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Intel was organized in 1968 to utilize the rapidly expanding technology of Integrated Electronics. During its 10-year
history, Intel has become the world’s largest supplier of MOS circuits, and is in the top five of the world’s producers of
all semiconductor devices.

This Component Data Catalog provides complete specifications on most of Intel standard memory, microprocessor,
peripheral and telecommunication components. Industrial grade products are detailed in Sec-

tion 13, military products in Section 14. Margin tabs provide quick guides to major

product categories; indexes located in Section 1 and at the beginning of

each section allow location of specific circuit types. Ordering,

packaging, product flow information and available literature

may be found in Section 2.

The following are trademarks of Intel Corporation
and may be used only to describe Intel prod-
ucts: Intel, ICE, INSITE, Intellec, iSBC,

Library Manager, MCS, Megachassis,
MICROMAP, MULTIBUS, PROMPT,

RM, UPI, uScope, PROMWARE,

iCS and the combination of

MCS, RMX, ICE, iSBC or

iCS with a numerical

suffix.
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INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
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FUNCTIONAL INDEX

GENERAL INFORMATION

Table of Contents
Ordering Information
Packaging Information
Standard Product Flow
Intel Technical Library
Sales Offices
Distributors

RANDOM ACCESS-MEMORIES

SELECTOR GUIDE

2101A/8101A-4* 256 x 4-Bit Static RAM

2102A/2102AL/

8102A-4* 1K x 1-Bit Static RAM
2104A Family 4096 x 1-Bit Dynamic RAM
2104A Family 4096 x 1-Bit Dyanmic RAM
2107C Family 4096-Bit Dynamic RAM
2109 Family 8,912 x 1-Bit Dynamic RAM
2111A/8111A-4* 256 x 4-Bit Static RAM
2112A 256 x 4-Bit Static RAM
2114 1024 x 4-Bit Static RAM
2115A/2125A

Family High Speed 1K x 1-Bit Static RAM
2115H, 2125H

Family High Speed 1K x 1-Bit Static RAM
2117 Family 16,384 x 1-Bit Dynamic RAM
2117-5 16,384 x 1-Bit Dynamic RAM
2118 Family 16,384 x 1-Bit Dynamic RAM
2141 4096 x 1-Bit Static RAM
2142 1024 x 4-Bit Static RAM
2147 4096 x 1-Bit Static RAM
2147H High Speed 4096 x 1-Bit Static RAM
2148 1024 x 4-Bit Static RAM

_ 3101/3101A 16 x 4-Bit High Speed RAM

5101 Family 256 x 4-Bit Static CMOS RAM

PROGRAMMABLE READ ONLY MEMORIES/
READ ONLY MEMORIES

SELECTOR GUIDE

BIPOLAR CROSS REFERENCE

1702A 2K (256 x 8) UV Erasable PROM
1702AL/1702AL-2 2K (256 x 8) UV Erasable Low Power PROM

2316E 16K (2K x 8) ROM
2332A 32K (4K x 8) ROM
2364A 64K (8K x 8) Bit ROM
2608 8K (1K x 8) Factory Programmable PROM
2708/8708 8K and 4K UV Erasable PROM
2716 16K (2K x 8) UV Erasable PROM
2732 32K (4K x 8) UV Erasable PROM
2758 8K (1K x 8) UV Erasable Low Power PROM
3604A/3624A
Family 4K (512 x 8) High-Speed PROM
3605A/3625A 4K (1K x 4) PROM
3628 8K (1K x 8) Bipolar PROM
3636 16K (2K x 8) Bipolar PROM

PROM AND ROM PROGRAMMING INSTRUCTIONS

MEMORY SUPPORT

SELECTOR GUIDE

3205 1 of 8 Binary Decoder

3207A Quad Bipolar to MOS Level Shifter and Driver

2-2

2-4
2-12
2-14
2-17
2-19

4-9
4-12
4-15
4-16
4-17
4-20
4-23
4-28
4-31

4-36
4-39
4-42
4-45
4-48

5-2
5-3
5-7

3207A-1 Quad Bipolar to MOS Level Shifter and Driver

3222 4K Dynamic RAM Refresh Controller

3232 4K Dynamic RAM Address Multiplexer and
Refresh Counter

3242 16K Dynamic RAM Address Multiplexer and
Refresh Counter

3245 Quad TTL to MOS Driver to 4K RAMs

3404 High Speed 6-Bit Latch

TELCOM

2910 PCM CODEC — u Law

2911 PCM CODEC — A Law

2912 PCM Line Filters

MCS-4/40™ MICROPROCESSOR

4040 Single Chip 4-Bit P-Channel Microprocessor

4004 Single Chip 4-Bit P-Channel Microprocessor

4003 10-Bit Shift Register/Output Expander

4265 Programmable General Purpose 1/0 Device

4269 Programmable Keyboard Display Device

4201A Clock Generator

4289 Standard Memory Interface

4002 320-Bit RAM and 4-Bit Output Port

4001 256 x 8 Mask Programmable ROM and 4-Bit
170 Port

4308 1024 x 8 Mask Programmable ROM and

4-Bit 1/0 Ports -

MCS-48™ MICROCOMPUTERS

SINGLE COMPONENT 8-BIT MICROCOMPUTERS

8021 Single Component 8-Bit Microcomputer
8022 Single Component 8-Bit Microcomputer
with A/D

8048/8648/

8748/8035 Single Component 8-Bit Microcomputer
8049/8039/

8039-6 Single Component 8-Bit Microcomputer
INPUT/QUTPUT
8243 MCS-48™ Input/Output Expander

MCS-80/85™ MICROPROCESSORS

Recommended Products for New 8085A Applications
8008/8008-1 8-Bit Microprocessor
8080A/8080A-1/

8080A-2 8-Bit N-Channel Microprocessor
8224 Clock Generator and Driver for 8080A CPU
8801 Clock Generator Crystal for 8224/8080A
8228/8238 System Controller and Bus Driver for

8080A CPU

8205 High Speed 1 out of 8 Binary Decoder
8212 8-Bit Input/Output Port

8214 Priority Interrupt Control Unit

8216/8226 4-Bit Parallel Bidirectional Bus Driver

8085A/8085A-2 Single Chip 8-Bit N-Channel

Microprocessors

8155/8156/
8155-2/8156-2  2048-Bit Static MOS RAM with 1/0 Ports

and Timer

1024 x 8-Bit Static RAM for MCS-85
Bipolar Microcomputer Bus Controllers for

MCS-80 and MCS-85

8185/8185-2
8218/8219

*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051.

5-11
5-13

5-19

5-23
5-27
5-3

6-15
6-26

7-5

9-4
9-5

9-11
9-19
9-23

9-25
9-29
9-35
9-45
9-49

9-70
9-77



FUNCTIONAL INDEX

8257/8257-5 Programmable DMA Controller 9-92 SDK-86 MCS-86 System Design Kit 12-91
8259A Programmable Interrupt Controller 9-109 SDK-C86 MCS-86 System Design Kit Software and Cable Interface
8355/8355-2 16,384-Bit ROM with 1/0 9-127 to Intellec® Development System 12-97
8755A 16,384-Bit EPROM with 1/0 9-132 Insite User’s Program Library 12-99
MCS-86 MICROPROCESSOR TEST AND INSTRUMENTATION SYSTEMS
8086/8086-4 16-Bit HMOS Microprocessor 10-4 uScope 820 Microprocessor System Console 12-103
8282/8283 Octal Latch 10-23 uScope Probe 8080A 12-103
8284 Clock Generator and Drive for 8086 CPU 10-27 uScope Probe 8085 12-110
8286/8287 Octal Bus Transceiver 10-33
8288 Bus Controller for the 8086 CPU 10-37 MICROCOMPUTER TRAINING PROGRAMS 12-112
MICROPROCESSOR PERIPHERALS INDUSTRIAL GRADE PRODUCTS
8041A/8741A Universal Peripheral Interface 8-Bit 12114 1024 x 4-Bit Static RAM 13-3
Microcomputer 1131 12708/18708 8K UV Erasable PROM 13-4
8202 Dynamic RAM Controller 14 o716 16K (2K x 8) UV Erasable PROM 13-5
8251A Programmable Communication Interface 11-24 18048/18648/
8253/8253-5 Programmable lnt(erval Timer 1-32 18748/18035 Single Component 8-Bit Microcomputer 13-6
8255A/8255A-5  Programmable Peripheral Interface 11-43 18155/18156 2048-Bit Static MOS RAM With 170 Ports
8271 Programmable Floppy Disk Controller 11-64 and Timer 13-7
8273 Programmable HDLC/SDLC Protocol 18212 8-Bit Input/Output Port 13-8
Controlier 1-93 18216/8226 4-Bit Parallel Bidirectional Bus Driver 13-9
8275 Programmable CRT Controller 11-118 18243 MCS-48 Input/Output Expander 13-10
8278 Programmable Keyboard Interface 11-142 18251 Programmable Communication Interface 13-11
8279/8279-5 Programmable Keyboard/Display Interface 11-152 18255A Programmable Peripheral Interface ’ 13-12
8291 GPIB Talker{lLlstener 11-164 18259 Programmable Interrupt Controller 13-13
8292 GPIB Contro ler . 11-188 18279 Programmable Keyboard/Display Interface 13-14
8294 Data Encryption Unit 11-190 18355 16,384-Bit ROM With 1/0 1315
8295 Dot Matrix Printer Controller 11-201 18755A-8 16’384-Bit EPROM With 170 13-16

MICROCOMPUTER DEVELOPMENT SYSTEMS
MILITARY PRODUCTS

MICROCOMPUTER DEVELOPMENT SYSTEMS M1702A 2K (256 x 8) UV Erasable PROM 14-4
Model 210 Intellec® Series || Microcomputer Development System 12-3 M2114 1024 x 4-Bit Static RAM 14-6
Model 220 Intellec® Series || Microcomputer Development System 12-6 M2115A/M2125A

Model 230 Intellec® Series || Microcomputer Development System  12-10 Family High Speed 1K x 1-Bit Static RAM 14-10
Expansion Chassis Intellec® Series Il Microcomputer M2147 4096 x 1-Bit Static RAM 14-15

Development System 12-14 M2708 8K and 4K UV Erasable PROM 14-21
Model 770 Printer Intellec® Series || Microcomputer M2716 16K (2K x 8) UV Erasable PROM 14-27

Development System 12-16 M3604A/M3624A 4K (512 x 8) High Speed PROM 14-32
Intellec Printer 12-18 M3625A 4K (1K x 4) PROM 14-34
MCS-48 Diskette-Based Software Support Package 12-20 M3636 16K (2K x 8) Bipolar PROM 14-37
PL/M-80 High Level Programming Language Intellec® M5101-4/

Resident Compiler 12-22 M5101L-4 256 x 4-Bit Static CMOS RAM 14-40
MDS-311 8086 Software Development Package 12-25 M8080A 8-Bit N-Channel Microprocessor 14-43
FORTRAN-80 8080/8085 ANS FORTRAN 77 Intellec M8212 8-Bit Input/Output Port 14-48

Resident Compiler 12-36 M8214 Priority Interrupt Control Unit 14-53
Basic-80 Extended ANS 1978 Basic Intellec® Resident Interpreter 12-40 M8216/M8226 4-Bit Parallel Bidirectional Bus Driver 14-56
Intellec® Single/Double Density Flexible Disk System 12-43 M8224 Clock Generator and Driver for 8080A CPU 14-59
ISIS-II Diskette Operating System Microcomputer M8228 System Controller and Bus Driver for

Development System 12-47 8080A CPU 14-63
Intellec Prompt 48 MCS-48 Microcomputer Design Aid 12-50 M8251 Programmable Communication Interface 14-68
ICE-49 MCS-48 In-Circuit Emulator 12-56 M8255A Programmable Peripheral Interface 14-71
ICE-80 8080 In-Circuit Emulator 12-61 M8085A Single Chip 8-Bit N-Channel Microprocessor  14-74
ICE-85 MCS-85 In-Circuit Emulator 12-67 M8155 2048-Bit Static MOS RAM With 1/0 Ports
ICE-86 8086 In-Circuit Emulator 12-71 and Timer 14-87
EM1 8021 Emulation Board 12-77 M8257 Programmable DMA Contgoller 14-98
EM2 8022 Emulation Board 12-80 M8259 Programmable Interrupt Controller 14-105
UPP-103 Universal PROM Programmer 12-83 M8048/M8748/

SDK-85 MCS-85 System Design Kit 12-85 M8035 Single Component 8-Bit Microcomputer 14-110

*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, Califorma 95051.
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NUMERICAL INDEX

1702A
M1702A
1702AL-2/
1702AL-2
2101A/8101A-4*

2102A/2102AL/
8102A-4*

2104A Family
2104A Family

2107C Family

2109 Family

2111A/8111A-4*

2112A

2114

12114

M2114

2115A/2125A
Family

M2115A/M2125A
Family

2115H, 2125H
Family

2117 Family

2117-5

2118 Family

2141

2142

2147

MZ!_47

2147H

2148

2316E

2332A

2364A

2608

2708/8708

12708/18708

M2708

2716

12716

M2716

2732

2758

2910

2911

2912

3101/3101A

3205

3207A

3207A-1

3222

3232

3242

3245

3404

3604A/3624A
Family

M3604A/M3624A

3605A/3625A

M3625A

3628

2K (256 x 8) UV Erasable PROM
2K (256 x 8) UV Erasable PROM

2K (256 x 8) UV Erasable Low Power PROM
256 x 4-Bit Static RAM

1K x 1-Bit Static RAM
4096 x 1-Bit Dynamic RAM
4096 x 1-Bit Dynamic RAM
4096 x 1-Bit Dynamic RAM
8,192 x 1-Bit Dynamic RAM
256 x 4-Bit Static RAM

256 x 4-Bit Static RAM
1024 x 4-Bit Static RAM
1024 x 4-Bit Static RAM
1024 x 4-Bit Static RAM

High Speed 1K x 1-Bit Static RAM
High Speed 1K x 1-Bit Static RAM

High Speed 1K x 1-Bit Static RAM
16,384 x 1-Bit Dynamic RAM

16,384 x 1-Bit Dynamic RAM

16,384 x 1-Bit Dynamic RAM

4096 x 1-Bit Static RAM

1024 x 4-Bit Static RAM

4096 x 1-Bit Static RAM

4096 x 1-Bit Static RAM

High Speed 4096 x 1-Bit Static RAM
1024 x 4-Bit Static RAM

16K (2K x 8) ROM

32K (4K x 8) ROM

64K (8K x 8) Bit ROM

8K (1K x 8) Factory Programmable PROM
8K and 4K UV Erasable PROM

8K UV Erasable PROM

8K and 4K UV Erasable PROM

16K (2K x 8) UV Erasable PROM

16K (2K x 8) UV Erasable PROM

16K (2K x 8) UV Erasable PROM

32K (4K x 8) UV Erasable PROM

8K (1K x 8) UV Erasable Low Power PROM
PCM CODEC — u Law

PCM CODEC — A Law

PCM Line Filters

16 x 4-Bit High Speed RAM

1 of 8 Binary Decoder

Quad Bipolar to MOS Level Shifter and Driver
Quad Bipolar to MOS Level Shifter and Driver
4K Dynamic RAM Refresh Controller

4K Dynamic RAM Address Multiplexer
and Refresh Counter

16K Dynamic RAM Address Multiplexer
and Refresh Counter

Quad TTL to MOS Driver for 4K RAMs
High Speed 6-Bit Latch

4K (512 x 8) High Speed PROM
4K (512 x 8) High Speed PROM
4K (1K x 4) PROM

4K (1K x 4) PROM

8K (1K x 8) Bipolar PROM

45
14-4

34

3636
M3636
4001

4002
4003
4004
4040
4201A
4265
4269
4289
4308

5101 Family

M5101-4/
M5101L-4

8008/8008-1

8021

8022

8041A/8741A

8048/8648/
8748/8035
18048/18648/
18748/18035
M8048/M8748/
M8035
8049/8039-6
8080A/8080A-1/
8080A-2
M8080A
8085A/8085A-2
M8085A
8086/8086-4
8155/8156/
8155-2/8156-2

18155/18156
M8155

8185/8185-2
8202

8205

8212

18212
M8212

8214

M8214
8216/8226
18216/8226
M8216/M8226
8218/8219

8224

M8224
8228/8238
M8228/M8238

8243

16K (2K x 8) Bipolar PROM

16K (2K x 8) Bipolar PROM

256 x 8 Mask Programmable ROM and 4-Bit
170 Port

320-Bit RAM and 4-Bit Output Port

10-Bit Shift Register/Qutput Expander
Single Chip 4-Bit P-Channel Microprocessor
Single Chip 4-Bit P-Channel Microprocessor
Clock Generator

Programmable General Purpose /0 Device
Programmable Keyboard Display Device
Standard Memory Interface

1024 x 8 Mask Programmable ROM and
4-Bit 170 Ports

256 x 4-Bit Static CMOS RAM

256 x 4-Bit Static CMOS RAM

8-Bit Microprocessor

Single Component 8-Bit Microcomputer
Single Component 8-Bit Microcomputer
with A/D

Universal Peripheral Interface 8-Bit
Microcomputer

Single Component 8-Bit Microcomputer
Single' Component 8-Bit Microcomputer

Single Component 8-Bit Microcomputer
Single Component 8-Bit Microcomputer

8-Bit N-Channel Microprocessor

8-Bit N-Channel Microprocessor

Single Chip 8-Bit N-Channel Microprocessor
Single Chip 8-Bit N-Channel Microprocessor
16-Bit HMOS Microprocessor

2048-Bit Static MOS RAM With 1/0 Ports
and Timer

2048-Bit Static MOS RAM With 1/0 Ports
and Timer

2048-Bit Static MOS RAM With 1/0 Ports
and Timer

1024 x 8-Bit Static RAM for MCS-85
Dynamic RAM Controller

High Speed 1-out-of-8 Binary Decoder
8-Bit Input/Output Port

8-Bit Input/Output Port

8-Bit Input/Output Port

Priority Interrupt Control Unit

Priority Interrupt Control Unit

4-Bit Parallel Bidirectional Bus Driver
4-Bit Parallel Bidirectional Bus Driver
4-Bit Parallel Bidirectional Bus Driver
Bipolar Microcomputer Bus Controllers for
MCS-80 and MCS-85

Clock Generator and Driver for 8080A CPU
Clock Generator and Driver for 8080A CPU
System Controller and Bus Driver for
8080A CPU

System Controller and Bus Driver for
8080A CPU

MCS-48™ Input/Output Expander

7-13
3-111

14-40

8-4

14-110
8-31

9-11
14-43
9-54
14-74
10-4

9-70
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18243

8251A
18251A
M8251A
8253/8253-5
8255A/8255A-5
18255A
M8255A
8257/8257-5
M8257
8259A

18259

M8259

8271

8273

8275

8278
8279/8279-5
18279
8282/8283
8284
8286/8287
8288

8291

8292

8294

8295
8355/8355-2
18355

8755A
18755A-8
8801

Available Literature

MCS-48™ Input/Output Expander
Programmable Communication Interface
Programmable Communication Interface
Programmable Communication Interface
Programmable Interval Timer
Programmable Peripheral Interface
Programmable Peripheral Interface
Programmable Peripheral Interface
Programmable DMA Controller
Programmable DMA Controller
Programmable Interrupt Controller
Programmable Interrupt Controller
Programmable Interrupt Controller
Programmable Floppy Disk Controller
Programmable HDLC/SDLC Protocol
Controller

Programmable CRT Controller
Programmable Keyboard Interface
Programmable Keyboard/Display Interface
Programmable Keyboard/Display Interface
Octal Latch

Clock Generator and Drive for 8086 CPU
Octal Bus Tranceiver

Bus Controller for the 8086 CPU

GPIB Talker/Listener

GPIB Controller

Data Encryption Unit

Dot Matrix Printer Controller

16,384-Bit ROM With 1/0

16,384-Bit ROM With 1/0

16,384-Bit EPROM With 1/0

16,384-Bit EPROM With 1/0

Clock Generator Crystal for 8224/8080A

Basic-80 Extended ANS 1978 Basic Intellec® Resident Interpreter
Bipolar Cross Reference
Development Systems

Distributors

EM1 Emulation Board
EM2 Emulation Board

/.0
v
&\/.

13-10
11-24
13-11
14-68
11-32
11-43
13-12
14-71
9-92
14-98
9-109
13-13
14-105
11-64

11-93
11-118
11-142
11-152
13-14
10-23
10-27
10-33
10-37
11-164
11-188
11-190
11-201
9-127
13-15
9-132
13-18
9-23
2-14
12-40
4-4
12-2
2-19
1277

12-80

Expansion Chassis Intellec® Series II

FORTRAN-80 Intellec® Resident Compiler

ICE-49 MCS-48 In-Circuit Emulator

ICE-80 8080 In-Circuit Emulator

ICE-85 MCS-85 In-Circuit Emulator

ICE-86 8086 In-Circuit Emulator

Insite Users Library

Intel Technical Library

Intellec® Printer

Intellec® Single/Double Density Flexible Disk System

Intellec® Prompt 48 MCS-48 Design Aid

ISIS-11 Diskette Operating System

MCS-48 Diskette-Based Software Support Package

MDS-311 8086 Software Development Package

Memory Support Circuits

Microcomputer Training Programs

Military Products

Model 210 Intellec® Series Il

Model 220 Intellec® Series ||

Model 230 Intellec® Series I

Model 770 Printer Intellec® Series ||

Ordering Information

Packaging Information

Peripherals

PL/M-80 High Level Programming Language Intellec®
Resident Compiler

PROM/ROM Programming Instructions

Sales Offices

SDK-85 MCS-85 System Design Kit

SDK-86 MCS-86 System Design Kit

SDK-C86 MCS-86 System Design Kit Software and Cable
Interface to Intellec® Development System

Standard Product Flow

Technical Library

uScope 820 Microprocessor System Console

uScope Probe 8080A

uScope Probe 8085

UPP-103 Universal PROM Programmer

Users Library

12-14
12-36
12-56
12-61
12-67
12-711
12-99
2-14
12-18
12-43
12-50
12-47
12-20
12-25
5-2
12-112
14-2
12-3
12-6
12-10
12-16
2-3
2-4
11-2

12-22
4-48
2-17

12-85

12-91

12-97
2-12
2-14

12-103
12-108
12-110
12-83
12-99
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ORDERING INFORMATION

Semiconductor components are identified as follows:

Example:
M C 5 1 0 1 L - 4
L I | |
Four or five characters Up to three character
per device type modifier for power,
speed, processing, etc.
Package Type

B — Hermetic Package, Type B
C — Hermetic Package, Type C
D — Hermetic Package, Type D
M — Metal Can Package

P — Plastic Package

X — Unpackaged Device

M — Indicates Military Operating
Temperature Range

I — Indicates Industrial Grade

Examples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial
temperature range.

MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MiL-STD-883 Level
C processing.*

MC8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883
Level B processing.*

Kits, boards and systems may be ordered using the part number designations in this catalog.
The latest Intel OEM price book should be consulted for availability of various options. These may be

obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Level
C processing. “S” number suffixes must be specified when entering any order for military temperature devices. All orders
requesting source inspection will be rejected by Intel.
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PACKAGING INFORMATION Aii dimensions in inches and (millimeters)
PLASTIC DUAL IN-LINE PACKAGE TYPE P

16-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

835 (21.209)
825 (20.955)
PIN 1
ol
: .255 (6.477)
1245 (6.223)
|
— A 325
<= MAX.—>]
.200(5.080) 140 (3.556) (8.255)
MAX. 1130 (3.302) ]
SEATING ﬁ J BB Ay S —j ; !
010 TYP o
PLANE T RSN e
1125 (3.175) .015 MIN. ‘ )
MIN. L_ - _]L (0.381) ! !
il 020 (0.508) 350
.10 (2.794) .060 TYP 032 TYP 016 (0.406) < g.200)
1090 (2.286) (1.524) (0.813) REF.
905 (22.987) -
18-LEAD PLASTIC DUAL IN-LINE 895 (22.733)
PACKAGE TYPE P PIN 1
o
l: -255 (6.467)
245 (6.223)
-— 325
[«— MAX.—>{
.200(5.080) .140 (3.556) (8.255)
MAX. 1130 (3.302) ]
ﬁ R ]
i
SEATING OHHE - + X
010 TYP 1 o
PLANE { 015 MIN. [~ il 150
125 ,\,:f,{."s) L_J ‘ Toagyy (0254 ! s! 15
’ s = »}L 020 (0.508) 350
110 (2.794) .060 TYP 032 TYP 016 (0.4_36—) (8.890)
2090 (2.286) (1.524) (0.813) REF.
1.035 (26.289)
20-LEAD PLASTIC DUAL IN-LINE 7.025 (26.035)
PACKAGE TYPE P _ PIN 1
o
255 (6.467)
: 1245 (6.223)
[ 325
fe— MAX.—>|
.200(5.080) 1130 (3.302) (8.255)
MAX. <720 (3.048) ]
T [ )|
; T
SEATING ——
010 TYP f o
PLANE T oismin. s
1125 (3.175) ] L_*l ij 0.381) oz e
MIN. -
110 '2—’9 = »lL@ (0.508) -350
110 (2.794) QVBOTYP o35 Typ 1016 (0.406) (8:890)
090 (2.286) (1.524) (0.813) REF.
1.105 (28.067)
22-LEAD PLASTIC DUAL IN-LINE 1.095 (27.813)
PACKAGE TYPE P — =2 ?
[: 355 (9.017)
345 (8.763)
S 425
le— MAX.
.200 (5.080) .155 (3.937) (10.795)
MAX. 145 {3.683) )
T T I
SEATING -— .
2= 010 TYP I o
PLANE ] b
1125 (3.175) oisMIN.  (0254) [‘ ‘:‘ 1
MIN. L_ JL (0.381)
[ il .020 (0.508) L PN
110 (2.794) 060TYP  032TYP 1016 (0.406) T “R.EF )
1090 (2.286) (1.524) (0.813) ’
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PACKAGING INFORMATION Al dimensions in inches and (milhmeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24-LEAD PLASTIC DUAL IN-LINE

1.245 (31.623)
PACKAGE TYPE P 1.235 (31.369)
PIN 1
S = T
[:%5& (13.843)
535 (13.589)
e l .625
la— MAX. —»f
.200 (5.080) .160 (4.064) (15.875)
MAX. 150 (3.810) |
[ jE— |
; T
SEATING A - — 010 TYP t 1 o
PLANE y “Towmn, (0.254) = >i{j«"15°
125 (3.175) | h_! L - (0.381) i 1
MIN. = JL.ozo (0.508) L_ 650 __.j
110 (2.794) 060 TYP 032TYP 016 (0.406) (16.510)
090 (2.286) (1.524) (0.813) REF.
28-LEAD PLASTIC DUAL IN-LINE - :-_:i‘ggg';’g;;
'PACKAGE TYPE P PN
°l
[: 545 (13.843)
535 (13.665)
-— { 625
- MAX. —>|
.200 (5.080) 160 (4.064) (15.875)
MAX. 150 (3.810) |
. 1
SEATING —— - .
010 TYP t il o
PLANE T Losmin. 02a) ™~ . eers
1125 (3.175) | L J (0.381) |
MIN. l—-.ozo (0.508) L_ 650 |
110 (2.794) .060 TYP 032 TYP 076 (0.406) (16.510)—
1090 (2.286) (1.524) (0.813) : ’ REF.
2.055 (52.197)
40-LEAD PLASTIC DUAL IN-LINE [+ 2045 (51.043)
PACKAGE TYPE P N
o
!
[]:34s 3883 ¢
535 (13.589)
|
R L] .625
jo— MAX.
.200(5.080) 175 (4.445) (15.875)
MAX. .165 (a191) 7] |
f R |
SEATING — ; )
S 010 TYP 1o
PLANE W Fo1s min. (0.254) *ﬂ* w15
1120 (3.048) | ’_.] L | (0.381) ! |
MIN. = ’] |
1020 (0. 650
110 (2.794) 060 TYP  .032TYP %1—:-:%%2%; (15.510)-—-}
090 (2.286) (1.524) (0.813) : - REF.




PACKAGING INFORMATION All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

790 (20.066) ,
16-LEAD HERMETIC DUAL IN-LINE 750 (19.050)
PACKAGE TYPE D PIN1
310 (7.874)
265 (6.731)
325
1200(5.080) -165 (4.191) “_(??513
MAX. .140 (3.556) )
VU es——— __—___ e — I T 1
SEATING vy -— 1T o
PLANE 010 TYP 1 P
f OI5MIN, - 15°
125 (3.475) : " L (0.381) (0.254) ¥ ~p
MIN. 110 (2.794)_J L | i .375 i
110 060 TYP ~»{l=- 020 (0.508) l«—(9525
090 (2:286) (1.524) -032TYP. 1076 (0.406) REF.
(0.813)
-920 (23.000)
880 (22.352)
18 LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D _ PN
310 (7.874)
265 (6.731)
325
200(5.080) 165 (4.101) [e— MAX, —>
w?x, b (3558] (8.255)
— - I T 1
seatng | — &
\ “\ PLANE B { 015MIN. 010 TYP h 1950
; 125 (3.175) . (0.381) 0254 i
MIN, *I] 1020 (0.508) P s
I 1016 (0.406) ~—(9.525) —=|
110 (2794) 060 TYP 032 TYP REF.
090 (2286)  (1.524) (0.813)
990 (25.146)
1950 (22.130)
20-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPED -
310 (7.874)
1 265 (6.731)
325
.200(5.080) .165 (4.191) l— MAX.
Max. 7140 (3.556) (8.255)‘1
SEATING j—
PLANE f LO1SMIN. 010 TYP ) %y
1125 (3.175) (0.381) (0.254) el
MIN. -l 1020 (0.508) | 37
1016 (0.406 <~—(9.525)—»
110 (2.794) 060 TYP .032 TYP f ) REF.’ I
090 (2.286)  (1.524) (0.813)
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE f
PACKAGE TYPE D _ PN
400 (10.16)
1370 (9.398)
425
~—MAX.
.200(5.080) .180 (4.572) (10.795)
MAX. 1150 (3.810)
SEATING |
PLANE 010 TYP N g
015 MIN (0.254) w15
A2 ASATE)__ 3 060 TYP (0.381) i e
MIN. 110 2.794) | L (1.52) _.”-—@ (0.508) l~—12.085)
090 (2.:286) 032 TYP 016 (0.406) REF.
(0.813)
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

16-LEAD HERMETIC DUAL IN-LINE

820 (20.820)
790 (20.066)

066, >
PACKAGE TYPE C PIN 1 PIN 1 MARK
= == ==
1 .300_ (7.620)
o -1 280 (7.112)
.200 (5.080) 085 (2.413)
MAX.
£ I 070 (1.778) 130
(3.302)
SEATING - MAX.
PLANE ¥ oz0min, 010 TYP,
(0.508) (0.254)
125 (3.175) 050 TYP.
MIN. (1.270) |._022 (0588)
015 (0.381)
110 (2.792) prME
.090 (2.286) i
920 (20.820) )
880 (19.812)
18-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPE C [ s ===
)
.200 (5.080) 095 (2.413)
MAX. .070 (1.778)”
3 ——== .130
(3.302)
SEATING - MAX o
PLANE T o2smin 010 TYP. \ .10
h (0.635) (0254) 4
125 (3.175) -050 TYP.
MIN. (1.270) | 022 (0.558) 325
015 (0.381) (3 155)
.110 (2.794) “’(%ZJ;)“
1090 (2.286) -
990 (25.146)
1970 (24.638)
20-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK
PACKAGE TYPEC -
300 (7.620)
280 (7.112)
.200 (5.080) .120 (3.048)
MAX. 300 (Z540)"
3 1135 MAX
(3.429)
SEATING -— o
PLANE 025 MIN .010 TYP \_: 4/ 10°
254
125 (3.175) 050 Tvp 0639) oz A
(1.270) 022 osss) 325
032 TYP 015 { (8 255)
.10 (2.794) . g
1090 (2.286) (0813)
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK
PACKAGE TYPE C (= s —=
N .400 (10.160)
s 0 (9.652)
.200 (5.080) .100 (2540)
MAX. 2070 (1.774)
1 == 1180 MAX.
(3.556)
SEATING _—- 1 o
PLANE 1025 MIN. 010 TYP. v i0°
125 (3.175) 050 TYP 0635) (0.254) 1 i
TUMIN. “.270) 022 (0.558) 425
(210 075 (0.381) L—-nans)——j
110 (2.794) 032TYP.__| REF.
1090 (2.286) (0.813)
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GENERAL

PACKAGING lNFORMATION All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

24-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D

1.285 (32.639)
1.235 (31.369)

PIN 1

515 (13.081)
625
MAX.
.220(5.588) 175 (4.445) [~
MAX. 145 (3.683) (15.875)
= ) — — o T 1
SEATING =
PLANE | o
{ 010 TYP. } L
1125 (3.175) 012 MIN. (0.254) 18
MIN L .060 TYP. ” (0:381) ! p—
—~ (1.524) —ll<020 (0508) I (17.145) —]
.110 (2.794) 032 TYP 016 (0.408) REF.
1090 (2.286) (0.813)
1.285 (32.639) -
24-LEAD HERMETIC DUAL IN-LINE 1.235 (31.369)
PACKAGE TYPED L
600 (15.240)
515 (13.081)
o gy e gy e g —i
625
232 (5.893) 187 (4.750) _ [« MAX.
MAX. .145 (3.683) (15.875)
SEATING E N ol
PLANE 0.15MIN. 010 TYP, e
1125 (3.175) 060 TYP. (0.381) (0.254) 7 -
MIN. (1.524) —»“4— 020 (0.508) ;
P e (17.145) >
110 (2.794) 032 TYP. 016 (0.408) REF.
090 (2.286) (0.813)
1.485 (37.719)
- 1.435 (36.489
28-LEAD HERMETIC DUAL IN-LINE e.4490
PACKAGE TYPE D _ PNd
600 (15.240)
515 (13.0817)
625
fe—MAX.
.220(5.588) 175 (4.445) _
MAX. 15 (3.683) (15.875)
_ R ¥ —
SEATING _ — I — o
PLANE i —_
: 015M,N 010 TYP, N5
Sy
125 (3 175) ’ 060 TYP. H (0.381) (0.254) i o i
(1.524) —{l=— 020 (0.508) |e—(17.125) —>!
110 (z 794) 032 TYP 016 (0.406) REF.
090 (2:286) (0.813)
1.485 (37.719)
1435 (36.449)
28-LEAD HERMETIC DUAL IN-LINE
PIN1
PACKAGE TYPED
1600 (15.240)
515 (13.081)
R g e g e o e _&
232 (5.893) 187 (4.750)
MAX. 785 (3.683) -
' —_— T
SEATING *
PLANE l 0.15 MIN. 010 TYP.
1125 (3.175) 3 oao TYP. _.IL, (0.381) (0.254) o5
MIN- (1.524) 1020 (0.508) l< (17,145 =
1 032 TYP. 016 (0.406) REE.
%0 (0.813)

.09
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PACKAGING |NFORMAT|°N All dimensions In inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

40-LEAD HERMETIC DUAL IN-LINE 2080 (52.832)
2.030 (51.56: .
PACKAGE TYPE D 2030 (&1562)
PIN 1
600 (15.240)
515 (13.081)
625
220 (5.588) 75 (4.445) MAX.
45 (3.683) | (15.875)
— [ 1
SEATING I A 1 1 -
PLANE 015 MIN. Ao(w TYP. il 15°
125 (3.175) _J (0.381) 0.254) ’ B
oao TYP. L_ ; 675 |
MIN. (1.524) —J 020 (0.508) |17 15—
1110 (2.794) 794) 032 TYP 016 (0.406) REF.
1090 (2.286) (0.813)
2.080 (52.832)
- 2.030 (51.562)
40-LEAD HERMETIC DUAL IN-LINE N
PACKAGE TYPE D
600 (15.240)
515 (13.081)
e — _ &
625
.232 (5.893) 187 (4.750) [ MAX.
MAX. 185 (3.683) (15.875)
—=-—
SEATING — ¥ N o
P T
LANE ; 0.15 MIN. 010 TYP. ~all4715
1125 (3.175) 1 060 TYP. JL_ (0:381) (0.258) | !
675
" ez 020 (0.508) I (17105 ]
110 (z 794) 032 TYP. 016 (0.406) iy
7090 (2.286) (0.813)

29




PACKAG'NG lNFORMATION All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

24 LEAD HERMETIC DUAL IN-LINE 1.215 (30.861) ,
7.185 (30.099)
PACKAGE TYPE C ( mnl PIN 1 MARK
L
. g ﬂus 240)
ﬁi (% 1 570 (14.478)
145 MAX
-200 (5-080) -095 (2.413) (3.683)
Ax. 070(1 778)
SEATING j I I] I p o
e s 010 TYP I =
PLANE _A—L 020 MIN (0.254) a 10
125 (3 175) <050 TYP J’ (0:508) !
= (1.270) 022 (0.558) 625
110(2 (2.794) o7 @3 L‘”‘Z’é’?’
1090 (2.286)
1.415 (35.941) )
28-LEAD HERMETIC DUAL IN-LINE 1:385 (35.179) l PIN 1 MARK
PACKAGE TYPE C L b
600 (15.240)
570 (14.478)
.200 (5.080) 095 (2413) 145 MAX
MAX. 070 (1.778) i (3.683)
Y D —— i ——
SEATING ¥ - 0
010 TYP I s
PLANE ? “Tozomn 0254 Safia10
Y| i
128 (3.175) 050 TYP J. (0508) i !
IN. (1.270) 022 (0.558) i 625 |
015 (0.381) f<—(15.875)—]
110 (2794) REF.
090 (2.286)
- 2020 (51.308)
1.980 (50.292)
40-LEAD HERMETIC DUAL IN-LINE o 1] PIN 1 MARK
PACKAGE TYPE C = —==d
600 (15.240)
570 (14.478)
N
.200 (5.080) 095 (2.413)
MAX. 070 (1.778)
I} S : .145 MAX.
SEATING -—— (3.683) o
PLANE _£ 010 TYP— \_.Vw
020 MIN.
(0.254)
0.508 !
125 (3.175) 050 TYP 0-508) !
MIN. (1.270) 022 (0.558) L(1562§ )4>I
“o15 10.387) 875
015 (0.381)
1110 (2.794) REF.
1090 (2.286)
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PACKAG'NG |NFORMAT|ON All dimensions in inches and (miliimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE B

22-LEAD HERMETIC DUAL IN-LINE ) 1.095 (27.;13))
7,060 (26.92
PACKAGE TYPE B { PN T
Fe=== ===l
_ .400 (10.160)
] 1370 ( 9.398)
e & 425
.200 (5.080) 1 MAX. —»f
MAX. 1;2 }2 ?;2} (10.795)
e tlgg (4.826) ]
SEATING SR GRUA 1Y S ¥ 760 14.064) T .
PLANE i
L.015 MIN. 010 TYP =«
125 (3.175) ¥ (0.381) (0.254)
MIN- 110 (2.708) J L_ -»IL- 1020 (0.508) L J
090 (2.288) 060 TYP  032Typ. 016 (0.406) “2 065’
(1.524) (0.813)
1.285 (32.639)
24-LEAD HERMETIC DUAL IN-LINE 2% (313601
PACKAGE TYPE B PIN1
B J 600 (15.240)
1 515 (13.081)
— 625
.220(5.558) 150 (3.810) [ MAX. —»|
MAX. 325 3.475) ] (15.875)
e I,_@g 14.826) ]
SEATING v WJLJLAJL) |- -155 (3.937) [ .
PLANE L.015 MIN. 010 TYP :\/
100 (2540) |2 “0381) “(0.258) s
T 2 794)__] L_ ,IL_ 1020 (0.508) L_ 675 J
090 (2.286) 060 TYP.  oole 016 0,408 (17.145)
(1524) (0813) - REF.
1.485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE 1435 (36.449)
PACKAGE TYPEB N PIN 1
} J 600 (15.240)
'] 570 (13.081)
——— 625
.220(5.558) 150 (3.810) _ fe—MAX, —»{
MAX. 25 (3.175) 115.875)
L= —-— 190 (4.826) | ———
SeaTING  y QRS JLJL) R .155 (3.937) [i[ )
X % 5 7 PLANE 4 'y | 0°
P - PLANE -.015 MIN. 010 TYP. *‘\t@
i 1125 (3.175) - (0.381) (0.254) '
< MIN. 110 (2. 794)_’1 L _,‘L_ 1020 (0.508) L 675 J
1090 (2:286) 060 TYP. 032TYP 016 (0.408) (17.145)
(1.524) (0.813) REF.
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE ) 2.030 (51.562) o
PACKAGE TYPEB —-=
_ £ 600 (15.240)
] 570 (13.081)
——— 625
1220(5.558) .150 (3.810) e—-MAX.
MAX. 125 (3.175) (15.875)
L —-=3 1_1_93 ws20) |
seating ¢y WHLJLUJL) 1 155 (3.937) T |
el S o
PLANE t -015 MIN. 010 TYP. e 157
425 (3475) (0.381)
MIN.

.060 TYP.
(1.524)

032 TYP
(0.813)

.

-020 (0.508)
016 {0.406)

(0.254) f
675
L(174145)-‘>|
REF.




STANDARD PRODUCT FLOW

Wafer
Fabrication

: . . Hermeticity Testing to
1st Optical Inspection eliminate devices which

For Fab Defects show insufficient
hermeticity. (Monitored
by QA)

Fine leak C DIPs,CERDIPs,and
Metal cans (MIL-STD-883
Method 1014.2B)." Gross Leak

C DIPs and Cerdips only (Method "
1014.2C, vacuum omitted and 1 hour pressurization).

ical Wafer Sort

Optical inspection criteria based on
MIL-STD-883 Method 2010.3B to
insure that all devices are free
from internal defects which could
lead to failure in normal applications.
(Monitored by QA)

1st Optical Inspection
for Sort Defects

Seal

Scribe or Saw & Break

HERMETIC

2nd Optical Inspection
2nd Optical Inspection QA Gate

Die Attach
Die Attach Inspection
QA Die Attach Gate

Precap Visual
Inspectioncriteria .

based on MIL-STD-883 '
Method 2010.3B to insure

Lead Bond tl'wt af:jerfassemgly all devices are ;ree
: rom defects which could lead to failure
Lead Band Inspection in normal applications. (Each lot must
Lead Bond Gate pass a QA acceptance.)



STANDARD PRODUCT FLOW

" Final Visual

Lead Trim

late

*Fine leak limits: All

% devices 1 x 10-7 cceatm/sec

Electrical Testing to test
conditions and limits which guarantee
AC, DC and functional performance over
full specified temperature

Solder Dip

Deflash, Trim & Form

Temp Cycle

PLASTIC Final QA Acceptance

Electrical 1% AQL Ac, DE - ’;"’"

Functional Tests to guarantee
performance over full specified
temperature range
Visual/Mechanical LTPD 7/2
Solderability LTPD 50/0
Hermeticity LTPD 7/1

I5|ant Clearance

213



GENERAL

INIEL FPHUDUCUI LIIERAIUKE

The accelerating rate of new developments in microprocessors and memories has created the need for concise, up-to-
the-minute design information. To assist customers in maintaining expertise in state of the art systems, Intel provides
a variety of sales and technical literature including brochures, data sheets, application notes, handbooks, and
technical manuals containing comprehensive information on microprocessors, microcomputers, memories, develop-
ment systems, and software.

