnwk
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KS82C411

PARALLEL /O INTERFACE

TIMING DIAGRAMS (Continued)

INTERRUPT AND RESET

ACK
tiD
tiD
IRQ
—‘LIT“DIS iL tIEN
IRQ D Y

4
RESET /]
tRST

1
PD(0:7

o

tRSC

STROBE,
AUTO,
SLCTIN

et tiDIsS

CLOCK R

e LI LI LT LT LITL

DCLK [
tDLK tDLK

AC TESTING INPUT/OUTPUT WAVEFORMS
INPUT »
VIH +0.4V N N

OUTPUT
VOH

VIH - 0.4V

voL
VOH

S Vo- 045V VOH
\,

720
Ve

4 —
voL 7 Vo+0.45v N, 0.8V

voL
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KS82C411

PARALLEL /O INTERFACE

TYPICAL APPLICATION
ADDRESS :> DECODER cs 8250
SERIAL 1/0
T HRIL
Ao Ao PDo 4 2
A Ay PD, 3
|9__UV iOW PD, 4
OR OR PD; 5
PD, 6
PDs 7
Do Do PDg 8
D, D4 PD; 9
Dz D2
D3 D3 STROBE 1
Ds D, AUTO 14
Ds Ds INTT 16
De Dg SLCTIN 17
D7 D7
ERROR 10
RESET RESET sLCT 1
x _PE 12
13
8. a«}q{ % BUSY 5
T - 22F DCLK | 25 PIN
MODE IRQ D-SHELL
6 KS82C411 CONN.
IRQ7
PACKAGE DIMENSIONS
40 PIN PLASTIC DUAL IN LINE PACKAGE Units: Inches
2075 0-10°
2055
inlininlisinininsinisininliniminisinininlisis 1
> O O | fa oz
0.556 0610
| S N N N N N N [ N N N N N A N D Dy N Y O | _W_
0.045
0.055 0.008
0012
0.180
0.200
0.115
0.135
0.020
0.040
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KS82C452A/462A

PARALLEL AND DUAL ASYNCHRONOUS
COMMUNICATIONS ELEMENT

FEATURES
* IBM PC/AT-compatible

¢ Dual-channel version of KS82C450
(campatible VL 16C450)

Centronix printer interface

* Programmable serial interface characteristics for
each channel

¢ Independent control on each channel

GENERAL DESCRIPTION

The KS82C452 is a parailel and dual asynchronous
communications element (ACE). The device serves two
UARTs simultaneously in microcomputer or
microprocessor based systems. Each UART performs
serial-to-parallel conversion on data characters
received from peripheral devices or modems, and
parallel-to-serial conversion on data characters trans-
mitted by the CPU. The complete status of each UART
of the dual ACE can be read at any time during func-

¢ Individual modem control signals for each channel tional operation by the CPU.

The information obtained includes the type and con-
dition of the transfer operations being performed, and
error conditions. Also, the KS82C452 provides the user
with a fully birdirectional parallel data port that fully
supports the parallel Centronics type printer.

o Three-state TTL drive on each channel

This device provides IBM PC/AT compatible computers
with a simple device to serve the three system ports.
The KS82C452 is, implemented using advanced CMOS
technology and packaged in 68-pin PLCC 64 SDIP
package.

PIN DIAGRAM BLOCK DIAGRAM
2 s, >k '
alga lEz,.o X B0 oS 2 I
= p4 z
A HTATIE A ors) ATSD
minininn/nRniRiENERIREEIR RLSDO SOUTo
/98765432 16867666564636261 ) R10 UART INTO
souti{ {10 o 60[ 7 INTH SINO— #1
BTRI (] 11 sof1iNT2 o ggﬂ’ 3,
RATs1[] 12 58 [1 8TI bl 4
CTsi[]13 s7{JWNIT
DBO [] 14 s6[JAFD . - 8
DB L} 15 55(1STB  oray ATS]
pB2[]16 . 54  1GND .DSR1 g‘g@r ;
pB3 117 s3[ 1pp0  RLSD1 UART
INT1
B4 []18 TOP VIEW s2[0pD1 ol #
DB5 [} 19 51 ] PD2 csi—; N
D86 [] 20 50 | 1PD3 AN, 2
pe7 [] 21 4o Jpos _%—-_- 3%%%
GND [ 22 4 [1PD5  mesEr  J@<29[ g BDO
Voo []23 47 [ Poe ck—® 87| 1 8
KTS0 [ 24 46 [ ] pPD7 R -1 , |—F—PRoopo7
bTRo[] 25 45 ] INTO sLCT m AFD
souto[] 26 441800 BUSY I STB
27 28 29 30 3132 33 34 35 36 37.38/39140 41,42 43 _PE g SLIN
(=] - o b= allal LP#—O—E & T2
%§ ,E @?<<I§Eﬁw§;zz Ccs2
sls == [ZNGRC)
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KS82C452A/462A

PARALLEL AND DUAL ASYNCHRONOUS
COMMUNICATIONS ELEMENT

Table KS82C452A Pin Allocations.

S U/
LPTOE ——1 64 1 ACK
GND —}- 2 63— PE
¢si—1-3 62 —— BUSY
CLK ——4 61— SLCT
DSR1 —5 60 - Vec
RIi —— 6 59 —+— ERR
GND—— 7 58— SIN1
RLSD1 —1— 8 57 —— GND
SOUT1 —— 9 56— INT1
BRI 1~ 10 55 —— INT2
RTS1 1+ 1 54 —— SLIN
CTSi T 12 53 —1— INIT
DB0 —1— 13 52— AFp
DB1—1— 14 511 STB
DB2 —- 15 KS82C462A 501~ GND
D3 1 TOP VIEW 49T~ PDO
DB4 —— 17 48— PD1
DB5 —— 18 47 —+— PD2
DB6 —— 19 46 —+— PD3
DB7 1 20 45 —— PD4
Vee - 21 44 —— PD5
RTS0 — 22 43 —— PD6
DTRO | gg 421 'ILDT70
SouTo —+ e
s%‘#*;g 425 40 —— DBO
ALSbe T+ 26 39 —+— GND
R0 T 27 38—+ GND
Dsro 28 37— SINO
cso -2 36 —— RESET
a2 T30 35— CS2
A1 T3 34 - 10R
A0 - 32 331 Tow

* SAMSUNG KS82C462 is a 64 SDIP type of KS82C452.

:IO"' Pin Name :': Pin Name :‘: Pin Name :‘: Pin Name
1 LPTOE 18 DB4 35 A0 52 PD1

2 | GND 19 DB5 36 | TOW 53 PDO

3 Cst 20 DB6 37 OR 54 GND

4 | CLK 21 DB?7 38 cs2 55 STB

5 DSRi 22 GND 39 RESET 56 AFD

6 RA 23 ubD 40 Voo 57 INIT

7 GND 24 RTSO 41 SINO 58 SLIN

8 RLSD1 25 | DIRO 42 GND 50 INT2

9 | GND 26 SouTo 43 GND 60 INT1

10 | SOUT1 27 GND 44 BDO 61 GND

11 DTR1 28 CTS0 45 INTO 62 SIN1

12 RTS1 29 RLSDO 46 PD7 63 ERR

13 CTs1 30 | R0 47 PD6 64 Voo

14 DBO 31-| DSRO 48 PD5 65 SLCT

15 DBt 32 Cso 49 PD4 66 BUSY

16 DB2 33 A2 50 PD3 67 PE

17 DB3 34 At 51 PD2 68 ACK
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KS82C452A/462A

Table KS82C462A Pin Allocations.

PARALLEL AND DUAL ASYNCHRONOUS
COMMUNICATIONS ELEMENT

Pin " Pin . Pin . Pin .
No. Pin Name No. Pin Name No. Pin Name No. Pin Name
1 LPTOE 18 DB5 35 | Cs2 52 | AFD
2 GND 19 DB6 36 | RESET 53 | INIT
3 csi 20 DB7 37 | SINO 54 | SLI
4 CLK 21 Voo 38 | GND 55 | INT2
5 DSR1 22 RTSO 39 | GND 56 | INT1
6 RA 23 DTRO 40 | DBO 57 | GND
7 GND 24 SOUTOo 41 INTO 58 | SIN1
8 RLSD1 25 CTSO 42 PD7 59 ERR
9 SOUTH1 26 RLSDO 43 | PD6 60 | Voo
10 DTR1 27 RIO 44 | PD5 61 | SLCT
11 RTS1 28 DSRO 45 | PD4 62 | BUSY
12 CTst 29 Cso 46 | PD3 63 | PE
13| DBO 30 A2 47 | PD2 64 | ACK
14 DB1 31 A1l } 48 PD1 65
15 DB2 32 A0 49 PDO 66
16 DB3 33 1oW 50 | GND 67
17 DB4 34 10K 51 | STB 68
PIN DESCRIPTIONS
I:input O :output B :bidirection S : source
Type Pin Name Pin Function
| LPTOE Parallel Data Output Enable — When low, this signal enables the Write Data Register
to the PDy-PD; lines. A high puts the PDy-PD; lines in the high-impedance state
allowing them to be used as inputs. LPTOE is usually tied low for line printer
operation.
S GND Ground (0V) — AH pins must be tied to ground for proper operation.
| Csi Chip Selects — Each Chip Select Input acts as an enable for the write and read
CSo signals for the serial channels 0 (CS0) and 1 (CS1), CS2 enables the signals to the
CS2 printer port.
| CLK Clock Input — The external clock input to the baud rate divisor of each UART.
I DSR1 Data Set Ready Inputs — The logical state of the DSR pins is reflected in MSR(5)
DSRO of its associated Modem Status Register, DDSR [MSR(1)} indicates whether the
associated DSR pin has changed state since the previous reading of the MSR. When
a DSR pin is low, its modem is indicating that it is ready to exchange data with
the associated UART.
| RA Ring Indicator Inputs — When low Rl indicates that a telephone ringing signal has
R10 been received by the modem or data set. The Rl signal is a modem control input

whose condition is tested by reading MSR(6) (RI) of each UART. The Modem Sta-
tus Register output TERI [MSR(2)] indicates whether the Rl input has changed from
high to low since the previous reading of the MSR. If the interrupt is enabled
[IER(3)=1] and RI changes from a high to low, an interrupt is generated.
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KS82C452A/462A P CoMMUNICATIONS £LeMENT

PIN DESCRIPTIONS (Continued)

I1:input O :output B :bidirection S: source

Type Pin Name Pin Function
(o] RLSD1 Receive Line Signal Detect — When low, the RLSD output indicates that the data
RLSDO carrier has been detected by the modem or data set. RLSD is a modem input whose

condition can be tested by the CPU by reading MSR(7) (RLSD) of the Modem Sta-
tus Registers. MSR(3) (DRLSD) of the Modem Status Register indicates whether
the RLSD input has changed since the previous reading of the MSR. RLSD has
no effect on the receiver. If the RLSD changes state with the modem status inter-
rupt enabled, an interrupt occurs.

(o} SOUTH Serial Data Outputs — These lines are the serial data outputs from the UART’s
SOUTOo transmitter circuitry. A mark (1) is a logic “one” (high) and space (0) is alogic “zero”
(low). Each SOUT is held in the mark condition when the transmitter is disabled.
Reset is true, the Transmiter Register is empty, or when in the Loop Mode.

(o] DTR1 Data Terminal Ready Lines — Each DTR pin can be set (low) by writing a logic 1
DTRO to MCR (0), Modem Control Register bit 0 of its associated UART. This signal is
cleared (high) by writing a logic 0 to the DTR bit [MCR(0)] or whenever a reset oc-
curs. When active (low), the DTR pin indicates to the DCE that its UART is ready
to receive data.

o RTS1 Request to Send Outputs — The RTS signal is an output on each UART used to
RTSO | enable the modem. An RTS pin is set low by writing a logic 1 to MCR(1) bit 1 of
its UART’s Modem Control Register. Both RTS pins are reset high by Reset. A low
on the RTS pin indicates to the DCE that its UART has data ready to transmit. In
half duplex operations. RTS is used to control the direction of the line.

| CTS1 Clear to Send Inputs — The logical state of each CTS pin is reflected in the CTS
CTS0 bit of the (MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR (4)]
of each UART. A change of state in either CTS pin since the previous reading of
the associated MSR causes the setting of DCTS [MSR(0)] of each Modem Status
Register. When a CTS pin is low, the modem is indicating that data on the associated
SOUT can be transmitted.

110 DB0-DB7 Data Bits DB0-DB7 — The Data Bus provides eight three-state 1/0 lines for the trans-
fer of data, control and status information between the KS82C452 and the CPU.
These lines are normally in a high-impedance state except during read operation.
DO is the least significant bit (LSB) and is the first serial data bit to be received
or transmitted.

S VvCC Power Supply — The power supply requirement is 5V +5%.

| A2 Address Lines A0-A2 — The address lines select the internal registers during CPU
Al bus operations.
A0

| IOW Input/Output Write Strobe — This is an active low input which causes data from

the data bus (DBy-DB; to be input to either UART or to the parallel port. The data
input depends upon the register selected by the address inputs A0, A1, A2. The
chip select inputs (CS0, CS1, and CTS2) enable UART #1, UART #2, and the parallel
port (respectively).

| IOR Input/Output Read Strobe — This is an ative low input which cause the selected
channel to output data to the data bus DBy-DB;). The data output depends upon
the register selected by the address inputs. A0, A1, A2. Chip SelectO(CSO) selects
UART #1, Chip Select 1 (CS1) selects UART #2, and Chip Select 2 (CS2) selects
the line printer port.
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KS82C452A/462A P COMMUNICATIONS ELEMENT

PIN DESCRIPTIONS (Continued)

I:input O :output B : bidirection S : source

Type Pin Name Pin Function

| RESET Reset — When low, the reset input forces the KS82C452 into an idle mode in which
all serial data activities are suspended. The Modem Control Register (MCR) along

with its associated outputs are cleared. The Line Status Register (LSR) is cleared
except for the THRE and TEMT bits, which are set. All functions of the device re-

main in an idle state until programmed to resume serial data activities.

| SINO Serial Data Inputs — The serial data inputs move information from the communi-
SIN1 cation line or modem to the KS82C452 receiver circuits. A mark (1) is high, and
aspace (0) is low. Data on serial data inputs is disabled when operating in the loop

mode.
(o} BDO Bus Buffer Output — This active high output is asserted when either serial chan-

nel or the parallel port is read. This output can be used to control the system bus
driver device (74L.5245).

(0] INTO Serial Channel Interrupts — Each three-state, serial channel interupt output (ena-
INT1 bled by bit 3 of the MCR) goes active (high) when one of the following interrupts
has an active (high) condition and is enabled by the Interrupt Enable Register of
its associated channel: Receiver Error flag, Reeceived Data Available, Transmitter
Holding Register Empty, and Modem Status. The interrupt is reset low upon ap-
propriate service or a reset operation.

110 PD7-PDO Parallel Data Bits (0-7) — These eight lines provide a byte-wide input or output port
to the system. The eight lines are held in a high-impedance state when LPTOE is
held in the high state.

110 STB Line Printer Strobe — This open-drain line provides communication between the
KS882C452 and the line printer. When it is active low, it provides the line printer
with a signal to latch the data currently on the parallel port.

110 AFD Line Printer Autofeed — This open-drain line provides the line printer with an ac-
tive low signal when continuous form paper is to be autofed to the printer.
[I[e] INIT Line Printer Initialize — This open-drain line provides the line printer with a signal
that allows the line printer initialization routine to be started.
110 SLIN Line Printer Select — This open-drain line selects the printer when it is active low.
(o} INT2 Printer Port Interrupt — This signal is an ative high, three-state output, generated
by the positive transition of ACK. It is enabled by bit 4 of the Write Control Register.
| ERROR Line Printer Error — This is an input line from the line printer. The line printer reports
an error by holding this line low during the error condition.
| SLCT Line Printer Selected — This is an input line from the line printer that goes high
when the line printer has been selected.
| BUSY Line Printer Busy — This is an input line from the line printer that goes high when
the line printer is not ready to accept data.
| PE Line Printer Paper Empty — This is an input line from the line printer that goes

high when the printer runs out of paper.

| ACK Line Printer Acknowledge — This input goes low to indicate a successful data trans-
fer has taken place. It generates a printer port interrupt during its positive transition.
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KS82C452A/462A

ABSOLUTE MAXIMUM RATINGS

PARALLEL AND DUAL ASYNCHRONOUS
COMMUNICATIONS ELEMENT

Conditions

Item Range
Ambient Operating o o
Temperature ~10°Cto + 70°C
Storage Temperature —-65°C to + 150°C

Supply Voltage to
Ground Potential

-0.5V to Vec + 0.3

Applied Output

—0.5V to Vec + 0.3V

Voltage

Applied Input —05Vto + 7.0V
Voltage

Power Dissipation 550mwW

Stresses above those listed may cause perma-
nent damage to the device. These are stress rat-
ings only, functional operation of this device at
these or any other conditions above those indi-
cated in this data sheet is not implied. Exposure
to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

DC CHARACTERISTICS: (TA=0to + 70°C, Vec=5V = 5%)

Symbol Parameter Min. | Max. | Units Conditions
VILX Clock Input Low Voltage -05| 08 \
VIHX Clock Input High Voltage 20| Ve v
VIL Input Low Voltage -05| 08 '
VIH Input High Voltage 20| Ve v
IOL =4.0 mA on DB0-DB7
I0L =12 mA on PDO-PD7
VoL Output Low Voltage 0.4 v IOL =10 mA on INIT, AFD, STB, and
SLIN (see note 1)
IOL=2.0 mA on all other outputs
IOH = - 0.4 mA on DB0-DB7
IOH= -20 mA on PDO-PD7
VOH Output High Voltage 24 \" IOH = —-0.2 mA on INIT, AFD, STB,
and SLIN
IOH = - 0.2 mA on all other outputs
Vee=5.25 V, No loads on SINO, 1;
DSRO, 1; RLSDO, 1; CTS0, 1, R0,
Icc Power Supply Current 80 | MA | 533 _20V. Other inputs =0.8V, Baud
rate generator =4 MHz. Baud rate = 56K
Vee=5.25 V, GND =0V
e Input Leakage 10 | #A 1 Al other pins floating
ICL Clock Leakage +10 uA Vin=0V, 2.25V
Vec=5.25 V, BND =0V
X Vour=0V, 526V
10Z 3-State Leakage +20 pA 1) Chip deselected
2) Chip and write mode selected
VIL(RES) | Reset Schmitt VIL 0.8 v
VIH(RES) | Reset Schmitt Vi, 2.0 \

Note 1. INIT, AFD, STB, and SLIN are open collector output pins that each have an internal pull-up resistor (2.5
k2-3.5 kQ) to Vcc. This will generate a maximum of 2.0 mA of internal IOL. In addition to this internal cur-
rent, each pin will sink at least 10 mA, while maintaining the VOL specification of 0.4 V Max.
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PARALLEL AND DUAL ASYNCHRONOUS
K882C452N462A COMMUNICATIONS ELEMENT

AC CHARACTERISTICS TA=0°C to + 70°C, Vcc=5V x 5% (Notes 1,5)

Symbol Parameter Min. Max. Units Conditions

tDIW IOR Strobe Width 125 ns

RC Read Cycle 360 ns

tDDD Delay from iOR to Data 125 ns 100 pF Load

tHZ IOR Floating Data Delay 0 100 ns 100 pF Load, Note 4

tbow fOW Strobe Width 100 ns

wWC Write Cycle 360 ns

tDS Data Setup Time 40 ns

tDH Data Hold Time 40 ns

tRA Address Hold Time from IOR 20 ns Note 2

tRCS Chip Select Hold Time fro’n IOR 20 ns Note 2

tAR IOR Delay from Address 60 ns Note 2

tCSR IOR Delay from Chip Select 50 ns Note 2

tWA Address Hold Time from IOW 20 ns Note 2

tWCS Chip Select Hold Time from IOW 20 ns Note 2

1AW {OW Delay from Address 60 ns Note 2

tCsSw IOW Delay from Select 50 ns Note 2

tRW Rest Pulse Width 5 us

tXH Duraton of Clock High Pulse 140 ns External Clock

txXL Duration of Clock Low Pulse 140 ns External Clock

Transmitter

tHR1 Delay from Rising Edge of IOW 175 ns 100 pF Load
(WR THR) To Reset Interrput

tIRS Delay from Initial INTR Reset to 16 CLK Note 3
Transmit Start

tSI Delay from Initial Write to Interrupt 8 24 CLK Note 3

tSTI Delay from Stop to Interrupt 8 CLK Note 3
(THRE)

tiR Delay from IOR (RD !IR) 250 ns 100 pF Load
to Reset Interrupt (THRE)

Modem Control

tMDO Delay from IOW (WR MCR) to 250 ns 100 pF Load
Output

tSIM Delay to Set Interrupt from 250 ns 100 pF Load
MODEM Input

tRIM Delay to Reset Interrupt 250 ns 38 pF Load
from-lIOR (RS MSR)

Receiver

tSINT Delay from Stop to Set Interput 1 CLK Note 3

tRINT Delay from IOR (RD RBR/RDLSR) 1 us 100 pF Load
to Reset Interrupt
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KS82C452A/462A

PARALLEL AND DUAL ASYNCHRONOUS
COMMUNICATIONS ELEMENT

AC CHARACTERISTICS (Continued)

Symbol | Parameter ‘ Min. | Max. l Units I Conditions
Parallel Port
tDT Date Time 1 s
tSB Strobe Time 1 500 us
tAD Acknowledge Delay (Busy Start us Defined by Printer
to Acknowledge)
tAKD Acknowledge Delay (Busy End us Defined by Printer
to Acknowledge) ‘
tAK Acknowledge Duration Time us Defined by Printer
tBSY Busy Duration Time us Defined by Printer
tBSD ‘Busy Delay Time us Defined by Printer
Notes: 1. All timing specifications apply to pins on both serial channels (e.g. Rl refers to both RIO and Rl1).
2. The internal address strobe is always active. 3. RCLK =tXH and tXL.
4. Charge and discharge time is determined by VOL, VOH andl the external loading.
5. All timings are referenced to valid 0 and valid 1. (see AC TEST POINTS).
6. RCLK is internally derived from the internal-BAUDOUT signal.

TIMING DIAGRAM
WRITE CYCLE TIMING

A2 A1 AD )K VALID
WA
o VALID
~ |twes
| tosw
AW WC
- tDOW——]| 5
TOW \s ACTIVE 7[
—
TOR
DS | tDH
DATA VALID
D0-D? DATA °

ACTIVE
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KS82C452A/462A e, COMMUNICATIONS ELEMENT

TIMING DIAGRAM (Continued)
READ CYCLE TIMING

A2 A1 AO >< VALID
tRA
cs VALID
—tRCS
, tCSR
tAR RC ]
F~—tDIW ——«{ o
oR \ ACTIVE 7[ ACTIVE
OR
45—
oW ACTIVE
tDDD
tHZ
DATA VALID
DO-D7 DATA

RECEIVER TIMING

£G

SIN =™\ 45
(REGEIVER INPUT DATA) \START/ DATA BITS (58) XPAR'TY STOP\_/—

SAMPLE CLK __| | | ] |

s | |

}——tSINT
INTERRUPT jL
(DATA READY
OR RCVR ERR) tRINT
TOR

ACTIVE

TRANSMITTER TIMING

SERIAL OUT START
(soum) / DATA (5-8) STOP (1-2)

PARITY

INTERRUPT
(THRE)

oW

(WR THR) sl __J \_/

\j—th
TOR
(RD IIR)
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K8820411 | | PARALLEL /0 INTERFACE

MODEM TIMING

IOW (WR MCR)

tMDO tMDO

RTS, DT

i

7S, DSA, RLSD #f \

INTERRUPT :
tSiM i -—tRIM |-——tsw|

TOR (RD MSR) \_7{ \_/

Ri

PARALLEL PORT TIMING

DATA
tDT tDT
STROBE T j(
tSB
ACK \'
tAD tAK
tAKD
BUSY
~—tBSD tBSY
AC TESTING INPUT/OUTPUT WAVEFORMS

EXTERNAL CLOCK INPUT AC TEST POINTS

2.0V

0.8V
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KS82C411

PARALLEL /0 INTERFACE

TEST CIRCUT

2

.54
Output Under Test %

* Includes Scope and Jig Capacitance l

"

.

