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Read Only Memories

General Instrument Microelectronics offers a complete
line of reliable mask programmed, Read Only Memories,
manufactured in both NMOS and CMOS processes. These
memory products are fully static and range in density
from 16K bits to 1 megabit.

Electrically Erasable Programmable

Read Only Memories

General Instrument Microelectronics offers a broad
line of highly reliable +5V only, N-channel, utility
EEPROMs including parallel access, serial access and
Inter-Integrated Circuit (I12C) compatible devices.
Application - specific EEPROMs, including a non-
volatile counter and a microcomputer with on-board
EEPROM memory, are also available in both commercial
and industrial temperature ranges.

Sales Offices

Worldwide field sales offices are located throughout
the U.S., Europe and Asia. Contact the office
nearest you for further information regarding General
Instrument Microelectronics products.
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SECTION 1

READ ONLY MEMORIES

Part Page
Description Number Number
32K ROM organized 4K x 8 R09432 1-3
R0O9433 1-6
64K ROM organized 8K x 8 R0O9464 1-9
R094164 1-9
R09864 1-12
128K ROM organized 16K x 8 R09128 1-16
256K ROM organized 32K x 8 R09256 1-22
ROC256 1-28
512K ROM organzied 64K x 8 R09512X 1-34
ROC512X 1-41
Megabit ROM organized 128K x 8 R0O9100X 1-48
ROC100X 1-55
GENERAL
INSTRUMENT
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GENERAL

INSTRUMENT R0O94328,/C/DS/D

32,768 BIT STATIC READ ONLY MEMORY

FEATURES:

4096 x 8 organization

Fully static operation -~ no clocks required

Single +5V +10% supply

- 450ns access time: R09432B

- 300ns RO9432C

- 250ns access time: R09432DS

- 200ns access time: R09432D

- Inputs and outputs TTL compatible

- Three state outputs - under the control of two
mask programmable chip select inputs

- Output drive capability of 2 TTL loads 100pf

-~ Low power dissipation

access time:

- Totally automated custom programming

- Pin compatible with 2532 EPROM

- ESD protection: Tnputs are designed to meet 2.3KV
per test method 3015.1, MIL-STD883

DESCRIPTION

The R09432 is a 32,768 bit fully static Read Only
Memory utilizing MOS N-Channel Silicon Gate Ion
Implanted technology. It is organized 4096 words
by 8 bits and operates from a single +5 Volt power

PIN CONF IGURATION

24 LEAD DUAL-IN-LINE

Top View
ATt N 240V (+5Y)
A6 ]2 23[1 A8
AS[]3 2213 A9
aalla 2101 cs2/CS2
A3]s 20p cs1/c51
A2[6 193 A10
A7 18[3A11
Ao(ls 17[1 08
019 163 07
02010 151306
0311 1405
GNO (]2 13004

supply with +10% supply tolerance.
and the three-state outputs can

TIL compatible,

drive two standard TIL loads each.

All inputs are

BLOCK DIAGRAM Vece

I

GND

A0 )
A1)
A2 501
A3 So2
A4 > S 03
MEMORY
e A?::;rss ADDRESS MATRIX ouTPUT > 04
e N
A /2 BUFFERS DECODE | 4096x8 BUFFERS > 08
A7 > > 06
A8 > 507
A9 > > 08
A10 )
A11 D |
&1 cmw‘ CcHIP
s SELECT SELECT
cs22 1PUT DECODE
BUFFER
DS10001C-1 1985 General Instrument Corporation
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GENERAL

INSTRUMENT R09432B/C/DS/D

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Ve and Inut Voltages (with Respect
£0 GND)evvvrevenrannnonrasnoonans

Storage Temperature......ceceeeeee

-0.5V to +7.0V
-65°C to +150°C
Standard Conditions (unless otherwise noted):
Voo = +5V +10%

Operating Temperature Tp = 0°C to +70°C

*Exceeding these could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied - operating ranges are
specified in Standard Conditions. Exposure to
absolute maximum rating conditions for extended

ratings

periods may affect device reliability.

Output Loading Two TTL Loads + C TOTAL = 100pf Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Input Low Voltage ViL -0.5 - 0.8 \
Input High Voltage Vin 2.0 - Vee v
Input Load Current ISTH - - 10 HA Viy = 0.4V to Vo
Output Low Voltage VoL - - 0.40 v Ig, = +3.2mA
Output High Voltage VoH 2.4 - Vee \ Tgy = -200pA
Output Leakage Current Lo - - 10 LA Voyt = 0.4V to Vpo
Power Supply Current Iee - - 100 mA All Inputs +5.5V,
Outputs Loaded
AC CHARACTERISTICS
R09432B R09432C R09432DS R09432D
Characteristic Sym Min | Max Min | Max Min | Max Min | Max Units Conditions
Address Access Time tace - 450 - 300 - 250 - 200 ns
Chip Select Access Timel tpcg - 150 - 100 - 85 - 70 ns
Chip Deselect Time torF - 150 - 100 - 85 - 70 ns
Output Hold After
Address Change toH 10 - 10 - 10 - 10 - ns
Capacitance**
Input Capacitance CiN - 7 - 7 - 7 - 7 pf Tp=25°C,F=1MHz
Output Capacitance Cout - 10 - 10 - 10 - 10 pf TA:25°C,F=1MH2
**Capacitance is periodically samples and is not 100% tested.
AC TEST CONDITIONS CONDITIONS OF TEST FOR AC CHARACTERISTICS
Q
Input Pulse LevelS..ieeeeerensenenaes 0.4V to 2.4V Figure 1 +5V
Input Rise and Fall TimeS..ieeeseessonecaessess 10ns
Timing Measurement Levels:
Inpute e eiiinieeiieeeencencsnssnensensensss 1.5V Eé Ry
Output.eeiieieeniniieneeieennesness 0.8V to 2.0V
Output Load...... 2TTL lLoads +100pf (See Figure 1)
DOUT—:{_
100pf (including jig
;L; and scope)
DS10001C-2
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GENERAL

INSTRUMENT R094328B/C/DS/D

TIMING DIAGRAM

ADDRESS
INPUTS INVALID * VALID * INVALID
CHIP
SELECT DISABLED | ENABLED | % DISABLED
INPUTS
l tacs tors pes
DATA
A
OUTPUTS HIGH | |NVALlD VALID INV. UD HIGH
IMPEDANCE |, hCC IMPEDANCE

DLF INITIONS

Access Time, Tpce
Access time 1is the maximum time between the
application of a valid Address and the corres-
ponding Data Out.

Output Hold After Address Change, Tgy
Output Hold After Address Change is the minimum
time after an Address change that the previous
data remains valid.

Chip Select Access [lime, Tpcg
Chip Select Access Time is the maximum delay
between Chip Selects becoming true and Output
Data becoming valid.

Chip Deselect Time, Igff
Chip Deselect Time 1is the delay between Chip
Selects becoming false and output stages going to
the high impdedance state.

DS10001C-3
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GENERAL

INSTRUMENT RO9433B/C/DS/D

32,768 BIT STATIC READ ONLY MEMORY

FEATURES: PIN CONFIGURATION
24 LEAD DUAL-IN-LINE
- 4096 x 8 organization
- Fully static operation - no clocks required fop View
- Single +5V +10% supply ATClel N 24 Ve (+5V)
- 450ns access time: R09433B A6(]2 23] A8
- 300ns access time: R09433C AS[]3 2211 A9
~ 250ns access time: R09433DS Aaqa 213 A1 .
- 200ns access time: R09433D A3L15 201 cs1/¢51
- Inputs and outputs TTL compatible A2{]6 1913 A10
- Three state outputs - under the control of two A1L]7 181 Cs2/C52
mask programmable chip select inputs AoL]8 1731 08
- Output drive capability of 2 TTL loads 100pf 0119 161 07
- Low power dissipation 02[]10 1503 06
- Totally automated custom programming o3 n 143 05
- Pin compatible with 2732 EPROM GNDL]12 130104
- ESD protection: Inputs are designed to meet 2.3KV
per test method 3015.1, MIL-STD 883

DESCRIPTION

The R0O9433 is a 32,768 bit fully static Read Only
Memory utilizing MOS N-Channel Silicon Gate Ion
Implanted technology. It is organized 4096 words
by 8 bits and operates from a single +5 Volt power

supply with +10% supply tolerance. All inputs are
[TL compatible, and the three-state outputs can
drive two standard [IL loads each.

1-6

BLOCK DIAGRAM
Vee GND
A0 >
Al D>
A2 > 01
A3 > > 02
A4 > > 03
AS > >
A8 At;:nsss g::;l::s:: MEMORY OUTPUT 2 04
A7 > BUFFERS 4096x8 > 06
A8 > > 07
A9 > > 08
A10
A11 >
. CHIP
csi1 > SELECT CHIP
csz INPUT SELECT
BUFFER DECODE
DS10003D-1 1985 General Instrument Corporation




GENERAL

INSTRUMENT RO9433B/C/DS/D

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Inut Voltages (with Respect

L0 GND)evuvvernvneannonsananaasss =0.5V to +7.0V

*Exceeding these ratings could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these

Storage Temperature..seeessessesss =65°C to +150°C conditions is not implied - operating ranges are
specified in Standard Conditions. Exposure to
Standard Conditions (unless otherwise noted): absolute maximum rating conditions for extended
Vep = +5V +10% periods may affect device reliability.
Operating Temperature Ty = 0°C to +70°C
Output Loading Two TTL Loads + £ TOTAL = 100pf Data labeled "typical™ is presented for design
guidance only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Address, CHIP SELECTS
Inputs
LOgiC e V]H 2.0 - VCC \
Logic "OQ" VIL 0 - 0.8 v
Leakage T 1 - - 10 WA Viny = 0.4V tp Ve
Data Outputs
Logic "1" VoH 2.4 - Vee ) Tgy = ~200uA
Logic "O" VoL - - 0.4 v TgL = 3.2mA
Leakage I g - - 10 HA Vouyt = 0.4V to Vip
Power Supply Current Ire - - 100 mA All inputs +5.5V,
Outputs Unloaded
AC CHARACTERISTICS
R09433B R0O9433C R0O9433DS RO9433D
Characteristic Sym Min | Max Min | Max Min | Max Min | Max Units Conditions
Address Access Time tace - 450 - 300 - 250 - 200 ns
Chip Select Access Time| tacg - 150 - 100 - 85 - 70 ns
Chip Deselect Time torF - 150 ~- 100 - 85 - 70 ns
Output Hold After
Address Change ton 10 - 10 - 10 - 10 - ns
Capacitance**
Input Capacitance C1n - 7 - 7 - 7 - 7 pf TA:25°C,F=1MH2
Output Capacitance Cout - 10 - 10 - 10 - 10 pf Tp=25"C,F=1MHz
**Capacitance is periodically sampled and is not 100% tested.
AC TEST CONDITIONS CONDITIONS OF TEST FOR AC CHARACTERISTICS
Input Pulse Levels.......... ceeeseess 0.4V to 2,4V Figure 1
Input Rise and Fall TimES..eiieeveccansseneas 10ns
Timing Measurement Levels:
Inputeisieeeseeesseoscscssssssasssonsssnsss 1.5V
OQutput...iieeieieenennes ceeesess. 0.8V to 2.0V

Output Load...... 27TTL Loads +100pf (See Figure 1)

+5V
Ry
Dout
T 100pf (including jig

and scope)

DS10003D-2
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GENERAL

INSTRUMENT R09433B/C/DS/D

TIMING DIAGRAM
ADDRESS
NPUTS “WAUDX VALID % INVALID
CHIP
SELECT DISABLED Em\ausol
INPUTS ’ IIE o ;':‘wt__
DATA INVALID g VALID INVAI.ID
OUTPUTS  HIGH meu
IMPEDANCE |- t.c: IMPEDANCE
DEFINITIONS

Access Time, Tace
Access time 1is the maximum time between the
application of a valid Address and the corres-

ponding Data Out.

Output Hold After Address Change, Tgy
Output Hold After Address Change is the minimum
time after an Address change that the previous
data remains valid.

Chip Select Access Time, Tpcs
Chip Select Access Time is the maximum delay
between Chip Selects becoming true and and Output
Data becoming valid.

Chip Deselect Time, Tgpfp
Chip Deselect Time is the delay between Chip
Selects becoming false and output stages going to
the high impdedance state.

DS10003D-3
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GENERAL
INSTRUMENT

R094648/CS/C/DS
RO941648/CS/C

65,536 BIT STATIC READ ONLY MEMORY
FEATURES:

- 8192 x 8 organization

- Fully static operation

- Single +5V +10% / +5% supply (R094164)

- Inputs and outputs TIL compatible

- Three state outputs

- Output drive capability of 2 TIL/1
100pf

- 24 pin JEDEC approved pinout

TfL Load and

LSD protection: Inputs are designed to meet 2.3KV
per test method 3015.1, MIL-SID883

DESCRIPTION

The General Instrument R0O9464 and R094164 Series
are 69,536 Bit Static Read Only Memories organized
as B192 eight-bit words and are ideally suited for
microprocessor memory applications. Fabricated
with General Instrument N-Channet Silicon Gate
technology, the R0O9464 and R094164 Series provide
the designer with a high performance, easy to use

MOS circuit featuring operation from a single +5

R0O9464/R094164
Top View
Aldet 241 Ve
A6 2 230 A8
A5{]3 2203 A9
A4 Qo 21 a12
$1s B 2003 cs
A20e 1901 A10
A107 1803 A1
AOL]8 17 o8
0109 163 07
02¢}i0 15A 06
o301 143 05
Gnod 2 131 04

PIN CONFIGURATION
24 LEAD DUAL-IN-LINE

volt power supply and low power dissipation. The
RO9464 and R094164 Series offer the best combina-
tion of high performance, large bit storage and
simple interfacing of any MOS Read Only Memory

available today.

BLOCK DIAGRAM Vce

?

GND

T

AO >—
A1 >
A2 $ 501
A3 502
A4S S 03
:: > ADDRESS F—J\ ADDRESS MEMORY OUTPUT 504
AN N 05
2 INPUT __‘/ DECODE MATRIX BUFFERS {
A7 ) BUFFERS 8192x8 > 06
A8 > S 07
A9 > > o8
A10 >
A11 >
A12 5
CHIP
CS >——w1 SELECT
CIRCUITRY

CHIP SELECT (CS) 1S PROGRAMMABLE ACTIVE LOW ,ACTIVE HIGH,0OR DON'T CARE

DS10006B-1

1984 General Instrument Corporation
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GENERAL R09464B/CS/C/DS
INSTRUMENT RO941648/CS/C

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Storage lemperature...eceescececees

Vee and Input Voltages (with Respect

-65°C to +150°C

*Exceeding these

ratings could cause permanent

damage to the device. This is a stress rating only

and functional operation of this device at these

O GND)uvverneannnonononnasennses =0.5V to +7.0V conditions 1is not implied - operating ranges are
Power Dissipalion.eeeessseesssssccssssssesaas 1.0W specified 1in Standard Conditions. Exposure to
absolute maximum rating conditions for extended
Standard Conditions (unless otherwise noted): periods may affect device reliability.
Operating lemperature 5 = 0°C to +70°C
Vee = +5V +£10% / +5% (R094164) Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Output High Level VoH 2.4 - Ve v Igy = -200uA/-100pA (RO94164)
Output Low Level Vo - - 0.4 v IgL = 3.2mA/1.6mA (RO94164)
Input High Level VIH 2.0 - Vee Vv
Input Low Level ViL - - 0.8 v
Input Leakage Curcent It - - 10 JA Vin = 0.4V to Vpr
Output Leakage Current Iig - - 10 HA Vour = 0.4V to Ve
Operating Supply Current Iee - - 100 mA Note 1, Vgyr = 5.5/9.25V (R094164)
AC CHARACTERISTICS R09464B R09464CS R09464C R09464DS
R0941648 RD94164CS | RO94164C
Characteristics Sym Min | Max | Min | Max | Min | Max | Min | Max | Units Conditions
Address Access [ime tace - 450 - 350 - 300 - 250 ns
Output Hold After
Address Change ton 10 - 10 - 10 - 10 - ns Note 2
Chip Select Access lime| tprg - 150 - 125 - 100 - 100 ns
Output Disable Time torr - 150 - 125 - 100 - 100 ns
Capacitance**
Input Capacitance Cy - 7 - 7 - 7 - 7 pf F=1.0MHz, Tp = +25°C
Output Capacitance Cg - 10 - 10 - 10 - 10 pf F=1.0MHz, Tp = +25°C
**Capacitance is periodically sampled and is not 100% tested.
NOTES:
1. Measured with device selected and outputs unloaded.
2, This parameter is periodically sampled and is not 100% tested.
PART NUMBER MAXIMUM ACCESS TIME Ve SUPPLY TOLERANCE TTL LOADS
R094 164B 450ns 5% 1
R094164CS 350ns % 1
R0O94164C 300ns 5% 1
R09464B 450ns 10% 2
R0O9464CS 350ns 10% 2
RO9464C 300ns 10% 2
R0O9464DS 250ns 10% 2

1-10

DS10006B-2



R09464B/CS/C/DS
R094164B/CS/C

GENERAL
INSTRUMENT

TIMING DIAGRAM

ADDRESS

INPUTS VALID

INVALID X

X INVALID

CHIP

SELECT
INPUTS

DISABLED

A

ENABLED

| 5 DISABLED
b tacs e o e -OF Hea—

DATA

A 4
INVALID VALID
X :

KNVAUD}_—
HIGH

{
OUTPUTS HIGH
IMPEDANCE l.

tace

DEF INITIONS

Access Time, Tpce
Access time 1is the maximum time between the
application of a valid Address and the corres-
ponding Data Out.

Output Hold Delay, Ipy
Output hold delay is the minimum time after an
address change that the previous data remains
valid.

IMPEDANCE

Chip Select to Output Time, Tpeg
CS is the maximum delay between Chip Selects
becoming true and Output Data becoming valid.

Chip Deselect Time, Tgff
Chip deselect time is the delay between Chip
Selects becoming false and output stages going to
the high impdedance state.

AC TEST CONDITIONS FIGURE 1

+5V
Input Pulse LevelSeveeevenssaenseness 0.8V to 2.0V
Input Rise and Fall Times......oveeevee. < 10 nsec
[iming Measurement Levels:... Output 0.8V and 2.0V Ry
Output Loadeesesesesecenseseessesssss See Figure |

Dour
100pf (including jig
and scope)
-
DS10006B-3
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GENERAL R09864B/CS/C/DS/D
INSTRUMENT RO9864AB/ACS/AC/ADS/AD

65,536 BIT STATIC READ ONLY MEMORY

FEATURES: PIN CONFIGURATION
28 LEAD DUAL-IN-LINE
- 8192 x 8 organization
- Fully static operation R0O9864 Top View
- Single +5V + 10% supply )
~ Inputs and outputs TTL compatible NC Q! 28_L_|VC(:
~ Three state outputs Al202 2713Cs1
~ 28 pin JEDEC approved pinout (RO9864A) A703 26ACS2
- ESD protection: Inputs are designed to meet 2.3KV A6 [J4 25]3A8
per test method 3015.1, MIL-STD883 A5 [O5 24[A9
A4 06 2303A11
A3[7 22f3cCs3
DESCRIPTION A28 2183A10
A1 ]9 203Csa
The General Instrument R09864 and R0O9864A series A0Cj10 19108
are 65,536 bit static read only memories organized 01dl1 18307
as 8192 eight-bit words and are ideally suited for 020412 171306
microprocessor memory applications fabricated with 03013 16105
General Instrument N-channel silicon gate technol- GND 14 15304
ogy, the R09864 and R09864A series provide the
designer with a high performance, easy to use MOS
circuit featuring operation from a single +5 volt RO9864A Top View
power supply and a low power dissipation. The )
R0O9864 and R0O9864A series offer the best combina- NC {1 28 Vg
tion of high performance, large bit storage and A1202 27QCs1
simple interfacing of any MOS read only memory A7[]3 26[3cs2
available today. A6 [Ja 25[1A8
A5 OS 24379
The R09864 series provides four fully programmable A4 06 25QA11
chip selects (CS3 and CS4 are on Pins 22 and 20 A3 (7 2230E
respectively) which enables a memory system to A2([]8 210A10
contain up to sixteen R09864s without using any A1Q9 20PCE
external address decode circuitry. ADC]10 1908
oty 1807
The RO9864A series offers an automatic down 02012 17306
feature. Power down is controlled by Pin 20, the 030413 16305
Chip Enable (CE) input. When CE goes high, the GND[J14 15p04
device will power down and remain in a low power
standby mode as long as CE remains high, Pin 22
provides the Output Enable (OE) function allowing
additional bus control.
DS10005A-1 1984 General Instrument Corporation
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GENERAL
INSTRUMENT

R09864B/CS/C/DS/D
RO9864AB/ACS/AC/ADS/AD

BLOCK DIAGRAM

Vce GND

AO >
A1 >
A2 5 5 01
A3 > 3 02
A4 D ] 03
AS > ADDRESS ADDRESS MEMORY OUTPUT 5 04
:3 S INPUT DECODE |— /] MATRIX BUFFERS > 08
A8 > BUFFERS 8192x8 3 g:
A9 > 3 08
A10 >
A11 >
A12 >
POWER
RO9864A CE > bown |4 4POWER DOWN
CIRCUITRY
RO9864A OF > _£
cs1 ) CHIP CHIP
cs2 ) SELECT SELECT OUTPUT ENABLE
IR09864A<222 > CIRCUITRY :> DECODE

CHIP SELECT (CS) ARE PROGRAMMABLE ACTIVE LOW,ACTIVE HIGH,OR DONT CARE

DS10005A~2




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Storage Temperature.ceseececcssaes

Vec and Applied Voltages

-65°C to +150°C

GENERAL
INSTRUMENT

RO9864B/CS/C/DS/D
RO9864AB/ACS/AC/ADS/AD

*Exceeding these

damage to

the device.

ratings

could cause

permanent

This is a stress rating only
and functional operation of this device at these

{with respect to GND)eveverveaneann ~0.5V to +7.0V conditions is not implied - operating ranges are
PowerT Dissipation.escesecescoccsscscccnnssess 1.0W specified in Standard Conditions. Exposure to
absolute maximum rating conditions for extended
Standard Conditions (unless otherwise noted): periods may affect device reliability.
Operating Temperature Ty = 0°C to +70°C
Vee = #5V + 10% Data labeled "typical" is presented for design
guidance only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Output High Level Vou 2.4 - Vee v Igy = -200pA
Output Low Level VoL - - 0.4 Vv Ig = 3.2mA
Input High Level Viu 2,0 - Vee v
Input Low Level ViL -0.5 - 0.8 v
Input Leakage Current It - - 10 MA Vin = 0.4V to Vo
Output Leakage Current I g - - 10 HA Voyt = 0.4V to Vpe
Operating Supply Current Ice - - 100 mA Note 1
Standby Supply Current Isp - - 12 mA Note 2
AC CHARACTERISTICS
RO9864B RO9864CS | RO9864C R0O9864DS | RD9864D
RO9864AB | RO9864ACS | RO9B6LAC | RO9BEAADS | RO9B64LAD
Characteristic Sym | Min { Max | Min | Max { Min { Max|{ Min | Max { Min { Max { Units Conditions
Address Access Time tace | - 4501 - 3501 - 300 - 250 - 200 ns
Output Hold After
Address Change ton 10 - 10 - 10 - 10 - 5 - ns
Chip Enable Access Time tACE - 450 -~ 350} - 00¢f -~ 250 - 200 ns Note 3
Chip Select Access Time tacs | - 150 -~ 125 | - 100 - 100 - 85 ns
Qutput Enable Access Time tpgp| - 150 - 125 | - 0] - 100 85 ns Note 3
Output Low Z Delay t 7z 10 - 10 - 10 - 10 - - ns Note 4
Output High Z Delay tyz - 150 -~ 125 | - 100 - 85| - 85 ns Note %
NOTES:
1. Measured with device selected and outputs unloaded.
Applies to "A" versions only and measured with CE = 2.0V.

2.
3.
4.

occurs last.

Applies to "A" versions only,
Output low impedance delay (t; ) is measured from

CE and OE going low and S going active, whichever

5. Output high impedance delay (tHZ) is measured from either CE or OE guing high or Ts going inactive,

whichever occurs first.

1-14
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GENERAL R0O9864B/CS/C/DS/D

INSTRUMENT RO9864AB/ACS/AC/ADS/AD

PART MAXIMUM OPERATING STANDBY
NUMBER ACCESS TIME CURRENT CURRENT
R098648 450ns 100mA NA
R0O9864CS 350ns 100mA NA
R09864C 300ns 100mA NA
RO9864DS 250ns 100mA NA
RO9864D 200ns 85mA NA
RO9864AB 450ns 100mA 12mA
RO9B64ACS 350ns 100mA 12mA
RO98964AC 300ns 100mA 12mA
R0O9864ADS 250ns 100mA 12mA
RO9B64AD 200ns 85mA 12mA

TIMING DIAGRAMS

Propagation Delay from Address CE = OE = LOW,CS/CS = Active

ADDRESS

INPUTS VALID ADDRESS
tace EtOH
VALID DATA

DATA
ouT

Prapagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid)

|
)(
XI-‘————tAcs—""——"{ l‘ thz : Il

tACE VI

[
‘ [
CE *
cs/CS | ACTIVE |
I l ‘tAOE_—b tHZ_.'
OF A thz
Tz —o
DATA ! i /// VALID
ouT l
i ez ot
15V
AC TEST CONDITIONS
Input Pulsga Levels ... ... ............... 0.4V to 2.4V 12500
Input Rise and Fall Times.................. 10 nsec Dour 10001
Timing Measurement Levels: Input ............. 1.5V > p
iming Measu v O&u 17503 (INCLUDING
put...0.8V and 2.0V 1» SCOPE AND JIG)
Outputtoad.................... ... ... See Figure 1
Fig. 1
DS10005A-4
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GENERAL
INSTRUMENT R091288/CS/C/DS/D

FlexSelect ™™

131,072 BIT STATIC READ ONLY MEMORY
FEATURES

- 16,384 x 8 organization

- Single +5V +10% volt supply

- 450ns max access time: R091288

R09128CS
R0O9128C

R09128DS
R09128D

~ 350ns max access time:

-~ 300ns max access time:

- 250ns max access time:

- 200ns max access time:

- Totally static operation

- Three state outputs

-~ All TTL compatible inputs/outputs

- 28 pin JEDEC approved pinout

- Programmable "FlexSelect"TM chip enable/disable/
power down capabilities controlled by the chip
enable (TF) and output enable (OF) inputs

- ESD Protection: Inputs are designed to meet

2,.3KV per test method 3015.1, MIL-5TD883B

DESCRIPTION

The General Instrument R09128 is a 131,072 Bit
Static Read Only Memory organized as 16,384 eight-
bit words and is ideally suited for microprocessor
memoty applications. Fabricated with General
Instrument N-Channel Silicon Gate Technology, the
R09128 provides the designer with a high perfor-
mance, easy to use MOS circuit featuring operation
from a single +5 Volt power supply and low power
dissipation.

DS100178-1
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PIN CONFIGURATION
28 LEAD DUAL-IN-LINE
Top View
N.C. o1 28[V¢e
A1202 27ACs1
aA70d3 26[3A13
A6 Oj4 25{1 A8
As(s 241 A9
AaOs 23[3A11
A3 7 22[q0E/CS2
A28 210 A10
A109 20 TE/CS3
Acd10 190 08
o111 18[1 07
020312 17006
03013 16[3 05
GND 14 150 04

The R09128 offers a programmable "Flexselect"TM
chip enable/disable/power down feature controlled
by the chip enable (CE), output enable (DE) and
chip select (CS) inputs. These inputs can be pro-
grammed to implement various logic functions which
provides the designer with a flexible and easy
means of "chip selecting" and/or "powering down"
the device. The chip select options are as shown

on the following pages.

1985 General Instrument Corporation



GENERAL
INSTRUMENT R09128B/CS/C/DS/D
FlexSelect M

1) *Standard Chip Select requirements - Non-Power Down

CS1 = 0,1 or don't care (Pin 27)
£S2 = 0,1 or don't care (Pin 22)
CS3 = 0,1 or don't care (Pin 20)

i}

Logic Function '(CS1)-1(cS2).1(CS3) = Chip Selected

! Programmed in active state
"." = Logical "AND"

*Not available on "D" speed devices

BLOCK DIAGRAM

AO
A1
A2
A3
A4

AS
AS

A7
A8
A9
A10
A11
A12
A13

ADDRESS
INPUT
BUFFERS

L

YYyYyYYyYyyYyYyrYYyyvyyvy

ADDRESS
DECODE

MEMORY

’_—’_1> MATRIX
16,384 x 8

OUTPUT
BUFFERS

Ccs3

CcS82 CHIP SELECT

cS1 CIRCUITRY

Y VY Y

Chip selects (CS1, CS52, €S3) are programmable active low, active high or don't care.

DS100178-2
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GENERAL
INSTRUMENT R091288B/CS/C/DS/D

FlexSelect ™™

11) Standard Chip Select requirements - Power Down
CSt = 0,1 or don't care (Pin 27)

OF (Pin 22)
TE (Pin 20)

When TE goes high, the device will automatically power down and remain in a low power
standby mode as long as TE remains high. OF and CS functions eliminate bus contention
in multiple memory device systems.

Logic Function: 1(CS1)« (TE)-(DE) = Chip Selected

1Programmed in active state
"." = LOGICAL "AND"

BLOCK D] AGRAM

>
3111113141
\ \/\/\/\/\r\/\/\/\/w/\/

S

POWER DOWN

N\

CIRCUITRY

> 01
MEMO > 02

ADDRESS ADDRESS RY OUTPUT ?
INPUT DECODE :> MAFRIX :> BUFFERS 3%

BUFFERS 16,384 x 8

’ 5 08
> 08
> 07

A

7

—

'

CHIP SELECT

C81 -

CIRCUITRY

Chip select (CS1) Is programmable active low, active high, or don't care.

1-18
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GENERAL
INSTRUMENT R09128B/CS/C/DS/D
Flt.mSelet:t:T’M

II1) **"ORED" chip select requirement (chip selects at pins 20 (CE) and 22 (OE) function as a logical "OR").

* This is ideally suited for applications that have limited chip select decoding capabilities.

€51 = 0,1 or don't care (Pin 27)

Logic Funetion: 1(CS). (CE + OE) = Chip Selected

1Programmed in active state

"." = LOGICAL "AND"
"+" = LOGICAL "OR"

**Not available on "D" speed devices

BL.OCK Di AGRAM

A8 S ADDRESS ADDRESS
7 . :::>
INPUT DECODE

BUFFERS

MEMORY
MATRIX
16,384 x 8

7

OUTPUT
BUFFERS

501

> 02

> 03

> 08

> 08

> 07

> 08

e — — —— =

o—é' > | 2§ CHIP ?ELECT
I CIRCUITRY
| |
|
|

Chip Select (CS1) is programmable active low, active high, or don't care.

DS10017B-4
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Vee and Input Voltages

{with Respect to GND)uvessoaacss
Storage Temperature....veececess

-0.5V to +7.0V
-65°C to + 150°C

Standard Conditions (unless otherwise noted):

GENERAL
INSTRUMENT R09128B/CS/C/DS/D

FlexSelect '™

*Exceeding these ratings could cause
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied -- operating ranges are
specified in Standard Conditions. Exposure to

absolute maximum rating conditions for extended

permanent

Vee = 5V +10% periods may affect device reliability.
Operating Temperature Ty = 0°C to + 70°C
Output toading: Two TTL Loads, C_ TOTAL = 100pf Data labeled "typical™ is presented for design
guidance only and is not guaranteed.
DC_CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions
Address, CE/CS3, OE/CS2, CS1
[nputs
Logic "1" ViH 2.0 - Vee v
Logic "O" Vip 0 - 0.8 \
Leakage 1 -10 - +10 A Vin=0.4V to Vo
Data Outputs
Logic "1" Vou 2.4 - Vee v IOH:—ZUO}IA
Logic "O" VoL - - 0.4 v Ig =3.2mA
Leakage Iig -10 - +10 pA Vout=0.4V to Ve
Power Supply Current
Icc (Active) - - - 100 mA Note 1
Iec (Standby) - - - 15 mA Note 2,6
Ige (Standby) - - - 50 mA Note 7
AC_CHARACTERISTICS R091288 R09128CS R09128C R09128DS R09128D
Characteristics Sym [Min| Max | Min | Max | Min | Max | Min | Max |Min | Max | Units| Conditions
Address Access Time | tpcc - 450 - 350 - 300 - 250 - 200 | ns
Address Hold After
Address Change tgy |10 - 10 - 5 - 5 - 5 - ns Note 3
Chip Enable Time tace - 4590 ~- 350 - 300 - 250 - 208 | ns
Chip Select, Output
Enable Access Time | tacg - 150 - 125 - 100 - 85 - 70 ns Note 4
Output Disable Time | tgpf - 150 - 125 - 100 - 85 - 70 ns
Output Low Z Delay Lz 10 - 10 - 5 - 5 - 5 70 ns Note 3
Output High Z Delay tyz - 150 - 125 - 100 - 85 - 70
Capacitance***
Input Capacitance Cy - 7 - 7 - 7 - 7 - 7 pf F=1MH7, Ta=+25°C
Output Capacitance Co - 10 - 10 - 10 - 10 - 10 pf F=1MHz, TA=+25°C

***Capacitance is periodically sampled and is not 100% tested.

NOTES:

Measured with device selected and outputs unloaded.
Device disabled with CE > 2.0V ("Power Down" programmed parts only).

These parameters are periodically sampled and are not 100% tested.

1.

2.

5.

4. Access time to valid data measured from CS1 going active and/or OF going low which ever occurs last/first.

5. Output high impedance delay (tyz) is measured from CE and/or OE going high or CS1 going active, which
ever occurs last/first.

o
.

7. Applies to DS, D speeds only.

1-20

Applies to B, CS, and C speeds only.
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GENERAL
INSTRUMENT

RU91ZBB/CS4C/DS/D
FlexSelect: '™

TIMING DIAGRAMS

Propagation Delay from Address CE = OF = LOW, CS/CS = Active

ADDRESS VALID ADDRESS
INPUTS
—tace ton
DATA VALID DATA
ouT

taCE

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid)

r._______ tHz _______.1

tHz—

L
~
X l
| tacs—
¢ ty 2
DATA l‘—— Lz
our
wz

AC _TEST CONDITIONS

X VALID DATA

Input Pulse Levels...... teeeeresannans eees 0.4V to 2.4V
Input Rise and Fall TimeS.ieeveeereoccocaceancens 5/10ns
Timing Measurement Levels: Input/Output..

Output Load

0.8V AND 2.0V
See Figure 1

RL

Dout —VMA

= 100pf (INCLUDING
SCOPE AND JIG)

Fige 1

DS10017B-6
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GENERAL

Roszses/cs{c/os/o
INSTRUMENT M

FlexSelect

262,144 BIT STATIC READ ONLY MEMORY

FEATURES: PIN CONFIGURATION
- 32,768 x 8 organization 28 LEAD DUAL-IN-LINE
~ Single +5V +10% supply
- 450ns max access time: R09256B R09256 Top View
- 350ns max access time: R09256CS N.C.(Je? 280Vee
- 300ns max access time: R09256C A12[] 2 270 A4
- 250ns max access time: R09256DS AL} 3 26{1A13
~ 200ns max access time: R09256D A6 4 250 A8
- Totally static operation AsQ 5 24 A9
- Three state outputs Asll 6 231 A1
~ All TTL compatible input/outputs A3 7 22 0E/CS1
- 28 Pin JEDEC approved pinout: R09256 A2[]8 213 A10
~ Programmable "FlexSelect"™™ chip enable/dis- ALl 9 20Q TE/CS2
able/power down capabilities controlled by the Ac[] 10 193 08
chip enable (CE) and output enable (OF) inputs oign 18] 07
- ESD Protection: Inputs are designed to meet 020412 170306
2.3KV per test method 3015.1, MIL-STD883B 03[} 13 163 05
- Alternate 28 pin Mostek compatible pinout GNDOY 14 153 04
(R09256A) available for DS/D speeds only
DESCRIPTION
R09256A Top View
The General Instrument R09256 is a 262,144 Bit Ala] e 28(1 Ve
Static Read Only Memory organized as 32,768 eight- A120d 2 270 N.C.
bit words and is ideally suited for microprocessor A7(] 3 26[J A13
memory applications. Fabricated with General A6 4 2501 A8
Instrument N-Channel Silicon Gate Technology, the ASQ S 2401 A9
R09256 provides the designer with a high perfor- A4} 6 230 AN
mance, easy to use MOS circuit featuring operation ABS 7 22PN 0FE
from a single +5 Volt power supply and low power A2(] 8 210 A10
dissipation. A9 20 CE
AOL3 10 190 08
Operation oign 180 07
02[d 12 1700 06
Address (A0-A14) 03[ 13 163 05
The address-valid interval determines the device Vgol] 14 150 04
cycle time. The 15-bit positive logic address is
decoded on-chip to select on the 32,768 words of 8-
bit length in the memory array. A0 is the least-
significant bit and A14 the most significant bit of
the word address.
Chip Select
Chip enable/disable/power down "FlexSelect"'M.
These inputs can be programmed during mask fabrica-
tion to implement various logic functions which
provides the designer with a flexible and easy
means of "chip selecting" and/or "powering down"
the device. The "FlexSelect"TM options are
on the following pages.
DS10015B-1
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GENERAL R092568/CS/C/DS/D
INSTRUMENT FlexSelect ™

1) Standard Chip Select requirements ~ Non-Power Down

n

CSt = 0,1 or don't care (Pin 22)
€S2 = 0,1 or don't care (Pin 20)

Logic Function 1(CS1).1(cs2) = Chip Selected

1 Programmed in active state
"." = Logical "AND"

* Not available for "D" speed devices
**Not available for Mostek pinout device, R09256A

BLOCK DIAGRAM

A0 >
A1 >—
A2 )
A3 > > o1
- > 02
A4 > ?
rele s MEMORY OUTPUT o3
A6 S ADDRESS ADDRESS > 04
AT S INPUT M DECODE )| MATRIX M BUFFERS S 05
A8 S BUFFERS 32,768 x 8 S 08
S 5> 07
A10 5 08
ld
a12 3
\
A13
A14 )
cs2 > CHIP SELECT
cs1 > CIRCULTRY

Chip selects (CS1, (S2) are programmable active low, active high or don't care.

DS100158-2
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GENERAL RO9256B/CS{C/DS/D
INSTRUMENT FlexSelect ™

11) Standard Chip Select requirements - Power Down

(Pin 22) When TE goes high, the device will automatically power down and remain in a low power

(Pin 20) standby mode as long as CE remains high. The OE function eliminates bus contention
in multiple memory device systems.

@) ol
mj m

Logic Function: (CE)e(DE) = Chip Selected

"." = LOGICAL "AND"

BLOCK DIAGRAM

-7

A0 >
Al
A2
A3 ) 501
A4 > 3 02
A5 . ADDRESS L~ ADDRESS MEMORY QUTPUT > 03
A8 > INPUT -y DECODE M MATRIX M BUFFERS > 04
A7 > BUFFERS 32,768 x 8 505
A8 > > 06
A9 > 507
A10 ) > 08
A11>-
A12)
A13 >

A14>

11____~____. 4

POWER DOWN
CIRCUITRY

CHIP SELECT
CIRCUITRY

al
m
v

Ql
m
v

DS10015B-3
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GENERAL R09256B/CS{C/DS/D
INSTRUMENT FlexSelect 'M

T11) "ORED" chip select requirement (chip selects at pins 20 (CE) and 22 (BE) function as a logical "OR").
*This is ideally suited for applications that have limited chip select decoding capabilities.
Logic Function: (CE + OE) = Chip Selected
"+" = LOGICAL "OR"

*¥* Not available for D speed devices
***Not available for Mostek pinout device, R09256A

BLOCK DIAGRAM

AO )
A1
A2y
A3 >
A4 > 01
55 302
o ADDRESS ADDRESS MEMORY OUTPUT 303
AT S INPUT > DECODE ™  MATRIX M BUFFERS S 04
AB S_ BUFFERS 32,768 x 8 5 05
A9 > 3 06
I d
A0 > 07
S 508
A11 > ?
A12 >
A13 >
A14 >

CHIP SELECT

CIRCUITRY
T

Al &l
mi m
w/ Y

DS100158-4
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Input Voltages

(with Respect to GND)ueveeeovans
Storage Temperatur€.eeeseccessoes

-0.5V to +7.0V
-65°C to + 150°C

Standard Conditions (unless otherwise noted):
Voo = SV +10%
Operating Temperature Ty = 0°C to + 70°C

GENERAL
INSTRUMENT

R09256B/CS/C/DS/D
FlexSelect

*Exceeding these ratings could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied -~ operating ranges are
specified in Standard Conditions.
absolute maximum rating conditions
periods may affect device reliability.