If you wish to receive Intel literature, contact your local Intel sales office, representative, distributor or intel Corpora-
tion, Literature Department. International locations also provide selected literature in Japanese, French or German.

To order literature by mail, please enclose check or money order payable to Intel Corporation. Purchase Orders are
accepted for amounts of $100.00 or more. You can also order Intel documentation with your Master Charge or
BankAmericard/Visa credit card. Include your card number, expiration date and signature on the order form. Volume
and educational discounts are available. A maximum of five complimentary (N/C) items may be ordered. Mail to:

Intel Corporation

Literature Department

3065 Bowers Avenue

Santa Clara, California 95051

SALES LITERATURE Product Descriptions
9800365 MCS-85 Product Description N/C
Catalogs 9800600 Peripherals Product Description NIC
610200 1978 System Data Catalog $2.00 9800606 Intellec Series Il Microcomputer :
Development Systems Functional

Brochures Description and Specifications N/C

Microcomputer Product Line 9800615 MQS-48 Single Chip Family of

Brochure N/C Mlcrogomputers Product

Microcomputer Components Description A N/C

Brochure N/C 9800723 MCS-86 Product Description N/C

Memory Components Brochure N/C

Growing Static RAM Family Album N/C .

MOS RAMSs Brochure N/C Reference Guides

uScope 820 Brochure N/C 9800774 BASIC 80 Reference Guide N/C

1979 Intel Microcomputer Work- 9800749 MCS-86 Assembly Language

shops Brochure N/C Reference Guide N/C

Application Notes

AP-4 2107A Application Note N/C Reference Cards
AP-12 5101 Application Note NIC 9800404 PROMPT 48 Reference Cardlet $1.50
AP-15 8255 Programmable Peripheral 9800438 8085/8080 Assembly Language

Intgrface L N/C Reference Card N/C
AP-16  Using the 8251 Application Note N/C 9800547 FORTRAN-80 Reference Card N/C
AP17 2709 8K Erasable PROM Appli- 9800582 uScope 820 8080A Operator’s

cation Note N/C Reference Card N/C
AP-22  Which Way for 16K N/C 9800653 MCS-48 In-Circuit Emulator
AP-23 2104A 4K RA.M N/C Reference Card N/C
AP-24  MCS-48 Family—9800413B N/C 9800412 MCS-48 Assembly Language
AP-26 iSBC 80/10 & System 80/10 N/C Reference Card -~ NIC
AP-27 Control With UPI-41 N/C UPI-41 Assembly Language
AP-28 Multibus Interfacing—9800587A N/C Reference Card N/C
AP-29 Using The Intel 8085 Serial

1/0 Lines N/C
AP-30 Applications of 5 Volt EPROM and e L ers

ROM Family for Microprocessor Reliability Reports

Systems N/C RR7 2107A/2107B 4K Dynamic RAM N/C
AP-31 Using the 8259—9800658A N/C RR 8 Polysilicon Fuse Bipolar PROM N/C
AP-33 RMX/80—9800577A N/C RR 9 MOS Static RAMs N/C
AP-35 CRYSTALS: Specifications— RR 10 8080/8080A Microcomputer N/C

9800652A N/C RR 11 2416 16K CCD Memory N/C
AP-36 Using the 8273—9800667A N/C RR 12 2708 8K Erasable PROM N/C
AP-40 Keyboard/Display Scanning With RR 14 2115/2125 MOS Static RAMs N/C

Intel’s MCS-48 Microcomputers N/C RR 15 2104A 4K Dynamic RAM N/IC
AP-42 Writing Diagnostics for the uScope N/C RR 16 2116 16K Dynamic RAM N/C
AP-43 Using the iSBC™ 957 . .. 9800816 N/C RR 17 iSBC 80/10 Single Board Computer N/C
AP-45 Using the 8202 . . . 9800809 N/C RR 18 HMOS Reliability N/C
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PRODUCT LITERATURE

TECHNICAL LITERATURE

User’'s Guides

9800016
9800203
9800223
9800298
9800306

9800338
9800350

9800508
9800522
9800557

9800558

9800698

9800743

9800826

Manuals

9800017
9800019

9800025

9800042
9800129

9800132

9800133

9800153

9800167

9800172

9800185

9800206

9800210

9800212

High Speed Paper Tape Reader
Installation and Operation Guide
MCS-80 System Design Kit User’s
Guide

iSBC 80P and iSBC 80P10 Proto-
typing Package User’s Guide
iSBC 635 Power Supply User’'s
Guide

ISIS-Il User's Guide

SBC 80P20 User’'s Guide

iSBC 915 Go/No Go Diskette
Diagnostic and Monitor Program
User's Guide

iSBC 80P05 User’s Guide

RMX/80 User’'s Guide

Intellec Series Il Model 210
User's Guide

A Guide to Intellec Microcom-
puter Development Systems, by
Daniel D. McCracken

A Guide to PL/M Programming for
Microcomputer Applications, by
Daniel D. McCracken

MCS-86 System Design Kit User’s
Guide

iSBC 957-Intellec iSBC 86/12 . . .
User’s Guide

uScope 820 Microcomputer Console
Key Sequence Guide

MCS-8 User's Manual

8008 Assembly Language Program-
ming Manual

4004/4040 Assembly Language Pro-
gramming Manual

MCS-40 User’'s Manual

Intellec 800 Microcomputer Devel-
opment System Operator’s Manual
Intellec Microcomputer Develop-
ment System Reference Manual
Universal PROM Programmer Ref-
erence Manual

MCS-80 User's Manual

In-Circuit Emulator/80 Microcom-
puter Development System Hard-
ware Reference Manual

ROM Simulator Microcomputer
Development System ROM SIM
Reference Manual

In/Circuit Emulator/80 Operator’s
Manual

ISIS-I Diskette Operating System
Operator’s Manual

Series 3000 Microprogramming
Manual

Diskette Operating System Micro-
computer Development System
MDS DOS Hardware Reference
Manual

$2.50
$5.00
$5.00
$5.00

$30.00
$5.00

$5.00
$5.00
$15.00

$15.00

$2.00

$9.95
$7.50
$5.00

$2.00

$2.50
$5.00

$5.00
$5.00

$15.00
$40.00
$40.00

$7.50

$35.00

$25.00
$15.00
$15.00

$5.00

$35.00
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9800220

9800221
9800230
9800255
9800265
9800268
9800270

9800277

9800278
9800279
9800292

9800294

9800297
9800300
9800301
9800307
9800316

9800317

9800349

9800366
9800385

9800386

9800388

9800402
9800410

9800420

9800422

In-Circuit Emulator/30 Micro-
computer Development System
ICE-30 Hardware Reference
Manual

Series 3000 Reference Manual
iSBC 80/10 and iSBC 80/10A Single
Board Computer Hardware Refer-
ence Manual

MCS-48 and UPI-41 Assembly
Language Programming Manual
iSBC 416 16K PROM/ROM Expan-
sion Board Hardware Reference
Manual

PL/M Programming Manual
MCS-48 Family of Single Chip
Microcomputers User’'s Manual
iSBC 104/108/116 Combination
Memory and I/O Expansion Boards
Hardware Reference Manual

iSBC 508 |/O Expansion Board
Hardware Reference Manual

iSBC 016 16K RAM Expansion
Board Hardware Reference Manual
1S1S-11 8080/8085 Macro Assembler
Operator’'s Manual

iSBC 501 Direct Memory Access
Controller Hardware Reference
Manual )

iSBC 630 Power Supply User’s
Manual

I1SIS-1I PL /M-80 Compiler Operator’s
Manual

8080/8085 Assembly Language
Programming Manual

Intellec PROMPT 80/85 User’s
Manual

System 80/10 Microcomputer
Hardware Reference Manual

iSBC 80/20and iSBC 80/20-4 Single
Board Computer Hardware
Reference Manual

iSBC 211/212 Diskette Hardware
System Hardware Reference
Manual

MCS-85 User’'s Manual

iSBC 519 Programmable /0O Expan-
sion Board Hardware Reference
Manual

Intellec Mirocomputer Development
System Diagnostic Confidence Test
Operator's Manual

iSBC 517 Combination /O Expan-
sion Board Hardware Reference
Manual

PROMPT 48 Microcomputer User’s
Manual

iSBC 310 High-Speed Mathematics
Unit Hardware Reference Manual
iSBC 202 Double Density Diskette
Controller Hardware Reference
Manual

Intellec Double Density Diskette
Operating System Hardware
Reference Manual

$25.00
$5.00
$10.00
$10.00
$5.00
$10.00

$7.50

$5.00
$5.00
$5.00

$10.00

$5.00
$5.00
$15.00
$10.00
$5.00

$15.00

$10.00

$5.00
$5.00

$7.50

$5.00

$7.50
$7.50

$5.00

$5.00

$35.00




PRODUCT LITERATURE

9800449
9800450
9800451
9800452

9800463

9800464
9800465

9800466
9800467

9800478
9800480

9800481
9800482

9800483
9800484
9800485
9800486

9800487
9800488
9800489
9800504

9800505

9800556

iSBC 094 4K Byte CMOS RAM/
Battery Backup Board Hardware
Reference Manual

iSBC 534 Four Channel Communi-
cations Expansion Board Hardware
Reference Manual

SDK-85 User's Manual

8080/8085 Floating Point Arithmetic
Library User's Manual

ICE 85 In-Circuit Emulator Operat-
ing Instructions for ISIS-Il Users
ICE-48 Operator’'s Manual

In-Circuit Emulator/41 Operator's
Manual

PL/M-86 Programming Manual
PROMPT-SPP Specialized PROM
Programming User’s Manual

ISIS-Il PL/IM-86 Compiler Operator’s
Manual

ISIS-1l FORTRAN-80 Compiler
Operator's Manual

FORTRAN 80 Programming Manual
iSBC 80/04 Single Board Computer
Hardware Reference Manual

iSBC 80/05 Single Board Computer
Hardware Reference Manual
System 80/20-4 Microcomputer
Hardware Reference Manual

iSBC 711 Analog Input Board Hard-
ware Reference Manual

iISBC 724 Analog Output Board
Hardware Reference Manual

iSBC 732 Combination Analog
Input/Output Board Hardware
Reference Manual

iSBC 032/048/064 Random Access
Memory Boards Hardware
Reference Manual

iSBC 556 Optically Isolated Pro-
grammable 1/O Board Hardware
Reference Manual

UPI-41 User’s Manual

iSBC 660 System Chassis Hardware
Reference Manual

Intellec Series Il Hardware
Reference Manual

$5.00
$5.00
$5.00
$5.00

$25.00
$20.00

$15.00
$10.00

$5.00
$15.00

$20.00
$10.00

$7.50
$7.50
$15.00
$5.00

$5.00

$5.00

$5.00

$5.00

$5.00

$5.00

$25.00

9800559
9800592
9800593
9800611
9800616

9800639

9800641

9800642

9800643
9800645

9800697
9800698
9800722
9800728
9800758
9800819

9800707

Intellec Series Il Installation and
Service Manual

uScope 8080A Probe Service
Manual

uScope 820 Microprocessor System
Console Service Manual

iSBC 80/30 Single Board Computer
Hardware Reference Manual

iSBC 544 Hardware Reference
Manual

MCS-86 Software Development
Utilities Operating Instructions for
ISIS-Il Users

MCS-86 Assembler Operating
Instructions for ISIS-Il Users
MCS-86 Assembly Language Con-
verter Operating Instructions for
ISIS-Il Users

iSBC 464 PROM/ROM Board Hard-
ware Reference Manual

iSBC 86/12 Hardware Reference
Manual

SDK-86 Assembly Manual

SDK-86 User's Guide

MCS-86 User’'s Manual

uScope 8085 Probe Service Manual
BASIC 80 Reference Manual
Universal PROM Programmer User’s
Manual

System 80/30 Documentation
Package

Handbooks

9800526

9800676
111100

uScope 820 Microprocessor System
Console Operator’'s Handbook
Peripheral Design Handbook — 1979
Memory Design Handbook

Specifications

9800199

9800222

9800606

External Reference Specification
ROM Simulator

External Reference Specification
ICE-30 Software Driver

Intellec Series Il Microcomputer
Development Systems Functional
Description and Specifications

$15.00
$15.00
$15.00
$10.00

$7.50

$20.00

$15.00

$15.00
$5.00
$10.00
$5.00
$7.50
$5.00
$15.00
$15.00
$15.00

$25.00

$15.00
$7.50
$5.00

$2.50

$2.50

N/C
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'ntel®
3065 Bowers Avenue
Santa Clara, California 95051
Tel: (408) 987-8080

TWX. 910-338-0026
TELEX: 34-6372

ALABAMA

Intel Corp.

3322 S. Parkway, Ste. 71
Holiday Office Center
Huntsville 35802

Tel: (205) 883-2430
Glen White Associates
3502 Sth Avenue
Huntsville 35805

Tel: (205) 883-9394
tPen-Tech Associates, Inc.
Holiday Office Center
3322 S. Memorial Pkwy.
Huntsville 35801

Tel: (205) 533-0090

ARIZONA

Intel Corp.

8650 N. 35th Avenue, Suite 101
Phoenix 85021

Tel. (602) 242-7205

1

4426 North Saddle Bag Trail
Scottsdale 85251

Tel: (602) 994-5400

CALIFORNIA

Intel Corp.

7670 Opportunity Rd,
Suite 135

San Diego 92111
Tel: (714) 268-3563
Intel Corp.™

1651 East 4th Street
Suite 105

Santa Ana 92701

Tel: (714) 835-9642
TWX: 910-595-1114
Intel Corp.*

15335 Morrison
Suite 345

Sherman Oaks 91403
(213) 986-9510
TWX: 910-495-2045
Intel Corp.*

3375 Scott Blvd.
Santa Clara 95051
Tel: (408) 987-8086
TWX: 910-339-9279
TWX: 910-338-0255
Earle Associates, Inc.
4805 Mercury Street
Suite L

San Diego 92111
Tel: (714) 287-5441

Mac-I

2576 Shattuck Ave.
Suite 48

Berkeley 94704

Tel: (415) 843-7625
Mac-1

P.O. Box 1420
Cupertino 95014

Tel: (408) 257-9880
Mac-l

P.O. Box 8763
Fountain Valley 92708
Tel: (714) 839-3341
Mac-l

20121 Ventura Bivd., Suite 240E
Woodland Hills 91364
Tel: (213) 347-5900

COLORADO

Intel Corp.*

6000 East Evans Ave.
Bldg. 1, Suite 260
Denver 80222

Tel: (303) 758-8086
TWX: 910-931-2289
tWestex

27972 Meadow Drive
P.0. Box 1355
Evergreen 80439
Tel: (303) 674-5255

CONNECTICUT

Intel Corp.

Peacock Alley

1 Padanaram Road, Suite 146
Danbury 06810

Tel: (203) 792-8366

TWX: 710-456-1199

FLORIDA

Intel Corp.

1001 N.W. 62nd Street, Suite 406
Ft. Lauderdale 33309

Tel. (305) 771-0600

TWX: 510-956-9407

Intel Corp.

5151 Adanson Street, Suite 203
Orlando 32804

Tel: (305) 628-2393

TWX: 810-853-9219

+Pen-Tech Associates, Inc.

201 S.E. 15th Terrace, Suite F
Deerfield Beach 33441

Tel: (305) 421-4989

U.S. AND CANADIAN SALES OFFICES

iPen-Tech Associates, Inc.

111 So. Maitland Ave., Suite 202
Maitland 32751

Tel: (305) 645-3444

GEORGIA

tPen-Tech Associates, Inc.
Suite 305 C

2101 Powers Ferry Road
Atlanta 30339

Tel: (404) 955-0293

ILLINOIS

Intel Corp.*

900 Jorie Boulevard
Suite 220
Oakbrook 60521
Tel. (312) 325-9510
TWX: 910-651-5881
1Dytek-Central, Inc.
121 So. Wilke Road
Suite 304

Arlington Heights 60005
Tel. (312) 394-3380
TWX: 910-687-2267

INDIANA

Electro Reps Inc.

941 E. 86th Street, Suite 101
Indianapolis 46240

Tel: (317) 255-4147

TWX. 810-341-3217

IOWA

Technical Representatives, Inc.
St. Andrews Building

1930 St. Andrews Drive N.E.
Cedar Rapids 52405

Tel. (319) 393-5510

KANSAS

Technical Representatives, Inc.
8245 Nieman Road, Suite #100
Lenexa 66214

Tel: (913) 888-0212, 3, & 4
TWX: 910-749-6412

KENTUCKY

tLowry & Associates, Inc.
3351 Commodore
Lexington 40502

Tel: (606) 269-6329

MARYLAND

intel Corp.*

7257 Parkway Drive

Hanover 21076

Tel: (301) 796-7500

TWX: 710-862-1944

Glen White Associates

57 W. Timonium Road, Suite 307

Timonium 21093

Tel: (301) 252-6360

tMesa Inc.

11900 Parklawn Drive

Rockville 20852

Tel: Wash. (301) 881-8430
Balto. (301) 792-0021

MASSACHUSETTS

Intel Corp.*

187 Billerica Road, Suite 14A
Cheimsford 01824

Tel: (617) 667-8126

TWX: 710-343-6333
tComputer Marketing, Inc.
257 Crescent Street

Waltham 02154

Tel: (617) 894-7000

MICHIGAN

Intel Corp.

26500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920
TWX: 910-420-1212
TELEX: 2 31143

tLowry & Associates, Inc.
135 W. North Street

Suite 4

Brighton 48116

Tel: (313) 227-7067

MINNESOTA

intel Corp.

8200 Normandale Avenue
Suite 422
Bloomington 55437
Tel: (612) 835-6722
TWX: 910-576-2867
tDytek North

1821 University Ave.
Room 163N

St. Paul 55104

Tel: (612) 645-5816

MISSOURI

‘Technical Representatives, Inc.
320 Brookes Drive, Suite 104
Hazelwood 63042

Tel: (314) 731-5200

TWX: 910-762-0618

NEW JERSEY

Intel Corp.

1 Metroplaza Office Bidg.
505 Thornall St.

Edison 08817

Tel: (201) 494-5040

TWX: 710-480-6238

NEW MEXICO
BFA Corporation
P.O. Box 1237

Las Cruces 88001
Tel: (505) 523-0601
TWX: 910-983-0543
BFA Corporation
3705 Westerfield, N.E.
Albuquerque 87111
Tel: (505) 292-1212
TWX: 910-989-1157

NEW YORK

Intel Corp.™

350 Vanderbilt Motor Pkwy.
Suite 402

Hauppauge 11787

Tel: (516) 231-3300
TWX: 510-227-6236
intel Corp.

80 Washington St.
Poughkeepsie 12601
Tel: (914) 473-2303
TWX: 510-248-0060
Intel Corp.

474 Thurston Road
Rochester 14619

Tel: (716) 328-7340
TWX: 510-253-3841
tMeasurement Technology, Inc.
159 Northern Boulevard
Great Neck 11021

Tel' (516) 482-3500
T-Squared

4054 Newcourt Avenue
Syracuse 13206

Tel: (315) 463-8592
TWX: 710-541-0554
+T-Squared

2 E. Main

Victor 14564

Tel: (716) 924-9101
TELEX: 97-8289

NORTH CAROLINA
tPen-Tech Associates, Inc.
P.O. Box 5382

Highpoint 27262

Tel: (919) 883-9125

Glen White Associates
3700 Computer Drive

Suite 330

Raleigh 27609

Tel: (919) 787-7016

OHIO

Intel Corp.”

8312 North Main Street
Dayton 45415

Tel: (513) 890-5350

TWX: 810-450-2528

Intel Corp.*
Chagrin-Brainard Bldg. #201
28001 Chagrin Blvd.
Cleveland 44122

Tel: (216) 464-2736
Lowry & Associates, Inc.
24200 Chagrin Bivd.
Suite 320

Cleveland 44122

Tel. (216) 464-8113
tLowry & Associates, Inc.
1524 Marsetta Drive
Dayton 45432

Tel: (513) 429-9040
tLowry & Associates, Inc.
1050 Freeway Dr., N,
Suite 209

Columbus 43229

Tel: (614) 436-2051

OREGON
ES/Chase Company
4095 SW 144th St.
Beaverton 97005
Tel: (503) 641-4111

PENNSYLVANIA

Intel Corp.*

275 Commerce Dr.

200 Office Center
Suite 212

Fort Washington 19034
Tel' (215) 542-9444
TWX 510-661-2077
tLowry & Associates, Inc.
Seven Parkway Center
Suite 455

Pittsburgh 15520

Tel: (412) 922-5110
+Q.E.D. Electronics
300 N. York Road
Hatboro 19040

Tel" (215) 674-9600

TENNESSEE

Glen White Associates
Rt. #12, Norwood S/D
Jonesboro 37659

Tel: (615) 477-8850
Glen White Associates
2523 Howard Road
Germantown 38138
Tel: (901) 754-0483
Glen White Associates
6446 Ridge Lake Road
Hixon 37343

Tel: (615) 842-7799

TEXAS

Intel Corp.*

2925 L.B.J. Freeway

Suite 175

Dallas 75234

Tel: (214) 241-9521

TWX: 910-860-5487

Intel Corp.*

6776 S.W. Freeway

Suite 550

Houston 77074

Tel: (713) 784-3400
Mycrosystems Marketing inc.
13777 N. Central Expressway
Suite 405

Dallas 75243

Tel: (214) 238-7157

TWX: 910-867-4763
Mycrosystems Marketing Inc.
6610 Harwin Avenue, Suite 125
Houston 77036

Tel: (713) 783-2900

UTAH

iWestek

3788 Brockbank Drive
Salt Lake City 84117
Tel: (801) 278-6920

VIRGINIA

Glen White Associates
P.O. Box 1104
Lynchburg 24505

Tel: (804) 384-6920
Glen White Associates
Rt. #1, Box 322
Colonial Beach 22443
Tel. (804) 224-4871

WASHINGTON
intel Corp.