68002
82 pF*

PACKAGE DIMENSIONS

68-PIN PLCC PACKAGE

Units: inches (millimeters)
042

.048

.180

64-PIN DUAL IN LINE PACKAGE SHRINK TYPE
2.265 (57.53)

2.285 (58.04)

_ 0~10°

OOOO0NN0000000000000000000000 0000
D) O O 659 (16.7) 740 (18.79)
679 (17.25) .760 (19.30)

(e}
{0 0 O O O o
035 (0.89)

.045 (1.14) -008 (0-20) /

.012 (0.30)

- 1150 (3.81)
i N .200 (5.08)

i!i”i'i,i ii """"""""""""" ! |

i l .070 (1.70 " 014 (0.30) .020 (0.510) 100 (2.54)
- (1.70) (

TYP ™" 022 (0.56) .040 (1.020) .133 (3.40)
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KS84C21/C22

DYNAMIC RAM CONTROLLERS

FEATURES

o Direct drive for 256K, 1Mbit and 4Mbit DRAMs
e Page, nibble and static column accesses
o Fast burst access

e Interleaved or non-interleaved accesses to
maximize system performance

o Programmable or mask-programmed versions

e Programmable refresh operations

e Staggered and burst refresh

o Refresh operations virtually transparent to the CPU
o Programmable wait states

o Byte operation with four independent CAS outputs
e Easy interface to all major microprocessors

e Built in delay line

o Synchronous and asynchronous operation

e On-chip capacitive load drivers

e Can be used with 25MHz clock

¢ CMOS technology for low power consumption

o TTL-compatible inputs

e 68-pin PLCC package (KS84C21)

o 84-pin PLCC package (KS84C22)

Figure 1. KS84C21/C22 Block Diagram

PRODUCT OVERVIEW

The Samsung KS84C21 and KS84C22 are high perform-
ance dynamic RAM (DRAM) controllers. They simplify
the interface between the microprocessor and the DRAM
array, while also significantly reducing the required
design time. The KS84C21 supports the 256K DRAM
and the TMBit DRAM, while the KS84C22 supports the
256K DRAM, 1MBit DRAM and 4MBit DRAM.

Both devices are available in either externally program-
mable or masked programmable versions. The externally-
programmable version is an economic and fléxible
design solution for small-scale applications and proto-
typing. A 23-bit programmable Mode Register allows the
selection of various options and features, including
synchronous or asynchronous operation; interleaved or
non-interleaved operation; burst or non-burst access;
insertion of Wait States into the CPU cycle; a variety of
refresh options; as well as the ability to fine tune the
control signals.

A mask-programmed version of the chip offers the same
Mode Register options. However, the chip is programmed
at the factory to customer specifications. This version
offers maximum system reliability and eliminates the
need for external logic.

Both chips have a drive capability of 500pF, sufficient to
drive memory arrays of up to 88 DRAMs under worst
case conditions. Figure 1 shows a block diagram of the
dynamic RAM controller.
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DYNAMIC RAM CONTROLLERS

INTERFACE SPECIFICATIONS

The Dynamic Ram Controller is available in two pack-
ages. The KS84C21, shown in Figure 2, is a 68-pin device
and supports the 256K DRAM and 1Mbit DRAM. The

KS84C22, shown in Figure 3, is an 84-pin device
designed for use with the 256K DRAM, 1Mbit DRAM and

4

Mbit DRAM.

Figure 2. Pin Configuration of the KS84C21 DRAM Controller

9 8 7 6 5 4 3 2 1 6867 66 65 64 63 62 61

1T/DTACK

o
2o <|—
$8306038Ek

ri[] 0 o 60 [ WAITIN
ci]n 59 [ ]RFSH
R2[] 12 58 | | DISRFSH
c2[] 3 57 [JRFCLK
rR3[] 56 | JCLK
ca[ds 55 Ovee
rRa[] 6 54 [ ] EXTORF/COLINC
ca]w KS84C21 53[Jvss
Rs (] 8 s2 [ ML
cs[] 19 51 [Jvss
re [] 20 50 [Jvss
ce ]2t a9 [vec
R7{] 22 sl]cs
cr[] = 47 []AREQ
Rre [] 24 s [JWiN
cs 2 s |]casa
re [] 26 24 [ JCAS2
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
—CIOUOOCI LIS
= |9 i p = =
CEREEECEIESRRRERR
W W W w - I'9
< Iz
Figure 3. Pin Configuration of the KS84C22 DRAM Controller 1
<
: 5
[=3 3 o » E
2588585828 53853%
imieininisisisisisiaisisinininisisininiais!
(:9““““””“-;:%;322:&&
o
O nQ
co(] 13 =[]
R1[] 14 72 [ ] RFiP
ci] s n gbm
rR2[] 16 70§ 1 RFSH
c2[] 69 | DISRFSH
rR3[}18 68 [JRFCLK
c3[]e s7[Jck
Ra[]20 66 Jvee
cal ]z "85 [ exToRF/COLING
rs [} 22 KS84C22 64[]Vss
cs[]23 63[JVss
Re (] 24 e2[ 1ML
c6[f25 61[ ] Vss
R7 (26 60[JVss
cr]ar 59[JVec
R8s [} 28 s8}]Cs
cs ]2 s7[]
R9 E 30 56 j e
co [l 55 [ JAREQ
32 54 [ JWIN
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
U U U U OO TtId
2 §§§§§SSIB 8&5‘8'&|ﬁ’3\8\;.&‘$
FORERIRTTESESRRRRIRER
(el u 4
< g

& SAMISUNG

s .
Electronics

297




KS84C21/C22

Table 1 shows detailed pin allocations for the KS84C21, while Table 2 shows the KS84C22. Table 3 provides the
input/output signal definitions. ’

Note on Conventions:
A bar over the signal name is used to denote an active low signal (ADS). Active high signals are shown with no bar (ALE).

DYNAMIC RAM CONTROLLERS

Table 1. KS84C21 Pin Allocations

Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vec Vec 35  |Veo Vee
2 Q5 Multiplexed Address 5 36 |RFRQ/WE Refresh Request/Write Enabie
3 |Vss Vss 37 Vss Vss
4 Q6 Multiplexed Address 6 38 |RASO Row Address Strobe 0
5 |ar7 Muitiplexed Address 7 39 |RAST Row Address Strobe 1
6 |as8 Multiplexed Address 8 40 |RAS2 Row Address Strobe 2
7 |Q9 Multiplexed Address 9 41 |RAS3 Row Address Strobe 3
8 |RO Row Address 0 42 | CASO Column Address Strobe 0
9 |CO Column Address 0 43 |CAST Column Address Strobe 1
10 |R1 Row Address 1 44 |CAS2 Column Address Strobe 2
1 |C Column Address 1 45 |CAS3 Column Address Strobe 3
12 |R2 Row Address 2 46 |WIN Write Enable Input
13 |C2 Column Address 2 47 |AREQ Access Request
14 R3 Row Address 3 48 Cs Chip Select
15 |C3 Column Address 3 49 |V Vee
16 (R4 Row Address 4 50 |Vsg Vss
17 |C4 Column Address 4 51 Vss Vss
18 RS Row Address 5 52 |ML Mode Load
19 |C5 Column Address 5 53 |Vss Vss
20 |R6 Row Address 6 54 |EXTDRF/ External Refresh/
21 c6 Column Address 6 COLINC Column increment
2 |R7 Row Address 7 5 |Vec Veo
23 |c7 Column Address 7 56 |CLK Clock
24 |Rs Row Address 8 57 RFCLK Refresh Clock
25 |cs Column Address 8 58 E@P“FSH Disable Internal Refresh
2% |R9 Row Address 9 59 RFSH External Refresh Request
27 co Column Address 9 60 WAITIN Add Wait State
28 |ECASO Enable CASO 61 RFIP Refresh in Progress
29 |ECAS1 Enable _C_/fl 62 |WAIT/DTACK \;\Vg;tég;tlzdg:nsfer
S0 |ECAS2 Enable CAS2 63 |Qo Multiplexed Address 0
31 |ECAS3 Enable CAS3 64 |Qi [ Multiplexed Address 1
82 |80 Bank Select 0 65 |Q2 Multiplexed Address 2
33 Bt __ Bank Select 1 66 |Q3 Multiplexed Address 3
34 |ALE/ADS Address Latch Enable/ 7 v v
Address Strobe SS SS
68 Q4 Multiplexed Address 4
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KS84C21/C22 DYNAMIC RAM CONTROLLERS

Table 2. KS84C22 Pin Allocations

Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vee Vee 43 |RFRQ/WE Refresh Request/Write Enable
Q5 Muitiplexed Address 5 44  |Vgg Vss
3 |Vgg Vsg 45 |RASO Row Address Strobe 0
4 |Q6 Multiplexed Address 6 46 |RAS1 Row Address Strobe 1
5 |Q7 Multiplexed Address 7 47 |RAS2 Row Address Strobe 2
6 |Q8 Multiplexed Address 8 48 |RAS3 Row Address Strobe 3
7 |9 Multiplexed Address 9 49 |CASO Column Address Strobe 0
8 Q10 Multiplexed Address 10 . 50 |CAS1 Column Address Strobe 1
9 |RO Row Address 0 51 |CAS2 Column Address Strobe 2
10 |- N.C. 52 |CAS3 Column Address Strobe 3
11 — N.C. 53 — N.C.
12 |— N.C. 54 |WIN Write Enable Input
13 |CO Column Address 0 55 |AREQ Access Request
14 R1 Row Address 1 56 |— N.C.
15 C1 Column Address 1 57 - N.C.
16 |R2 Row Address 2 58 |CS Chip Select
17 |C2 Column Address 2 59 |Vee Ve
18 |R3 Row Address 3 60 |Vss Vss
19 |C3 Column Address 3 61 Vss Vss
20 R4 Row Address 4 62 |ML Mode Load
21 C4 Column Address 4 63 |Vgs Vss
22 |R5 Row Address 5 64 |Vgg Vss
23 Cc5 Column Address 5 65 EXTDRF/ Extend Refresh/
24 |R6 Row Address 6 COLINC Column Increment
25 |C6 Column Address 6 66 |Vec Veo
26 |[R7 Row Address 7 67 |CLK Clock
27 |c7 Column Address 7 68 |RFCLK _ Refresh Clock
28 |R8 Row Address 8 69 E?EFSH Disable Internal Refresh
29 cs Column Address 8 70 RFSH External Refresh Request
30 R9 Row Address 9 7 WAITIN Add Wait State
31 co Column Address 9 72 RFIP Refresh in Progress
32 _ N.C. 73 — N.C.
33 |R10 Row Address 10 LG N.C.
34 |C10 Column Address 10 LA N.C.
35 |ECASO Enable CAS0 LA o N.C.
36 |ECAS1 Enable CAST o= NG
37 |ECAS2 Enable CAS2 78 |WAIT/DTACK |Wait/Data Transfer
— — Acknowledge
38 |ECAS3 Enable CAS3 79 |Qo Multiplexed Address 0
39 B0 Bank Select 0 80 Q1 Multiplexed Address 1
40 |81 — Bank Select 1 81 Q2 Multiplexed Address 2
41 |ALEADS ﬁgg:g:‘z g?r'ggeE"ab'e/ 82 |Q3 Multiplexed Address 3
2 Ve Voo 83 |Vss Vss
84 Q4 Multiplexed Address 4
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KS84C21/C22 DYNAMIC RAM CONTROLLERS

Table 3. Intertace Signal Definitions

Note: |indicates aninputsignal. O indicates an output signal. Timing notations (t12) etc. are referenced to the timing diagrams at the end of the
product description.

Symbol Type Description

ADS/ALE | Address Strobe/Address Latch Enable: This input latches row, column and bank
addresses, and initiates DRAM access. Addresses are strobed independently of CS,
however CS must be low to initiate an access. While ADS or ALE is high, the on-chip row
address latches are transparent to the input. The column address can be strobed into the
column counter by ALE/ADS while CS is high.

In Mode 0: This input functions as address latch enable ALE.

In Mode 1: This input is active low, and functions as address strobe signal. The falling
edge of ADS also starts an access, if CS is low for the set-up time ty,.

(Mode is selected by Bit B1 in the Mode Register. See PROGRAMMING THE
KS84C21/C22.)

AREQ | Access Request: This input terminates an access. In non-interleave mode: it brings RAS RAS
high. CAS depends on how ECASO is programmed. In interleave mode: it brings CAS
and RAS high.

BO, B1 | Bank Select: These inputs are bank addresses, and allow one, two or four memory banks
to be selected. Selection depends upon how C4, C5 and C6 in the Mode Register are set.

C0-9, 10 | Column Address Inputs: These column address bits are usually connected to the high
order address bits of the microprocessor. They select columns in the DRAM cell
configuration.

CAS0-3 (o] Column Address Strobe: These inputs strobe the column address. They go low after the
programmed Column Address Set-up time of 0 or 10ns.

CLK I Clock: This is the system clock. It is used for bus arbitration and timing purposes.
Synchronous access requests must be synchronized with the system clock. The duty
cycle is significant if 1/2T Wait State is programmed.

Ccs | Chip Select: The CS input must be low to enable a DRAM access. Row, column and bank
address are strobed independently of CS. There is a pre-access setup time.

In Mode 0 this is the rising edge of CLK, and in Mode 1 the falling edge of ADS.*

EXTDRF/ | Extend Refresh/Column Increment: This input has two functions. During a DRAM
COLINC access, toggling COLINC increments the latched column address, which can be used to
access incremental memory locations within a row.

During refresh, EXTDRF extends a refresh cycle, to allow a read-modify-write cycle to be
performed in a system with error correction. See ERROR SCRUBBING.

DISRFSH | Disable Internal Refresh: When low, this input disables Internal Refresh.

ECAS0-3 [ Enable CASO-S' These inputs are used to enable or disable individual CAS outputs, or
delay CAS from going tow. They are useful when accessing bytes, nibbles or pages.

ECASO also programs output WE (RFRQ), and sets the trailing edge of CAS.

“Note: CS must be low until AREQ terminates the access in Mode 0
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Table 3. Interface Signal Definitions (Continued)

Symbol Type Description

ML | Mode Load: This input latches the row, column, ECASO, and bank address inputs into the
Mode Register.

QO0-9, 10 O Address Outputs: These outputs are the muitiplexed address bits (R0-10, C0-10). They
access the memory for read, write and refresh operations. The output load may be as
high as 500pF.

R0-9, 10 | Row Address Inputs: These address inputs are usually connected to the low order
address bits of the microprocessor. They select rows in the DRAM celi configuration.

RAS0-3 (e} Row Address Strobe: These row address strobe signals are used to strobe the row
addresses into the DRAM.

RFCLK | Refresh Clock: This input determines the timing of the refresh cycles for the DRAMs. It
should be a multiple of 2MHz. It is divided according to bits C0, 1, 2, and C3 in the Mode
Register, so that the refresh cycles occur at 15us or 13us intervals.

Note: The Refresh Clock should be derived from or driven by the CLK source.

RFIP O | Refresh in Progress: This output indicates that a refresh cycle isin progress. RFIP goes
low one CLK cycle prior to the start of a refresh cycle.

RFSH | External Refresh Request: Refresh cycles can be requested externally by driving the
RFSH signal low.

WAITIN | Add Wait State: If this input is low, one or two extra Wait States will be added to the access
cycle at an external event, e.g. memory read.

WAIT/DTACK O | Wait/Data Transfer Acknowledge: This output inserts Wait States into CPU access
cycles. The output is controlled by bits R2, R3, R4, R5 and R7, in the Mode Register.

‘WE/RFRQ O Write Enable/Refresh Request: After Power up reset and in interleave mode, this output
functions as refresh request. In non-interleave mode it can be programmed to function
as the WE output if ECASO is low in the Mode Register.

WIN | Write Enable Input: This input controls the WE output, and delays CAS, if programmed
to do so by bit C9 in the Mode Register.

it 301
gy SAMISUNG o ‘

Electronics




KS84C21/C22

KS84C21/22 OPERATION

Introduction

The KS84C21/22 support both synchronous and asyn-
chronous operations; interleaved or non-interleaved
accesses; burst and non-burst accesses, and a variety of
refresh operations. They generate all the signals required
to control these various functions, by means of the Mode
Register. (See PROGRAMMING THE KS84C21/22.)
Timing characteristics for typical operations are shown
under AC SWITCHING CHARACTERISTICS.

Reset
Power Up Reset

The KS84C21/22 on-chip power-up reset logic generates
a reset pulse:

e At power up,;

o |If V¢ falls well below +3.0V, and reaches Vg min.
(Short spikes below the minimum V¢ will not reset
the chip. However, correct furctionality is guaranteed
only within the operating conditions.)

When the chip is reset, all internal flip-flops, counters,
and the Mode register are reset, and the output lines are
inactive: RAS0-3, CAS0-3, WAIT (DTACK), RFIP, WE
(RFRQ) are high, while Q0-9, 10 are low. Note that there

are no tri-state buffers on any of the outputs.

The chip does not need any time to synchronize after
power up, it is operable after 200 microseconds, as
required by most DRAMs.

After power-up reset, the Mode Register must be repro-
grammed in the programmable version of the chip.

External Reset

The Mode Load signal (ML) can also be used to reset the
chip. When ML is driven low, all counters and flip-flops
are reset, and the Mode Register is enabled to receive the
mode bit inputs.

DYNAMIC RAM CONTROLLERS

Programming the KS$S84C21/22

The KS84C21/22 has a Mode Register that can be
programmed by the user, or mask-programmed at the
factory. The outputs from the register control the internal
program modes.

Mode Register
Figure 4 shows data flow to and from the Mode Register.

Figure 4. Mode Register Data Flow
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The Mode Register receives inputs from the CPU on the
address lines: Row addresses R0-9, Column addresses
C0-9, and Bank addresses B0, B1 and ECASO. These
bits are loaded into the Register when Mode Load (ML)
goes low. Alternatively, the Mode Register may be
programmed by initiating a ‘dummy’ access, as shown in
the Mode Load Timing Characteristics (Figure 11, AC
Switching Characteristics). ML, CS and AREQ are
asserted, the addresses are loaded into the Mode
Register on the falling edge of AREQ, while ML and CS
are low, or when ML goes high (whichever occurs first).
DTACK is not asserted during a “dummy” access and
must be generated externally to terminate the access.

It is necessary to program the chip after power up, and
before using it in normal operation. The inputs to the
register are encoded to control a variety of functions, as
shown in Table 4. Note that inputs R10 and C10 of the
KS84C22 do not program the Mode Register.

Note: Make sure that the CPU is not in a indefinite Wait State when
loading the Mode Register by a dummy access.

The 84C21/22 are set for error scrubbing after power up
or reset by ML low. A “1” on the EXTDRF input will
extend the refresh cycle if the device has not been
programmed before the first refresh occurs.
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Table 4. Programming the Mode Register

ADDRESS LATCH

BO

BO allows the user to decide whether address inputs should be latched by ADS/ALE, or whether the
address latches should be permanently transparent and merely allow passage of the address inputs.

BO
0 | Address bits latched.
1 Address latches transparent.

ACCESS MODES

B1

B1 allows the user to select either synchronous or asynchronous access modes.

In Mode 0 (synchronous), access is controlled by the system clock, and the access RAS is initiated
on the rising edge of the first clock input after ALE goes high. AREQ is used to terminate the RAS
cycle.

In Mode 1 (asynchronous), the falling edge of ADS initiates an access immediately, and the rising
edge of AREQ terminates RAS.

B1
0 | Access Mode O (synchronous)

1 Access Mode 1 (asynchronous)

ENABLE COLUMN ADDRESS STROBE

ECASO

Controls the CAS outputs. Only one ECAS Mode Register.

ECASO0
0 | CASn outputs are negated with AREQ in non-interleave mode.
WE output is selected.

1 CASn outputs can be held low until the rising edge of CLK, after RAS is deasserted in non-
interleave mode.
RFRQ is selected.

RAS LOW AND RAS PRECHARGE TIME

RO, R1

These bits control the period of time that RAS is low during refresh operations, and alsp determine
the guaranteed RAS precharge time. The time interval shown (T) is equivalent to one Clock (CLK)
cycle. RAS precharge is the minimum number of CLK cycles. The actual precharge time can be
longer.

RO | R1 RAS Low Time RAS Precharge Time
0 2T 1T
1 2T 2T
1 0 3T 2T
1 1 4T 37
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Table 4. Prograrhming the Mode Register (Continued)

DYNAMIC RAM CONTROLLERS

WAIT OR DTACK GENERATION FOR NON-BURST MODE ACCESSES

R2, R3, R7 | These bits control the WAIT or DTACK generation modes for non-burst accesses. Bit R7 is set to
select either WAIT or DTACK type of output. The time interval shown (T) is equal to one Clock cycle.
WAIT High from WAIT High from Access
Access RAS Low. RAS Low, After DTACK Low from
R7 | R2 | R3 Non-delayed Access Delayed Access RAS Low
0 0 0 No wait states oT .
0 0 1 No wait states 1/2T —
01 ]o 12T /et —
0|1 1 1T 1T —
1 0o|o — — oT
1 0|1 — — 1/2T
1110 - _ 1T
1 1 1 — — 1-1/2T

WAIT OR DTACK GENERATION FOR BURST MODE ACCESSES

R4, RS R4 and R5 Control WAIT or DTACK generation modes during burst mode accesses.
R4 | RS Condition
0 | No wait states. WAIT stays high and DTACK stays low from previous access.
1/2T WAIT goes high on the falling edge of the next CLK after ECASn goes low.
(DTACK goes low)
1 0 | 1T WAIT goes high on the rising edge of the next CLK. DTACK goes low one
CLK cycle after CAS.
1 1 oT. WAIT (DTACK) follows CAS.
ADDS WAIT STATE
R6 R6 adds wait states to the current access if WAITIN is low.
R6 Condition
0 | Hold WAIT low (DTACK high) for one extra clock period.

1

Hold WAIT low (DTACK high) for two extra clock periods.
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Table 4. Programming the Mode Register (Continued)

INTERLEAVING

R8

R8 Determines whether the DRAM is accessed in interleaved or non-interleaved mode.

In interleaved mode, the row addresses are multiplexed to the DRAM controller address outputs,

after the column addresses have been held for a sufficient time (35ns minimum) after CAS has gone
low.

In non-interleaved mode, the column addresses are held on the DRAM controller address outputs
until CAS goes high.

0 Interleaved mode

1 Non-interleaved mode

STAGGERED REFRESH OPERATIONS

R9

R9 determines whether the refresh operation is standard, or staggered.
During a standard refresh cycle, all RAS outputs will be asserted and deasserted at the same time.

In staggered refresh operations, the RAS outputs will go low in sequence, at one clock intervals.
One or two RAS outputs are selected at a time, depending upon the RAS/CAS configuration
selected by the setting of C4-C6. There is no error scrubbing during this type of refresh.

R9
0 | Standard refresh
1 Staggered refresh

RFCLK DIVIDER

Co, C1, C2

These bits allow the user to select the divider for the refresh clock input (RFCLK), from which the
internal REFRESH clock is generated. Select divider such that the result is an approximately 2MHz
clock (REFRESH). :

Co ([ Ct1 | C2

0 0 0 | Divide by 10
0 0 1 | Divide by 6
0 1 0 | Divide by 8
0 1 1 Divide by 4
1 0 0 | Divide by 9
1 0 Divide by 5
1 1 0 | Divide by 7
1 1 1 Divide by 3
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DYNAMIC RAM CONTROLLERS

Table 4. Programming the Mode Register (Continued)

REFRESH CLOCK DIVIDER

time.

C3 C3allows the user to divide the internal refresh clock (REFRESH), to get the required refresh cycle

c3

0 | Divide by 30.

clock period every 15 microseconds.

Divides the internal REFRESH clock (usually 2MHz) by 30, to produce a refresh

1 Divide by 26.

clock period every 13 microseconds.

Divides the internal REFRESH clock (usually 2MHz) by 26, to produce a refresh

RAS AND CAS CONFIGURATIONS

C4, C5,C6 | These bits, in conjunction with B0 and B1 control the RAS and CAS configurations. There are four
RAS and four CAS outputs, that can be grouped so that each RAS and CAS will drive one fourth of
the array, regardless of whether the array is arranged in 1, 2 or 4 banks. The setting of these bits also
determines whether error scrubbing and interleaving can be supported.