Exposure to
for extended

Output Loading: Two TTL Loads, C_ TOTAL = 100pf Data labeled "typical"™ is presented for design
guidance only and is not guaranteed.
DC_CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions

Address, CE/CS2, OF/CS1
Inputs
Logic "1" ViH 2.0 Vee \
Logic "O" ViL 0] 0.8 \
Leakage ILI -10 +10 ,JA VIN = 0.4V to VCC
Data Outputs
Logic "1" VoH 2.4 Vee v Igy = ~400pA
Logic "O" VoL - 0.4 \ IgL = 3.2mA
Leakage ILg -10 +10 A Vgut = 0.4V to V¢
Power Supply Current
Ige (Active) - - 100 mA Note 1
Igc (Standby) - - 20 mA, Note 2
Icc (Standby) D-speed only - - 50 mA Note 2
AC CHARACTERISTICS R092568 R09256CS | R09256C R09256DS | R0O9256D

Characteristics Sym | Min] Max { Min| Max | Min| Max | Min| Max | Min| Max | Units Conditions
Address Access Time | tace - | 450 - 1 350 - 1 300 - | 250 - | 200 ns
Address Hold After

Address Change tgy | 10 - 10 - 5 - 5 - 5 - ns Note 3
Chip Enable Time tace - ] 450 - | 350 - | 300 - | 250 - | 200 ns
Chip Select, Output

Enable Access Time | tpcg - { 150 - 125 - 100 - | 85 - 170 ns Note 4
Output Disable Time | tgrp - | 150 - | 125 - | 100 - 185 - 170 ns
Output Low Z Delay tyz 10 - 10 ~- 5 - 5 - 5 - ns Note 3
Output High Z Delay tyz - 1 150 - 1125 - | 100 - 185 -] 70 ns Note 5
Capacitance***
Input Capacitance Cq - 7 - 7 - 7 - 7 - 7 pf F = IMH;, Ty = +25°C
Output Capacitance Co -] 10 - |10 -1 10 - 110 - |10 pf F = 1Mz, Ty = +25°C

***Capacitance is periodically sampled and is not 100% tested.

NOTES:
1.

Measured with device selected and outputs unloaded.

2. Device disabled with TE > 2.0V ("Power Down" programmed parts only).
3. These parameters are periodically sampled and not 100% tested.

4,

5.

which ever occurs first/last.

DS10015B-5
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Access time to valid data measured from CS1 going active and/or ﬁf'going low whichever occurs last/first.
Output high impedance delay (tHZ) is measured from CE and/or ﬁf_going high or CS1 going active,



GENERAL R09256B/CS/C/DS/D
INSTRUMENT FlexSelect ™

TIMING DIAGRAMS

Propagation Delay from Address CE = OF = LOVW, CS/CS = Active

ADDRESS VALID ADDRESS
NPUTS t
tacc OH
DATA VALID DATA
ourt

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid)

_ tACE -l |
cE X j e
t [ thz -]
I-——— ACS-————-' I >
cs/TS X ACTIVE | |
| | Mca——~1 tOFF —~|
OF
tL 2>
OATA iz VALID DATA
ouT
tLz
+VL
AC TEST CONDITIONS
Input Pulse LevelS..eeessecccnccsccsocnane 0.4V to 2.4V R,
Input Rise and Fall TiMeS.esesssssseeosacscssess 5/1008 Dout
Timing Measurement Levels: Input/Output.. 0.8V AND 2,0V W

Output LO8deseeceeoosescosceonososonnnnnee See Figure |

T C, = 100pf
= (Including Scope

and Jig)
Fig. 1

DS10015B-6
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GENERAL
INSTRUMENT

ROC256B/CS/C/DS/D
FlexSelectTH

PREL [MINARY INFORMATION

262,144 BIT STATIC READ ONLY MEMORY
FEATURES:

- 32,768 x B8 organization
- Single +5 /Volt Supply
- 450ns max access time:
~ 350ns max access time:
- 300ns max access time:

ROC2568B
ROC256CS
ROC256C
ROC256DS
ROC256D

- 250ns max access time:
- 200ns max access time:
- Totally static operation
- Three state outputs
- All TTL compatible input/outputs
~ 28 Pin JEDEC approved pinout
- Programmable "FlexSelect"TM chip enable/dis-
able/power down capabilities controlled by the
chip enable (CE) and output enable (DE) inputs
- ESD Protection: Inputs are designed to meet
2.3KV per test method 3015.1, MIL-STD883B
~ Low Power Dissipation:
Ice (Active) max @ 5.5V, 0°C = 40mA,
Ice (Standby) max @ 5.5V, 0°C = 1mA

DESCRIPTION

The General Instrument ROC256 is a 262,144 Bit CMOS
Static Read Only Memory organized as 32,768 eight-
bit words and is ideally suited for microprocessor
memory applications. Fabricated with General
Instrument CMOS Silicon Gate Technology, the ROC256
provides the designer with a high performance, easy

to use (CMOS circuit featuring operation from a
single +5 Volt power supply and low power
dissipation.

Operation

Address (A0-A14)

The address-valid interval determines the device
cycle time. The 15-bit positive logic address is
decoded on-chip to select on the 32,768 words of 8-
bit length in the memory array. A0 is the least-~
significant bit and A14 the most significant bit of
the word address.

DS10018A-1

1-28

PIN CONFIGURATION
28 LEAD DUAL~IN-LINE

Top View

N.C. e 28D Ve
A1202 27PAG
A7TE3 26[1A13
A6 Q4 2508
As s 24A9
aatls 230A11
A3 L7 22 POE/CS1
A20s 21[3A10
A1 Q9 200 CE/CS2
rod1o 19008
o1gmn 181307
020]12 17006
03]13 1605
GND (14 15004

Chip Select

"FlexSelect" M,
These inputs can be programmed during mask fabrica-

Chip enable/disable/power  down
tion to implement various logic functions which
provides the designer with a flexible and easy
means of "chip selecting”" and/or "powering down"
the device. The "FlexSelect"™

explained on the following pages.

options are

1985 General Instrument Corporation



GENERAL ROC256B/CS/C/DS/D
INSTRUMENT FlexSelect M

1) Standard Chip Select requirements - Non-Power Down

CS1 = 0,1 or don't care (Pin 22)
€S2 = 0,1 or don't care (Pin 20)

Logic Function 1(c$1).7(CS2) = Chip Selected

1 Programmed in active state
"." = Logical "AND"

BLOCK DIAGRAM

AO
Al
A2
A3
A4

AS
AS

A7
A8
A9
A10
A11
A12
A13
A14

© 0o

ONOOBDON =

ADDRESS ADDRESS MEMORY QuUTPUT
INPUT )| DECODE > MATRIX > BUFFERS

BUFFERS 32,768 x 8

R RN 7 Y 7 K T VRN V)

~N-N-N-N-

YYyYy¥YYYvyYyyYvyYYyYyvYyYyvYvYY

CHIP SELECT
CIRCUITRY

CSs2
Cs1

vyY

Chip selects (CSt, CS2) are programmable active low, active high or don't care.

DS10018A-2
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GENERAL Roczsss/cs4c/os/o
INSTRUMENT FlexSelect'M

I1) Standard Chip Select requirements - Power Down

OF (Pin 22) When TE goes high, the device will automatically power down and remain in a low power
CE (Pin 20) standby mode as long as TE remains high.

The OF function eliminates bus contention
in multiple memory device systems.

Logic Function: (TE)«(OE) = Chip Selected

"." = LOGICAL "AND"

BLOCK DIAGRAM

AO H>—
A1)
A2 ).
A3 > >01
A4 > y 02
A5 ADDRESS ADDRESS MEMORY OUTPUT 3 03
LU INPUT ) DECODE M MATRIX ™ BUFFERS > 04
AT > BUFFERS 32,768 x 8 505
A8 > > 06
A9 ) > 07
A10 ) 5 08
A11)>
A12 Z
A13
A14 S—
L—-—\
CE > POWER DOWN |
CIRCUITRY
OE » !k
7 CHIP SELECT
CIRCUITRY

DS10018A-3
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GENERAL ROC256B/CS/C/DS/D
INSTRUMENT FlexSelect ™

I11) "ORED" chip select requirement (chip selects at pins 20 (CF) and 22 (OF) function as a logical "OR").

*This is ideally suited for applications that have limited chip select decoding capabilities.

Logic Function: (CE + OFE) = Chip Selected

"+" = LOGICAL "OR"

BILLOCK DIAGRAM

AO )
Al
A2 5
A3 >
A4 > 01
I'd
A5 > 02
AB 4 ADDRESS ADDRESS MEMORY OUTPUT 503
AT S INPUT % DECODE M MATRIX ™ BUFFERS » 04
rd
A8 BUFFERS 32,768 x 8 > 05
A9 > > 06
A10 ) > 07
A11 ) > 08
A12 )
A13 )
N
'd

A14

CHIP SELECT

CIRCUITRY
:> >——ss

al fl
mi m
W/ A\

DS10018A-4
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Input Voltages

(with Respect to GND).eveeevonne
Storage Temperature..c..eeeeeeees

-0.5V to +7.0V
-65°C to + 150°C

Standard Conditions (unless otherwise noted):

GENERAL ROC256B/CS/C/DS/D
INSTRUMENT FlexSelect M
*'xceeding these ratings could cause permanent

damage to the device.
and functional operation of this device at these
conditions is not implied -~ operating ranges are

This is a stress rating only

specified in Standard Conditions.
absolute maximum rating conditions

Exposure
for extended

to’

Vee = 5V +10% periods may affect device reliability.
Operating Temperature Ty = 0°C to + 70°C
Output Loading: Two TTL Loads, C TOTAL = 100pf Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.
DC CHARACTERISTICS
Characteristics Sym Min Typ Max Units Conditions

Address, CE/CS2, DOE/CST
Inputs
Logic " V]H 2.0 VCC \
Logic "O" VIL 0 0.8 v
Leakage Ty -10 +10 HA ViN = 0.4V to V¢r
Data Outputs
Logic "1" VoH 2.4 vee v Igy = -400pA
Logic "O" VoL - 0.4 v IgL = 3.2mA
Leakage Lo -10 +10 MA Vgut = 0.4V to V¢e
Power Supply Current
Icc (Active) - - 40 mA Note 1
Iee (Standby) - - 1 mA Note 2
AC_CHARACTERISTICS ROC2568B ROC256CS | ROC256C ROC256DS | ROC256D

Characteristics Sym | Min { Max | Min ] Max | Min | Max | Min ] Max | Min | Max | Units Conditions
Address Access Time |}tpacc - ] 450 - | 350 - 1300 - | 250 - | 200 ns
Address Hold After

Address Change ton 10 - 10 - 5 - 5 - 5 - ns Note 3
Chip Enable Time tace - | 450 - 1 350 - | 300 - | 250 - | 200 ns
Chip Select, Output

tnable Access Time | tpcg - | 150 ~ | 125 - 1100 - {85 - 170 ns Note 4
Output Disable Time |tgrp - 150 - 125 100 - 185 70 ns
Output Low Z Delay tz | 10 - 10 - - 5 - - ns Note 3
Output High Z Delay tyz - ] 150 -} 125 - | 100 - ]85 -]70 ns Note 5
Capacitance***
Input Capacitance Cy - 7 - 7 - 7 - 7 - 7 pf Fo= TMHz, Tp = +25°C
Output Capacitance Co - |10 - |10 - |10 - |10 - |10 pf F = IMHz, Tp = +25°C

***Capacitance is periodically sampled and is not 100% tested.

NOTES:

1. Measured with device selected and outputs unloaded.

2.
3.
4.
5.

which ever occurs first/last.

Device disabled with TE > 2.0V ("Power Down" programmed parts only).
These parameters are periodically sampled and not 100% tested.

Access time to valid data measured from CS1 going active and/or OFE going low whichever occurs last/first.
Output high impedance delay (tHZ) is measured from CE and/or OE guing high or CS! going active,

DS10018A-5
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GENERAL ROC2568/CS/C/DS/D
INSTRUMENT FlexSelect M

TIMING DIAGRAMS

Propagation Delay from Address CE = DE = LOW, CS/CS =

= Active
ADDRESS VALID ADDRESS
INPUTS t
ticc OH
DATA VALID DATA
ourt

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid)

e tace 1i |
I_____ tacs ———— p— HZ —
cs/T8 | ACTIVE | |
| tac:s——~1 tOFF —|
OE L_
t
DATA VALID DATA
out . —‘ﬁ

+V

AC TEST CONDITIONS
Input Pulse LevelS.ieeesesscusesoscensswaes 0.4V to 2.4V R
Tnput Rise and Fall TimeS.eevesssessecersssenssss <l0nsec b L
Timing Measurement Levels: Input/Output.. 0.8V AND 2.0V out _I_ AW
Output LO8deeeeevssosesscacsneaasasseseaass See Figure 1 C_ = 100pF

;E: (Including Scope

and Jig)
Fig. 1
DS10018A-6
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GENERAL
INSTRUMENT

R0O9512XDS/D/ES
VariPageTM

PRELIMINARY INFORMATION

524,288 STATIC READ ONLY MEMORY PIN CONFIGURATION
28 LEAD DUAL IN LINE
FEATURES:
RO95120 TOP VIEW
-~ Mask programmable storage providing 64K x 8 bit AT 28PVce
words with programmable "VariPage"TM memory 64 x 8 MZ[E 2 27DA14
array organization organization AT 26Q1A13
e Single 64K Byte Pages: R095120 A6LY 4 25018
e Two 32K Byte Pages:  R095121 ASHS 24PA9
e Four 16K Byte Pages: R095122 Asll6 253i1
- One programmable chip select (CS); R0O9512X, A3Q7 22p 0
or: power down feature (CE); RO9512XA AZ[EB 21:“0_’
- 250ns max access time: RO9512XDS, RO9512XADS Ago 20PCS/CE
- 200ns max access time: R0O9512XD, RO9512XAD AOC3 10 19Q07
- 150ns max access time: RO9512XES, RO9512XAES 04Q 11 18106
- Fully static operation 01912 17P05
~ Single +5V +10% supply 0z 13 1604
- Inputs and outputs TTL compatible VesQ 14 15p03
-~ Three state outputs - under the control of one
mask programmable chip select input
- Low power dissipation R095121 ____TOP VIEW
- 28 pin JEDEC approved pinout WECH 280 Vee
- ESD Protection: Inputs are designed to meet 2.3KV (2) 32k x 8 A12Q2 27D A4
per test method 3015.1, MIL-STD 8838 organization A7H3 261 A13
A6l 4 250 A8
DESCRIPTION A S 24P A9
A4ld 6 233 A1
The General Instrument R09512X is a 524,288 bit A3Q7 22P0E
static read only memory capable of variable page A2} 8 21:“0_
organization. Fabricated with General Instrument's A9 20p CS/CE
N-Channel Silicon Gate Technology, the R09512X Ao(3 10 198 07
provides the designer with a high performance, 17084 11 18H1 06
flexible NMOS memory circuit featuring operation 1/01912 17p 05
from a single +5V power supply and low power 1/02g9 13 160104
dissipation. Vs 14 1>5p o3
Memory Organization
RO95122 TOP VIEW
The R09512X is designed to offer a mask program- NCO 28p Voe
mable option of choosing page sizes consistent with (4) 16K x 8 A12(42 270 We
specific addressing limitations. For example, if organization ATQ 3 Zé:IAH
only fifteen address 1lines are available, the A6 4 250 A8
RO9512X could be programmed to "bank select" on A S 2401 A9
256K page boundaries (i.e. two 32K x B pages), see A4} 6 23:ﬂ1
block diagram. A7 22 OE
A2(}s8 21P A10
The RO9512X in its straight (non-paging) format, S 200 CS/CE
will utilize all sixteen address inputs for direct AOI3 10 190 07
addressing. When programmed to bank select on 1/0pg 11 18 06
either 16K or 32K byte page boundaries, page /01812 178 05
selection is accomplished via the write enable (WE) 17020413 16p 04
and the three 1/0 pins. Vgsd 14 15p 03
DS10019A-1 1985 General Instrument Corporation
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GENERAL R09512XDS/D/ES
INSTRUMENT VariPage™
Operation

Address (AD-A13, A14-A15 optional)
The address valid interval determines the device

cycle time. The positive logic address is decoded
to select 16K, 32K, or 64K by 8-bit pages. A0 is
the least significant bit and A15 is the most

significant bit of the word address.

Chip Select (CS)

This is a programmable chip select which will be
sacrificed if the power down option is selected.
The address bus will tri-state when CS is in the
inactive state.

Chip Enable (CE)

The power down feature of the R09512XA is control-
led by the chip enable (CE) inmput. [f the power
down feature is programmed, the device will go into
a low current mode when CE is equal to or greater
than 2.0 volts. The R0O9512XA will remain in a low
power standby mode as long as CE remains high.

Output Enable (BE)

The OF functions as a chip select for the R095121
and R09Y122. The address bus will tri-state when
OF is high.

Write Enable (WE)

The WE pin allows the R095121 or R095122's RAM to
accept a page transition address. The page address
is entered via the three 1/0 pins and latched into
the RAM on the rising edge of the WE signal. The
three~bit page address is decoded as follows:

PAGE DEFINITIONS

16K x 8 Pages 32K x B Pages
Page | 1/02 | 1/0' | 1/00 1702 | 170" | 1/00
Py 0 0 0 0 0 X
P 0 0 1 0 1 X
Py 0 1 0 1 0 X
P3 0 1 1 1 1 X
Py 1 0 0 X X X
P 1 0 1 X X X
Pg 1 1 0 X X X
Py 1 1 1 X X X
Note:

During power-up, the device will reset to page O.
Upon page selection, only the selected page will be
powered, the non-selected pages will automatically
power down.

BLOCK DIAGRAM: R095121 DATA
INPUT/
DATA
OUTPUTS  yrPUTS
02-07
vee O—am DO, D
GND_©—
AGE
SELECT
LOGI
CE )
OE/Vpp—{ OE AND CE OuTPUT
.—‘llliuzf_. BUFFERS

ADDRESS (—=fX
meuts

X SELECT—{

Y
EJQEEB. :yv ~ GATING]

CELL
MATRIX

DS10019A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Input Voltages

(with Respect to GND).eveernnnn. -0.5V to +7.0V
Storage Temperature....oo... eeee =65°C to + 150°C
Standard Conditions  (unless otherwise noted):
Veg = 5V + 10%
Operating Temperature Ty = 0°C to + 70°C
Output Loading: Two TTL Loads, C_ TOTAL = 100pf

DC CHARACTERISTICS

GENERAL

R09512x0540/cs
INSTRUMENT

VatiPageT

*txceeding these ratings could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied -- operating ranges are
specified in Standard Conditions.,
absolute maximum rating conditions for extended
periods may affect device reliability.

Exposure to

Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.

Characteristics Sym Min Typ Max Units Conditions
Address, CE/CS, OF Inputs
Logic "" Viy 2.0 Vee v
Logic "0" ViL 0 0.8 \
Leakage Tt - 10 pA Vin = 0.4V to Ver
Data Outputs
Logic ™" Vou 2.4 Vee v Tgy = -400pA
Logic "O" Var - 0.4 v TgL = 2.1mA
Leakage Iig - 10 HA Vout = 0.4V to Ve
Power Supply Current
Ire (Active, Non-Paged) Iee - 125 mA Note 1
Ipe (Active, Paged) Iee - 100 mA Note 2
ICC (Stdl’ldby) [CC - 30 mA Note 3
READ OPERATION
AC CHARACTERISTICS
R0951XDS R0O951XD R0O951XES

Characteristics Sym Min Max Max Min Max Units Conditions
Address to Output Delay tace - 250 200 - 150 ns TE = OF = Vy.
TE to Output Delay top - 250 200 - 150 ns OF = vy
OF to Output Delay tor - 85 70 - 55 ns TE = Vi
TE or TE High to Output tor 0 85 70 0 55 ns TE = Vy, Note 4

Data tloat
Output Hold From ton 0 - - - - ns CE = OE = ViL

Addresses CE or OE

Whichever Occured First

DS10019A-3
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GENERAL R09512XDS/D/ES
INSTRUMENT variPage™

PAGE SELECT WRITE OPERATION
AC CHARACTERISTICS

ALL SPEEDS

Characteristics Sym Min Max Units Conditions
CE to End of Write tew 120 - ns OF = Vyy, Note 5
Write Pulse Width twp 70 - ns OF = Viy, Note 5
Write Recovery Time twr 20 - ns
Data Setup Time tps 40 - ns OF = Viy
Data Hold Time o 20 - ns OE = Viy
TE to Write Setup Time teg 0 - ns OF = Viy
WE Low Fromraf'High twH 50 - ns Note 6

Delay Time

CAPACITANCE*#** (Tp = 25°C, f = 1MHz)

R0951XDS R0951XD RO951XES
Characteristics Sym Min Max Min Max Min Max Units Conditions
Input Capacitance CIN - 7 - 7 - 7 pf Viy = OV
Output Capacitance Cout - 10 - 10 - 10 pf Vout = OV

***Capacitance is periodically sampled and is not 100% tested.

NOTES:

1. Measured with device selected and outputs unloaded.

2. Measured with device selected, non-active pages powered down, and outputs unloaded.
5. Device disabled with EE.Z 2.0V ("Powered Down" programmed parts only).

4, TDF = Output float time from OF or CE going high, whichever occurs last.

5. Write may be terminated either by TE or WE.

6. OF must be high during write cycle.

DS10019A-4
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GENERAL R09512XDS/D/ES

INSTRUMENT VariPage™
TIMING DIAGRAMS
Read Operation
VIH ADDRESS - 1
ADDRESSES VALID
V"_ - - -
v
_ IH
CE /[
V||_ - - —;
tCE
Vi
OF \
viL - __ tpf
. toE__]|
tace tOH .o
ViH --
HIGH 2 /77777 VALID
v"- s » @
_ ViH
WE
viL
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GENERAL R09512XDS/D/ES
INSTRUMENT VariPage ™

TIMING DIAGRAMS  (cont'd)

Page Select Write Operation

ADDRESS ADDRESS
ADDRESSES X DONT CARE VALID
C_.E SN | o' E——
h— tCS ~——oni J
WE twP tWR
\ /
tWH ——o
— i tDH jon—
OE jo— DS ——o=
a
INPUTS/OUTPUTS < DATA IN STABLE ,(
y
OUTPUTS HIGH 2
D$S10019A-6
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GENERAL R09512XD5/D/ES

INSTRUMENT VariPage'™
Figure 2
A.C. Testing Input/Output Waveform
2.4
2.0 2.0
TEST POINTS
0.8 0.8
0.4

AC Testing inputs are driven at 2.4V for a logic 1 and 0.4V for a logic O. Timing measurements are made
at 2.0V for a logic 1 and 0.8V for a logic O.

A.C. TEST CONDITIONS Figure 1

Input Pulse Levels..... tesesecnssesessssssss 0.4V to 2.4V A.C. Testing Load Circuit
Input Rise and Falls Times.....ceieeeeencccnaeass £ 5Snsec

Timing Measurement Levels: Input/Output.... 0.8V and 2.0V +5V

Output Lo8deeeeeoeeoscoceeessoocsennseossass €€ Figure |

RL

Pout

T 100pf
(INCLUDING SCOPE

AND JIG)

DS10019A-7
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GENERAL ROC512XDS/D/ES
INSTRUMENT VariPage'™

PREL IMINARY INFORMATION

524,288 STATIC READ ONLY MEMORY
FEATURES:

- Mask programmable storage providing 64K x 8 bit
words with programmable "VariPage"TM memory
array organization
® Single 64K Byte Pages: ROC5120
e Two 32K Byte Pages: ROC5121
e Four 16K Byte Pages: ROCS122

- One programmable chip seiect (CS); ROC512X,
or: power down feature (CE); ROCS512XA

- 250ns max access time: ROC512XDS, ROC512XADS

- 200ns max access time: ROC512XD, ROC512XAD

~ 150ns max access time: ROC512XES, ROC512XAELS

- Fully static operation

- Single +5V +10% supply

- Inputs and outputs TTL compatible

- Three state outputs - under the control of one

mask programmable chip select input

l.ow power dissipation

28 pin JEDEC approved pinout
£SD Protection: Inputs are designed to meet 2.3KV
per test method 3015.1, MIL-STD 8838

DESCRIPTION

The General Instrument ROC512X is a 524,288 bit
static read only memory capable of variable page
organization. Fabricated with General Instrument's
N-Channel Silicon Gate Technology, the ROC512X
provides the designer with a high performance,
flexible NMOS memory circuit featuring operation
from a single +5V power supply and low power
dissipation,

Memory Organization

The ROC512X is designed to offer a mask program
mable option of choosing page sizes consistent wit
specific addressing limitations. for example, if
only fifteen address 1lines are available, the
ROCY12Xx could be programmed to "bank select”" on
256K page boundaries (i.e. two 32K x 8 pages), see
block diagram.

The ROC512X in its straight (non-paging) format,
will utilize all sixteen address inputs for direct
addressing. When programmed to bank select on
either 16K or 32K byte page boundaries, page
selection is accomplished via the write enable (WE)
and the three I/0 pins.

DS10021A-1

PIN CONFIGURATION
28 LEAD DUAL IN LINE

ROC5120 TOP VIEW
Bl arse]n 28RV
64K x 8 A1202 27PA4
organization ATg 3 26(IA13
A6L} 4 25[1A8
AS0 5 24379
Asld 6 230AN
A3g7 22PT0F
A2[]s 21QA10
mgo 20Pcs/CE
ac{ 10 191307
ogg 1 18306
o1 12 17@05
02§ 13 16004
Vggld 14 15[303
ROC5121 TOP VIEW
—W—EC 1 ZB:IVCC
(2) 32k x 8 A12QQ2 27Pp A4
organization A7d 3 26[1A13
A6t 4 250 A8
AS(] S 240 A9
Asl] 6 233 AN
A3 7 221 OF
.yim K] 21 A10
A9 20Q ¢cS/CE
AoC] 10 190 07
1/080 1 18[1 06
1/01 12 17P 05
1/02Q 13 161 04
Vg 14 15p3 03
ROCS122 TOP VIEW
Ned 1 28p Ve
(8) 16K x 8 A1242 278 WE
organization A7Q 3 260 A13
A6 4 2501 A8
ASO 5 2413 A9
aslle 2303 AN
A7 223 OF
A2(}8 210 A0
A9 20 cs/CE
a0dd 10 190 07
1/0868 1 1803 06
1/01Q 12 170 05
1/0200 13 163 04
Ve 14 150 03

1985 General Instrument Corporation
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GENERAL ROC512XDS/D/ES
INSTRUMENT YariPage
Operation

Address (A0-A13, A14-A15 optional)

The address valid interval determines the device
cycle time. The positive logic address is decoded
to select 16K, 32K, or 64K by 8-bit pages. A0 is
the least significant bit and A15 is the most
significant bit of the word address.

Chip Select (CS)

This is a programmable chip select which will be
sacrificed if the power down option is selected.
The address bus will tri-state when CS is in the
inactive state.

Chip Enable (CE)

The power down feature of the ROC512XA is control-
led by the chip enable (CE) input. Tf the power
down feature is programmed, the device will go into
a low current mode when CE is equal to or greater
than 2.0 volts. The ROC512XA will remain in a low
power standby mode as long as CE remains high.

Output Enable (OE)
The OF functions as a chip select for the ROCY121
and ROC5122. The address bus will tri-state when

Write Enable (WE)

The WE pin allows the ROC5121 or ROC5122's RAM to
accept a page transition address. The page address
is entered via the three I/0 pins and latched into
the RAM on the rising edge of the WE signal. The
three-bit page address is decoded as follows:

PAGE DEFINITIONS

16K x 8 Pages 32K x 8 Pages
Page | 1/02 | 1707 ] 1/00 1/02 { 170" | 1/00
Po 0 0 0 0 0 X
P 0 0 1 0 1 X
P2 0 1 0 1 0 X
P3 o 1 1 1 1 X
Py 1 0 0 X X X
Ps 1 0 1 X X X
Pe 1 1 0 X X X
Py 1 1 1 X X X

Note:
During power-up, the device will reset to page O.

Ot is high.
BLOCK DIAGRAM: ROCS5121 DATA
INPUT/
DATA
OUTPUTS OUTPUTS
02-07
Ve O—em po; D1/

13
AGE
SELECT
LOGI
EE-—J.T!EKR?865:--9 ]
OE/Vpp —e{ OE AND CE OUTPUTS

BUFFERS

ADDRESS {—w=fx
INPUTS (==

X SELECT—

Y
Jm :> V - GATING]

CELL
MATRIX

DS10021A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Input Voltages

(with Respect to GND)....eeeeee. -0.5V to +7.0V
Storage Temperature....eeeeeeess =65°C to + 150°C
Standard Conditions (unless otherwise noted):
Voo = SV + 10%
Operating Temperature Ty = 0°C to + 70°C
Output Loading: Two TTL Loads, C; TOTAL = 100pf

DC CHARACTERISTICS

GENERAL
INSTRUMENT

ROCS512XDS/D/ES
VariPageTM

*Exceeding these ratings could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied -~ operating ranges are
specified in Standard Conditions. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

Data labeled "typical™ is presented for design
guidance only and is not guaranteed.

Characteristics Sym Min Typ Max Units Conditions
Address, CE/CS, OE Inputs
Logic "1" VIH 2.0 Vee v
Logic "OQ" VIL 0 0.8 v
Leakage Tt - 10 ,J/-\ VIN = 0.4V to VCC
Data Outputs
Logic "1" VOH 2.4 VCC v IUH = -ZI-OOpA
Logic "0" VoL - 0.4 ) TgL = 2.1mA
Leakage ILU - 10 FA VOUT = 0.4V to V[:C
Power Supply Current
Iee (Active) Iee - 35 mA Note 1
Iee (Standby) Iee - 40 pA Note 2
READ OPERATION
AC CHARACTERISTICS
ROC51XDS ROC51XD ROCS51XES

Characteristics Sym Min Max Max Min Max Units Conditions
Address to Output Delay tace - 250 200 - 150 ns TE = OF = Vi
TE to Output Delay tep - 250 200 - 150 ns OF = V.
OF to Output Delay tor - 85 70 - 55 ns CE = vy
OF or CE High to Output tor 0 85 70 0 55 ns TE = Vy, Note 3

Data tloat
Output Hold From toy 0 - - - - ns CE = OF = vq_

Addresses CE or OF

Whichever Occured First

DS10021A-3
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GENERAL ROC512XDS/D/ES
INSTRUMENT VariPage'™

PAGE SELECT WRITE OPERATION
AC CHARACTERISTICS

ALL SPEEDS

Characteristics Sym Min Max Units Conditions
TF to End of Write tew 120 - ns OF = Vi, Note 4
Write Pulse Width typ 70 - ns OF = Viy, Note 4
Write Recovery Time twr 20 - ns
Data Setup Time tps 40 - ns OF = VIH
Data Hold Time tDH 20 - ns OF = Viy
CE to Write Setup Time tes 0 - ns 0E = Viy
WE Low From OF High tyH 50 - ns Note 5

Delay Time
CAPACITANCE*** (T, = 25°C, f = 1MHz)

ROC51XDS ROC51XD ROC51XES

Characteristics Sym Min Max Min Max Min Max Units Conditions
Input Capacitance Cin - 7 - 7 - 7 pf Vin = OV
Output Capacitance Cout - 10 - 10 - 10 pf Vgut = OV

**¥Capacitance is periodically sampled and is not 100% tested.

NOTES:

1. Measured with device selected and outputs unloaded.

2. Device disabled with CE > 2.0V ("Powered Down" programmed parts only).
3. TDF = Output float time from Of or CE going high, whichever occurs last.
4. Write may be terminated either by TE or WE.

5. DE must be high during write cycle.

DS10021A-4
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GENERAL ROC512XDS/D/ES

INSTRUMENT VariPage™
TIMING DIAGRAMS
Read Operation

VIH -
ADDRESSES A:zt:)ss

VL -
— Vin
CE

ViL I

tCE -

Vi

OE
letOE__|
tACC tOH _o
ouT Vi HIGH Z /7727]‘ VALID HIGH Z
o OUTPUT

ViL \X\\&- -
— Vin
WE

viL

DS10021A-5
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GENERAL ROC512XDS/D/ES
INSTRUMENT VariPage'™
TIMING DIAGRAMS  (cont'd)

Page Select Write Operation

ADD ADDRESS ADDRESS
RESSES X DONT CARE VALID
(-:-E | SO | o' S ——

pn— tCS —w -j
e tWP ———amlem—tWR

1-46

WE '—\
\_ #/
tWH ———
__ e tDH |eon—
OE e— tD§ ~——on
y
INPUTS/OUTPUTS { oatam sTaBLE ,(
OUTPUTS HIGH 2
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GENERAL
INSTRUMENT

ROC512XDS/D/ES
VariPageTM

Figure 2
A.C. Testing Input/Output Waveform

2.4

TEST POINTS

0.4

AC Testing inputs are driven at 2.4V for a logic 1 and 0.4V for a logic 0.
at 2.0V for a logic 1 and 0.8V for a logic O.

Timing measurements are madet

A.C. TEST CONDITIONS Figure 1

Input Pulse LevelS.ieevseesesvsoseecessssess 0.4V to 2.4V A.C. Testing Load Circuit

Input Rise and Falls TimeSeeeuoocesocssescaesssss < Snsec
Timing Measurement Levels: Input/Output.... 0.8V and 2.0V
Output Lo8de.eeeosescecenscasnssesnesessesss See Figure 1

Dout

+5V

RL

T 100pf
(INCLUDING SCOPE

AND JIG)

DS10021A-7
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GENERAL R09100XC/DS/D

INSTRUMENT VariPage'™
PREL IMINARY INFORMATION
ONE MEGABIT STATIC READ ONLY MEMORY PIN CONFIGURATION
28 LEAD DUAL IN LINE
FEATURES:
R091000 TOP VIEW
- Mask programmable storage providing 128K x 8 bit AL 2800Vec
words with programmable "VariPage"TM memory 128K x 8 A120 2 27[3A14
array organization organization A703 26A13
e Single 128K Byte Pages: R091000 A6L 4 25[1A8
e Four 32K Byte Pages: R0O91001 A5Q >S5 24379
e Light 16K Byte Pages: R091002 A4l 6 23pAn
- One programmable chip select (CS); R0O9100X, A3 7 22PA16
or: power down feature (CE); RO9100XA A2ll8 213A10
- 300ns max access time: R0O9100XC, R0O9100XAC A9 200cs/CE
- 250ns* max access time: R09100XDS, RO9100XADS Aol 10 190307
- 200ns* max access time: R09100XD, RO9100XAD ogg 1 18306
- Fully static operation 01412 17[305
~ Single +5V +10% supply 0204 13 16304
-~ Inputs and outputs TTL compatible VggQ 14 150303
- Three state outputs - under the control of one
mask programmable chip select input
- Low power dissipation R0O91001 TOP VIEW
~ 28 pin JEDEC approved pinout weEdH 280 Ve
- ESD Protection: Inputs are designed to meet 2.3KV (4) 32K x 8 A1203 2 2703 A14
per test method 3015,1, MIL-STD 8838 organization A70]3 261 A13
A6} 4 25p A8
DESCRIPTION AsQ) S 242 A9
A4l 6 2300 A1
The General Instrument R09100X is a 1,048,576 bit A3 7 22poF
static read only memory capable of variable page A2} 8 21[ A0
organization. Fabricated with General Instrument's Ag9 20 CS/CE
N-Channel Silicon Gate Technology, the R09100X AOC} 10 19:! 07
provides the designer with a high performance, 1/08Q 11 18[1 06
flexible NMOS memory circuit featuring operation 1/012 12 179 05
from a single +5V power supply and low power 1/02Q] 13 16[1 04
dissipation. Vg 14 15303
Memory Organization
R091002 TOP VIEW
The RO9100X is designed to offer a mask program- NCET 1 280 Ve
mable option of choosing page sizes consistant with (8) 16K x 8 A12(]2 27PWE
specific addressing limitations. For example, if organization A70Q3 2603 A13
only fifteen address lines are available, the A6l 4 25{1 A8
RO9100X could be programmed to "bank select" on AsO] 5 24; A9
256K page boundaries (i.e. four 32K x 8 pages), see Asll 6 233 AN
block diagram. A7 22ATF
Az(}]8 213 A10
The R0O9100X in its straight (non-paging) format, A9 200 ¢s/CE
will wutilize all seventeen address inputs for AoC] 10 19 07
direct addressing. When programmed to bank select 1/086 11 180 06
on either 16K or 32K byte page boundaries, page 1/01012 1783 05
selection is accomplished via the write enable (WE) 1/02( 13 163 04
and the three 1/0 pins. Vg 14 150 03
DS1001 3C-1 1985 General Instrument Corporation
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GENERAL RO9100XC/DS/D
INSTRUMENT VariPage'M
Operation

Address (A0-A13, A14-A16 optional)

The address valid interval determines the device
cycle time, The positive logic address is decoded
to select 16K, 32K, or 128K by 8-bit pages. A0 is
the least significant bit and Al16 is the most
significant bit of the word address.

Chip Select (CS)

This is a programmable chip select which will be
sacrificed if the power down option is selected.
The address bus will tri-state when CS is in the
inactive state.

Chip Enable (CE)

The power down feature of the RO9100XA is control-
led by the chip enable (CE) input.
down feature is programmed, the device will go into
a low current mode when CE is equal to or greater
than 2.0 volts. The RO9100XA will remain in a low
power standby mode as long as CE remains high.

1f the power

Output Enable (OF)

The OF functions as a chip select for the R091001
and R091002. The address bus will tri-state when
OF is high.

Write Enable (WE)

The WE pin allows the R091001 or R09102's RAM to
accept a page transition address. The page address
is entered via the three 1/0 pins and latched into
the RAM on the rising edge of the WE signal. The
three-bit page address is decoded as follows:

PAGE DEFINITIONS

16K x 8 Pages 32K x 8 Pages
Page | 1/02 | 1/07 | 1/00 1/02 | 170" | 1/00
Pg 0 0 0 0 0 X
Pq 0 0 1 0 1 X
Py 0 1 0 1 0 X
P3 0 1 1 1 1 X
Py 1 0 0 X X X
Ps 1 0 1 X X X
Pg 1 1 0 X X X
P 1 1 1 X X X
Note:

During power-up, the device will reset to page O.
Upon page selection, only the selected page will be
powered, the non-selected pages will automatically
power down.

BLOCK DIAGRAM: R091001

Vcec O—m
GND_ =

WE —

CE —m

OE/Vpp —e={ OE AND CE

DATA
INPUT/
OUTPUTS

D1
00601 01 _/\“
AGE

SELECT
LOGI

OUTPUTS
BUFFERS

INPUTS ] _ D

X SELECT—

Y

)V - GATING

CELL
MATRIX

PAGE O

DS10013C-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Input Voltages

(with Respect to GND)ueseessssss =0.5V to +7.0V
Storage Temperatures.eeeesess... =65°C to + 150°C
Standard Conditions (unless otherwise noted):
Voo = 5V + 10%
Operating Temperature Ty = 0°C to + 70°C
Output Loading: Two TTL Loads, C_ TOTAL = 100pf

DC CHARACTERISTICS

GENERAL
INSTRUMENT

RO9100XC/DS/D
VariPage

*Exceeding these ratings could cause permanent
damage to the device. This is a stress rating only
and functional operation of this device at these
conditions is not implied -~ operating ranges are
specified in Standard Conditions. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

Data labeled "typical"™ is presented for design
guidance only and is not guaranteed.

Characteristics Sym Min Typ Max Units Conditions
Address, CE/CS, OE Inputs
LOgiC wn VIH 2.0 VCC v
Logic "O" ViL 0 0.8 v
Leakage I 1 - 10 HA Viny = 0.4V to Vp
Data Outputs
Logic "1" Vou 2.4 Vee } Igy = ~400pA
Logic "O" VoL - 0.4 v TgL = 2.1mA
Leakage Lig - 10 HA Vogutr = 0.4V to Vpo
Power Supply Current
Icc (Active, Non-Paged) Iec - 150 mA Note 1
Igc (Active, Paged) Icc - 125 mA Note 2
Ice (Standby) Iec - 40 mA Note 3
READ OPERATION
AC CHARACTERISTICS
RO9100XC R09100XDS R09100XD

Characteristics Sym Min Max Max Min Max Units Conditions
Address to Output Delay tace - 300 250 - 200 ns CE = OF = Vv
TE to Output Delay tep - 300 250 - 200 ns OE = Vq
OF to Output Delay tor - 120 100 - 85 ns CF = vy
OF or CF High to Output toF 0 100 85 0 70 ns CE = vy, Note 4

Data Float
Output Hold From ton 0 - - - - ns TE = GE = v,

Addresses CE or OF

Whichever Occured First

DS10013C-3
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GENERAL
INSTRUMENT

RO9100XC/DS/D
VariPageTM

PAGE SELECT WRITE OPERATION

AC CHARACTERISTICS

R09100XC R09100XDS R09100XD
Characteristics Sym Min Max Min Max Min Max Units Conditions
TF to End of Write tew 180 - 180 - 180 - ns OF = Viy, Note S
Write Pulse Width typ 100 - 100 - 100 - ns TF = ViH, Note 5
Write Recovery Time twr 20 - 20 - 20 - ns
Data Setup Time tng 50 - 50 - 50 - ns OF = Viy
Data Hold Time ton 20 - 20 - 20 - ns 0F = Viy
TE to Write Setup Time tes 0 - 0 - 0 - ns OE = Viy
WE Low From OF High tyn 55 - 55 - 55 - ns Note 6
Delay Time
CAPACITANCE#*** (Tp = 25°C, f = 1MHz)
R09100XC R09100XDS R0O9100XD
Characteristics Sym Min Max Min Max Min Max Units Conditions
Input Capacitance CiN - 7 - 7 - 7 pf Vin = 0V
Output Capacitance Cout - 10 - 10 - 10 pf Vogut = OV

*¥*Cgpacitance is periodically sampled and is not 100% tested.

NOTES:

B

[2 N

. Measured with device selected and outputs unloaded.
Measured with device selected, non-active pages powered down, and outputs unloaded.
Device disabled with CE > 2.0V ("Powered Down" programmed parts only).

TDF = Output float time from OE or CE going high, whichever occurs last.
Write may be terminated either by CE or WE.
. OF must be high during write cycle.