300 120th Avenue N.E.
Bldg. 2, Suite 202
Bellevue 98005
Tel: (206) 453-8086
E.S./Chase Co.
P.O. Box 80903
Seattle 98198

Tel: (206) 762-4824
TWX- 910-444-2298

WISCONSIN

intel Corp.

4369 S. Howell Ave.
Milwaukee 53207
Tel: (414) 747-0789

CANADA

Intel Corp.

Suite 233, Bell Mews

39 Highway 7, Bell Corners
Ottawa, Ontario K2H 8R2
Tel. (613) 829-9714
TELEX: 053-4419
Multilek, Inc.”

15 Grenfell Crescent
Ottawa, Ontario K2G 0G3
Tel: (613) 226-2365
TELEX: 053-4585

*Field application location
i These representatives do not offer Intel Components,
only boards and systems.
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GENERAL -

Intgl

INTERNATIONAL SALES AND MARKETING OFFICES

3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

EUROPEAN MARKETING OFFICES

BELGIUM

Intel International*

Rue du Moulin & Papier
51-Boite 1

B-1160 Brussels

Tel. (02) 660 30 10
TELEX: 24814

FRANCE

Intel Corporation, SA.R.L."
§ Place de la Balance

Silic 223

94528 Rungis Cedex

Tel: (01) 687 22 21

TELEX: 270475

ORIENT MARKETING OFFICE

JAPAN

Intel Japan Corporation*

Flower Hill-Shinmachi East Bldg.
1-23-9, Shinmachi, Setagaya-ku

Tokyo

Tel: (03) 426-9261

TELEX: 781-28426

INTERNATIONAL DISTRIBUTORS

ARGENTINA
SLES.A.
Av. Pte. Rogue Saenz Pena 1142 9B

1035 Buenos Aires
Tel 35-6784

AUSTRALIA

A.J.F. Systems & Components
PTY, LTD.

44 Pmspecl Rd.

Prospect 5082

South Australla 17005

Tel: 269-12:

TELEX: 82635

ISRAEL
Intel Semiconductor Ltd,
P.O. Box 1659

Haifa
Tel: 972/452 4261
TELEX: 92246511

NETHERLANDS

Intel Semiconductor Nederland B.V.

Cometongebouw
Westblaak 106
3012 Km Rotterdam
Tel: (10) 149122
TELEX: 22283

SCANDINAVIA

Intel Denmark A/S*
Lyngbyvej 32 2nd Floor
DK-2100 Copenhagen East
Tel: (01) 18 20 00
TELEX: 19567

Intel Sweden AB*

Box 20092
Enighetsvagen, 5
$-16120 Bromma
Sweden

Tel: (08) 98 53 90
TELEX: 12261

COLOMBIA

Video National
Diagonal 34, No. 5-62
Apartado Aereo 27599
Bogota

Tel. 36-37

TELEX: 43439 VINAT

DENMARK

Lyngso Komponent A/S
Ostmarken 4

TELEX. 22990

A.J.F. Systems & C¢
PTY. LTD.

29 Deviin St.
Ryde, N.S.W. 2112

Tel. (02) 807-6878

TELEG: 24906

A.J.F. Systems & Components
PTY. LTD.

310 Queen St. Melbourne,

Victoria 3000

Tel: (03) 679-702

TELEX: 30270

Warburton-Franki (Sydney) Pty. Ltd.
199 Parramatta Roa

Auburn, N.S.W. 211

Tel. 648-1711, 648~ 1381

TELEX: WARFRAN AA 22265
Warburton-Franki Industries
(Melbourne) Pty. Ltd.

220 Park Street

South Melbourne, Victoria 3205
Tel: 699-4999

TELEX: WARFRAN AA 31370
Warburton Franki, Pty, Ltd.

322 Grange Road, Kidman Park
South Australia 5025

Tel: 356-7333

TELEX: WARFRAN AA 92908
Warburton Franki (Perth) Pty. Ltd.
98-102 Belgravia St., Belmont
Western Australia 6104

Tel. 356-7000

TELEX: WARFRAN AA 92908
Warburton Franki (Brisbane) Pty. Ltd.
13 Chester St., Fortitude Valiey
Queensland 4006

TELEX. WARFRAN AA 41052

AUSTRIA

Bacher Elektronische Geraete GmbH
Rotenmulgasse 26

A 1120 Vienna

Tel: (0222) 83 63 96

TELEX- (01) 1532

Rekirsch Elektronik Geraete GmbH
Gottfried-Keller-Gassa, 29

A1030 Vienna

Tel: (222) 734394

TELEX' 74759

BELGIUM

Inelco Belgium S.A.
Avenue Val Duchesse, 3
B-1160 Brussels

Tel" (02) 660 00 12
TELEX: 25441

BRAZIL

Jeotron S.A

05110-Av. Mutinga 3650
6 Andar

Pirituba-Sao Paulo

Tel. 261-0211

TELEX: (011) 222 ICO BR

CHILE

Intellec

P.O. Box 13317

Dr Sotero Del Rio 326
Oficina 903

Santiago 1

Tel. 723740

Supply A/S
Nannasgade 18
DK-2200 Copenhagen N
Tel. (01) 83 50 90
TELEX- 19037

FINLAND

Oy Fintronic AB

Loennrotinkatu 35D

SF 00180

Helsinki 18

Tel (80) 601155

TELEX: 123107

Oy Softplan AB

Skillnadsgatan 9A
F-00130 Helsmkl 13

Tel: 80-644306

TELEX: 12579

FRANCE
Celdvs

Rue Charles Frerot
94250 Gentilly
Tel: 581 00 20-591 04 69
TELEX. 200,485 F
Metrologie
La Tour d'Asnieres
4, Avenue Laurent Cely
92606-Asnieres
Tel: 791 44 44
TELEX: 611 448 F
Tekelec Airtronic*
Cite des Bruyeres
Rue Carle Vernet
92310 Sevres
Tel" (1) 027 75 35
TELEX: 204552

GERMANY

Alfred Neye Enatechnik GmbH
Schillerstrasse 14

D-2085 Quickborn-Hamburg
Tel' (04106) 6121

TELEX: 02-13590

Electronic 2000 Vertriebs GmbH
Neumarkter Strasse 75

TELEX 522561
Jermyn GmbH
Postfach 1146

TELEX' 484426

HONG KONG

China Electronics

Sea Bird House, 9th Floor
22-28 Wyndham Street
Hong Kong

Tel: 520687

INDIA

Micro Electronics International
10-2-289/1 1 A

Shantinage!

Hyderabad 5

CABLE: MELECTRO -HYDERBAD

SCANDINAVIA (continued)
Intel Scandinavia A/S
P.O, Box 158

N-2040

Klofta, Norway

Tel. 47 2/981068
TELEX: 18018

Intel Scandlnavm A/S
P.O. B

Semnenkwa, 3
SF-00400

Helsinki, Finland

Tel: 358 0/55 85 31
TELEX: 123332

ENGLAND )
Intel Corporation (U.K\) Ltd.*
Broadfield House

4 Between Towns Road
Cowley, Oxford OX4 3NB
Tel: (0865) 77 14 31

TELEX- 837203

intel Corporation (U.K.) Ltd
46-50 Beam Street
Nantwich, Cheshire CW5 5LJ
Tel* (0270) 62 65 60

TELEX: 36620

ISRAEL
Eastronics Ltd.”
11 Rozanis Street
P.O. Box 39330
Tel-Aviv 61390
Tel: 475151
TELEX: 33638

ITALY

Eledra 3S S.PA.*

Viale Elvezia, 18

20154 Milan,

Tel (02) 3493041

TELEX: 39332

Eledra3S S.P.A.*

Via Paolo Gaidano, 141 D
10137 Torino

TEL: (011) 30 97 097 - 30 97 114
TELEX: 210632

Eledra3S S.P.A.*

Via Giuseppe Valmarana, "73
00139 Rome, Italy

Tel. (06) 81 27 290 8127324
TELEX. 612051

JAPAN

Tokyo Electron Labs, Inc.

No 1 Higashikata-Machi
Midori-Ku, Yokohama 226

Tel: (045) 471-8811

TELEX: 781-4773

Ryoyo Electric Corp.

Konwa Bldg.

1-12-22, Tsukiji, 1-Chome
Chuo-Ku, Tokyo 104

Tel: (03) 543-7711

Nippon Micro Computer Co. Ltd.
Mutsumi Bldg. 4-5-21 Kojimachi
Chiyoda-ku, Tokyo 102

Tel" (03) 230-0041

KOREA

Koram Digital

Room 411 Ahil Bldg.

49-4 2-GA Hoehyun-Dong
Chung-Ku Seoul

Tel: 23-8123

CABLE: CHEJU 26364
Leewood International, Inc.
C.P.O. Box 4046

112-25, Sokong-Dong
Chung-Ku, Seoul 100

Tel: 28-5927

CABLE: “LEEWOOD" Seoul

NETHERLANDS
C.N. Rood BV

Cort Vender
Lindenstraat, 13
Postbus

Ruswuk 2280 AA

Tel 070-996360
TELEX: 31238
Inelco Nederland
AFD Elektronic
Joan Muyskenweg 22
NL-1006 Amsterdam
Tel* (020) 934824
TELEX: 14622

NEW ZEALAND

W. K. McLean Ltd.

103-5 Felton Matthew Avenue
Glenn Innes, Auckland, 6
Tel: 587-037

TELEX. N22763 KOSFY
NORWAY

Nordisk Elektronik (Norge) A/S
Mustads Vei

N-Oslo

Tel (02) 553893

TELEX: 16963

PORTUGAL

Ditram

Componentes E Electronica LDA
Av. Miguel Bombarda, 133

Lisboa 1
Tel: 119 45 313
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ITALY
Intel Corporation Ilalla S.P.A.
Corso Sempione

TELEX 311271

GERMANY
Intel Semiconductor GmbH*

TELEX 523177

Intel Semiconductor GmbH
Abraham Lincoln Strasse 30
8200 Wiesbaden

Tel: (06121) 74855

TELEX: 04186183

Intel Semiconductor GmbH
Wernerstrasse 67

P.O. Box 1460

7012 Fellbach

Tel: (0711) 580082

TELEX: 7254826

Intel Semiconductor GmbH
Hindenburger Strasse 28/29
3000 Hannover

Tel: (0511) 852051

TELEX: 923625

SINGAPORE

General Engineers Associates
Blk 3, 1003-1008

P.S.A. Multi-Story Complex
Telok Blangah/Pasir Panjang
Singapore 5

Tel: 271-31€3

CABLE: GENEERCORP

SOUTH AFRICA
Electronic Building Elements
P.O. Box 4609

TELEX: 30181

SPAIN

Interface*

Ronda San Pedro 22
Barcelona

Tel 3017

TELEX: 51503 IFCEE
ITT SESA

Migue! Angel 16
Madrid 10

Tel: (1) 410 2354
TELEX: 27707

SWEDEN

Nordisk Electronik A8
Sandhamnsgatan 71
$-102 54 Stockholm
Tel: (08) 635040
TELEX. 10547

SWITZERLAND
Industrade AG
Gemsenstrasse 2
Postcheck 80 - 21190
CH-8021 Zurich

Tel. (01) 60 22 30
TELEX: 56788

TAIWAN

Taiwan Automation Co.”
2nd Floor, 224

Nanking East Road
Section 3

Taipei

Tel: (02) 7710940-3
TELEX: 11942 TAIAUTO
UNITED KINGDOM

G.E.C. Semiconductors Ltd
East Lane

North Wembly

Middlesex HAS 7PP

Tel: (01) 904-9303

TELEX: 923429

Jermyn Industries

Vestry Estate

Sevenoaks, Kent

Tel: (0732) 51174

TELEX: 95142

Sintrom Electronics Ltd.*
Arkwright Road

Reading, Berksmre RG2 OLS
Tel (0734) 8!

TELEX: 847395
Rapid Recall, Ltd.

8 Soho Mills Ind. Park
Woburn Green
Bucks, England

Tel: Bournd End 24961
TELEX. 849439

VENEZUELA

Componentes y Circuitos
Electronicas TTLCA C.A.

Apartado 3223

Caracas 101

Tel: 35-5591

TELEX: TAMER 24157

®

*Field Application Location



intal

3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

U.S. AND CANADIAN DISTRIBUTORS

ALABAMA

tHamilton/Avnet Electronics
805 Oser Drive NW

Huntsville 35805

Tel: (205) 837-7210

Pioneer

1207 Putman Drive NW
Huntsville 35805

Tel: (205) 837-9300

ARIZONA

tHamilton/Avnet Electronics
2615 South 21st Street
Phoenix 85034

Tel: (602) 275-7851
tLiberty/Arizona

8155 N. 24th Avenue
Phoenix 85021

Tel: (602) 249-2232

TELEX: 910-951-4282

CALIFORNIA

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6111
tHamilton/Avnet Electronics
575 E. Middlefield Road
Mountain View 94040

Tel: (415) 961-8600
tHamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

Tel: (714) 279-2421
tHamilton Electro Sales
10912 W. Washington Boulevard
Culver City 90230

Tel: (213) 558-2121

tLiberty Electronics

124 Maryland Street

El Segundo 90245

Tel: (213) 322-5059

TWX: 910-348-7140

tLiberty/San Diego
8284 Mercury Court
San Diego 92111

Tel: (714) 565-9171
TELEX: 910-335-1590
+Elmar Electronics
2288 Charleston Road
Mountain View 94040
Tel: (415) 961-3611
TELEX: 910-379-6437

COLORADO

tElmar/Denver

6777 E. 50th Avenue
Commerce City 80022

Tel: (303) 287-9611

TWX: 910-936-0770
+Hamilton/Avnet Electronics
5921 No. Broadway

Denver 80216

Tel: (303) 534-1212

CONNECTICUT
tCramer/Connecticut
12 Beaumont Road
Wallingford 06492
Tel: (203)265-7741
+Hamilton/Avnet Electronics
643 Danbury Road
Georgetown 06829
Tel: (203) 762-0361
tHarvey Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515

FLORIDA

Arrow Electronics

1001 N.W. 62nd Street
Suite 402

Ft. Lauderdale 33309
Tel: (305) 776-7790
Arrow Electronics

115 Palm Bay Road, NW
Suite 10

Paim Bay 32905

Tel: (305) 725-1480
tHamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 971-2900
iPioneer

6220 S. Orange Blossom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600
Hamilton/Avnet

3197 Tech. Drive N.

St. Petersburg 33702

Tel: (813) 576-3930

GEORGIA

Arrow Electronics

3406 Oak Cliff Road
Doraville 30340

Tel: (404) 455-4054
tHamilton/Avnet Electronics
6700 | 85, Access Road, #11
Norcross 30071

Tel: (404) 448-0800

iLLINOIS
tCramer/Chicago

1911 So. Busse Rd.

Mt. Prospect 60056

Tel: (312) 593-8230
tHamilton/Avnet Electronics
3901 No. 25th Ave.
Schiller Park 60176

Tel: (317) 849-7300
Pioneer/Chicago

1551 Carmen Drive

Elk Grove Village 60006
Tel: (312) 437-9680

INDIANA
tPioneer/Indiana

6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
Sheridan Sales

8790 Purdue Road
Indianapolis 46268

Tel: (317) 297-3146

KANSAS

tHamilton/Avnet Electronics
9219 Quivira Road

Overland Park 66215

Tel: (913) 888-8900

MARYLAND
tHamilton Avnet
7235 Standard Drive
Hanover 21076

Tel: (301) 796-5684
tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS
tCramer Electronics Inc.
85 Wells Avenue

Newton 02159

Tel: (617) 969-7700

MASSACHUSETTS (continued)
+Hamilton/Avnet Electronics
100 E. Commerce Way

Woburn 01801

Tel: (617) 933-8000

MICHIGAN

tSheridan Sales Co.
24543 Indoplex Circle
Farmington Hills 48024
Tel: (313) 477-3800
tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA

tIndustrial Components
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831-2666
tCramer/Bonn

5424 Edina Industrial Blvd.
Edina 55435

Tel: (612) 835-7811
tHamilton/Avnet Electronics
7683 Washington Avenue So.
Edina 55435

Tel: (612) 941-3801

MISSOURI

tHamilton/Avnet Electronics
364 Brookes Drive
Hazelwood 63042

Tel: (314) 731-1144

Sheridan Sales

220 S. Hwy 67, Suite 10
Florissant 63031

Tel: (314) 837-5200

NEW JERSEY

Arrow Electronics
Pleasant Valley Avenue
Moorestown 08057

Tel: (215) 928-1800
Arrow Electronics

285 Midland Avenue
Saddlebrook 07662

Tel: (201) 797-5800
tHamilton/Avnet Electronics
218 Little Falls Road
Cedar Grove 07009

Tel: (201) 239-0800

TWX: 710-994-5787
tHarvey Electronics

389 Passaic Avenue
Fairfield 07006

Tel: (201) 227-1262
tHamilton/Avnet Electronics
113 Gaither Drive

East Gate Industrial Park
Mt. Laurel 08057

Tel: (609) 234-1233
TWX: 710-897-1405

NEW MEXICO

Alliance Electronics Inc.
11728 Linn Ave., N.E.
Albuquerque 87123

Tel: (505) 292-3360
tHamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500

tMicrocomputer System Technical Demonstrator Centers
*Microcomputer Systems Spares Order Point
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GENERAL

intgl

3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

NEW YORK

Harvey Electronics

P.O. Box 1208
Binghampton 13902

Tel: (607) 748-8211
Arrow Electronics

900 Broad Hollow Road
Farmingdale 11735

Tel: (516) 694-6800
tCramer/Rochester
3000 South Winton Road
Rochester 14623

Tel: (716) 275-0300
tHamilton/Avnet Electronics
167 Clay Road
Rochester 14623

Tel: (716) 442-7820
tCramer/Syracuse

6716 Joy Road

East Syracuse 13057
Tel: (315) 437-6671
tHamilton/Avnet Electronics
6500 Joy Road

E. Syracuse 13057

Tel: (315) 437-2641
‘tHamilton/Avnet Electronics
70 State Street
Westbury, L.I. 11590

Tel: (516) 333-5800
TWX: 510-222-8237
tHarvey Electronics

60 Crossways Park West
Woodbury 11797

Tel: (516) 921-8700

NORTH CAROLINA

Pioneer/Carolina
2906 Baltic Avenue
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114
‘tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
Arrow Electronics
1377-G S. Park Drive
Kernersville 27284
Tel: (919) 996-2039

OHIO

tSheridan Sales Co.

2501 Neff Road

Dayton 45414

Tel: (513) 223-3332
Sheridan Sales Co.

23224 Commerce Park Road
Beachwood 44122

Tel: (216) 831-0130
+Hamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 433-0610

TWX: 810-450-2531
tPioneer/Dayton

1900 Troy Street

Dayton 45404

Tel: (513) 236-9900

tSheridan Sales Co.
P.O. Box 37856
Cincinnati 45222

Tel: (513) 761-5432
TWX: 810-461-2670
tPioneer/Cleveland
4800 E. 131st Street
Cleveland 44105

Tel: (216) 587-3600
tHamilton/Avnet Electronics
761 Beta Drive, Suite E
Cleveland 44143

Tel: (216) 461-1400

U.S. AND CANADIAN DISTRIBUTORS

OHIO (continued)
tSheridan Sales Co.
701 Beta Drive
Mayfieldville 44143
Tel: (216) 461-3300

OKLAHOMA

tComponents Specialties, Inc.
7920 E. 40th Street

Tulsa 74145

Tel: (918) 664-2820

OREGON

tAlmac/Stroum Electronics
4475 S.W. Scholls Ferry Rd.
Portland 97225

Tel: (503) 292-3534

PENNSYLVANIA
tSheridan Sales Co.
4297 Greensburgh Pike, Suite 3114
Pittsburgh 15221

Tel: (412) 351-4000
Pioneer/Pittsburgh

560 Alpha Drive
Pittsburgh 15238

Tel: (412) 782-2300
Pioneer/Delaware Valley
141 Gibraltar Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778

TENNESSEE
tSheridan Sales Co.
6900 Office Park Circle
Knoxville 37919

Tel: (615) 588-5836

TEXAS

Component Specialties Inc.
8330 Burnett Road, Suite 101
Austin 78758

Tel: (512) 459-3308

tCramer Electronics

13740 Midway Road

Dallas 75240

Tel: (214) 661-9300
tHamilton/Avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: (214) 661-9300
tHamilton/Avnet Electronics
3939 Ann Arbor

Houston 77063

Tel: (713) 780-1771
tComponent Specialties, Inc.
10907 Shady Trail, Suite 101
Dallas 75220

Tel: (214) 357-6511
tComponent Specialties, Inc.