Electronics

SAMSUNG

Error* Support
C4 | C5|C6 RAS and CAS Configuration Modes Scrubbing | Interleaving
0 0 0 | RASO0-3 are brought low during an access. CAS0-3 are all Yes No
selected during an access but only those enabled by the
corresponding ECAS can go low. BO and B1 are not used.
0 0 1 RAS groups are selected by B1. No No
B0 is not used. All CAS outputs |B1 | BO
are selected, making this mode 0 | — |RASO, 1
useful for byte writing via d
ECASO-3inputs and the CASO-3 — [RAS2,3
outputs.
0 1 0 | RAS, CAS pairs selected by BO Yes Yes
and B1. A particular CAScannot |B1 (B0
go low uniess its ECAS is also 0 | 0 |RASO and CAS0
low. —
0 | 1 |RAS1 and CAS1
1 | 0 |RAS2 and CAS2
1 | 1 {RAS3 and CAS3
0 1 1 | RASn is selected by B0 and B1. No No
CAS outputs are selected with (B1 |B0
the corresponding ECAS input, o | o [RASO
making this mode useful for
byte writing viaECASO-3inputs | 0 | 1 |RAS1
and the CAS0-3 outputs. 1 | o |RAS2
1|1 |RAS3
1 0 0 | RAS, CAS groups selected by Yes Yes
B1. A particular CAS cannotgo |B1 B0
low unless its ECAS is also low. 0 | — |RASD, 1 and
CASO, 1
1 | — |RAS2, 3 and
CAS2, 3
—— e
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Table 4. Programming the Mode Register (Continued)

RAS AND CAS CONFIGURATIONS (Continued)

Error* Support

C4 | C5 | C6 RAS and CAS Configuration Modes Scrubbing | Interleaving
1 0 1 RAS, CAS groups are selected No Yes
by B1. A particular CAS cannot |B1 |B0
go low unless its ECAS is also 0 | — [RASO. 1 and
low. TAS0, 1
1 | — |[RAS2, 3 and
CAS2, 3
1 1 0 | RAS0-3 and CASO0-3 are all selected during an access. This No No

mode is useful for byte writing via ECAS0-3 inputs and the
CASO0-3 outputs. BO and B1 are not used.

1 1 1 | RASnand CASn are selected by No Yes

BO and B1. A particular CAS |B1|B0
f:annot go low unless its ECAS 0 | 0 |RASO and CASO
is also low.
0 { 1 |RAS1 and CAS1
1 | 0 |[RAS2 and CAS2
1 RAS3 and CAS3
“Note: Internal refresh only.
COLUMN ADDRESS SETUP TIME SELECTION
(074 C7allows the user to select a minimum guaranteed setup time (tasc) for the column address inputs.
c7
0 | Seiects 10ns setup time.
1 Selects Ons setup time.
ROW ADDRESS HOLD TIME SELECTION
Cc8 C8 allows the user to select a minimum guaranteed hold time (tran) for the row address inputs.
Cc8
0 | Selects 25ns hold time.
1 Selects 15ns hold time.
DELAY CAS DURING WRITE ACCESSES
co C9allows the user to delay CAS during write operations. If no delay is selected, CAS is treated in the

same way for read and write operations. If delay is selected, CAS is delayed for one rising clock
edge after RAS goes low.

c9
0 | No delay.

1 Delay selected.
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DYNAMIC RAM CONTROLLERS

Standard Access Operations

The versatile KS84C21/C22 chips support a variety of
DRAM operations. They enable read and write accesses,
in synchronous or asynchronous mode, with or without
interleaving, and in burst or non-burst mode. Typical
operations are itllustrated in the timing diagrams at the
end of this Product Description.

Operating Features

DRAM performance is optimized under the control of
the KS84C21/C22, as a function of the special operating
features designed into the chips. This section describes
some of the features that enhance DRAM performance.

Controlling Precharge Time

The precharge time of the DRAM, or the time the chip
takes to stabilize between accesses, negatively impacts
the overall access speed of the memory devices. Since
the DRAM performance is generally trailing CPU through-
puttime, the DRAM controller can play animportant role
in improving overall system performance.

RAS Low and RAS Precharge Time. RAS precharge
time can be programmed using bits RO and R1 in the
Mode Register. The precharge time is guaranteed during
access and refresh. RAS low and RAS precharge times
are counted by the rising edges of the CLK input. Each
bank of memory devices has its own precharge counter.
This is an important feature, since the KS84C21/C22
allows memory interleaving of 2 or 4 memory banks.

AREQ must go high at tcoe with respect to the rising
edge of the CLK input, to be counted as 1T of the
programmed precharge time. An access will start with
the following CLK edge that is programmed by RO, 1.

The KS84C21/C22 inserts Wait States as required, to
keep the CPU and DRAM interactions in step. The
system designer is responsible, however, for making
sure that the appropriate numbers of Wait States are
inserted to keep RAS low for the period of time required
by the DRAM specification.

'CAS Precharge Time. The ECASn input controls CAS
precharge time during a burst access. The CASn output
is adirect function of the ECASninput. The KS84C21/C22
does not monitor precharge time tgp or tycpin a page or
nibble access.

Access Features

The KS84C21/C22 enables a number of types of DRAM
access, that either enhance DRAM performance, or
increase the DRAM's flexibility in specific applications.

Static Column Access. With this type of access, a
specific memory row is accessed, and the column
addresses to that row are incremented with COLINC,
enabling sequential accesses, without invoking a suc-
cession of RAS and CAS signals.

Access to Random. Column address can be accom-
plished by strobing the new column address with a
high/low transition on ALE/ADS input while CS is high.
Note that the page comparator is not built in.

Page Access. The KS84C21/22 DRC is capable of
performing random column accesses within a page
when used with page or static column mode DRAMs.
When used in this mode, AREQ remains asserted from
the opening access in order to keep RAS asserted. In
Mode 1, the new column address is strobed onto the
DRAM address bus on the falling edge of ADS. CS must
be negated before the falling edge of ADS in order to
keep the DRC from strobing a new row address onto the
bus and performing another opening access. In Mode0,
CS must be negated before the rising edge of CLK after
ALE is pulsed high.

When used in this mode, the user is responsible for
insuring that the DRAM'’s maximum RAS low time and
minimum CAS precharge time is not violated. Since the
DRC will not perform a refresh until AREQ negates RAS,
it is suggested that RFRQ be monitored in order to
negate AREQwhen an internal refresh request is pending.

For such applications as frame buffer, or printer buffer,
the KS84C21/C22 support fast page accesses, in which a
specific row is accessed, and incremental column
addresses within that row are accessed sequentially. The
built in column counter provides the column address. If
the row changes, a new access must be initiated with
ADS/ALE.

Access to Random. Column address can be accom-
plished by strobing the new column address with a
high/low transition on ALE/ADS input while CS is high.
Note that the page comparator is not built in.

Memory Interleaving. Performance is similarly enhanced
if consecutive accesses are made to different memory
banks by hiding the precharge time in the access of
subsequent access cycle. The KS84C21/C22 supports
access to up to 88 DRAMSs, arranged in up to four banks,
each containing 16 memory devices for data and 6 for
error correction. The bank address bits, BO and B1 are
the least significant bits, as seen by the CPU. The
KS84C21/C22 ensures that the DRAM will be precharged
for the programmed number of CLK cycles by inserting
Wait States. The precharge counter, as programmed by
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RO and R1, keeps track of the CLK inputs, and after
reaching the programmed number, the rising edge of the
next CLK input is used to complete the current cycle.
The precharge counter starts with the rising edge of the
first CLK input (which is counted as 1T) that occurs after
the low-to-high transition of AREQ. There is a required
setup time to the rising edge of CLK of tcoo.

Delay CAS

An early write cycle to a DRAM is useful if the input data
is not stable at the falling edge of WE, or if bidirectional
data buffers are used. With this sort of access, WE goes
low before CAS is low. The column address bits and data
are stored in the DRAM latches on the falling edge of
CAS. The data output buffer of the DRAM is tri-stated
during the entire RAS cycle.

To achieve an early write cycle, the CAS output of the
KS84C21/C22 can be delayed one CLK cycle, if bit C9 of
the Mode Register is set appropriately. CAS will go low
teos after the rising edge of CLK. If CAS has been
delayed in this way, and requires further delay, this can
be done by holding ECASn high, which prevents CAS
from going low.

Conversely, a late write access may be required, in which
WE is asserted after CAS. In this case, the column
address bits are latched into the DRAMs on the falling
edge of CAS and the input data is latched on the falling
edge of WE.

Wait States

Wait states are required when a relatively slow DRAM is
operating with a fast CPU. The KS84C21/C22 generates
the WAIT signal, and sends it back to the CPU instructing
it to insert a Wait. This means that the CPU will not look
for data prematurely, and during a Refresh operation, an
access is deferred. Bit R7 of the Mode Register must be
set to ‘0’ to instigate this feature.

If the Wait state is not selected, the KS84C21/C22

generates a handshaking signal, DTACK, which is re-
turned to the CPU to acknowledge transfer of data.

Refresh Operations

The KS84C21/22 provide a number of refresh options, as
described below.

Automatic Internal Refresh

Internal refresh is generated by an internal refresh
counter, which keeps track of the refresh intervals, and
also supplies the row address bits required to refresh the
memory area. (Internal refresh is a RAS-only operation.)
The refresh period is selected by bits C0O, C1, C2 and C3
of the Mode Register.

The refresh period for mostDRAMSs is 15 microseconds.
This means that the one megabit DRAM has to be
refreshed every eight milliseconds, during which time,
512 rows must be accessed. This calls for a 9-bit refresh
counter. The KS84C21 has a 10-bit counter, and the C22
has an 11-bit counter. The extra bits are used for error
scrubbing over the whole address range.

If a refresh is requested by the on-chip Refresh counter,
while an access is in progress, that access is finished
before the refresh cycle is initiated. The next access is
deferred until the refresh cycle is complete. The wait
logic automatically inserts Wait States.

Internal refresh is possible in both interleaved and non-
interleaved modes.

Automatic Internal Staggered Refresh

Staggered refresh, during which the RAS signals are
staggered at one CLK intervals, can be selected by
appropriately setting bit R9 in the Mode Register. This
type of cycle allows the memory area to be refreshed
with minimum switching current.

External Controlled Refresh

Refresh operations can be controlled externally and can
be either ‘all RAS’ or staggered. As for internal refresh,
the row address bits are supplied by the on-chip refresh
counter.

Internal refresh must be disabled by driving DISRFSH
low. RFSH must go low at setup time tgy.

Refresh Request Divider

The refresh request divider (derived from the program-
mable divider) asserts the RFRQ output, if internal or

external refresh has been selected by DISRFSH.

Clearing the Refresh Counter (Row Address)

The refresh counter is cleared by driving DISRFSH high
and RFSH low, with a setup time of tg to the rising edge
of CLK. This procedure does not invoke a refresh of the
DRAM.

Error Scrubbing

In a system with error correction, transparent error
scrubbing is one method of increasing data integrity. A
full access is performed during refresh, during which
data and ECC bits are continuously updated and checked,
and random bit errors corrected. The error scrubbing
option is selected by appropriately setting bits C4, C5
and C6 of the Mode Register.
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When the KS84C21/22 are programmed for error scrub-
bing, a complete memory access is performed during
the refresh cycle. The 10- or 11-bit internal scrubbing
counter provides the column address bits, and the 10- or
11-bit refresh counter provides the row address bits.
Error scrubbing is done by word, not by byte.

If the error correction circuitry detects an error, the error
is corrected by writing the corrected word to the DRAM
by means of the read-modify-write operation. (The data
is read and checked during the read portion, and
modified/corrected data is written back during the write
portion.)

To enable this type of cycle, EXTDRF must be asserted
while RAS is low. RAS and CAS remain low until the
rising edge of the next CLK, after EXTDRF has gone low
again.

Although the KS84C21/22 control the error scrubbing,
they du not provide the error correction circuitry.

Access Modes

The KS84C21/22 support both synchronous and asyn-
chronous operations. The user can select the mode
most suited to the microprocessor with which the DRAM
is interfacing, by means of bit B1 in the Mode Register.

Mode 0 — Synchronous Access

Mode 0 is selected when B1 = 0. To initiate a Mode 0
operation, ALE must pulse high tgo before the rising
edge of the clock input (CLK). Provided that the chip
select signal (CS) has been established at tgy before the
rising edge of the next CLK input, access will start on the
rising edge of that CLK. CS must stay asserted until
AREQ terminates the access.

Since ALE is high, the address latch is transparent to the
address inputs, and, if the chip is programmed in
Address Latch Mode (BO = 0), the latch stores the
address bits that were present one setup.time (tgg)
before the high-to-low transition of ALE. If the chip is not
in Latch Mode (B0 = 1), the address inputs have to meet
the setup time of tgs5 to the rising edge of CLK, to make
sure that the row address bits are on the Q output when
row address strobe (RAS) is asserted.

Mode 1 — Asynchronous Access

Mode 1 is selected when B1 = 1. To initiate a Mode 1
operation, CS must be low for ty; before ADS goes low. If
the chip is programmed in Address Latch Mode, the
address latch, which is transparent to address inputs
while ADS is high, stores the address that was present
one set up time ty4 before the high-to-low transition of
the ADS signal.

DYNAMIC RAM CONTROLLERS

Interleaving

The KS84C21/22 support both interleaved and non-
interleaved memory operation. Interleaving is controlled
by the R8 input to the Mode Register.

Interleaving

With R8 set at 0, the chip supports interleaved accessing
of the DRAM. This is a way of reducing access cycle
time. In interleaved mode, access cycles (read or write)
are overlapped, so that before an access cycle is
completed in one memory bank location, another access
may be started in a different memory bank. Since the
precharge time of most DRAMs is between 80 and 100
nanoseconds (about the same length as tgag), inter-
leaving can save up to 50% of cycle time. AREQ may be
deasserted before the column address hold time.

Memory accesses can only be overlapped in physically
separated banks of memory, and may occur during
precharge time. The column address hold time is
assured by the DRC.

Interieaving can take place in either Mode 0 or Mode 1.

Non-interleaving

When R8s setat 1, the chip does not support interleaving.
The address lines from the microprocessor are connected
to the Row (R), Column (C), and Bank (B) inputs of the
KS84C21. BO and B1 (bank address bits) may be
connected to the most significant or the least significant
address bits.

Access starts in Mode 0 if ALE pulses high ty, before the
edge of the CLK input. in Mode 1, access starts when CS
remains low for to before the falling edge of ADS. in
both cases, access is terminated when AREQ goes high,
terminating RAS. CAS goes high or stays low until the
rising edge of the next CLK, as programmed by ECASO.

¢ SAMSUNG

Electronics

310



KS84C21/C22

DYNAMIC RAM CONTROLLERS

DC ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

DC Supply Voltage ...........ooooiiiiiiiiiiiiian v
Temperature Under Bias ................. 0°C + 70°C
Storage Temperature ................ -65°C to 150°C

All Input and Output Voltage ..... Vgs - 0.5V to +7V
Power Dissipation at 25MHz ..................... 0.6W
ESD. oo 2000V

Note: If the device is used beyond the maximum rating, permanent damage may occur. Operation should be limited to those conditions specified

under DC Electrical Characteristics.

DC Electrical Characteristics (T = 0°C to +70°C, Vg = 4.5V to 55V, Vgg = 0V)

Symbol Parameter Condition Min Typ Max Units
Vin Input High Voltage Tested with limited Test pattern 20 Vecot0.5 \
Vi Input Low Voltage Tested with limited Test pattern -0.5 0.8 \

Voni |Q and WE Outputs lon = -10mA 24 v
Vo1 |Q and WE Outputs loL = 10mA 05 v
Vorz | All outputs except Q and WE |loy = -3mA 24 v
VoLz | All outputs except Q and WE |l = 3mA 0.5 \
IiN Input Leakage Current ViN = Vg or Vgg +10 HA
lume | ML Input Current ViN = Vss 200 LA
lcc1 | Quiescent Current CLK at 25MHz Inputs Inactive 15 mA
lccz | Supply Current Inputs Active (I load = 0) 50 95 mA
Cin Input Capacitance fin at TMHz 5 10 pF

AC SWITCHING CHARACTERISTICS

Figure 5 shows a typical test circuit, while Figure 6 shows the output drive levels. Figures 7 through 14 provide switching
characteristics for a number of typical KS84C21/C22 operations:

Figure 7. Mode 0 Interleave

Figure 12. Mode Load

Figure 14. Internal Refresh
Figure 15. Refresh and Exten
Figure 16. Staggered Refresh

® & & & & 0 0 0 0 o

Figure 8. Mode 0 Wait State, Non-interleave
Figure 9. Mode 1 Interleave, Address Latch
Figure 10. Burst Access, Page Mode
Figure 11. Non-Interleave, Delay CAS

Figure 13. CLK, RFCLK Timing

d Refresh

Unless otherwise stated Vcc = 4.5V to 55V, 0 < Tp < 70°C

Load Capacitance: Q0-Q9, Q10 C_ = 380pF
WE C_ = 500pF
RAS0-3, CASO-3  C_ = 125pF
All other Qutputs C_ = 50pF

All minimum and maximum values are measured in nanoseconds.
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CAPACITIVE LOAD SWITCHING

Figure 5. Switching Test Circuit

DEVICE

UNDER
TEST
I N

*tpp SPECIFIED AT C = 380pF ALL Q OUTPUTS
Cy = 125pF RAS AND CAS OUTPUTS
CL = 500pF WE OUTPUT

TYPICAL SWITCHING CHARACTERISTICS

Figure 6a. Output Drive Levels Figure 6b. Simplified Output Driver Schematic

Vee

VOLTAGE WAVEFORMS

INPUT 15v 15V oUTPUT TO

o RAM ADDRESS

teL OR CONTROL
oL LINES

OuTPUT

08V v

ov

ov

AC Testing inputs are driven at 3.0V for a fogic “1” and 0.0V for a logic
“0”. Timing measurements are made at 2.4V for a logic “1” and 0.8V
for a logic "0” at the outputs.

Maximum Propagation Delay Change vs Load Capacitance

RAS = 1ns/14pF (between 50pF ... 250pF)
CAS = 1ns/8 pF (between 50pF ... 250pF)
Q = 1ns/20pF (between 150pF . . . 500pF)
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Figure 7. Mode 0 Interleave

ACCESS START

ax 7\ DA A A A I O W
03> ol o 0a
ALE || ADDRESS LATCH /
o 010 f
cs Ve
—{C22|a—
AREQ \ S\ —
06
012
80, 1 -
R, C0-9, 10 X
o 0 c2_,
~ J
Qo-9.10 ROW W COLUMN X row A ROW X _cowmn X
i o34, ! ! 58 il { —>|c12l-— o1| - la—c7
P RaH tasc tcam
RASn /
08 _>qc17t_ -« C—— ]
CASn V /
I o3 — wst__-
WA

No. Parameter Min | Max No. Parameter Min | Max
01 |CS Low to CLK Rising Edge 5 C3 |Row Address Hold Time, tgay = 15ns | 15

02 |ALE High to CLK Rising Edge 5 17 C4 |Row Address Hold Time, tgay = 25ns | 25

03 |ALE Negated from CLK High 0 C5 | Column Address Set-up Time 0

04 |ALE Pulse Width 10 tasc = Ons

05 |Address Set-up to CLK Rising Edge | 20 ca . S\Zg’f’;oﬁgd’ess Set-up Time 10

not using the On-Chip Address Latch

06 |Address Set-up to ALE Falling Edge 2
using the On-Chip Address Latch

07 |CLK Rising Edge to RAS Low 12 33

C7 | CLK Rising Edge to RAS active after | 12 33
delayed access

C8 | CLK Rising Edge to CAS active after
delayed access

08 |CLK Rising Edge to CAS Low (non- a |tpaq = 15ns, tage = Ons 45 85

delayed access) b tgan = 15ns, tagc = 10ns 55 95
a |tpapn = 15ns, tagc = Ons 45 85 C |tpan = 25ns, tagc = Ons 55 95
b |tgan = 15ns, tagc = 10ns 55 95 d |tran = 25ns, tagc = 10ns 65 105
C |tran = 25ns, tagc = Ons 55 95 TOEA W TAG
d |t - 2508, taas = 10ns o5 | 108 C12 | AREQ High to E/f_ High 12 | 35
010 |CS Low After Access Start N C17 | AREQ High to CASn High 12 40
012 |Address Hold Time from ALE faling | 8 C20 | Column Address Hold Time 3

in Interleave

edge using the On-Chip
Address Latch C22 | AREQ High to CLK Rising Edge to 15 1T
recognized as 1T of RAS precharge

* CS must be asserted until AREQ terminates the access (mode 0 it —
only) W03 | CS Low to WAIT Low 25
02, = %T if Mode 0 and WAIT o t d —

wax = WT i Mo uiput programme W5 | CLK Rising Edge to WAIT High 30
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Figure 8. Mode 0, Wait State, Non-Interleave

DYNAMIC RAM CONTROLLERS

o T\r_/"‘\_/ﬂ_/—\_/_\_/_\_/_\_/—\_/[_\_/_\
ae T\ N
ﬁ‘—l WO1 [ W6 |-—
waimN | N
—»{C12
e — e
s "\
l —» |-C26 C21—»
ECASh _;:\— / \
- / - W5 | - W4 [e— ->| W1 !4—-
WAIT /\I L/
1T0T Ras 0 R235 1'/ — wz\|<—_ w2 |- -._vy:
g O
DTACK )
e \
c13 —1C23 |- —i C25 | a—
TASh
( »‘ hwos
OTACK T .\ /S
oo g \ S| |
wAIT — w7}¢ \t’ W8 |-—
pTACK "« 7/
1/2/0T1R26 =0 R3,4,5="1
wan \ / \ N/
No. Parameter Min | Max No. Parameter Min | Max
C12 | AREQ High to RAS High 12 35 W01 | WAITIN Low to CLK Rising Edge to 5
C13a| ECASN High to CASn High 7 5 Add Wait State (s) if no Wait State
is programmed
C130| ECASN Low to CASn Low T % W02 | ALE Rising Edge to WAIT Low (CS 35
C21.| AREQ Rising Edge to ECAS 20 must be Low)
Rising Edge in order not to start a =
Wait State W1 |CLK to WAIT High 30
C25 | CLK Rising Edge to CASn High if 12 | 40 W2 | CLK to DTACK Low 23
ECASnN low at AREQ Rising Edge (if W3 |AREQ Rising Edge to DTACK High 5 25
Delay Programmed by ECASO0) W4 |ECAS Rising Edge to WAIT Low 30
C26a| ECAS Asserted (setup time) 20 . P—
to CLK Rising Edge W5 |CLK Rl'smg Edge to WAIT High 30
C26b| ECAS Asserted (setup time) Wos g.'r“f,r':gzr:‘?nggp‘c'( Low 213
to CLK Failing Edge 20
W6 |WAITIN Low to ECAS Rising Edge to| 12
Add Wait State(s)
W7 | ECAS High to DTACK High during 6 35
Burst Access
W8 | ECAS low to DTACK Low during 6 35
Burst Access (0T programmed)
.S‘ 314
W,
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Figure 9. Mode 1, Interleave, Address Latch

CLK

— 3} 11— [—19 — =
ADS ADDRESS LATCH AND START ACCESS J
12 . l< 110 —»l
& L__/ /7
wea T T\ Y N h—
lq’-“» -— xs—»l
c2
Q0-9. 10 ROW N COLUMN N ROW M X ROWN X COLUMNM X
13 ) C34 [ c20 | . |
—_— tRaH tasc tcan l - |
RAS / \
—»=(C12
RASmM N
16 1CAS |
CASn BS——
cr
CASm | W
— ’<»~w12
s T\ Y e N e

* 11a AND 1tb MAY BE IGNORED IF 0T IS PROGRAMMED AND WAITIN IS NEGATED.

No. Parameter Min | Max No. Parameter Min | Max
C1 |Rinput to Q output while ALE is high | 15 40 11a [1T programmed or OT programmed 18
C2 |Address to Q output 15 40 and WAITIN asserted
- _ 11b |ADS Low to CLK, 18
C3 |Row Address Hoid Time, tga = 15ns | 15 %T or 1%4T programmed
C4 |Row Address Hold Time, tgany = 26ns| 25 12 |CS to ADS Low Set-up Time 8
C5 | Column Address Set-up Time 0 13 |ADS Falling Edge to RAS Low during| 10 | 30
tasc = Ons
an Access
c6 tCoturPr;OAddress Set-up Time 10 14 | Address Set-up to ADS Falling Edge | 10
Asc = 1Uns
e SAE 15 | Address Hold after ADS Falling Edge 8
C12 |AREQ High to RAS High 12 3% using the On-Chip Address Latch
7 |AREQ Hi e
C17 |AREQ High to CAS High 12 40 16 | ADS Low to CAS Low
C20 | Column Address Hold Time 35 C9 = ‘0’ (not delayed access)
in Interieave a |[tgan = 15ns, tagc = Ons 45 85
W12 |ADS Low to DTACK Low 14 | 35 b {tran = 1508, tagc = 10ns S
0T from RAS Programmed C |tran = 25ns, tasc = Ons 55 | 95
R2, 3 =0, R7 = 1' d |tran = 25ns, tasc = 10ns 60 105
19 | ADS High Pulse Width 10
110 | CS Low After Access Start 20
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Figure 10. Burst Access — Page Mode

ECASn

- aay
(S N 2 BN
.