DS10013C-4
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GENERAL R09100XC/DS/D
INSTRUMENT VariPage'™
TIMING DIAGRAMS
Read Operation
ViH - /-
ADDRESSES Asztﬁfs
V'L -~
v
_ IH
CE 421
ViL s
t CE
Vin
5 u
ViL - tpf
. tOE___
tACG o] tOH o
Y HIGH Z /77777 vaup HIGH Z
V|L s a» =
. ViH
WE
ViL

1-52
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GENERAL R0O9100XC/DS/D
INSTRUMENT VariPage '™
TIMING DIAGRAMS  (cont'd)

Page Select Write Operation

ADDRESS ADDRESS
ADDRESSES X DONT CARE VALID
(-:E SIS (o) | H—— |
.
ln— tCS - J
w—E- hp— e WP —etntem— tWR
\. A/
tWH ——e
—_— et} tDH fon—
OE — DS ——o=
INPUTS/OUTPUTS < DATA IN STABLE ,(
OUTPUTS HIGH 2
DS10013C-6
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GENERAL R09100XC/DS/D
INSTRUMENT VariPage™

Figure 2
A.C. Testing Input/Output Waveform

TEST POINTS

AC Testing inputs are driven at 2.4V for a logic 1 and 0.4V for a logic 0 timing measurements are made at
2.0V for a logic ' and 0.8V for a logic O.

A.C. TEST CONDITIONS Figure 1

Input Pulse LevelS.iieeneeneoseenass ceeenne .. 0.4V to 2.4V A.C. Testing Load Circuit
Input Rise and Falls TimeS.eeecaeesosncecsasecass < Dnsec

Timing Measurement Levels: Input/Output.... 0.8V and 2.0V +5V

Output Loadesscceeeeeecsocsansssesssessanass See Figure |

Re

Dout

T 100pf
(INCLUDING SCOPE

AND JIG)

DS10013C-7
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GENERAL
INSTRUMENT

ROC100XDS/D/ES
VariPage

PREL IMINARY INFORMATION

ONE MEGABIT STATIC READ ONLY MEMORY PIN CONFIGURATION
28 LLEAD DUAL IN LINE
FEATURES:
ROC1000 TOP VIEW
-~ Mask programmable storage providing 128K x 8 bit A5 280Vec
words with programmsble "VariPage"'M memory 128K x 8 A120}2 273A14
array organization organization A703 26p3A13
e Single 128K Byte Pages: ROC1000 A6[] 4 250A8
e Four 32K Byte Pages: ROC1001 Ast 5 24P A9
e Eight 16K Byte Pages:  ROC1002 Ast] 6 23pAN
- DOne programmable chip select (CS); ROC100X, A3g7 22 A6
or: power down feature (CE); ROCTDOXA A28 21A10
- 250ns max access time: ROC100XDS, ROC100XADS Atd o 20 DCS/fI'E
- 200ns max access time: ROC100XD, ROC100XAD Aor] 10 19307
~ 150ns max access time: ROC100XES, ROC100XAES ogg 1 18006
- Fully static operation 014 12 17P05
- Single +5V +10% supply 0204 13 16304
- Inputs and outputs TTL compatible Vgsd 14 15003
- Three state outputs -~ under the control of one
mask programmable chip select input
- Low power dissipation ROC1001 TOP VIEW
- 28 pin JEDEC approved pinout Wed 1 280 Ve
- ESD Protection: Inputs are designed to meet 2.3KV (4) 32k x 8 At2Q42 27 A4
per test method 3015.1, MIL-STD 883B organization A703 26[1A13
A6l 4 250 A8
DESCRIPTION Asg s 240 A9
[ ¥u 3 23 A1
The General Instrument ROC100X is a 1,048,576 bit A3 7 223 0E
static read only memory capable of variable page A2C]8 213 A10
organization. Fabricated with General Instrument's A1g9 20p cs/CE
CMOS Silicon Gate Technology, the ROC100X provides Ao} 10 19Q 07
the designer with a high performance, flexible CMOS /080 11 181 06
memory circuit featuring operation from a single 1/010 12 1705
+5V power supply and low power dissipation. 1/02¢3 13 1601 04
Voot 14 15[ 03
Memory Organization
The ROC100X is designed to offer a mask program- ROC1002 TOP VIEW
mable option of choosing page sizes consistent with NCE 280 Ve
specific addressing limitations. For example, if (8) 16K x 8 Al12[]2 270WE
only fifteen address lines are available, the organization A7Q3 26p) A13
ROC100Xx could be programmed to "bank select” on A6l 4 250 A8
256K page boundaries (i.e. four 32K x 8 pages), see ASO S 240 A9
block diagram. aall 6 230 Al
A7 2203
The ROC100Xx in its straight (non-paging) format, A2 s 213 A0
will utilize all seventeen address inputs for A9 20p cs/CE
direct addressing. When programmed to bank select A0 10 19R 07
on either 16K or 32K byte page boundaries, page 1/080 1 183 06
selection is accomplished via the write enable (WE) 1/01]12 1703 05
and the three 1/0 pins. 1/0200 13 1601 04
Vgsd 14 150 03
DS10020A-1 1985 General Instrument Corporation
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GENERAL ROC100XDS/D/ES
INSTRUMENT VariPageM
Operation

Address (A0-A13, A14-A16 optional)

The address valid interval determines the device
cycle time. The positive logic address is decoded
to select 16K, 32K, or 128K by 8-bit pages. A0 is
the least significant bit and A16 is the most
significant bit of the word address.

Chip Select (CS)

This is a programmable chip select which will be
sacrificed if the power down option is selected.
The address bus will tri-state when CS is in the
inactive state.

Chip Enable (CE)

The power down feature of the ROC100XA is control-
led by the chip enable (CE) input. If the power
down feature is programmed, the device will go into
a low current mode when CE is equal to or greater
than 2.0 volts. The ROC100XA will remain in a low
power standby mode as long as CE remains high.

Dutput Enable (OF)
The OF functions as a chip select for the ROC100%
and ROC1002. The address bus will tri-state when

Write Enable (WE)

The WE pin allows the ROC1001 or ROC102's RAM to
accept a page transition address. The page address
is entered via the three 1/0 pins and latched into
the RAM on the rising edge of the WE signal. The

three-bit page address is decoded as follows:

PAGE DEFINITIONS

16K x B8 Pages 32K x 8 Pages
Page | 1/02 | 170" | 1/00 1/02 | 1701 | 1/00
Po 0 0 0 0 0 X
P 0 0 1 0 1 X
Py 0 1 0 1 0 X
P3 0 1 1 1 1 X
Py 1 0 0 X X X
Ps 1 0 1 X X X
Pe 1 1 0 X X X
Py 1 1 1 X X X
Note:

During power-up, the device will reset to page O.

OF is high.
BLOCK DIAGRAM: ROC1001 DATA
INPUT/
DATA
OUTPUTS TS
Vee 00— 006 D1/ 02-07
GND =
WE———— ——af AGE
: SELECT
LOGH
CE —u)
OE/Vpp—={ OE AND CE OUTPUTS
BUFFERS
ADDRESS (—wfX Y
meUTS Lo EcJonaa.'Q V - GATING
SELECT— CELL
X TN MATRIX

D510020A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vee and Tnput Voltages

(with Respect to GND).u.eeeunnnnn -0.5V to +7.0V
Storage Temperature............. =65°C to + 150°C

Standard Conditions (unless otherwise noted):
Vee = 5V + 10%

Operating Temperature Ty = 0°C to + 70°C

Output Loading: Two TTL Loads, C_ TOTAL = 100pf

DC CHARACTERISTICS

*Exceeding these

GENERAL ROC100XDS/D/ES
INSTRUMENT VariPage™
ratings could cause permanent

damage to the device.
and functional operation of this device at these

This is a stress rating only

conditions is not implied -- operating ranges are
specified in Standard Conditions.
absolute maximum rating conditions

Exposure to
for extended

periods may affect device reliability.

Data labeled

"typical®

is presented for design

guidance only and is not guaranteed.

Characteristics Sym Min Typ Max Units Conditions
Address, CE/CS, OF Inputs
Logic "1" ViH 2.0 - Vee v
Logic "O" ViL 0 - 0.8 v
Leakage Tt - - 10 pA Vin = 0.4V to Ver
Data Outputs
Logic "1" Vou 2.4 - Vee \ Igy = —QOO)JA
Logic "0" VoL - - 0.4 v Tg = 2.1mA
Leakage Iig - - 10 A Vout = 0.4V to V¢r
Power Supply Current
Tee (Active) Icca - - 40 mA Note 1
ICC (Standby) ICCS - - 50 uA Note 2
READ OPERATION
AC CHARACTERISTICS
ROC100XDS ROC100XD ROC100XES

Characteristics Sym Min Max .} Min Max Min Max Units Conditions
Address to Output Delay tace - 250 - 200 - 150 ns TF = OF = v
CE to Output Delay ter - 250 - 200 - 150 ns OF = Vp_
OF to Output Delay tor - 8y - 70 - 55 ns CF = vy
OF or TF High to Output tor 0 85 0 70 0 55 ns CE = Vy, Note 3

Data Float
Output Hold From ton 0 - 0 - 0 - ns TE = O = ViL

Addresses CE or OE

Whichever Occured First

DS10020A-3
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GENERAL
INSTRUMENT

ROC100XDS/D/ES
VariPageTM

PAGE SELECT WRITE OPERATION

AC CHARACTERISTICS

ALL SPEEDS

Characteristics Sym Min Max Units Conditions
CF to End of Write tew 120 - ns OF = Viy, Note &
Write Pulse Width tup 70 - ns OF = Viy, Note 4
Write Recovery Time twr 20 - ns
Data Setup Time tps 40 - ns OF = Viy
Data Hold Time toy 20 - ns OE = Viy
TE to Write Setup Time teg 0 - ns OE = VIH
WE Low From OE High iy 50 - ns Note 5

Delay Time
CAPACITANCE*** (Tp = 25°C, f = 1MHz)

ROC100XDS ROC100XD ROC100XES

Characteristics Sym Min Max Min Max Min Max Units Conditions
Input Capacitance Cin - 7 - 7 - 7 pf ViNy = OV
Output Capacitance Cout - 10 - 10 - 10 pf Vout = OV

***Capacitance is periodically sampled and is not 100% tested.

NOTES:

1. Measured with device selected and outputs unloaded.

2. Device disabled with CE > 2.0V ("Powered Down" programmed parts only).
5. TDF = OQOutput float time from OF or CE going high, whichever occurs last.
4. Write may be terminated either by TE or WE.
Y. OF must be high during write cycle.

1-58
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GENERAL ROC100XDS/D/ES
INSTRUMENT VariPage™
TIMING DIAGRAMS
Read Operation
VIH = 4
ADDRESSES “3':'::5033
ViL -
Vin
CE zl'
ViL oo ]
tCE o
V" !
o \L 7
\'J == tpt
i _ toe__|
o R tACQ________ tOH
ViH -
OUTPUT HIGH Z /77777 VALID HIGH 2
OUTPUT
ViL \X\\Q- -
_ ViH
WE
viL

DS10020A-%
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GENERAL ROC100XDS/D/ES
INSTRUMENT VariPage'™™
TIMING DIAGRAMS  (cunt'd)

Page Select Write Operation

ADDRESSES X

ADDRESS
DONT CARE

ADDRESS

VALID

1-60

CE I 7. —
o tCS ~—a» J
WE twp tWR
\N ;AJ/,
tWH ——
GE' —as| tDH |-
L.——-— s ——ae
INPUTS/OUTPUTS < DATA IN STABLE )(
OUTPUTS HIGH Z
DS10020A-6




GENERAL ROC100XDS/D/ES
INSTRUMENT VariPage™
Figure 2
A.C. Testing Input/Output Waveform
2.4
2.0 2.0
TEST POINTS
0.8 0.8
0.4

AC Testing inputs are driven at 2.4V for a logic 1 and 0.4V for a logic 0. Timing measurements are made
at 2.0V for a logic 1 and 0.8V for a logic O.

A.C. TEST CONDITIONS Figure 1

Input Pulse LevelS.iceeseaseasossoscssncenss 0.4V to 2.4V A.C. Testing Load Circuit
Input Rise and Falls TimesS..eieeeeeeeeecocaeeeess £ Snsec

Timing Measurement Levels: Input/Output.... 0.8V and 2.0V +5V

Output L0@deeeeeeseesseecensscocsseaaasnenses See Figure |

Ry

Dour

T 100pf
(INCLUDING SCOPE
= AND JIG)

DS10020A-7
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SECTION 2

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORIES

Description

Operating
Temperature

Part
Number

Page
Number

Standard Parts: Serial

256 bit EEPROM - Commercial (0°C to +70°C) ER59256 2-3
organized 16 x 16

Industrial (-40°C to +85°C) ER592561 2-10
1K (1024) bit EEPROM - Commercial (0°C to +70°C) ER5911 2-17
organized 128 x 8 or
64 x 16 Industrial (-40°C to +85°C) ER59111 2-26
2K (2048) bit EEPROM - Commercial (0°C to +70°C) ER5912 2-35
organized 256 x 8 or
128 x 16 Industrial (-40°C to +85°C) ER59121 2-46
1K (1024) bit EEPROM - Commercial (0°C to +70°C) PCD8572 2-57
12C bus compatible
organized 128 x 8 Industrial (-40°C to +85°C) PCD85721 2-66
2K (2048) bit EEPROM - Commercial (0°C to +70°C) PCD8582 2-75
12C bus compatible
organized 256 x 8 Industrial (-40°C to +85°C) PCD85821 2-84

GENERﬁ%
INSTRUME
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SECTION 2

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORIES (continued)

Operating Part Page
Description Temperature Number Number
Standard Parts: Parallel
1K (1024) bit EEPROM - Commercial (0°C to +70°C) ER5901 2-93
organized 128 x 8
Industrial (-40°C to +85°C) ER59011 2-101
2K (2048) bit EEPROM - Commercial (0°C to +70°C) ER5902 2-109
organized 256 x 8
Industrial (-40°C to +85°C) ER59021 2-116
4K (4096) bit EEPROM - Commercial (0°C to +70°C) ER5904 2-123
organized 512 x 8
Industrial (-40°C to +85°C) ER59041 2-130
Application Specific
Non-Volatile Counter Commercial (0°C to +70°C) ER1000 2-137
8-bit microcomputer
with on-board EEPROM - Commercial (0°C to +70°C)
organized as 32 x 8 bit PIC16E57 2-144
EEPROM and 512 x 12 bit] Industrial (-40°C to +85°C)
mask programmable ROM.
GENERAL
INSTRUMENT
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GENERAL

INSTRUMENT ER59256

256 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES

LLow cost

- 16 x 16 serial EEPROM

Single +5V only operation

Binary addressing

Word and chip erasable

Unlimited read accesses

Fully TTL compatible inputs and outputs

ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

Highly reliable N-Channel SNOS technology

Designed for 10 year data retention after 10,000
erase/write cycles per word

0°C to +70°C operating ambient temperature range

Power on/off data protection circuitry

DESCRIPTION

The ER59256 is a low cost, serial EEPROM manufac-
tured in General Instrument's highly reliable SNOS
technology. The key features of this device are
its +5V only operation and microcomputer compatible
architecture. Six 9-bit instructions can be
See Table 1. The instruction format has
"I" as a start bit, four bits as an op
See Table 1.

executed.
a logical
code, and four bits of address.

PIN CONFIGURATION
8 Pin Dual-In-Line

TOP VIEW
N
csen 81 (+5V) V¢e
cik2 7P TEST
D13 6 Vpp
po4 5[ GND

PIN FUNCTIONS

Cs Chip Select

CLK Clock Input

DI Serial Data Input
DO Serial Data Output
Vee +5V Power Supply
GND Ground

TEST PINS

Vpp High Voltage Test (Float)
TEST EEPROM Margin Test (Ground/F loat)

BLOCK DIAGRAM

INSTRUCTION DECODER,
cs > CONTROL LOGIC, DATA REGISTER —- DO
. (16 BITS)
CLOCK GENERATORS AND
READ/WRITE AMPLIFIERS [
AND
CLK < VCC
ERASE/WRITE PROTECTION VPP
™1 GENERATOR
INSTRUCTION
REGISTER 4 to 16 EEPROM
(8 BITS) ADDRESS ARRAY
AND DECODER (16 x 16)
LATCHES
DI i -— GND
DS20014H-1 1985 General Instrument Corporation
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GENERAL

INSTRUMENT ER59256

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with
respect to groundeseeeseecscceesses +7V to -0.3V
Storage temperature (unpowered and
without data retention)eeeeses... =65°C to 150°C

Soldering temperature of leads

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other comditions outside
those indicated in the operational sections of this

specificat ion, is not implied.

(10 SECONAS)eeeeveeeecsasososesacsensnoass +300°C Data labelled "typical" 1is presented for design
guidance only and is not guaranteed.

Standard Conditions (unless otherwise noted)
Vee = +5 2 10% volts General Instrument makes no warranty, expressed or
GND = O volts implied, as to the merchantability of fitness for a
Operating Temperature Range (TA): particular purpose of this device or its software
0°C to +70°C (Commercial) supplied to the customer.
DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditidns
High Level Input Voltage Viy 2.0 - Vee+!.0 v
Low Level Input Voltage ViL -0.3 - +0.8 v
High Level Output Voltage Vou 2.4 - Vee v Igy = -400pA
Low Level Output Voltage Vou - - 0.4 v Ig = 3.2mA
Input Leakage Current Ly - - +10 PA Vin = GND to Vpe
Output Leakage Current 1o - - +10 HA Vout = GND to Vge
POWER SUPPLY REQUIREMENTS
Operating Current Iect - - 10 mA Voo = 5.5, €5 = 1
Standby Current lee2 - - 3 mA Vee = 5.5V, CS =0
E/W Operating Current Iees - - 12 mA vee = 5.5V
Power Consumption (Operating) Pee! - - 55 i Voo = 5.5V, CS = 1
Power Consumption (Standby) Pec2 - - 17 i Veg = 5.5V, CS =0
Power Consumption (E/W) Pecs - - 66 i Veo = 5.5V, €S = 1
AC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions
Clock Frequency foLk 0 - 250 KHZ
Clock Duty Cycle Derk 25 - 75 %
Chip Select Setup Time tess 0.2 - - S
Chip Select Hold Time tesy 4] - - i
Data Input Setup Time tpis 0.4 - - ps
Data Input Hold Time tDIH 0.4 - - Hs
DO Output Delay (H to L) tppo - - ys €. = 100pf
DO Output Delay (L to H) tppl - - 2 Hs C_ = 100pf
Erase/Write Pulse Width te /w 10 - 30 ms
Input Capacitance Cy - - 6 pf Viy = OV
Output Capacitance Co - - 10 pf Vout = OV

DS20014H-2
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GENERAL

INSTRUMENT ER59256
Table 1 - Instruction Set
Instruction SB Op Code Address Data Comment s
READ 1 1000 A3A2A1A0 Read register A3A2A1A0
WRITE 1 0100 A3A2A1AD D15-D0 Write register A3A2A1A0
ERASE 1 1100 A3A2A1A0 Erase Register A3A2A1AD
EWEN 1 oo 0000 Erase/write enable
EWDS 1 0000 0000 Erase/write disable
ERAL 1 0010 0000 Erase all registers
Figure 1. Synchronous Data Timing
| |
fl—-—-—-—-——-— 4ys*  ——eep|
| i
)
CLK
I |
tms!‘——{-—bi tplH |
| ey | :
DI XVaIidX :
N ]
e | . i by
CSS pa-anf | | —a| "CSH
P ! | |
I/ e
cs ) i Lo P\
I b b
} l i l
ety ] tppy

tppo
i |
"\

0o -\va.
|

*#This is the maximum clock frequency.

DS20014H-3
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GENERAL
INSTRUMENT

ER59256

Figure 2, Read Mode

MUy uUuuu

£€ wed

=_/

Di -____-J/rfr---;\\fir 0 o /’;;}*::::)(7;;\\ "

0o

LA L 4 ‘
——————

-4~ © ‘monux ' oo>

The READ instruction is the only instruction which outputs serial data on the DO pin. Only during the

READ mode is the output pin (DO) valid.

During all other modes the DO pin is in tri-state, eliminating

bus contention. A dummy bit (logical "O") precedes the 16-bit output string. The output data changes
during the high state of the system clock.

Figure 3, Write Mode

« UL U U Uy L

4

£LL '

o [T\ S\ o ECNEECYE L, N

The WRITE instruction is followed by 16 bits of data which are written into the specified address. This
register must have been previously erased. Like any programming mode, erase/write time is determined by
the low state of (S following the instruction. The on-chip high voltage section only generates high
voltage during these programming modes which prevents spurious programming during other modes. When CS
rises to Vyy, the programming cycle ends. All programming modes should be ended with CS high for one
CtK period, or followed by another instruction.

2-6
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GENERAL
INSTRUMENT ER59256

Figure 4. Erase Mode

SRR nnnn.

557/ N -_'_‘N\__::::i./‘;_—-' 4
VAREEEACIRYL) ¢ U AW @ 6 & & @

Like most EZPROMS, the register must first be erased (all bits set to 1s) before the register can be
written (certain bits set to 0s). After an ERASE instruction is input, CS is dropped low. This falling
edge of CS determines the start of programming. The register at the address specified in the instruction
is then set entirely to 1s. When the erase/write programming time (tE/w) constraint has been satis-
fied, CS is brought up for at least one CLK period. A new instruction may then be input, or a low-power
standby state may be achieved by dropping CS low.

Figure 5. Erase/Write Enable and Disable

« Uy uyyUUUUUUyL
= \
D1 l/”;-\\io 0 ]r-_-_:_-\\ o o o O

DISABLE = 00

Programming must be preceded once by an Erase/Mrite Enable (EWEN) instruction. Programming remains
enabled until an Erase/Write Disable (EWDS) instruction is executed. The programming disable instruction

is provided to protect against accidental data disturb. Execution of a READ instruction is independent of
both EWEN and EWDS instructions. The device powers up in the Erase/Write Disable (EWDS) mode.

DS20014H-~5
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GENERAL

INSTRUMENT ERS9256

Figure 6. Chip Erase Mode

« Uy yuuULUuuUyL
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Entire chip erasing is provided for ease of programming.
Each register is then ready for a WRITE instruction.

memory array have each bit set to a 1.

D1/D0:
Data Out pins together.
uration it

It is possible to connect the Data In and
However, with this config-
"bus conflict" to
that precedes the

is possible for a
occur during the "dummy zero"
read operation, if Ay is a logic high level.
Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the
relative impedances of Data Out and the signal
The higher the current sourc-

the higher the voltage at

source driving Ag.
ing capability of Ap,
the Data Out pin.

Erasing the chip means that all registers in the

Power On/Off Data Protection Circuitry: During

power-up all modes of operation are inhibited until
Vec has reached a level of between 2.8 and 3.%
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
Vec has fallen below the voltage range of 2.8
to 3.5 volts.

DS20014H-6




GENERAL
INSTRUMENT

ER59256

A.C. Testing Input/Output Waveform

2.4

2.0 2.0
® !
Test Point
0 8’ ~b 8
0.45 . -

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing

measurements are made at 2.0V for a logic "1" and 0.8V for a logic "O".

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)

/A f 1 f 1 { 1
4
255
0.50 245
— ]
INDEX 1 | = T T S|

370
10]
TYP.
137 !
| -?7 .165
BASE PLANE l
- W -
SEATING PLANE i §
I .130
' t
Ul 4
- 100 ju— — l — 060
PITCH v,
- =- 018 TYP.

NOTE: Unless otherwise specified, all dimensions are + .002 in.
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GENERAL
INSTRUMENT ER592561

256 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES PIN CONFIGURATION
- Low cost 8 Pin Dual-Tn-Line
- 16 x 16 serial EEPROM
- Single +5V only operation TOP VIEW
- Binary addressing
- Word and chip erasable s 8P (+5V) Vpr
~ Unlimited read accesses cLKz2 7RATEST
~ Fully TTL compatible inputs and outputs DIE]3 6RVpp
~ £ESD Protection: Inputs are designed to meet 1.0KV Do]4 5JGND
per test method 3015.1, MIL-STD 883
- Highly reliable N-Channel SNOS technology
~ Designed for 10 year data retention after 10,000
erase/write cycles per word

~ -40°C to +85°C operating ambient témperature range

- Power on/off data protection circuitry PIN FUNCTIONS

CS Chip Select
DESCRIPTION CLK Clock Input

DI Serial Data Input
The ER592561 is a low cost, serial EEPROGM manufac- DO Serial Data Output
tured in General Instrument's highly reliable SNOS Vee +5V Power Supply
technology. The key features of this device are GND Ground
its 45V only operation and microcomputer compatible
architecture. Six 9-bit instructions can be TEST PINS

executed. See Table 1. The instruction format has
a logical "1" as a start bit, four bits as an op Vpp High Voltage Test (Float)

code, and four bits of address. See Table 1. TEST  EEPROM Margin Test (Ground/Float)
BLOCK DIAGRAM
INSTRUCTION DECODER,
cs > CONTROL LOGIC, DATA REGISTER —- D0
N (16 BITS)
CLOCK GENERATORS AND
READ/WRITE AMPLIFIERS [
AND
CLK [— VCC
ERASE/WRITE PROTECTION veP
™ GENERATOR
INSTRUCTION
REGISTER 4 to 16 EEPROM
(8 BITS) ADDRESS j ARRAY
AND DECODER (16 x 16)
LATCHES
DI i —  GND
DS20021A-1 1985 General Instrument Corporation
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GENERAL

INSTRUMENT ER592561

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with

respect to ground......... +7V to -0.3V

Storage temperature (unpowered and

without data retention)... -65°C to 150°C

cenease

Soldering temperature of leads

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this

specification, is not implied.

(10 5CONdS) eeereenneerennnnneas veerses..  +300°C Data labelled "typical" is presented for design
guidance only and is not guaranteed.
Standard Conditions (unless otherwise noted)
Vee = +5 + 10% volts General Instrument makes no warranty, expressed or
GND = 0 volts implied, as to the merchantability of fitness for a
Operating Temperature Range (Tp): particular purpose of this device or its software
-40°C to +85°C (Industrial) supplied to the customer.
DC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions
High Level Input Voltage Vin 2.0 - Veet+t.0 v
Low Level Input Voltage Vi ~0.3 - +0.8 v
High Level Output Voltage VoH 2.4 - Ve v Tgy = -400uA
Low Level Output Voltage VoL - ~ 0.4 Vv TgL = 3.2mA
Input Leakage Current I 1 - - +10 HA Vin = GND to Ve
Output Leakage Current Lo - - +10 JA Vout = GND to Ve
POWER SUPPLY REQUIREMENTS
Operating Current Tee? - - 13 mA Vep = 2.5V, CS =1
Standby Current Tee? - - 5 mA Veg = 5.5V, €S = 0
E/W Operating Current Tee3 - - 15 mA Vee = 9.9V
Power Consumption (Operating) Pe! - - 72 mw Vee = 5.5V, €S =1
Power Consumption (Standby) Pee2 - - 28 mi Vee = 5.5V, €S = 0
Power Consumption (E/W) Pee3 - - 83 mW Vep = 5.5V, €S =1
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions
Clock Frequency feuk 0 - 250 KHZ
Chip Select Setup Time tess 0.2 - - Hs
Chip Select Hold Time tesy 0 - - us
Data Input Setup Time tpis 0.4 - - Hs
Data Input Hold Time tpIH 0.4 - Hs
DO Output Delay (H to L) tppg - ~ Hs C_ = '00pf
DO Output Delay (L to H) tppr - -~ 2 HS C_ = 100pf
Lrase/Write Pulse Width Yt/ 10 - 30 ms
Input Capacitance Cq - - 6 pf Vin = OV
Output Capacitance Cq - - 10 pf Yoyt = OV
DS20021A-2
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GENERAL

INSTRUMENT ER592561
Table 1 -~ Instruction Set
Instruction SB Op Code Address Data Comments
READ 1 1000 A3A2A1A0 Read register A3AZA1A0
WRITE 1 0100 A3A2A1A0 D15-D0 Write register A3A2A1A0
ERASE 1 1100 A3A2A1A0 Erase Register A3A2A1A0
EWEN 1 0011 0000 Erase/write enable
EWDS 1 0000 0000 Frase/write disable
ERAL 1 0010 0000 Frase all registers
Figure 1. Synchronous Data Timing
! |
A —
1 |
|
CLK
SR S
| [ I
tDlS}'—H toiH |
1 | |
R
DI Xvum X |
|
| ]
e b | " |
CSS pas-ami | re—a| tcsH
|
I
|
I

d

*This is the maximum clock frequency.
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GENERAL
INSTRUMENT ER592561

Figure 2. Read Mode
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The READ instruction is the only instruction which outputs serial data on the DO pin. Only during the
READ mode is the output pin (DO) valid. During all other modes the DO pin is in tri-state, eliminating
bus contention. A dummy bit (logical "0") precedes the 16-bit output string. The output data changes
during the high state of the system clock.

Figure 3, Write Mode

e LU UL,
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o [\ e o SXXEERCE\ /XX

The WRITE instruction is followed by 16 bits of data which are written into the specified address. This
register must have been previously erased. Like any programming mode, erase/write time is determined by
the low state of CS following the instruction. The on-chip high voltage section only generates high
voltage during these programming modes which prevents spurious programming during other modes. When CS
rises to Viy, the programming cycle ends. All programming modes should be ended with CS high for one
CLK period, or followed by another instruction.

DS20021A-4
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GENERAL
INSTRUMENT ER592561

Figure 4, Erase Mode
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Like most EZPRUMS, the register must first be erased (all bits set to 1s) before the register can be
written (certain bits set to Os). After an FRASE instruction is input, CS is dropped low. This falling
edge of CS determines the start of programming. The register at the address specified in the instruction
is then set entirely to 1s. When the erase/write programming time (tg,y) constraint has been satis-
fied, CS is brought up for at least one CLK period. A new instruction may then be input, or a low-power
standby state may be achieved by dropping CS low.

Figure 5. Erase/Write Enable and Disable

« MUy yyuuUyL
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DISABLE = 00

©
(<]

Programming must be preceded once by an Erase/Write Enable (EWEN) instruction. Programming remains
enabled until an Erase/Write Disable (EWDS) instruction is executed. The programming disable instruction
is provided to protect against accidental data disturb. Execution of a READ instruction is independent of
both EWEN and EWDS instructions. The device powers up in the Frase/Write Disable (EWDS) mode.

DS20021A-5
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GENERAL

INSTRUMENT ER592561

Figure 6. Chip Erase Mode
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tntire chip erasing is provided for ease of programming.
Each register is then ready for a WRITE instruction.

memory array have each bit set to a 1.

DI1/DO:
Data Out pins together.

It is possible to connect the Data In and
However, with this config-

uration it 1is possible for a '"bus conflict" to
occur during the "dummy zero" that precedes the
read operation, if Ag is a logic high level,

Under such a condition the voltage level seen at
Data 0Out is undefined and will depend upon the
relative impedances of Data 0Out and the signal
source driving Ap. The higher the current sourc-
ing capability of Ap, the higher the voltage at
the Data Out pin.

Erasing the chip means that all registers in the

Power On/0ff Data Protection Circuitry: During

power-up all modes of operation are inhibited until
Vee bhas reached a level of between 2.8 and 3.5
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
VCC has fallen below the voltage range of 2.8
to 3.Y volts.

DS20021A-6
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INSTRUMENT ER592561

A.C. TESTING, INPUT AND OUTPUT WAVEFORMS

2.4

2.0 2.0
= !
’Test Point ~0
0.45 0.8 .8

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing
measurements are made at 2.0V for a logic "1" and 0.8V for a logic "O".

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)

I 1 1 | ) i 1 L 1 |

0.50 245

T |

INDEX T J ) S—— | 1 1] | €
PONT -~ «—0.50

380
* 370 >

’
237 185

.1:1’ 4

|
|
SEATING PLANE \ l ( §
|
v

BASE PLANE 1

.130

—

100 fa—  —»]| | e 060
PITCH Tve.

-»| =~ 018 TYP.

NOTE: Unless otherwise specified, all dimensions are + .002 in.

DS20021A-7
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GENERAL

INSTRUMENT ER5911

1024 SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES

- Low cost

- User-selectable organization: 64 x 16 or 128 x 8

- Single +5V only operation

- Binary addressing

- Fully automatic self-timed erase/write mode

~ Word and chip erasable

~ Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

~ Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- 0°C to +70°C operating ambient temperature range

- Power-on/off data protection circuitry

DESCRIPTION

The ER5911 is a low cost, serial EEPROM manufac-
tured in General Instrument's highly reliable SNOS
technology. This device features +5V only opera-
tion, a self-timed reprogramming cycle and two
user-selectable memory array organizations, 64 x 16
or 128 x 8, which are selectable externally by
means of a one bit code applied to control pin ORG.
The Input (DI) and Output (D0O) pins are controlled

by separate serial formats. When separate lines are

PIN CONFIGURATION
8 Pin Dual-In-Line

TOP VIEW
<
csdel 8P} (+5VZ__V_CC
cLK[j2 70 RDY/BUSY
DICY3 611 ORG
pog]e 501 GND

used the DO output pin is valid only in the read
mode and is in the high impedance state in all
other modes, thus eliminating bus contention. Five
instructions may be executed and the instruction
length will be twelve bits when using the 128 x 8
organization and eleven bits when the 64 x 16
organization is used. The instruction format has a
logical 1 as a start bit, four bits as an opcode
and either six or seven address bits.

BLOCK DIAGRAM Vec  GND

o

MEMORY
ARRAY

128x8
or 64x16

ORG ———————1»

<:: ADDRESS

DECODER

i

™ DATA REGISTER

DI ?

BUFFER

- MODE
CS——————=  DECODE

LOGIC

]
CLOCK
GENERATOR

CLK ——

-»= RDY/BUSY

DS20017F -1

1985 General Instrument Corporation
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GENERAL
INSTRUMENT ER5911
PIN FUNCTIONS
Cs Chip Select ORG Memory Array Organization Selection
CLK Clock Input Input. When the ORG pin is connected
DI Serial Data Input to +5V the 64 x 16 organization is
DO Serial Data Output selected. When it is connected to
Vee +5V Power Supply ground the 128 x B8 organization is
RDY/BUSY Status Output selected. 1f the ORG pin is left
GND Ground unconnected, then an internal pullup
device will select the 64 x 16 organ-
ization.
INSTRUCTION SET
Start Address Data
Instruction Bit Opcode 128 x 8 64 x 16 128 x 8 64 x 16 Comments
READ 1 1000 Ag-Ag As-Ag Read Address Ay-Ag
PROGRAM 1 X100 Ag-Ag As-Ag D7-Dp D15-Dg Program Address Ay-Ag
PEN 1 0011 0000000 000000 Program Ensble
PDS 1 0000 00006000 000000 Program Disable
ERAL 1 0010 0000000 000000 Erase All Addresses
DI/DO: It is possible to connect the Data In and Power-0On Data Protection Circuitry: During power-

Data Out pins together. However, with this
configuration it is possible for a "bus conflict"
to occur during the "dummy zero" that precedes the
read operation, if Ag is a logic high level.
Under such a condition the voltage level seen at
Data Out is wundefined and will depend upon the
relative impedances of Data Out and the signal
source driving Ag. The higher the current
sourcing capability of Ag, the higher the voltage
at the Data Out pin.

up all modes of operation are inhibited until
Ve has reached a level of between 2.8 and 3.5
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
Vec has fallen below the voltage of 2.8
to 3.5 volts.

range

DS20017F-2
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GENERAL

INSTRUMENT ER5911
ELECTRICAL CHARACTERISTICS
Maximum Ratings* *Exceeding these ratings could cause permanent
All inputs and outputs damage. Functional operation of this device at
with respect to ground............ 47V to -0.3V these conditions, or any other conditions outside
Storage temperature (unpowered and those indicated in the operational sections of this
without data retention)......... =-65°C to +150°C specification, is not implied.
Soldering temperature of leads
(10 SECONdS)ecaeeneeerssneesaonsassnannns +300°C Data labeled "typical" is presented for design
Standard Conditions (Unless otherwise noted) guidance only and is not guaranteed.
Vgg = GND
Veeo = +5V +10% volts General Instrument makes no warranty, expressed or
Operating Temperature Range (TA): implied, as to the merchantability or fitness for a
0°C to +70°C (Commercial) particular purpose of this device or its software

supplied to the customer.

DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions
High Level Input Voltage Vin 2.0 - Vee+1.0 \
Low Level Input Voltage Vi ~0.3 - +0.8 \
High Level Output Voltage Vau 2.4 - Vee v Igy = -400pA
Low Level Output Voltage VoL - - 0.4 v Ig, = 1.6mA
Input teakage Current T 1 - - +10 HA Viny = GND to Ve
Output Leakage Current Iilo - - +10 PA Vout = GND to Vee

Power Supply Requirements
Vee Supply:

Chip Selected Ice - - 10 mA Vee = 2.5V
Chip Selected (PROGRAM and

ERAL modes) Iee - - 12 mA Ve = 5.5V
Chip Deselected (STANDBY) Ice - - 3 mA Vee = 5.5V
Power Consumption
Chip Selected Pee - - 55 mw Vee = 5.5V
Chip Selected (PROGRAM and

ERAL modes) PCC - - 66 mwW VCC = 5.5V
Chip Deselected (STANDBY) Pce - - 17 mi Veg = 5.5V

AC CHARACTERISTICS (See Figure 1)

Characteristic Sym Min Typ Max Units Conditions

CLK Frequency foLk 0] - 250 KHz

Chip Select Setup Time tess 0.2 - - HS

Chip Select Hold Time tesu 0 - - ps

Data Tnput Setup Time tpis 0.4 - - HS

Data Input Hold Time tpiH 0.4 - - s

CLK Pulse Width tepw 2.0 - - ys

Data Output Delay tppi - - 2.0 Hs €, = 100pf
VgL = 0.8V
Vg = 2.0V

Data Output Delay tppo - - 2.0 HS C_ = 100pf
VgL = 0.8V
Vgy = 2.0V

Status Low Time tpRr 20 40 75 ms

(programming time)

DS20017F~3
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Figure 1 Synchronous Data Timing
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GENERAL
INSTRUMENT ER5911

Figure 2 READ Mode
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Read Mode

The READ instruction is the only instruction which outputs serial data on the DO pin. After a READ
instruction is received, the instruction and address are decoded, followed by data transfer from the
memory register into a serial-out shift register. A dummy bit (logical "0") precedes the data output
string. The output data changes during the high states of the system clock.

DS20017F -5
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ER5911

Figure 3 PROGRAM Mode

[

o &

cS d

22

ax—J U LU U U UL RS L L

Fﬂ)YVEHJS?

Program Mode

the specified address.

2L ry3

1 24 L2} * f

| |

—tp -l

| !
Organization Ay Dn
128 x 8 Ag Dy
64 x 16 Ag D15

The program instruction is followed by either eight or sixteen bits of data, which are to be written into
After the last data bit (DO) has been shifted intu the data register the contents of the specified address
will be erased and the new data written to the same address.

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration of the
automatic programming cycle as indicated by tp.

During a program cycle the internal erase and write operations occur automatically and are self-timed on
the device. A single memory location may also be erased by programming that address with all "1's",

2-22
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INSTRUMENT ER5911

Figure 4 PEN (Program Enable) and PDS (Program Disable)
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PEN AND PDS FOR 128x8 ORGANIZATION
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PEN AND PDS FOR 64x16 ORGANIZATION

Program Enable and Program Disable

Programming must be preceded once by a programming enable (PEN) instruction. Programming remains enabled
until a programming disable (PDS) instruction is executed. The programming disable instruction is
provided to protect against accidental data disturb. Execution of a READ instruction is independent of

both PEN and PDS instructions.

DS20017F -7
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Figure 5 ERAL (Erase All) Mode (128 x B)
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Chip Erase

Entire chip erasing is provided for ease of programming and is implemented with the ERAL (erase all
registers) instruction. Erasing the chip means that all registers in the memory array have each bit set
to a 1.

DS20017F -8
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GENERAL

NOTE: Unless otherwise specified, all dimensions are + .002 in.

INSTRUMENT ERS911
A.C. Testing Input/Output Waveform
2.4
2.0 2,0
:Test Points’ X
0.45 b %'8
A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "O". Timing
measurements are made at 2.0V for a logic "1" and 0.8V for a logic "O".
PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)
| s— f 1 | g | I 1
[ )
255
0.50 245
mDEx | - ) ¢ J L ] 4 J
" .38(0) —_
10'i
\TYP.
R
TYP
) ’ 010
.137
l '-1?-7- 158 \
BASE PLANE \| | l '\
!
—_— \ J \\
SEATING PLANE ) 010 Typ. - lex
! .130 \
| »L * v
- .100 r—— — <— 060 Typ.
. PITCH 310
- = 018 TYP. ‘
-387

DS20017F -9
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GENERAL

INSTRUMENT ER59111

1024 SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES

~ Low cost

- User-selectable organization: 64 x 16 or 128 x 8

- Single +5V only operation

~ Binary addressing

- Fully automatic self-timed erase/write mode

~ Word and chip erasable

~ Unlimited read accesses

~ Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

-~ Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

~ -40°C to +85°C operating ambient temperature

range
Power-on/off data protection circuitry

DESCRIPTION

The ER59111 is a low cost, serial EEPROM manufac-
tured in General Instrument's highly reliable SNOS
technology. This device features +5V only opera-
tion, a self-timed reprogramming cycle
user-selectable memory array organizations, 64 x 16
or 128 x 8, which are selectable externally by
means of a one bit code applied to control pin ORG.
The Input (DI) and Output (DO) pins are controlled
by separate serial formats. When separate lines are

and two

PIN CONFIGURATION
8 Pin Dual-In-Line

TOP VIEW
csl]e 8 (+5V) Vpp
CLk( 2 71 RDY/BUSY
o1 3 61 ORG
pold 4 5[ GND

used the DO output pin is valid only in the read
mode and is in the high impedance state in all
other modes, thus eliminating bus contention. Five
instructions may be executed and the instruction
length will be twelve bits when using the 128 x 8
organization and eleven bits when the 64 x 16
organization is used. The instruction format has a
logical 1 as a start bit, four bits as an opcode
and either six or seven address bits.