8585 Commerce Park Drive, Suite 590

Houston 77036
Tel: (713) 771-7237

UTAH

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City, 84119

Tel: (801) 972-2800
WASHINGTON
tHamilton/Avnet Electronics
14212 N.E, 21st

Bellevue 98005

Tel: (206) 746-8750
tAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (206) 763-2300

tMicrocomputer System Technical Demonstrator Centers

WASHINGTON (continued)
tLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005

Tel: (206) 763-8300

WISCONSIN

Arrow Electronics

434 W, Rawson Avenue
Oak Creek 53154

Tel: (414) 764-6600
tHamilton/Avnet

2975 Moorland Road
New Berlin 53151

Tel: (414) 784-4510

CANADA

ALBERTA

tL. A, Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6L7
Tel: (403) 276-8818
Telex: 13 825 89 77

BRITISH COLUMBIA

tL.A. Varah Ltd.
2077 Alberta Street
Vancouver V5Y 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Telex: 04 53167

Zentronics

8325 Fraser Street
Vancouver V5X 3X8
Tel: (604) 325-3292
Telex: 04-5077-89

MANITOBA

L. A, Varah

1-1832 King Edward Street
Winnipeg R2R ON1

Tel: (204) 633-6190

ONTARIO

tL.A, Varah, Ltd.
505 Kenora Avenue
Hamilton L8E-3P2
Tel: (416) 561-9311
TELEX: 061-8349

tHamilton/Avnet Electronics
3688 Nashua Drive, Units G & H
Mississauga L4V IM5

Tel: (416) 677-7432

TWX: 610-492-8867
+Hamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 3J2

Tel: (613) 226-1700

TWX: 610 562-1906
tZentronics

141 Catherine Street

Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411
tZentronics

99 Norfinch Dr.

Downsview, Ontario M3N 1W8
Tel: (416) 635-2822

Telex: 02-021694

QUEBEC

+Hamilton/Avnet Electronics
2670 Paulus Street

St. Laurent H4S 1G2.

Tel: (514) 331-6443

TWX: 610-421-3731
Zentronics

8146 Montview Road

Town of Mt. Royal

Montreal H4P 2L7

*Microcomputer System Spares Order Point
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RANDOM ACCESS MEMORIES

Electrical Char (| Over Temp e
Power
Access| Cycle Dissipation
No. No. | Time | Time Max. 1!
of Organi- of Max. Min. Operating/ Page
Type Bits Description zation Pins (ns) (ns) Standby (mW) | Supplies (V)| No.
DYNAMIC RAMS
2104A 4096 | 16-Pin Dynamic 4096x1 16 350 350 441/25 +12, +5, -5
2104A-1 4096 | 16-Pin Dynamic 4096x1 16 150 320 462/26 +12, +5, -5
2104A-2 4096 | 16-Pin Dynamic 4096x1 16 200 375 422/26 +12, +5, -5 | 3-12
2104A-3 4096 | 16-Pin Dynamic 4096x1 16 250 375 396/26 +12, +5, -5
2104A-4 4096 | 16-Pin Dynamic 4096x1 16 300 425 396/26 +12, +5, -5
2107C 4096 | 22-Pin Dynamic 4096x1 22 250 430 396/2.6 +12, +5, -5
2107C-1 4096 | 22-Pin Dynamic 4096x1 22 150 380 462/2.6 +12, +5, -5 3-28
2107C-2 4096 | 22-Pin Dynamic 4096x1 22 200 400 436/2.6 +12, +5, -5
2107C-4 4096 | 22-Pin Dynamic 4096x1 22 300 470 396/2.6 +12, +5, -5
2109-3 8192 | 16-Pin Dynamic 8192x1 16 200 375 462/20 +12, +5, -5 3.33
2109-4 8192 | 16-Pin Dynamic 8192x1 16 250 410 436/20 +12, +5, -5
2117-2 16,384| 16-Pin Dynamic 16,384x1 16 150 320 462/20 +12, +5, -5
2117-3 16,384 16-Pin Dynamic 16,384x1 16 200 375 462/20 +12, +5, -5 3-64
2117-4 16,384 16-Pin Dynamic 16,384x1 16 250 410 436/20 +12, +5, -5
2117-5 16,384| 16-Pin Dynamic 16,384x1 16 300 490 462/20 +12, +5, -5
2118-2 16,384| 16-Pin Dynamic 16,384x1 16 80 200 160/16.5 +5
2118-3 16,384 16-Pin Dynamic 16,384x1 16 100 235 138/16.5 +5 3-8
2118-4 16,384| 16-Pin Dynamic 16,384x1 16 120 270 121/16.5 +5
» 2118-7 16,384| 16-Pin Dynamic 16,384x1 16 150 320 121/16.5 +5
£ STATIC RAMS
E 2101A/8101A 1024 | Static, Separate I/0 256x4 22 350 350 300 +5
g 2101A-2 1024 | Static, Separate 1/0 256x4 22 250 250 350 +5 3-4
g 2101A-4 1024 | Static, Separate 1/0 256x4 22 450 450 300 +5
5 2102A/8102A 1024 | Static 1024x1 16 350 350 275 +5
«@ 2102A-2 1024 | Static 1024x1 16 250 250 325 +5
2102A-4 1024 | Static 1024x1 16 450 450 275 +5 38
2102AL 1024 | Low Standby Power Static 1024x1 16 350 350 165/35 +5
2102AL-2 1024 | Low Standby Power Static 1024x1 16 250 250 325/42 +5
2102AL-4 1024 | Low Standby Power Static 1024x1 16 450 450 165/35 +5
2111A/8111A 1024 | Static, Common i/0 with 256x4 18 350 350 300 +5
Output Deselect
2111A-2 1024 | Static, Common 1/0 256x4 | 18 | 250 | 250 350 +5 3-45
2111A-4 1024 | Static, Common 1/0 256x4 18 450 450 300 +5
2112A 1024 | Static, Common I/0 without 256x4 16 350 350 300 +5
Output Deselect
2112A-2 1024 | Static, Common I/0 without 256x4 16 250 250 350 +5 3-49
Output Deselect
2112A-4 1024 | Static, Common I/O without 256x4 16 450 450 300 +5
. Output Deselect
2114 4096 | Static, Common I/0 1024x4 18 450 450 525 +5
2114-2 4096 | Static, Common I/0 1024x4 18 200 200 525 +5
2114-3 4096 | Static, Common I/O 1024x4 18 300 300 525 +5 3-54
2114L 4096 | Static, Common I/O 1024x4 18 450 450 370 +5
2114L2 4096 | Static, Common I/0 1024x4 18 200 200 370 +5
2114L3 4096 | Static, Common I/0 1024x4 18 300 300 370 +5




RANDOM ACCESS MEMORIES (Cont.)

Electrical Characteristics Over Temperature
Power
Access | Cycle Dissipation
No. No. [ Time | Time Max.!!!
of Organi- of Max. Min. Operating/ Page
Type Bits Description zation Pins (ns) (ns) Standby (mW) | Supplies (V)| No.
STATIC RAMS (Continued)
M2114 4096 | Static, Common I/0 Ta = 1024x4 18 450 450 550 +5 14-7
-55°C to +125°C
2115A 1024 | High Speed Static, Open Collector { 1024x1 16 45 45 655 +5
2115A-2 1024 | High Speed Static, Open Collector | 1024x1 16 70 70 655 +5
2115AL 1024 | High Speed Static, Open Collector | 1024x1 16 45 45 395 +5 3-58
2115AL-2 1024 | High Speed Static, Open Collector | 1024x1 16 70 70 395 +5
2125A 1024 | High Speed Static, Three State 1024x1 16 45 45 655 +5
2125A-2 1024 | High Speed Static, Three State 1024x1 16 70 70 655 +5
2125AL 1024 | High Speed Static, Three State 1024x1 16 45 45 395 +5 8-58
2125AL-2 1024 [ High Speed Static, Three State 1024x1 16 70 70 395 +5
M2115A 1024 | High Speed Static, Open Collector | 1024x1 16 55 55 690 +5 14-11
M2115AL 1024 | High Speed Static, Open Collector | 1024x1 16 75 75 415 +5
M2125A 1024 | High Speed Static, Three State 1024x1 16 55 55 690 +5
M2125AL 1024 | High Speed Static, Three State 1024x1 16 75 75 415 ¥5 14-1
(-55°C to 125°C)
g 2115H 1024 | High Speed Static, Open Collector | 1024x1 16 25-35 | 25-35 655 +5 3-63
E 2125H 1024 | High Speed Static, Three State 1024x1 16 25-35 | 25-35 655 +5 3-63
'_I-I: 2141-2 4096 | Static 4096x1 18 120 120 385/110 +5
é 2141-3 4096 | Static 4096x1 18 150 150 385/110 +5
§ 2141-4 4096 | Static 4096x1 18 200 200 303/66 +5
5 2141-5 4096 | Static 4096x1 18 250 250 303/66 +5 3-89
« 2141L-3 4096 | Static 4096x1 18 150 150 220/28 +5
2141L-4 4096 | Static 4096x1 18 200 200 220/28 +5
2141L-5 4096 | Static 4096x1 18 250 250 220/28 +5
2142 4096 | Static, with Output Enable 1024x4 20 450 450 525 +5
2142-2 4096 | Static, with Output Enable 1024x4 20 200 200 525 +5
2142-3 4096 | Static, with Output Enable 1024x4 20 300 300 525 +5 395
2142L 4096 | Static, with Output Enable 1024x4 20 450 450 375 +5
2142L-2 4096 | Static, with Output Enable 1024x4 20 200 200 375 +5
2142L-3 4096 | Static, with Output Enable 1024x4 20 300 300 375 +5
2147 4096 | High Speed Static 4096x1 18 70 70 880/110 +5
2147-3 4096 | High Speed Static 4096x1 18 55 55 990/165 +5 3-99
2147L 4096 | High Speed Static 4096x1 18 70 70 770/55 +5
2147H 4096 | High Speed Static 4096x1 18 | 35-45 | 35-45 990/165 +5 3-105
M2147 4096 | High Speed Static(-55°C to 125°C)| 4096x1 18 85 85 990/165 +5 14-15
2148 4096 | High Speed Static 1024x4 18 60 60 825/165 +5 3-106
,:‘_- s 3101 64 Fully Decoded 16x4 16 60 60 525 +5
52 3-107
5 % 3101A 64 High Speed Fully Decoded 16x4 16 35 35 525 +5
2 5101 1024 | Static CMOS RAM 256x4 .22 800 800 150/2.5 +5
5101L 1024 | Static CMOS RAM 256x4 22 650 650 135/20uW +5
= g 5101L-1 1024 | Static CMOS RAM 256x4 22 450 450 135/20uW +5 31
85 5101L-3 1024 | Static CMOS RAM 256x4 22-| 650 650 135/1 +5
="",_" M5101-4 1024 | Static CMOS RAM 256x4 22 800 800 168/1 +5
P (-55°C to 125°C)
(-] 14-41
M5101L-4 1024 | Static CMOS RAM 256x4 22 800 800 168/400uW +5
(-55°C to 125°C)




intel
2101A/8101A-4*

256 X 4 BIT STATIC RAM

2101A-2 250 ns Max.
2101A 350 ns Max.
2101A-4 450 ns Max.

B 256 x 4 Organization to Meet Needs for m Inputs Protected: All Inputs Have Pro-
Small System Memories tection Against Static Charge
® Single +5V Supply Voltage B Low Cost Packaging: 22 Pin Plastic Dual
m Directly TTL Compatible: All Inputs and In-Line Configuration
Output m Low Power: Typically 150 mW
m Statis MOS: No Clocks or Refreshing ® Three-State Output: OR-Tie Capability
Required m Output Disable Provided for Ease of Use
B Simple Memory Expansion: Chip Enable in Common Data Bus Systems

Input

The Intel® 2101A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is
read out nondestructively and has the same polarity as the input data.

The 2101A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives.

Itis directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of
an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for
common /O systems. The output disable function eliminates the need for bi-directional logic in a common 1/0 system.

The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either
conventional MOS technology or P-channel silicon gate technology.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost
plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
®
v %0 0P -2,
cc
x ] 20w  _|a NE —
0 1 °—K ~—=o GND
a2 21 [, — A, 0o, f— ® Row MEMORY ARRAY
_ Az o—Py 32 ROWS
A []s 20 []We — A ® SELECT 32 COLUMNS
= — A DO, p— Az o—P¥
' P 19 [ cey ° 2
— A, M @
S 18 oD — A DO, }— ] I I
g 7 [ ce ] '26 00 —  coLumn 1o circuiTs
s b 16 [ ] oo, I ‘T o o2 COLUMN SELECT
1o—P% ]
GND [ 8 15 DI, — DIy INPUT
= D, w2 | et
DI, 9 14 DO,
e DB@L_E ®|®| ® 3@0002
po, [] 10 13 [Joiy —] o1, ® A
o, ] 12 :DO Dl ] B—QDOS
2 2
WE CE2 CE1 004
T3 e
PIN NAMES & :(;—
DI, DI, DATA INPUT CE, CHIP ENABLE 2 cE,
A,-A,  ADDRESS INPUTS OD  OUTPUT DISABLE We O -#inNUMBERS
WE WRITE ENABLE DO,-DO, DATA OUTPUT
CE,  CHIPENABLE 1 Vec POWER (+5V) oo :a )

*All 8101A-4 specs are identical to the 2101A-4 specs.
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2101A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . . . . . -10°C to 80°C
Storage Temperature . .......... -65°C to +150°C
Voltage On Any Pin

With Respect to Ground . ... ... .. -0.5V to +7V
Power Dissipation .. .................. 1 Watt

*COMMENT:

Stresses above those
Rating"' may cause pe
is a stress rating only
vice at these or at an

cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

listed under "Absolute Maximum
rmanent damage to the device. This
and functional operation of the de-
y other condition above those indi-

D.C. AND OPERATING CHARACTERISTICS
Ta = 0°C to 70°C, Ve = 5V 5% unless otherwise specified.

Symbol Parameter Min. Typ.[” Max. Unit Test Conditions
I Input Current 1 10 MA Viy = 0to 5.25V
ILoH Data Output Leakage Current 1 10 MA Output Disabled, Voyt=4.0V
ILoL Data Output Leakage Current -1 -10 MA Output Disabled, Voyt=0.45V
leer Power Supply 2101A, 2101A-4 35 55 mA Vin =5.25V, Ig = OmA
Current 2101A-2 45 65 T = 25°C
lceo Power Supply 2101A, 2101A-4 60 mA Vin = 5.25V, Ig = OmA
Current 2101A-2 70 Ta =0°C
ViL Input “Low’’ Voltage -0.5 +0.8 Vv
Vin Input ““High”" Voltage 2.0 Vee \%
VoL Output “Low’’ Voltage +0.45 \% loL = 2.0mA
VoHu Output “High”  2101A, 2101A-2 | 2.4 \Y lon = -200uA
Voltage 2101A4 | 24 V | lon =-150uA
TYPICAL D.C. CHARACTERISTICS
OUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
AMBCIENT TEIMPERATURE AMBIENT TElMPERAlTURE =| OVZ/,
—15 A\ ;;:c 15 Ve
N /4 ]
I -10 < 10 A/ /
E \\ E 70°C
\ 3
5 \ Vo= 4.75V - 5 {  Vec=475V
OUTPUT “HIGH"” TYPICAL l OUTPUT “LOW" TYPICAL—‘
0 [} /
1 2 3 4 o 05 1.0 15

Vow (VOLTS)

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.

3-5
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RAM

2101A FAMILY

A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME)
READ CYCLE Tp =0°C to 70°C, V¢ = 5V #5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trc Read Cycle 250 ns
ta Access Time 250 ns t,, t¢ = 20ns
tco Chip Enable To Output 180 ns Input Levels = 0.8V or 2.0V
top Output Disable To Output 130 ns Timing Reference = 1.5V
tpg (3 Data Output to High Z State 0 180 ns Load = 1 TTL Gate
Previous Read Data Valid and C_ = 100pF.
toH after change of Address 40 ns
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 170 ns
taw Write Delay 20 ns t,, t¢ = 20ns
tow Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V
tow Data Setup 150 ns Timing Reference = 1.5V
tpH Data Hold 0 ns Load = 1 TTL Gate
twp Write Pulse 150 ns and C_ = 100pF.
twr Write Recovery 0 ns
tps Output Disable Setup 20 ns
(21 .
CAPACITANCE T4 =25°C,f=1MHz
Limits (pF)
Symbol Test
Typ.[1]| Max.
Cin Input Capacitance 4 8
(All Input Pins) Viy = 0V
Cout Output Capacitance VoyT = 0V 8 12
WAVEFORMS
READ CYCLE WRITE CYCLE
tre twe
ADDRESS }( 3< ADDRESS }( " )<
— tco ——» tew
e /] e \ /|
ce2 \_ CcE2 Y/ \_
— [ — I -——-—-/ —_—
tew
op =1 |-— top —»| e op
(COMMON 1/0) 14) ——*_ ton—=>| [<— (cOMMON 1/0) [4]
ta < top!3 — s |— —tppf—
C N Xy [ w ]
outr VALID IN STABLE
e taw |-‘_ . o DR S—
_ ‘WP /
NOTES: 1. Typical values are for T = 25°C and nominal supply voltage. e * /
2. Thisparameter is periodically sampled and E\Dt 100% tested.
3. tpF is with respect to the trailing edge of CEq, CEg, 4. OD should be tied low for separate |/O operation.

or OD, whichever occurs first.

3-6



2101A FAMILY

2101A (350 ns ACCESS TIME)
A.C. CHARACTERISTICS
READ CYCLE Tpa =0°Cto 70°C, Ve = 5V #5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
tRC Read Cycle 350 ns
ta Access Time 350 ns t. 1 = 20ns
tco Chip Enable To Output 240 ns Input Levels = 0.8V or 2.0V
too Output Disable To Output 180 ns Timing Reference = 1.5V
tog (2 Data Output to High Z State 0 150 ns Load = 1 TTL Gate
ton Previous Read Data Valid 20 ns and C,_ = 100pF.
after change of Address

WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 220 ns
taw Write Delay 20 ns t,, tf = 20ns
tew Chip Enable To Write 200 ns Input Levels = 0.8V or 2.0V
tow Data Setup 200 ns Timing Reference = 1.5V
toH Data Hold 0 ns Load = 1 TTL Gate
twp Write Pulse 200 ns and C__ = 100pF.
twR Write Recovery 0 ns
tps Output Disable Setup 20 ns

2101A-4 (450 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE Tp =0°C to 70°C, V¢ = 5V +5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions

trc Read Cycle 450 ns

tA Access Time 450 ns t,, tf.= 20ns

tco Chip Enable To Output 310 ns Input Levels = 0.8V or 2.0V

top Output Disable To Output 250 ns Timing Reference = 1.5V

tpg (2] Data Output to High Z State 0 200 ns Load = 1 TTL Gate

tom Previous Read Data Valid 40 ns and C_ = 100pF.
after change of Address

WRITE CYCLE

Symbol Parameter Min. Typ[.1 J Max. Unit Test Conditions

twe Write Cycle 270 ns

taw Write Delay 20 ns t., ty = 20ns

tew Chip Enable To Write 250 ns Input Levels = 0.8V or 2.0V
tow Data Setup 250 ns Timing Reference = 1.5V
toH Data Hold 0 ns Load = 1 TTL Gate

twp Write Pulse 250 ns and C_ = 100pF.
twRr Write Recovery 0 ns

tps Output Disable Setup 20 ns

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage.
2. tpF is with respect to the trailing edge of CE4, CE9, or OD, whichever occurs first.
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2102A, 2102AL/8102A-4*

1K x 1 BIT STATIC RAM

Standby Pwr. | Operating Pwr. | Access
P/N (mW) (mW) (ns)
2102AL-4 35 174 450
2102AL 35 174 350
2102AL-2 42 342 250
2102A-2 —_ 342 250
2102A —_ 289 350
2102A-4 —_ 289 450

= Single +5 Volts Supply Voltage

= Directly TTL Compatible: All
Inputs and Output

= Standby Power Mode (2102AL)

m Three-State Output: OR-Tie
Capability

= Inputs Protected: All Inputs
Have Protection Against Static
Charge

= Low Cost Packaging: 16 Pin
Dual-In-Line Configuration

The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-channLl MOS devices
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to
operate. The data is read out nondestructively and has the same polarity as the input data.

The 2102A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives. A low standby power version (2102AL.) is also available. It has all the same operating
characteristics of the 2102A with the added feature of 35mW maximum power dissipation in standby and 174mW in operations.

Itis directly TTL compatible in all respects: inputs, output, and a

single +5 volt supply. A separate chip enable (CE) lead allows

easy selection of an individual package when outputs are OR-tied.

The Intel® 2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of
high performance easy to use MOS circuits and provides a higher functional density on a monolithic chip than either
conventional MOS technology or P-channel silicon gate technology.

PIN

CONFIGURATION ~ LOGIC SYMBOL

Ay S ; A N PIN NAMES

As ]2 Ag — ’:! o Dy  DATAINPUT
— whk—

rRW [} 3 Ag AZ Ag-A;  ADDRESS INPUTS

A, e CE — A, RW  READ/WRITE INPUT

A, s DATA OUT ’,:56 CE CHIP ENABLE

A, s DATAIN  — A, Doyrf— [ Do,y  DATA OUTPUT

A, 07 Vee Jae Ve POWER (+6V)

A e GND RMW CE

CE RW Dy Doyr MODE

H X X HIGH Z NOT SELECTED
L L L L WRITE “0"

L L H H WRITE 1

L H X Doyt READ

BLOCK DIAGRAM

2

v YV

A

Ci
A ARRAY

ROW
SELECTOR

32 ROWS
32 COLUMNS

A

. N @ jone
weor COLUMN 110 CIRCUITS out
ATA
DATA CONTROL COLUMN SELECTOR
N
@ + 11 11 1 1 T 1
(= PN NUMBERS
Ay A A A A

*All 8102A-4 specifications are identical to the 2102A-4 specifications.
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2102A FAMILY

Absolute Maximum Ratings* *COMMENT:

. . _10° o Stresses above those listed under ““Absolute Maximum Rating”’
Ambient Temperature Under Bias -10°C to 80°C may cause permanent damage to the device. This is a stress

Storage Temperature —65°C to +150°C rating only and functional operation of the device at these or
Voltage On Any Pin at any other condition above those indicated in the opera-
With Respect To Ground _05V to +7V tional sections of this specification is not implied. Exposure to

R absolute maximum rating conditions for extended periods may
Power Dissipation 1 Watt affect device reliability.