[e—C16
COLINC /
e———c27 T
<—c15—>1
Q COLUMN ADDRESS x COLUMN ADDRESS + 1
No. Parameter Min | Max No. Parameter Min | Max
C13 | ECASn High to CASn High 7 25 C16 | COLINC High Set-up to ECASn Low | 20
C15 | COLINC Rising Edge to Column 22 40 C23 |ECASn Low to CAS Low 7 25
Address Output C27 | GOLING Pulse Width 20
Figure 11a. Mode Load Figure 11b. Mode Load
Load Mode Register with Fake Access Load Mode Register with ML

’-’ MODE EFFECTIVE
M3 —{
M4

AREG \
M6 <——~Ms—,.J M1 | M2
pe,
ECASD
No. Parameter Min | Max No. Parameter Min | Max
M1 |Mode Address Set-up Time 6 M4 | CS asserted to AREQ asserted 5
M2 |Mode Address Hold Time 5 M5 [ Mode Address Hold Time from 10
M3 |ML asserted to AREQ asserted 10 AREQ Low
M6 | Mode Address Set-up Time to 5
AREQ Low
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Figure 12. Non-interleave — Delay CAS

o “\_/"'\_/—\_/“\__/"\_/_\_/F\_/—\_/"\_/_\_f\_/"\_/
ALE / \ / \
cs /
AREQ \ / \
A co-a10 — X X X
00-910 ROW COLUMN X ROW D COLUMN X
(I B N _
I C24 C25
— \l/CAS DELAY L
CTASn N I J/ —
—»‘ 011
win \
—»[cw -~ — culq-—
WE /
ECASn \ / \
No. Parameter Min | Max No. Parameter Min | Max
011 {WIN low to CLK Rising Edge to 0 C18 |CLK High 15
delay CAS (C9 = 1) C18a| CLK Low 15
C14 [WIN to WE 15 | 40 C19 | CLK Period 20
C24 |CLK Rising Edge to CAS Low if 10 32 : :
delayed by WIN C28 | RFCLK High 15
C25 |CLK Rising Edge to CASn High if 12 | 40 C28a| RFCLK Low 1
ECASnh Low at AREQ (if delay C29 | RFCLK Period 40
programmed by ECASO) C30 | ADS Hold Time for RFCLK 20
Rising Edge '
C31 [ADS Setup Time for RFCLK 5
Rising Edge

Figure 13. CLK, RFCLK, ADS Timing

C18 | C18a Cc19

CLK
C28 Ca8a c29
-

RFCLK

—»| C30

c31
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Figure 14. Internal Refresh — Interleave Access

s/ \
cs \
AREG \ / |
R :20 510 1 —x—
0-910 X row X cowumn X_row ROW COUNTER — X___Row
RY A7 )
ARS? \___access / :\Iﬂs_H__}—_\_A_CCEL
CASn —_—\______—/ \_
WATT VARNO)
——fma|<— 3—'&1
RFRQ [ R6
_>| Rsi‘_ AJDL
RFIP
@ g;.l:?FJTE“iODELAVED ACCESS
No. Parameter Min | Max
R5 |CLK High to RFIP Low 35
R6 |CLK Rising Edge to RFIP High 35
R7 |CLK Rising Edge to Refresh 10 33
RAS Ending
R9 |CLK Rising Edge to Refresh 10 33
RAS Starting
R13 | CLK Rising Edge to RFRQ High 40
R14 | CLK Rising Edge RFRQ Low 40
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nm—

Figure 15. Refresh and Extended Refresh

AREQ
R5
— I<—a6 — _n-a\t—

Q x REFRESH ROW X REFRESH ROW

| —» I—-m
RASn / \
‘1 le—R2
DIRFSH

R1—» -
RFSH
R10. »l R3 |- ]

EXTDRF Yo\

No. Parameter Min | Max No. Parameter Min | Max
R1 |RFSH Low Set-up to CLK 10 R6 |CLK Rising Edge to RFIP High 35

Rising Edge R7 | CLK Rising Edge to Refresh 10 | a3
R2 |DISRFSH Low Set-up to CLK 10 RAS Ending

Rising Edge R9 |CLK Rising Edge to Refresh 10 | 33
R3 |EXTDRF Set-up to CLK Rising Edge 10 RAS Starting
R5 |CLK Rising Edge to RFIP Low 35 R10 |RFSH Low Pulse Width 18

Figure 16. Staggered Refresh

DiSRFSH
RFSH \ e
AR N\
RASO \___/_'——L__/_—
wasz /N
s | A N
Qo-9.10 X REFRESH ROW X REFR. ROW « 1
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Figure 17. Random Page Mode Access

oax 1 J l | 1
+=/C26b|=
ECASn |« C26a —{
c1 f<— —> C23 [
CASn / \
ADS \
12 ja—
cs j
= 1
R, C0-9, 10 x
—»| C32 |w—
Qo0-9, 10 X]
AREQ
RAS
No. Parameter Min | Max
C32 | ADS Asserted to Column 35
Address Valid
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NOTES ON TIMING CHARACTERISTICS

This section provides notes on timing characteristics for the following operations:

» Interleaving (Figures 7, 9 and 14)

e Two consecutive accesses to the same bank
e Refresh (Figures 14, 15 and 16)

e Wait States (Figure 8)

Interleaving

Relevant Mode Bits

R8 Interleave/non-interleave mode
4,5 6 Select Interleave 2, 4, 5, or 7
BO Address latch mode

B1 Access Modes

C7 Column Address Setup Time
C8 Row Address Hold Time

RO, 1 RAS Precharge Time

External Signal Inputs

CS This input enables the access cycle.
Mode 0: It mustbe low for tyy before the rising edge of CLK. CS must stay low until AREQ goes high.
Mode 1: tt must be low ty, before the falling edge of ADS.

ADS Mode 1: This input latches the address during asynchronous accesses. The falling edge must occur
t11 before the rising edge ot CLK. It may go high after AREQ was low for one CLK period. The address
ofthe R, CandB inputs is latched at the falling edge of ADS, if bit BO in the Mode Register is ‘0" While
ADS is high, the row address latches are transparent to the input. The column address is not

transparent.

ALE Mode 0: Thisinput latches the address during synchronous accesses. Therising edge must occur tyy
before the rising edge of the next CLK input which starts an access. This is also true if the on-chip
address latch is programmed in fall-through mode (bit BO in the Mode Register is ‘1’).

AREQ This input ends the active time of RAS and CAS. It may go low with ADS orsome time later. AREQ has
to be high toos before the rising edge of CLK in order to be recognized as 1T of precharge time.

RASn and CASn go high at the rising edge of AREQ, independently of ADS. Example: If RAS3
followed by RAS1 has been invoked, RAS3 goes high with the first rising edge of AREQ and RAS1 with
the second.

If ECAS is set “1” then CAS goes high with the rising edge of CLK.

RAS Precharge time: If two consecutive access cycles address the same bank, i.e. the two least
significant bits do not change, the precharge time trp is met by invoking Wait States.

ECASn ECASn must be toggled to invoke a burst access while RASH is low.

CAS precharge time: The CAS precharge time during burst access must be controlled by the ECAS
inputs. KS84C21/22 do not monitor the duration of CAS.

R, C Mode 0: Address inputs must be stable tps before CLK goes high if the address latches are fall through,
BO, B1 and tgg if the address bits are latched. The address hold time is tg3 or tyo.

Mode 1. Address inputs must be stable for a setup time of ty45 and ty4p, before ADS goes low. The
address hold time is ti5, and tys;, for latched and unlatched address bits.

Note: To meetthe address hold time requirements, the KS84C21/22 guarantee that the column address is turned on for 35ns.
If an access is initiated before the column address is turned on, the column address may change, since the address
latches are transparent while ADS or ALE is high.
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K884C21 /C22 ‘ DYNAMIC RAM CONTROLLERS

External Signal Inputs (Continued)

BO, B1 These two inputs should be connected to the two least significant address bits. B0 and B1 select one of
the memory banks, depending upon the setting of bits C4, C5 and C6 in the Mode Register. Set-up and
hold times are as described for the address inputs. )

Signal Outputs

Q-Row The Q outputs are the multiplexed address outputs. The row address is on the Q-outputs after the
propagation delay time tco. The row address appears after a Column Address Hold time of 35ns
minimum (interleave mode only).

RASnH The row address is guaranteed to be stable when RAS goes low. RASn stays low as long as AREQ is
low and then stays high for the programmed number of CLK cycles. If required, Wait States are
requested by the output WAIT or DTACK.

CASn This output goes low after t1g, guaranteeing the programmed Column Address Set-up time of Ons or
10ns and the Row Address Hold time of 15ns or 25ns.

Q-Coin After the Row Address Hold time has elapsed, the column address is multiplexed to the Q outputs.
After the Column Address Hold time of min. 35ns, the row address will again be on the output
(interleave mode only).

WE/RFRQ  Thisoutputsignal is asserted when an internal or external refresh is requested. In interleave mode, the
WE input to the DRAMs must be controlied by external logic.

Two Consecutive Accesses to the Same Bank

External Signal Inputs

AREQ AREQ must go high to end the access in progress, before a pending access can be executed.

ADS/ALE An access may be started while AREQ is high or low. This means that ADS or ALE may go low while
CAS is active.

Signal Outputs

WAIT or This output is asserted when the same bank is accessed in two consecutive cycles, and/or the RASn

DTACK precharge time for the currentaccess is less than the programmed precharge time. The WAIT output if

programmed, is asserted immediately when the KS84C21/C22 detects that the bank did not change
and the DRAM was not precharged.

RASRn These outputs go high with the rising edge of AREQ, and remain high for the number of CLK cycles
programmed by RO and R1 in the Mode Register. After the precharge time has elapsed, a pending
access is executed on the rising edge of the CLK that ended the precharge time. These conditions are
true for both Mode 0 and Mode 1.

Refresh

Relevant Mode Bits

RO, R1 RAS low time during refresh and RAS precharge time.
R9 Staggered refresh

C0-3 Refresh clock divider

C4-6 Select 0, 2, 4 is error scrubbing during refresh

External Signal Inputs

ECASO If ECASQ is set low in the Mode Register, the output WE/RFRQ becomes WE. If ECASO is high at this
time, WE/RFRQ will function as refresh request. However, in interleave mode, this output is always
RFRQ.
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KS84C21/C22 DYNAMIC RAM CONTROLLERS

External Signal Inputs (Continued)

DISRFSH When high, this signal enables internal refresh, and when low, externally controlled refresh. External
refresh can also be invoked by the RFSH input.

RFSH Must stay high for internally controlled refresh cycles. If DISRFSH is low, the RFSH input controls the
number of refresh cycles performed, depending on how long it stays low. One refresh cycle is
performed if RFSH is low for a minimum of one CLK period, and then goes high tg1 before the rising
edge of the CLK input that ends the refresh operation.

The Refresh Counter can be cleared with DISRFSH high and RFSH low with the set-up time toy to CLK

rising edge.
COLINC/ If error scrubbing has been chosen and this input goes high while RAS is low, the refresh cycle in
EXTDRF progress is extended to allow a read-modify-write cycle for error correction. RAS and CAS remain low

until the rising edge of the next CLK input after EXTDRF has gone low again.

Signal Outputs

RFIP This signal goes low one CLK period before RAS goes low, and goes high on therising edge of the CLK
that ends the RAS active cycle.

WAIT/DTACK Ifanaccess is requested during the refresh period, this access is deferred by inserting Wait States untit
refresh is complete.

'WE or This output becomes RFRQ in interleave mode. If RFRQ programmed to do so by ECASO, it becomes

RFRQ RFRQ in non-interleave mode. RFRQ goes low when an internal refresh request occurs, and goes high
when the refresh RAS is asserted. RFRQ is activated regardless of internally or externally controlied
refresh.

RASn This signal goes low after the precharge time of the access in progress, to start the refresh operation. It

is toggled high and low for the number of CLK cycles programmed by RO and R1 in the Mode Register.
All RAS inputs go low at the same time, or are staggered at one CLK intervals (Figure 16) if a staggered
refresh is programmed by Mode bit R9.

The refresh counter (controlled either internally or externally) is incremented at every refresh, on the
rising edge of RASS.

Wait States
Relevant Mode Bits

R2, R3 Wait during non-burst access
R4, R5 Add Wait State(s) to the current access if WAITIN is low.
R7 Select WAIT or DTACK.

External Signal Inputs

ALE Mode 0: WAIT goes low after the rising edge of ALE, if CS is low. If CS is high when ALE goes high,

then the WAIT output will not be asserted until CS enables the access.

ADS Mode 1: Wait State starts if an access is initiated by ADS going low, provided that CS is low at set up
time tqo.

AREQ If this input goes high, DTACK goes high after a maximum interval of tysa.

ECASn During a non-burst access, ECAS inputs are normally low, unless CASn is delayed from going low.

During burst access, the rising edge of ECASn starts a Wait State while AREQ is low. The Wait State is

terminated as programmed by R4 and R5 in the Mode Register. ECASn must stay low tcoq after AREQ
goes high. This ensures that no further Wait State is inserted.
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KS84C21/C22 DYNAMIC RAM CONTROLLERS

External Signal Inputs (Continued)

WAITIN Keeping this signal low allows Wait States to be inserted.at particular external events, such as read
instructions, or into a portion of memory that requires additional Wait States. WAITIN can be
deasserted one CLK period before WAIT ends and DTACK starts. The active time of WAIT or DTACK is
prolonged by one or two CLK cycles. WAITIN must be low for a setup time of tyo in Mode 0, and tyy1
in Mode 1, and must stay low for a minimum of one CLK period before the Wait State ends.

Signal Outputs

WAIT/DTACK  This output is either WAIT or DTACK, depending on the setting of R7 in the Mode Register. WAIT goes
low and DTACK stays high for the programmed number of Wait States. Wait States are inserted if
necessary to meet the RAS precharge time, or to delay access.

There s a precharge counter for every bank. If the RAS precharge time has not elapsed at the expected

number of CLK cycles, WAIT output goes low, or DTACK stays high, to instruct the CPU to insert Wait
States until the precharge time has elapsed.

Wait During Non-Burst Access
The first access of any memory cycle is always a non-burst access.

WAIT Mode 0: WAIT goes low after tyg2 and stays low for the programmed number of clock periods after
RAS goes low. CS must meet the set-up time before the rising edge of CLK. WAIT is delayed from
going low until Cs goes low. It stays high if zero Wait state s are programmed. if WAITIN goes low at
two1 before the rising edge of CLK, one or two extra Wait States are inserted, depending upon the
setting of R6 in the Mode Register.

Mode 1: WAIT goes low after the ‘CS set up time to ADS low’ of tyy13, and stays low for the programmed
number of Wait States after RAS goes low. It stays high if zero Wait States are programmed. I[f WAITIN
goes low ty11 before the falling edge of ADS, one or two extra Wait States are inserted. WAIT does not
go low when ADS goes low, if an access does not start (that is if CS is high.)

DTACK Mode 0: DTACK stays high for the programmed number of clock cycles of RAS goes low. It switches
to high a maximum interval of ty3 after AREQ goes high. If WAITIN goes low tyyg before the rising
edge of the CLK which starts the access, DTACK stays high for one or two extra CLK cycles,

depending upon the setting of bit R6 in the Mode Register.

Mode 1: DTACK stays high for the programmed number of CLK cycles after RAS goes low. It goes

high tws after AREQ goes high. If WAITIN goes low ty+; before the rising edge of CLK, DTACK will stay
high for one or two additional CLK cycles, depending upon the setting of bit R6 in the Mode Register.
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PACKAGE DIMENSIONS

The Samsung KS84CXX DRAM Controllers are available in two packages. The KS84C21 68-Pin PLCC package is
shown in Figure 18, while the 84-Pin version is shown in Figure 19.
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Figure 18. 68-Pin PLCC Package
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KS84C21/C22 DYNAMIC RAM CONTROLLERS

ORDERING INFORMATION AND PRODUCT CODE

KS 84CXX XX X X

SAMSUNG Packaging
SEMICONDUCTOR L — Plastic Leaded Chip Carrier
(PLCC)
Part Number
84C21
84C22 Temperature
C — Commercial (0°C to +70°C)
Speed
-25 25MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Products Group.
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KS84C31/32

DYNAMIC RAM CONTROLLERS
Preliminary

FEATURES

« 33 MHz operation

» Easy interface to Motorola CPUs

+ 68040/68030 burst mode operation

- 1486 burst mode operation

» Page, static column and nibble mode accesses
+ Interleaved and non-interleaved accesses

« Synchronous and asynchronous operation

- Direct drive for 256K, 1Mbit and 4Mbit DRAMs

« High capacitive load, slew rate controlled drivers
» Page switch detection logic

- Built in precision delay line

» Four independent RAS and CAS outputs

« Programmable wait state generation logic

- Staggered and burst refresh

- Error scrubbing during refresh

- CMOS technology for low power consumption
« TTL compatible inputs

» 68-pin PLCC package (KS84C31)

- 84-pin PLCC package (KS84C32)

Figure 1. KS84C31/32 Block Diagram

PRODUCT OVERVIEW

The Samsung KS84C31 and KS84C32 are high perform-
ance dynamic RAM (DRAM) controllers. They simplify
the interface between the microprocessor and the DRAM
array, while also significantly reducing the required de-
sign time. The KS84C31 supports 256K and 1 MBit
DRAMs, while the KS84C32 supports 256K, 1 Mbit and 4
MBit DRAMs.

Both devices are functionally enhanced versions of their
KS84C21/22 counterparts. They are available in either
user programmable or mask programmed versions.

The MC68030™, MC68040™ and i486™ microproces-
sors are supported by special programming modes spe-
cifically tailored to their bus operations.

The user programmable version is an economical and
flexible design solution. The 26-bit programmable Mode
Register allows the selection of various options and
features.
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™ MC68030, MC68040 are registered trademarks of Motorola, Inc.
™ {486 is a registered trademark of Intel, Inc.
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KS84C31/32

DYNAMIC RAM CONTROLLERS
Preliminary

A mask programmed version, useful for large production
runs, offers the same Mode Register options however, the
chip is programmed at the factory to the customer’s speci-
fications.

Both chips have a drive capability of 380 pf, sufficient to
drive large memory arrays. Several hundred DRAMs may
be driven if damping resistors are used to control ground
bounce.

Figure 1 shows a block diagram of the chips.
INTRODUCTION

The KS84C31/32 are Dynamic Ram Controllers (hereaf-
ter referred to as DRCs) which are built upon the proven
KS84C21/22 architecture with enhancements that im-
prove memory access time and make it especially suit-
able for cache based memory systems. The DRC con-
tains all of the advanced features of its predecessor
including the capabilities of address latches, refresh
counter, refresh clock, address multiplexor, precision
delay line, refresh/access arbitration logic, high capaci-
tive output drivers and on-chip damping resistors. A
programmable systeminterface allows any manufacturer’'s
CPU orcache controller to be interfaced to DRAM arrays
up to 64 Mbytes in size.

The incorporation of on-chip page detection logic enables
the DRC to support random accesses within a page for
use with page and static column mode DRAMs. A 2-bit
wrap around column counter may be used during burst
accesses. On-chip RAS timeout circuitry enables the
DRC to maintain an active RAS signal while EPROM or I/
O is referenced, greatly improving system performance
in embedded control applications and during data trans-
fers between memory and 1/O.

The MC68030, MC68040 and i486 burst cache filt ac-
cesses are supported. The special 68030 programming
mode supports a burst memory access which doubies the
68030's cache hit ratio when compared against memory
controllers that inhibit bursting.

The user programmable version of the DRC must be
programmed after power up before the DRAM array is
referenced. The DRC is programmed through the ad-
dress bus.

There are two methods of programmingthe chip. The first
method, Mode Load , is performed by first asserting the
mode load (ML) signal and presenting the programming
selection on the row, column, bank and ECAS inputs. The
programming selection is loaded into the Mode Register
when MU is negated.

The second method, Fake Access, is performed by first
asserting ML, then performing a chip selected access.
The programming value presenton the address bus when
AREQ s asserted is loaded into the Mode Register. The
DRC then asserts the appropriate control signals to
terminate the chip selected access.

If the production version of the target board will be using
the mask programmed version of the part, laser pro-
grammed LCC versions are availible for prototyping from
Samsung.

The DRC supports two access modes, synchronous
(Access Mode 0) and asynchronous (Access Mode 1). To
access the DRAM in Mode 0, the address latch enable
(ALE) signalis asserted. RAS will be asserted on the next
rising clock edge. To access the DRAM in Mode 1, the

address strobe (ADS) signal is asserted causing RAS to
be asserted immediately.

The KS84C31/32 DRC offers four refreshing control
modes:

1) internal automatic refreshing

2) internal automatic burst refreshing

3) externally controlled/burst refreshing

4) refresh request/acknowledge refreshing

When using internal automatic refreshing, the DRC’s
refresh request clock generates internal refresh requests.
The DRC arbitrates between refresh requests and ac-
cesses. If anaccess is not currently in progress, the DRC
will assert the refresh in progress signal (RFIP). The
refresh will start onthe nextrising ciock edge. If an access
had been in progress, the refresh would be delayed until

the access is terminated.

Internal automatic burst refreshing is available when the
DRC is programmed for use with page mode or static
column DRAMSs. After the refresh request clock has gen-
erated the fifth internal refresh request, the DRC will arbi-
trate between the refresh request and any accesses in
progress. The DRC will assert RFIP and perform a five
refresh burst.

To use externally controlled burst/refreshing, the inter-
nally requested refreshes are disabled by asserting the
disable refresh (DISFRSH) signal. A refresh can now be
requested externally by asserting the refresh (RFSH)
signal. The DRC will arbitrate between accesses and

external refresh requests, assert RFIP and perform the
refresh.
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When refresh request/acknowledge refreshing is used, cuitry can determine when to enable the refresh by
the DRC broadcasts the internal refresh request by as- asserting RFSH. When RFSH is asserted, the DRC will
serting the refresh request (RFRQ) signal. External cir- perform an externally controlled/burst refresh.

Figure 2a. Pin Configuration of the KS84C31 DRAM Controller
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Figure 2b. Pin Contiguration of the KS84C32 DRAM Controller
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DYNAMIC RAM CONTROLLERS
Preliminary

The DRC supports three types of refreshing
1) RAS Only

2) Staggered RAS Only

3) RAS Only with Error Scrubbing

InaRAS only refresh, all the RAS outputs will be asserted
and negated atonce. Inastaggered RAS only refresh, the
RAS outputs will be asserted one rising clock edge apart.
Error scrubbing is the same as RAS only refresh except
that a CAS and column address will be asserted during

" refresh, allowing the system to run the data through an
error detection/correction chip and write it back to mem-
ory if an error has occured.

The DRC provides wait state support through its DTACK
and GRANT output signals. Both signals may be used
during Modes 0 and 1. DTACK is asserted by the on-chip
wait state logic after a pre-programmed number of clock
cycles toterminate the access. GRANT is asserted by the
DRC to inform external circuitry that the DRC has begun
anaccess. DTACK canbe dynamically delayed by assert-
ing the WAITIN input.

When a page miss is detected, the DRC will insert wait
states during the access and precharge the memory.

Figure 3. Logic Symbol
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The DRC has address latches, used to latch the row,
column, and bank address inputs. The latches may also
be used in fall through mode, even when the DRC is
programmed for page mode operation. (The page ad-
dress is latched in a separate page register).

The RAS and CAS drivers can be configuredtodrive a1,
2,3 or4 bank memory array up to 36 bits inwidth (32 data,
4 parity). The CAS enable (ECAS) signals can then be
used to selectively enable the CAS drivers for byte writing
without requiring external logic. The DRC contains inter-
nal logic that ensures that the CAS outputs will not be
assertedin case of apage miss, thus preventing spurious
data writes to an incorrect page.

When configuring the DRC for more than one bank,
memory interleaving can be used. The DRC can perform
2or 4 way interleaving to eliminate wait states due to RAS
prechage time.