Vee GND

o

BLOCK DIAGRAM

MEMORY
ARRAY

4128x8
or 64x16

ORG ————o

s

DATA REGISTER

DI 1

MODE

DECODE
LOGIC

= RDY/BUSY

)
CLOCK
GENERATOR

CLK ——— ]

DS20020A-1
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GENERAL
INSTRUMENT ER59111
PIN FUNCTIONS

CS Chip Select ORG Memory Array Organization Selection

CLK Clock Input Input. When the ORG pin is connected

DI Serial Data Input to +5V the 64 x 16 organization is

DO Serial Data Output selected. When it is connected to

Vee +5V Power Supply ground the 128 x B organization is

RDY/BUSY Status Output selected. If the ORG pin is left

GND Ground unconnected, then an internal pullup

device will select the 64 x 16 organ-
ization.
INSTRUCTION SET
Start Address Data
Instruction Bit Opcode 128 x 8 64 x 16 128 x 8 64 x 16 Comments
READ 1 1000 Ag-Ap As-Aq Read Address Ay-Ag
PROGRAM 1 X100 Ag-Ag Ag-Ag Dy-Dg D15-Dg Program Address Ay-Ag
PEN 1 0011 0000000 000000 Program Enable
PDS 1 600000 0000000 000000 Program Disable
ERAL 1 0010 0000000 000000 Erase All Addresses
21700: It is possible to connect the Data In and Power-On Data Protection Circuitry: During power-

Data Out pins together. with this
configuration it is possible for a "bus conflict"
to occur during the "dummy zero" that precedes the
read operation, if Ap is a logic high level.
Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the
relative impedances of Data Out and the signal
source driving Ag. The higher the current
sourcing capability of Ag, the higher the voltage
at the Data Out pin.

However,

up all modes of operation are inhibited until
Vee has reached a level of between 2.8 and 3.5
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
Vec has fallen below the voltage

to 3.5 volts.

range of 2.8

DS20020A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs
with respect to ground............
Storage temperature (unpowered and
without data retention).........
Soldering temperature of leads
(10 56CONAS)ecrercsrcansncsanareaasenssss +300°C
Standard Conditions (Unless otherwise noted)
Vee = +5V +10% volts
Operating Temperature Range (Tp):
-40°C to +85°C (Industrial)

+7V to -0.3V

-65°C to +150°C

DC CHARACTERISTICS

GENERAL

INSTRUMENT ER59111

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

Data labeled "typical” is presented for
guidance only and is not guaranteed.

design

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max Units Conditions
High Level Input Voltage Vin 2,0 - Vee+1.0 v
Low Level Input Voltage ViL -0.3 - +0.8 Vv
High Level Output Voltage VoH 2.4 - Vee v Igy = -400uA
Low Level Output Voltage Voo - - 0.4 v Ig. = 1.6mA
Input Leakage Current Iy - - +10 HA Vin = GND to Vpe
Output teakage Current Iig - - +10 HA Vout = GND to Vpp
Power Supply Requirements
Vee Supply:
Chip Selected Iee - - 12 mA Vee = 5.5V
Chip Selected (PROGRAM and
ERAL modes) ICC - - 15 mA VCC = 5.5V
Chip Deselected (STANDBY) Iee - - 5 mA Vee = 5.5V
Power Consumption
Chip Selected Pee - - 66 mW Vee = 5.5V
Chip Selected (PROGRAM and
ERAL modes) Pec - - 83 mi Vee = 5.5V
Chip Deselected (STANDBY) Pec - - 28 m Ve = 5.5V
AC CHARACTERISTICS (See Figure 1)
Characteristic Sym Min Typ Max Units Conditions
CLK Frequency foLk 0 - 250 KHz
CLK Duty Cycle DeLk 25 - 75 %
Chip Select Setup Time tess 0.2 - - HS
Chip Selected Hold Time tesH 0 - - S
Data Input Setup Time tprg 0.4 - - i
Data Input Hold Time toin 0.4 - - S
CLK Pulse Width tepw 2.0 - - JYE]
Data Output Delay tepy - - 2.0 Hs €L = 100pf
Vg = 0.8V
Vgy = 2.0V
Data Output Delay tepo - - 2.0 Hs C_ = 100pf
VgL = 0.8V
Vgy = 2.0V
Status Low Time ter 20 40 75 ms
(programming time)
DS20020A-3
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INSTRUMENT ER59111
Figure 1 Synchronous Data Timing
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Figure 2 READ Mode
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Read Mode

The READ instruction is the only instruction which outputs serial data on the DO pin., After a READ
instruction is received, the instruction and address are decoded, followed by data transfer from the
memory register into a serial-out shift register. A dummy bit (logical "O") precedes the data output
string. The output data changes during the high states of the system clock.

DS20020A-5
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Figure 3 PROGRAM Mode
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Program Mode

The program instruction is followed by either eight or sixteen bits of data, which are to be written into
the specified address.

After the last data bit (DO) has been shifted into the data register the contents of the specified address
will be erased and the new data written to the same address.

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration of the
automatic programming cycle as indicated by tp.

During a program cycle the internal erase and write operations occur automatically and are self-timed on
the device. A single memory location may also be erased by programming that address with all "1's".

DS20020A-6

2-31



GENERAL
INSTRUMENT ER59111

Figure 4 PEN (Program Enable) and PDS (Program Disable)
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PEN AND PDS FOR 128x8 ORGANIZATION
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PEN AND PDS FOR 64x16 ORGANIZATION

Program Enable and Program Disable

Programming must be preceded once by a programming enable (PEN) instruction. Programming remains enabled
until a programming disable (PDS) instruction is executed. The programming disable 1instruction is
provided to protect against accidental data disturb. Execution of a READ instruction is independent of
both PEN and PDS instructions.

DS20020A-7
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Figure 5 ERAL (Erase All) Mode (128 x B)
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Chip Erase ,
o

Entire chip erasing is provided for ease of programming and is implemented with the ERAL (erase all
registers) instruction. Erasing the chip means that all registers in the memory array have each bit set
to a 1.

DS20020A-8
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A.C. Testing Input/Output Waveform
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"Test Point ‘b
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A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing
measurements are made at 2,0V for a logic "1" and 0.8V for a logic "0".

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)

— I 1 f 1 1 1 ‘
255
0.50 245
__}_:P;_
] ]

NDETT- - ) S—| T 1

PONT ~" 0.50
- 370 " R :
e rve
10d 1015 -
TYP.
.137 !
l .T:—.’ 186
BASE PLANE \ | | l
—_— ()
SEATING PLANE l }
| .130
' |
U] I
PITCH ve.
- ts- 018 TYP.

NOTE: Unless otherwise specified, all dimensions are + .002 in.
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INSTRUMENT ERS5912

PREL IMINARY

2048 SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES

- Low cost

- User-selectable organization: 128 x 16 or 256 x 8

- Single +5V only operation

- Binary addressing

- Fully automatic self-timed erase/write mode

~ Self timed separate erase and write modes

- Word and chip erasable

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

~ 0°C to +70°C operating ambient temperature range

- Power-on/off data protection circuitry

DESCRIPTION

The ER5912 is serial EEPROM manufac-
tured in General Instrument's highly reliable SNOS
technology. This device features +5V only opera-
tion, a self-timed reprogramming cycle as well as
and two user-

a low cost,

separate erase and write cycles

PIN CONFIGURATION
8 Pin Dual~In-Line

TOP VIEW
CS et 812 (+5V) Vpe
CLK 2 73 RDY/BUSY
pI[]3 61 0RG
D0 4 SEIGND

separate lines are used the DO output pin is valid
only in the read mode and is in the high impedance
in all other modes, thus eliminating bus
contention. Seven instructions may be executed and
the instruction length will be thirteen bits when

state

selectable memory array organizations, 128 x 16 or using the 256 x 8 organization and twelve bits when
256 x B, which are externally selectable by means the 128 x 16 organization is used. The instruction
of a one bit code applied to control pin ORG. The format has a logical 1 as a start bit, four bits as
Data Input (DI) and Data OQOutput (DO) pins are an opcode and either seven or eight address bits.
controlled by separate serial formats. When
BLOCK DIAGRAM Vrc CT)
MEMORY
ARRAY ADDRESS
ORG ——— | ——]
256x8
or DECODER
128x16
OUTPUT
- ————-—= DO
DATA REGISTER BUFFER
DI , |
MODE
CS ———ee——p DECODE —
LOGIC = RDY/BUSY
[ CLOCK
—_——
CLK GENERATOR
DS20024A-1 1985 General Instrument Corporation
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INSTRUMENT ER5912
PIN FUNCTIONS
Cs Chip Select ORG Memory Array Organization Selection
CLK Clock Input Input. When the ORG pin is connected
DI Serial Data Input to +5V the 128 x 16 organization is
DO Serial Data Output selected. When it is connected to
Vee +5V Power Supply ground the 256 x B organization is
RDY/BUSY Status Output selected. If the ORG pin is left
GND Ground unconnected, then an internal pullup
device will select the 128 x 16
organization.
INSTRUCTION SET
Start Address Data
Instruction Bit opcode 256 x 8 128 x 16 256 x 8 128 x 16 Comments
READ 1 1000 A7-Ag Ag-Ag Read Address An-Ag
PROGRAM 1 X100 A7-Ag Ag-Ag Dy-Dg D15-Dg Program Address Ay-Ag
ERASE 1 1110 A7-Ag Ag-Ag D7-Dg D15-Dg Erase Address An~Ag
WRITE 1 01180 A7-Ag Ag-Ag D7-Dg D45-Dg Write Address Ay~Ag
PEN 1 0011 00000000 0000000 Program Enable
PDS 1 0000 00000000 0000000 Program Disable
ERAL 1 0010 00000000 0000000 Erase All Addresses
DI/DO: It is possible to connect the Data In and Power-On Data Protection Circuitry: Ouring power-

Data Out pins together. However, with this
configuration it is possible for a "bus conflict”
to occur during the "dummy zero" that precedes the
read operation, if Ag is a logic high level.
Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the
relative impedances of Data Out and the signal
source driving Ag. The higher the current
sourcing capability of Ag, the higher the voltage
at the Data Out pin.

up all modes of operation are inhibited wuntil
Vee has reached a level of between 2.8 and 3.5
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
Ve has fallen below the voltage range of 2.8
to 3.5 volts,

DS20024A-2
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INSTRUMENT ER5912
ELECTRICAL CHARACTERISTICS
Maximum Ratings* *Exceeding these ratings could cause permanent
All inputs and outputs damage. Functional operation of this device at
with respect to ground.......eee.. +7V to -0.3V these conditions, or any other conditions outside
Storage temperature (unpowered and those indicated in the operational sections of this
without data retention)......... =65°C to +150°C specification, is not implied.
Soldering temperature of leads
(10 5CONdS)eueeeieresssnsssacesscaansees +300°C Data labeled "typical" is presented for design
Standard Conditions (Unless otherwise noted) guidance only and is not guaranteed.
VSS = GND
Vep = +5V +10% volts General Instrument makes no warranty, expressed or
Operating Temperature Range (TA)‘ implied, as to the merchantability or fitness for a
0°C to +70°C (Commercial) particular purpose of this device or its software

supplied to the customer.

DC CHARACTERISTICS

Charactaristic Sym Min Typ Max Units Conditions
High Level Tnput Voltage VIH 2.0 - Vee+t.0 v
Low Level Input Voltage ViU ~-0.3 - +0.8 v
High Level Output Voltage Vou 2.4 - Vee v Igy = -400uA
Low Level Output Voltage VoL - - 0.4 ) Ig = 1.6mA
Input Leakage Current I 1 - - +10 HA ViN = GND to Vg
Output Leakage Current I g - - +10 WA Vout = GND to Vgp

Power Supply Requirements
Ve Supply:

Chip Selected Iec - - 10 mA Vee = 5.5V
Chip Selected (PROGRAM and

ERAL modes) Ice - - 12 mA Ve = 5.5V
Chip Deselected (STANDBY) Ice - - 3 mA Voo = 5.9V
Power Consumption
Chip Selected Pee - - 55 mW Vee = 5.5V
Chip Selected (PROGRAM and

ERAL modes) Pce - - 66 mw Ve = 5.5V
Chip Deselected (STANDBY) Pce - - 17 mW Vee = 5.5V

AC_CHARACTERISTICS (See Figure 1)

Characteristic Sym Min Typ Max Units Conditions
CLK fFrequency foLk 0 - 500 KHz
Chip Select Setup Time tess 0.2 - - Hs
Chip Select Hold Time tesH 0 - - s
Data Input Setup Time tpis 0.4 - - it
Data Input Hold Time tp1H 0.4 - - us
CLK Pulse Width tepw 1.0 - - s
Data Output Delay tpp1 - - 2.0 Hs C, = 100pf
VgL = 0.8V
Vgy = 2.0V
Data Output Delay tppo - - 2.0 us C_ = 100pf
VoL = 0.8V
VUH = 2.0V
Status Low Time
programming time tpr 20 30 40 ms
erase time ter 10 - 20 ms
write time tpr 10 - 20 ms
DS20024A-3
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Figure 1
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INSTRUMENT ER5912

Figure 2 READ Mode
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Read Mode

The READ instruction 1is the only instruction which outputs serial data on the DO pin. After a READ
instruction is received, the instruction and address are decoded, followed by data transfer from the
memory register into a serial-out shift register. A dummy bit (logical "O") precedes the data output

string.

DS20024A-5
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INSTRUMENT ER5912

Figure 3 PROGRAM Mode
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Program Mode

The program instruction is followed by either eight or sixteen bits of data, which are to be written into
the specified address.

After the last data bit (DO) has been shifted into the data register the contents of the specified address
will be erased and the new data written to the same address.

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration of the
automatic programming cycle as indicated by tp.

During a program cycle the internal erase and write operations occur automatically and are self-timed on
the device. A single memory location may also be erased by programming that address with all "1's".

DS20024A~6
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Figure 4 ERASE Mode
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Erase Mode

The erase instruction is followed by seven or eight bits of address indicating the address to be erased
(set to all 1's).

After the last address bit (AO) has been entered the contents of the specified address will be erased.

During the erase sequence the RDY/BUSY output will go low for the duration of the erase cycle as indicated
by tpg. The erase cycle is self-timed on the chip.

DS20024A-7
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Figure 5 WRITE Mode
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Write Mode

The write instruction is followed by either eight or sixteen bits of data, which are to be written into
the specified address.

After the last data bit (Dp) has been shifted into the data register the new data will be written to the
specified address. (Note that a write instruction must be preceeded by an erase instruction for program-
ming since a write will only modify erased bits at that address.

During the write sequence the RDY/BUSY output will go low for the duration of the write cycle as indicated
by tyr. The write cycle is self-timed on the chip.

DS20024A~8
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Figure 6 PEN (Program Enable and PDS (Program Disable)
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PEN AND PDS FOR 128 x16 ORGANIZATION

Program Enable and Program Disable

Programming must be preceded once by a programming enable (PEN) instruction. Programming remains enabled
until a programming disable (PDS) instruction is executed. The programming disable instruction 1s
provided to protect against accidental data disturb. Execution of a READ instruction is independent of
both PEN and PDS instructions.

Note that the ER59121 will power up with programming disabled.

DS20024A-9
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Figure 7 ERAL (Erase All) Mode
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Chip Erase

Entire chip erasing is provided for ease of programming and is implemented with the ERAL (erase all
registers) instruction. Erasing the chip means that all registers in the memory array have each bit set
to a 1.

DS20024A-10
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A.C. TESTING, INPUT AND OUTPUT WAVEFORMS
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0. 4s o.a' .8

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing
measurements are made at 2.0V for a logic "1" and 0.8V for a logic "0".

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)
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NOTE: Unless stherwise specified, all dimensions are + .002 in.
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INSTRUMENT ER59121

PREL IMINARY

2048 SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES

- Low cost

- User-selectable organization: 128 x 16 or 256 x 8

- Single +5V only operation

- Binary addressing

- Fully automatic self-timed erase/write mode

- Self timed separate erase and write modes

- Word and chip erasable

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

~ ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015,1, MIL-STD 883

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- -40°C to +85°C operating ambient temperature range

- Power-on/off data protection ecircuitry

DESCRIPTION

The ER59121 is a low cost, serial EEPROM manufac-
tured in General Instrument's highly reliable SNOS
technology. This device features +5V only opera-

tion, a self-timed reprogramming cycle as well as

PIN CONFIGURATION
8 Pin Dual-In-Line

TOP VIEW
CS Qo1 81 (+5V) Vpe
CLK 2 7 RDY /BUSY
DI[3 6 0RG
po 4 SHGND

separate lines are used the DO output pin is valid
only in the read mode and is in the high impedance
in all other modes, thus eliminating bus
Seven instructions may be executed and

state
contention.

separate erase and write cycles and two wuser- the instruction length will be thirteen bits when
selectable memory array organizations, 128 x 16 or using the 256 x 8 organization and twelve bits when
256 x 8, which are externally selectable by means the 128 x 16 organization is used. The instruction
of a one bit code applied to control pin ORG. The format has a logical 1 as a start bit, four bits as
Data Input (DI) and Data Output (DO) pins are an opcode and either seven or eight address bits.
controlled by separate serial formats. When
BLOCK DIAGRAM Vr T
MEMORY
ARRAY ‘
ORG —— = (——] ApoRess
250x8 DECODER
126x16
OUTPUT
s . ——— ] *.]
DATA REGISTER BUFFER
DI * ]
MODE
CS—————=  DECODE
LOGIC —== RDY/BUSY
CLK CLOCK
GENERATOR
DS20028A-1 1985 General Instrument Corporation
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INSTRUMENT ER59121
PIN FUNCTINDNS
CS Chip Select ORG Memory Array Organization Selection
CLK Clock Input Input. When the ORG pin is connected
DI Serial Data Input to +5V the 128 x 16 organization is
DO Serial Data Qutput selected, When it is connected to
Vee +5V Power Supply ground the 256 x 8 organization is
RDY/BUSY Status Output selected. If the ORG pin is left
GND Ground unconnected, then an internal pullup
device will select the 128 x 16
organization,
INSTRUCTION SET
Start Address Data
Instruction Bit opcode 256 x 8 128 x 16 256 x 8 128 x 16 Comments
READ 1 1000 A7-Ag Ag-Ag Read Address An-Ag
PROGRAM 1 X100 A7-Ag Ag-Ag D7-Dg D15-Dg Program Address An-Ag
ERASE 1 1110 A7-Aqg Ag-Ap D7-Dg D45~Dg Erase Address Ay-Ag
WRITE 1 011¢0 A7-Ag Ag-Ag D7-Dg D45-Dg Write Address Ay-Ag
PEN 1 0011 00000000 0000000 Program Enable
PDS 1 g00¢0C 00000000 0000000 Program Disable
ERAL 1 0010 00000000 0000000 Erase All Addresses
DI/DO: It is possible to connect the Data In and Power-0n Data Protection Circuitry: During power-

Data Out pins together. However, with this
configuration it is possible for a "bus conflict"
to occur during the "dummy zero" that precedes the
read operation, if Ap is
Under such a condition the voltage level seen at
Data 0Out is undefined and will depend upon the
relative impedances of Data Qut and the signal
source driving Ag. The higher the current
sourcing capability of Ap, the higher the voltage
at the Data Out pin.

a logic high level,

up all modes of operation are inhibited wuntil
Vec has reached a level of between 2.8 and 3.5
volts. During power-down the source data protec-
tion circuitry acts to inhibit all modes when
Veeg has fallen below the voltage range of 2.8
to 3.5 volts.

DS20028A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs
with respect to ground............
Storage temperature (unpowered and
without data retention).........
Soldering temperature of leads
(10 5eCONdS)eieessevasssenseseassanssssss +300°C
Standard Conditions (Unless otherwise noted)
Vgg = GND
Vee = +#5V +10% volts
Operating Temperature Range (TA):
-40°C to +85°C (Industrial)

+7V to -0.3V

-65°C to +150°C

DC _CHARACTERISTICS

GENERAL

INSTRUMENT ER59121

*Exceeding these
damage.

ratings could cause permanent
Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

Data labeled "typical" is presented for
guidance only and is not guaranteed.

design

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max ] Units Conditions
High Level Input Voltage Vin 2.0 - Vee+1.0 N
Low Level Input Voltage V1L -0.3 - +0.8 v
High Level Output Voltage VoH 2.4 - Vee v Igy = -400uA
Low Level Output Voltage Vou - - 0.4 v Ig. = 1.6mA
Input Leakage Current I 1 - - +10 HA ViN = GND to Ver
Output Leakage Current Io - - +10 A Vgut = GND to Vp¢
Power Supply Requirements
Vee Supply:
Chip Selected Iee - - 13 Ve = 5.5V
Chip Selected (PROGRAM and
ERAL modes) ICC - - 15 mA VCC = 5.5V
Chip Deselected (STANDBY) Iec - - 5 mA Voo = 5.5V
Power Consumption
Chip Selected Pee - - 72 mW Voo = 5.9V
Chip Selected (PROGRAM and
ERAL modes) Pee - - 83 mi Vee = 5.5V
Chip Deselected (STANDBY) Pee - - 28 W Vee = 5.5V
AC_CHARACTERISTICS (See Figure 1)
Characteristic Sym Min Typ Max Units Conditions
CLK Frequency foLk 0 - 500 KHz
Chip Select Setup Time tess 0.2 - - ys
Chip Select Hold Time tesh 0 - - us
Data Input Setup Time tpis 0.4 - - Hs
Data Input Hold Time tpiH 0.4 - - ps
CLK Pulse Width tepw 1.0 - - HS
Data Output Delay tpp1 - - 2.0 Hs C_ = 100pf
Vg = 0.8V
Vg = 2.0V
Data Output Delay tppo - - 2.0 us € = 100pf
Vg = 0.8V
Vo = 2.0V
Status Low Time
programming time tpr 20 30 40 ms
erase time ter 10 - 20 ms
write time tpg 10 - 20 ms
DS20028A-3
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GENERAL
INSTRUMENT ERS9121

Figure 2 READ Mode
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Read Mode

The READ instruction is the only instruction which outputs serial data on the DO pin. After a READ
instruction is received, the instruction and address are decoded, followed by data transfer from the
memory register into a serial-out shift register. A dummy bit (logical "O") precedes the data output
string.

DS20028A-5
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INSTRUMENT ER59121

Figure 3 PROGRAM Mode
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Program Mode

The program instruction is followed by either eight or sixteen bits of data, which are to be written into
the specified address.

After the last data bit (DO) has been shifted into the data register the contents of the specified address
will be erased and the new data written to the same address.

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration of the
automatic programming cycle as indicated by tp.

During a program cycle the internal erase and write operations occur automatically and are self-timed on
the device. A single memory location may also be erased by programming that address with all "1's".

DS20028A~6
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Figure & ERASE Mode
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Erase Mode

The erase instruction is followed by seven or eight bits of address indicating the address to be erased
(set to all 1's).

After the last address bit (Ag) has been entered the contents of the specified address will be erased.

During the erase sequence the RDY/BUSY output will go low for the duration of the erase cycle as indicated
by tgg. The erase cycle is self-timed on the chip.

DS20028A-7
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Figure 5 WRITE Mode
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Write Mode

The write instruction is followed by either eight or sixteen bits of data, which are to be written into
the specified address.

After the last data bit (DO) has been shifted into the data register the new data will be written to the

specified address. (Note that a write instruction must be preceeded by an erase instruction for program-
ming since a write will only modify erased bits at that address.

During the write sequence the RDY/BUSY output will go low for the duration of the write cycle as indicated
by tyr. The write cycle is self-timed on the chip.

DS20028A-8
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Figure 6 PEN (Program Enable and PDS (Program Disable)
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Program Enable and Program Disable

Programming must be preceded once by a programming enable (PEN) instruction. Programming remains enabled
until a programming disable (PDS) instruction is executed. The programming disable instruction 1s
provided to protect against accidental data disturb. Execution of a READ instruction is independent of
both PEN and PDS instructions.

Note that the ER59121 will power up with programming disabled.

DS20028A-9
2-54



GENERAL
INSTRUMENT ER59121

Figure 7 ERAL (Erase All) Mode
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Chip Erase

Entire chip erasing is provided for ease of programming and is implemented with the ERAL (erase all
registers) instruction. Erasing the chip means that all registers in the memory array have each bit set
to a 1.

DS20028A-10
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INSTRUMENT ER59121
A.C. TESTING, INPUT AND OUTPUT WAVEFORMS
2.4
2.0“ 2.0
"rest Points:o
0.45 0.8 .8
A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for s logic "0". Timing

measurements are made at 2.0V for a logic "1" and 0.8V for a logic "0".

PACKAGE OUTLINE
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NOTE: Unless otherwise specified, all dimensions are + .002 in.
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GENERAL

INSTRUMENT PCD8572

1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 128 x 8 serial EEPROM

- Single +5V only operation

- Compatible with the inter-integrated-circuit
(12¢) bus

- Fully TTL compatible 1inputs and outputs

- Unlimited read accesses

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

- Highly reliable N-Channel SNOS technoloqy

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- 0°C to +70°C operating ambient temperature range

DESCRIPTION

The PCDB572 1s a 1K EEPROM manufactured in General
Instrument 's highly reliable SNOS technology. The
key features of this device are 1ts +5 volt only
operation and 1inter-integrated circuit (12C) bus
compatibility. This revelutionary bus provides the
facilities of a local area network within a single
system or equipment. Each IC serves as both trans-
mitter and receiver 1in the synchronous data
transfer of up to 100K bits per second.
1%c compatible

circult design with up to 600 feet of separation

Ihe use of

devices make possible modular

PIN CONFIGURATION
8 LEAD DUAL IN LINE

10P VIEW
NS/
A0 Cfet 81 (+5v) Vpp
A g? 7ERC
A2 3 6f scL
Vgs (GND) 04 5[ SDA

allowable between IC's (400 pf maximum bus

capacitance).

Chip select 1s accomplished by means of the three
address inputs A0, Al and AZ,
must be connected externally to either +5V or GND
and each chip 1s then selected through software by
placing its 3 bit chip select address on the serial

Each of these inputs

data 1input line (SDA) at the @ppropriate time in
the bus protocol. Up to eight PCD8572s may be
connected to the 12C bus.

BLLOCK DIAGRAM

12C BUS
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PIN FUNCTIONS Figure 1 below shows the typical manner in which
the PCD8572 is interfaced to the IZC bus. For
purposes of illustration chip address A2ATA0 = 100

AO, A1, A2 Chip Address Inputs is shown. This 1s only one of eight possible
addresses since up to eight PCD8572s can be

Vgs Ground connected to the I2C bus of a single system. The
erase/write cycle time of this device Te/m 1s

SDA Serial Data/Address, Input/Output determined by an external resistor and capacitor:
Resw and Cey.

SCL Serial Clock Inmput, Erase/Write
NOTE:

RC Time Constant Network Input When the PCD8572 is not used in an I2C bus
configuration, pull-up resistors for SDA and SCL

Vpp +5V Power Supply are required.

FIGURE 1 TYPICAL INTERFACE
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CHARACTERISTICS OF THE 12C BUS

The 12C bus is intended for communication between
different ICs. This serial bus consists of two bi-
directional lines: one for data signals (SDA) and
one for clock signals (SCL). Both the SDA and the
SCL lines must be connected to a positive supply
voltage via a pullup resistor.

The following protocol has been defined:

- Data transfer may be initiated only when the bus
is not busy.

- During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH
will be interpreted as control signals.

Accordingly, the following bus conditions have been
defined:

Bus not _busy: Both data and clock lines remain
HIGH.

Start data transfer: A change in the state of the
data line, from HIGH to LOW, while the clock is
HIGH, defines the START condition.

Stop data transfer: A change in the state of the
data line, from LOW to HIGH, while the clock is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents
valid data when, after a start condition, the data
line is stable for the duration of the HIGH period
of the clock signal. The data on the line may be
changed during the LOW period of the clock signal.
There is one clock pulse per bit of data.

Each data transfer is initiated with a start
condition and terminated with a stop condition; the

GENERAL
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number of the data bytes, transferred between the
start and stop conditions is limited to two bytes
in the ERASE + WRITE mode and is not limited in the
READ mode. The information is transmitted bytewise
and each reciever acknowledges with a nineth bit
which must be provided by the user.

Within the 12C bus specifications a low speed
mode (2 KHz clock rate) and a high speed mode (100
KHz clock rate) are defined. The PCD8572 works in
both modes. By definition a device that gives out
a message is called "transmitter", the receiving
device that controls the message is called
"receiver". The device that controls the message
is called '"master". The devices that are
controlled by the master are called "slaves”.

Acknowledge: Each byte of eight bits is followed
by one acknowledge bit. This acknowledge bit is a
low level put on the bus by the transmitter whereas
the master generates an extra acknowledge related
clock pulse.

A slave receiver which is addressed is obliged to
generate an acknowledge after the reception of each
byte., Also a master receiver must generate an
acknowledge after the reception of each byte that
has been clocked out of the slave transmitter.

The device that acknowledges has to pull down the
SDA line during the acknowledge clockpulse in such
a way that the SDA line is stable LOW during the
high period of the acknowledge related clock pulse.
0f course setup and hold times must be taken into
account,
data to the slave transmitter by not generating an
acknowledge on the last byte that has been clocked
out of the slave, In this case the transmitter
must leave the data line HIGH to enable the master
to generate the STOP condition.

A master receiver must signal an end of

DS20016D-3
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ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise noted)
Vgg = OV (GND)

Vpp = +5 + 10% volts

Ambient Operating Temperature (Tp):
0°C to +70°C (Commercial)

*ABSOLUTE MAXIMUM RATINGS

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, 1is not implied.

Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max Units

Power Supply Voltage Vop -0.3 - 7.0 v
Voltage On Any Input Pin Vi Vgs-0.8 - Vpp+0.8 v
Ambient Operating Temperature Ta 0 - +70 °c
Storage Temperature (Unpowered

and without data retention) Ter -65 - +150 °c
Current Into Any Input Pin I - - 100 HA
Output Current I - - 3 m (SINK)
Soldering Temperature of Leads

(10 seconds) - - - 300 °C
DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Operating Supply Current

READ Mode Ippr - 15 -
Operating Supply Current

WRITE/ERASE Mode Ippw - 15 -
Operating Supply Current

STANDBY Mode Ippg - 12 - mA
Input Leakage Current

(A0, A1, A2, SCL Pins) Iy - - 1 LA
Output Leakage Current HIGH Igy - - 1 A
SCL Input and SDA Input/

Output Pins:
High Level Input Voltage VIH 3.0 - Vpp+0.8 v
Low Level Input Voltage VIL 0.3 - 1.5 v
Low Level Output Voltage VoL - - 0.4 v Igp = 3mA

Vpp = 4.5V
A0, A1, A2 Pins:
High Level Input Voltage VIH Vpp-0.5 - Vpp+0.5 v
Low Level Input Voltage ViU -0.3 - 0.5 %
DS20016D-4
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ELECTRICAL CHARACTERISTICS
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions

SCL Clock Frequency fseL 0 - 100 KHz
The LOW period of the clock tow 4.7 - - WS
The HIGH period of the clock tHIGH 4.0 - - Hs
SDA and SCL rise time tR - - 1 us
SDA and SCL fall time tr - - 300 ns
START condition hold time. After

this period the first clock

pulse is generated. tipisTA 4.0 - - us
Setup time for start condition

(Only relevant for a repeated

start condition) tsusSTA 4.7 - - HS
Data set-up time tsuspAT 250 - - ns
Data hold time for 12C devices tHDS DAT 0 - - Hs See note 2
STOP condition set-up time tsussTo 4.7 - - us
Time the bus must be free before

a new transmission can start tgur 4.7 - - Hs
Erase/Write Cycle Time (per word) TE/w 20 30 100 ms C=2500pf, R=10K
Endurance (Number of erase/

write cycles) NE /w - - 10,000 E/W cycles Per byte
Data Retention Time tg 10 - - Years
Input Capacitance on SCL, SDA Cr - - 7 pf
Noise Suppression Time Constant

at SCL and SDA input T1 0.25 0.5 1.0 us

NOTES:

1. All values referred to Vyy and Vy  levels.

2. Note that a transmitter must intermally provide at least a hold time to bridge the undefined region
(max. 300ns) of the falling edge of SCL.

DS20016D~5
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FIGURE 2A DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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An extra clock pulse is generated during which the receiver pulls the data line LOW.
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FIGURE 2C 12C BUS TIMING REQUIREMENTS
t t HIGH
R
r= e = ' -1 -
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! 1 i [
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12¢ BUS PROTOCOL

A thorough description of the inter-IC bus specifi-
the Philips document number
available wupon request from
The following is a condensed
description of each mode of operation.

cations appears 1in
IVE 81107 which is
General Instrument.

Chip Address (Slave Address) Allocation: The three
chip address inputs of each PCD8572 (A2, Al, AO0)
must be externally connected to either +5V
(Vpp) of (Vgg) thereby assigning to
each PCD8572 a unique three-bit chip address. Up
to eight PCD8572s may be connected to the 12¢
bus. Chip selection is then accomplished through
software by setting the least significant three
bits of the slave address to the corresponding
hardwired logic levels of the selected PCD8572. The
correct bus protocol is shown in figure 3.

ground

FIGURE 3 SLAVE ADDRESS ALLOCATION
R/W
)
A
\

T T T T

Slave Address

1 A y 1

START

/
/ \
\

\

nonnnun

Read Mode:

Erase/Write Mode: In this mode the master trans-
mitter transmits to the PCD8572 slave
Bus protocol is shown in figure 4. Following the
START condition and slave address a logic 0 (R/W=0)
i1s placed on the bus and indicates to the addressed
device that word address An will follow and 1is to
be written to the on-chip address pointer. Ihe
data word to be written to the nonvolatile memory
is strobed 1in next, and 1s loaded in the address
A second data byte may be strobed 1in
following this the address pointer. In the erase/
write mode no more than two successive data bytes
may be strobed into the PCD8572. The PCDB572 slave
receiver will send an acknowledge bit to the master
transmitter after it has received the slave address
and again after it has received the word address
and each data byte. After the SIOP condition the
Its duration 1is approx-

receliver.

pointer.

erase/write cycle starts.

imately 20ms. if only one byte 1is written, and

40ms. if two bytes are written.

In this mode the master reads the
PCD8572 slave after setting the slave address. See
figure 5. Following the write mode control bit
(R/W=0) and the acknowledge bit, the word address

An 1s written to the on-chip address pointer.

DS20016D-7

2-63




Next the START condition and slave address are
repeated followed by the READ mode control bit
(R/W=1). At this point the master transmitter
becomes the master receiver and the PCD8572 slave
recelver becomes the slave transmitter. The data
byte which was addressed will be transmitted and
the master receiver will send an acknowledge bit to
the slave transmitter. The address pointer is only
incremented on reception of an acknowledge bit.
The PCD8572 slave transmitter will now place the
data byte at address A ,1 on the bus, the
master receiver reads and acknowledges the new byte

GENERAL
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and the address incremented to

A

pointer 1is

n+2°

This cycle of reading consecutive addresses will
continue until the master receiver sends a SIOP
condition to the slave transmitter.

An alternate READ mode may also be 1implemented
whereby the master reads the PCD8572 slave without
first writing to the (voltaile) address pointer.
The first address that 1s read 1s the last one
stored in the pointer. See figure 6.

FIGURE 4 ERASE + REWRITE MODE
Ackwoledge
‘ {47 from slave ‘ ‘
T T L4 ¥ T T vl 1 1 1] L | L 1 4 T [ ) L] L] T T £ [] IT'T
START Slave address !OgA Word Address |A data A data jAu STOP
Loy uo 4 o s 4 ' L 3 1 a2k _t_t L T 1 b I SE I N N B e R
R/W Auto increment
word address
FIGURE 5 READ MODE
Acknowledge
. from slave Acknowledge
{ 41 from master -l
LA L 1 i - T T T
START Slave jok Wordaddrees A START| Slave 1]a data NEX X
N TSN T B . Fv‘,u_.l_l._.l._.L_.L.‘L_ i — T TV U SRS S B O i1 I DRI T Y
R'W frenamitter becomes the R/W
master receiver and the — Auto increment
PCDB572 slave recelver
becomes the franemitter word adtkees
eoe [ "l T STOP
B o1 L1
L last byte J
DS20016D-8
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FIGURE 6 ALTERNATE READ MODE

Acknowledge Acknowledge No Acknowledge from master
START| Slaveaddress |11A|  data | |  deta
1 i [y L1 1 ‘f L L1 2 Iy L 1 i 1 i_L_1 1 I
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PACKAGE OUTL INE
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NOTE: Unless otherwise specified, all dimensions are + .002 in.
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1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 128 x 8 serial EEPROM

- Single +5V only operation

- Compatible with the inter-integrated-circuit
(12C) bus

- Fully TTL compatible inputs and outputs

- Unlimited read accesses

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- -40°C to +85°C operating ambient temperature

range

DESCRIPTION

The PCDB5721 is a 1K EEPROM manufactured in General
Instrument's highly reliable SNOS technology. The
key features of this device are its +5 volt only
operation and inter-integrated circuit (12C) bus
compatibility. This revolutionary bus provides the
facilities of a local area network within a single
system or equipment. Each IC serves as both trans-

PIN CONFIGURATION
8 LEAD DUAL IN LINE
TOP VIEW

Lujuty 8F (+5V) Vpp

a2 73 RC

A2d3 6gSCL

Vgg (GND) Q4 5{ SDA

allowable between IC's (400 pf maximum bus

capacitance).

Chip select is accomplished by means of the three
address inputs A0, A1 and A2. Each of these inputs
must be connected externally to either +5V or GND
and each chip is then selected through software by

mitter and receiver in the synchronous data placing its 3 bit chip select address on the serial
transfer of up to 100K bits per second. The use of data input line (SDA) at the appropriate time in
12¢ compatible devices make possible modular the bus protocol. Up to eight PCD8572Is may be
circuit design with up to 600 feet of separation connected to the 12C bus.
BLOCK DIAGRAM ”
Aot HIGH VOLTAGE ERASE/WRITE RC
LOGIC MULTIPLIER CONTROL
% % 128x8
& EEPROM
] 2 ARRAY
scL I SENSE AMPS
SHIFT REGISTER
SDA
- ADDRESS DATA LATCHES
VCLo—> l
vgs o—> AO A1A2
DS20019A-1 1985 General Tnstrument Corporation
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PIN FUNCTIONS Figure 1 below shows the typical manner in which
the PCDB5721 is interfaced to the 12C bus. For
purposes of illustration chip address AZA1A0 = 100
AD, A1, A2 Chip Address Inputs is shown. This is only one of eight possible
addresses since up to eight PCD85721s can be
Vgg Ground connected to the 12C bus of a single system. The
erase/write cycle time of this device Tg,y is
SDA Serial Data/Address, Input/Output determined by an external resistor and capacitor:
Resw and Ceyy-
SCL Serial Clock 1lnput, Erase/Write
NDTE:
RC Time Constant Network Input When the PCD85721 is not used in an 12C bus
configuration, pull-up resistors for SDA and SCL
Vop +5V Power Supply are required.
FIGURE 1 TYPICAL INTERFACE
+5V
PCD85721
N/
1 8
AC = O
Al = O 2 7
A2 = 1 Al RC CE/W
3 6
A2 SCL =
4 5
| Vgg SDA
SDA == -
12C Bus
SCL =e -» St

DS20019A-2
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CHARACTERISTICS OF THE 12C BUS

The 12C bus is intended for communication between
different ICs. This serial bus consists of two bi-
directional lines: one for data signals (SDA) and
one for clock signals (SCL). Both the SDA and the
SCL lines must be connected to a positive supply
voltage via a pullup resistor.

The following protocol has been defined:

- Data transfer may be initiated only when the bus
is not busy.

- During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH
will be interpreted as control signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock lines remain

HIGH.

Start data transfer: A change in the state of the
data line, from HIGH to LOW, while the clock is
HIGH, defines the START condition.

Stop data transfer: A change in the state of the
data line, from LOW to HIGH, while the clock is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents
valid data when, after a start condition, the data
line is stable for the duration of the HIGH period
of the clock signal. The data on the line may be
changed during the LOW period of the clock signal.
There is one clock pulse per bit of data.

Each data transfer is initiated with a start
condition and terminated with a stop condition; the

GENERAL
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number of the data bytes, transferred between the
start and stop conditions is limited to two bytes
in the ERASE + WRITE mode and is not limited in the
READ mode. The information is transmitted bytewise
and each reciever acknowledges with a nineth bit
which must be provided by the user.

Within the 12C bus specifications a low speed
mode (2 KHz clock rate) and a high speed mode (100
KHz clock rate) are defined. The PCD85721 works in
both modes. By definition a device that gives out
a message is called "transmitter", the receiving
device that controls the message is called
"receiver". The device that controls the message
is called '"master". The devices that are
controlled by the master are called "slaves".

Acknowledge: Each byte of eight bits is followed
by one acknowledge bit. This acknowledge bit is a
low level put on the bus by the transmitter whereas
the master generates an extra acknowledge related
clock pulse.

A slave receiver which is addressed is obliged to
generate an acknowledge after the reception of each
byte. Also a master receiver must generate an
acknowledge after the reception of each byte that
has been clocked out of the slave transmitter.

The device that acknowledges has to pull down the
SDA line during the acknowledge clockpulse in such
a way that the SDA line is stable LOW during the
high period of the acknowledge related clock pulse.
0f course setup and hold times must be taken into
account., A master receiver must signal an end of
data to the slave transmitter by not generating an
acknowledge on the last byte that has been clocked
out of the slave. In this case the transmitter
must leave the data line HIGH to enable the master
to generate the STOP condition.