D. C. and Operating Characteristics
Ta = 0°C to 70°C, Ve = 5V +5% unless otherwise specified.

2102A, 2102A-4
2102AL, 2102AL-4 2102A-2, 2102AL-2
Limits Limits

Symbol Parameter Min. Typ.[1l Max. [Min. Typ.[] Max. | Unit | Test Conditions

lu Input Load Current 1 10 1 10 | uA |V|y=0105.25V

ILon | Output Leakage Current 1 5 1 5 | wA |CE=2.0V,
Vourt = Vo

ILoL | Output Leakage Current -1 -10 -1 -10 | pA |CE=2.0V,
Vourt = 0.4V

lcc Power Supply Current 33 Note 2 45 65 mA | All Inputs = 5.25V,
Data Out Open,
Ta=0°C

ViL Input Low Voltage -0.5 0.8 |[-05 0.8 v

Vin Input High Voltage 2.0 Vee | 2.0 Vee | V

VoL Output Low Voltage 0.4 04 | V [lgL=21mA

Vou Output High Voltage 24 24 V | lgy =-100pA

Notes: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. The maximum Icc value is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4.

Standby Characteristics 2102AL, 2102AL-2, and 2102AL-4 (Available only in the Plastic Package)
Ta =0°Cto 70°C

2102AL, 2102AL-4 2102AL-2
Limits Limits
Symbol Parameter Min.  Typ.[1] Max. | Min.  Typ.[1] Max. | Unit | Test Conditions
Vpp Vce in Standby 15 15 v
Vces!2! | CE Bias in Standby 2.0 2.0 ' 2.0V<Vpp <V Max.
Ve VD V| 1.5V<Vpp< 2.0V
lpD1 Standby Current 15 23 | 20 28 mA | Allinputs=Vpp1=1.5V
lpp2 Standby Current 20 30 25 38 mA | Allinputs=Vppo=2.0V
tcp Chip Deselect to Standby Time 0 0 ns
tg(3] Standby Recovery Time tre tRe ns

STANDBY WAVEFORMS

NOTES:

1. Typical values are for Tp = 25°C.

2. Consider the test conditions as shown: If the stand-
by voltage (Vpp) is between 5.25V (Vcc Max.) and
2.0V, then CE must be held at 2.0V Min. (V|y). If
the standby voltage is less than 2.0V but greater than
1.5V (Vpp Min.), then CE and standby voltage
must be at least the same value or, if they are dif-
ferent, CE must be the more positive of the two.

3. tg = trc (READ CYCLE TIME).

STANDBY MODE
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2102A FAMILY

A. C. Characteristics 1, -
READ CYCLE

0°C to 70°C, Vee =5V £5% unless otherwise specified

2102A-2, 2102AL-2| 2102A, 2102AL | 2102A-4,2102AL-4
Limits (ns) Limits (ns) Limits (ns)
Symbol Parameter Min. Max. | Min. Max. | Min. Max.
tgc | Read Cycle 250 350 ' 450
ta Access Time 250 350 450
tco Chip Enable to Output Time 130 180 230
ton1 |Previous Read Data Valid with | 40 40 40
Respect to Address
toH2 | Previous Read Data Valid with 0 0 0
Respect to Chip Enable
WRITE CYCLE
twe Write Cycle 250 350 450
taw Address to Write Setup Time 20 20 20
twp Write Pulse Width 180 250 300
twR Write Recovery Time 0 0 0
tpw Data Setup Time 180 250 300
toH Data Hold Time 0 0 0
tow Chip Enable to Write Setup 180 250 300
Time
Capacitance'® 1, = 25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: 0.8 Volt to 2.0 Volt TYe.l] mAXx.
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS) V| =0V
Reference Levels Output: 0.8 and 2.0 Volts COUT OUTPUT CAPACITANCE
Output Load: 1TTL Gateand C_ = 100 pF Vour = 0V 7 10

Waveforms
READ CYCLE

|-

Re
ADDRESS ; @

co—=4
—
CHIP
ENABLE
oH,

ta

DATA
ouTt

@ 1svoLTs
2> 20voLTS
3 08VOLTS

@
X@ 2

WRITE CYCLE

ADDRESS ®

WR 4

cw

CHIP
ENABLE

taw twe
READ/
WRITE

)

- oH
DATA CAN
CHANGE

ow
DATA DATA CAN
IN CHANGEY DATA STABLE

NOTES: 1. Typical values are for T =25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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Typical D. C. and A. C. Characteristics

lgc (mA)

Viy (VOLTS)

o (ns)

POWER SUPPLY CURRENT VS.

AMBIENT TEMPERATURE
45 l
40 Vee MAX.
35
30 \\
—~— TYPICAL
25
20
15
10 20 30 40 50 60 70
Tp (°C)
Vin LIMITS VS. TEMPERATURE
18
TYPICAL
||
[ ——— Vin (Min)
—
\,\
14
I Vu. (MAx)
—
e S
12
Vec = 5.0V
||
0 10 20 30 40 50 60 70
Tp 0
ACCESS TIME VS.
AMBIENT TEMPERATURE
350
Ve MIN.
1 TTL LOAD
C, = 100pF
250 ——
TYPICAL | ]
_____.—-——
150
OUTPUT REFERENCE LEVELS: Vg, = 2.0V
VoL = 0.8V
v |
4 10 20 30 40 50 60 70
Ta 0

lee (mA)

oy (mA)

1, (ns)

3

10

25

20

POWER SUPPLY CURRENT VS.
SUPPLY VOLTAGE

T, = 25°C

e

>

APK:AL
/

2 3 4 5 6
Vee (VOLTS)

OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE

TYPICAL

=25°C
MIN.

Voo (VOLTS)

ACCESS TIME VS.
LOAD CAPACITANCE

T
T, = 25°C
Ve MIN.
1TTL LOAD

/
et |

150

/ECAL

OUTPUT REFERENCE LEVEL = 1.5V

100 200 400 500

C_ (pF)




RAM

intel
2104A
4096 x 1 BIT DYNAMIC RAM

2104A
Max. Access Time (ns) 350
Read, Write Cycle (ns) 500
Max. IDD (mA) 35

® Highest Density 4K RAM Industry Stan- m Refresh Period: 2 ms

dard 16 Pin Package m On-Chip Latches for Addresses, Chip
® Low Power 4K RAM Select and Data In
m All Inputs Including Clocks TTL ® Simple Memory Expansion: Chip Select
Compatible ' m Output is Three-State, TTL Compatible;
® Standard Power Supplies: Datais Latched and Valid into Next Cycle
+12V, +5V, -5V , ®m Compatible with Intel® 2116 16K RAM

The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance
and high functional density.

The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin
package provides the highest system bit densities and is compatible with widely available automated handling equipment.

The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the
multiplexing technique while maintaining high performance.

A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage margins. The
memory cell requires refreshing for data retention. Refreshing is easily accomplished by performing any RAS/CAS cycle
with CS at V| for each of the 64 row addresses every 2 milliseconds.

The 2104A is designed for CAS-only deselect and is compatible with Intel® 2116, 16K RAM.

PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM W& STROBE g
——— ' N f=—Dy
Ves |1 16 ] Vss —A, o t LATCH
. —da (CAS) —1— cLOCK
on[ ]2 15§ ]CAS 1 ‘__ GENERATOR NO. 2 ENABLE
. 0 — " O |— . } DISABLE
we[]s 14 out A 5 ——] ENABLE!
o _ — A, 7BIT
RAS 4 13 Jcs LATCH
- —» | S [T o hthooen
¢
A []s 124, —{A  Sourf—
e nfA s N B
—O| cAs OUTPUT
64 SENSE AMPS
A 14 —of we Ar] ADDRESS =l “oearme. | LATCH AND
_ U
Voo[ ] o) JVec —dcs Az
N =T
s ]
A = Bour
[=]
PIN NAMES A5 68IT 29 E 4096 BIT Ve
w
Ao - A5 _ADDRESS INPUTS WE _ WRITE ENABLE —T> '(-:gfv")‘ EH 841 STORAGE ARRAY -~—Vpp
CAS COLUMN ADDRESS STROBE | Vgg POWER (-5V) % | - Vee
cS CHIP SELECT Vcc  POWER (+5V) e
<+——— GND
Dw _ DATAIN Voo POWER (+12V)
Doyt  DATA OUT Vss GROUND ENABLE CLOCK
RAS _ ROW ADDRESS STROBE o) GENERATOR NO. 1

312



2104A

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature
Voltage on any Pin Relative to Vgg

-10°C to +80°C
-65°C to +150°C

(Vss-Vgg=4.5V) .............. -0.3V to +20V
Power Dissipation . ............c......... 1.0W
DataOutCurrent . .. ..........0 ... 50 mA

*COMMENT: Stresses above those listed under ‘‘Absolute Maxi-
mum Ratings’’ may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

D.C. AND OPERATING CHARACTERIsTICS "
Ta=0°Cto 70°C, Vpp = +12V 5%, Vcc = +56V £10%, Vgg = -5V +10%, Vss = OV, unless otherwise noted.

Limits

Symbol Parameter Min. | Typ.121 | Max. Unit Conditions
I Input Load Current (Any Input) 10 LA | ViN= Vi MmN to Vig max
ol Output Leakage Current for 10 A Chip Deselected: RAS and CAS at Vi

Lo High Impedance State KA 1 Vour =010 5.5V
1bp1®! | Vpp Standby Current 0.7 2 mA | Vpp = 12.6V, CAS and RAS at V.

Chip Deselected Prior to Measure-
Igg1 Vgg Standby Current 5 50 UA ment. See Note 5.
Ipp2!3! | Operating Vpp Current 25 35 | mA | tcyc=500ns
IgB2 Operating Vgg Current 130 400 HA trc = 500ns, Ta =0°C
141 Vcc Supply Current When
leet Deselected 10 HA
ViL Input Low Voltage (Any Input) -1.0 0.8 \%
ViH Input High Voltage 24 7.0 \Y
VoL Output Low Voltage 0.0 0.4 \% loL = 2.0mA
VoH Output High Voltage 24 Vee \% loq = -5 mA
6
CAPACITANCE®! 7, = 25°¢
Symbol Test Typ. Max Unit Conditions
Cn input Capacitance (Ag-As), Diy, CS 3 7 pF ViN = Vss
Ci2 Input Capacitance RAS, WRITE 3 7 pF Vin = Vss
Co Output Capacitance (Doyt) 4 7 pF VouTt =0V
Ci3 Input Capacitance CAS 6 7 pF ViN = Vss
Notes: 1. All voltages referenced to Vgg. The only requirement for the sequence of applying voltages to the device is that Vpp, Vg, and

Vgg should never be 0.3V or more negative than Vgg. After the application of supply voltages or after extended periods of opera-
tion without clocks, the device must perform a minimum of one initialization cycle {any valid memory cycles containing both RAS

and CAS) prior to normal operation.

. The Ipp current flows to Vgs.

O DhWN

. Capacitance measured with Boonton Meter.

. Typical values are for Tp = 25°C and nominal power supply voltages.

. When chip is selected VCC supply current is dependent on output loading. Vc is connected to output buffer only.
. The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at ViH-
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2104A

1
A.C.CHARACTERISTICS™
Ta=0°Cto70°C, Vpp =12V +5%, Ve =5V £10%, Vgg = -5V £10%, Vgs =0V, unless otherwise noted.
READ, WRITE, AND READ MODIFY WRITE CYCLES

Symbol Parameter - 21047 Unit
Min. Max.
tREF Time Between Refresh 2 ms
tRP RAS Precharge Time 150 ns
tcp CAS Precharge Time 150 ns
treL 2! RAS to CAS Leading Edge Lead Time 100 150 ns
tCRP CAS to RAS Precharge Time 0 ns
tRSH RAS Hold Time 200 ns
tcSH CAS Hold Time 350 ns
tAR RAS to Address or CS Hold Time 250 ns
tASR Row Address Set-Up Time 0 ns
tASC Column Address or CS Set-Up Time 0 ns
tRAH Row Address Hold Time 100 ns
tCAH Column Address or CS Hold Time 100 ns
tT Rise or Fall Time 3 50 ns
tOFF Output Buffer Turn-Off Delay 0 100 ns
‘CACB] Access Time From CAS 200 ns
tRAC[S} Access Time from RAS 350 ns
READ CYCLE
Symbol Parameter 2104A Unit
Min. Max.
tRC Random Read or Write Cycle Time 500 ns
tRAS RAS Pulse Width 350 32000 ns
tCAS CAS Pulse Width 200 ns
tRCS Read Command Set-Up Time 0 ns
tRCH Read Command Time 0 ns
tDOH Data Out Hold Time 32 s
WRITE CYCLE™
Symbol Parameter 21044 Unit
Min, Max.
tRC Random Read or Write Cycle Time 500 ns
tRAS RAS Pulse Width 350 32000 ns
tCAS CAS Pulse Width 200 ns
twes Write Command Set-Up Time 0 ns
twCH Write Command Hold Time 100 | ns
tWCR Write Command Hold Time Referenced to RAS 250 ns
twp Write Command Pulse Width 100 ns
tRWL Write Command to RAS Lead Time 200 ns
tcwWL Write Command to CAS Lead Time 200 ns
tps Data-In Set-Up Time 0 ns
tDH Data-In Hold Time 100 ns
tDHR Data-In Hold Time Referenced to RAS 250 ns

Notes: 1. All volitages referenced to Vgg. Minimum timings do not allow for tT or skews.

2. CAS must_remain at V|4 a minimum of trcL M(N after RAS switches to V. To achieve the minimum guaranteed access time
(trAc), CAS must switch to V|| at or before tRcL of tRAC — tT - tCAC as described in the Applications Information section.
tRCL MAX is given for reference only as tRAC - tCAC-

. Load =2 TTL and 100 pF. See Applications Information.
4. In a write cycle Doyt latch will contain data written into cell. In a read-modify-write cycle DoyT latch will contain data read
from cell. If WE goes low after CAS and prior to tcac, DOuT is indeterminate.

w
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2104A

WAVEFORMS
READ CYCLE
'HL
Vi Ras ‘ i
RAS 5 \
Vi \@ / <— tcrRp —>|
tesH |
tRCL 5 tRsH
Vi 4
oAs ®\\§\\ 2 / / /M
Vie
tcas tep |
tasp je—»| |«—tRAH—>| le—{ thsc tcAn
M
ADDRESSES 1 ROW f | coLumn
2 ADDRESS P \ ADDRESS
Vi
AR
Vi tasc [ tcAH—>|
= /
Vie @ * 4
tres treH
Vin . ﬂ
. 7
Vi T\_
trac
teac tDOH {
Vo topp > =
H -
Dour @ HIGH IMPEDANCE <‘ Jaup
VoL @ ~
i
WRITE CYCLE
— e
Ras hild
Vi —'_®N
L N ® ) tere \
{8
1,
v treL tRsH
H 4
Vie ©) L/ 7
Tcas tep .
tasr <> 4—‘RAH—-i tascle> e——tcan—>
Vin
7N X
ROW COLUMN
ADDRESSES X ®® ADDRESS k X_ ADDRESS J§<
Vie N
twer
AR
Vi le>{ tasc -t —>
cs \ 2
ViL L
t,
towr
Vin twes twew
WE \ > twp
Vi 4
1
DHR
@'Ds—i-* ‘Dh®
Vin ©) =
D,
N i X @ }<
t
trac ’
tOFF |w—pf foac oon
v,
on (3 HIGH IMPEDANCE }@ VALID E
DATA OUT
Dour Vou {@ \

(See next page for notes)
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2104A

A.C.CHARACTERIsTICS! ]
Ta=0°Cto70°C, Vpp = 12V 5%, Ve =5V £10%, Vgg = -5V +10%, Vgg = 0V, unless otherwise noted.
READ-MODIFY-WRITE CYCLE

2104A
bol P i
Symbo arameter Min Max. Unit
tRWC Read Modify Write Cycle Time[2] 700 ns
tcrw RMW Cycle CAS Width 400 ns
tRRW RMW Cycle RAS Width 550 ns
tRWL RMW Cycle RAS Lead Time 200 ns
towH RMW Cycle CAS Hold Time 550 ns
toewL Write Command to CAS Lead Time 200 ns
twp Write Command Pulse Width 100 ns
tRCS Read Command Set-Up Time 0 ns
tmob Modify Time 0 10 us
tps Data-In Set-Up Time 0 ns
tpH Data-In Hold Time 100 ns
Notes: 1. All voltages referenced to Vgs.
2. The minimum cycle timing does not allow for tyor skews.
WAVEFORMS
READ-MODIFY-WRITE CYCLE
'nnv' 'l\r
Yy TN
Ras " @® K@ / \
tewn [<— tcrp—>
|t —>| tcrw
Vi \ 4
TR Vi,
e tRAH e tpw Tep
tasr tasc<>) tcaH towe
v,
soonesses WD it WX ommr ]
[© tan
Vi tasc tcan
& @
Vi ?
t, S
Vin C"ESL | e twe—
WE
Vi @ ] ~
1, o
woD [ @ ton (B)
V|N
O X
Vi " @
:A“ teac tDoH
'OFF
Vou \@ IMP::)GAHNCE 7 VALID N\ _
Doyt 7 @ \ @ DATA OUT 4
Vou
Notes: 1,2. ViHMmIN and VL mAX are reference levels for measuring timing of input signals.

5.  Referenced to CAS or WE, whichever occurs last.
6.  Inawrite cycle Doyt latch will contain data written into cell. In a read-modify-write cycle DoyT latch will contain
data read from cell. If WE goes low after CAS and prior to tcac, DOUT is indeterminate.
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2104A

TYPICAL CHARACTERISTICS

TYPICAL Igg2 AND Ipp2
VS. TEMPERATURE

40 800

TYPICAL lgg2 AND Ipp2
VS. CYCLE TIME

TYPICAL ACCESS TIME
VS. TEMPERATURE

800

T
Vpp = 12.0V

Vpp = 120V 350 T
VBB = -50V VBB = -5.0V Vpp = 114V
tRC = 500ns TA = 25°C ves = -5.5V
tReL = 100ns tcAs = 200 ns
Y = 150 ns — tRCL = 100 ns —
30 RP 600 30 RCL n: 600 300
= 1000
. —""Ttct
< - T -
A S ES 3z
8 20 400 &y 20 N 400 & o 250
H — 28 \ 8 g
'pp2
10 200 10 200 200
————_sB2
P— \\ 1882
T ———
0 0 0 0 150
0 25 50 75 100 200 400 600 800 1000 0 2 50 75 100
TEMPERATURE (°C) TeveLe (ns) TEMPERATURE (“C}

Two externally applied negative going TTL clocks, Row
Address Strobe (RAS), and Column Address Strobe
(CAS), are used to strobe the two sets of 6 addresses into
internal address buffer registers. The first clock, RAS,
strobes in the six low order addresses (A¢-As) which
selects one of 64 rows and begins the timing which
enables the column sense amplifiers. The second clock,
CAS, strobes in the six high order addresses (Ag-A1) to
select one of 64 column sense amplifiers and Chip Select
(CS) which enables the data out buffer.

An address map of the 2104A is shown below. Address “0""

corresponds to all addresses at ViL. All addresses are
sequentially located on the chip.

2104A Address Map

4032 [

ARRAY
(DATA IN)

ROW DECODER

4095 63

SENSE AMPLIFIER

COLUMN DECODER

DATA CYCLES/TIMING

A memory cycle begins with addresses stable and a
negative transition of RAS. See the waveforms on page 4.
It is not necessary to know whether a Read or Write cycle
is to be performed until CAS becomes valid.

Note that Chip Select (CS) does not have to be valid until
the second clock, CAS. It is, therefore, possible to start a
memory cycle before it is known which device must be
selected. This can result in a significant improvement in

system access time since the decode time for chip select
does not enter into the calculation for access time.

Both the RAS and CAS clocks are TTL compatible and do
not require ievel shifting and driving at high voltage MOS
levels. Buffers internal to the 2104A convert the TTL level
signals to MOS levels inside the device. Therefore, the
delay associated with external TTL-MOS level converters
is not added to the 2104A system access time.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during CAS. The output pin of a selected device
will unconditionally go to a high impedance state
immediately following the leading edge of CAS and
remain in this state until valid data appears at the output at
access time. The selected output datais internally latched
and will remain valid until a subsequent CAS is given to the
device by a Read, Write, Read-Modify-Write, CAS only or
Refresh cycle. Data-out goes to a high impedance state for
all non-selected devices.

Device access time, tacc, is the longer of two calculated
intervals:

1. tacc = trac OR 2. tacc =treL * t1 + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe lead time, trci, and transition time, tr, are system
dependent timing parameters. For example, substituting
the device parameters of the 2104A and assuming a TTL
level transition time of 5 ns yields:

3. tacc = trac = 350 ns for 100 nsec <tgc < 145 nsec

OR
4. tacc = treL + ty Htcac = treL t 205 ns for
trcL > 145 ns.
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Note that if 100 nsec < tgcL < 145 nsec, device access
time is determined by equation 3 and is equal to tgrac. If
trcL > 145 nsec, access time is determined by equation 4.
This 45 ns interval (shown in the tgcL inequality in equa-
tion 3) in which the failing edge of CAS can occur without
affecting access time is provided to allow for system timing
skew in the generation of CAS. This allowance for a trcL
skew is designed in at the device level to allow minimum
access times to be achieved in practical designs.