The Dynamic Ram Controller is available in two pack-
ages. The KS84C31, shown in Figure 2a, is available in a
68 pin PLCC and supports 256K and 1 Mbit DRAMs. The
KS84C32, shown in Figure 2b, is available in an 84 pin
PLCC and supports 256K, 1 Mbit and 4 Mbit DRAMs. The
logic symbols are shown in Figure 3.
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KS84C31/32

DYNAMIC RAM CONTROLLERS

Preliminary
Tables 1 and 2 show detailed pin allocations for the KS84C31 and KS84C32, respectively.
Table 1. KS84C31 Pin Allocations
[ Pin Signal Pin Signal
No. Abbrev. Signali Name No. Abbrev. Signal Name
1 |Vee Vee 35 Voo Vee
2 Q5 Multiplexed Address 5 36 RFRQ/WE Refresh Request/Write Enable
3 Vss Vss 37 !& Vss
4 Q6 Multiplexed Address 6 38 RASO Row Address Strobe 0
5 |Q7 Multiplexed Address 7 39 |RAST Row Address Strobe 1
6 |Q8 Muitiplexed Address 8 40 |RAS2 Row Address Strobe 2
7 Q9 Multiplexed Address 9 41 |RAS3 Row Address Strobe 3
8 (RO Row Address 0 42 |CASO Column Address Strobe 0
9 |co Column Address 0 43 |[CAST Column Address Strobe 1
10 |R1 Row Address 1 44 |CAS2 Column Address Strobe 2
1 |ct Column Address 1 45 |CAS3 Column Address Strobe 3
12 |R2 Row Address 2 46 [WIN Write Enable Input
13 {c2 Column Address 2 47 |AREQ Access Request
14 |R3 Row Address 3 CBREQ Cache Burst Request
15 C3 Column Address 3 BIN Burst Inhibit
16 |R4 Row Address 4 48 |CS Chip Select
17 |C4 Column Address 4 49 Ve Vee
18 |R5 Row Address 5 50 |GRANT Access Grant
19 |C5 Column Address 5 51 Vss Vss
20 |R6 Row Address 6 52 ML Mode Load
21 |C6 Column Address 6 53 |Vss Vss
22 |R7 Row Address 7 54 EXTDRF Extend Refresh
23 Cc7 Column Address 7 DISPM Disable Page Mode
24 |R8 Row Address 8 55 |Vee Vee
25 c8 Column Address 8 56 CLK Clock
26 R9 Row Address 9 57 RFCLK Refresh Clock
27 (03] Column Address 9 58 |DISRFSH Disable Internal Refresh
28 |ECASO Enable CASO 59 |RFSH External Refresh Request
29 |ECAS1 Enable CAS1 60 |WAITIN Add Wait State
30 |ECAS2 Enable CAS2 61 |RFIP Refresh in Progress
31 |ECAS3 Enable CAS3 62 |DTACK Data Transfer Acknowledge
32 |BO Bank Select 0 63 Q0 Multiplexed Address 0
33 |B1 Bank Select 1 64 |1 Multiplexed Address 1
34 |ALE/ADS Address Latch Enable/ 65 |Q2 Muitiplexed Address 2
Address Strobe 66 |Q3 Multiplexed Address 3
67 |Vss Vss
68 Q4 Multiplexed Address 4
331
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DYNAMIC RAM CONTROLLERS

Preliminary
Table 2. KS84C32 Pin Allocations
Pin Signal Pin Signal
No. Abbrev. Signal Name No. Abbrev. Signal Name
1 |Vee Ve 43 |RFRQ/WE Refresh Request/Write Enable
2 Q5 Multiplexed Address 5 44 |Vgg Vss
3 |Vgs Vss 45 |RASO Row Address Strobe 0
4 QB Multiplexed Address 6 46 |RAST Row Address Strobe 1
5 Q7 Multiplexed Address 7 47 RAS2 Row Address Strobe 2
6 Q8 Muitiplexed Address 8 48 |RAS3 Row Address Strobe 3
7 |Q9 Multiplexed Address 9 49 | CASO Column Address Strobe 0
8 Q10 Multiplexed Address 10 50 [(CAS1 Column Address Strobe 1
3 |RO Row Address 0 51 |CAS2 Column Address Strobe 2
10 — N.C. 52 |CAS3 Column Address Strobe 3
" — N.C. 53 — N.C.
12— N.C. 54 |WIN Write Enable Input
13 |Co Column Address 0 55 |AREQ Access Request
14 |R1 Row Address 1 CBREQ Cache Burst Request
15 C1 Column Address 1 BIN Burst Inhibit
16 R2 Row Address 2 56 — N.C.
17 |c2 Column Address 2 57 |— N.C.
18 |R3 Row Address 3 58 |CS Chip Select
19 |C3 Column Address 3 59 |Vce Voo
20 |R4 Row Address 4 60 |GRANT Access Grant
21 ca4 Column Address 4 61 Vss Vss
22 [R5 Row Address 5 62 ML Mode Load
23 IC5 Column Address 5 63 |Vss Vss
24 |R6 Row Address 6 64 |Vgg Vss
25 Ccé Column Address 6 65 EXTDRF Extend Refresh
26 R7 Row Address 7 DISPM Disable Page Mode
27 1C7 Column Address 7 66 |V Vee
28 R8 Row Address 8 67 |CLK Clock
29 {C8 Column Address 8 68 |RFCLK Refresh Clock
30 |R9 Row Address 9 69 | DISRFSH Disable Internal Refresh
31 |C9 Column Address 9 70 |RFSH External Refresh Request
32 |- N.C. 71 |WAITIN Add Wait State
33 R10 Row Address 10 72 |RFIP Refresh in Progress
34 C10 Column Address 10 73 |— N.C.
35 |ECASO Enable CASO 74 |— N.C.
36 |ECAS1 Enable CAS1 75 |— N.C.
37 |ECAS2 Enable CAS2 76 |— N.C.
38 |ECAS3 Enable CAS3 7 |- N.C.
39 (BO Bank Select 0 78 |DTACK Data Transfer Acknowledge
40 B1 Bank Select 1 79 Qo Multiplexed Address 0
M4 ALE/ADS Address Latch Enable/ 80 |Q1 Multiplexed Address 1
Address Strobe 81 |Q2 Multiplexed Address 2
42 Ve Vee 82 |Q3 Multiplexed Address 3
83 |Vss Vss
84 Q4 Multiplexed Address 4
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Table 3. Interface Signal Descriptions

Symbol ‘ Type l Descriptions
Access Signals
ADS (ALE) | | Address Strobe (Address Latch Enable): This input latches row, column and bank

addresses, and initiates the DRAM access.

ADS (ALE) must be invoked for every non-burst access. ADS (ALE) need only be
invoked for the opening cycle of a burst access whenused with microprocessors that
only assert ADS (ALE) during the opening cycle.

In Access Mode 0, this input functions as Address Latch Enable (ALE). In Access
Mode 1, this input functions as Address Strobe (ADS).

Chip Select: The CSinput mustbe active to enable a DRAM access. CS must enable
every non-burst access. CS need only be invoked for the opening cycle of a burst
access when used with microprocessors that only assert ADS (ALE) during the
opening access.

AREQ (CBREQ) (BIN)

Access Request (Cache Burst Request) (Burst Inhibit): This input terminates an
access.

AREQ: In Single Access Mode, this input functions as Access Request. Itbrings RAS
and CAS highto terminate the access. InPage Access Mode, AREQonly brings CAS
high.

CBREQ: In68030 Burst Mode, this signal functions as Cache Burst Request. CBREQ
is sampled on the rising edge of CLK that negates DTACK. Directly compatible with
the MC68030's CBREQ signal, it controls the termination of the DRC’s burst access.

It brings RAS and CAS high to terminate the burst when programmed for use with
nibble mode DRAMs. When programmed for use with page and static column mode

DRAMs, only CAS is brought high.

BIN: When programmed for 68040 Burst Mode, this signal functions as Burst Inhibit.
Burst Inhibit is sampled on the rising edge of CLK that negates DTACK. BIN prevents
the DRC from bursting if the CPU aborts the burst or is performing a single access.
It brings RAS and CAS high to terminate the burst when programmed for use with
nibble mode DRAMs. When programmed for use with page and static column mode
DRAMs, only CAS is brought high.

DTACK O |Data Transfer Acknowledge: This output is asserted to terminate the CPU access.
In Single Access Mode and Page Mode, itis negated when the access is terminated
by AREQ. in both burst modes, DTACK is negated on the first rising clock edge after
it has been asserted.

WAITIN | Wait State Insert: This inputis usedto dynamically add wait states during a bus cycle.

If R6=0 during programming, WAITIN is used to add one wait state during the access.
WAITIN is sampled once during the access, when DTACK is to be asserted by the
DRC. DTACK will remain negated for one more rising CLK edge if DTACK is rising
edge triggered or one more falling CLK edge if DTACK is falling edge trigered.
WAITIN will not be sampled again, untit the next access.

If R6=1 during programming, WAITIN may be used to defer DTACK indefinitely.
WAITIN is sampled at the access start. If WAITIN is inactive, the DRC will assert
DTACK after the programmed number of CLK edges. If WAITIN was active, the
DTACK CLK edge count is deferred. WAITIN will be continually sampled onthe rising
edge of CLKif DTACK is rising edge triggered or on the falling edge of CLK if DTACK
is falling edge triggered. Once WAITIN is negated, the DRC will assert DTACK after
the programmed number of CLK edges and will not sample WAITIN again until the
next access.
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Table 3. Interface Signal Descriptions (Continued)

Symbol

| Type |

Descriptions

Access Signals (Continued)

GRANT

o

Access Grant: This output is asserted only when RAS is asserted for a DRAM
access. It is asserted at the beginning of an access to indicate that the access has
begun. If an access is deferred due to a refresh cycle, page miss, or to satisfy RAS
precharge time, GRANT will not be asserted until the access has begun. GRANT will
remain asserted until the access RAS is negated.

Address, R'W and Programmi|

ng Signals

C0-9,10

Column Address Inputs: These address bits are connected to the CPU’s address
bus. When the DRC is programmed for use with page mode or static column DRAMs,
they should be connected to the low order address bits.

R0-9,10

Row Address Inputs: Theses address bits are connected to the CPU’s address bus.
Whenthe DRC is programmed for use with page or static column mode DRAMSs, they
should be connected to the higher order address bits.

B0, B1

Bank Select: These inputs select the memory bank to be addressed. Upto fourbanks
are supported by the DRC.

ECAS0-3

Enable CAS0-3: These inputs are used to enable or disable individual CAS outputs
when accessing bytes, words or doublewords. They can also be used to delay the
falling edge of CAS.

WIN

Write Enable Input: This input controls the Write Enable (WE) output. If programmed
to do so, it also delays the falling edge of CAS by one rising CLK edge during page
hits and one CLK period during burst accesses. It does not delay the falling edge of
CAS in Single Access Mode or the opening cycle of a burst access that results in a
page miss. When the leading edge of CAS is delayed by WIN, one wait state is
automatically added to the access cycle.

WIiNis sampledwhen aburst or page hit access starts in all operating modes and also
on the rising edge of CLK that negates DTACK when the DRC is bursting.

ML

Mode Load: This input strobes the row, column, bank and ECAS0-3 inputs into the
Mode Register.

DRAM Control Signals

Q0-9,10

Address Outputs: These outputs are the multiplexed address bits (R0-10, C0-10).
They access the memory for read, write and refresh operations. The output loading
is rated at 380 pF.

Row Address Strobe: These output signals are used to strobe the row address into
the DRAM.

Column Address Strobe:These output signals are used to strobe the column
address into the DRAM.

Write Enable (Refresh Request): After power up and whenthe DRC is programmed
for interleaved operation, this output functions as Refresh Request. When the DRC
is not programmed for interleaved operation, this output may be programmed as
Write Enable or Refresh Request.

When programmed as WE, this output is controlled by the WIN input. The output
loading is rated at 500 pF. When programmed as RFRQ, the DRC asserts this output
whenever a refresh request has been generated by the internal refresh intervaltimer.
RFRQ is negated when the refresh begins.
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Table 3. Interface Signal Descriptions (Continued)

Symbol [ Type | Descriptions
Refresh Control Signals
EXTDRF (DISPM) | Extend Refresh (Disable Page Mode): When the DRC is programmed to support

error scrubbing, this pin is time multiplexed.

During refresh, this input extends the refresh cycle to allow a read-modify-write cycie
to be performed in a system with error scrubbing. During accesses, this pin is used
to terminate RAS when the DRC is programmed for use with page mode DRAMs.

When the DRC is not programmed to support error scrubbing, this pin only functions
as Disable Page Mode and does not affect refresh cycles.

DISRFSH | Disable internal Refresh: This input prevents the DRC from performing internally
requested refreshes. This signal could be asserted to prevent the DRC from
performing refreshes during DMA transfers, while the CPU is executing time critical
code or if refreshes are going to be controlled externally.

RFIP O |Refresh in Progress: This output indicates that a refresh cycle is in progress. RFIP
is asserted one clock cycle prior to the start of a refresh cycle.

RFSH | External Refresh: Refresh requests can be generated externally by asserting this
input when DISRFSH is low.

Clock Inputs

CLK l Sytem Clock: This input should be connected to the system bus clock. It is used for
access arbitration and timing.

RFCLK | Refresh Clock: This input determines the interval between internally requested

refreshes. Ideally, it should be a multiple of 2 MHz. It is divided internally, according
to the value in the Mode Register, so that refresh requests are generated at 15 us or
13 ps intervals.
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ACCESS START and TERMINATION MODES

The KS84C31/32 supports both synchronous and asyn-
chronous access modes. The user selects the mode best
suited to the microprocessor by programming bit B1 of the
Mode Register.

Mode 0 - Synchronous Access Start and Termination

Mode 0 is selected when B1 = 0 during programming. To
initiate a Mode 0 access, ALE is pulsed high and a valid
CS signalis asserted before the input clock’s (CLK) rising
edge. The access will start on the rising edge of CLK as
shown in Figure 4, provided that the ALE and CS setup
times were observed, the RAS precharge time was met
and a refresh was not currently in progress. If the RAS
precharge time was not met from the previous access or
a refresh was in progress, the DRC will wait until these
events have taken place before asserting RAS on the
rising edge of CLK.

The DRC will begin sampling AREQ on the rising edge of
CLK after DTACK is asserted. The access will continue
until AREQ is negated.

Figure 4. Synchronous Access Start and Termination
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Mode 1- Asynchronous Access Start and
Termination

Mode 1 is selected when B1 = 1 during programming. To
initiate a Mode 1 access, CS is asserted, foliowed by ADS.
The access will start when ADS is asserted as shown in
Figure 5, provided that the RAS precharge time was met
and a refresh was not currently in progress. If the RAS
precharge time was not met from the previous access or
a refresh was in progress, the DRC will wait until these
events have taken place before asserting RAS on the
rising edge of CLK. The access will be terminated when
AREQ is negated.

Figure 5. Asynchronous Access Start and
Termination
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OPERATING MODES

The KS84C31/32 may be programmed to operate in
several different modes, depending on the CPU charac-
teristics and type of DRAM used. The Single Access
Mode is recommended for use in slower speed systems
in which there is no advantage to be gained from a CAS
only access and where the RAS precharge time is hidden
between back to back accesses. For higher performance
systems, Page Mode operation is provided and may be
used with page or static column DRAMs. Two versions of
burst mode operation, 68030 Burst Mode and 68040
Burst Mode are provided to support CPUs that are ca-
pable of performing burst accesses. Both burst modes
may be used with nibble, page or static column DRAMs.

Interleaved Access Mode can provide a performance
advantage when used in systems that support address
pipelining. The user selects the operating mode best
suited to the system'’s requirements by programming bits

R8 and ECAS1-3 in the Mode Load Register.

Single Access Mode

Single Access Modeis selectedwhenR8, ECAST,ECAS2,
ECAS3 =1, 0,0,0 during programming. The access is
initiated by two signals, ADS{ALE) and CS, and is termi-

nated by one signal, AREQ. Both RAS and DTACK are
negated when the access is terminated.

Theuser has the option of negating CAS when the access
is terminated or up to one clock period later. If ECASO =
0 during programming, CAS will be negated with RAS and
DTACK. If ECASO = 1 during programming, CAS will
remain asserted until the next rising CLK edge or the
rising edge of ECAS, whichever occurs first . This allows
the DRAM to continue to drive the data bus while RAS is
precharging. See Figure 6.
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Figure 6. Single Access Mode with Synchronous Access Start and Extended CAS
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Page Mode Access

Page Modeis selectedwhen R8, ECAS1, ECAS2, ECAS3
=1, 0,1,0 during programming. Page Mode allows the
CPU to access random columns within a page without
having to pay the penalties associated with RAS access
and precharge time. Both page and static column mode
DRAMs may be used. It is very similar in operation to the
Single Access Mode, with only two notable exceptions:

1) Only CAS and DTACK are negated when AREQ
terminates the access.

2) The DRC maintains RAS low even when the CPU is
not accessing DRAM.

Figure 7. Page Mode Accesses

On-chip page detectionlogic detects page hits and misses.
The DRC’s on-chip wait state logic delays the assertion of
DTACK in case of a page missto allow for RAS precharge
and RAS access time. An external signal, GRANT, is
asserted to indicate to external circuitry when the access
has begun.

Several Page Mode accesses are shown in Figure 7.
Access A occurred after a refresh cycle. The access was
not delayed due to RAS precharge since the CPU initiated
the access after the RAS was already precharged. Ac-
cess B is a page hit. Access C is a page miss. Access D
is an access to a memory location other than DRAM.
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When programmed for Page Mode operation (ECAS2 =
1), the DRC maintains RAS and GRANT low for 5 internal
refresh requests (75 ps). After the 5th internal refresh
request, both signals will be negated when AREQ termi-
nates the access. The DRC will then perform a 5 refresh
burst.

Certain applications may require that, at certaintimes, the
DRAM is precharged prior to an access start. Since it is
impossible to ensure that a given access will result in a
page hit, and if the penalty of a page miss is intolerable,
DISPM may be used to negate RAS when an access is
completed.

If DISPM is asserted when there is no access or refresh
in progress, RAS is negated immediately. if DISPM is
asserted during an access, AREQ will negate both RAS
and CAS when the access is completed. The DRC will
continue to function as though it were programmed for
Single Access Mode operation as long as DISPM is
asserted. After DISPM is negated, all pending refreshes
(up to 5) will be performed in a burst refresh.

When the DRC is not programmed to support error
scrubbing, DISPM has no effect on RAS during refreshes.
Whenthe DRC is programmed to support error scrubbing,
DISPM is time multiplexed with EXTDRF. EXTDRF will
cause the refresh RAS to be extended when it is sampled
active on the rising edge of CLK that was programmed to
negate RAS.

Burst Mode Accesses

In order to support high performance CPUs that can
perform up to 4 memory accesses in a single burst, the
KS84C31/32 is capable of performing 4 accesses when
provided with the starting address of the burst. The DRC
supports two forms of burst mode operation. When pro-
grammed for 68040 Burst Mode, CAS is asserted on the
falling edge of CLK and is negated on the rising edge of
CLK. This mode should be used when the data is to be
sampled on the rising edge of CLK such as with the
MC68040 and i486 CPUs. To accomodate CPU’s that
sample data on the falling edge of CLK, such as the
MC68030, 68030 Burst Mode should be used. In 68030
Burst Mode, CAS is asserted on the rising edge of CLK
and is negated on the falling edge of CLK.

The user has the choice of using nibble, page or static
column DRAMs in both burst modes. An on-chip address
counter may be used while bursting, if desired. The 2-bit

address counter wraps around to support CPU’s that
wrap around when filling their cache lines. The user can
choose when to increment the address counter depend-

.ing on whether page or static column DRAMs are used.

The DRC's burst access can be terminated early if the
CPU is performing a single access or aborts the burst.

When programmed for use with page or static column
mode DRAMs (ECAS2 = 1), the DRC maintains RAS and
GRANT low for 5 internal refresh requests (75 us). After
the 5th internal refresh request, both signals will be
negatedwhenthe accessis completed. The DRC willthen
perform a’5 refresh burst.

If DISPM is asserted during an access, both RAS and
CAS are negated when the access is completed. The
DRC will continue to function as though it were pro-
grammed for use with nibble mode DRAMs (ECAS2 = 0)
as long as DISPM is asserted. After DISPM is negated,
all pending refreshes (up to 5) will be performed in a burst
refresh.

The on-chip address counter is enabled when the ‘ad-
dress latches are programmed to latch the address onthe
falling edge of ADS(ALE). If the latches are transparent,
the counter is disabled. When the latches are transpar-
ent, external circuitry may be used to provide a new
column address to the DRC to take advantage of the
DRC’s address drivers.

I the on-chip address counter is used, the user needs to
select when the counter is incremented. If static column
DRAMs are used, R6 = 0 should be programmed. If page
mode DRAMs are used, R6 = 1 may be programmed.
When R6 = 0, the column address will be incremented
when CAS is negated. When R6 = 1, the column address
is incremented before the access is completed, on the
CLK edge that asserts DTACK.

The CAS strobe is negated when the DRAM access is
completed, even when static column DRAMs are used.
This is done for two reasons:

1) To insure that data is not strobed into the incorrect
page if a page miss occurs during a write access.

2) To retain flexibility of DRC operating modes.

Since the CAS propagtion delay and precharge time is
matched to the DRC's column address increment propa-
gation delay, there is no performance penalty associated
with bringing CAS high.
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68040 Burst Access Mode

68040 Burst Mode operationis selected when R8, ECAS1,
ECAS3 =1, 0,1 during programming. If nibble mode
DRAMSs are used, ECAS2 = 0 should be programmed,
and RAS will be terminated when the burst is aborted or
completed. If page or static column mode DRAMs are
used, ECAS2 = 1 may be programmed, and RAS will
remain low.

When programmed for 68040 Burst Mode, CAS is always
negated by the same rising CLK edge that negates
DTACK. CAS is always asserted on the next falling CLK
edge unless the DRC has completed the burst or if the
burst was aborted.

The DRC's burst can be aborted by asserting the DRC’s
Burst Inhibit (BIN) input. BIN is sampled onthe rising edge

of CLK that negates CAS and DTACK, and if asserted, the
burstis aborted. Once aborted, the next access mustbe
initiated with ADS(ALE) and CS.

Two 68040 Burst Mode accesses, using nibble mode
DRAMs are shown in Figure 8. During the first access, the
DRC is allowed to complete the burst normally. The
second access was deferred due to RAS precharge. The
burst was aborted during the second access by asserting
BIN.

Figures 9 and 10 show the same accesses with static
column and page mode DRAMS, respectively. inthe case
of Figures 9 and 10, the RAS precharge is due to a page
miss.

Figure 8. 68040 Burst Mode Access with Nibble Mode DRAMs (ECAS2 = 0 During Programming)
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Figure 9. Burst Mode Access with Static Column DRAMs (ECAS2 = 1, R6 = 0 During Programming)
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Figure 10. Burst Mode Access with Page Mode DRAMs (ECAS2 = 1, R6 = 1 During Programming)
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68030 Burst Access Mode

The MC68030's synchronous burst cache fill operation is
supported by programming the DRC for 68030 Burst
Mode operation. 68030 Burst Mode operation is very
similar to 68040 Burst Mode operation, with only two no-
table exceptions:

1) CAS is asserted on the rising edge of CLK and
negated on the falling edge.

2) The handshake input CBREQ is provided and is
sampled on the rising edge of CLK that negates
DTACK.

The DRC's DTACK output drives the MC68030’s STERM
and CBACK inputs.

68030 Burst Mode operationis selectedwhen R8, ECAS1,
ECAS3 =1, 1, 0 during programming. If nibble mode

DRAMSs are used, ECAS2 = 0 should be programmed,
and RAS will be negated when the burst is aborted or
completed. H page or static column mode DRAMs are
used, ECAS2 = 1 may be programmed, and RAS will
remain low.

Two 68030 Burst Mode accesses, using nibble mode
DRAMs are shown in Figure 11. During the first access,
the DRC is allowed to complete the burst normally. The
second access was deferred due to RAS precharge. The
burst was aborted during the second access by negating
CBREQ.

Figures 12 and 13 show the same accesses with static
column and page mode DRAMS, respectively. Inthe case
of Figures 12 and 13, the RAS precharge is due to a page
miss.

Figure 11. 68030 Burst Mode Access with Nibble Mode DRAMs (ECAS2 = 0 During Programming)
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Figure 12. 68030 Burst Mode with Static Column DRAM (ECAS2 = 1, R6 = 0 During Programming)
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Figure 13. 68030 Burst Mode with Page Mode DRAMs (ECAS2 = 1, R6 = 1 During Programming)
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Interleaved Access Modes

The KS84C31/32 supports 2 or 4 way interleaved ac-
cesses between memory banks. By interleaving accesses
between memory banks, performance degradationdue to
RAS precharge time is minimized. Interleaved Access
Mode, may be used in systems that support address
pipelining. The DRC is programmed for Interleaved Ac-
cess Mode by programming R8, ECAS1, ECAS2, ECAS3
= 0,0,0,0. When programmed for Interleaved Access
Mode, and the next access is to. a different bank of
memory than the current access, the DRC will supply the
next row address after the column address hold time is
satisfied for the current access (25 ns min). RAS will be
asserted for the next access when ALE is pulsed (Mode
0) or on the falling edge of ADS (Mode 1).

Interleaved Access Mode operationis shown in Figure 14.
Back-to-back memory accesses are interleaved between
two memory banks. Memory addresses A and C appear
in bank 0; Memory address B appears in bank 1.

Interleaved Access Mode should not be used in conjunc-

tionwith page orburst mode operation. However, the RAS -

precharge time is hidden in these modes if consecutive
accesses hit different banks. Only one CLK of precharge
will be incurred when switching banks. The programmed
number of precharge clock cycles will be observed if
consecutive access hit the same memory bank.