DS20019A-3
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ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise noted)

"

Vgg = OV (GND)
Vpp = +5 + 10% volts

Ambient Operating Temperature (Tp):

~40°C to +85°C (Industrial)

*ABSOLUTE MAXIMUM RATINGS

*Exceeding these
damage.

ratings could cause permanent
Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

Data labeled is presented for
guidance only and is not guaranteed.

"typical” design

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max Units

Power Supply Voltage Vob -0.3 - 7.0 v
Voltage On Any Input Pin Vi Vg5-0.8 - Vpp+0.8 v
Ambient Operating Temperature Ta 0 - +70 °c
Storage Temperature (Unpowered

and without data retention) TsTG -65 - +150 °c
Current Into Any Input Pin Iy - - 100 MA
Output Curent Ig - - 3 mA (SINK)
Soldering Temperature of Leads

(10 seconds) - - - 300 °c
DL CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Operating Supply Current

READ Mode IppRr - 15 - mA
Operating Supply Current

WRITE/ERASE Mode Ioow - 15 - mA
Operating Supply Current

STANDBY Mode Ippg - 12 - mA
Input Leakage Current

(A0, A1, A2, SCL Pins) I - - 1 JA
Output Leakage Current HIGH i - - 1 HA
SCL Input and SDA Input/

Output Pins:
High Level Input Voltage ViH 3.0 ~ Vpp+0.8 v
Low Level Input Voltage Vi -0.3 - 1.5 v
Low Level Output Voltage VoH - - 0.4 v IgL = 3mA

Vpp = 4.5V
A0, A1, A2 Pins:
High Level Input Voltage Vin Vpp-0.> - Vpp+0.> v
Low Level Input Voltage ViL -0.3 - 0.5 \
DS20019A-4
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ELECTRICAL CHARACTERISTICS
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions

SCL Clock Frequency fseL 0 - 100 KHz
The LOW period of the clock tiow 4,7 - - 4s
The HIGH period of the clock tHIGH 4.0 - - Hs
SDA and SCL rise time tr - - 1 us
SDA and SCL fall time te - - 300 ns
START condition hold time. After

this period the first clock

pulse is generated. tHD;STA 4.0 - - us
Setup time for start condition

(Only relevant for a repeated

start condition) tsyssTa 4,7 - - HS
Data set-up time tsuspaT 250 - - ns
Data hold time for 12C devices thpspaT 0 - - s See note 2
STOP condition set-up time tsuisTo 4,7 - - us
Time the bus must be free before

a new transmission can start teur 4.7 - - s
Erase/Write Cycle Time (per word) Te/w 20 30 100 ms C=2500pf, R=10K
Endurance (Number of erase/

write cycles) NE /W - - 10,000 E/W cycles Per byte
Data Retention Time tg 10 - - Years
Input Capacitance on SCL, SDA C1 - - 7 pf
Noise Suppression Time Constant

at SCL and SDA input T1 0.25 0.5 1.0 us

NOTES:

1. All values referred to Vyy and Vy_ levels.

2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region
(max. 300ns) of the falling edge of SCL.

2-70
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FIGURE 2A DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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An extra clock pulse is generated during which the receiver pulls the data line LOW.

DS20019A-6
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FIGURE 2C¢ 12C BUS TIMING REQUIREMENTS
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12C BUS PROTOCOL

A thorough description of the inter-IC bus specifi-
cations appears in the Philips document number
TVE 81107 which is available upon request from
General Instrument. The following is a condensed
description of each mode of operation.

Chip Address (Slave Address) Allocation: The three
chip address inputs of each PCD8572 (A2, A1, AO)
must be externally connected to either +5V
(Vpp) of ground (Vgg) thereby assigning to
each PCDB5721 a unique three-bit chip address. Up
to eight PCD85721s may be connected to the 12c
bus. Chip selection is then accomplished through
software by setting the least significant three

bits of the slave address to the corresponding
hardwired logic levels of the selected PCD85721.
The correct bus protocol is shown in figure 3.

FIGURE 3 SLAVE ADDRESS ALLOCATION
R/W
1
A
\

START

S'Ia;ve :Ac;dr'ess'
A L A4 J 1 L

Erase/Write Mode: In this mode the master trans-

Read Mode:

mitter transmits to the PCD85721 slave receiver.
Bus protocol is shown in figure 4. Following the
START condition and slave address a logic 0 (R/W=0)
is placed on the bus and indicates to the addressed
device that word address An will follow and is to
be written to the on-chip address pointer. The
data word to be written to the nonvolatile memory
is strobed in next, and is loaded in the address
pointer. A second data byte may be strobed in
following this the address pointer. In the erase/
write mode no more than two successive data bytes
may be strobed into the PCD8572I. The PCD85721
slave receiver will send an acknowledge bit to the
master transmitter after it has received the slave
address and again after it has received the word
address and each data byte. After the STOP
condition the erase/write cycle starts. Its dura-
tion 1is approximately 20ms. if only one byte is
written, and 40ms. if two bytes are written.

In this mode the master reads the
PCDB5721 slave after setting the slave address.
See figure 5. Following the write mode control bit
(R/M=0) and the acknowledge bit, the word address
An is written to the on-chip address pointer.

DS20019A-7
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Next the START condition and slave address are
repeated followed by the READ mode control bit
(R/W=1). At this point the master transmitter
becomes the master receiver and the PCD85721 slave
receiver becomes the slave transmitter. The data
byte which was addressed will be transmitted and
the master receiver will send an acknowledge bit to
the slave transmitter. The address pointer is only
incremented on reception of an acknowledge bit.
The PCD85721 slave transmitter will now place the
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and the address pointer is incremented to

An+2e

This cycle of reading consecutive addresses will
continue until the master receiver sends a STOP
condition to the slave transmitter.

An alternate READ mode may also be implemented
whereby the master reads the PCDB5721 slave without
first writing to the (voltaile) address peinter.

data byte at address A,,1 on the bus, the The first address that is read is the last one
master receiver reads and acknowledges the new byte stored in the pointer. See figure 6.
FIGURE 4 ERASE + REWRITE MODE
Ackwoledge
! p_ tomeee '
UL L LU L AL L R LA LA LR L L A ]
START Slave address |0 |A| word Address |A data A data sTOP
llligll? NS W SO S N . | T S T | Al 1 1 1 1.
R/W Auto increment
word address
FIGURE 5 READ MODE
Acknowledge
from slave Acknowledne
from masier
T v vrrrr LA JNn SR SEENN BENR BENN 2 LR LR v VvV T T
START Slave OA| Wardaddress |ASTART| Siave 1A L RAR
| I I S . | I S S T N W i T 1 L.t L1 A
t_ At this moment the master t_ L— n bytes
R'W becomes the
master receiver and the Auto increment
PCDB572 slave receiver ,
becomes the franemitter
... '71l77"l1
W W IO I W W 1
l tast byte l
DS20019A-8
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FIGURE 6 ALTERNATE READ MODE

Acknowledoe Acknowiedge No Acknowledie fom master
¥om Stave rmm before a STOP condition
srmi&”llTl.'Alllllll lI&!'l
TR W SN NON B | | Y W § - TS U S W I e |
‘ .
FW_VL nbytes L-laabyw—J
auto increment
word address

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)
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NOTE:
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0.50 245
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R
TYP
, ’ 010
137
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]
—— A\
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\
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' | \
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387

Unless otherwise specified, all dimensions are + .002 in.
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PREL IMINARY

1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

~ 256 x 8 serial EEPROM

~ Single +5V only operation

-~ Compatible with the inter-integrated-circuit
(12¢) bus

- Fully TTL compatible inputs and outputs

~ Unlimited read accesses

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

- Highly reliable N-Channel SNUS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- 0°C to +70°C operating ambient temperature range

DESCRIPTION

The PCD8582 is a 2K EEPROM manufactured in General
Instrument's highly reliable SNOS technology. The
key features of this device are its +5 volt only
operation and inter-integrated circuit (I12C) bus
compatibility. This revolutionary bus provides the
facilities of a local area network within a single
system or equipment. Each IC serves as both trans-

mitter and receiver in the synchronous data
transfer of up to 100K bits per second. The use of
12c compatible devices make possible modular

circuit design with up to 600 feet of separation

PIN CONFIGURATION
8 LEAD DUAL IN LINE

TOP VIEW
A0 @1 83 (+5V) Vpp
A1Q2 7ARC
A2(}3 6P SCL
Vgs (GND) (4 5[ SDA

allowable between 1IC's (400 pf maximum bus

capacitance).

Chip select is accomplished by means of the three
address inputs A0, A1 and A2. Each of these inputs
must be connected externally to either +5V or GND
and each chip is then selected through software by
placing its 3 bit chip select address on the serial
data input line (SDA) at the appropriate time in
the bus protocol. Up to eight PCD8%82s may be
connected to the 12C bus.

BLOCK DIAGRAM

ém HIGH VOLTAGE ERASE/WRITE [ RC
LOGIC MULTIPLIER CONTROL

v

N

ADDRESS POINTER
N\
ADDRESS DECODER

256x8

ARRAY

scL SENSE AMPS
. SHIFT REGISTER
SDA q}
ADDRESS DATA LATCHES
VCL 0—> ¢
Vss o—> AO A1A2
DS20025A-1 1985 General Instrument Corporation
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PIN FUNCTIONS

AO, A1, A2

Vsg
SDA

SCL

RC

VoD

Chip Address Inputs

Ground

Serial Data/Address, Input/Output
Serial Clock Input, Erase/Write
Time Constant Network Input

+5V Power Supply

Figure 1 below shows the typical manner in which
the PCD8582 is interfaced to the I%C bus. For
purposes of illustration chip address A2A1A0 = 100
is shown. This is only one of eight possible
addresses since up to eight PCD8582s can be
connected to the I2C bus of a single system. The
erase/write cycle time of this device Tgyy is
determined by an external resistor and capacitor:

Re/w and Ceyy-

NOTE :

When the PCD8%82 is not used in an I2C bus
configuration, pull-up resistors for SDA and SCL
are required.

FIGURE 1 TYPICAL INTERFACE
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PCD8582
<
1 8
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AC = 0
Al = 0 2 7
AZ =1 A] RC - CE/W
3 6
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4 5
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12C Bus
SCL -~ & '
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CHARACTERISTICS OF THE 12C BUS

The 12C bus is intended for communication between
different I€s. This serial bus consists of two bi-
directional lines: one for data signals (SDA) and
one for clock signals (SCL). Both the SDA and the
SCL lines must be connected to a positive supply
voltage via a pullup resistor.

The following protocol has been defined:

- Data transfer may be initiated only when the bus
is not busy.

-~ During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH
will be interpreted as control signals,

Accordingly, the following bus conditions have been
defined:

Both data and clock lines remain

Bus not busy:
HIGH.

Start data transfer: A change in the state of the
data line, from HIGH to LOW, while the clock is
HIGH, defines the START condition.

Stop data transfer: A change in the state of the
data line, from LOW to HIGH, while the clock is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents
valid data when, after a start condition, the data
line is stable for the duration of the HIGH period
of the clock signal. The data on the line may be
changed during the LOW period of the clock signal.
There is one clock pulse per bit of data.

Each data transfer is initiated with a start
condition and terminated with a stop condition; the
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number of the data bytes, transferred between the
start and stop conditions is limited to two bytes
in the ERASE + WRITE mode and is not limited in the
READ mode. The information is transmitted bytewise
and each reciever acknowledges with a nineth bit
which must be provided by the user.

Within the 12C bus specifications a low speed
mode (2 KHz clock rate) and a high speed mode (100
KHz clock rate) are defined. The PCD8582 works in
both modes. By definition a device that gives out
a message is called "transmitter", the receiving
device that controls the message is called
"receiver". The device that controls the message
is called '"master". The devices that are
controlled by the master are called "slaves".

Acknowledge: Each byte of eight bits is followed
by one acknowledge bit, This acknowledge bit is a
low level put on the bus by the transmitter whereas
the master generates an extra acknowledge related
clock pulse.

A slave receiver which is addressed is obliged to
generate an acknowledge after the reception of each
byte. Also a master receiver must generate an
acknowledge after the reception of each byte that
has been clocked out of the slave transmitter.

The device that acknowledges has to pull down the
SDA line during the acknowledge clock pulse in such
a way that the SDA line is stable LOW during the
high period of the acknowledge related clock pulse.
0f course setup and hold times must be taken into
account.
data to the slave transmitter by not generating an
acknowledge on the last byte that has been clocked
out of the slave. 1In this case the transmitter
must leave the data line HIGH to enable the master
to generate the STOP condition.

A master receiver must signal an end of

DS20025A-3
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ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise noted)
Vgg = OV (GND)

Vpp = +5> + 10% volts

Ambient Operating Temperature (TA):
0°C to +70°C (Commercial)

*ABSOLUTE MAXIMUM RATINGS

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

Data labeled "typical" 1is presented for design
guidance only and is not guaranteed.

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max Units

Power Supply Voltage VoD -0.3 - 7.0
Voltage On Any Input Pin Vi Vgg-0.8 - Vpp+0.8 v
Ambient Operating Temperature Ta 0 - +70 °C
Storage Temperature (Unpowered

and without data retention) Tsrg -65 - +150 °c
Current Into Any Input Pain Iy - - 100 HA
OQutput Current Ig - - 3 mA (SINK)
Soldering Temperature of Leads

(10 seconds) - - - 300 °c
DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Operating Supply Current

READ Mode IpoR - 15 - mA
Operating Supply Current

WRITE/ERASE Mode Ippw - 15 - mA
Operating Supply Current

STANDBY Mode Ippo - 12 - mA
Input Leakage Current

(AG, A1, A2, SCL Pins) I - - 1 JA
Output Leakage Current HIGH Igy - - 1 HA
SCL Input and SDA Input/

Output Pins:
High Level Input Voltage ViK 3.0 - Vpp+0.8 v
Low Level Input Voltage VL -0.3 - 1.5 v
Low Level Output Voltage VoL - - 0.4 v IgL = 3mA

Vpp = 4.5V

A0, A1, A2 Pins:
High Level Input Voltage Viy Vpp-0.5 - Vpp+0.5 \
Low Level Input Voltage ViL -0.3 - 0.5 v
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ELECTRICAL CHARACTERISTICS
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions

SCL Clock Frequency fseL 0 - 100 KHz
The LOW period of the clock tiow 4,7 - - WS
The HIGH period of the clock tHiGH 4.0 - - us
SDA and SCL rise time tR - - 1 us
SDA and SCL fall time tr - - 300 ns
START condition hold time, After

this period the first clock

pulse is generated. tHpisTA 4.0 - - us
Setup time for start condition

(Only relevant for a repeated

start condition) tsussTa 4.7 - - 48
Data set-up time tsuspaT 250 - - ns
Data hold time for IZC devices tHD5DAT 0 - - HS See note 2
STOP condition set-up time tsusisto 4.7 - - us
Time the bus must be free before

a new transmission can start tgur 4.7 - - s
Erase/Write Cycle Time (per word) Te/w 20 30 100 ms C=2500pf, R=10K
Endurance (Number of erase/

write cycles) NE /W - - 10,000 E/W cycles Per byte
Data Retention Time tg 10 - - Years
Input Capacitance on SCL, SDA Cq - - 7 pf
Noise Suppression Time Constant

at SCL and SDA input Ty 0.25 0.5 1.0 us

NOTES:

1. All values referred to Viy and Vi levels.

2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region
{(max. 300ns) of the falling edge of SCL.

DS20025A-5
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FIGURE 2A DATA TRANSFER SEQUENCE ON THE SERIAL BUS

CLOCK

high

low

I S

——|——]d

———-——4-1

DATA OUTPUT

DATA . ' - - | i 4—-— high
| " i i
' ! : ! | L | L
L 3 T~ || g tow
R/—/ | :chnnge of \ -
start condition 1 Jdata allowed stop condition
data line stable
data valid
FIGURE 2B ACKNOWLEDGEMENT
clock pulse for
start condition acknowledgement
SCLK FROM | J
MASTER i 1
| 1 2 . 8 9
! o
|
| It
DATA OUTPUT |
BY TRANS =—\! 1
MITTER . / DATA 1 X DATA 2 ¥ DATA 8
‘ 0

BY RECEIVER

N/

ACKNOWLEDGEMENT

An extra clock pulse is generated during which the receiver pulls the data line LOW.
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FIGURE 2C 12C BUS TIMING REQUIREMENTS
t t HIGH
R
i | o 3
l - es eawun ) -

SCL drecf—f—1 — —
b I o

i i
i 1 1tub:s g ) 1!
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S=START
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12¢ BUS PROTOCOL

A thorough description of the inter-IC bus specifi-
cations appears in the Philips document number
TVE 81107 which is available upon request from
General Instrument. The following is a condensed
description of each mode of operation.

Chip Address (Slave Address) Allocation: The three
chip address inputs of each PCD8582 (A2, A1, AQ)
must be externally connected to either +5V
(Vpp) or ground (Vgg) thereby assigning to
each PCD8582 a unique three-bit chip address. Up
to eight PCD8582s may be connected to the 12C
bus. Chip selection is then accomplished through
software by setting the least significant three
bits of the slave address to the corresponding
hardwired logic levels of the selected PCD8582. The
correct bus protocol is shown in figure 3,

FIGURE 3 SLAVE ADDRESS ALLOC&IIUN

MY

éhﬁﬁA&b&g A

START

4 \
s \
7/ \

TTo T+ om0

Erase/Write Mode: 1In this mode the master trans-

Read Mode:

mitter transmits to the PCD8582 slave receiver.
Bus protocol is shown in fiqgure 4. Following the
START condition and slave address a logic 0 (R/W=0)
is placed on the bus and indicates to the addressed
device that word address An will follow and is to
be written to the on-chip address pointer. The
data word to be written to the nonvolatile memory
is strobed in next, and is loaded in the address
pointer. A second data byte may be strobed in
following this the address pointer. In the erase/
write mode no more than two successive data bytes
may be strobed into the PCD8582. The PCD8582 slave
receiver will send an acknowledge bit to the master
transmitter after it has received the slave address
and again after it has received the word address
and each data byte. After the STOP condition the
erase/write cycle starts. Its duration is approx-
imately 20ms. if only one byte is written, and
40ms, if two bytes are written.

In this mode the master reads the
PCD8582 slave after setting the slave address. See
figure 5. Following the write mode control bit
(R/W=0) and the acknowledge bit, the word address

An is written to the on-chip address pointer.

DS20025A-7
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Next the START condition and slave address are
repeated followed by the READ mode control bit
(R/W=1). At this point the master transmitter
becomes the master receiver and the PCD8582 slave
receiver becomes the slave transmitter. The data
byte which was addressed will be transmitted and
the master receiver will send an acknowledge bit to
the slave transmitter. The address pointer is only
incremented on reception of an acknowledge bit.
The PCD8582 slave transmitter will now place the
data byte at address A,,q on the bus, the
master receiver reads and acknowledges the new byte

and the address is  incremented to

A

pointer

n+2*

This cycle of reading consecutive addresses will
continue until the master receiver sends a STOP
condition to the slave transmitter.

An alternate READ mode may also be implemented
whereby the master reads the PCD8582 slave without
first writing to the (voltaile) address pointer.
The first address that is read is the last one
stored in the pointer. See figure 6.

FIGURE 4 ERASE + REWRITE MODE

. 1T ¥V 7 77 ‘!llllll"ﬁ"l'll lll.lllll
START Slave address 10 (Al Word Address |A data A data M sTOP
i i i s 1 [T WP NN W N N | L4 s 3 1 1. a4 1 1.
R/W Auto increment
word address
FIGURE 5 READ MODE
Acknowledge
from slave Acknowledae
{_ ‘ * fom master
START Staveaddress O|A| Wordaddress |ASTART| Slave  |1|A] data =~ |A| @0 ®
a1 1 llelel | I N T S T | Lt L L L1
L At this moment the master - t_ L nbyses
RW transmitter becomes the /W
master recelver and the Auto increment
PCD8582 slave receiver word axidress
becomes the transmitter
... l|&l'l[1 ,
[ W N WO N W DO |
last byte
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FIGURE 6 ALTERNATE READ MODE

Acknowledge Acknowledge No Acknowledge from master
r""“s'“","’ { tommastr [ before a STOP condition
START) Saveoddtoss |1la] ~ cata || o
aulo increment
word address

PACKAGE OUTLINE
8 Lead Dual-In-Line (All dimensions are in inches)
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NOTE: Unless otherwise specified, all dimensions are + .002 in.
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PREL IMINARY

1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 256 x 8 serial EEPROM

-~ Single +5V only operation

~ Compatible with the inter-integrated-circuit
(12¢) bus

- Fully TTL compatible inputs and outputs

- Unlimited read accesses

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL-STD 883

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

- -40°C to +85°C operating ambient temperature range

DESCRIPTION

The PCD85821 is a 2K EEPROM manufactured in General
Instrument's highly reliable SNOS technology. The
key features of this device are its +5 volt only
operation and inter-integrated circuit (IZC) bus
compatibility. This revolutionary bus provides the
facilities of a local area network within a single

system or equipment. Each IC serves as both trans-

mitter and receiver in the synchronous data
transfer of up to 100K bits per second. The use of
12c compatible devices make possible modular

circuit design with up to 600 feet of separation

PIN CONFIGURATION
8 LEAD DUAL IN LINE

TOP VIEW

AO([ o1
A2
A2 3
Ves (GND)C]4

[ (+5V) Vpp
CIRC

D scL

[) SDA

oY @

allowable
capacitance).

between IC's (400 pf maximum bus

Chip select is accomplished by means of the three
address inputs A0, A1 and A2. Each of these inputs
must be connected externally to either +5V or GND
and each chip is then selected through software by
placing its 3 bit chip select address on the serial
data input line (SDA) at the appropriate time in
the bus protocol. Up to eight PCD8582Is may be
connected to the 12C bus.

BLOCK DIAGRAM

7
12C BUS HIGH VOLTAGE | ERASE/WRITE [ RC
CoNTRaL MULTIPLER CONTROL
E g 256x8
8 >l EEPROM
2 E ARRAY

T

scL SENSE AMPS
SHIFT REGISTER
SDA
c AD?EEFS DATA LATCHES
ez L]
vss o—> AO A1 A2
DS20026A-1 1985 General Instrument Corporation

2-84




GENERAL

INSTRUMENT PCD85821
PIN FUNCTIONS tigure 1 below shows the typical manner in which
the PCDB85821 is interfaced to the 12C bus. For
purposes of illustration chip address A2A1A0 = 100
AO, A1, A2 Chip Address Inputs is shown. This is only one of eight possible
addresses since up to eight PCD8582Is can be
Vgg Ground connected to the T2C bus of a single system. The
erase/write cycle time of this device Te/w s
SDA Serial Data/Address, Tnput/Output determined by an external resistor and capacitor:
RE/W and CE/W'
SCL Serial Clock Input, Erase/Write
NOTE :
RC Time Constant Network Input When the PCD8%821 is not used in an [2C bus
configuration, pull-up resistors for SDA and SCL
Vob +5V Power Supply are required.
FIGURE 1 TYPICAL INTERFACE
+5V
PCD85821
N/
1 8
AQ vCce RE/W
A0 =0
A1 =0 7
A2 =1 Al RC CE/W
3 6
A2 SCL =
4 5
Vgg SDA
SDA «= —
12C Bus
SCL as— —8 —
DS20026A-2
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CHARACTERISTICS OF THE I2C BUS

The 12C bus is intended for communication between
different ICs.
directional lines: one for data signals (SDA) and
one for clock signals (SCL). Both the SDA and the
SCL lines must be connected to a positive supply

This serial bus consists of two bi-

voltage via a pullup resistor.
The following protocol has been defined:

- Data transfer may be initiated only when the bus
is not busy.

- During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH
will be interpreted as control signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock lines remain

HIGH.

Start data transfer: A change in the state of the
data line, from HIGH to LOW, while the clock is
HIGH, defines the START condition.

Stop data transfer: A change in the state of the
data line, from LOW to HIGH, while the clock 1is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents
valid data when, after a start condition, the data
line is stable for the duration of the HIGH period
of the clock signal. The data on the line may be
changed during the LOW period of the clock signal.
There is one clock pulse per bit of data.

Each data
condition and terminated with a stop condition; the

transfer 1is initiated with a start

GENERAL
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number of the data bytes, transferred between the
start and stop conditions is limited to two bytes
in the ERASE + WRITE mode and is not limited in the
READ mode. The information is transmitted bytewise
and each reciever acknowledges with a nineth bit
which must be provided by the user.

Within the T12C bus specifications a low speed
mode (2 KHz clock rate) and a high speed mode (100
KHz clock rate) are defined. The PCD85821 works in
both modes. By definition a device that gives out
a message 1is called "transmitter”, the receiving
controls the message is called
"receiver". The device that controls the message
is called that are
controlled by the master are called "slaves".

device that

"master". The devices

Acknowledge: Each byte of eight bits is followed
by one acknowledge bit. This acknowledge bit is a
low level put on the bus by the transmitter whereas
the master generates an extra acknowledge related
clock pulse.

A slave receiver which is addressed is obliged to
generate an acknowledge after the reception of each
byte. Also a master receiver must generate an
acknowledge after the reception of each byte that
has been clocked out of the slave transmitter.

The device that acknowledges has to pull down the
SDA line during the acknowledge clock pulse in such
a way that the SDA line is stable LOW during the
high period of the acknowledge related clock pulse.
0f course setup and hold times must be taken into
A master receiver must signal an end of
data to the slave transmitter by not generating an
acknowledge on the last byte that has been clocked
out of the slave. In this case the transmitter
must leave the data line HIGH to enable the master
to generate the STOP condition.

account.

DS20026A-3
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ELECTRICAL CHARACTERISTICS
Standard Conditions

Vgs = OV (GND)
VDD = +5 + 10% volts

Ambient Operating Temperature (Tp):

~40°C to +85°C (Industrial)

*ABSOLUTE MAXIMUM RATINGS

(unless otherwise noted)

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated i1n the operational sections of this
specification, is not implied.

Data labeled "typical" 1s presented for design
guidance only and is not guaranteed.

Gerneral Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
supplied to the customer.

Characteristic Sym Min Typ Max Units

Power Supply Voltage Voo -0.3 - 7.0 Vv
Voltage On Any Input Pin Vi Vgg-0.8 - Vpp+0.8 Vv
Ambient Operating Temperature Ta 0 - +70 °C
Storage Temperature (Unpowered

and without dasta retention) Tsrg -65 - +150 °C
Current Into Any Input Pin I - - 100 HA
Output Current Ig - - 3 mA (SINK)
Soldering Temperature of Leads

(10 seconds) - - - 300 °c
DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Operating Supply Current

READ Mode Ippr - 15 - mA
Operating Supply Current

WRITE/ERASE Mode Ippw - 15 -
Operating Supply Current

STANDBY Mode Ippg - 12 - m
Input leakage Current

(AO, A1, A2, SCL Pins) I - - 1 pA
Output Leakage Current HIGH Igy - - 1 HA
SCL Input and SDA Input/

Output Pans:
High Level Input Voltage ViH 3.0 - Vpp+0.8 v
Low Level Input Voltage VIL -0.3 - 1.5 v
Low Level Output Voltage VoL - - 0.4 \ Igp = 3mA

Vpp = 4.5V
AD, A1, A2 Pins:
High Level Input Voltage ViH Vpp-0.5 - Vpp+0.5 Vv
Low Level Input Voltage VIiL -0.3 - 0.5 \
DS20026A-4
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ELECTRICAL CHARACTERISTICS
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions
SCL Clock Frequency fseL 0 - 100 KHz
The LOW period of the clock tiow 4,7 - - s
{ The HIGH period of the clock tHIGH 4.0 - - s

SDA and SCL rise time tRr - - 1 us
SDA and SCL fall time tr - - 300 ns
START condition hold time, After

this period the first clock

pulse is generated. tupisTA 4.0 - - HS
Setup time for start condition

(Only relevant for a repeated

start condition) tsussTa 4.7 - - HS
Data set-up time tsyspat 250 - - ns
Data hold time for 12C devices tuDsDAT 0 - - HS See note 2
STOP condition set-up time tsyisto 4,7 - - s
Time the bus must be free before

a new transmission can start teur 4.7 - - HS
Erase/Write Cycle Time (per word) Te/w 20 30 100 ms C=2500pf, R=10K
Endurance (Number of erase/

write cycles) NE /W - - 10,000 E/W cycles Per byte
Data Retention Time tg 10 - - Years
Input Capacitance on SCL, SDA Cq - - 7 pf
Noise Suppression Time Constant

at SCL and SDA input T1 0.25 0.5 1.0 Hs

NOTES:

1. All values referred to Vyy and Vy levels.

2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region
(max. 300ns) of the falling edge of SCL.
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FIGURE 2A DATA TRANSFER SEQUENCE ON THE SERIAL BUS

r—= r—=-
CLOCK : | \ -+ —} high
i
| I ! ! ' " / : '
' | v } ! low
; | ' | | " | }
[ | : | | h | |
| 1 | ! ]
'\' /] X N A
! | | AT ! [ ‘
I ! ! " i | H o
N — | Ichange of ~——
start condition I, Jdata sllowed stop condition
data line stable
data valid
FIGURE 2B ACKNOWLEDGEMENT
clock pulse for
start condition acknowledgement
SCLK FROM _ 1 ‘
MASTER I 1
\ 1 2 . 8 9
i o
|
| I
DATA OUTPUT 1 1

BY TRANS =\
MITTER | / DATA 1 X DATA 2 I DATA 8

' o
DATA OUTPUT

BY RECEIVER

ACKNOWLEDGEMENT

An extra clock pulse is generated during which the receiver pulls the data line LOW.

DS20026A-6
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FIGURE 2¢ 12C BUS TIMING REQUIREMENTS
t HiIGH

o r
SCL i - wnn = -

: : : : ]

[ :' 1 l ¢

1t | SU:STA

P! il 'su:sto

L F !

| 1 - o - I - -

| 1 I ' |

I ] [} ] L \
SDA | | hosns oo = : h

: t! Uk f— - :r*—‘HD-DAT

B
Lot tsu:DAT (St
L-J L | NP
S=START
P=STOP

12¢ BUS PROTOCOL

A thorough description of the inter-~IC bus specifi-
cations appears in the Philips document
TVE 81107 which is available upon request from
General Instrument,

number

The following is a condensed
description of each mode of operation.

Chip Address (Slave Address) Allocation: The three
chip address inputs of each PCD8582 (A2, A1, AQ)
must be externally connected to either +5V
(Vpp) or ground (Vgg) thereby assigning to
each PCD85821 a unique three-bit chip address. Up
to eight PCD8582Ts may be connected ta the 12C
bus. Chip selection is then accomplished through
software by setting the least significant three
bits of the slave address to the corresponding
hardwired logic levels of the selected PCD8Y82I.
The correct bus protocol is shown in figure 3.

FIGURE 3 SLAVE ADDRESS ALLOCATION

R/W
v v ¥ hJ A A ] ‘ L L |
START Slave Address |A
A L 1 i Y S 1 1
7 \
/s \

1{0]1] O]A2|A11;Bﬁ

Read Mode:

Erase/Write Mode:
mitter transmits to the PCD85821 slave receiver.
Bus protocol is shown in figure 4. Following the
START condition and slave address a logic 0 (R/W=0)
is placed on the bus and indicates to the addressed

In this mode the master trans-

device that word address An will follow and is to
be written to the on-chip address pointer. The
data word to be written to the nonvolatile memory
is strobed in next, and is loaded in the address
pointer. A second data byte may be strobed in
following this the address pointer. 1In the erase/
write mode no more than two successive data bytes
may be strobed into the PCD85821. The PCD85821
slave receiver will send an acknowledge bit to the
master transmitter after it has received the slave
address and again after it has received the word
address and each data byte. After the STOP
condition the erase/write cycle starts. Its
duration is approximately 20ms. if only one byte is
written, and 40ms, if two bytes are written.

In this mode the master reads the
PCDB5821 slave after setting the slave address.
See figure %. Following the write mode control bit
(R/W=0) and the acknowledge bit, the word address
An is written to the on-chip address pointer.

DS20026A~7
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Next. the START condition and slave address are
repeated followed by the READ mode control bit
(R/W=1). At this point the master transmitter
becomes the master receiver and the PCD85821 slave
receiver becomes the slave transmitter. The data
byte which was addressed will be transmitted and
the master receiver will send an acknowledge bit to
the slave transmitter.
incremented on reception of an acknowledge bit.
The PCDB8Y82T1 slave transmitter will now place the
data byte at address Ap.q the bus, the
master receiver reads and acknowledges the new byte

The address pointer is only

on

and the address is incremented to

Ans2e

pointer

This cycle of reading consecutive addresses will

continue until the master receiver sends a STOP
condition to the slave transmitter.
An alternate READ mode may also be implemented

whereby the master reads the PCD85%821 slave without
first writing to the (voltaile) address pointer.
The first address that is read is the last one

stored in the pointer. See figure 6.

FIGURE 4 ERASE + REWRITE MODE
Ackwoledge
T ¥ 17T ¥V 77 {lllill‘*‘ llh,lnl‘ll ‘lTillll‘
START Slave address 0'|A Word Address |A data A data A STOP
IJIJIJ? [ U VO Y TNU N U | 11 s 1 4 1 4.1 ¢t 1 1.1
R/W Auto increment
word address
FIGURE 5 READ MODE
Acknowledge
from slave Acknowledge
! § e |
v 1T T Ty Ty 1 T ¥ 17 7§ T T v T vyr
START Slave address |0 Word addrees  |A START| Silave 1A data Al o0 @
| Y VI N U ) B BN DN B S T S 1 l T S T N S | ) U W B U SN S
’ At this moment the master ’__ L nbytes
RW transmitter becomes the R'W
master recelver and the Auto increment
PCD8582 slave receiver word address
becomes the transmitter
... TT&"'I 1
[ I T N S S T )
L last byte

DS20026A-8
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FIGURE 6 ALTERNATE READ MODE

NOTE:

Unless otherwise specified, all dimensions are + .002 in.

Acknowledge Acknowiadge No Acknowledae fom master
rmsme rmm { betore a STOP condition
s‘rAerl1 (IY‘F"AIFlI'II ll&lll
i A 1 Al 1 1 | 1 A L S 1 L 1 A L 1 !
RW L n bytes L— hﬂbﬂa-——J
aubo increment
word address
PACKAGE OUTL INE
8 Lead Dual-In-Line (All dimensions are in inches)
—/1 i 1 I 1 [ 1
8
255
0.50 245
_—f’“l | J
NDEX’ _J R ¢ = | I - ) & J
ponT —4 [—0.50
.380 -
N 370
10|
TYP.
R
TYP
) 010
«137
l .1-—:-7 .185 \
BASE PLANE i { ?\
——— \ l / = \\
SEATING PLANE l ) 010 Typ. - [=5
.130 \\
) \\
] du ‘ »
—it .100 yp— o _—.oeo Tm
. PITCH 310
- = 018 TYP.
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WORD ALTERABLE 1024 BIT ELECTRICALLY ERASABLE AND PROGRAMABLE ROM

FEATURES

- 1024 bits, organized 128 x 8

~ Single +5V only operation

-~ DOn-chip latching of addresses and data

- Self-timing

- RC controlled write timing

- RDY/BUSY signal

- Address and data buses may be used separately or
multiplexed

- TE and OF inputs to avoid bus contention

- Word Alterable

- Read Access time of less than 300ns

- On-chip data protection

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1,0KV
per test method 3015.1, MIL STD 883

- JEDEC approved byte-wide pin out

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention aftec 10,000
erase/write cycles per word

DESCRIPTION

The General Instrument ER5901 is an Electrically
Erasable Programmable Read Only Memory (EEPROM)
with many ease of use features. The ER5901 can be
modified using simple TIL level
single +5V power supply. Writing data into the

signals and a

PIN CONFIGURAT j ON
24 LEAD DUAL-IN-LINE
Top View
AY
ALEC] @1 240 (+5V) Voo
A6 02 23[1 RDY/BUSY
ASTO3 223 CLK
mO4 210 WE
A3(]5 200 0E
A2006 190 *Test Point
A7 18[1 CE
n0s 17[2 07
Do Qg9 16[3 D6
pIgd © 1503 D5
D20 11 141 4
Vg (GND) I 12 13 03
*Must be left unconnected.

RAM. Since the address and data are internally
latched and the RDY/BUSY signal is available, the
ER5901 frees the system for other tasks during the
programming cycle. The READ/write
designed such that bus contention will be minimized

logic is

ER5901 is analogous to writing data in a static by use of OF and CE inputs.
BLOCK DIAGRAM TRUTH TABLE
CLK ———-‘ Multiplexed Mode: Address & Data Tied To Data Rus®
RDY/ : CE |OE | WE | ALE'»Z | RDY/BUSY|  MODE 1/0 POWER
o g;ﬁi —— £
w =
BUSY g §__ ELaeth _Egé —— 2 Ho[x [Xx X H STANDBY [ High 7 | Standby
RAY - o W - _
TEST =5 ARRA §5§ — & N R B H READ Dgur | ACTIVE
o — é I R S L PROGRAM | Dyy | ACTIVE
o . . -
_ I © . |H H X H READMrite| High Z | ACTIVE
we — < inhibit
READ/ $
— WRITE L
CE e AMPLIFIERS 1. In non-multiplexed mode, connect ALE and WE together.
l 2. In multiplexed mode, address inputs are latched on
OF ‘ o the falling edge, and data inputs are latched on the
BUFFERS WE rising edge.
ALE ———— & LATCHES 3. In non-multiplexed mode, address and data bus are
YY1 separate.
"cc [ « S
V88 oO—a DO-D7
DATA INPUTS
DS20006E -1 1985 General Instrument Corporation
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Device Operation

ADDRESSES: Figure 5
+5V

The address inputs select one of the EEPROM 8-bit open-col lector

words. The address latch enable (ALE) is provided 680)1,' _I'TTL

so the memory may be used with a multiplexed CLK 3—e t ]

address and data bus. When this feature is not : T '—f?§=1o to 50 KHz

required, the address bus and data bus are separate ER590 1 L 4

and ALE may be tied to WE. L

CHIP ENABLE (CF):

R=22K

The chip enable terminal affects the data-in/data-

out and write enable (WE) terminals. When chip CLK C=.0033puf

enable is high, the 1/0 terminals are in the

floating or high impedance state. ER590 1 | fpr=25KHz

PIN FUNCTIONS

Symbol Function Comments

ALE Address Latch Enable Address inputs latched on negative edge. May be tied to
WE when separate address and data lines are used.

AO-AB 7 bit address

DO-D7 8 bit Data /0

Vgs Chip Ground Connection

CE Chip Enable Input Used for chip selection,

OE Output Enable Jnput Gates data to output pins during a read cycle,

WE Write Enable input Enables a reprograming cycle; input data latched on a
positive edge,

CLK Timing Input Defines clock frequency for reprograminge May be RC
or external clocke

RDY/BUSY Status Output Low when chip is in reprograming mode and cannot be
accessed, High when in read mode,

Vee +5 Volt power connection

DS20006E-2
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ELECTRICAL CHARACTERISTICS
Maximum Ratings* *xceeding these ratings could cause permanent
All inputs and outputs with damage. Functional operation of this device at
respect to groundeesseececeeseseees +/V to 0,3V these conditions, or any other conditions outside
Storage temperature (unpowered and those indicated in the operational sections of this
without data retention).e....... =65°C to +150°C specification, is not implied.
Soldering temperature of leads
(10 SECONdS)eueresseseessssaserasssannees +300°C Data lLabelled "typical" is presented Ffor design

guidance only and is not guaranteed.
Standard Conditions (unless other noted)

Vgg = GND General Instrument makes no warranty, expressed or
Vee = +5V +10% implied, as to the merchantability or fitness for a
Operating Temperature Range (TA): particular purpose of this device or its software

0°C to +70°C (Commercial)

DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

High Level Input Voltage Viu 2.0 ~ Vee+!.0 v

Low Level Input Voltage Vi ~0.5 - +0.8 N

CLK High Level Input Voltage ViuT 3.5 Vee+!.0 Vv

CLK Low Level Input Voltage | Vit ~0.5 +0.8 v

High Level Dutput Voltage Vou 2.4 - Vee \ Igy = ~200 pA

Low Level Output Voltage VoL - ~ 0.4 ) Ig. = 1.6 mA
Input Leakage Current ISTH - +10 HA Viny = GND to Vpe
Output Leakage Current ToL +10 HA Vout = GND to Vpe

POWER SUPPLY REQUIREMENTS
Ve Supply:

Chip Selected Iee - 60 80 mA Vee = +9.5V
Chip Deselected (Standby Mode) Iee - 50 60 mA Vee = +5.5V
Power Dissipation:

Chip Selected Pp ~ 330 440 m Vee = 5.5V
Chip Deselected (Standby Mode)| Pp - 275 330 mw Vee = +5.5V
AC CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions

Input Capacitance Cy - ~ 6 pF Viny = OV
Output Capacitance Cy - - 10 pF Vgyt = 0V

DS20006E -3
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MEMORY CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions
Erased State Ve - VIH,VOH - v
Written State Vu - VIH,VOL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprograming

cycles per byte Np 104
Number of Read Access
between refresh NRA

Unlt imi ted

- See note below

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

increases. The specified limit is merely one
point on this curve and does not imply a sudden
cutoff or end of life. General Instrument's SNOS
EEPROMs are designed so that after 104 cycles a

typical retention time is 10 years.