WRITE CYCLE

A Write Cycle is generally performed by bringing Write
Enable (WE) low before CAS. Dout will be the data written
into the cell addressed. If WE goes low after CAS and prior
to tcac, Dour will be indeterminate.

READ-MODIFY-WRITE CYCLE

A Read-Modify-Write Cycle is performed by bringing
Write Enable (WE) low after access time, trac, with RAS
and CAS low. Data in must be valid at or before the falling
edge of WE. In aread-modify-write cycle Douris data read
and does not change during the modify-write portion of
the cycle.

CAS ONLY (DESELECT) CYCLE

In some applications, it is desirable to be able to deselect
all memory devices without running a regular memory
cycle. This_may be accomplished with the 2104A by per-
forming a CAS-Only Cycle. Receipt of a CAS without RAS
deselects the 2104A and forces the Data Output to the
high-impedance state. This places the 2104A in its lowest
power, standby condition. Ipp will be about twice Ipp1 for
the first cycle of CAS-only deselection and Ippq for any
additional CAS-only cycles. The cycle timing and CAS
timing should be just as if a normal RAS/CAS cycle was
being performed.

| RAS/CAS CYCLE , CASONLY CYCLE
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TYPICAL SUPPLY CURRENTS VS. TIME

CHIP SELECTION/DESELECTION

‘The 2104A is selected by driving CS low during a Read,
Write, or Read-Modify-Write cycle. A device is deselected
by 1) driving CS high during a Read, Write, or Read-
Modify-Write cycle or 2) performing a CAS Only cycle
independent of the state of CS.

REFRESH CYCLES

Each of the 64 rows internal to the 2104A must be
refreshed every 2 msec to maintain data. Any data cycle
(Read, Write, Read-Modify-Write) refreshes the entire
selected row (defined by the low order row addresses).
The refresh operation is independent of the state of chip
select. It is evident, of course, that if a Write or Read-
Modify-Write cycle is used to refresh a row, the device
should be deselected (CS high) if it is desired not to
change the state of the selected cell.

RAS/CAS TIMING

The device clocks, RAS and CAS, control operation of the
2104A. The timing of each clock and the timing
relationships of the two clocks must be understood by the
user in order to obtain maximum performance in a
memory system.

The RAS and CAS have minimum pulse widths as defined
by tras and tcas respectively. These minimum pulse
widths must-be maintained for proper device operation
and data integrity. A cycle, once begun by driving RAS
and/or CAS low must not be ended or aborted prior to
fulfilling the minimum clock signal pulse width(s). A new
cycle must not begin until the minimum precharge time,
trp, has been met.

POWER SUPPLY

Typical power supply current waveforms versus_time are
shown below for both a RAS/CAS cycle and a CAS only
cycle. Ipp and Igg current surges at RAS and CAS edges
make adequate decoupling of these supplies important. Due
to the high frequency noise component content of the cur-
rent waveforms, the decoupling capacitors should be low
inductance, ceramic units selected for their high frequency
performance.

It is recommended that a 0.1 uF ceramic capacitor be con-
nected between Vpp and Vgg at every other device in the
memory array. A 0.1 uF ceramic capacitor should also be
connected between Vgg and Vgg at every other device
(preferably the alternate devices to the Vpp decoupling).
For each 16 devices, a 10 uF tantalum or equivalent capaci-
tor should be connected between Vpp and Vgg near the
array. An equal or slightly smaller bulk capacitor is also
recommended between Vg and Vgs for every 32 devices.

A 0.01 uF ceramic capacitor is recommended between V¢
and Vgg at every eighth device to prevent noise coupling to
the Vg line which may affect the TTL peripheral logic in
the system.
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Due to the high frequency characteristics of the current gridded both horizontally and vertically at each device in
waveforms, the inductance of the power supply distribution the array. This technique allows use of double-sided circuit
system on the array board should be minimized. It is boards with noise performance equal to or better than
recommended that the Vpp, Vg, and Vgg supply lines be multi-layered circuit boards.

(L. 9

111

LCLLL

¥

1ot

X
1

7/

ALK

DiN’ Dout

DN Dout

DECOUPLING CAPACITORS
D = 0.1 uF to Vpp TO Vgs
B = 0.1uF Vgg TO Vgg

C = 0.01 uF Vg TO Vgg
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2104A FAMILY
4096 x 1 BIT DYNAMIC RAM

2104A-1 2104A-2 2104A-3 2104A-4
Max. Access Time (ns) 150 200 250 300
Read, Write Cycle (ns) 320 375 375 425
Max. IDD (mA) 35 32 30 30

® Highest Density 4K RAM Industry Stan- m Refresh Period: 2 ms

dard 16 Pin Package ® On-Chip Latches for Addresses, Chip
® Low Power 4K RAM: 462mW Operating Select and Data In
27mW Standby ® Simple Memory Expansion: Chip Select
@ All Inputs Including Clocks TTL ® Output is Three-State, TTL Compatible;
Compatible Datais Latched and Validinto Next Cycle
@ +10% Tolerance on All Power Supplies B RAS-Only Refresh Operation

+12V, +5V, -5V

The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance
and high functional density.

The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin
package provides the highest system bit densities and is compatible with widely available automated handling equipment.
The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row

Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the
multiplexing technique while maintaining high performance.

A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage margins. The
memory cell requires refreshing for data retention. Refreshing is most easily accomplished by performing a RAS-only
refresh cycle or read cycle at each of the 64 row addresses every 2 milliseconds.

The 2104A is designed for page mode operation, RAS-only refresh, and CAS-only deselect.

PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM STROBE I—OA,A |
Ves :T—\J—1;: Vss Ay E_—_‘ LA'TNCH -

(CAS) —— cLock
FAE —AqA
on[]? 15 [ _JCAS 1 GENERATOR NO 2 ENABLE
e ] D — O f— — i DISABLE
We 3 4 ,:j out [oJ— ENABLELTEES
was ] e 1" 78IT
RAS 4 13 cs LATCH
N (coLumNI 6 COLU;ASJFDz‘CODER
A :
a1 12[ A, —a g —
i DR w [ s N —
—jcas ouTPUT
N i A,— Lo| ©4SENSE AMPS LATCH AND
ADDRE:
—Of WE A BSSD SS 1/0 GATING BUFFER
Voo 8 9 JVee —dcs 2
e — 64— ——
A3__ l
Ay— s H Dour
Q
PIN NAMES As— - sa]! ~——— Vag
e 29 les 4096 BIT
Ag As ADDRESS INPUTS WE__ WRITE ENABLE L(ROW] S8 || STORAGE ARRAY -~ Voo
CAS COLUMN ADDRESS STROBE | Vgg POWER (-5V) g | D ——
[ CHIP SELECT Vcc  POWER (+5V) < e GND
™ DATA IN Voo POWER (+12V)
Doyt DATA OUT Vss  GROUND ENABLE TToek
ROW ADDRESS STROBE RAS) GENERATOR NO 1
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ABSOLUTE MAXIMUM RATINGS"

Ambient Temperature Under Bias
Storage Temperature

Voltage on any Pin Relative to Vgg

(Vss - Vgg = 4.5V)
Power Dissipation
Data Out Current

-10°C to +80°C
-65°C to +150°C

1.0W

D.C. AND OPERATING CHARACTERISTICS
Ta = 0° t0 70°C, Vpp = +12V £10%, Vo = +5V £10%, Vgg = -5V £10%, Vgg = 0V, unless otherwise noted.

*COMMENT:

Stresses above those listed under ""Absolute Maximum Rat-
ings"' may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or any other conditions above those indicated in the
operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

]

Limits
Symbol Parameter Min. Typ.2 Max Unit Conditions
'] Input Load Current (any input) 10 MA ViN = Vss to ViH max
llLol Output Leakage Current for 10 MA Chip deselected: RAS and CAS at ViH
High Impedance State VouTt =0to 5.5V
Iop1 B! | Vpp Standby Current 0.7 2 mA | Vpp=13.2V | CASand RAS at V .
0.7 15 mA Vpp = 12.6V Chip deselected prior
| v S dbv _ to measurement.
BB1 gg Standby Current 5 50 uA Vpp = 13.2V See Note 5.
loozm Operating Vpp Current 24 35 mA 2104A-1 tRc = tRC MIN
22 32 mA 2104A-2 tRC = tRC MIN
20 30 mA | 2104A-3, 2104A-4 trc = tRC MIN
1882 Operating Vgg Current 130 325 uA Min cycle time. T4 =0°C
Iect !4 Ve Supply Current when 10 uA
Deselected
1pD3 Operating Vpp Current 12 25 mA | 2104A-1, 2104A-2 tRc = tRC MIN
(RAS-only cycle) 10 22 | mA | 2104A-3,2104A-4 tRC = tRC MIN
ViL Input Low Voltage (any input) -1.0 0.8 \%
ViH In_put High Voltage (any input) 2.4 7.0 \Y
VoL Output Low Voltage 0.0 04 \ lor =3.2mA
VoH Output High Voltage 24 Vee \ lop =-5mA
[6] °
CAPACITANCE Ta = 25°C
Symbol Test Typ. Max Unit Conditions
Ciy Input Capacitance (Ag-Ag, Dn. CS) 3 7 pF ViN = Vss
Ci2 Input Gapacitance (RAS, WRITE) 3 7 pF VIN = Vss
Co Output Capacitance (Doyt) 4 7 pF VouTt = 0V
Ci3 Input Capacitance (CAS) 6 7 pF ViN = Vss
Notes: 1. Ail voltages referenced to Vgs. The only requirement for the sequence of applying voltages to the device 1s that Vpp, Vg, and
Vgs should never be 0.3V or more negative than Vgg. After the application of supply voltages or after extended periods of opera-
tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS
and CAS) prior to normal operation.
2. Typical values are for Tp = 25°C and nominal power supply voltages.
3. The Ipp current flows to Vgs.
4. When chip 1s selected Ve supply current is dependent on output loading. VCC 1s connected to output buffer only.
5. The chip 1s deselected; 1.e., output is brought to high impedance state by CAS-only cycle or by a read cycie with CS at V.
6. Capacitance measured with Boonton Meter.
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A.C.CHARACTERIsTICS 2

Ta=0°C to 70°C,Vpp=12V +10%,Vec=5V £10%,Vgg=-5V +10%, Vgs=0V, unless otherwise noted.

READ, WRITE, AND READ MODIFY WRITE CYCLES

Symbol Parameer M Max, | Wi vax. | wine Max. | min e | "
tREF Time Between Refresh 2 2 2 2 ms
tRP RAS Precharge Time 100 120 120 125 ns
tcp CAS Precharge Time 60 80 110 110 ns
trepld RAS to CAS Delay Time 20 50 | 25 65 | 35 85 | 80 135 ns
tCRP CAS to RAS Precharge Time 0 0 0 0 ns
tRSH RAS Hold Time 100 135 165 165 ns
tAR RAS to Address or CS Hold Time 95 120 160 215 ns
tASR Row Address Set-Up Time 0 0 0 0 ns
tASC Column Address or CS Set-Up Time -10 -10 -10 -10 ns
tRAH Row Address Hold Time 20 25 35 80 ns
tCAH Column Address or CS Hold Time 45 55 75 80 ns
tT Rise or Fall Time 3 50 3 50 3 50 3 50 ns
tOFF Output Buffer Turn-Off Delay 0 50 0 60 0 60 0 80 ns
tCACM’S] Access Time From CAS 100 135 165 165 ns
traclé4l Access Time From RAS ' 150 200 250 300 ns
READ CYCLE

2104A-1 2104A-2 2104A-3 2104A-4 i
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. Unit
tRC Random Read or Write Cycle Time 320 375 375 425 ns
tRAS RAS Pulse Width 150 10000 | 200 10000 | 250 10000 | 300 10000 ns
tcAS CAS Pulse Width 100 135 165 165 ns
tRCS Read Command Set-Up Time 0 0 0 0 ns
tRCH Read Command Hold Time 0 0 0 0 ns
1DOH Data Out Hold Time 10 10 10 10 us

WRITE CYCLE

2104A-1 2104A-2 2104A-3 2104A-4
Symbol Parameter Min. Max. | Min. Max. [ Min. Max. | Min. Max. Unit
tRC Random Read or Write Cycle Time 320 375 375 425 ns
IRAS RAS Pulse Width 150 10000 | 200 10000 | 250 10000 | 300 10000 ns
tCAS CAS Pulse Width 100 135 165 165 ns
tWCS[e] Write Command Set-Up Time 0 o] 0 0 ns
TWCH Write Command Hold Time 45 55 75 80 ns
tWCR Write Command Hold Time Referenced to RAS 95 120 160 215 ns
we Write Command Puise Width 45 55 75 80 ns
tRWL Write Command to RAS Lead Time 50 70 85 130 ns
tcwL Write Command to CAS Lead Time 50 70 85 130 ns
tps Data-In Set-Up Time 0 0 . 0 0 ns
tDH Data-In Hold Time 55 65 75 80 ns
tDHR Data-In Hold Time Referenced to RAS 95 120 160 215 ns
NOTES:

1. All voltages referenced to Vgg.

2. A.C. Characteristics assume tT = 5ns.

3. tRCD(MAX) is specified as a reference point only; if tRcpD < tRCD(MAX) access time is tRAC, if tRCD > tRCD(MAX)
access time is trcp + tCAC-

. Load =2 TTL loads and 100pF.

. Assumes tRCD = tRCD(MAX)-

. Ina write cycle with tycs = twcs(MIN) the cycle is an early write cycle and DoyT will be data written into the selected cell
(DoyT =DIN). If tcwD = tcwD(MIN) and tRWD > tRWD(MIN) the cycle is a read-modify-write cycle and

DouT will be data from the selected address read. If neither of the above conditions are satisfied, DoyT
is indeterminate.

[
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WAVEFORMS
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A.C.CHARACTERISTICS!"®
Ta = 0° to 70°C, Vpp=12V £10%, Voc=5V +10%, Vag=-5V +10%, Vss=0V,unless otherwise noted.
READ-MODIFY-WRITE CYCLE

2104A-1 2104A-2 2104A-3 2104A-4 '
Symbol Parameter Min.  Max. | Min. Max. | Min.  Max. | Min.  Max. | Unit
tRWC Read Modify Write Cycle Time!2] 330 420 480 575 ns
tcRW RMW Cycle CAS Width 115 155 180 250 ns
tRRW RMW Cycle RAS Width 165 10,000 | 220 10,000 | 265 10,000 | 385 10,000 | ns
tRWL RMW Cycle RAS Lead Time 50 70 85 130 ns
tewL Write Command to CAS Lead Time | 50 70 85 130 ns
twp Write Command Pulse Width 45 55 75 80 ns
trCs Read Command Set-Up Time 0 0 0 0 ns
trwpl6l | RAS to WE Delay 110 145 175 250 ns
tewp 161 | CAS to WE Delay 60 80 90 115 ns
tps Data-In Set-Up Time 0 0 0 0 ns
tDH Data-In Hoid Time 55 65 75 80 ns
WAVEFORMS
READ-MODIFY-WRITE CYCLE
|
| -
Vin !
wES ©) ;\ @ / \
i [«— tcrp—>|
| tReD teaw
Vin - -
N 7 _
—{tran TRWL ep
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e 0Y \ /
o
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o Xt
Vie
trac " @ .
CAC IDOH
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Vou £ ® IMP2|DGAHNCE {® yan 5
DBour 4 \ DATA OUT
VOI. @

Notes: 1,2. VIHMIN or VIHCMIN and V| mAX are reference levels for measuring timing of input signals.
3,4. VoHMIN and Vo MmAX are reference levels for measuring timing of DoyT.
Referenced to CAS or WE, whichever occurs last.

In a write cycle with tycs = twcs(MIN) the cycle is an early write cycle and DgyT will be data written into the selected cell

5.
6.

7.
8.

(DouT = DIN). If tcwp = tcwD(MIN) and tRwD = tRWD (MIN) the cycle is a read-modify-write cycle and DoyT will be

data from the selected address read. If neither of the above conditions are satisfied, Doy is indeterminate.

All voltages referenced to Vgg.
A.C. Characteristics assume tT = 5ns.
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TYPICAL CHARACTERISTICS

TYPICAL Igg2 AND Ipp2
VS. TEMPERATURE
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Two externally applied negative going TTL clocks, Row
Address Strobe (RAS), and Column Address Strobe
(CAS), are used to strobe the two sets of 6 addresses into
internal address buffer registers. The first clock, RAS,
strobes in the six low order addresses (A(-As) which
selects one of 64 rows and begins the timing which
enables the column sense amplifiers. The second clock,
CAS, strobes in the six high order addresses (A¢-Aj1) to
select one of 64 column sense amplifiers and Chip Select
(CS) which enables the data out buffer.

An address map of the 2104A is shown below. Address “0""
corresponds to all addresses at V;;. All addresses are
sequentially located on the chip.

2104A Address Map

4032 0

ARRAY
(DATA IN)

ROW DECODER

4095 63

SENSE AMPLIFIER

COLUMN DECODER

DATA CYCLES/TIMING

A memory cycle begins with addresses stable and a
negative transition of RAS. See the waveforms on page 4.
Itis not necessary to know whether a Read or Write cycle
is to be performed until CAS becomes valid.

Note that Chip Select (CS) does not have to be valid until
the second clock, CAS. It is, therefore, possible to start a
memory cycle before it is known which device must be
selected. This can result in a significant improvement in
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system access time since the decode time for chip select
does not enter into the calculation for access time.

Both the RAS and CAS clocks are TTL compatible and do
not require level shifting and driving at high voitage MOS
levels. Buffers internal to the 2104A convert the TTL level
signals to MOS levels inside the device. Therefore, the
delay associated with external TTL-MOS level converters
is not added to the 2104A system access time.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during CAS. The output pin of a selected device
will unconditionally go to a high impedance state
immediately following the leading edge of CAS and
remain in this state until valid data appears at the output at
access time. The selected output data is internally latched
and will remain valid for at least tbooH Max. A subsequent
CAS must be given to the device either by a Read, Write,
Read-Modify-Write, CAS-only or RAS/CAS refresh cycle.

Device access time, tacc, is the longer of two calculated
intervals:

1. tacc =trac OR 2. tacc = trcp + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. RAS to CAS delay time, trcp,
is a system dependent timing parameter. For example,
substituting the device parameters to the 2104A-4 yields:

3. tacc = trac = 300ns for 80nsec < trcp < 135nsec
OR
4. tacc = trcb + tcac = trep + 165ns for trcp > 135ns.
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Note that if 80nsec < trcp < 135nsec, device access time is
determined by equation 3 and is equal to trac. If trcD >
135ns, access time is determined by equation 4. This 55ns
interval (shown in the trcp inequality in equation 3) in
which the falling edge of CAS can occur without affecting
access time is provided to allow for system timing skew in
the generation of CAS. This allowance for a trcp skew is
designed in at the device level to allow minimum access
times to be achieved in practical system designs.

WRITE CYCLE

A Write Cycle is generally performed by bringing Write
Enable (WE) low before CAS Dou1 will be the data written
into the cell addressed. If WE goes low after CAS buttcwp
< tcwp MmN and trRwp < trRwp MIN, Dout will be
indeterminate.

READ-MODIFY-WRITE CYCLE

A Read-Modify-Write Cycle is performed by bringing
Write Enable (WE) low during a selected RAS/CAS cycle
with tRwp = tRwp MIN and tcwp = tcwp min. Datain must be
valid at or before the falling edge of WE. In a read-modify-
write cycle Dour is data read from the selected cell and
does not change during the modify-write portion of the
cycle.

CAS ONLY (DESELECT) CYCLE

In some applications, it is desirable to be able to deselect
all memory devices without running a regular memory
cycle. This_may be accomplished with the 2104A by _per-
forming a CAS- -Only Cycle. Receipt of a CAS without RAS
deselects the 2104A and forces the Data Output to the
high-impedance state. This places the 2104A in its lowest
power, standby condition. Ipp will be about twice Ipp1 for
the first cycle of CAS-only deselection and Ippy for any
additional CAS-only cycles. The cycle timing and CAS
timing should be just as if a normal RAS/CAS cycle was
being performed.

CHIP SELECTION/DESELECTION
The 2104A is selected by driving CS low during a Read,

RAS/CAS CYCLE l CASONLY CYCLE
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Write, or Read-Modify-Write cycle. A device is deselected
by 1) driving CS high during a Read, Write, or Read-
Modify-Write cycle or 2) performing a CAS Only cycle
independent of the state of CS.

REFRESH CYCLES

Each of the 64 rows internal to the 2104A must be
refreshed every 2 msec to maintain data. Any cycle (Read,
Write, Read-Modify-Write, RAS-only refresh) refreshes
the entire selected row (defined by the low order row
addresses). The refresh operation is independent of the
state of chip select. Itis evident, of course, that if a Write or
Read-Modify-Write cycle is used to refresh a row, the de-
vice should be deselected (CS high) if it is desired not to
change the state of the selected cell.

RAS/CAS TIMING

The device clocks, RAS and CAS, control operation of the
2104A. The timing of each clock and the timing
relationships of the two clocks must be understood by the
user in order to obtain maximum performance in a
memory system.

The RAS and CAS have minimum pulse widths as defined
by tras and tcas respectively. These minimum pulse
widths must be maintained for proper device opera_t_ig_n
and data integrity. A cycle, once begun by driving RAS
and/or CAS low must not be ended or aborted prior to
fulfilling the minimum clock signal pulse width(s). A new
cycle must not begin until the minimum precharge time,
trp, has been met.

PAGE MODE OPERATION

The 2104A is designed for page mode operation. Product
tested to page mode operating specifications are available
upon request.