Wait State Support

Wait states are required when a relatively siow DRAM is
operating with a fast CPU. Wait states allow the CPU'’s
bus cycle to be extended by one or more CPU clock
periods. The KS84C31/32 willinsert wait states during the
-CPU’s DRAM bus access in order to:

C+t

X

insert the desired number of wait states during the
access,

a)

b) delay the access until the refresh in progress is

complete, or

c) delay the access to guaranteé RAS precharge time.

The DRC generates two output signals to support the
insertion of wait states. GRANT is asserted to inform
external logic thatthe DRC has begun an access. DTACK
is asserted to terminate the access. An input signal,
WAITIN, is provided to allow the user to add wait states
dynamically during the access.

GRANT mimics the operation of RAS during an*access.
Like RAS, it is asserted synchronous to CLK in Mode 0
and asynchronous to CLK in Mode 1 and remains active
until RAS is negated. Incase of a page miss, both GRANT
and RAS will remain negated for at least 1T so that
GRANT may be sampled by external circuitry to deter-
mine if a page miss has occured. GRANT is deasserted
during refresh operations.

DTACK may be programmed (via R7) to be asserted on
the rising or falling CLK edge. The number of CLK edges
that DTACK is delayed, is programmable. DTACK is
controlled by programming bits R2 and R3 for any access
during which RAS is initially asserted (i.e. single ac-
cesses, page misses, etc). Programming bits R4 and RS
control DTACK during page hits and while bursting.

Figures 15 and 16 show how DTACK behaves in Mode 0
and 1 accesses during which RAS is initially asserted.
Figures 17 and 18 shows how DTACK behaves during
page hits.
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Figure 14. 2-Way Interieaved Access Mode Operation (ECASO = 1 During Programming)
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When used in 68040 Burst Mode or 68030 Burst Mode,
the DRC should not be programmed for 0T operation for
page hits and subsequent burst cycles. This will not
impact memory performance, since the opening cycle of
aburstaccess woulidbe expectedto have atleast one wait
state. Regardless of when DTACK is asserted, itis always
negated on the next rising CLK edge in both burst modes,
as shown in Figures 19 and 20.

Figure 20. DTACK While Bursting in 68030 Burst Mode

1w T

Figure 19. DTACK While Bursting 68040 in Burst
Mode
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If nibble mode DRAMSs are used (ECAS2 = 0), GRANT will
be negated when the burst has been aborted or com-
pleted; It remains asserted if page or static column mode
DRAMSs are used (ECAS2 = 1).

Any access may be extended on the fly by asserting the
WAITIN input. If R6 = 0 during programming, WAITIN is
used to add one wait state during the access as shown in
Figure 21. WAITIN is sampled once during the access,
when DTACK is to be asserted by the DRC. DTACK will
remain negated for one more rising CLK edge if DTACK
is rising edge triggered or one more falling CLK edge if
DTACK is falling edge trigered. WAITIN will not be
sampled again, until the next access.

If R6 = 1 during programming, WAITIN may be used to
defer DTACK indefinitely as shown in Figure 22. WAITIN
is first sampled on:

« The falling edge of ADS (Mode 1)

« The first rising edge CLK after ALE is pulsed high
(Mode 0)

= The CLK edge that negates DTACK while bursting

If WAITIN is inactive, the DRC will assert DTACK after the
programmed number of CLK edges. If WAITIN was
active, the DTACK CLK edge count is deferred. WAITIN
will be continually sampled on the rising edge of CLK if
DTACK is rising edge triggered or on the falling edge of
CLK if DTACK is falling edge triggered. Once WAITIN is
negated, the DRC will assert DTACK afterthe programmed
number of CLK edges and will not sample WAITIN again
until the next access.

Programming bit R6 also determines when the column
address is incremented in both burst modes. if R6 = 0
during programming, the column address is incremented
when CAS is negated. If R6 = 1 during programming, the
column addressisincremented when DTACKis asserted.

Figure 21 shows a 68030 Burst Mode burst cycle. The
DRC has been programmed to assert DTACK on the
second falling CLK edge after CAS is asserted. DTACK
was held negated for 1 extra CLK period due to WAITIN.
Since R6 = 0, the column address is incremented when
CAS is negated for use with static column DRAMs.
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Figure 21. WAITIN, R6 = 0 During Programming
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Figure 22 shows two 68040 Burst Mode burst cycles. The
DRC has been programmed to assert DTACK on the first
rising CLK edge after CAS is asserted. In the first cycle,
WAITIN was sampled active on the clock edge that
negated DTACK. DTACK is rising edge triggered, so
WAITIN is continually sampled on rising CLK edges until
it is negated. Since the DRC was programmed to assert

Figure 22. WAITIN, R6 = 1 During Programming

CLK

ADS(ALE)

DTACK one rising CLK edge after CAS was asserted,
DTACK is asserted one rising CLK edge after WAITIN is
negated. Since WAITIN is negated during the second
burst cycle, DTACK is asserted on the first rising CLK
edge after CAS is asserted.

Since R6 = 1, the column address is incremented when
DTACK is asserted.

REFRESH OPERATIONS

The DRC supports four refresh control mode options:
1) internal automatic refreshing

2) internal automatic burst refreshing

3) externally controlled/burst refreshing

4) refresh request/acknowledge burst refreshing

With each of the control modes above, RAS only refresh,
staggered RAS only refresh, or error scrubbing with RAS
only refresh may be performed.

Three inputs, extend refresh (EXTDRF), refresh (RFSH)
and disable refresh (DISRFSH), along with two outputs,
refresh in progress (RFIP) and refresh request (RFRQ)
are associated with refreshing.

DISRFSHand RFSH are used inthe externally controlied/
burst refresh mode and the refresh request/acknowledge
mode. External circuitry asserts DISRFSH to inhibit inter-
nally requested refreshes and requests refreshes by
asserting RFSH.

H
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RFRQis used in the refresh request/acknowledge mode.
The DRC asserts RFRQto request a refresh cycle but will
not perform the refresh until external circuitry acknowl-
edgestherequestby asserting RFSH as longas DISRFSH
is asserted.

RFIP is usedin all refresh modes. The DRC asserts RFIP
to indicate to externalcircuitry that arefreshis in progress.

EXTDRF is used when the DRC is programmed for error
scrubbing. External circuitry asserts EXTDRF to extend
the refresh cycle.

Figure 23. RAS Low and Precharge Time

17T 2T 3T
CLK

The internal refresh row counter will be incremented
automatically, regardless of the refresh control mode
used. The refresh address counter will be incremented
once all of the refresh RASs have been negated. The
refresh counter may be reset by asserting RFSH while
DISRFSH is high.

In every combination of refresh control mode andtype, the
DRC will assert the refresh RASs for a programmed
number of CLK periods. CLK edges for RAS low time
during refresh and RAS precharge time -re counted as
shown in Figure 23.

1T 2T 3T 4T

[<€—— RAS LOW TIME \—T‘ RAS PRECHARGE TIME —»|

by EY

RAS -‘k ; '5/ :L

REFRESH CONTROL MODES

Automatic Internal Refresh

The DRC has aninternal refresh clock to generate internal
refresh requests. Aninternal refresh request is generated
every period of the refresh clock. RFRQ is pulsed once
every period of the refresh clock. The refresh clock period
is programmed according to the value of address bits CO-
C3. The internal refresh request will generate an auto-
matic internal refresh as long as a DRAM access is not
currently in progress and the RAS precharge time has
been met. If a DRAM access is in progress when the
refresh timer requests a refresh, the on-chip arbitration
logic will allow the access to finish before the refresh is
initiated. The next DRAM access is deferred until the re-
fresh cycle is complete.

The refresh period for most DRAMs is 15 ps. This means
thata 1 Mbit DRAM hasto be refreshed every 8 ms, during
which time, 512 rows must be accessed. This requires a
9-bit row address refresh counter. The KS84C31 has a
10-bit counter and the KS84C32, an 11-bit counter. The
extra bits are used for error scrubbing over the entire
address range.

Automatic internal refresh is possible in Single Access,
Interleaved Access and both burst modes. When the
DRC is operated in Page Mode or either burst mode with
page or static column mode DRAMSs, an enhanced ver-
sion of automatic internal refreshing is available as shown
in the next section.

-

DISRFSH must be negated to enable automatic internal
refreshes.

Automatic Internal Burst Refreshing

The RAS pulse width, t,., and ..., of most page and
static column DRAMs is limited to 100 us. The DRC takes
advantage of this characteristic by supporting automatic
internal burst refreshing. When operating in automatic
internal burst refresh control mode, the DRC will perform
a5-refreshburst after the 5th internal refresh request (ap-
proximately every 75 us) instead of performing a refresh
after every internal request, as in the automatic internal
refresh control mode.

DISRFSH must be negated to enable automatic internal
burst refreshes. However, if DISRFSH is asserted for any
reason, all pending refreshes (up to 5) will be performed
when DISRFSH is again negated. While DISRFSH is
asserted, no internal refresh requests will accumulate.

Externally Controlled/Burst Refresh

When using externally controlled/burst refresh, internally
generated refreshrequests are ignored. Instead, external
circuitry is used to pulse the refresh (RFSH) signal iow to
generate a refresh request. The refresh cycle will take
place onthe next positive edge of CLK. If a DRAM access
is in progress or the RAS precharge time has not been
satisfied, the refresh will be delayed. This means that the
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access RAS must be negated with DISPM if ECAS2 = 1
is programmed in order to precharge RAS before the
refresh can take place. If RFSH is asserted when the
refresh RAS is negated, RFIP will remain asserted and
another refresh cycle will be performed after RAS has
been precharged.

Figure 24. Externally Controlled/Burst Refresh

Figure 24 shows how DISRFSH and RFSH are used to
control single and burst refreshes. The DRC is performing
a RAS only refresh under external control and has been
programmed to assert the refresh RAS for 2T and to
precharge RAS for 2T. .

ok _rmouuinnrnnrnmnrre

DISRFSH

RFSH 4

RFIP

RAS0-3

Refresh Request/Acknowledge Burst Refreshing

In this refresh control mode, internally generated refresh
requests are ignored by the DRC. Instead, external cir-
cuitry monitors the the DRC’s RFRQ output and gener-
ates a refresh request at the appropriate time by pulsing
RFSH. The refresh is then performed as shown in Figure
25.

Figure 25. Refresh Request/Acknowledge Refresh

DISRFSH

RFRG \.

RFSH /

RFIP

RAS0-3

REFRESH TYPES

The DRC supports three types of refreshing:
1) RAS only

2) Staggered RAS only

3) RAS only with Error Scrubbing

Each refreshing type may by controlled by any refresh
control mode. The DRC asserts all RASs at the same time
when performing RAS only refreshing as shown in Figure
24. The DRC asserts each RAS at one CLK intervals
when performing staggered RAS only refreshing as shown
in Figure 26a. C4, C5, C6 has to be programmed as
shown.

Two RAS lines will be asserted at a time if C4, C5, C6 is
programmed as shown in Figure 26b.
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Figure 26a. Staggered RAS Only Refreshing
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RESET

The KS84C31/32 on-chip power-up reset logic generates
areset pulse:

* At power up
« It V. falls well below 3V and reaches V., min.

When the chip is reset, the Mode Register (with the
exception of bit C6, which is set) and all internal counters
are reset. All of the output signals are inactive; RAS0-3,
CAS0-3, DTACK, RFIP, WE, RFRQ and GRANT are high
while Q0-9,10 are low.

After power-up, the DRC is operable after 200 us and the
Mode Register can be programmed if the programmable
version of the chip is being used.

The Moad Load signal (ML) can be used o reset the chip
at any time after power-up. When ML is driven low, all
internal counters are reset and the Mode Register is
enabled to receive the mode bit inputs.

The internal refresh interval counter may be reset at any
time by asserting RFSH while DISRFSH is high.

Figure 26b. Staggered RAS Only Refreshing
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PROGRAMMING THE KS84C31/32

The KS84C31/32 has a Mode Register that can be
programmed by the user or mask programmed at the
factory. The Mode Register controls the internal operating
modes of the DRC.

The DRC is programmed via the system’s address bus,
not the data bus. The Mode Register receives inputs from
the CPU on address lines R0-9 and C0-9, the bank select
lines BO and B1, and the CAS enable lines ECAS0-3. The
Mode Register is enabled by the failing edge of ML. The
inputs are then strobed in onthe rising edge of ML as show
in Figure 27.

Alternatively, the Mode Register may be programmed by
initiating a “fake” access as shown in Figure 28. When
programmed in this fashion, ML and CS are asserted,
followed by AREQ. The programming inputs are strobed
into the Moad Load Register on the falling edge of AREQ.
DTACK is asserted on the falling edge of AREQ to
terminate the bus access and is negated by the rising
edge of ML or AREQ (whichever occurs first).
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Figure 27. Mode Load Only Programming
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Figure 28. Fake Access Programming
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Table 4. Programming the Mode Register

OPERATING MODES

R8, ECAS1-3

These bits program the DRCs operating mode. The user has the choice of Single Access Mode, Interleaved
Access Mode, Page Access Mode, 68040 Burst Access Mode with nibble or page mode or 68030 Burst Access
Mode with nibble or page mode.

R8s ECAS1 | ECAS2 | ECAS3 | Operating Mode
1 0 0 0 Single Access Mode
1 0 1 0 Page Access Mode
1 0 0 1 68040 Burst Access Mode with Nibble Mode
1 0 1 68040 Burst Access Mode with Page/Static Column Mode
1 1 0 0 68030-Burst Access Mode with Nibble Mode
1 1 1 0 68030 Burst Access Mode with Page/Static Column Mode
0 0 0 0 Interleaved Access Mode

ADDRESS LATCH/AUTOMATIC COLUMN INCREMENT WHILE BURSTING

BO

BO allows the user to specify whether the on-chip latches should latch the address inputs on the falling edge of
ADS(ALE) or whether they should remain tranparent. If ECASZ = 1 during programming (page or static column
mode DRAMSs are being used), then the row address is always latched by the on-chip page detect logic
regardless of how B0 is programmed.

The user also specifies whether the DRC automatically increments the column address while bursting or if
external circuitry is required to change the column address. If BO = 0 during programming, then the column
address is automatically incremented while bursting. If BO = 1, the address latches will remain tranparent,
disabling the automatic column increment.

BO Automatic Column Increment
0 Address Bits Latched Enabled
1 Address Latches Transparent Disabled

ACCESS START AND TERMINATION MODES

B1

B1 allows the user to specify either synchronous or asynchronous access start and termination modes.

A synchronous (Mode 0) accass is controlled by the system clock. The access is initiated on the first rising CLK
edge after ALE goes high. AREQ is sampled on rising CLK edges and terminates the access when it is as-
serted.

An asynchronous (Mode1) access is initiated immediately by the falling edge of ADS and is immediately
terminated by the rising edge of AREQ.

B1
0 Mode 0
1 Mode 1
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Table 4. Programming the Mode Register (Continued)

RAS LOW AND RAS PRECHARGE TIME

RO, R1 These bits controlthe time that RAS is low during refresh operations and also determine the RAS precharge time.
The time interval shown (T) is equivalent to one rising CLK edge. The user should take into account RAS rise
and fall time when programming these bits.

RO R1 RAS Low Time RAS Precharge Time
0 0 2T 2T
0 1 2T 3T
1 1 3T 3T
1 1 4T 4T

DTACK GENERATION FOR ACCESSES THAT INITIALY ASSERT RAS

R2, R3 These bits control DTACK generation for any access during which RAS is initiated. R2 and R3 determine the
number of CLK edges that DTACK remains negated under the following conditions:

» All accesses when the DRC is programmed for Single or Interleaved Access Modes
« During page misses and deferred accesses when the DRC is programmed for Page Mode

« During the opening cycle of a burst access when the DRC is programmed for 68040 Burst or 68030 Burst
Access Modes when nibble mode is used or if apage miss occurs during the opening access when page mode
is used.

Thetimeintervalshown (T)referstoonerising or falling CLK edge. Bit R7 determines whether DTACK s asserted
on rising or falling CLK edges.

R2 R3 DTACK Low From Access Start
0 0 1T
0 1 2T
1 0 3T
1 1 4T

DTACK GENERATION FOR PAGE HITS AND BURST ACCESSES

R4, RS These bits control DTACK generation for any access during which only CAS s initiated. R4 and RS determine
the number of CLK edges that DTACK remains negated under the following conditions:

« During page hits when the DRC is programmed for Page Mode

« During the opening cycle of a burst access that results in a page hit when the DRC is programmed for 68040
Burst or 68030 Burst Access Modes and page mode is used.

+ While Bursting

Thetimeinterval shown (T)refersto onerising or falling CLK edge. Bit R7 determines whether DTACK is asserted
on rising or falling CLK edges.

R4 RS DTACK Low From Access Start
0 0 oT
0 1 1T
1 0 2T
1 1 3T
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Table 4. Programming the Mode Register (Continued)

PROGRAMMING WATTIN FOR WAIT STATE INSERTION AND COLUMN INCREMENT

R6

R6 controls the functionality of WATTIN in all operating modes. It also determines when the column address will
be incremented when the DRC is operated in 68040 Burst and 68030 Burst Modes.
R6 WAITIN Functionality Column Address Increment
0 Add 1 wait state if active. Increment when CAS is negated
1 Continually add wait states. Increment when DTACK is asserted

PROGRAMMING DTACK FOR RISING OR FALLING CLK EDGES

R7

This bit controls whether DTACK is asserted (and WAITIN is sampled) on rising or failing CLK edges.
R7 DTACK
0 Rising Edge Triggered

1 Falling Edge Triggered

STAGGERED R

EFRESH OPTIONS

R9

R9 determines whether the refresh operation is RAS Only or Staggered RAS Only. During a RAS Only refresh
cycle, all RAS outputs are asserted and negated at the same time. In a Staggered RAS Only refresh cycle,
the RAS outputs will go low in sequence, at one clock intervals. One or two RAS outputs are selected at a time,
depending on the RAS and CAS configuration selected by C4-C6.

Error scrubbing is not supported when Staggered RAS Only refresh is programmed.
R9
0 RAS Only Refresh
1 Staggered RAS Only Refresh

RFCLK DIVISOR

Co, C1,C2

These bits-allow the user to select the divisor for the refresh clock (RFCLK) input, from which the internal refresh
clock is generated. Select the divisor such that the internal refresh clock frequency is approximately 2 MHz.

co C1 c2 Divisor
0 0 0 10
0 0 1 6
0 1 0 8
0 1 1 4
1 0 0 9
1 0 1 5
1 1 (¢} 7
1 1 1 3
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Table 4. Programming the Mode Register (Continued)
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INTERNAL REFBRESH CLOCK DIVISOR
C3 C3 allows the user to divide the internal refresh clock to achieve the desired interval between internally gener-
ated refresh requests.
c3 Divisor Refresh Interval if Internal Refresh Clock Fregency is 2 MHz
0 30 15pus
1 26 13us
RAS AND CAS CONFIGURATIONS
C4, C5, C6 These bits control the RAS and CAS configurations. There are 4 RAS and 4 CAS outputs. They can always be
grouped such that each RAS and CAS will drive one fourth of the memory array, regardless of whether the array
is arranged in 1, 2 or 4 banks. The setting of these bits also determines whether error scrubbing and Interleaved
Access Mode can be supported.
Error Interleaved
C4a [ C5|C6 RAS and Configuration Modes Scrubbing | Access Mode
0 0 0 | RASO-3 are brought low during an access. CAS0-3 are all Yes No
selected during an access but only those enabled by the
corresponding ECAS can go low. BO and B1 are not used.
0 0 1 RAS pairs are selected by B1. 81l B No No
TASD-3 are all selected during |21/ BO
an access but only those enabled | 0 [ X | RASD, 1
by the corresponding ECAS can 4 RAS2, 3
go low.
0 1 0 RAS, CAS pairs are selected by B1] Bo Yes Yes
BO and B1. A selected CAS will
go low only if enabled by its 0 | RASO, CASO
corresponding ECAS. 1 | RAST, CAS1
1| 0 | RAS2, CAS2
1 1 | RAS3, CAS3
0 1 1 RAS is selected by B0 and B1. B1] B0 No No
CASO-3 are all selected during
an access but only those enabled| 0 | 0 | RASO
by the corresonding ECAS can go ol 1 |RAST
low.
110 S2
1 1 | RAS3
1 0 0 RAS, CAS pairs are selected by B1] BO Yes Yes
B1. A selected CAS will go low
only if enabled by its corres- 0 | X | RASDO, 1 and CASD, 1
ponding ECAS. 1| X | RASZ, 3and CAS?, 3
1 0 1 RAS, CAS pairs are selected by No Yes
Bt. A selected CAS will go low B1| Bo
only if enabled by its corres- 0 | X | RASO, 1 and CASO, 1
ponding ECAS. 1| X | RAS2, 3 and CASZ. 3
1 1 0 RAS0-3 are brought low during an access. CAS0-3 are all No No
selected during an access but only those enabled by the
corresponding ECAS can go low. BO and B1 are not used.
: 353
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Table 4. Programming the Mode Register (Continued)

RAS AND CAS CONFIGURATIONS (Continued)

Error Interieaved
C4 | C5|cCs RAS and Configuration Modes Scrubbing | Access Mode

1 1 1 | RAS pairs are selected by BO B1] Bo No Yes
and B1. A selected CAS will
go low only if enabled by its 0 | 0 | RASO, CASO
oorresponding ECAS. 0 1 m's—" CAST
1 | 0 {RAS2, CAS2
1 | 1 | RAS3, CAS3
COLUMN ADDRESS SETUP TIME
c7 C7 allows the user to specify the minimum guaranteed column address setup time (t,..)-
07 tASc
0 10ns
1 0 ns
ROW ADDRESS HOLD TIME

cs

C8 allows the user to specify the minimum guaranteed row address hold time (t_,,).
cs tIAH
[} 20 ns
1 12ns

DELAY CAS DURING WRITE ACCESSES

Cc9

C9 allows the user to delay CAS during write operations that result in page hits or that occur during a burst cycle.
This option allows the user to insure that the data is valid at the DRAM before CAS is asserted. Since the CAS
delay would most likely require an additional wait state during the write access, DTACK may be automatically
delayed.

Durlng Mode 1 page hits, if DELAY CAS is selected, CAS will be asserted on the first CLK rising edge after ADS
is asserted. If DTACK was programmed for 0T operation, DTACK will be asserted on the same CLK rising edge
thatasserted CAS. f DTACK was programmed for 1T, 2T or 3T operation, the DRC will begin counting CLK edges
after CAS is asserted.

During Mode 0 page hits, if DELAY CAS is selected, the assertion of both CAS and DTACK will be delayed one
complete CLK period.

During burst accesses, if DELAY CAS is selected, the assertion of both CAS and DTACK will be delayed one
complete CLK period,

c9
0 No Delay
1 Delay CAS

EXTEND CAS AND SPECIFY WE OR RFRG

ECASO

ECASO allows the user to specify whether CAS is extended when the DRC is programmed for Single Access
Mode. This option allows the user to begin precharging RAS before the access is completed. ECASO also
specifies whether the WE(RFRQ) pin functions as Write Enable or Refresh Request

ECASO
0 CAS is negated by AREQ. Specify WE

1 CAS remains asserted until the next Specify RFRQ
rising CLK edge after RAS is negated.
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DC ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
DC Supply Voltage ...t v All Input and Qutput Voltage ..... Vgg - 0.5V to +7V
Temperature Under Bias ................. 0°C + 70°C Power Dissipation at 33MHz ..................... 0.7W
Storage Temperature ................ -65°C to 150°C ESD. 2000V

Note: Ifthe device is used beyond the maximum rating, permanent damage may occur. Operation should be limited to those conditions specified
under DC Electrical Characteristics.

DC Electrical Characteristics (Ta = 0°C to +70°C, Vg = 4.75V to 5.25V, Vgg = 0V)

Symbol Parameter Condition Min Typ Max Units
ViH Input High Voltage Tested with limited Test pattern 20 Veot0.5 \
ViL Input Low Voltage Tested with limited Test pattern -05 0.8 \Y
Vot |Q and WE Outputs lon = -3mA 24 v
Vo1 |Q and WE Outputs loL = 10mA 05 v
Vonz | All outputs except Q and WE |lgy = -1mA 24 Vv
Vo2 | All outputs except Q and WE |Ig. = 3mA 05 v
Iin Input Leakage Current ViNn = Ve or Vgg +10 HA
lime | ML Input Current Vin = Vss 200 A
lcc1  |Quiescent Current CLK at 33MHz Inputs Inactive 25 mA
lcc2 Supply Current Inputs Active (I load = 0) 65 125 mA
Cin Input Capacitance fin at tMHz 5 10 pF

AC SWITCHING CHARACTERISTICS

Figure 29 shows a typical test circuit, while Figure 30 shows the output drive levels. Figures 32 through 52 provide
switching characteristics for a number of typical KS84C31/32 operations:

Unless otherwise stated Voo = 4.75V to 5.25V, 0 < Tp < 70°C

Load Capacitance: Q0-Q9, Q10 C_ = 380pF
WE C_ = 500pF
RAS0-3, CAS0-3  C_ = 125pF
Ali other Outputs  C_ = 50pF

All minimum and maximum values are measured in nanoseconds.