FIGURE 1: READ MODE with separate address and data |ines

AO-AS x

VALID

tCE

T

e— tOE —* —1TS"
tA
DO-D7 HIGH Z VALID ]><:::

READ MODE (Separate Address

and Data Lines) Sym Min Typ Max Unit Conditions
Access time - Address to ta - - 300 ns Load = 1TTL gate

output delay + C_ = 100pF
—_ EE=E=V“L
CE fo output delay toe - - 300 ns OE = V|
OE to output delay toe 10 - 175 ns CE = ViL
Address, CE or OE fto s 10 - 150 ns

output tri-state

DS20006E-4
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FIGURE 2:

READ MODE with Multiplexed Address and Data Lines

— x -
AO-A6 AO-A6 VALID >< X DATA OUT VALID
DO-D7 e A s

- tAS — — o

tTs
CE \ //= |
FwtCA«*
tAH)
ALE
- -

_ HALE —= tAO | tOE
OE

READ MODE (Multiplexed
Address and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Chip Enable to Address Tca 100 - - ns
Latch Enable
ALE Pulse Width tALE 175 - - ns
Address Hold time tAH 50 - - ns
Address float to Output Enable tao 20 - - ns
0 to ouTEET delgy toe 10 - 175 ns CE = ViL
Address, CE or OE to *Ts 10 - 150 ns
output tri-state

WRITE ENABLE (WE):
WRLTE CYCLE:

By virtue of the on-chip reprogramming control and
timing of the ER5901, a minimum amount of servicing
is required from the host microprocessor.

The programming/writing of the ER5901 can be done
in the multiplexed address and data mode or
separate address and data mode. In the multi-
plexed mode, the ALE line is pulsed high while the
address to be altered is presented to lines AD to
A6 of the selected device (see figure 4). The
falling edge of ALE latches the address into the
ER5901, and the information on the bus lines is

then changed to the dara to be written into the
EEPROM. WE is pulsed low and the data is latched
22-}ts rising edge, after a delay tpg the RDY/
BUSY output will go low for the the duration of the
programming cycle.

In the separate data and address mode, the ALE may
be tied to WE (see figure 3). With a stable
address and data presented to the respective inputs
of a selected device, the WE/ALE line is pulsed low
to initiate a program cycle. The falling edge of
WE /ALE latches the address inmputs and the rising
edge latches the data inputs. After a delay
tpg, the RDY /BUSY output goes low and remains

DS20006E-5
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FIGURE 3: Program Mode with separate Address and Data Lines
AO-A8 XI VALID ;><:
L— tAS -—-P*JAH-*J tDS
—t p—
CE
l__,tcwu__ .__tCH___I
DO-D7 :><
-
~— tDD —* [*— tDH~
= -——
WE/ALE \ tALE
c A
" twe —= tDB —®*— PR —*
RDY/BUSY j\\
71
PROGRAM MODE (Separate Address
and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Data delay time top - - 1 us
Chip Enable to Write Enable Delay tow 100 - - ns
Data setup time tps 175 - - ns
Address hold time tAH 50 - - ns
Write Enable Pulse Width twe 175ns - 100 ps -
Data hold time toH 50 - - ns
WE to CE delay toH 0 - - ns
Status Delay toB 10 - 300 ns
RDY/BUSY low time (programing time) PR 20 - 100 ms tpr = 1024 & fpr
Address Latch Enable Pulse Width TALE 175ns 100 ps -
Program Clock frequency feR 10 - 50 KHZ
low for the duration of the programming cycle. All stated prior to pulsing OF low. After a delay,

inputs to the ER5901 are disabled during a program-

ming cycle.

OUTPUT ENABLE (DE): READ

Reading can be accomplished in the multiplexed or

separate address and data bus mode
reading in the multiplexed mode,

the ALE

as well.
line

When

is

pulsed high while a valid address is presented to

the A0 to A6 inputs.

avoid bus contention these lines

2-98

In order

The address is latched into
the ER5901 on the falling edge of ALE.

to

should be tri-

tgps the selected byte will appear on lines DO
to D7 until either OF or CE goes high (see figure
2).

When reading in the separate data and address mode,
valid address and data must appear on the respec-
tive bus and they must remain there for the dura-
tion of the READ cycle because ALE doesn't latch
the address in this mode (see figure 1). Data will
appear on the data bus after a__Fime delay tqp
measured from the falling edge of OE.
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FIGURE 4: Program Mode with Multiplexed Address and Data Lines
AO-A6 N B .
DO-D DO-D 1D
7 I AO-A6 VALID >< X 7 VAL X
tAH tDH
p—— tCA ——af )
[¢—— tAS —— tCH
ALE
“ tALE —— —l tDD jfo—
- i
WE
tbs
tPR
[*— tWE -t - >
RDY/BUSY Z/_'
K
PROGRAM MODE (Multiplexed Address
and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Chip Enable to Address tea 100 - - ns
Latch Enable .
ALE pulse width thLE 175ns - 100 ps -
Address hold time taH 59 - - ns
Data setup time tps 175ns - 100 ps -
WE pulse width twe 175ns - 100ps -
Data hold time toH 20 - - ns
WE to CE delay tcH 0 - - ns
Status delay *hB 10 - 300 ns
Status low Time (programing time) TR 2 - 100 ms Tpr = 1024 - fpr
Data delay time oD - - 1 Hs
Program clock frequency fpr 10 - 50 KHZ

CLOCK CONSIDERATIONS (CLK):

The CLK is a schmitt trigger timing input which
defines the clock frequency for the programming
cycle. Either an RC combination or an external
clock may be used for this input (see figure 5).
Typical vales of R and C are 22K and .0033pf
respectively, with 5% tolerance. As the clock rate
increases, the write cycle will be shortened. 1In

write cycle may be shorter than 20ms., When driving
the ER5901 with an external clock, an open collector
transistor with a 680 ohm pull-up resistor should be
used. (See Figure 5). The (ViuT,

VILT) that apply to the clock input are defined
in the table, "DC CHARACTERISTICS".

logic levels

POWER-UP

applications where data is wupdated often, the During power-up it is recommended to hold OF high
retention time need not be long, Therefore, the to minimize bus contention.
DS20006E-7

2-99



GENERAL
INSTRUMENT ER5901

A.C. Testing Input/Output Waveform

2.4

V¢
0.45 0.8 .8

A.C. Testing:

Inputs are driven at 2.4V for an input logic high and 0.45V for an input logic low.

Timing measurements
are made at 2.0V for a logic high and 0.8V for a logic low.

ON-CHIP DATA PROTECTION NOTE :

During power-up all modes of operation are inhibit- Since all modes of operation are enabled when
ed until Vpe has reached a level of between 2.8 Vec reaches between 2.8 and 3.5 volts, care
and 3.5 volts., Furthermore, during power-down the must be taken to avoid a negative edge on the WE
source data protection circuitry acts to inhibit lire (tyr > S0ns) during power up. Such a
all modes when Vg has fallen below the voltage spike may cause a write operation to occur.

range of 2.8 to 3.5 volts.

PACKAGE OUTLINE

24 LEAD DUAL-IN-LINE

NAONMONnONAaMnaA

060R [
™ N .560
’ 505
Q—‘ J
oyouopopouuoooaygd
INDEX POINT
228 °
1.255 - 0
1.195 2°+.5 TYP BOTH ENDS s
Ales
ToP & sOTTOM |
— 4 1 / \
BASE PLANE i 4 120 200 3%% \
SEATING PLANE 120 / \
¥ -140 075 [ 010R \\'\
.130 o ve
%%g L4-12§ 020 | )
020 008 MIN o1z . ‘1’_0
—— o .008 e
- 1,105 600
045 1 I 598 { L s00 )

NOTE: Unless otherwise specified, all dimensions are + .002 in.

DS20006E-8
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WORD ALTERABLE 1024 BIT ELECTRICALLY ERASABLE AND PROGRAMABLE ROM

FEATURES PIN CONFIGURATION
~ 1024 bits, organized 128 x 8 24 LEAD DUAL-IN-LINE
~ Single +5V only operation Top View
- On-chip latching of addresses and data A\
- Self-timing ALECe1 248 (+5V) Ve
- RC controlled write timing A62 233 RDY/BUSY
- RDY/BUSY signal ASC]3 22ACLK
- Address and data buses may be used separately or As4 210 WE
multiplexed A35 203 0E
- TE and OF inputs to avoid bus contention A206 190 *Test Point
- Word Alterable a7 18 TE
- Read Access time of less than 300ns A0Cd8 170 D7
~ On-chip data protection po9 16 D6
- Unlimited read accesses pig]10 150 D5
- Fully TTL compatible inputs and outputs D20} 11 1403 D4
- ESD Protection: Inputs are designed to meet 1.0KV Vgg (eND) 12 UFID}
per test method 3015.1, MIL STD 883
- JEDEC approved byte-wide pin out *Must be left unconnected.
- Highly reliable N-Channel SNOS technology
- Designed for 10 year data retention after 10,000
erase/write cycles per word
DESCRIPTION
The General Instrument ER59011 is an Electrically RAM.  Since the address and data are internally
Erasable Programmable Read Only Memory (EEPROM) latched and the RDY/BUSY signal is available, the
with many ease of use features. The ER59011 can be ER59011 frees the system for other tasks during the
modified using simple TTL level signals and a programming cycle. The READ/write logic is
single 45V power supply. Writing data into the designed such that bus contention will be minimized

ER59011 is analogous to writing data in a static by use of OF and CF inputs.

BLOCK DIAGRAM TRUTH TABLE
Cix I Multiplexed Mode: Address & Data Tied To Data Bus?
RDY/ CC | OF | WE | ALE'sZ | RDY/BUSY|  MODE 1/0 POWER
— ] o 8¥E —
lu m—
BUSY EEE—' agxs ~E38 — 2 Hox x| x H STANDBY | High Z [ Standby
ARRAY Q%o — E Lo fu |-~ H READ | Doy | ACTIVE
w —
TEST="8 <5§ — Lo{x for) - L PROGRAM | Dy ACTIVE
_ I % : L {H |H X H READ Write| High Z | ACTIVE
w — T inhibit
READ/ $
CE —— | IAMPLIFIERS 1. In non-multiplexed mode, connect ALE and WE together.
l 2. In multiplexed mode, address inputs are latched on
OF vo _ tt‘we.t’alling edge, and data inputs are latched on the
BUFFERS | { _  WE rising edge,
ALE —————— & LATCHES 3. In non-multiplexed mode, address and data bus are
separate.
veo o I
Ves o—= DO-D7
DATA INPUTS

DS20022A-~1 1985 General Instrument Corporation
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Device Operation
ADDRESSES:: Figure 5
+5V
The address inputs select one of the EEPROM 8-bit e open=-col lector
words. The address latch enable (ALE) is provided eeo.u,i' '}TTL
so the memory may be used with a multiplexed CLK 3 ¥
address and data bus. When this feature is not I ] fPR= 0 to 0D KHz
required, the address bus and data bus are separate ER590 1 Ly
and ALE may be tied to WE. =
CHIP ENABLE (CE):
R=22K
The chip enable terminal affects the data-in/data-
out and write enable (WE) terminals. When chip CLK C=.,0033uf
enable is high, the T1/0 terminals are in the
floating or high impedance state. ER590 1 I fpr=25KHz
PIN FUNCTIONS
Symbol Function Comments
ALE Address Latch Enable Address inputs latched on negative edge. May be tied to
WE when separate address and data lines are used.
A0-A6 7 bit address
D0-D7 8 bit Data 1/0
Vgs Chip Ground Connection
CE Chip Enable Input Used for chip selection.
OF Output Enable TInput Gates data to output pins during a read cycle.
WE Write Enable Input Enables a reprogramming cycle; input data latched on a
positive edge.
CLK Timing Input Defines clock frequency for reprogramming. May be RC
or external clock.
RDY /BUSY Status Output Low when chip is in reprogramming mode and cannot be
accessed. High when in read mode.
VCC +5 Volt power connection
DS20022A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
A1l inputs and outputs with

respect to ground.....cccevivenneess +7V to ~0.3V

Storage temperature (unpowered and

without data retention)......... =-65°C to +150°C

Soldering temperature of leads

GENERAL

INSTRUMENT ER59011

*Exceeding these
damage.

ratings could cause permanent
Functional operation of this device at

these conditions, or any other conditions outside
those indicated in the operational sections of this

specification, is not implied.

(10 58CONdS)eerererovssscsnssscssnscansse . +300°C Data Labelled "typical" is presented for design
guidance only and is not guaranteed.
Standard Conditions (unless other noted)
Vg5 = GND General Instrument makes no warranty. expressed or
VCC = +5V +10% implied, as to the merchantability or fitness for a
Operating Temperature Range (TA): particular purpose of this device or its software
-40°C to +85°C (Industrial)
DC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions
High tevel Input Voltage ViH 2.0 - Vee+1.0 \
Low Level Input Voltage VIL -0.5 - +0.8 v
CLK High Level Tnput Voltage V]HT 3.5 Vee+1.0 v
CLK Low Level Tnput Voltage VILT -0.5 +0.8 \
High Level Output Voltage VOH 2.4 - Vee v IgH = ~200 pA
Low Level Output Voltage VDL - - 0.4 v Ig. = 1.6 mA
Tnput Leakage Current T - +10 MA VIN = GND to V¢C
Output Leakage Current ToL +10 uA VgUp = GND to VpC
POWER SUPPLY REQUTREMENTS
Vee Supply:
Chip Selected cC - 60 90 mA Veg = +5.5V
Chip Deselected (Standby Mode)| T - 50 70 mA Voo = +5.5V
Power Dissipation:
Chip Selected PD - 330 495 mW Vet = +5.5V
Chip Deselected (Standby Mode)| P - 275 385 m vee = +5.5V
AC CHARACTERISTICS
Characteristic Sym Max Typ Max Units Conditions
Input Capacitance Cq - - 6 pF Vin = 0V
Output Capacitance C0 - - 10 pF VOUT = 0V

DS20022A-3
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MEMORY CHARACTERISTICS

Characteristic Sym Max Typ Max Units Condltions
Erased State _VE - VlH,VOH - v
Written State Vw - VIH,VOL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprograming

- - - See note below

cycles per byte Np - 104
Number of Read Access
between refresh NrA

Unlimited

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

increases. The specified limit is merely one
point on this curve and does not imply a sudden
cutoff or end of life. General Instrument's SNOS
EEPROMs are designed so that after 104 cycles a

typical retention time is 10 years.

FIGURE 1: READ MODE with separate address and data lines

F
AO-AS8 x

VALID

[+ tCE

+— tOE —* TS
tA
Do-D7 HIGH Z >< VALID
I

READ MODE (Separate Address

and Data Lines) Sym Min Typ Max Unit Conditions
Access time - Address to ta - - 300 ns Load = 1TTL gate

output delay + C = 100pF
CE to output delay toe - - 300 ns OF = ViL
OE to oufEET delay toE 10 - 175 ns CE = ViL
Address, CE or OE to t1s 10 - 150 ns

output tri-state

DS20022A-4
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FIGURE 2:

READ MODE with Multiplexed Address and Data Lines

AO-AB
DO-D7

AO-A6 VALD

A KX

DATA OUT VALID

tAS

tTs

)

FthA—v

tAH
ALE

- tALE ~——wf

[ A0 L tOF

i /

READ MODE (Multiplexed
Address and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Chip Enable to Address tCA 100 - - ns
l.atch Enable
ALE Pulse Width tacr 175 - - ns
Address Hold time tAH 50 - - ns
Address float to Output Enable tAO 20 - - ns
OF to output delay tOE 10 ~ 175 ns TE = V]L
Address, CE or OF to trs 10 - 150 ns
output tri-state

WRITE ENABLE (WE):
WRITE CYCLE:

By virtue of the on-chip reprogramming control and

timing of the ER59011, a mimimum amount of servic-
ing is required from the host microprocessor.

The programming/writing of the ER59011 can be done
in the multiplexed address and data mode or
separate address and data mode. In the multi-
plexed mode, the ALE line is pulsed high while the
address to be altered is presented to lines A0 to

A6 of the selected device (see figure 4). The
falling edge of ALE latches the address into the

ER59011, and the information on the bus lines is

then changed to the data to be written into the
FEPROM. WE is pulsed low and the data is latched
on its rising edge, after a delay tpg the RDY/
BUSY output will go low for the the duration of the
programming cycle.

In the separate data and address mode, the ALE may
be tied to WE (see figure 3). With a stable
address and data presented to the respective inputs
of a selected device, the WE/ALE line is pulsed low
to initiate a program cycle. The falling edge of

WE/ALE latches the address inputs and the rising

edge latches the data inputs- After a delay
tpg? the RDY/BUSY output qoes low and remains

DS20022A-5
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FIGURE 3: Program Mode with separate Address and Data Lines
AO—-AG >x1: VALD ;><i
I- tAs —r-‘-MH-I tDs
- et ot
CE
F_jC“L_H o tCH 'I
D007 X ><
~— tDD — "-tDH_-I
—_— ——— —
WE/ALE tALE
— twe — tbB —*1*— PR ——i
RDY/BUSY /
7
PROGRAM MODE (Separate Address
and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Data delay time tDD - - 1 us
Chip Enable to Write Enable Delay tCw 100 - - ns
Data setup time tps 175 - - ns
Address hold time tan 50 - - ns
Write Enable Pulse Width Yty 175ns - 100ps -
Data hold time tDH 50 - - ns
WE to TF delay tCH 0 - - ns
Status Delay tDB 10 - 300 ns
RDY/BUSY low time (programing time) top 20 - 100 ms tpr = 1024 = fppR
Address Latch Enable Pulse Width tALE 175ns 100us -
Program Clock frequency fPR 10 - 50 KHZ
low for the duration of the programming cycle. All stated prior to pulsing OE low. After a delay,

inputs to the ER59011 are disabled during a pro-
gramming cycle.

OUTPUT ENABLE (OE): READ

Reading can be accomplished in the multiplexed or
separate address and data bus mode as well. When
reading in the multiplexed mode, the ALE line is
pulsed high while a valid address is presented to
the A0 to A6 inputs. The address is latched into
the ER59011 on the falling edge of ALE. In order
to avoid bus contention these lines should be tri-

tOE’ the selected byte will appear on lines DO
to D7 until either OF or CE goes high (see figure

2).

When reading in the separate data and address mode,
valid address and data must appear on the respec-
tive bus and they must remain there for the dura-
tion of the READ cycle because ALE doesn't latch
the address in this mode (see figure 1). Data will
appear on the data bus after a time delay tor
measured from the falling edge of OE.

DS20022A-6

2-106



GENERAL

INSTRUMENT ER59011
FIGURE 4: Program Mode with Multiplexed Address and Data Lines
AO-AB h A 7
DO-D7 I AO-AG VALID DO-D7 VALID
R A
tAH tDH
CE jo— tDS — z//
L .
p—— tCA ———o -
le— tAS ——o tCH
ALE -_\\Y
.
— tALE ——™ — tDD o
WE /
tbs
— tWE - PR
RDY/BUSY /—
PROGRAM MODE (Multiplexed Address
and Data Lines) Sym Min Typ Max Unit Conditions
Address setup time tas 50 - - ns
Chip Enable to Address tCA 100 - - ns
lLatch Enable
ALE pulse width taLE 175ns - 100us -
Address hold time tAH 50 - ~ ns
Data setup time tDS 175ns - 100ps -
WE pulse width th 175ns - 100ps -
Data hold time tDH 20 - - ns
WE to TE delay ten 0 - - ns
Status delay tDB 10 - 300 ns
Status low time (programing time) toR 20 - 100 ms tpR = 1024 = fpR
Data delay time tpp - - 1 us
Program clock frequency For 10 - 50 KHZ

CLOCK CONSTDERATIONS (CLK):

The CLK is a schmitt trigger timing input which
defines

cycle.

the clock frequency for the programming
Either an RC combination or an external
clock may be used for this input (see figure 5).

Typical vales of R and C are 22K and .0033pF
respectively, with 5% tolerance. As the clock rate

In
the

Therefore, the

the write cycle will be shortened.
where data is updated often.

retention time need not be

increases,
applications

long,

write cycle may be shorter than 20ms. When driving
the ER59011 with an external clock, an open collector

transistor with a 680 ohm pull-up resistor should be
(See Figure 5). The

ViLT) that aply to the clock input are defined
in the table, "DC CHARACTERISTICS".

used. logic levels (ViHT®

POWER-UP

During power-up it is recommended to hold oE high

to minimize bus contention.

DS20022A-7
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A.C. Testing, Input/Output Waveform

2.0
-

V ¢
0.45 08

2.
Test Point s’

[

.8

A.C. Testing:

Inputs are driven at 2.4V for an input logic high and 0.45V for an input logic low.

Timing measurements

are made at 2.0V for a logic high and 0.8V for a logic low.

ON-CHIP DATA PROTECTION

During power-up all modes of operation are inhibit-
ed until Vee has reached a level of between 2.8
and 3.5 volts. Furthermore, during power-down the
source data protection circuitry acts to inhibit

all modes when V.. has fallen below the voltage
range of 2.8 to 3.5 volts.

NOTE:
Since all modes of operation are enabled when
VCC reaches between 2.8 and 3.5 volts, care

must be taken to avoid a negative edge on the WE
line (th > S0ns) during power up. Such a
spike may cause a write operation to occur.

PACKAGE OUTLINE

24 LEAD DUAL-IN~LTNE

oooanonaaaonnn

NOTE:

Unless otherwise specified, all dimensions are + .002 in.

060R [
e, \ .560
v 505
q l
9
yoouooouoo u
INDEX POINT
30°
1288 w04 5°TYP BOTH ENDS e P~
1.198 Bl P
’-\ TOP & BOTTOM 1 \
N+ a T
BASE PLANE 4 120 390 T;% rr\_;‘—:_:%w \
SEATING PLANE T 08 T Y AN \
.140 075 .010R )
.130 u TP !
068 L.‘ 106 | .020 .
020 f40 095 M ] 012 R :o
018 008 A
080 1,108 600 bt
080 | r
048 r 1008 1 e —— 1Y
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GENERAL

INSTRUMENT ER5902

PREL IMINARY

WORD ALTERABLE 2048 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 2048 bits, organized 256 x 8

- Single +5V only operation

~ On-chip latching of addresses and data

~ Automatic write timeout

- RDY/BUSY signal

- Optional high
modes

- TE and OE inputs to avoid bus contention

- Word alterable

- Read access time of less than 300ns

- Enhanced on-chip data protection

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL STD 883

- JEDEC approved byte-wide pinout

- Highly reliable N~Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

voltage program and chip erase

DESCRIPTION

The General Instrument ER5902 is an Electrically
Erasable Programmable Read Only Memory (EEPROM)
with many ease of use features. The ER5902 can be
modified using simple TTL level signals and a

PIN CONFIGURATION
24 LEAD DUAL-IN-LINE

Top View
A6 02 23[ N.C.
A5 O3 220 RDY/BUSY
AL o 21QWE
A3 s 203 OE
A2 06 190 *Test Point
A1 7 1801 CF
A0 s 170 b7
Do 9 16[1 D6
D110 150 DY
D2 Q11 1481 D4
Vgg (GND) 12 130 D3

*Must be left unconnected.

RAM. Since the address and data are internally
latched and the RDY/BUSY signal is available, the
[R5902 frees the system for other tasks during the
programming cycle. The read/write logic is

single +5V power supply. Writing data into the designed such that bus contention will be minimized
ER5902 is analogous to writing data in a static by use of DE and CE inputs.
BLOCK DIAGRAM TRUTH TABLE
l E +5V _ONLY OPERATION
— T G e ]
RDY/ @ — = CE} OE| WE | RDY/BUSY MODE 1/0 | POWER
BUSY m 256x8 Do & F— @
E —| EEPROM [ g — H| x| x H STANDBY | High Z| STANDBY
ﬁs"-—é ARRAY cor— I T Y H READ | Dgyr | ACTIVE
S8 ~ L{H|W L PROGRAM | Dyy ACTIVE
e | . < Lt | H]H H READ/WRITE | High Z| ACTIVE
READ/ < INHIBTT
_ WRITE
CE MPLIFIERS
OPTIONAL HIGH VOLTAGE COMPATIBLE MODES
6 — — ROY/
BUFFERS | 4 WE CE | OF WE_ |BUSY|  MODE 1/0 POWER
& LATCHES .
L 20-22V| L |BYTE ERASE | Dy=H ACTIVE
Ve O0—e H W :
Ves L H 20-22V| L |BYTE ERASE | Dy ACTIVE
DO-D7 L [20-22v| 20-22v} L |CHIP ERASE | Dyy=H ACTIVE
DATA INPUTS LoJez-22v) L L |CHIP ERASE| Dyy=H ACTIVE
DS20029A-1 1985 General Instrument Corporation
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MEMORY CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions
Erased State Vg - Vin,Von - v
Written State Vw - VIH,VOL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprogramming

- - - See note below

cycles per byte Np 104
Number of Read Access
between refresh NrA -

Unlimited

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

PIN FUNCTIONS

increases. The specified limit is merely one point
on this curve and does not imply a sudden cutoff or
end of life. General Instrument's SNOS EEPROMs are
designed so that after 104 cycles a typical
retention time is 10 years.

Symbol Function Comments

AO~A7 8 Bit Address The address inputs select one of the EEPROM 8-bit words.

DO-D7 8 Bit Data 1/0

Vgg Chip Ground Connection

TE Chip Enable Input This input enables the chip for all modes of operation.
When chip enable is high, the 1/0 terminals are in the
floating or high impedance state.

OE Output Enable Input Gates data to output pins during a read cycle.

WE Write Enable Input Enables a reprogramming cycle; input data latched on a
positive edge.

RDY/BUSY Status Output Low when chip is in reprogramming mode and cannot be
accessed. High when in read mode.

Vee +5 Volt Power Connection

DS20029A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with
respect to groundeceeececcecenacnns
Storage temperature (unpowered and
without data retention).ceccv.s.
Soldering temperature of leads

+7V to -0.3V

~-65°C to +150°C

GENERAL

INSTRUMENT ER5902

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

(10 SeCcoNdS)estiessssserconseascsnassanes +300°C Data Labelled "typical" is presented for design
guidance only and is not guaranteed.
Standard Conditions (unless other noted)
Vgg = GND General Instrument makes no warranty, expressed or
Ve = +#5V +10% implied, as to the merchantability or fitness for a
Operating Temperature Range (TA): particular purpose of this device or its software
0°C to +70°C (Commercial)
DC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions

High Level Input Voltage ViH 2.0 - Vee+1.0 \

Low Level Tnput Voltage ViL -1.0 - +0.8 \

High Level Output Voltage VoH 2.4 - Vee v Igy = -400 pA
Low Level Output Voltage VoL - - 0.4 v Ige = 2.1 mA

Input Leakage Current I - 10 HA VIN = 5.5V

Output Leakage Current 16 10 MA ViN = 5.5V

POWER SUPPLY REQUIREMENTS

VCC 5Upply2

Chip Selected I - 60 80 mA Ve = +5.5V

Chip Deselected (Standby Mode)| Ipp - - 50 mA Vee = +9.5V

Power Dissipation:

Chip Selected Po - 330 440 mW Vee = +9.5V

Chip Deselected (Standby Mode)| Pp - - 275 mw Vep = +5.5V

AC CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions
Input Capacitance Cy - - 6 pF Viny = 0OV
Output Capacitance Co - - 10 pF Vout = OV
DS20029A-~3
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FIGURE 1: READ MODE
tae
ADDRESS ;( X

—— 1

CE — " tce ™ )’

. o toE =

WE VIH

~Y 2
i
HIGH 2 -
DATA OUT DATA VALID
READ MODE Sym Min Typ Max Unit Conditions

Read Cycle Time tre 300 - - ns
Chip Enable Access Time tee - - 300 ns
Address Access Time tan - - 300 ns
Output Enable Access Time tog - - 100 ns
Chip Enable to Output Low Z ty 7z 10 - - ns
Chip Disable to Output in High Z tyz 10 - 100 ns
Output Enable to Output in Low Z toLz 50 - - ns
Output Enable to Output in High Z| tgyz 10 - 100 ns
Output Hold From Address Change ton 20 - - ns
READ MODE

To initiate a read cycle, a valid address must
appear on the A0 to A7 inputs and remain there for
the duration of the cycle because the address is
not latched in this mode. CE may then be brought
low to select the device. The desired memory byte
will appear on the data lines DO to D7 after a time

delay tpp measured from the falling edge of OE.
Alternatively, if bus contention is not a problem,
OF may be tied low. The maximum read access time
(tp) is 300 ns and data will remain valid until a
logic level change occurs on EE, OE or an address
line. WE is held high.

DS20029A-4
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FIGURE 2: PROGRAM MODE
WE CONTROLLED WRITE CYCLE - twe —
ADDRESS™) m:
AS >R A on
CE S"\'dt—' Ao
cE cs , [ v N
] ) -
OE.{A; I PR NNNNNNS fane g
WE el OES o t WP ——; t
'DLZJ ; -
DATA OUT {58D HGH Z )’IL
- tpv
DATA IN~——(TS MD
—_— tp. tDH
RDY/BUBY ' lpn__.r-
| l
—» l— tpg
CE CONTROLLED WRITE CYCLE
- twe
Aoonessx:_;l;-._::ammmzf@c"
le— tag F,__tf‘ﬁ ‘ =
RDY/BUSY T F tpn Jr-
—= @—tps
PROGRAM MODE Sym Min Typ Max Unit Conditions
Write Cycle Time twe 20 - 40 ms
Address Setup Time tas 10 - - ns
Address Hold Time tan 70 - - ns
Write Setup Time teg 0 - - ns
Write Hold Time tey 0 - - ns
Chip Enable to End of Write Input tew 150 - - ns
Output Enable Setup Time tors 10 - - ns
Output Enable Hold Time torn 10 - - ns
Write Pulse Width twp 150 - ~ ns
Data Latch Time toL 50 - - ns
Programming Time tpg 20 - 40 ms
Data Setup Time tps 50 - - ns
Data Hold Time ton 10 - - ns
RDY/BUSY tog - - 100 ns

WE CONTROLLED PROGRAM MODE

With a stable address and data word presented to
the respective inputs of a selected device and Tt
of that device brought low, the WE line is pulsed
low to initiaste a program cycle. The falling edge
of WL latches the address inputs and the rising
edge latches the data inputs. After a delay
tpgs the RDY/BUSY output will go low and remain
there for the duration of the programming cycle.

CE CONTROLLED PROGRAM MODE

In this mode, WE is brought low prior to selecting
the ER5902. The falling and rising edges of the CE
line will then latch the address and data respect-
ively. A delay tpg is timed from the rising
edge of the WE line following which the RDY/BUSY
will go there for the
duration of the programming cycle.

output low and remain

DS20029A-5
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FIGURE 3: OPTIONAL HIGH VOLTAGE MODES

BYTE ERASE OR BYTE WRITE CYCLE

ADDRESS
1
CE ﬁ\r»-‘cq:: o tPRC
! t
— e— ¢ WP—el jo—
Vpp (WE PIN) AS terr
(4-8V) S oy k— —
DATA IN C '
— — e
— VIH toos m H
OE
A\
CHIP ERASE CYCLE
CE — |+ tppe
tcs twp. twr tpeT
Vpp (WE PIN) =
(4-6V) viL

DATAIN VM

[
DC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Write/Erase Voltage Vpp 20 - 22 v
Vpp Current (Byte Erase/Write) Ipp (W) | - - 0.01 mA TE=VyL, Vpp=22V
OE Voltage (Chip Erase) Voe 20 - 22 v Igp=10pA
Vpp Current Inhibit Ipp 1) | - - 0.01 mA CE=Vyy, Vpp=22V
Vpp Current (Chip Erase) Ipp (c) - - 0.01 mA TE=Vy_, OE=Vgg,

Vpp=22V

AC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
égd to Vpp Setup Time tas 10 - - ns
CE to Vpp Setup Time trs 10 - - ns
Data to Vpp Setup Time tps 0 - - ns
Data Hold Time tpH 50 - - ns Vpp=6V
Write Pulse Width twp 150ns - 15ms
Write Recovery Time twr 50 - - ns Vpp=6V
Chip Erase Setup Time tgs 10 - - ns Vpp=6V, Vgp=20V
Chip Erase Hold Time toH 10 - - ns Vpp=6V, Vgp=20V
Vpp RC Time Constant tpre - - 750 s
Vpp Fall Time tprr - - 100 us Vpp=6V
Byte Erase/Write Setup Time taos 10 - - ns Vpp=6V
Byte Erase/Write Hold Time ton 10 - - ns Vpp=6V

DS20029A-6
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FIGURE 4: ON CHIP DATA PROTECTION
el
/B =
| |
O VOLTS == | | i
I 1 i
| | e
’(”;'1 = | | i
—e! b= TIME OUT "vcc; POR
i i
ju—— | READ MODE AVAILABILITY DEVICE
i I AVAILABLE
=~ PROGRAM MODE AVAILABILITY FOR
FUNCTIONALITY

ENHANCED ON--CHIP DATA PROTECTION

This protection circuitry minimizes the possibility
of erronious program/eral cycles during device
power up or down. When the power supply voltage,
Ve is  below 3.5V, Ve WI, (power up or
down), the chip is held in a reset mode inhibiting
all erase/write circuitry. On power up, after
Vee reaches the 3.5V level, a 10ms time out,
tyees will start during which the erase/write
circuitry remains inhibited. This allows time for
setting of inputs to the correct state. Addition-

Read operations are not inhibited by the 10ms time
out and may occur during this period.

OPTIONAL HIGH VOLTAGE PROGRAMMING AND
CHIP ERASE FEATURES

Optional high voltage word erase, word write and
10ms chip erase features are available on the
ER5902 (in addition to full +5V only operation) for
compatibility with
voltage power

pin-for-pin and operational

EEPROMs requiring additional high

ally, a low state on OF will inhibit erase/write supplies,
operations.
PACKAGE OUTL INE
AN NAONAANTS
24 LEAD DUAL-IN-LINE 060K [
e N 560
y 505
q |
oo oouooouyg
INDEX POINT
1,255 o 30’
308 2°+.5 TYP BOTH ENDS o
1.198 j " Il i
TOP & BOTTOM l
4 A r .
BASE PLANE | ¢ .120 -309( .
SEATING PLANE _ggL__i_
ik 140
130
020 I °
M 012 o
K 008 e
Q080 600 e
045 7 1005 o TYp ——

NOTE :

Unless otherwise specified, all dimensions are + .002 in.
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INSTRUMENT ER59021

PREL IMINARY

WORD ALTERABLE 2048 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 2048 bits, organized 256 x 8

- Single +5V only operation

- On-chip latching of addresses and data

~ Automatic write timeout

- RDY/BUSY signal

- Optional high voltage program and chip erase
modes

- TE and OF inputs to avoid bus contention

- Word alterable

- Read access time of less than 300ns

- Enhanced on-chip data protection

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL STD 883

~ JEDEC approved byte-wide pinout

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000

erase/write cycles per word
DESCRIPTION

The General Tnstrument ER59021 is an Electrically
Erasable Programmable Read Only Memory (EEPROM)
with many ease of use features. The ER59021 can
be modified using simple TTL level signals and a
single +5V power supply. Writing data into the
ER59021 is analogous to writing data in a static

PIN CONFIGURATION
24 LEAD DUAL-IN-LINE

Top View
A7 (de? 26 (+5V) Ve
A6 112 2303 A7
A5 (33 22 ROY/BUSY
A4 Q4 210w
A3 (15 20p OF
A2 [16 190 *Test Point
A1 47 1801 CE
AD (8 17@ 07
Do [19 1611 D6
D110 150 D>
D2 J11 1403 D4
Vg (6ND) 12 133 03

*Must be left unconnected.

RAM. Since the address and data are internally
latched and the RDY/BUSY signal is available, the
ERY9021 frees the system for other tasks during the
programming cycle. The read/write logic is
designed such that bus contention will be minimized
by use of OE and CE inputs.

BLOCK DIAGRAM TRUTH TABLE
} s _ +5V_ONLY OPERATION
RDY/ o ol— Z CE| OE| WE | RDY/BUSY MODE 1/0 | PONER
BUSY | W 256x8 g.@ — 9
EE —] EEPROM | X RS — ¥ Hyx | x H STANDBY | High Z [ STANDBY
TEST =i ARRAY Fol— 8§ I R Y H READ | Dgyp | ACTIVE
© 38— : L|H|w L PROGRAM | Dyy ACTIVE
WE . « L|{H]H H READ/WRITE | High Z| ACTIVE
READ/ Q INHIBIT
_ WRITE
CE — MPLIFIERS
_ OPTIONAL HIGH VOLTAGE COMPATIBLE MODES
OE LAY —_ RDY/
BUFFERS |———&——— WE ks Wi |BoEy
Ce | OF WE |BUSY| MODE 1/0 POWER
s LATcHEs -
Voo O—en 1 L | H 20-22V| L {BYTE ERASE | Dy=H ACTIVE
Ves ¢ L | H 20-22V[ L [BYTE ERASE | Dy ACTIVE
DO-D7 L {20-22v| 20-22V] L |CHIP ERASE | Dyn=H ACTIVE
DATA INPUTS L ofzz-22v] L L |CHIP ERASE | Dyy=H ACTIVE
DS20030A-1 1985 General Instrument Corporation
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GENERAL
INSTRUMENT ER59021

MEMORY CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Erased State Ve - VIH,VOH - \
Written State Vw - VI‘H,VUL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprogramming

cycles per byte Np 104 - - - See note below
Number of Read Access

between refresh NRA - Unlimited

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

PIN FUNCTIONS

increases. The specified limit is merely one point
on this curve and does not imply a sudden cutoff or
end of life. General Instrument's SNOS EEPROMs are
designed so that after 104 cycles a typical
retention time is 10 years.

Symbol Function Comments

A0-A7 8 Bit Address The address inputs select one of the EEPROM 8-bit words.

DO-D7 8 Bit Data 1/0

Vgg Chip Ground Connection

TE Chip Enable Input This input enables the chip for all modes of operation.
When chip enable is high, the 1/0 terminals are in the
floating or high impedance state.

O Output Enable Input Gates data to output pins during a read cycle.

WE Write Enable Input Enables a reprogramming cycle; input data latched on a
positive edge.

RDY/BUSY Status Output Low when chip is in reprogramming mode and cannot be
accessed., High when in read mode,

Veo +5 Volt Power Connection

DS20030A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with
respect to ground...eecececicccacnes
Storage temperature (unpowered and
without data retention).........
Soldering temperature of leads

+7V to -0.3V

-65°C to +150°C

GENERAL

INSTRUMENT ER59021

*Exceeding these could cause
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this

specification, is not implied.

ratings permanent

(10 SeCOoNdS)ecuiseesescecsssvoccnsacaneaass +300°C Data Labelled "typical” is presented for design
guidance only and is not guaranteed.

Standard Conditions (unless other noted)

Vgg = GND General Instrument makes no warranty, expressed or
Vep = +5V 210% implied, as to the merchantability or fitmess for a
Dperating Temperature Range (Tp): particular purpose of this device or its software
~40°C to +85°C (Industrial)

DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

High Level Input Voltage VIH 2.0 - Vee+1.0 '}

Low Level Input Voltage VIiL -1.0 - +0.8 v

High Level Output Voltage VoH 2.4 - Vee v Igy = =400 pA
Low Level Butput Voltage VoL - 0.4 v IgL = 2.1 mA

Input Leakage Current I - 10 HA VIN = 2.5V

Output Leakage Current IgL 10 pA VinN = 5.5V

POWER SUPPLY REQUIREMENTS

Ve Supply:

Chip Selected Ice - 60 80 mA Vep = +5.5V

Chip Deselected (Standby Mode)| Igc - - 50 mA Vep = +5.5V

Power Dissipation:

Chip Selected Pp - 330 440 mw Voo = +9.5V

Chip Deselected (Standby Mode)| Pp - - 275 mW Voo = +5.5V

AC CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions
Input Capacitance Cy - - 6 pF ViN = 0V
Output Capacitance Co - - 10 pF Vout = OV
DS20030A-3
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GENERAL

INSTRUMENT ER59021
FIGURE 1: READ MODE
— % —
soteess —% X
pppey fagaae
cE ER—— %E
N e

— = toE =

— VIH

WE 2

HIGH 2 f - e
DATA OUT DATA VALID
READ MODE Sym Min Typ Max Unit Conditions

Read Cycle Time tre 300 - - ns
Chip Enable Access Time tee - - 300 ns
Address Access Time taa - - 300 ns
Output Enable Access Time toe - - 100 ns
Chip Enable to Output Low Z tLz 10 - - ns
Chip Disable to Output in High Z thz 10 - 100 ns
Output Enable to Output in Low Z toLz 50 - - ns
Output Enable to Output in High Z{| tgyy 10 - 100 ns
Output Hold from Address Change toH 20 - - ns
READ MODE

To initiste a read cycle, a valid address must
appear on the AD to A7 inputs and remain there for
the duration of the cycle because the address is
not latched in this mode. CE may then be brought
low to select the device. The desired memory byte
will appear on the data lines DO to D7 after a time

delay tpp measured from the falling edge of OE.
Alternatively, if bus contention is not a problem,
OE may be tied low. The maximum read access time
(ty) is 300 ns and data will remain valid until a
logic level change occurs on EE, OF or an address
line. WE is held high.

DS20030A-4
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FIGURE 2: PROGRAM MODE

GENERAL
INSTRUMENT ER59021

-
WE CONTROLLED WRITE CYCLE

- twe —
ADORESS c(w__‘_wgrzsaxxammm
NN\ N Nl 7.7, 7.0

LR}

T “v
QOE"MW_

CE CONTROLLED WRITE CYCLE

e ;
WE - twp— o
'DL:q ; ~
DATA OUT 55D HGH Z —4f—
— tov
DATA lN——m m
—_ t tDH
ROY/BUBY 0 | PR —— o
| I
— ln— tpg

%
g
R

ADY/BUSY. tpg
T— ey
——J f—toe
PROGRAM MODE Sym Min Typ Max Unit Conditions
Write Cycle Time twe 20 - 40 ms
Address Setup Time tas 10 - - ns
Address Hold Time tan 70 - - ns
Write Setup Time tes 0 - - ns
Write Hold Time ten 0 - - ns
Chip Enable to tnd of Write Tnput tow 150 ~ - ns
Output Enable Setup Time tors 10 - - ns
Output Enable Hold Time torH 10 - - ns
Write Pulse Width twp 150 - - ns
Data Latch Time tor 50 - - ns
Programming Time tpR 20 - 40 ms
Data Setup Time tps 50 - - ns
Data Hold Time toy 10 - - ns
RDY/BUSY tpp - - 100 ns

WE CONTROLLED PROGRAM MODE

With a stable address and data word presented to
the respective inputs of a selected device and Tt
of that device brought low, the WE line is pulsed
low to initiate a program cycle. The falling edge
of WE latches the address inputs and the rising
edge latches the data inputs. After a delay
tpgs the RDY/BUSY output will go low and remain
there for the duration of the programming cycle.
NS2003
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CE CONTROLLED PROGRAM MODE

In this mode, WE is brought low prior to selecting
the ER59021I. The falling and rising edges of the CE
line will then latch the address and data respect-
ively. A delay tpg is timed from the rising
edge of the WE line following which the RDY/BUSY
output will go low and remain there for the
duration of the programming cycle.