Propagation delay variance vs. load capacitance:

RAS, CAS 5ns/100pF rise time
3ns/100pF fall time
Q0-Q9, Q10  4ns/100pF rise time
3ns/100pF fall time
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CAPACITIVE LOAD SWITCHING

Figure 29. Switching Test Circuit

DEVICE
UNDER
TEST

1.
I

*tup SPECIFIED AT C, = 360pF ALL Q OUTPUTS
C,_ = 125pF RAS AND TAS OUTPUTS
C, = 500pF WE OUTPUTS
C, = 50pF ALL OTHER OUTPUTS

TYPICAL SWITCHING CHARACTERISTICS

Figure 30. Output Drive Levels Figure 31. Simplified Output Driver Schematic
VOLTAGE WAVEFORMS

Vee

v
INPUT 1.5V 15V
ov
toLH
> tpHL |
24v OUTPUT TO
OUTPUT RAM ADDRESS
08V yo, OR CONTROL
LINES

ov
AC Testinginputs are driven at 3.0V for a logic “1"and 0.0V for alogic

“0". Timing measurements are made at 2.4V for a logic “1" and 0.8V
for a logic “0" at the outputs.

Figure 32. CLK, RFCLK Timing

- [oF &1 - Cid le <12 |
-« CAS - ci4 ! CAS ]
1.8v - -
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Figure 33. Single Access Mode
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Figure 34. Single Access Mode
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Figure 35. Page Access Mode
Mode 0
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Preliminary

Figure 36. Page Access Mode
Mode 1
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Figure 37. 68030 Burst Access Mode with Nibble Mode DRAMs
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Figure 38. 68030 Burst Access Mode with Page Mode DRAMs
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Figure 39. Burst Access Mode with Page Mode DRAMSs (68040, 80486)
Mode 1

w S NS [ [ [ S T

i
-
L
hiligl
Eu§§.E§EEE

1 4
un

: SAMSUNG -

Electronics

sagu



KS84C31/32 DYNAMIC RAM CONTROLLERS

Preliminary

Figure 40. 68040 Burst Access Mode with Static Column DRAMs
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Figure 41. 68040 Burst Access Mode
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Preliminary

Figure 42. Mode Load by Fake Access
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Figure 43. Mode Load Controlled by Mode Load Input Only
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Figure 44. REFRESH, Single Access Mode Burst Mode
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Figure 45. REFRESH In Page Mode
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Figure 47. Page Mode
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Figure 48. External Controlled Refresh
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Figure 50. Page Mode — Disable Page Mode and Internal Refresh
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Figure 51. Staggered Refresh
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Figure 52. Access Cycle Termination

| %
f :
g | $
: £
NT T !
i H
! i
H
;
£
]
e g ] 5
H §
é !f % §
4 3 LL
g :
g y g g -
g i g -
o -
§ H § .
= E L/ & = E

PAGE MODE

——
s
=
&
StanoaRo access
/NS N\ A UV WA WA

¥ SAMISUNG

Electronics




KS84C31/32

DYNAMIC RAM CONTROLLERS

Preliminary

Figure 52. Access Cycle Termination (Continued)
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Figure 52. Access Cycle Termination (Continued)
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Preliminary

Figure 52. Access Cycle Termination (Continued)
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Figure 52. Access Cycle Termination (Continued)
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DYNAMIC RAM CONTROLLERS

Preliminary
Mode 0 Parameters
-25 -33
Parameter Min Max Min Max
01 ALE minimum low time 10 10
02 CS to access start setup 3 3
03 Access start to RAS asserted 35 30
04 Address setup to access start to guarantee Ons row address setup time 8 6
05 Address hold time fromALE low using the on chip latch 20 20
06 Access start to CAS asserted
a toan = 1208, 1,5, = Ons 50 85 50 80
b |ty =12ns,t,g, = 10ns 60 95 60 90
C | taas = 2005, t,¢. = Ons 60 95 60 )
d toan = 20ns, 1, = 10ns 70 105 70 100
07 Access start to column address
a toan = 12ns 75 70
b taan = 20ns 85 80
08 ALE high to CLK rising edge 10 7
09 ALE puise width 12 10
010 CS hold after access start 10 10
011 AREQ to CLK rising edge setup time 12 8
012 AREQ from CLK rising edge hold time 2 2
014 CLK rising edge to RAS deasserted 35 30
015 CLK rising edge to CAS deasserted 25 20
016 CLK rising edge to GRANT deasserted 20 18
017 ALE negated from CLK rising edge 0 0
Mode 0 Page Mode Related Parameters
-25 -33
Parameter Min Max Min Max
PO1 Access start (CLK rising edge) to GRANT asserted (non-delayed access) 20 10
P02 AREQ high setup to access start to guarantee CAS will stay high in case of 10+1T 8+1T
page miss
P03 CAS deasserted from CLK rising edge 5 20 4 18
P04 Access Start to CAS low if page hit 5 25 4 20
P05 GRANT high from access start in case of page miss 20 18
P06 RAS high from access start in case of a page miss 8 35 5 30
Po7 Row and bank address set up to assure a page miss is recognized 8 6
P08 Row and bank address hold from access start ’ 20 20
P09 WIN low set up to access start (C9 = '1") 8 6
. P0O10 WIN low hold time from access start (C9 = '1") 2 2
PO11 DISPM high setup to CLK rising edge 15 10
P012 DISPM asserted to access start 15 10
376

% SAMSUNG

Electronics



KS84C31/32

DYNAMIC RAM CONTROLLERS

Preliminary
Mode 1 Parameters
-25 -33
Parameter Min Max Min Max

" a Access start to CLK rising edge (R7 = '0") 5 4

b Access start to CLK falling edge (R7 = *1') 5 4
12 CS to access start setup 3 3
13 Access start to RAS asserted 35 30
14 Address setup to access start to guarantee Ons row address setup time 8 6
15 Address hold time from access start using the on chip latch 20 20
16 Access start to CAS asserted

a toan = 1208, 4, = Ons 50 85 50 80

b | toas=12ns,t,, = 10ns 60 95 60 90

c toan = 20ns, 1, = Ons 60 95 60 90

d taan = 2008, 1,5, = 10ns 70 105 70 100
17 Access start to column address

toan = 12ns 75 70

b taan = 20nS 85 80
18 AREQ rising edge to CLK rising edge to be recognized as 1T of RAS precharge| 12 10
19 ADS pulse width 12 10
110 CS hold after access start 10 10
111 AREQ deasserted to RAS deasserted 35 30
112 AREQ deasserted to CAS deasserted 5 25 4 20
113 GRANT deasserted from AREQ high 20 18
114 AREQ asserted 10 8
115 AREQ pulse width 12 10
116 ‘AREQ rising edge to access start (R8 = ‘1" non interleave) 15 10

Mode 1 Page Mode Related Parameters
-25 -33
Parameter Min Max Min Max
P11 Access start (ADS falling edge) to GRANT low 20 18
P12 AREQ high set-up to access start to guarantee CAS will stay high in case of 20 15
page miss
P13 AREQ rising edge to CAS deasserted 5 20 4 18
P14 Access start to CAS low if page hit 25 20
P15 GRANT high from ADS falling edge if page miss is detected 20 18
P16 RAS high from access start in case of a page miss 35 30
P17 Row and bank address set up to assure a page miss is recognized 10 8
P18 Row and bank address hold from access start 20 20
P19 WIN low set up to access start (C9 ='1") 6
P110 WIN low hold time from access start (C9 = '1") 2
P112 DISPM asserted to access start 15 10
377
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DYNAMIC RAM CONTROLLERS

Preliminary
Common Parameters
-25 -33
Parameter Min Max Min Max

C1 R, C input to Q output while ALE/ADS is high 35 30
c2 R, C input to Q output 35 30
Cc3 Row address hold time

a toan = 12ns 15 12

b | tau=20ns 25 20
C4 o -

a WIN high to WE high 40 35

b WIN low to WE low 40 35
C5 Column address setup time

a  |te =0ns o 0

b tusc = 10ns 10 10
Ccé Column address hold time (interleave only) 25 40 25 40
c7 CLK rising edge to RAS asserted after delayed access 35 30
Cc8 CLK rising edge to CAS asserted after delayed access

a toan = 12ns,t, .. = Ons 50 85 50 80

b an=12ns,1,.. = 10ns 60 95 60 90

c =20ns,1,;. = Ons 60 95 60 90

d toan = 2008, 1,5 = 10ns 70 105 70 100°
C9 CLK rising edge to CAS deasserted (mode C9 = '1") 25 20
c1o - o

a ECAS high to CAS high 25 20

b ECAS low to CAS low 25 20
C11 CLK high 16 14
C12 CLK low 16 14
C13 CLK period 40 30
Ci14 RFCLK high 16 16
C15 RFCLK low 16 16
C16 RFCLK period 40 40
C17 CLK rising edge to column address

a taan = 12ns 75 70

b |t =20ns 85 80

Common Page Mode Related Parameters
-25 -33
Parameter Min Max Min Max
P1 GRANT low from access start (defered access) 20 18
P2 DISPM rising edge to RAS negated 25 25
P3 DISPM rising edge to GRANT negated 25 20
P4 DISPM high pulse width 15 15
378
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Preliminary
Common Walt State Parameters
-25 -33
Parameter Min Max Min Max
wi1
CLK rising edge to DTACK low (R7 ='0") 20 18
b CLK falling edge to DTACK low (R7 ="1) 20 18
wza WAITIN setup to CLK rising edge to add 1T (R6 ='0", R7 = '0") 10 8
b WAITIN setup to CLK falling edge to add 1T (R6="0",R7 ="1") 10
W3a WAITIN hold time from clock rising edge (R6 ='0', R7 ='0") 5 5
b WAITIN hold time from clock falling edge (R6 ='0", R7 ="1") 5 5
W4 WAITIN high setup time to (R6="1")
a CLK rising edge (R7 ='0) 0 0
b CLK falling edge (R7 ="1") [¢]
W5 WAITIN high hold time from (R6 ="1"
a CLK rising edge (R7 ='0) 15 15
b CLK falling edge (R7 ="1%) 15 15
w7 WAITIN low hold time from (R6 ="1)
a CLK rising edge (R7 ='0) 10 10
b CLK falling edge (R7 ="1" 10 10
w8 CLK rising edge to DTACK deasserted (burst mode) 20 18
Mode 0 Wait State Parameters
-25 -33
Parameter Min Max Min Max
Wo1 CLK rising edge to DTACK high 20 18
wo2 WAITIN low setup to access start (R6="1) 5 5
wo3 WAITIN low hold time from access start (R6="1) 10 10
Mode 1 Wait State Parameters
—25 -33
Parameter Min Max Min Max
w12 AREQ rising edge to DTACK deasserted 5 20 4 18
wi3 WAITIN low setup to access start (R6 ="1" 5 5
W14 WAITIN low hold time from access start (R6="1) 10 10
i 379
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Preliminary
Mode Load Parameters
~25 -33

Parameter Min Max Min Max
M1 Mode address setup time 5 5
M2 Mode address hold time 5 5
M3 ML asserted to AREQ asserted 10 10
M4 CS asserted 1o AREQ asserted 5 5
Ms Mode address hold time from AREQ asserted 20 20
M6 Mode address setup time to AREQ asserted [3 5
M7 AREQ asserted to DTACK asserted 15 15
M8 AREQ or ML deasserted to DTACK deasserted 15 15
M9 ML pulse width 20 20
M10 CS hold time from AREQ falling edge (for “fake access") 10 10

Burst Mode Parameters
-25 -33

Parameter Min Max Min Max
N1 CLK rising edge to CAS deasserted (ECAS3 ="'1) 5 25 4 20
N2 CLK falling edge to CAS asserted (ECAS3 ="1") 5 25 4 20
N3 CLK falling edge to CAS deasserted (ECAST="1) 5 25 4 20
N4 CLK rising edge to CAS asserted (ECAST ="1") 5 25 4 20
NS CAS high pulse width 12 10
N6 CLK rising/falling edge to column + 1 output (B0 ='0" 5 38 4 33
N7 WiN low set up to CLK rising edge (C9="1") 15 10
N8 WIN low hold time from CLK rising edge (C9="1) 5 5
N9 CBREQ setup to CLK rising edge that negates DTACK 10 8
N10 CBREQ hold time form CLK rising edge that negates DTACK 2 2
N11 BIN setup to CLK rising edge 12 8
N12 | BIN hold time from CLK rising edge 2 2
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Refresh Related Parameters

-25 -33
Parameter Min Max Min Max

R1 RFSH low setup time to CLK rising edge 10 10

R2 RFSH low hold time from CLK rising edge 2 2

R3 RFSH pulse width for resetting refresh counter 15 15

R4 DISRFSH low setup to CLK rising edge 10 10

R5 DISRFSH low hold time to CLK rising edge 2 2

R6 DISRFSH low pulse width 15 15

R7 CLK rising edge to RFIP asserted 15 15
R8s CLK rising edge to RFIP asserted 15 15
R9 CLK rising edge to RFRQ asserted 15 15
R10 CLK rising edge to RFRQ deasserted 15 15
R11 CLK rising edge to refresh RAS asserted 25 25
R12 CLK rising edge to refresh RAS deasserted 25 25
R13 EXTDRF setup to CLK rising edge 10 10

R14 EXTDRF hold time from CLK rising edge 2 2

R15 EXTDRF low setup to CLK rising edge 0

PACKAGE DIMENSIONS

The Samsung KS84CXX DRAM Controllers are available in two packages. The KS84C31 68-Pin PLCC. package is
shown in Figure 53, while the 84-Pin version is shown in Figure 54.
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ORDERING INFORMATION AND PRODUCT CODE

KS  84CXX XX X X

T
SAMSUNG Packaging
SEMICONDUCTOR L — Plastic Leaded Chip Carrier
(PLCC)
Part Number
84C31
84C32 Temperature
C — Commercial (0°C to +70°C)
Speed
-25 25MHz
-33 33.33MHz

SAMSUNG products are designated by a Product Code. When ordering, please refer to products by their full code. For unusual, and/or specific
packaging or processing requirements not covered by the standard product line, please contact the SAMSUNG MOS Product Group.
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A.

Southwest
22837 Ventura Blvd.
Suite 305
Woodland Hills, CA
91367
(818) 346-6416
FAX: (818) 346-6621

Southeast
204 Battleground
Corporate Park
3859 Battleground Ave.
Greensboro, NC 27410
(919) 282-0665
FAX: (919) 282-0784

Southwest

3027 Greenwich St.

Carlsbad, CA 90028

(619) 720-0230
FAX: (619) 720-0230

South Central
15851 Dallas Parkway
Suite 840
Dallas, TX 75248-3307

(214) 770-7970

FAX: (214) 770-7971

North Central
901 Warrenville Road
Suite 120
Lisle, IL 60532-1359
(708) 852-2011
FAX: (708) 852-3096

Northwest

2700 Augustine Drive
Suite 198

Santa Clara, CA
95054

(408) 727-7433

FAX: (408) 727-5071

North East
20 Burlington Mall Road
Suite 205
Burlington, MA 01803
(617) 273-4888
FAX: (617) 273-9363

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ALABAMA

SOUTHERN COMPONENT
SALES

307 Clinton Ave. East #413
Huntsville, AL 35801

ARIZONA

HAAS & ASSOC. INC.
7441 East Butherus Drive
Suite 300

Scottsdale, AZ 85260

CALIFORNIA
|2
3350 Scott Blvd.
Building 10
Santa Clara, CA 95054

SPINNAKER SALES
11545 West Bernardo Court
Suite 200

San Diego, CA 92127

WESTAR REP COMPANY
2472 Chambers Road
Suite 100

Tustin, CA 92680

WESTAR REP COMPANY
25202 Crenshaw Bivd.
Suite 217

Torrance, CA 90505

WESTAR REP. COMPANY
26500 Agoura Rd.

Suite 204

Calabasas, CA 91302

CANADA

INTELATECH, INC.
1115 Crestlawn Drive
Suite 1

Mississauga, Ontario LAW1A7

TEL: (205) 533-6500
FAX: (205) 5336578

TEL: (602) 998-7195
FAX: (602) 998-7869

TEL: (408) 988-3400
FAX: (408) 988-2079

TEL: (619) 451-8595
FAX: (619) 485-0561

TEL: (714) 832-3325
FAX: (714) 832-7894

TEL: (213) 539-2156
FAX: (213) 539-2564

TEL: (818) 880-0594
FAX: (818) 880-5013

TEL: (416) 629-0082
FAX: (416) 629-1795

$ SAMSUNG

Electronics

INTELATECH, INC.
4737 Prevel Street

Pierefonds, Quebec H9K 1J4

COLORADO

CANDAL INC.

2901 So. Colorado Bivd.
Suite A

Denver, CO 80222

CONNECTICUT

PHOENIX SALES
267 Main Street
Torrington, CT 06790

FLORIDA

MEC

700 W. Hillsboro Blvd.
Bldg. 4, Suite 204
Deerfield Beach, FL 33441

FLORIDA

MEC
11 Emerald Court
Satelite Beach, FL

MEC

830 North Atlantic Blvd.
Suite B401

Cocoa Beach, FL 32931

MEC
10637 Harborside Drive, N
Largo, FL 34643

GEORGIA

SOUTHERN COMPONENT
SALES

6075 The Corners Parkway
Suite 103

Norcross, GA 30092

TEL: (514) 624-1340
FAX: (514) 624-2911

TEL: (303) 692-8484
FAX: (303) 692-8416

TEL: (203) 496-7709
FAX: (203) 496-0912

TEL: (305) 426-8944
(305) 426-8960
FAX: (305) 426-8799

TEL: (407) 773-1100
FAX: (407) 777-6529

TEL: (407) 799-0820
FAX: (407) 799-0923

TEL: (813) 393-5011
FAX: (813) 393-5202

TEL: (404) 729-8117
FAX: (404) 729-8056

385




SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ILLINOIS

RI
8430 Gross Point Road
Skokie, IL 60076

MARYLAND

ADVANCED TECH SALES
100 West Road

Suite 412

Towson, MD 21204

MASSACHUSETTS

NEW TECH SOLUTIONS, INC.
111 South Bedford Street

Suite 102

Burlington, MA 01803

MICHIGAN

JENSEN C.B.
2145 Crooks Rd.
Troy, M| 48084

MINNESOTA

IRI
1120 East 80th Street #200
Bloomington, MN 55420

NEW JERSEY

NEPTUNE ELEC.
2460 Lemoine Avenue
Ft. Lee, NJ 07024

NEW MEXICO

S.W. SALES, INC.
7137 Settlement Way, N.W.
Albuguerque, NM 87120

NEW YORK

NEPTUNE ELEC.
255 Executive Dr.
Plainview, NY 11803

T-SQUARED
6443 Ridings Road
Syracuse, NY 13206

T-SQUARED
7353 Victor-Pittsford Road
Victor, NY 14564

OHIO

BAILEY, J.N. & ASSOC.
129 W. Main Street
New Lebanon, OH 45345

BAILEY, J.N. & ASSOC.
2978 Findley Avenue
Columbus, OH 43202

TEL: (708) 967-8430
FAX: (708) 967-5903

TEL: (301) 296-9360
FAX: (301) 296-9373

TEL: (617) 229-8888
FAX: (617) 229-1614

TEL: (313) 643-0506
FAX: (313) 643-4735

TEL: (612) 854-1120
FAX: (612) 854-8312

TEL: (201) 461-2789
FAX: (201) 461-3857

TEL: (505) 899-9005
FAX: (505) 899-8903

TEL: (516) 349-160
FAX: (516) 349-1343

TEL: (315) 463-8592
FAX: (315) 463-0355

TEL: (716) 924-9101
FAX: (716) 924-4946

TEL: (513) 687-1325

FAX: (513) 687-2930

TEL: (614) 262-7274
FAX: (614) 262-0384

BAILEY, J.N. & ASSOC.
1667 Devonshire Drive
Brunswick, OH 44212

OREGON

ATMI

6700 S.W. 105th Street
Suite 303

Beaverton, OR 97005

PENNSYLVANIA

BAILEY, J.N. & ASSOC.
1660 Hancock Avenue
Apollo, PA 15613

RIVCO JANUARY INC.
RJI Building

78 South Trooper Road
Norristown, PA 19403

PUERTO RICO

DIGIT-TECH

P.O. Box 1945

Calle Cruz #2

Bajos, San German 00753

TEXAS

S.W. SALES INC.
2267 Trawood, Bldg. E3
El Paso, TX 79935

VIELOCK ASSOC.
555 Republic Drive
Suite 105

Plano, TX 75074

VIELOCK ASSOC.

9430 Research Blvd.
Echelon Bidg. 2, Suite 330
Austin, TX 78759

UTAH

ANDERSON & ASSOC.
270 South Main, #108
Bountiful, UT 84010

VIRGINIA

ADVANCED TECHNOLOGY
SALES, INC.

406 Grinell Drive

Richmond, VA 23236

WASHINGTON

ATMI
16150 NE 85TH St. Suite 217T
Redmond, WA 98052

WISCONSIN

IRI

16745 W. Bluemound Rd.
Suite 340

Brookfield, Wi 53005

TEL: (216) 273-3798
FAX: (216) 225-1461

TEL: (503) 643-8307
FAX: (503) 646-9536

TEL: (412) 568-1392
FAX: (412) 568-1479

TEL: (215) 631-1414
FAX: (215) 631-1640

TEL: (809) 892-4260
FAX: (809) 892-3366

TEL: (915) 594-8259
FAX: (915) 592-0288

TEL: (214) 881-1940
FAX: (214) 4238556

TEL: (512) 345-8498
FAX: (512) 346-4037

TEL: (801) 292-8991
FAX: (801) 298-1503

TEL: (804) 320-8756
FAX: (804) 320-8761

TEL: (206) 882-4665
FAX: (206) 882-7517

TEL: (414) 789-9393
FAX: (414) 789-9272
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE

SAMSUNG
SEMICONDUCTOR
EUROPE GmbH
Mergenthaler Allee 38-40
D6236 Eschborn

(West Germany)

Tel: 06196/9009-0

Fax: 0196/9009-89

PARIS

Centre d'Affaires La
Boursidiere RN 186, Bat.
Bourgogne, BP 202

F-92357 Le Plessis-Robinson
(France)

Tel: 0033-1-40 94 07 00
Fax: 0033-1-40 94 02 16

MILANO

Viale G. Matteotti, 26
1-20095 Cusano Milanino
(Italy)

Tel: 0039-2-6 13 28 88
Fax: 0039-2-6192279

MUNCHEN
Carl-Zeiss-Ring 9
D-8045 Ismaning
(West Germany)

Tel: (49) 0-89 96 48 38
Fax: (49) 0-89 96 48 73

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

EUROPE

AUSTRIA

SATRON HANDELSGES. MBH
Hoffmeistergasse 8-10/1/5 TEL: 0043-222-87 30 20

A-1120 Wien

BELGIUM

C&S ELECTRONICS NV
Heembeekstraat 111
B-1120 Brussels

DENMARK

EXATEC ALS
Dortheavj 1-3
DK-2400 Kopenhagen

FINLAND

INSTRU COMPONENTS
P.O. Box 64, Vitikka 1
SF-02631-ESPOO
Helsinki

FRANCE

FAX: 0043-222-85 95 93
TLX: 047-753 11 85 1

TEL: 0032-2-2 44 29 74
FAX: 0032-2-2 42 89 30
TLX: 046-2 58 20

TEL: 00453-1-19 10 22
FAX: 00453-1 19 31 20
TLX: 27253

TEL: 00358-0-5 28 43 25
FAX: 00358-0-5 28 43 33
TLX: 057-12 44 26

ASIA MOS (OMNITECH ELCCTRONIQUE)

Batiment Evolic 1 165,
Boulevard De Valmy
F-92705 Colombes

SONEL-ROHE (SCAIB)
6, Rue Le Corbusier
Silic 424

F-94583 Rungis, Cedex

TEL: 0033-1-47 60 12 47
FAX: 0033-1-47 60 15 82
TLX: 042-61 38 90

TEL: 0033-1-46 86 81 70
FAX: 0033-1-45 60 55 49
TLX: 042-20 69 52

GERMANY (WEST)

SILCOM ELECTRONICS VERTRIEBS GmbH

Neusser Str. 336-338
D-4050 Monchengladbach

TERMOTROL GmbH
Pilotystr 4
D-8000 Minchen 22

TEL: (49)-0-2161-6 07 52
FAX: (49)-0-2161-6516-38
TLX: 85 2189

TEL: (49)-0-89-2303 52 52
FAX: (49)-0-89-2303 52 80
TLX: 17 89 84 53

ING. THEO HENSKES GmbH

Laatzener Str. 19
Postfach 72 12 26
D-3000 Hannover 72

ASTRONIC GmbH
Grinwalder Weg 30
D-8024 Deisenhofen

TEL: (49)-0-511-86 50 75
FAX: (49)-0-7249 79 93
TLX: 92 35 09

TEL: (49)-0-89-61 30 303
FAX: (49)-0-89-61 31 668
TLX: 521 61 87

MSC VERKAUFSBURO MITTE

Wormser Str. 34
Postfach 37
D-6710 Frankenthal

MICRONETICS GmbH
Wail Dur Stadter Str. 45
D-7253 Renningen

ITALY

DIS. EL. SPA
Via Orbetelio 98
1-10148 Torino

MOXEL S.R.L.
Via C. Frova, 34 .
1-20092 Cinisello Balsamo

TEL: (49)-0-62-332 66 43
FAX: (49)-0-332 02 98
TLX: 46 52 30

TEL: (49)-0-715960 19
FAX: (49)-0-715 951 19
TLX: 72 47 08

TEL: 0039-1-12 20 15 22
FAX: 0039-1-12 16 59 15
TLX: 043-21 51 18

TEL: 0039-2-61 29 05 21
FAX: 0039-2-6 17 25 82
TLX: 043-35 20 45
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

THE NETHERLANDS

MALCHUS BV HANDEIMIJ.
Fokkerstraat 511-5613 TEL: 0031-10-4 27 77 77

Postbus 48 FAX: 0031-10-4 15 48 67
NL-3125 BD Schiedam TLX: 044-2 15 98
NORWAY
EXATEC ALS
Solheimveien 50 TEL: 0047-2-97 29 50
Postbox 314 FAX: 0047-2-97 29 53
N-1473 Skarer
SPAIN

SEMICONDUCTORES S.A.

UNITED KINGDOM

KORD DISTRIBUTION LTD.
P.O. Box 294, Camberley, TEL: 0276 685741
Surry GU 15344 FAX: 0276 691334

TLX: 859919 KORDIS G

BYTECH LTD.

3 The Western Centre, TEL: Sales 0344 482211
Western Road, Account/Admin
Bracknell Berkshire 0344 424222
RG121RW FAX: 0344 420400

TLX: 848215

ITT MULTI COMPONENTS

346 Edinburgh Avenue

TEL: 0753 824212

Ronda General Mitre
240 Bjs

TEL: 0034-3-2 17 23 40
FAX: 0034-3-2 17 65 98

Slough SL1 4TU FAX: 0753 824160
TLX: 849804

€-08006 Barcelona TLX: 0529 77 87
/ NELTRONIC LIMITED
SWEDEN John F. Kennedy Road,  TEL: (01) 503560
MIKO KOMPONENT AB Naas Road, Qublin 12, FAX.: (01) 552789
Segers by Vagen 3 TEL: 0046-753-89 08 0 Ireland TLX: 93556 NELT EI
P.O. Box 2001 FAX: 0046-753-75 34 0
S-14502 Norsborg TLX: 0529 77 87
SWITZERLAND
PANATEL AG
Grundstr. 20 TEL: 0041-42 64 30 30
CH-6343 Rotkreuz FAX: 0041-42-64 30 35
TLX: 045-86 87 63
388
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ASIA

HONG KONG

AV, CONCEPT LTD.

ROOM 804, Tower A, 8/FI., TEL: 3629325
Hunghom Commercial Centre, FAX: 7643108

37-39 MA Tau Wai Road, TLX: 52362 ADVCC HX
Hunghom, Kowloon,

Hong Kong

PROTECH COMPONENTS LTD.

Unit 2, 3/F, Wah Shing Centre, TEL: 7930882
11 Shing Yip Street, Kowloon, FAX: 7930811
Kwun Tong, Hong Kong

WISEWORLD TECHNOLOGY CO.

Room 708, Tower A, 7/FI., TEL: 7658923
Hunghom Commercial Centre, FAX: 3636203
37-39 MA Tau Wai Road,

Kowloon, Hong Kong

RIGHT SYSTEM CO., LTD.

Room A19, 6/FI., TEL: 7566331
Proficient Ind. Centre, FAX: 7998985

Block A, 6 Wang Kwun Road, TLX: 52896 OSPCL HX
Kowloon Bay, Kowloon,

Hong Kong

SOLARBRITE ENTERPRISE CO.

(CALCULATOR & WATCH)

Room 903, The Kwangtung TEL: 7701010
Provincial Bank BIdg., FAX: 7700559
589-591 Nathan Road, TLX: 52543 SECL HX
Kowioon, Hong Kong

SOLARI COMPUTER ENGINEERING LTD.

(4 BIT/8 BIT ONE CHIP SOFTWARE HOUSE)
Unit 703-4, 7/FI., Jordan House, TEL: 7213318
6-8 Jordan Road, Kowloon, FAX: 7235288-
Hong Kong

CENTRAL SYSTEMS DESIGN LTD.

(ASIC DESIGN HOUSE)

Room 1704, Westlands Centre, TEL: 5620248

20 Westlands Road, FAX: 5658046
Quarry Bay, Hong Kong TLX: 73990 CSD HX

DATAWORLD INTERNATIONAL LTD.

(MIYUKI ELECTRONICS (HK) LTD.)

(ASIC DESIGN HOUSE)

Flat No. 3-4, 5/FI., TEL: 7862611

Yuen Shing Ind. Bldg., FAX: 7856213

1033, Yee Kuk Street, West,  TLX: 45876 MYK HX
Kowloon, Hong Kong

TAIWAN

YOSUN INDUSTRIAL CORP.

7F, No. 76, Chern Kong Rd.,  TEL: (02) 788-1991 (Rep.)
Sec. 1, Nan Kang, Taipeli, FAX: (02) 788-1996
Taiwan R.O.C.

KINREX CORP.

2nd. Fl,, 514-3, Tun Hwa S. TEL: 02-700-4686—9

Rd., Taipei, Taiwan, R.O.C. FAX: 02-704-2482
TLX: 20402 KINREX

SANT SONG CORP.

Room A, 8F No. 180, Sec-4,  TEL: (02) 775-2506
Chung Hsiao E. Rd., Taipei, FAX: (02) 771-8413
Taiwan, R.0.C.

JAPAN

ADO ELECTRONIC INDUSTRIAL CO., LTD.

7th Fl., Sasage Bldg., 4-6 TEL: 03-257-1618
Sotokanda 2-Chome Chiyoda- FAX: 03-257-1579
ku, Tokyo 101, Japan

INTERCOMPO INC.
thi Bldg., 1-6-7, Shibuya, TEL: 03-406-5612
Shibuya-ku, Tokyo 150 Japan  FAX: 04-409-4834

CHEMI-CON INTERNATIONAL CORP.

Mitauya Toranomon Bldg., TEL: 03-508-2841
22-14, Toranomon 1-Chome, FAX: 03-504-0566
Minato-ku, Tokyo 105, Japan

TOMEN ELECTRONICS CORP.
1-5, Takamatsu-Cho 3 Chome  TEL: 0425-22-6145
Tachikawa, Tokyo 190 FAX: 0425-22-6159

DIA SEMICON SYSTEMS INC.
Wacore 64 1-37-8, Sangenjaya, TEL: 03-487-0386
Setagaya-ku, Tokyo 154 Japan FAX: 03-487-8088

RIKEI CORP.
Nichimen Bldg., 2-2-2,
Nakanoshima, Kita-ku,
Osaka 530 Japan

TEL: 06-201-2081
FAX: 06-222-1185

SINGAPORE

GEMINI ELECTRONICS PTE LTD.

100, Upper Cross Street TEL: 65-5351777
#09-08 OG Bldg. FAX: 65-5350348
Singapore 0105 TLX: RS-42819

BOSTEX ELECTRONICS PTE LTD.

#05-14 Bylands Bldg. TEL: 65-3395713
135 Middle Road FAX: 65-3389538
Singapore 0718

ASTINA ELECTRONICS (M) SDN BHD

23, Jalan Pantai Jerjak Satu TEL: 04-876697
11900 Bayan Lepas Penang, FAX: 04-876780
West Malaysia

ASTINA ELECTRONICS (S) PTE LTD.

315, Outram Road, TEL: 65-2232221
#11-02 Tan Boon Liat Bldg., FAX: 65-2213776
Singapore 0315

INDIA

COMPONENTS AND SYSTEMS MARKETING
ASSOCIATES (INDIA) PVT. LTD.
100, Dadasaheb Phalke Road,

Bombay 400
(I))ffar, ombay TEL: 4114585

FAX: 4112546
TLX: 001-4605 PDT IN
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

TURKEY

ELEKTRO SAN. VE TIC. KOLL. STI.
Hasanpasa, Ahmet Rasim Sok TEL: 337-2245

No. 16 Kadikdy Istanbul, FAX: 336-8814
Turkey TLX: 29569 elts tr
THAILAND

VUTIPONG TRADING LTD., PART.

61.63 Pahurat Rd. (Banmoh)  TEL: 221-8699-3641

Bangkok 10200 THAILAND 223-4608
FAX: 224-0861

TLX: 87470 Vutipong TH

KOREA

NAEWAE SEMICONDUCTOR CO., LTD.
Room 503, 22-dong, Sunin  TEL: 717-4065—7

Bldg., 16-1, Hankangro-2ka, 702-4407—9

Yongsan-ku, Seoul, Korea FAX: 702-3924

Cable: ELECONAEWAE TLX: NELCO K27419
SEOUL

C.P.O. BOX 1409
SAMSUNG LIGHT-ELECTRONICS CO., LTD.

NEW CASTLE SEMICONDUCTOR CO., LTD.
4th Fl. Room 10-11, TEL: 718-8531—4
Electronics Main Bldg., 16-9, FAX: 718-8535
Hankangro-3ka, Yongsan-ku,

Seoul, Korea

HANKOOK SEMICONDUCTOR &
TELECOMMUNICATIONS CO., LTD.

402 Suite, Sowon Bldg., TEL: 338-2015—8
354-22, Seokyo-dong, FAX: 338-2983
Mapo-ku, Seoul, Korea

SEG YUNG INTERISE CORP.
21-301, Sunin Bldg., 16-1, TEL: 701-6811—8,

Hankangro-2ka, Yongsan-ku, 7016781—4

Seoul, Korea FAX: 7016785

SEGYUNG ELECTRONICS

182-2, Jangsa-dong, TEL: 273-6781—3

Jongro-ku, Seoul, Korea FAX: (02) 273-6597
. TLX: K24950

SUKSEMT

SAMTEK

Room 704, Euylim Bldg., TEL.: 703-9656—8

16-96, Hankangro-3ka, FAX: 703-9659

Yongsan-ku, Seoul, Korea

4th Fl. Room 2-3, TEL: 7180045, SUNIN INDUSTRIES CO., LTD.
Electronics Main Bldg., 16-9, 718-9531—5 Sunin Bldg., 7FI., 16-1, TEL: 718-7113—6
Hankangro-3ka, Yongsan-ku, FAX: 718-9536 Hankangro-2ka, Yongsan-ku, 702-1257—9
Seoul, Korea Seoul, Korea FAX: 715-1031
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

ALABAMA

HAMMOND
4411-B Evangel Circle, N.W.
Huntsville, AL 35816

ARIZONA

ADDED VALUE

7741 East Gray Road
Suite #9

Scottsdale, AZ 85260

CYPRESS/RPS

2164 E. Broadway Road #310-8

Tempe, AZ 85282

CALIFORNIA *

ADDED VALUE

3320 East Mineral King
Unit D

Visalia, CA 93291

ADDED VALUE
1582 Parkway Loop
Unit G

Tustin, CA 92680

ADDED VALUE
6397 Nancy Ridge Road
San Diego, CA 92121

ADDED VALUE
31194 La Baya Drive, #100
Westlake Village, CA 91362

ALL AMERICAN
369 Van Ness Way #701
Torrance, CA 90501

BELL MICRO PRODUCTS
18350 Mt. Langley
Fountain Valley, CA 92708

BELL MICRO PRODUCTS
550 Sycamore Drive
Milpitas, CA 95035

CYPRESS/RPS
6230 Descanso Avenue
Buena Park, CA 90620

CYPRESS/RPS

10054 Mesa Ridge Ct
Suite 118

San Diego, CA 92121

CYPRESS/RPS
2175 Martin Avenue
Santa Clara, CA 95050

CYPRESS/RPS
21550 Oxnard, #420
Woodland Hills, CA 91367

(205) 830-4764

(602) 951-9788

(602) 966-2256

(209) 734-8861

(714) 259-8258

(619) 558-8890

(818) 889-2861

(800) 669-8300

(714) 963-0667

(408) 434-1150

(714) 5215230

(619) 535-0011

(408) 980-8400

(818) 710-7780

JACO
2260 Townsgate Road
Westlake Village, CA 91361

JACO

2880 Zanker Road
Suite 202

San Jose, CA 95134

JACO
23-441 South Pointe Drive
Laguna Hills, CA 92653

MICRO GENESIS
2880 Lakeside Drive
Santa Clara, CA 95054

CANADA

ELECTRONIC WHOLESALERS
1935 Avenue De L'Eglise
Montreal, Quebec, Canada
H4E 1H2

PETERSON, C.M.

220 Adelaide Street North
London, Ontario, Canada
N6B 3H4

SAYNOR VARAH

99 Scarsdale Road

Don Mills, Ontario, Canada
M3B 2R4

SAYNOR VARAH
1-13511 Crestwood Place
Richmond, B.C., Canada
VeV 2G5

WESTBURNE IND. ENT., LTD.
300 Steeprock Drive
Downsview, Ontario, Canada
M3J 2W9

COLORADO

ADDED VALUE
4090 Youngfield
Wheat Ridge, CO 80033

CYPRESS/RPS
12503 E. Euclid Drive
Englewood, CO 80111

CONNECTICUT

ALMO ELECTRONICS
31 Village Lane
Wallingford, CT 06492

JACO
384 Pratt Street
Meriden, CT 06450

JV
690 Main Street
East Haven, CT 06512

(805) 495-9998

(408) 432-9290

(714) 837-8966

(408) 727-5050

(514) 769-8861

(519) 434-3204

(416) 445-2340

(604) 273-2911

(416) 635-2950

(303) 422-1701

(303) 792-5829

(203) 288-6556

(203) 235-1422

(203) 469-2321
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

FLORIDA

ALL AMERICAN
16251 N.W. 54th. Avenue
Miami, FL 33014

HAMMOND
6600 N.W. 21st. Avenue
Fort Lauderdale, FL 33309

HAMMOND
1230 W. Central Bivd
Orlando, FL 32802

MICRO GENESIS
2170 W. State Road 434 #324
Longwood, FL 32779

GEORGIA

HAMMOND

5680 Oakbrook Parkway
#160

Norcross, GA 30093

QUALITY COMPONENTS
6145 Northbelt Parkway
Suite B

Norcross, GA 30071

ILLINOIS

GOOLD
101 Leland Court
Bensenville, IL 60106

QPs
101 Commerce Dr. #A
Schaumburg, IL 60173

INDIANA

ALTEX
12744 N. Meridian
Carmel, IN 46032

CHELSEA INDUSTRIES
8465 Keystone Crossing, #115
Indianapolis, IN 46240

MARYLAND

ALL AMERICAN
1136 Taft Street
Rockville, MD 20853

(305) 621-8282
(407) 973-7103
(407) 849-6060

(407) 869-9989

(404) 449-1996

(404) 449-9508

(312) 860-7171

(312) 884-6620

(317) 848-1323

(317) 253-9065

(301) 251-1205

JACO

Rivers Center

10270 Old Columbia Road
Columbia, MD 21046

MASSACHUSETS

ALMO ELECTRONICS
60 Shawmut Avenue
Canton, MA 02021

GERBER
128 Carnegie Row
Norwood, MA 02062

JACO
222 Andover Street
Wilmington, MA 01887

MICHIGAN

CALDER
4245 Brockton Drive
Grand Rapids, M| 49508

CHELSEA INDUSTRIES
34443 Schoolcraft
Livonia, M| 48150

MINNESOTA

ALL AMERICAN
11409 Valley View Road
Eden Prairie, MN 55344

CYPRESS/RPS
7650 Executive Drive
Eden Prairie, MN 55344

VOYAGER
5201 East River Road
Fridley, MN 55421

MISSOURI

CHELSEA INDUSTRIES
2555 Metro Bivd.
Maryland Heights, MO 63043

NEW JERSEY

ALMO ELECTRONICS
12 Connerty Court
East Brunswick, NJ 08816

(301) 995-6620

(617) 821-1450

(617) 329-2400

(617) 273-1860

(616) 698-7400

(313) 525-1155

(612) 944-2151

(612) 934-2104

(612) 571-7766

(314) 997-7709

(201) 613-0200

GENERAL RADIO SUPPLY (609) 964-8560
ALMO ELECTRONICS (301) 953-2566 600 Penn St. @ Bridge Plaza
8309B Sherwick Court Camden, NJ 08102
Jessup, MD 20794

JACO (201) 942-4000
GENERAL RADIO SUPPLY (301) 995-6744 Ottilio Office Complex :
6935L. Oakland Mills Road 555 Preakness Avenue
Columbia, MD 21045 Totowa, NJ 07512
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS . |

NEW YORK OKLAHOMA
ALL AMERICAN (516) 981-3935 QUALITY COMPONENTS (918) 664-8812
33 Commack Loop 3158 S. 108th East Avenue
Ronkonkoma, NY 11779 Suite 274
Tulsa, OK 74146
CAM/RPC (716) 427-9999
2975 Brighton Henrietta TL Road
Rochester, NY 14623 OREGON
CYPRESS/RPS (503) 641-2233
JACO 516) 273-5500 15075 S. Koll Parkway
145 Oser Avenue Suite D
Hauppauge, NY 11788 Beaverton, OR 97006
MICRO GENESIS (516) 472-6000
90-10 Colin Drive PENNSYLVANIA
Holbook, NY 11741
olbook ALMO ELECTRONICS (215) 698-4003
NORTH CAROLINA 9815 Roosevelt Bivd.
Philadelphia, PA 19114
QUALITY COMPONENTS (919) 467-4897
3029-105 Stonybrook Drive (63§)MAIFI‘!I:IC orive (412) 782-3770
lei pha rnv
Raleigh, NC 27604 Pittsburgh, PA 15238
DIXIE 704) 377-5413
2220 South Tryon Street @04 ALMO ELECTRONICS (412) 776-9090
Chariotte, NC 28234 220 Executive Drive
’ Mars, PA 16046
HAMMOND (919) 275-6391
2923 Pacific Avenue SOUTH CAROLINA
Greensboro, NC 27420
DIXIE (803) 297-1435
RESCO/RALEIGH (919) 781-5700 4909 Petham Road
Hwy. 70 West & Resco Court Greenville, SC 29606
Raleigh, NC 27612
DIXIE (803) 779-5332
OHIO . 1900 Barnwell Street
Columbia, SC 29201
CAM/RPC (216) 461-4700
749 Miner Road HAMMOND (803) 233-4121
Cleveland, OH 44143 1035 Lowndes Hill Rd.
Greenville, SC 29607
CAM/RPC (614) 888-7777
15 Bishop Drive #104
Westerville, OH 43081 TEXAS
CAM/RPC (513) 433-5551 ADDED VALUE (214) 404-1144
7973-B Washington Woods Drive 4470 Spring Valley Road
Centerville, OH 45459 Dalias, TX 75244
CHELSEA INDUSTRIES (513) 891-3905 ADDED VALUE (512) 454-8845
10979 Reed Hartman, Highway 6448 Highway 290 East
#133 #A103
Cincinnati, OH 45242 Austin, TX 78723
CHELSEA INDUSTRIES | (216) 893-0721 ALL AMERICAN (214) 231-5300
1360 Tomahawk 1819 Firman Drive, #127
Maumee, OH 43537 Richardson, TX 75081
SCHUSTER (513) 489-1400 CYPRESS/RPS (214) 869-1435
11320 Grooms Road 2156 W. Northwest Highwa
Cincinnati, OH 45242 Dalias, TX 75220 N
SCHUSTER (216) 425-8134 JACO (214) 235-9575
20570 East Aurora Road 1209 Glenvilte Drive
Twinsburg, OH 44087 Richardson, TX 75080
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MICRO GENESIS
9221 LBJ Freeway, #220
Dallas, TX 75243

OMNIPRO
4141 Billy Mitchell
Dallas, TX 75244

QUALITY COMPONENTS
4257 Kellway Circle
Addison, TX 75244

QUALITY COMPONENTS
1005 Industrial Blvd.
Sugar Land, TX 77478

QUALITY COMPONENTS
2120-M Braker Lane
Austin, TX 78758

UTAH

ADDED VALUE
1836 Parkway Blvd.
West Valley City, UT 84119

SAMSUNG SEMICONDUCTOR DISTRIBUTORS

(214) 6445055

(214) 233-0500

(214) 733-4300

(713) 240-2255

(512) 835-0220

(801) 975-9500

VIRGINIA

VIRGINIA ELEC.
715 Henry Avenue
Charlottesville, VA 22901

WASHINGTON

CYPRESS/RPS
22125 17th Avenue
Suite 114

Bothell, WA 98021

JACO

15014 N.E. 40th Street
Bidg. “O”, Unit 202
Redmond, WA 98052

PRIEBE
14807 N.E. 40th
Redmond, WA 98052

WISCONSIN

MARSH
1563 S. 101st. Street
Milwaukee, WI 53214

(804) 296-4184

(206) 4831144

(206) 881-9700

(206) 881-2363

(414) 475-6000
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SAMISUNG

-Electronics

Semiconductor Business

HEAD OFFICE:

8/10FL. SAMSUNG MAIN BLDG.
250, 2-KA, TAEPYUNG-RO,
CHUNG-KU, SEOUL, KOREA
C.P.0O. BOX 8233

BUCHEON PLANT:

82-3, DODANG-DONG,
BUCHEON, KYUNGKI-DO, KOREA
C.P.0. BOX 5779 SEOUL 100

KIHEUNG PLANT:

SAN #24 NONGSUH-RI, KIHEUNG-MYUN
YONGIN-GUN, KYUNGKI-DO, KOREA
C.P.O. BOX 37 SUWON

GUMI BRANCH:
259, GONDAN-DONG, GUMI,
KYUNGSANGBUK-DO, KOREA

SAMSUNG SEMICONDUCTOR INC.:

3725 NORTH FIRST STREET
SANJOSE, CA 95134-1708, USA

HONG KONG BRANCH:
24FL. TOWER 1 ADMIRALTY CENTER
18 HARCOURT ROAD HONG KONG

TAIWAN OFFICE:
RM B. 4FL. NO 581
TUN-HWA S, RD, TAIPEI, TAIWAN

TELEX: KORSST K27970
TEL: (SEOUL) 751-2114
FAX: 753-0957

TELEX: KORSEM K28390
TEL: (SEOUL) 741-0066, 664-0066
FAX: 741-4273

TELEX: KORSST K23813
TEL: (SEOUL) 741-0620/7
FAX: 741-0628

TELEX: SSTGUMI K54371
TEL: (GUMJ) 2-2570
FAX: (GUMI) 52-7942

TEL: (408) 954-7000
FAX: (408) 954-7873

TEL: 8626900
TELEX: 80303 SSTC HX
FAX: 8661343

TEL: (2) 706-6025/7 .
FAX: (2) 784-0847 !

SAMSUNG ELECTRONICS JAPAN CO., LTD.

9F. SUDACHO VERDE BLDG.
2-3, KANDA-SUDACHO
CHIYODA-KU, TOKYO 101, JAPAN

TELEX: 2225206 SECJPN J A
TEL: (03) 258-9501
FAX: (03) 258-9696

SAMSUNG SEMICONDUCTOR EUROPE GMBH:

MERGENTHALER ALLEE 38-40
D-6236 ESCHBORN, W/G

SAMSUNG (U.K) LTD.:

SAMSUNG HOUSE 3 RIVERBANK WAY
GREAT WEST ROAD BRENTFORD
MIDDLESEX TW8 9RE

SINGAPORE OFFICE:
10 COLLYER QUAY #14-07
OCEAN BUILDING S’PORE 0104

TEL: 0-6196-90090
FAX: 0-6196-900989
TELEX: 4072678 SSED

TEL: 862-9312 (EXT) 304

8629323 (EXT) 292
FAX: 862-0096, 862-0097
TELEX: 25823
PRINTED IN KOREA
TEL: 535-2808 SULY, 1990
FAX: 5326452