0A-5



GENERAL
INSTRUMENT ER59021

FIGURE 3: OPTIONAL HIGH VOLTAGE MODES

BYTE ERASE OR BYTE WRITE CYCLE

ADDRESS
t
CS—»
| t >
— ot - wP—ol jo—, !
Voo (WE PIN) AS tprE
(4-6V) oS oy — — P
DATA IN TATEVALIE
— - =
- VIH ‘bos tooH
OE
i
CHIP ERASE CYCLE
CE ~+ |+ tprc
_ tcs ,_L twp—py ':Jt‘”“ toeT
(4-8V) . Yo )
‘DS womm-m-
DATA IN__ Vi tpH
P Y
OF IH
tos ton
DC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Write/Erase Voltage Vpp 20 - 22 v
Vpp Current (Byte Erase/Write) Ipp (w) - - 0.01 mA TE=Vy., Vpp=22V
OFE Voltage (Chip Erase) Vo 20 - 22 v Igp=10pA
Vpp Current Inhibit Ipp ()| - - 0.01 mA CE=Viy, Vpp=22V
Vpp Current (Chip Erase) Ipp (e) - - 0.01 mA 'EE=VIL, EE:VOE,
Vpp=22V
AC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Add to Vpp Setup Time tas 10 - - ns
CE to Vpp Setup Time teg 10 - - ns
Data to Vpp Setup Time tps 0 - - ns
Data Hold Time tpH 50 - - ns Vpp=6V
Write Pulse Width twp 150ns - 15ms
Write Recovery Time twr 50 - - ns Vpp=6V
Chip Erase Setup Time tos 10 - - ns Vpp=6V, Vgp=20V
Chip Erase Hold Time ton 10 - - ns Vpp=6V, Vgp=20V
Vpp RC Time Constant tpre - - 750 s
VPP Fall Time tert - - 100 us Vpp=6V
Byte Erase/Write Setup Time tegs 10 - - ns Vpp=6V
Byte Erase/Write Hold Time tBoH 10 - - ns Vpp=6V
DS20030A-6
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GENERAL
INSTRUMENT E£R59021
FIGURE &4: ON CHIP DATA PROTECTION
] "
D/ veown |
! |
O VOLTS | | |
| 1 |
|t !
sl aal I
POR | t '
— jo— TIME OUT tycc pon
| |
ju-—— | READ MODE AVAILABILITY DEVICE
I | AVAILABLE
}=— PROGRAM MODE AVAILABILITY FOR
FUNCTIONALITY

ENHANCED ON-CHIP DATA PROTECTION

This protection circuitry minimizes the possibility
of erronious program/eral cycles during device
power up or down. When the power supply voltage,
Vec is  below 3.5V, Vo WI, (power up or
down), the chip is held in a reset mode inhibiting
all erase/write circuitry. On power up, after
Vee reaches the 3.5V level, a 10ms time out,
tycc will start during which the erase/write
circuitry remains inhibited. This allows time for
setting of inputs to the correct state. Addition-

Read operations are not inhibited by the 10ms time
out and may occur during this period.

OPTIONAL HIGH VOLTAGE PROGRAMMING AND
CHIP ERASE FEATURES

Optional high voltage word erase, word write and
10ms chip erase features are available on the
ER59021 (in addition to full +5V only operation)
for pin-for-pin and operational compatibility with

EEPROMs requiring additional high voltage power

ally, a low state on OF will inhibit erase/write supplies.
operations.
PACKAGE OUTL INE
aoonnnoaonnnnn
24 LEAD DUAL-IN-LINE .060R I
TYP .560
y 505
q |
DU D OO Uy
INDEX POINT
i :.%:% —_— 2"+_.§1wp BOTH ENDS ,\?r?,p .
’\ Top & 8OTTOM | \
1 1
BASE PLANE T az0 -gIg | \
SEATING PLANE aos M F A
Bk .140 075! L010R %
.130 K] TYP ¥
058 L .108 020 I
840 P oo o o
020 o0 il 012 ~ro
16 008 '5.
080
a5 —1 P joe . e
NOTE: Unless otherwise specified, all dimensions are + .002 in.
DS20030A-7
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GENERAL

INSTRUMENT ER5904

PREL IMINARY

WORD ALTERABLE 4096 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

~ 4096 bits, organized 512 x 8

~ Single +5V only operation

~ On~-chip latching of addresses and data

~ Automatic write timeout

- RDY/BUSY signal

- Optional high voltage program and chip erase
modes

- TE and OF inputs to avoid bus contention

- Word alterable

- Read access time of less than 300ns

- Enhanced on~chip data protection

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

- ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL STD 883

-~ JEDEC approved byte-wide pinout

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

DESCRIPTION

The General Instrument ER5904 is an Electrically
Frasable Programmable Read Only Memory (EEPROM)
with many ease of use features. The ER5904 can be
modified wusing simple TTL level signals and a
single +5V power supply. Writing data into the
ER5904 is analogous to writing data in a static

PIN CONFIGURATION
24 LEAD DUAL-IN-LINE

Top View
A7 e 24p (+5V) Ve
A6 2 2303 A8
AS O3 22[3 ROY/BUSY
A4 Q4 210WE
A3 5 200 OF
A2 6 190 *Test Point
A7 18[1 CE
A0 Cls 17P 07
Do 9 16[3 D6
D110 15[ DS
D2 C]11 1401 D4
Vgg (GND) Q12 133 D3

*Must be left unconnected.

RAM,  Since the address and data are internally
latched and the RDY/BUSY signal is available, the
ER5904 frees the system for other tasks during the
programming cycle. The read/write logic is
designed such that bus contention will be minimized
by use of OF and CE inputs.

BLOCK DIAGRAM TRUTH TABLE
I E +5V_ONLY OPERATION
— —T —
RDY/ p £ CE| OE| WE | RDY/BUSY MODE 1/0 | POWER
BUSY = | 512x8 @ — 9
4 —
—{ EEPROM — H| x| X H STANDBY | High Z| STANDBY
TEST-—E ARRAY g: Lf{v|H H READ [ Dgyp | ACTIVE
© 38— 2 L|H |t L PROGRAM | Dy ACTIVE
o ) L|H]H H READ/WRITE | High Z] ACTIVE
w —
READ/ é INHIBIT
WRITE
CE ———  |AMPLIFIERS
OPTIONAL HIGH VOLTAGE COMPATIBLE MODES
OE —1 Vo ﬁ RDY/
BUFFERS g CE | OF WE__|BUSY| MODE 1/0 POWER
& LATCHES L
1
L | H 20-22V| L |BYTE ERASE | Dy=H ACTIVE
Omittiiw
‘\;2 O !“unl L | H 20-22V| L |BYTE ERASE | Dy ACTIVE
DO-D7 L |20-22v] 20-22v| L |CHIP ERASE | Dy\=H ACTIVE
DATA INPUTS L J2z-22vi L L |CHIP ERASE | Dyy=H ACTIVE
DS20023A-1 1985 General Instrument Corporation
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GENERAL
INSTRUMENT ER5904

MEMORY CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Erased State 3 - VIH,VOH - \
Written State Vi - Vin, VoL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprogramming

cycles per byte Np 104 - - - See note below
Number of Read Access

between refresh NRA - Unlimited

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

PIN FUNCTIONS

increases. The specified limit is merely one point
on this curve and does not imply a sudden cutoff or
end of life. General Tnstrument's SNOS5 EEPROMs are
designed so that after 104 cycles a typical
retention time is 10 years.

Symbol Function Comments

A0-A8 9 Bit Address The address inputs select one of the EEPROM B-bit words.

DO-D7 8 Bit Data 1/0

Vgg Chip Ground Connection

TE Chip Enable Input This input enables the chip for all modes of operation.
When chip enable is high, the I1/0 terminals are in the
floating or high impedance state.

OE Output Enable Input Gates data to output pins during a read cycle.

WE Write Enable Input Enables a reprogramming cycle; input data latched on a
positive edge.

RDY/BUSY Status Output Low when chip is in reprogramming mode and cannot be
accessed. High when in read mode.

Voo +5 Volt Power Connection

DS20023A-2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with
respect to ground..eeseececeecneens
Storage temperature (unpowered and
without data retention)..eceeeo.
Soldering temperature of leads

+7V to -0.3V

-65°C to +150°C

GENERAL

INSTRUMENT ER5904

*Exceeding these ratings could cause
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this

specification, is not implied.

permanent

(10 SeCONdS)eeseeeoerssvssssoscenssnsress +300°C Data Labelled "typical" is presented for design
guidance only and is not guaranteed.

Standard Conditions (unless other noted)

Vgg = GND General TInstrument makes no warranty, expressed or
Ve = +5V +10% implied, as to the merchantability or fitness for a
Operating Temperature Range (Tp): particular purpose of this device or its software
0°C to +70°C (Commercial)

DC CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

High Level Input Voltage ViH 2.0 - Vee+t.0 v
Low Level Input Voltage ViL -1.0 - +0.8 v

High Level Output Voltage Vou 2.4 - Vee \ Igy = =400 pA
Low Level Output Voltage VoL - - 0.4 v TIgr = 2.1 mA

Input Leakage Current I - 10 HA Viy = 5.5V

Output Leakage Current IgL 10 MA ViNy = 5.5V

POWER SUPPLY REQUIREMENTS

Vee Supply:

Chip Selected Iee - 60 80 mA Veo = +5.5V

Chip Deselected (Standby Mode){ Ipe - - 50 mA Vee = +5.5V

Power Dissipation:

Chip Selected Pp - 330 440 mW Vee = +9.5V

Chip Deselected (Standby Mode)| Pp - - 275 mW Vee = +9.5V

AC CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions
Input Capacitance Cy - - 6 pF Viy = 0V
Output Capacitance Co - - 10 pF Vout = OV
DS20023A~3
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GENERAL

INSTRUMENT ER5904
FIGURE 1: READ MODE
the
ADDRESS >F ;( A

-— |

CE __..\J“""‘\ tce™ "] )

— b= toE =

m | ——————

-—— VIH

WE 2

-
HIGHZ | == —
DATA OUT . DATA VALID
READ MODE Sym Min Typ Max Unit Conditions

Read Cycle Time tre 300 - - ns
Chip Enable Access Time tee - - 300 ns
Address Access Time tan - - 300 ns
Output Enable Access Time toe - - 100 ns
Chip Enable to Output Low Z Yz 10 - - ns
Chip Disable to Output in High Z thz 10 - 100 ns
Output Enable to Output in Low Z toLz 50 - - ns
Output Enable to Output in High Z} tgyz 10 - 100 ns
Output Hold From Address Change toy 20 - - ns

READ MODE

a valid address must
appear on the A0 to A8 inputs and remain there for
the duration of the cycle because the address is
not latched in this mode. CE may then be brought
low to select the device. The desired memory byte
will appear on the data lines DO to D7 after a time

To initiate a read cycle,

delay tpp measured from the falling edge of OE.
Alternatively, if bus contention is not a problem,
OF may be tied low. The maximum read access time
(tp) is 300 ns and data will remain valid until a
logic level change occurs on EE, OE or an address
line. WE is held high.

DS20023A-4
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GENERAL
INSTRUMENT ER5904
FIGURE 2: PROGRAM MODE
[WE CONTROLLED WRITE CYCLE Twe
ADORESS; m)c:
ASVT-tay te
CE SSofltes v rosrs.|re R
T T v
—_1 ] v "
ez Tornp_osssay fS
WE 10ES fo——tywp——»
fe— tpL ﬁS7—\;
DATA OUTBED HGH Z 4f
—> tov
DATA IN ﬁEZZSD
_ tp oH
RDY/BUSY 7 tPR——w—
| ’:___.__....___4
—a  le— tpB
CE CONTROLLED WRITE CYCLE
RDY/BUSY. ] tpp—
| .I I
~—s —1tpB
PROGRAM MODE. Sym Min Typ Max Unit Conditions
Write Cycle Time twe 20 - 40 ms
Address Setup Time tas 10 - - ns
Address Hold Time taH 70 - - ns
Write Setup Time tes 0 - - ns
Write Hold Time teH 0 - - ns
Chip Enable to End of Write Input tew 150 - - ns
Output Enable Setup Time tors 10 - - ns
Output Enable Hold Time toEH 10 - - ns
Write Pulse Width twp 150 - - ns
Data Latch Time toL 50 - - ns
Programming Time tpr 20 ~- 40 ms
Data Setup Time tps 5 - - ns
Data Hold Time toH 10 - - ns
RDY/BUSY tpg - - 100 ns

WE CONTROLLED PROGRAM MODE

With a stable address and data word presented to
the respective inputs of a selected device and TE
of that device brought low, the WE line is pulsed
low to initiate a program cycle. The falling edge
of WE latches the address inputs and the rising
edge latches the data inputs. After a delay
tDB’ the RDY/Eﬁgv output will go low and remain
there for the duration of the programming cycle.

CE CONTROLLED PROGRAM MODE

In this mode, WE is brought low prior to selecting
the ER5904. The falling and rising edges of the CE
line will then latch the address and data respect-
ively. A delay tpg is timed from the rising
edge of the WE line following which the RDY/BUSY
output will go low and remain there for the

duration of the programming cycle.

DS20023A-5
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GENERAL

INSTRUMENT ER5904

FIGURE 3:

OPTIONAL HIGH VOLTAGE MODES

BYTE ERASE OR BYTE WRITE CYCLE

ADDRESS
k]
CS—» t
o " “ p—tpRC T
CE | _ WR
— o—t at— twp—sl oy
Voo (WE PIN) AS tprr
(4-6V) DS —y je— — -
DATA IN BATAVALD |2
t — e —_—
OE H ‘+"E!2H
iL
CHIP ERASE CYCLE
CE —'1 +— tpRC
tcs . tWP—» k»tWR
J— [ = t
(4-6V) . " ViL '
DATAIN  ViH DS = —J—\E-_t_o_u
— A"
OE L [, T
tog je—+l ton
DC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Write/Frase Voltage Vpp 20 - 22 v
Vpp Current (Byte Erase/Write) Ipp (w) - - 0.01% mA TE=Vy_, Vpp=22V
OE Voltage (Chip Erase) Vo 20 - 22 v Igp=10pA
Vpp Current Inhibit Ipp (1) - - 0.01 mA CE=Viy, Vpp=22V
Vpp Current (Chip Erase) Ipp (c) - - 0.01 mA EE:VIL, ﬁf:VOE,
Vpp=22V
AC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Add to Vpp Setup Time tas 10 - - ns
CE to Vpp Setup Time tes 10 - - ns
Data to Vpp Setup Time tps 0 - - ns
Data Hold Time toH 50 - - ns Vpp=6V
Write Pulse Width typ 150ns = 15ms
Write Recovery Time twr 50 - - ns Vpp=6V
Chip Erase Setup Time tos 10 - - ns Vpp=6V, Vgp=20V
Chip Erase Hold Time tou 10 - - ns Vpp=6V, Vgp=20V
Vpp RC Time Constant tpre - - 750 S
Vpp Fall Time tpFT - - 100 us Vpp=6V
Byte Erase/Write Setup Time tgos 10 - - ns Vpp=6V
Byte Erase/Write Hold Time taoH 10 - - ns Vpp=6V
DS20023A-6

2-128




GENERAL
INSTRUMENT ER5904
FIGURE 4: ON CHIP DATA PROTECTION
cm
Veg —— ——m = — ! s Vce Wi ,/
| |
o voLTs.__.____1/1-"-7____
: : | ! [
POR | t ,
—! j=— TIME OfY 'ch POR
| I
f=—— | READ MODE AVAILABILITY DEVICE
i | AVAILABLE
=— PROGRAM MODE AVAILABILITY FOR
FUNCTIONALITY

ENHANCED ON-CHIP DATA PROTECTION

This protection circuitry minimizes the possibility

of erronious program/eral cycles during device
power up or down. When the power supply voltage,
Ve is  below 3.5V, Voo W1, (power wup or

down), the chip is held in a reset mode inhibiting

Read operations are not inhibited by the 10ms time
out and may occur during this period.

OPTIONAL HIGH VOLTAGE PROGRAMMING AND
CHIP ERASE FEATURES

all erase/write circuitry. On power up, after Optional high voltage word erase, word write and
Vee reaches the 3.5V level, a 10ms time out, 10ms chip erase features are available on the
tyegs will start during which the erase/write ER5904 (in addition to full +5V only operation) for
circuitry remains inhibited. This allows time for pin-for-pin and operational compatibility with
setting of inputs to the correct state. Addition- EEPROMs requiring additional high voltage power
ally, a low state on OF will inhibit erase/write supplies,
operations.
PACKAGE OUTLINE
aaOonNMAOANMAnNNnNo0
24 LEAD DUAL-IN-LINE 060R [
e N 560
y 505
q J
DU OoouUOouayg
INDEX POINT
:.-'—f%: f:t.::Tvp BOTH ENDS :’f?,p -—
’\ TOP & BOTTOM |
A .130 4
BASE_PLANE | 4120 209 .20 \
SEATING PLANE 108 T L Y
LYY 075} 010R 4
.130 o TP !
g_:.g L_‘ .105 020 I °
020 ] 006 ™ A 0w ‘_t:o
018 - 008 g
080 | 1105 800 k
045 1005 g pl £ i ——
NOTE: Unless otherwise specified, all dimensions are + .002 in.

DS20023A-7
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GENERAL

INSTRUMENT ER59041

PRELIMINARY

WORD ALTERABLE 4096 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM

FEATURES:

- 4096 bits, organized 512 x 8

- Single +5V only operation

- On-chip latching of addresses and data

~ Automatic write timeout

- RDY/BUSY signal

- Optional high
modes

- CE and OF inputs to avoid bus contention

- Word alterable

-~ Read access time of less than 300ns

- Enhanced on-chip data protection

- Unlimited read accesses

- Fully TTL compatible inputs and outputs

~ ESD Protection: Inputs are designed to meet 1.0KV
per test method 3015.1, MIL STD 883

~ JEDEC approved byte-wide pinout

- Highly reliable N-Channel SNOS technology

- Designed for 10 year data retention after 10,000
erase/write cycles per word

voltage program and chip erase

DESCRIPTION

PIN CONFIGURATION
24 LEAD DUAL-IN-LINE

Top View
A7C|1 243 (+5V) VCC
A6 T2 2317 A8
As O3 22 RDY/BUSY
A4 Qo 21AWE
A3 05 200 o
a20s 19 *Test Point
A1 07 1801 CE
Ao s 17P b7
Do 9 1603 D6
D110 150 DS
D2 11 1401 D4
Vgs (GND) 12 130 D3

*Must be left unconnected.

The General Instrument ER59041 is an Electrically RAM.  Since the address and data are internally
Erasable Programmable Read Only Memory (EEPROM) latched and the RDY/BUSY signal is available, the
with many ease of use features. The ER59041 can be ER%9041 frees the system for other tasks during the
modified using simple TTL 1level signals and a programming cycle. The read/write 1logic is
single +5V power supply. Writing data into the designed such that bus contention will be minimized
ER59041 is analogous to writing data in a static by use of OF and CE inputs.
BLOCK DIAGRAM TRUTH TABLE
1 ‘ E _ +5V ONLY OPERATION
RDY/ S l— = TE| OE] WE | RDY/BUSY MODE 1/0__| POWER
ausy“'“a 512x8 t3 — 8
EE — E“’m:‘ g — H| x| x H STANDBY | High Z| STANDBY
TEST « ARRA o L L |H H READ Dour | ACTIVE
o SEI—
i © L | H | L PROGRAM | DN ACTIVE
WE < LIH|H H READ/WRITE| High Z| ACTIVE
READ/ é INHIBIT
WRITF
CE IAMPLIFIERS
_ OPTIONAL HIGH VOLTAGE COMPATIBLE MODES
OE o WE RDY/
BUFFERS |———t—— —] = — ==
———— A LATCHES CE | OE WE | BUSY MODE 1/0 POWER
- =H ACTIVE
Ve Itmﬂ | w [mn| o fevic ewese| o | s
Vsg O—= - L . W -
L ]20-22V| 20-22V{ L |CHIP ERASE | Dyn=H ACTIVE
D““m L fez-22v] L | v [cHip erast | Dp=H | ACTIVE
D520027A-1 1985 General Instrument Corporation
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GENERAL
INSTRUMENT ER59041

MEMORY CHARACTERISTICS

Characteristic Sym Min Typ Max Units Conditions

Erased State VE: - VIH,VOH - v
Written State Vw - VIH,VOL - v
Data Retention Time tg 10 - years

(powered or unpowered)
Number of reprogramming

cycles per byte Np 104 - - - See note below
Number of Read Access

between refresh Nra - Unlimited

NOTE: There is a tradeoff to be made between the
data retention time (tg) and the number of
reprogramming cycles (Np) performed per address.
A gradual reduction in retention time is
experienced as the number of reprogramming cycles

PIN FUNCTIONS

increases. The specified limit is merely one point
on this curve and does not imply a sudden cutoff or
end of life. General Instrument's SNOS EEPROMs are
designed so that after 104 cycles a typical
retention time is 10 years.

Symbol Function Comments

AO-A8 9 Bit Address The address inputs select one of the EEPROM 8-bit words.

DO-D7 8 Bit Data 1/0

Vgg Chip Ground Connection

TE Chip Enable Input This input enables the chip for all modes of operation.
When chip enable is high, the 1/0 terminals are in the
floating or high impedance state.

OF Output Enable Input Gates data to output pins during a read cycle.

WE Write Enable Input Fnables a reprogramming cycle; input data latched on a
positive edge.

RDY/BUSY Status Output Low when chip is in reprogramming mode and cannot be
accessed. High when in read mode.

Vee +> Volt Power Connection

DS20027A~2
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs with
respect to ground....ceeeceencecenns
Storage temperature (unpowered and
without data retention).........
Soldering temperature of leads

+7V to -0.3V

-65°C to +150°C

GENERAL

INSTRUMENT ER59041

*Exceeding these ratings could cause permanent
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this

specification, is not implied.

(10 8ecONdS)..veseessssncncecsccscssssees +300°C Data tabelled "typical" is presented for design
guidance only and is not guaranteed.

Standard Conditions (unless other noted)

Vgg = GND General Instrument makes no warranty, expressed or
Vee = +5V +10% implied, as to the merchantability or fitness for a
Operating Temperature Range (Tp): particular purpose of this device or its software
-40°C to +85°C (Industrial)

DC CHARACTERISTICS

Characteristic Sym Min Typ Max: Units Conditions

High Level Input Voltage ViH 2.0 - Vee+1.0 v

Low Level Tnput Voltage ViL -1.0 - +0.8 v

High tevel Output Voltage VoH 2.4 - Vee v Igy = =400 wA
Low Level Qutput Voltage VoL - - 0.4 v Tg = 2.1 mA

Input Leakage Current I - 10 HA Vin = 5.9V

Output Leakage Current IgL 10 A VinN = 5.5V

POWER SUPPLY REQUIREMENTS

Vee Supply:

Chip Selected Iee - 70 - mA Vep = +5.5V

Chip Deselected (Standby Mode)| Icp - 40 - mA Vep = +5.5V

Power Dissipation:

Chip Selected Po - 385 - mW Voo = +5.5Y

Chip Deselected (Standby Mode) Pp - 220 - mW Vep = #5459V

AC CHARACTERISTICS

Characteristic Sym Max Typ Max Units Conditions
Input Capacitance Cy - - 6 pF Viy = OV
Output Capacitance Co - - 10 pF Yoyt = OV
DS20027A-3
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FIGURE 1: READ MODE
— e
‘CE tce ,
N p
—_ - toE =
—— VHH
WE w2
o
HIGHZ | —
DATA OUT DATA VALID
READ MODE Sym Min Typ Max Unit Conditions
Read Cycle Time tre 300 - - ns
Chip Enable Access Time tee - - 300 ns
Address Access Time taa - - 300 ns
Output Enable Access Time toe - - 100 ns
Chip Enable to Output Low Z Y 7 10 - - ns
Chip Disable to Output in High 2 thz 10 - 100 ns
Output Enable to Output in Low Z toLz 50 - - ns
Output Enable to Output in High Z] tgyz 10 - 100 ns
Output Hold From Address Change toH 20 - - ns
READ MODE

To initiate a read cycle, a valid address must
appear on the A0 to A8 inputs and remain there for
the duration of the cycle because the address is
not latched in this mode. CE may then be brought
low to select the device. The desired memory byte
will appear on the data lines DO to D7 after a time

delay tpop measured from the falling edge of OE.
Alternatively, if bus contention is not a problem,
[ may be tied low. The maximum read access time
(tp) is 300 ns and data will remain valid until a
logic level change occurs on CE, OE or an address
line. WE is held high.

DS20027A-4
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_FIGURE 2: PROGRAM MODE
WE CONTROLLED WRITE CYCLE . e twe
ADDRESS fr0:e7am
AT
¢e tcs N oo |
LA 1 s
— L ] ») -
L/ A TPM NN\ AN g
= LOES jo—— tywp—»
WE =iy
te— ‘DL ﬁsy-\“
DATA OUTBED- HaH z 71’"
— tov
DATA IN——Q@RR ==
t tDH
ROY/BUSY 2 ' tPR—o—
—"I le— tps
CE CONTROLLED WRITE CYCLE
" twc

5
rg
k

RDY/BUSY : ﬂ:r
——J F»—Joa
PROGRAM MODE Sym Min Typ Max Unit Conditions
Write Cycle Time twe 20 - 40 ms
Address Setup Time tas 10 - - ns
Address Hold Time tan 70 - - ns
Write Setup Time tes 0 - - ns
Write Hold Time teH 0 - - ns
Chip Enable to End of Write Input tew 150 - - ns
Output Enable Setup Time toes 10 - - ns
Output Enable Hold Time torn 10 - - ns
Write Pulse Width twp 150 - - ns
Data Latch Time toL 50 - - ns
Programming Time tpg 20 - 40 ms
Data Setup Time tps 50 - - ns
Data_ﬂg}p Time ton 10 - - ns
RDY/BUSY tos - - 100 ns

WE CONTROLLED PROGRAM MODE

With a stable address and data word presented to
the respective inputs of a selected device and TE
of that device brought low, the WE line is pulsed
low to initiate a program cycle. The falling edge
of WE latches the address inputs and the rising
edge latches the data inputs. After a delay
tpgs the RDY/BUSY output will go low and remain
there for the duration of the programming cycle.

CE CONTROLLED PROGRAM MODE

In this mode, WE is brought low prior to selecting
the ER5904. The falling and rising edges of the CE
line will then latch the address and data respect-
ively. A delay tpg is timed from the rising
edge of the WE line following which the RDY/BUSY
output will go low and remain there for the

duration of the programming cycle.

DS20027A-5
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FIGURE 3:

OPTIONAL HIGH VOLTAGE MODES

BYTE ERASE OR BYTE WRITE CYCLE

ss 1 ]
1
CE ¥ et g
| t ‘ >
— e t > wWP—ol fo—, !
Vpp (WE PIN) AS tprr
—
(4-6v) tos o je— —
DATA IN a
—_— —
- ViH tbos N 'DQH

CHIP ERASE CYCLE

CE — |+ tprc
. ‘cs\!:. ! twp—sy u._j*wn t
Vop (WE PIN) —= PFT
(4-6V) S R
tos bl t
DATA IN w
3 ), F—
tos ton
DC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Write/Erase Voltage Vpp 20 - 22 v
Vpp Current (Byte Erase/Write) Ipp W] - - 0.01 mA TE=Vy_, Vpp=22V
OF Voltage (Chip Erase) Voe 20 - 22 v Igp=10pA
Vpp Current Inhibit Ipp ()| - - 0.01 mA CE=Viy, Vpp=22V
Vpp Current (Chip Erase) Ipp (e)]| - - 0.01 mA TE=Vy_, OE=Vgg,
Vpp=22V
AC_CHARACTERISTICS
OPTIONAL HIGH VOLTAGE MODES Sym Min Typ Max Unit Conditions
Add to Vpp Setup Time tas 10 - - ns
CE to VPP Setup Time tCS 10 - - ns
Data to Vpp Setup Time tps 0 - - ns
Data Hold Time toH 50 - - ns Vpp=6V
Write Pulse Width twp 150ns - 15ms
Write Recovery Time twr 50 - - ns Vpp=6V
Chip Erase Setup Time tos 10 - - ns Vpp=6V, Vgp=20V
Chip Erase Hold Time tou 10 - - ns Vpp=z6V, Vgp=20V
Vpp RC Time Constant tpre - - 750 4s
Vpp Fall Time tprT - - 100 us Vpp=6V
Byte Erase/Write Setup Time tgos 10 - - ns Vpp=6V
Byte Erase/Write Hold Time taoH 10 - - ns Vpp=6V
DS20027A-6
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FIGURE 4: ON CHIP DATA PROTECTION
] "
| i
| | |
o ! i
- | \
POR t "
——{ j=— TIME OUT tycc ponr
| |
po—— | READ MODE AVAILABILITY DEVICE
I | AVAILABLE
l=— PROGRAM MODE AVAILABILITY FOR
FUNCTIONALITY

ENHANCED ON-CHIP DATA PROTECTION

This protection circuitry minimizes the possibility
of erronious program/eral cycles during device
power up or down. When the power supply voltage,

Vec is  below 3.5V, Voo WI, (power up or
down), the chip is held in a reset mode inhibiting
all erase/write circuitry. On power up, after
Vee reaches the 3.5V level, a 10ms time out,
tyccs will start during which the erase/write
circuitry remains inhibited. This allows time for
setting of inputs to the correct state. Addition-

ally, a low state on OF will inhibit erase/write
operations.

Read operations are not inhibited by the 10ms time
out and may occur during this period.

OPTIONAL HIGH VOLTAGE PROGRAMMING AND
CHIP ERASE FEATURES

Optional high voltage word erase, word write and
10ms chip erase features are available on the
ER5904 (in addition to full +5V only operation) for
pin-for-pin and operational compatibility with
EEPROMs requiring additional high voltage power
supplies.,

PACKAGE OUTLINE
annAannonannn -
24 LEAD DUAL~-IN-LINE I
060R
TYP 560
» 505
L%
|SAUpEEEpIESEEEEEEgE RS
H— INDEX POINT
1.255 oy &” 30”
1.‘—0'5' -2— _.52 TYP BOTH ENDS /'T\YIP o
’.\ TOP & BOTTOM | Y
1 .130 o
BASE PLANE | 4 120 a \t))( 120 ‘—‘,\——ﬁ\
SEATING PLANE .108 1 \ :\
t .140 \‘\‘
130
—_
068 LJ.lgg 020 I .
020 040 095 MIN o
018 ~':$
Qa9 1,105
045 7 [ io9s | .
NOTE: Unless otherwise specified, all dimensions are + ,002 in.
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NON--VOLATILE COUNTER

PIN CONFIGURATION
16 LEAD DUAL IN LINE

FEATURES

- Single +5 only operation

~ 4-bit volatile counter TOP VIEW

- 20-bit non-volatile counter - EEPROM

- 16-bit non-volatile scratch pad - EEPROM Vg5 (GND) O o1 16[JRD

- Non-volatile tamper flag - EEPROM WRQ2 15p v

- 16-bit volatile counter ALEQ 3 1411 DB3

- Unlimited read accesses TESTO S 130 DB2

- Fully TTL compatible inputs and outputs Ned s 12p DB1

~ ESD Protection: Inputs are designed to meet 1.0KV CoscOe 11 DBO
per test method 3015.1, MIL-STD 883 crg? 10{3 NC

~ Highly reliable N-Channel SNOS technology Ve 8 9P NC

- Designed for 10 year data retention after 10,000
erase/write cycles per word
- 0°C to +70°C operating ambient temperature range

OVERVIEW

iods, measuring gas or electricity consumption in
utility meters and monitoring machine on-time. The
ER1000 accepts both serial (count) and parallel
(scratch pad) data for storage in non-volatile
All words may be accessed via a 4-bit data

non~-volatile counter
manufactured in Instrument's  highly
reliable SNOS technology. By incorporating both
non-volatile status flags, as well as an additional
user-defined, non-volatile scratch pad, the ER1000
presents a wide range of applications including RPM bus.
monitoring, determining equipment maintenance per-

The ER1000 is a low cost,

General

memory.

BLOCK DIAGRAM
CONTROL LOGIC l YOLATILE COUNTERS | NON-VOLATILE MEMORY
| I
| !
72 I
+ 248 133 ]
aBiT 8 WORD x 4 BIT ‘ aBiT
weyT COUNTER | NV COUNTER FLAG REGISTER
| |
[ 3
Cl -—
oy = | oame | ! o 1
DBI w4 BUs
DB1 w g | CONTROL | I {}
08B0 «@-o — D)
ADDRESS l 5} |
DECODE |
| aY;
6218 |
128 4 WORD x 4 BIT | 4 WORD x 4 BIT
ALE RO WR PRESCALER COUNTER NON-VOLATILE MEMORY
I | SCRATCH PAD CONTROLLER
DS20015C-1 1985 General Instrument Corporation
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FUNCTIONAL DESCRIPTION

The ER1000 may be broken down into three major sub-
systems including two binary counter sections and a
non-volatile four-word scratch pad (organized as
4-bit words). One section includes a single-word
(4-bits) volatile counter, a five-word (EEPROM
backed) non-volatile counter and a non-volatile,
tamperproof overflow flag (flag register). The
other counter section includes a four-word volatile
counter. Both counter sections are incremented via
either decoded count input (CI) pulses. The non-
volatile, four-word scratch pad may be updated via

PIN FUNCTIONS

a 4-bit multiplexed address/data bus (non-volatile
scratch pad busy flag is provided). Access to all
locations is achieved via this data bus.

Counter Input: Input pulses occur at a rate of
0 to 1 KHz. The rise time of these transistions
is limited externally to a maximum of 1 msec.

Scratch Pad Memory: 16-bits of EEPROM memory,
organized 4 x 4, is accessable via the data bus at
addresses C, D, E and F.

No. Name Comments

1 Vgg System ground

2 WR Write data strobe input

3 ALE Address latch enable input

4 Test Point Must be left unconnected for normal operation
5 N.C. No internal connection

6 Cosc Oscillator external capacitor C=82pf (to GND)
7 CI Counter input

8 Vee Supply voltage

9 Test Point Must be left unconnected for normal operation
10 Test Point Must be left unconnected for normal operation
" DBO Data bus input/output, line 0

12 DB1 Data bus input/output, line 1

13 DB2 Data bus input/output, line 2

14 DB3 Data bus input/output, line 3

15 Vi Low voltage detect input

16 RD Read data strobe input

DS20015€-2
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Flag Register: The flag register is located at
address A. The most significant bit is the scratch
pad busy flag, which when high denotes that the
scratch pad is performing a non-volatile memory
programming function and should not be accessed.
When the scratch pad busy flag is set and location
A or any other location, B through F, are inten-
tionally accessed the data read out will be (1010)

GENERAL

INSTRUMENT ER1000

flag may not be read, since a read will always
return an A as data. The remaining two bits in the
flag register are always low, except when the
scratch pad busy flag is set as noted below.

Flag Register

HEX A. The least significant bit of the flag regis- MsB LS8
ter is the tamper flag, which is set by an overflow 1 1
from the most significant bit of the 20-bit non- Scratch Pad See text Tamper
volatile counter. However, when the scratch pad Busy Flag Flag
busy flag is set, the correct state of the tamper
ADDRESS LOCATIONS
HEX DB3 DB2 DB1 DBO Register
0 0 0 0 0 4-Bit Volatile Counter
1 0 0 0 1 Word 1 ~ 20-bit EEPROM Counter
2 0 0 1 0 Word 2 - 20-bit EEPROM Counter
3 0 0 1 1 Word 3 -~ 20-bit EEPROM Counter
4 0 1 0 0 Word 4 - 20-bit EEPROM Counter
5 0 1 0 1 Word % -~ 20-bit EEPROM Counter
6 0 1 1 0 Word 1 - 16-bit Volatile Counter
7 0 1 1 1 Word 2 - 16-bit Volatile Counter
8 1 0 0 0 Word 3 - 16-bit Volatile Counter
9 1 0 0 1 Word 4 - 16-bit Volatile Counter
A 1 0 1 0 Flag Register - EEPROM
B 1 0 1 1 Used for counter reset-see text
C 1 1 0 0 Word 1 - EEPROM Scratch Pad
D 1 1 0 1 Word 2 - EEPROM Scratch Pad
E 1 1 1 0 Word 3 - EEPROM Scratch Pad
t 1 1 1 1 Word 4 - EEPROM Scratch Pad
DS20015C-3
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs

with respect to ground..........e..
Storage temperature (unpowered

and without data retention).....
Soldering temperature of

leads (10 58CONAS)ivterreerenreanonnannns

+6V to -0.3V
-65°C to +150°C
+300°C

Standard Conditions (unless otherwise noted)

Vgg = GND
Ve = +5V + 10% V| = +5V + 10%
Vee with no loss of volatile memory:

4.0V to 5.5V

Vee with no loss of non-volatile memory:
4.2 to 6.0V

Operating temperature range (Tp):

0°C to +70°C (Commercial)

DC CHARACTERISTICS

GENERAL

INSTRUMENT ER1000

*Exceeding these ratings could cause
damage. Functional operation of this device at
these conditions, or any other conditions outside
those indicated in the operational sections of this
specification, is not implied.

permanent

Data labeled "typical” is presented for design
guidance only and is not guaranteed.

General Instrument makes no warranty, expressed or
implied, as to the merchantability or fitness for a
particular purpose of this device or its software
to the customer.

Characteristic Sym Min Typ Max Units Conditions
High Level Input Voltage VIH 2.0 - Vee+0.3 v
Low Level Tnput Voltage ViL 0 - 0.8 v
High tevel Output Voltage VoH Vig=0.5 -~ Ve v Requires an external
(open drain) pull-up
Low Level Output Voltage VoL - - 0.4 v Ig. = 1.6mA
High Level CI Input Threshold VY 2.4 - Vee~1.1V v Low-to-high Transition
Voltage
Low Level CI Input Threshold ViL 0.8 - 1.8 v High-to-low Transition
Voltage
High Level V| Input Voltage VLH 4,3 - Vpe+0.3 Vv Vee = 4.5V
5.0 - Vee+0.3 v Vee = 5.5V
Low Level V| Input Voltage ViL 2.5 - - v
Vee Supply Current Iee - - mA Vp = 0V, Outputs Open
- - 10 mA Vo = 4.3V, Outputs Open
Input Current V| Input I - - 200 uA Vi = 2.0V
Input Leakage Current I - ~ +1.0 uA Viy = 0 to 2.4V
DBO-DB3, WR, RD, ALE, CI
High Level Output Leakage TozH - - +1.0 uA Vou = 2.4V
Current, HI-Z
Power Dissipation P - - 55 W Output open
AC CHARACTERISTICS
Characteristic Sym Min Typ Max Units Conditions
Input Capacitance Cin - - 10 pf
Oscillator Capacitance Cosc 50 - 100 pf foge = 2.0MHz
DS20015C-4
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Non-Volatile Counter/ EEPROM Backup: The non-
volatile counter is actually a volatile counter
backed up by EEPROM memory. The contents of EEPROM
memory backup are updated each time an overflow
from the 4-bit This

volatile counter occurs.

GENERAL

INSTRUMENT ER1000

Low Voltage Detect Input: Pin 15 (VL) is an
external input which goes low immediately prior to
the supply voltage (Vgg) falling below its
minimum operating voltage of 4.5V, Sufficient
external energy storage must be provided to main-

update coincides with each time the stored count tain Vpe above 4.5V at least 50msec after Vi
changes. In order to increase the device's data goes low.
stability, updates take the form of a dump from
non-volatile memory into the counter, incrementing
the counter and then restoring the incremented
value to non-volatile memory.
Figure 1: Read Mode
PAW —o>
— - Yp Solas- th
le——  tpyp —»
- \k /
tasr
st —— -
tAHR topR tour
e — ADoRESS M ) 4 oamaour )
DB3 £ 4
READ MODE Sym Min Typ Max Unit Conditions
ALE and RD Pulse Width tPUR 300 - 108 ns
ALE to Read Pulse Delay YR 1500 - 108 ns
Read Pulse to ALE Delay trL 1500 - 108 ns
Address Setup Time taAsR 250 - 108 ns
Address Hold Time tAHR 10 - - ns
Data Delay Time tooR - - 150 ns
Data Hold Time toHR - - 50 ns

READ MODE PROTOCOL

1. Place the address to be read on the data bus and
strobe with ALE.

2. Strobe RD (low): Data will be available on the
data bus on the rising edge of the RD pulse.

An attempt to read address location, Hex B will
return 1011 (Hex B) as data. Also, if location Hex
A is read while the scratch pad busy flag is set,
1010 (Hex A) will be returned as data.

DS20015C-5
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Figure 2: Write Mode

f

v\

t
PAW —8=]
tw twL
tpww ——
" \ /
tasw
‘Dsw—.
taHw toHw
DBO- | ADDRESS IN | AJr; DATAIN N
DB3 X £
WRITE MODE Sym Min Typ Max Unit Conditions
ALE and RD Pulse Width tpaw 300 - 108 ns
Wr Pulse Width tPuW 500 - 108 ns
ALE to Write Pulse Delay tw 1500 - 108 ns
Write Pulse to ALE Delay twe 1550 - 108 ns
Address Setup Time tASH 250 - 108 ns
Address Hold Time tadw 10 - - ns
Data Setup Time tpgw 120 - - ns
Data Hold Time toHw 10 - - ns
WRITE CYCLE PROTOCOL
1. Address location A: place on the data bus and Write cycles may only be performed at addresses A

strobe with ALE,

2. Write a % to this location:
data bus. This enables the subsequent write and
strobe with WR.

place a % on the

3. Address the desired location: place the
location to be written (A, B, C, D, E or F) on

through F. If the above sequence is not followed
exactly without interruption, the protocol will be
terminated. The write function 1is disabled on
power-up.

16-Bit Counter Reset: A reset clears all 16-bits
in the volatile counter. This reset is accomplish-
ed by following the write protocol and then writing

the bus and strobe with ALE, a 4 to address B. If a read operation is performed
at address B, a Hex B (1011) will be returned at
4. Write the desired data: place the desired data.
data on the bus and strobe with WR. The write
function is now disabled and must start again at
step 1.
D520015C-6

2-142




GENERAL
INSTRUMENT

ER1000

A.C. Testing, Input and Output Waveforms

2.0 —\

I nput

Test Points
0.8_ v
2.4 2.0
Output Test Points
0.4 0.8
A.Co Testing:

| oW,

output logic high and 0.8V for an output logic low.

Inputs are driven at 2.0V for an input logic high and 0.8V for an input logic
Timing measurements of the output waveforms are made at 2.0V for an

PACKAGE OUTLINE

16 LEAD DUAL-IN-LINE

agaoaonQAnnnn

060 TYP L .100 TYP J
018 TYP

NOTE: Unless otherwise specified, all dimensions are + .002 in.

.032R
5
e —_ u.uo
NDEX pONT~ OO OO U OUU 0 MAX
.760
740 —*
4
.135 ¥
BASE PLANE A28 | 8%%
SEATING PLANE —— —t
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PREL IMINARY INFORMATION

8 BIT SINGLE CHIP MICROCOMPUTER WITH ON BOARD NON-VOLATILE MEMORY

FEATURES:

- 512 x 12 bit program ROM

- 32 x 8 bit RAM registers

- 32 x 8 bit EEPROM (non-volatile) registers

- EEPROM operations include program (erase/write),
erase, bulk erase, write and read

-~ Unlimited read accesses

- 10 years' data retention over the temperature
range of -40°C to +85°C

~ Arithmetic logic unit

- Real time clock/counter

- 20 bidirectional [/0 lines

- 28 pin package

- 2 level pushdown stack for subroutine nesting

- 3ps instruction time

- Open drain option on all [/0 lines

~ Mask programmable prescaler for RICC

- Self contained oscillator for crystal or ceramic
resonator

- Available in 2 temperature ranges: 0°
-40° to 85°C

to 70°C,

DESCRIPTION

PIN CONF IGURATION
28 Lead Dual In Line

Top View
—> Tt51Cet /' 280305C1 €=
—> Vppd 2 27[10SC2 w——d
—> RICCC 3 26[IMCLR €=
—— Vg5 4 25[JRC7 @&=>
—_— vxxg 5 24[JRC6 €~
&> RAOL] 6 23[RCS5 €=
&> RAM(Q 7 2201RC4 &>
<> RA20] 8 21[ARC3 &>
«> RA30 9 200 RC2 <G>
<> reodio 19ARCT €&=p
<> RrBIQ1I 18[IRCO €D
<> rB20J12 1700RB7 &>
«> Rr83013 161RB6 €=
<> RBsOs 15[ RBS <=5

as well as customer-defined ROM on a single chip,

with the added feature of non-volatile data
The PIC16LS7 microcomputer is an MOS/LSI device storage. This combination produces a low cost
containing RAM, I/0 and a central processing unit solution for applications which require sensing
PIC16E57 BLOCK DIAGRAM
GENERAL
FILE SELECT 5 5 EEPROM
” REGISTER )
REGISTER 7 ;f 7 REGISTERS
W REGISTER FILES
8
: ©®
ARITHMETIC ®w
LOGIC <4
UNIT ié €—7-> RAO-3
4
2 LEVEL STACK e
INSTRUCTION
48 b
RTCC REQ (F1) DECODE —
STATUS REG (F3) 8 ° & £l e
RE 4
]
CONTROL o k+>RBO-7
———————— >
r | PROG. CNTR. (F2) E
i L 12 >
INTERNAL CLOCK +1,240R 8 T Lo =
(MASK OPTION) PRESCALER &
-~ 8
Qo
PROGRAM ROM G €+ > RCcoO-7
512 x 12 E
o]
MASK PROGRAMMABLE T MCLR >
1985 General Instrument Corporation
DS30009B-1
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individual inputs and controlling individual
outputs. Keyboard scanning with memory retention,
display driving, and other system control functions
can be done at the same time due to the powerful
8-bit CPU.

The internal ROM contains a customer-defined
program using the PIC's powerful instruction set to
specify the overall functional characteristics of
the device. The B8-bit input/output registers
provide latched lines for interfacing to a limit-
less variety of applications.

The PIC16E57 can be used in security applications
where the security code may be saved and then
changed by the operator. It will also be useful in
tuning applications. Favorite stations can be set
and changed to suit the consumers needs. In addi-
tion, PIC16E57 can be used in automotive applica-
tions as
reminders.

electronic odometers or maintenance

The 12-bit instruction word format
provides a powerful yet easy to use instruction
repetoire emphasizing single bit manipulation as
well as logical and arithmetic operations using
bytes.

The PIC16ES7 is fabricated with N-Channel Silicon
Gate Nitride (SNOS) technology resulting in a high
performance product with proven reliability and
production history. Only a single power supply is
required for operation, and an on-chip oscillator
provides the operating clock with an external
crystal or ceramic resonator to establish the
frequency. Inputs and outputs are TTL-compatible.

Extensive hardware and software support is avail-
able to aid the user in developing an application
program and to verify performance before committing
to mask tooling. Programs can be assembled into
machine language using PICALB,
assembler. PICALB is available in various versions
that can be rum on many popular computer systems.

a powerful macro-~

Once the application program is developed several
options are available to insure proper performance.
The PIC's operation can be verified in any hardware
application by using the PIC16E67. The PIC16E67 is
a ROM-less PIC microcomputer with additional pins
to connect external PROM or RAM and to accept HALT
commands. The PFD3000t Field Demo System is
available containing a PIC16E67 with sockets for
erasable CMOS PROMs. Finally, the PICES II (PIC
In-Circuit Emulation System) provides the user with
in either a

emulation and debugging capability

stand-alone mode or operation as a peripheral to a
larger computer system. FEasy program debugging and
changing is facilitated because the user's program
is stored in RAM. With these development tools,
the user can quickly and confidently order the
masking of the PIC's ROM and bring his application
into the market.

A PIC Series Microcomputer Data Manual is available
which gives additional detailed data on PIC based
system design,

ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC series micro-
computer is based on a register file concept with
simple yet powerful commands designed to emphasize
bit, byte and register transfer operatiocns. The
instruction set also supports computing functions
as well as these control and interface functions.

Internally, the PIC is composed of three functional
elements connected together by a single bidirec-
tional bus: the Register File (composed of 32
addressable B8-bit registers, and 32 addressable
EEPROM registers), an Arithmetic Logic Unit, and a
user-defined Program ROM composed of 512 words each
12 bits in width. The Register File is divided
into three functional groups: operational regis-
ters general registers and general EEPROM regis-
ters. The operational registers include, among
others, the Real Time Clock Counter Register, the
Program Counter (PC), the Status Register, and the
1/0 Registers. The general purpose registers are
used for data and control information under command
of the instructions, The Arithmetic Logic Unit
contains one temporary working register or accumu-
lator (W Register) and gating to perform Boolean
functions between data held in the working register
and any file register.

The Program ROM contains the operational program
for the rest of the logic within the controller.
Sequencing of microinstructions is controlled via
the Program Counter (PC) which automatically incre-
ments to execute in-line programs. Program control
operations can be performed by Bit Test and Skip
instructions, Jump instructions, Call instructions,
or by loading computed addresses into the PC. In
addition, an on-chip two-level stack is employed to
provide easy to use subroutine nesting. Activating
the MCLR input on power up initializes the ROM
program to address 777g.

DS300098-2
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DATA MEMORY

Resident data memory is organized as 64 8 bit words
addressable in 3 banks. The first eight registers
FO~F7 are special purpose and are described in the
"File Register Arrangement" on page 6. The file
registers are designated FO-F37. F10-F37 are
general purpose working registers for program data
storage and are addressed when ESEL 1 and ESEL 2
both equal 0 or 1.

The 32 EEPROM registers are addressed as 2 banks of
16 (file registers F20-F37), the first group when
ESEL 1 = 1 and ESEL 2 = 0, and the second group
when ESEL 1 = 0 and ESEL 2 = 1, Thus F0-F17, which
contain the 8 special purpose registers plus 8
general purpose registers, are addressable indepen-
dent of the ESEL 1 and ESEL 2 bits. This reduces
the software '"bank switching" to the FEFEPROM
registers when, for example, copying data from
general purpose registers to EEPROM registers.

The details of utilizing the 32 non-volatile EEPROM
registers are contained in the section titled "Non-
Volatile Storage".

NON-VOLATILE STORAGE

Utilization of the 32 non-volatile EEPROM registers
has been made as similar as possible to the
standard general purpose file registers. What must
be done is set the bank select bits to address the
EEPROM banks, and then execute the instructions to
program (erase/write), erase, write, or read the
EEPROM registers. These
described in detail below.

operations are now

Addressing The EEPROM Registers - There are two
EEPROM bank select bits, ESEL 1 and ESEL 2 in the
status register, F3. They are bits 3 and 4,
respectively. These bits may be read or written to
under software control, When both bits are set to
0 or 1, the standard 32 registers are addressed.
(See diagram "File Register Arrangement"). When
ESEL 1 = 1 and ESEL. 2 = 0, the first bank of 16 as
EEPROM registers are selected. They are addressed
F20-f37. FO~-F17, which contain the 8 special
purpose registers and B8 general purpose registers,
are always directly addressable, independent of the

GENERAL
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ESEL bits. When ESEL 1 = 0 and ESEL 2 = 1, the
second bank of 16 EEPROM registers is specified by
addresses F20-F37.

Controlling The EEPROM Registers - The non-volatile
registers are different from the standard, volatile
registers, in that only a 1 can be written on
individual bits. To cause the proper data pattern
to be stored, the EEPROM register must first be
erased to all 0Os, and then a 1 be written to the
This can be accom-

appropriate bits as desired.
plished in several ways:

Program - A "program" operation is defined as an
erase cycle followed by a write (1's) cycle. This
is done automatically when one of the two EEPROM
banks is selected (see section titled '"Addressing
the EEPROM Registers) and a MOVWF instruction is
executed on F20-F37. Both erasing and writing take
approximately 25 ms. each, but this is done both
automatically and transparently to the software.
The microcomputer can go off and perform other
system functions while programming is taking place.
While programming is in progress, the BSY bit in
the Status Register (F3, B5) is set to 1. This is
a "read-only" bit and should be polled by software
to make sure programming is complete (BSY = 0)
before attempting to do any operation on another
EEPROM register. In the event that the user
chooses to ignore the BSY bit and initiate another
EEPROM operation, the microcomputer will halt and
suspend operation until the programming in progress
is complete (BSY = 0), at which time operation of
the microcomputer will resume and the new EEPROM
register operation will begin. Note that the
programmer can avoid this suspension of operation
by simply reading the BSY bit and only attempting
another EEPROM operation when it is 0. Also the
programmer can get a "software free" delay of the
program time (approximately 50 ms.) if he wanted to
by immediatetly attempting another program while
one is already in progress.

Erase - The EEPROM registers can be erased to all O
individually by selecting one of the two EEPROM
banks and executing a CLRF instruction on F20-F37.
This operation takes approximately 25 ms.

0DS5300098-3
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Bulk Erase - Each bank of EEPROM registers can be
erased in a single (aproximately 2% ms.) operation
by selecting the bank and executing the ERAL
instruction (op code 0025). Both banks can be
erased simultaneously by setting ESEL 1 and ESEL 2
both to 1's or both 0's and executing the ERAL
instruction, (Any other register instruction
executed when ESEL 1 and ESEL 2 are both 1 will
function as though they were both 0, resulting in
operating on the standard purpose
registers.)

general

Write - Individual EEPROM registers can be written
into by executing an IORWF f,1 instruction on F20-
F37 when an EEPROM bank is selected. 1f the EEPROM
register has been previously erased (to 0) then the
data in W will correctly be copied to the EEPROM
register, Otherwise, since only a 1 can be written
into a EEPROM register, a "write" operation is
really an "inclusive or" operation. This operation
takes approximately 25 ms.

PIN FUNCTIONS

Additionally, a BSF instruction can be used to
write (inclusive OR) a 1 to an individual EEPROM
register bit.

Read - The EEPROM registers are read by setting the
destination designator "d" set to a zero (i.e. MOVF
fyo0). This is done in one instruction cycle time
(tey).

NOTES:

1. ALl EFPROM operations (erase, bulk erase, write
and read) have the same constraint as the
program operation, i.e., 1if another EEPROM
operation is invoked while one 1s already in
progress, the microcomputer will halt and resume
when the current EEPROM operation is complete.

2. If any instructions other than the valid EEPROM
instructions (MOVWF, MOVF, BSF, IORF, CLRF,
BTFSC, BTFSS, ERAL or any other read instruc-
tion) are executed on an EEPROM register, they
will be NOPED.

SIGNAL

FUNCTION

0Sc1 (input),
0St2 (output)

Oscillator pins.

frequency

toy ~¢ 3ps.)
Real Time Clock/Counter.
between events.

RTCC (input)

applied to this pin.

RA0-3 (input/output)
‘ inputs and/or outputs.
RBO-7 (input/output)
inputs and/or outputs.
RCO~7 (input/output)
inputs and/or outputs.
MCLR (input) Master Clear.

Schmitt Trigger input.

TEST Used for testing purposes only.
for normal operation.

Vop Power Supply.

Vgg Ground.

Vyx Output buffer power supply

User programmable input/output lines.

User programmable input/output lines.

voltage.
capability of the I/0 pins (for direct LED drive, etc.).

These pins are used to derive the internal clock for the chip.
A crystal or ceramic resonator may be used in conjunction with 0SC1 and 0SC2.
Additionally, 0SC1 may be driven by an external oscillator.
is one-eighth the oscillator

The instruction cycle

frequency. 2.67 MHz gives

(fgsg =

Used by the microprogram to keep track of elapsed time
The Real Time Clock Counter Register increments on falling edges
This register (F1) can be loaded and read by the program.
This is a Schmitt trigger input except when a prescaler division ratio of 2, 4, or
8 is selected, in which case the input is TTL compatible.
allow an internal clock signal whose period is equal to the instruction execution
time to drive the real time clock counter register.
is eliminated and transitions in the RICC pin will be disregarded.
User programmable input/output lines.
The 4 MSBs are always read as logic zeroes.

A mask option will
In this mode, the prescaler
These are controlled by the program to be
These are controlled by the program to be

These are controlled by the program to be

Used to initialize the internal ROM program to address 777g, set
the 1/0 registers high, and clear the ESEL 1, FSEL 2 and BSY bits.

This 1is a

Must be connected to Vgg or left open circuit

Used to increase the current sinking

DS 500098-4
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REGISTER FILE ARRANGEMENT
File
(Octal) Function

FO Not a physically implemented register. FO calls for the contents of the File Select
Register (low order 5 bits) to be used to select a file register. FO is thus useful as an
indirect address pointer. For example, W+FO-W will add the contents of the file register
pointed to by the FSR (F4) to W and place the result in W.

F1 Real Time Clock Counter Register. fhis register can be loaded and read by the
microprogram. The RICC register keeps counting up after zero is reached. The counter
increments on the falling edge of the input RICC, However, if data is being stored in
the RICC register simultaneously with a negative transition on the RICC pin, the RICC
register will contain the new stored value and the external transition will be ignored by
the microcomputer.

F2 Program Counter (PC). TIhe PC is automatically incremented during each instruction cycle,
and can be written into under program control (MOVWF F2). The PC is nine bits wide, but
only its low order 8 bits can be read under program control.

F3 Status Word Register. F3 can be altered under program control only via bit set, bit
clear, or MOVWF F3 instruction. (Bit 5 is a read only bit).

)] (6) (%) (4) (3) (2) m (0)
1 1 BSY ESEL 2 | ESEL 1 z DC C
C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out
from the most significant bit of the resultant.
For ROTATE instructions, this bit is loaded with either the high or low
order bit of the source.
DC (Digit Carry): For ADD and SUB instructions, this bit is set if there is a carry out
from the 4th low order bit of the resultant.
Z (Zero): Set if the result of an arithmetic operation is zero.
ESEL 1, ESEL 2: These are the two EEPROM bank select bits. The following table defines
their function:
ESEL 2 ESEL 1 SELECIED REGISTERS
0 0 Standard RAM
0 ] EEPROM - Bank 1
1 0 EEPROM - Bank 2
1 1 Standard RAM
BSY: Is set to a one during EEPROM programming. T[his is a read only bit.
Bits: 6-7 Ihese bits are defined as logic ones.,

Fa File Select Register (FSR). Low order 5 bits only are used. Ihe FSR is used in
generating effective file register addresses under program control. When accessed as a
directly addressed file, the upper 3 bits are read as ones.

F5 1/0 Register A (A0-A3) (A4-A7 defined as zeros).

Fé6 [/0 Register B (B0-B7)

F7 1/0 Register C (C0-C7)

FIO-F 17 General Purpose Registers
F20-F 37 General Purpose or EEPROM Registers (software selectable).

2-148
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FILE REGISTER ARRANGEMENT

r: B8 Bits >
INDIRECT ADDRESS REGISTER Fo
RTCC Fi
PROGRAM COUNTER (9 BITS) F2
i 1 BSY ESEL 2 ESEL 1 Z DC C F3 Status Register"
FILE SELECT REGISTER Fa
4 BIT 1/0 FS
8 BIT 1/0 Fé
8 BIT 1/0 F7
N 8 GENERAL PURPOSE J. F10-F17
REGISTERS T
ESEL 1 =] 1 or J, 16 GENERAL PURPOSE J, F20-37
ESEL 2 =] O REGISTERS ©v
‘t_ BANK 1
ESEL 1 = 1 4, 16 EEPROM Y\ F20-37
ESEL 2 = O P REGISIERS ‘[
—*~ BANK 2 J~
ESEL 1 = 0 > 16 EEPROM F20-37
ESEL 2 = 1 REGISTERS 11
DS30009B-6
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BASIC INSTRUCTION SET SUMMARY

Each PIC instruction is a 12-bit word divided into
an 0P code which specifies the instruction type and
one or more operands which Ffurther specify the
operation of the instruction, fhe following PIC
instruction summary lists byte-oriented, bit-
oriented and literal and control operations.

For byte-oriented instructions, "f" represents a
file register designator and "d" represents a
destination designator. The file register desig-
nator specifies which one of the 32 PIC file
registers is to be utilized by the instruction.
fhe destination designator specifies where the
result of the operation performed by the instruc-

GENERAL
INSTRUMENT PIC16E57

the result is returned to the file register speci-
fied in the instruction.

For bit-oriented instructions, "b" represents a bit
field designator which selects the number of the
bit affected by the operation while "f" represents
the number of the file in which the bit is located.

For literal and control operations, "k" represents
an eight or nine bit constant or literal value.

For an oscillator frequency of 2,67MHz the instruc-
tion execution time is 3 usec unless a conditional
test is true or the program counter is changed as a

tion is to be placed. If "d" is zero, the result
is placed in the PIC W register, If "d" is one,

BYTE-ORIENTED FILE (11-6) (5) (4-0)
REGISTER OPERATIONS (Note 4) | OP CODE [d T f FILE® ]
For d = O.feW (PICAL accepts d = O or d = W in the mnemonic)
d = 1,fef (if d is omitted, assembler assigns d = 1)

result of an instruction. In these two cases, the
instruction execution time is 6 psec.

Instruction-Binary (Octal) Name Mnemonic,Operands Operat.ion Status Affected
000 000 000 000 (0000) No Operation NOP - - None
000 000 Iff FFF (0040) Move W to f (Note 1) MOVWE f W-ef None
000 00t 000 000 (0100) Clear W CLRW - O-sW z
000 001 1ff fFF (0140) Clear f CLRF f 0-»f z
000 010 dFf FFF (0200)  Subtract W from f SUBWF F,d  F-Wad (F+Wlwd) c,hc,z
000 011 dff FFF (0300) Decrement f DECF fod  f-leed z
000 100 dff FFF (0400) Inclusive OR W and f TORWF f,d  WVf-wed z
000 101 dff FFF (0500) AND W and f ANDWF f,d W, femd z
000 110 dff fFFf (0600) Exclusive DR W and f XORWF fod  Wef-wd z
000 111 dfFf FFF (0700) Add W and f ADDWF fod  Wefmd c,bc,z
001 000 dff FFF (1000) Moave f MOVF fod  fwd z
001 001 dff FFf (1100) Complement f COMF f,d f-ed z
001 010 dff FFF°(1200) Increment f INCF f,d f+1-»d z
001 011 dff £FF (1300) Decrement f, Skip if Zero DECFSZ f,d f-1-wd, skip of Zero None
001 100 dff FFF (1400) Rotate Right f RRF f,d  f(n)-wd(n-1),f(0)-»C,C-d(7) c
Q01 101 dff fFF (1500) Rotate Left f RLF f,d  f(n)-d(n+1),f(7)-C,C-d(0) C
001 110 dFf fFF (1600)  Swap halves f SWAPF fyd  F(0-3)4&5F(4-7)-wd None
00t 111 dff FFf (1700) Increment f, Skip if Zero  INCFSZ fyd f+1-wd, skip if zero None
BIT-ORIENTED FILE (11-8) (7-5) (4-0)

REGISTER OPERATIONS (_opP_copE [ b(elTH) T F (FILEH) ]

Instruction-Binary (Octal) Name Mnemonic,Operands Operation Status Affected
010 Obb bff fFff (2000) Bit Clear f BCF f,b 0—f(b) None
010 1bb bff FFF (2400) Bit Set f BSF fyb 1=Ff(b) None
011 Obb bff FFF (3000) Bit lest f, Skip if Clear BIFSC fyb Bit Test f(b): skip if clear None
011 1bb bff FFf (3400) Bit Test f, Skip if Set BTFSS f,b  Bit Test f(b): skip if set None
LITERAL AND CONTROL (11-8) (7-0)

OPERATIONS [op cooe 1 k (LITERAL) ]

Instruction-Binary (Octal) Name Mnemonic,Operands Operation Status Affected
100 Okk kkk kkk (4000) Return & place Literal in W REILW k k -W, Stack-PC None
100 Tkk kkk kkk (4400) Call subroutine (Note 1) CALL k PC+1=—Stack, K—=PC None
101 kkk kkk kkk (5000) Go to address (k is 9 bits) GOTO k k=PC None
110 Okk kkk kkk (6000) Move Literal to W MOVLW k kW None
110 Tkk kkk kkk (6400) Inclusive OR Literal and W TORLW k KViW—W z
111 Dkk kkk kki (7000) AND Literal and W ANDLW k k. W—W z
111 Tkk kkk kkk (7400) Exclusive OR Literal and W XORLW & i =W z

BYTE-ORIENTED EEPROM
FILE REGISTER OPERATIONS (Operational only when ESEL bits are appropriately set)

Instruction-Binary (Octal) Name Mnemonic,Operands Operation Status Aftected
000 000 1Ff Fff (0040) Move W to f W= (LLPROM) None

001 000 dff FFF (1000) Mave f MOVF f,d  F (EEPROM & W) z

010 1bb bff FFF (2400) 8it Set f BSF f,b 1- f(b) None

011 Obb bff fFF (3000) Bit Test f, skip if clear BTFSC f,b Same as normal mode None

011 1bb bff FFf (3400) Bit Test, skip if set BTFSS f,b  Same as normal mode None

000 100 dff ffF (0400) Inclusive or W and f TORWF f,d  F (EEPROM) VW -»d z

000 001 1fF fFF (0140) Clear f CLRF 0 -»f (EEPROM) z

000 000 010 101 (0025) Erase all ERAL 0 4»£EPROM file bank None
Notes:

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, sub-
routines must be located in program memory locations 0-377g. However, subroutines can be called from

anywhere in the program memory since the Stack is 9 bits wide.

2. When an 1/0 register is modified as a function of itself, the value used will be that value present on

the cutput pins. For example,
external device, will be related
3. See non-volatile storage section
4. All instructions, where [):ﬂ, are

an output pin which has been latched high but is driven low by an
in the low state.

for ESEL EEPROM instructions.

legal tEPROM instructions.
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SUPPLEMENTAL INSTRUCTION SET SUMMARY

The following supplemental instructions summarized
below represent specific applications of the basic

PIC instructions. For example, the "CLEAR CARRY"

supplemental instruction is equivalent

Bit 0O").

instruction
recognized by the PIC Cross Assmbler (PICAL).

to the basic instruction BCF 3,0 ("Bit Clear, File
mhemonics are

Instruction-Binary Mnemonic Equivalent Status
(Octal) Name Operands Operation(s) Affected

010 000 000 011 (2003) Clear Carry CLRC BCF 3,0 -
010 100 000 011 (2403) Set Carry SETC BSF 3,0 -
010 000 100 011 (2043) Clear Digit Carry CLRDC BCF 3,1 -
010 100 100 011 (2443) Set Digit Carry SETDC BSF 3,1 -
010 001 000 011 (2103) Clear Zero CLRZ BCF 3,2 -
010 101 000 011 (2503) Set Zero St1z BSF 3,2 -
011 100 000 011 (3403) Skip on Carry SKPC BTFSS 3,0 -~
011 000 000 011 (3003) Skip on No Carry SKPNC BIFSC 3,0 -
011 100 100 011 (3443) Skip on Digit Carry SKPDC BIFSS 3,1 -
011 000 100 011 (3043) Skip on No Digit Carry SKPNDC BFFSC 3,1 -
011 101 000 011 (3503) Skip on Zero SKPZ BIFSS 3,2 -
011 001 000 011 (3103) Skip on No Zero SKPNZ BIFSC 3,2 -
001 000 1Ff FFf (1040) Test File ISIF f MOVF f,1 z
001 000 OfFf FFF (1000) Move File to W MOVFWf MOVF £,0 VA
001 001 1FF FFF (1140) Negate File NEGF f,d COMF f,1
001 010 dff FFf (1200) INCF f,d z
011 000 000 011 (3003) Add Carry to File ADDCF f,d BTFSC 3,0
001 010 dff fFF (1200) INCF f,d z
011 000 000 011 (3003) Subtract Carry from File SUBCF f,d BIFSC 3,0
000 011 dff fFFF {0300) DeCcF f,d z
011 000 100 011 (3043) Add Digit Carry to File ADDDCF f,d BTFSG 3,1
001 010 dff FFf (1200) INCF f,d z
011 000 100 011 (3043) Subtract Digit Carry from File SUBDCF f,d BIFSC 3,1
000 011 dff fFFF (0300) DECF f,d z
101 kkk kkk kkk (5000) Branch B k GOTO k -
011 000 000 011 (3003) Branch on Carry BC k BTFSC 3,0
101 kkk kkk kkk (5000) GOT0 k -
011 100 00C 011 (3403) Branch on No Carry BNC k BIFSS 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100 100 011 (3043) Branch on Digit Carry BDC k BIFSC 3,1
101 kkk kkk kkk (5000) GOTO k -
011 001 000 011 (3443) Branch on No Digit Carry BNDC k BIFSS 3,1
101 kkk kkk kkk (5000) GOTO k -
011 101 000 011 (3103) Branch on Zero BZ k BIFSC 3,2
101 kkk kkk kkk (5000) GOT0 k -
011 101 000 011 (3503) Branch on No Zerto BNZ k BIFSS 3,2
101 kkk kkk kkk (5000) GOTO k -
Note: See "Notes" of Non-Volatile Storage for ESEL £EPROM instructions,

DS30009B-8
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1/0 INTERFACING

The equivalent circuit for an 1/0 port bit is
shown below as it would interface with either the
input of a TIL device (PIC is outputting) or the
output of an open collector TTL device (PIC is
inputting). Each I/0 port bit can be individually
time multiplexed between input and output functions
under software control. When outputting thru a PIC
[/0 Port, the data is latched at the port and the
pin can be connected directly to a TTL gate input.

GENERAL

INSTRUMENT PIC16E57

When inputting data thru an [/0 Port, the port
latch must Ffirst be set to a high level under
program control, This turns off Q, allowing the
TIL open collector device to drive the pad, pulled
up by @y, which can source a minimum of 100pA.
Care, however, should be exercised when using open
collector devices due to the potentially high TTL
leakage current which can exist in the high logic
state.

TYPICAL INTERFACE-BIDIRECTIONAL I/0 LINE

DN
(INTERNAL
DATA BUS)

D
WRITE c

- T Ty G G S CED G T CED D G U G — —— v e— —

Q
-—]C S l
(INTERNAL i a E‘jz

-
l
|
|
i

TTL DEVICE INPUT

T . e -t

— READ

(INTERNAL
— SiaNaL)

£ TTL DEVICE OUTPUT
| (OPEN COLLECTOR)

— s . s B, am——.

PIC I/0 BIT

PROGRAMMING CAUTIONS

The use of the bidirectional [/0 ports are subject
to certain rules of operation.
carefully followed in the
written for [/0 operation.

These rules must be

instruction sequences

Bidirectional 1/0 Ports

The bidirectional ports may be used for both input
and output operations.

ports are non-latching.
until read by an input instruction.

For input operations these
Any input must be present
The outputs
are latched and remain unchanged until the output
latch is rewritten. For use as an input port the
output latch must be set in the high state. Thus
the external device inputs to the PIC circuit by
forcing the latched output line to the low state or
keeping the latched output high. This principle is
the same whether operating on individual bits or
the entire port.

Some instructions operate internally as input
followed by output operations. The BCF and BSF
instructions, read the entire port
into the CPU, execute the bit operation,
outpuf the result.

these instructions.

for example,
and re-
Caution must be used when using

As an example a BSF operation

on bit 5 of F6 (port RC) will cause all eight bits of
Fé6 to be read into the CPU., Then the BSF operation
takes place on bit 5 and F6 is re-output to the
output latches. If another bit of Fé is used as an
input (say bit 0) then bit 0 must be latched high.
If during the BSF instruction on bit 5 an external
device is forcing bit 0 to the low state then the
input/output nature of the BSF will
leave bit 0 latched low after execution. In this
state bit 0 cannot be used as an input until it is
Refer to the

instruction

again latched high by the programer.
examples on the next page.

Successive Operations on Bidirectional 1/0 Ports

Care must be exercised if successive instructions
operate on the same 1/0 port. The sequence of
instructions should be such to allow the pin voltage
to stabilize (load dependent) before the next
instruction which causes that file tu be read into
the CPU (MOVF, BIT SLI, BIT CLEAR, and BII TEST) is
executed. Otherwise, the previous state of that pin
may be read into the CPU rather than the new state.
This will happen if t.4 (See 1/0 Timing Diagram)
is greater than 1/4tCy (min).  When in doubt, it
is better to separate these instructions with a NOP
or other instruction.

DS30009B-9
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EXAMPLE 1

—>
]

1

F6 |0 of1}11}|1 1]
A\ . /
o e
OUTPUY INPUT
What is thought to be happening:
BSF 6,5
Read into CPU: 00001111
Set bit 5: 00101111
Write to Fé6: 00101111

[f no inputs were low during the instruction
execution, there would be no problem,

EXAMPLE 2

111

Fé 1]1111]0
\VAVA‘
ouUTPUT INPUT
What could happen if an input were low:
BSF 6,5
Read into CPU: 00001110
Set bit 5: 00101110
Write to Fé6: 00101110

In this case bit 0 is now latched low and is no
longer useful as an input until set high again.

Real Time Clock Counter

The Real Time Clock Counter can be read from and
written to wunder software control. In addition,
it can be used to count external events via the
RTCC input. A prescaler counter between the RTCC
input and the Real TIme Clock Counter can be mask
programed to enable the RTCC register to increment
every 1, 2, 4, or B negative edges of the RTCC
input pin.

This allows the maximum frequency of the RTCC input
to be (assume an instruction cycle time of 3us):

Prescaler Maximum Input

Division Ratio Frequency
1 «3125MHz
2 +6250MHz
4 1.2500MHz
8 2.5000MHz

NOTE: The Schmitt trigger input is valid only when
a division ratio of 1 is selected. Otherwise,

the input is a normal TTL compatible input.

Self-Contained Oscillator

When a crystal or ceramic resonator is connected
between the 0SC1 and 05C2 pins, the self-contained
oscillator will generate a frequency determined by
the external components thus allowing an accurate
timing reference, a crystal to be used for time
base control with a minimum of external parts.

The output of this oscillator is divided down by
8 to give the instruction cycle time of the micro-
computer, thus with a 2.67MHz crystal the instruc-
tion cycle time is 3us.

DS300098-10
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Ambient Temperature Under BiaS...seseeessss
Storage Temperature .....ceveese
Voltage on any Pin with Respect to Vgg

(except open drain)...ieeeseee..
Voltage on any Pin with Respect to Vgg

(open drain)iieecsecesecessanes
Power Dissipation (Note 1)eeeevecrconsecens

125°C

-55°C to + 150°C

-0.3V to +9.0V

-0.3V to +13V

800mwW

Standard Conditions (Unless otherwise stated):

DC CHARACTERISTICS: PIC16E57

Operating Temperature Ty = 0°C to +70°C

GENERAL

INSTRUMENT PIC16E57

*Exceeding these ratings could cause permanent
damage to the device. This is a stress rating
only and functional operation of this device at
these conditions is not implied--operating
ranges are specified in Standard Conditions.
Exposure to absolute maximum rating conditions
for extended periods may affect device relia-
bility.

Data labeled "typical" is presented for design
guidance only and is not guaranteed.

Characteristic Sym Min Typ* | Max Units Conditions
Power Supply Voltage Vbb 4.5 - 5.5 v
Primary Supply Current Ipp - - 80 mA All 1/0 @ Vpp
Output Buffer Supply Voltage Vxx 4.5 - 7.0 \ Note 4
Output Buffer Supply Current Ixx - - 5 mA Note 5
Input Low Voltage ViL -0.2 - 0.8 \
Input High Voltage (except
MCLR, RTCC & 0SC1) Vigr | 2.4 - VoD v
Input High Voltage
(m, ﬁ?C_C, & 0SC1) Vinz Vpp-1 - VoD v
Output High Voltage Vo 2.4 - ) v Igy = ~100uA provided by
internal pullups (Note 2)
Output Low Voltage (1/0 only) VoL - - 0.45 ' Ig. = 1.6mA (Note 3),
o Vyx = 4.5V
Input Leakage Current (MCLR, RTCC) Iic -10 - +10 pA Vs VinN <VDD
Output lLeakage Current
(open drain pins) IoL - - 20 wA oV <Vpyy =9V
Input Low Current (all I/0 ports) I -0. - -1.6 mA Vi = 0.4V (internal pullup)
Input High Current (all 1/0 ports) Iy -0.1 }-0.4 - mA Vig = 2.4V

*Typical data is at Ty = 25°C, Vpp = 5.0V

NOTES:

1. Total power dissipation for the package is calculated as follows:
Pp = (Vpp) (Ipp) +3 (Vpp=Vp( ) (IIILI) +2 (Vpp=Vou) (IIDHP +2 (Vg ) (Ig).

P VI
.

v
.

2-154

. Positive current indicates current into pin.

Negative current indicates current out of pin,

Total Ig  for all output pins must not exceed 125 mA. Maximum I per pin must not exceed 15mA.
. Vxx supply drives only the 1/0 ports.
The maximum Iyy current will be drawn when all 1/0 ports are outputting a high.

D5300098-11
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Standard Conditions (unless otherwise stated):

AC CHARACTERISTICS: PIC16E57
Operating Temperature Ty = 0°C to +70°C

Characteristic Sym Min Typ Max Units Conditions

Instruction Cycle Time Loy 3 - 10 us 0.8MHz - 2.666666MHz
external time base
(Notes 1 and 2)

RTCC Input

Period try tey+0.2us - - - Note 3
High Pulse Width tRTH | 1/2 tRry - - -

Low Pulse Width tRTL 1/2 tRT - - -

NOTES:

1. Instruction cycle period (tCY) equals eight times the input oscillator time base period.

2. The oscillator frequency may deviate to 2.72MHz to allow for tolerance of a crystal or ceramic
resonator time base element.

3. The maximum frequency which may be input to the RTCC pin is calculated as follows:

f(max) = i = 1
tRT(min) tey (min)+0-2ps

For example:
If toy = 3us, f(pax) = _ 1 = -3125MHz
3.2us

1/0 TIMING

CLK OUT 7\ 7\ 7\

ANSWER.  wrITE

INCREMENT EXECUTE
] D
ADDRESS ROM | INSTRUCTION | o\ 1O
FOR NEXT ‘3“3«-1 Tpd r-—
INSTRUCTION :. NOTE:
OUTPUT X VALID Rise and fall times
I ; dependent
~oi T fu—  a{Thie : are load
1
INPUT X{-—sTABLE] «.ax

DS 300098-12
2-155

S0ME Lime Dase elements. Lonsult the manutacturer of the time base element for specific start-up times
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MICROELECTRONICS DIVISION/GENERAL INSTRUMENT CORPORATION

WORLDWIDE SALES OFFICES

NORTH AMERICA
UNITED STATES:
MICROELECTRONICS DIVISION

NORTHEAST -

36 Commerce Way

Woburn, Massachusetts 01801
Tel: 617-938-5890, TtLX: 922540

758 Highway 18, Suite 104
tast Brunswick, New Jersey 08816
Tel: 201-254-5024, TWX: 710-480-5469

SOUTHEAST -

1616 Forest Drive

Annapolis, Maryland 21403

Tel: 310-269-6250, TWX: 710-867-8566

19 West Hargett Street
Commerce Bldg., Suite B09E
Raleigh, North Carolina 27601
Tel: 919-828-0317

SOUTH CENTRAL -

4825 LBJ frwy., Suite 178

Dallas, Texas 75244

Tel: 214-934-1654, TWX: 910-860-9259

CENTRAL ~

5511 East 82nd Street, Suite A
Indianapolis, Indiana 46250

Tel: 317-841-9328, TWX: 910-333-2885
ELN: 62774221

2355 S, Arlington Hts. Road,
Suite 408

Arlington Heights, Tllinois 60005%
Tel: 312-981-0040

SOUTHWEST -

201 Standard Street

El Segundo, California
Tel: 213-322-7745, TWX:

90245
910~-348-6296

NORTHWEST -

3080 Olcott Street, Suite 230C Santa
Clara, California 95054

Tel: 408-496-0844, TWX: 9210-379-0010

EUROPE

NORTHERN EUROPE

Times House, Ruislip,

Middlesex, HA4 BLE

Tel: (08956), 36141, Telex: 23272

SOUTHERN EUROPE

5-7 Rue De L'Amiral Courbet

94160 Saint Mande, Paris

Tel: (1) 374-1133, Telex: 842-213073

Via Mascheroni 19
20145 Milano
Tel: (2) 498 73 62

CENTRAL EUROPE

GENERAL INSTRUMENT DEUTSCHLAND GmbH
Freischuetzstr. 96

Postfach 810329

8000 Muenchen 81

Tel: (089) 95997-0, Telex: 528054

()
rm
2z
[T
=
r

&
<
=

INST E



MICROELECTRONICS DIVISION/GENERAL INSTRUMENT CORPORATION

WORLDWIDE SALES OFFICES (continued)

ASIA

HONG KONG:

GENERAL INSTRUMENT HONG KONG LTD.
Room 1104-1107, Tower B

Mandarin Plaza, Science Museun Road
Tsimshatsui East, Kowloon

Hong Kong

Tel: (5) 434360, Telex: 84606+

JAPAN:

GENERAL INSTRUMENT INTERNATIONAL CORP,
Fukide Bldg., 1-13 Toranomon 4-Chome
Minato-ku, Tokyo 105

Tel: (03) 437-0281, Telex: 2423413+

Toyosaki Bldg. 7/F

18~21 Chaya-Machi, Kita-Ku
Osaka 530 Japan

Tel: (06) 375-0606

KOREA:

GENERAL INSTRUMENT MICROELECTRONICS
Room 1004, Keo Yang Bldg.

51-8, Soosong-Dong

Chongro-Ku, Seoul, Korea

Tel: (2) 744-8543,

TLX: K26880 DAEHOD

SINGAPORE:

GENERAL INSTRUMENT HONG KONG LTD.
Suite 1914, Shaw Centre

1 Scotts Road, Singapore 0922
Tel: (65) 235-8030,

Telex: GIS'PORE RS 24424

TAIWAN:

GENERAL INSTRUMENT
MICROELECTRONICS TAIWAN

233 Pao Chiao Road, Hsin Tien
Taipei, Taiwan

Tel: (02) 914-6234,

Telex 785-31115

©Copyright 1985 - General Instrument Corporation - Printed in U.S.A.-85062.5

The information in
only.
sible or 1liable for,
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including
General Instrument Corporation does not warrant, nor will be respon-
(a) the accuracy of such information, (b)

schematics, 1s suggestive

its use or

(c) any infringement of patents or other rights of third parties.
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