POWER SUPPLY

Typical power supply current waveforms versus time are
shown below for both a RAS/CAS cycle and a CAS only
cycle. Ipp and Igg current surges at RAS and CAS edges
make adequate decoupling of these supplies important. Due
to the high frequency noise component content of the cur-
rent waveforms, the decoupling capacitors should be low
inductance, ceramic units selected for their high frequency
performance.

It is recommended that a 0.1 uF ceramic capacitor be con-
nected between Vpp and Vgg at every other device in the
memory array. A 0.1 uF ceramic capacitor should also be
connected between Vgg and Vgs at every other device
(preferably the alternate devices to the Vgp decoupling).
For each 16 devices, a 10 uF tantalum or equivalent capaci-
tor should be connected between Vpp and Vgg near the
array. An equal or slightly smaller bulk capacitor is also
recommended between Vgg and Vgg for every 32 devices.

A 0.01 uF ceramic capacitor is recommended between V¢
and Vgg at every eighth device to prevent noise coupling to
the Vg line which may affect the TTL peripheral logic in
the system,
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Due to the high frequency characteristics of the current gridded both horizontally and vertically at each device in
waveforms, the inductance of the power supply distribution the array. This technique allows use of double-sided circuit
system on the array board should be minimized. It is boards with noise performance equal to or better than
recommended that the Vpp, Vgg, and Vss supply lines be multi-layered circuit boards.

VDD ottt —_———————— S ————

VBE om

DN DouT Din DouTt

DECOUPLING CAPACITORS
D = 0.1 uF to Vpp TO Vgg
B = 0.1 uF Vg TO Vgg

C = 0.01 uF Vo TO Vsg
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4096-BIT DYNAMIC RAM

2107C-1 | 2107C-2 | 2107C | 2107C-4
Access Time (ns)| 150 200 250 300
Read, Write Cycle (ns)| 380 400 430 470
RMW Cycle (ns)| 450 500 550 590
Max Ipp av (MmA) 35 33 30 30

Direct Replacement for Industry
Standard 22-Pin 4K RAMs

Low Operating Power

Low Standby Power

Only One High Voltage Input Signal-

Chip Enable
150 ns Access Time

m *=10% Tolerance on all Power
Supplies

m Output is Three-State and TTL
Compatible

m TTL Compatible — All Address, Data,

Write Enable, Chip Select Inputs

m Refresh Period 2 ms

The intel® 2107C is a 4096-word by 1-bit dynamic n-channel MOS RAM. It was designed for memory applications where
very low cost and large bit storage are important design objectives. A new unique dynamic storage cell provides high speed
and wide operating margins. The 2107C uses dynamic circuitry which reduces the standby power dissipation.

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is refreshed
whether Chip Select is a logic one or a logic zero.

The 2107C is fabricated with n-channel silicon gate technology. This technology allows the design and production of high
performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other MOS technol-
ogies. The 2107C is a replacement for the 2107A, 2107B and other industry standard 22-pin 4K RAMs.

PIN CONFIGURATION

LOGIC SYMBOL

2107C 2107C
———
ves []1 22 [7] vss — A0
Ao ]2 21 [ ag — A1
a1 ] 3 20 [0 a7 —| A2 DN
A4 19 [ Ag - ﬁ
s s 18 [ Vpp — As
DN 6 17 [Jce — Ae
Bout .7 16 [ NG i 4 Pout p-
Ao [ 15 [1As — Ao
Ao 14 [JAs — A0
a2 10 13 [ A3 i el
vee L1 12 [ We cs CE WE
Yy
PIN NAMES
Ag-A11_ADDRESS INPUTS* | Vg POWER (-5V)
CE CHIP ENABLE Vee POWER (+6V)
[ CHIP SELECT VDD POWER (+12V)
DIN DATA INPUT Vss GROUND
Bout___ DATA OUTPUT WE WRITE ENABLE
NC NOT CONNECTED

*Refresh Address Ag—As.

BLOCK DIAGRAM

- o—s] |«—o VoD
- l«—o Vce
gt v e v
A3 REGISTER x4 Ves
Ag o—> [«
As o—»
i fo
TIMING
iy I s
GENERATOR
l 1=
o COLUMN DECODE
WE o—> 1o o
68 o BUFFER REGISTER

Dout

PLILL

Ag A7 Ag Ag A0 A1
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Absolute Maximum Ratings*

Temperature Under Bias. . . .. ...\ttt st ettt e e -10°C to 80°C
Storage TemMPerature . . . . .. ..o it ittt et e e e e e e e e e -65°C to +150°C
Voltage on any Pin Relative to Vgg (Vgs— Vgg 24.5) . .. .. ... it i -0.3V to +20V
PoWer DisSiPatioN . . . ottt i e e e e e e e e e e e e 1.00W
*COMMENT:

Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ta=0°Cto70°C, Vpp = +12V +10%, Vcc = +5V £10%, Vgl = -5V £10%, Vgs= 0V, unless otherwise noted.

Symbol Parameter Limits Unit Conditions
Min, | Typ.2l| Max.
Iy Input Load Current (all inputs except CE) 10 MA \(.‘{|EN==\?|\::?)|'V\|/':H“2AX
Ic Input Load Current, CE 2 HA Vin =0V to Viye max
ol Qutput Leakage Current for high 10 WA CE =V cor CS= Vin
impedance state Vo =0V to 5.5V
Ipp1t3) Vpp Supply Current — standby (3] 20 200 uA CE = -1V to +0.6V
24 35 mA 2107C-1, tcyc = 380
Ipp AV Average Vpp Current — operating 22 33 mA 2107C-2, tcyc = 400
20 30 mA | 2107C, tcyc =430
20 30 mA 2107C-4, tcyc = 470
lgcq 134 Ve Supply Current — standby 10 uA CE =V cor CS=Vy
IgB1 Vgg Supply Current — standby 5 50 MA CE =-1V to +0.6V
Igg AV Average Vgg Current — operating 100 400 MA Min. cycle time, Min. tcg
ViL Input Low Voltage -1.0 0.8 \'%
ViH Input High Voltage 2.4 Vecott \%
ViLe CE Input Low Voltage -1.0 +1.0 \
ViHe CE Input High Voltage Vpp-1 Vppt+1 \Y
VoL Output Low Voltage 0.0 0.40 \% loL=3.2mA
VoH Output High Voltage 24 Vce \ lon=-2.0mA
NOTES: ‘

1. The only requirement for the sequence of applying voltage to the device is that VpD. Ve, and Vgg should never be 0.3V or more nega-
tive than Vgpg.

2. Typical values are for TA = 25°C and nominal power supply voltages.
3. The Ipp and Icg currents flow to Vgs.
4. During CE on V¢ supply current is dependent on output loading. Vg is connected to output buffer only.
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A.C. Characteristics '

Ta=0°Cto70°C, Vpp =12V £10%, Ve =5V £10%, Vgg = -5V £10%, Vss = 0V, unless otherwise noted.
READ, WRITE, AND READ MODIFY/WRITE CYCLE

2107C-1 2107C-2 2107C 2107C-4
Symbol Parameter Units | Note
Min. | Max | Min. | Max. | Min. | Max. | Min. | Max.
tREF Time Between Refresh 2 2 2 2 ms
tAC Address to CE Set-Up Time 0 0 0 0 ns 2
tAH Address Hold Time 50 50 100 100 ns
tce CE Off Time 130 130 130 130 ns
tT CE Transition Time 40 40 40 40 ns
tco CE Off to Output Disable Time 30 30 30 30 ns 3
READ CYCLE
2107C-1 2107C-2 2107C 2107C-4
Symbol Parameter Units | Note
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tcy Cycle Time 380 400 430 470 ns 3
tce CE On Time 210 | 4000 | 230 | 4000 | 260 | 4000| 300 | 4000 ns
tco CE Output Delay 130 180 230 280 ns 4
tacc Address to Output Access 150 200 250 300 ns 5
twi CE to WE 0 0 0 0 ns
twe WE to CE On 0 0 0 0 ns
WRITE CYCLE
2107C-1 2107C-2 2107C 2107C-4
Symbol Parameter Units | Note
Min. [ Max. | Min. | Max. | Min. [ Max. [ Min. | Max.
tcy Cycle Time 380 400 430 470 ns 3
tce CE On Time 210 | 4000 | 230 | 4000 | 260 | 4000| 300 | 4000 ns
tw WE to CE Off 125 125 125 175 ns
tew CE to WE 150 150 150 200 ns
tow Dy to WE Set-Up 0 0 0| 0 ns 6
tDH Djn Hold Time 0 0 0 0 ns
twp WE Pulse Width 50 50 50 100 ns
twp WE to Output Disable Time 15 15 15 15
Capacitance " 1,-2c
Plastic and
Symbol Test Ceramic Package | Unit Conditions
Typ. Max.
Cap Address Capacitance, CS, D|y 5 7 pF Vin = Vss
Cce CE Capacitance 10 15 pF VN = Vss
CouT Data Output Capacitance 5 7 pF VouTt =0V
CWE WE Capacitance 6 8 pF Vin = Vss
NOTES: .
1. After the application of supply voltages or after extended 6. If WE is low before CE goes high then DN must be valid
periods of operation without CE, the device must perform a when CE goes high.

minimum of one initialization cycle (any valid memory cycle

. N 7. itan: ith n r effective ci
or refresh cycle) prior to normal aperation. Capacitance measured with Boonton Meter or effective capa-

citance calculated from the equation:
tAC is measured from end of address transition.

=20
T ns. =-IA—t with the current equal to a constant 20 mA.
. CLOAD = 50 pF, Load = One TTL Gate, Ref = 2.0V. av
. tACC =tac +tco + 1tT- 3-30
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Read and Refresh Cycle "

tcy
w \fO
ADDRESS
AND C§ ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
Vit @
le—tan — ety tr—|
tacl0) tcE
Vine
CE
ViLe @
tcc
—
i .
ViH
WE WE CAN WE CAN
CHANGE CHANGE
V‘L f——
tco —
Y
- f N
5o HIGH HIGH
OUT ~—PEDANCE VALID TMPEDANCE
VoL | = x
i tacc [«—tcD
Write Cycle
tcy
ViH ' |
ADDRESS ©
ND 53 @ ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
viL N 7
tAH — l)‘f tr
tAC tcE ] T —>
ViHe @ |
o 1
®F I
Vie [ - | |
r g i tec
—twp —-i
Vi -
\ | |
WE WE CAN CHANGE [ | WE CAN CHANGE
ViL -
—ﬂ ~— tow —] tDH
ViH
O Dyn CAN CHANGE Dy STABLE CAN?:WANGE
Viu
|-—twD —>
VoH ——————— [
—— HIGH \ HIGH /
PouT —TrEDANGE < UNDEFINED TMPEDANCE \
VoL )

NOTES:

. VIN MIN is the reference level for measuring timing of the addresses, CS, WE, and D .

. Vpp -2V is the reference level for measuring timing of CE.
. Vgg +2.0V is the reference level for measuring the timing of DoyT.
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1
2
3
4. Vgg +2.0V is the reference level for measuring timing of CE.
5
6

. For Refresh cycle, row and column addresses must be stable before toc and remain stable for entire taoH period.
. V|L MAX is the reference level for measuring timing of the addresses, CS, WE, and D|.
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Read Modify Write Cycle

2107C-1 2107C-2 2107C 2107C-4 Units | Note
Symbol Parameter
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

trwe Read Modify Write (RMW) Cycle | 450 500 550 590 ns 1
tcRW CE Width During RMW 280 | 4000 | 330 | 4000 | 380 | 4000 | 420 | 4000 ns

twe WE to CE On 0 0 0 0 ns

tw WE to CE Off 125 125 125 175 ns

twp WE Pulse Width 50 50 50 100 ns

tow D\ to WE Setup 0 0 0 0 ns

tDH D\ Hold Time 0 0 0 0 ns

tco CE to Output Delay 130 180 230 280 ns

tace Access Time 150 200 250 300 ns

twp WE to Output Disable Time 15 15 15 15 ns

tawe—(1)

Vi
e
ADDRESSES ADDRESS STABLE ADDRESS CAN CHANGE
AND €S L
Viu

— rq—‘tAc A
tCRW le— tT T |
ViHe _‘ ’_—.——
CE
tw
[® ] f
ViLe
twe—] et — tce
'vvr

Vi %

WE WE CAN

We / x / CHANGE

ViL X

0}
le— tpw — |-—tDH
ViH
Din Dy CAN CHANGE Dy STABLE 3&'&%’3’2
ViL

o twp
VoH —
5 __HIGH @ \ HIGH
OUT IMPEDANCE VALID ( IMPEDANCE
Vou S 7 7
~——————————tacc
NOTES: 1. t}of 20 ns.

1

2. V)L MAX is the reference level for measuring timing of the addresses, CS, WE, and Din-

3. Vi MIN is the reference level for measuring timing of the addresses, CS, WE, and DIN-

4. Vgg +2.0V is the reference level for measuring timing of CE.

5. Vpp -2V is the reference level for measuring timing of CE.

6. Vss +2.0V is the reference level for measuring the timing of DoyT. CLOAD = 50 pF. Load = One TTL Gate.
7. WE must be at V4 until end of tcQ.
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8,192 x 1 BIT DYNAMIC RAM

2109-3 2109-4
$6000,56001 | $6002,S6003
Maximum Access Time (ns) 200 250
Read, Write Cycle (ns) 375 410
Read-Modify-Write Cycle (ns) 375 475

m 8K RAM, industry Std. 16-Pin Package
m +10% Tolerance on All Power Supplies:
+12V, +5V, -5V

® Low Power: 462mW Max. Operating,
20mW Max. Standby

® Low Ipp Current Transients
m All Inputs, Including Clocks, TTL Compatible

m Non-Latched Output is Three-State,
TTL Compatible

m RAS Only Refresh
m 64 Refresh Cycles Required Every 2ms
m Page Mode Capability
m CAS Controlled Output
Allows Hidden Refresh

The Intel® 2109 is a 8,192 word by 1-bit Dynamic MOS RAM which is pin compatible with the industry standard 16K
dynamic RAMs. The 2109 is manufactured with the same masks as the Intel® 2117 and is fabricated with Intel’s standard
two layer polysilicon NMOS technology — a production proven process for high reliability, high performance, and high
storage density. As is shown in the block diagram below, the device is organized as two 8K arrays separated by sense
amplifiers and column decoders. The selected 8K array is tested for all of the A.C. and D.C. characteristics necessary to
permit the 2109 to be considered a functionally compatible 8K version of the 16K device.

The 2109 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low

current transients and +10% tolerance on all power supplies contribute to the high noise immunity of the 2109 in a system
environment.

The 2109 is available as either an “upper” or “lower” half of the 2117. Row Address 6 (Ag) selects the operating half, and is
ViH for S6000, S6002, S6064 and S6066 specifications and As is ViL for S6001, S6003, S6065 and S6067 specifications.

The 2109 three-state output is controlled by Column Address Strobe (CAS) independent of Row Address Strobe (RAS).
After a valid read or read-modify-write cycle, datais latched on the output by holding CAS low. The data out pinis returned
to the high impedance state by returning CAS to a high state. The 2109 hidden refresh feature allows CAS to be held low to
maintain latched data while RAS is used to execute RAS-Only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
Only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 64 row address combinations of Ao
through As. As must be at its proper state (Vin or ViL depending on the device specification) for 64 cycle refresh. A write
cycle will refresh stored data on all bits of the selected row except the bit which is addressed.

PIN CONFIGURATION LOGIC SYMBOL

BLOCK DIAGRAM Ag = Vit
o / -~ Vg
Ay —>| <+ Vpp
—% : ~—— Vg
—A A Vee
—A
2 py A=l et 128 SENSE AMPLIFIERS
Ay CATcH 1 OF 64 COLUMN ) - Dour
—a, Ay—] ROW DECODERS SE S
AND wg By
—1As K] 33
Ay Dour[— Ay —»] COLUMN ° oa
—O) RAS As—]
—OJ CAS
—a{we As ]
NOTE 1: S6000, S6002: Ag AT Viy DURING ROW ADDRESS VALID ‘ Ag =Vin
$6001, SB003: Ag AT Vi DURING ROW ADDRESS VALID ADDRESS
GATING
PIN NAMES I 3
Ag-Ag ADDRESS INPUTS WE  WRITE ENABLE
CAS  COLUMN ADDRESS STROBE Vg POWER (-5V) _ CLOCK CLOCK WRITE DATA
RAS —=] GENERATOR GENERATOR ENABLE INPUT
D DATAIN Voc  POWER (+5V) NO. 1 NO. 2 BUFFER LATCH
Dour DATAOUT Vpp POWER (+12V) CAS ___~__f r
RAS  ROW ADDRESS STROBE Vss  GROUND WE
IN

D
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°Cto+80°C
Storage Temperature ............. -65°Cto+150°C
Voltage on Any Pin Relative to Vs

(Vss-VBB=4V) .. .......cciiiiiiinn. -0.3Vto+20V
DataOut Current ............cccviiievnnnnnn. 50mA
PowerDissipation ..........cciiiiiiiiiian, 1.0W

*COMMENT :

Stresses above those listed under "‘Absolute Maximum
Rat/'ng"may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!"?
TaA=0°C to 70°C, Vpp = 12V £10%, Vcc = 5V £10%, Ve = -5V +10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Min. 'II-';[n:ft: Max. |Unit| Test Conditions Notes
[ Input Load Current (any input) 0.1 10 | pA|VIN=Vssto 7.0V, VBg=-5.0V
[fLol Output Leakage Current for Chip Deselected: CAS at Viu,
High Impedance State 0.1 10 | pA|Vourt =0to 5.5V
IbD1 Vop Supply Current, Standby 1.5 | mA|CAS and RAS at Vin 4
IBB1 VBB Supply Current, Standby 1.0 50 | uA
lcct Vce Supply Current, Output -
Deselected 0.1 10 | uA [CAS at ViH 5
lpp2 Vop Supply Current, Operating 35 | mA|2109-3, trc = 375ns, tnAs = 200ns
33 | mA|2109-4, trc = 410ns, tras = 250ns
IBB2 VBB Supply Current, Operating,
RAS-Only Refresh, Page Mode 150 | 300 | uA|Ta =0°C
[[s]ok} Vob Supply Current, RAS-Only 27 | mA|2109-3, trc = 375ns, tras = 200ns
Refresh 26 | mA|2109-4, trc = 410ns, tras = 250ns
IpDs Vop Supply Current, Standby, 15 3 mA |CAS at ViL, RAS at Viy
Output Enabled
Vi Input Low Voltage (all inputs) -1.0 08 |V
ViH Input High Voltage (all inputs) 2.4 60 | V
VoL Output Low Voltage 04 V |loL = 4.2mA 4
VoH Output High Voltage 2.4 V |loH = -5mA 4
NOTES:

1. All voltages referenced to Vss.

2. No power supply sequencing is required. However, Vpp, Vcc and Vss should never be more negative than -0.3V with respect to Veg as

required by the absolute maximum ratings.

3. Typical values are for Ta = 25°C and nominal supply voltages.

4. See the Typical Characteristics Section for values of this parameter under alternate conditions.

5. Icc is dependent on output loading when the device outputis selected. Vcc is connected to the output buffer only. Vcc may be reduced
to Vss without affecting refresh operation or maintenance of internal device data.
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TYPICAL SUPPLY CURRENT WAVEFORMS

RAS/CAS

LONG RAS/CAS

RAS ONLY REFRESH

RAS

T

125

100

I e h
0D
(mA) 50

'] L I/
75
. A \
:BmBA) o A A mtad A L / A { “
WV T v
-25 v
-50 ’
-75
125 -
100
Iss 75 A
(mA) 50 IJ n A A
M| /RVEEP /1 A1, " | N
0 W | P T AT
[} 100 200 300 400 500 ] 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500

TIME(ns)

TIME(ns) TIME (ns)

Typical power supply current waveforms vs. time are
shown for the RAS/CAS timings of Read/Write, Read/
Write (Long RAS/CAS), and RAS-only refresh cycles. lpp
and Igs current transients at the RAS and CAS edges
require adequate decoupling of these supplies. Decoup-
ling recommendations are provided in the Applications
section.

CAPACITANCE""

The effects of cycle time, Vpp supply voltage and ambient
temperature on the Ipp current are shown in graphs
included in the Typical Characteristics Section. Each
family of curves for lpp1, Ibp2, and lpp3a is related by a
common point at Vpp =12.0V and Ta =25°C fortwo given
tras pulse widths. The typical lpp current for a given
condition of cycle time, Vpp and Ta can be determined by
combining the effects of the appropriate family of curves.

Ta =25°C, Vpp = 12V£10%, Vcc = 5V£10%, VBB = -5V+10%, Vss = OV, unless otherwise specified.

Symbol Parameter Typ. Max. Unit

Cn Address, Data In 3 5 pF

Ci2 RAS Capacitance, WE Capacitance 4 7 pF

Ci3 CAS Capacitance 6 10 pF

Co Data Output Capacitance 4 7 pF
NOTES:

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
Cc= lA—A\% with AV equal to 3 voits and power supplies at nominal levels.
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A.C. CHARACTERISTICS!"27]
TA =0°C to 70°C, Vpp = 12V £10%, Vcc = 5V +10%, VeB = -5V +10%, Vss = 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2109-3 2109-4
$6000,56001 | S6002,S6003

Symbol Parameter Min. Max. | Min. Max. | Unit | Notes

tRAC Access Time From RAS 200 250 ns 45

tcac Access Time From CAS 135 165 ns | 456

tREF Time Between Refresh 2 2 ms

tRP RAS Precharge Time 120 150 ns

tcPN CAS Precharge Time(non-pagecycles) 25 25 ns

tcrP CAS to RAS Precharge Time -20 -20 ns

tRCD RAS to CAS Delay Time 25 65 35 85 ns 7

tRSH RAS Hold Time 135 165 ns

tcsH CAS Hold Time 200 250 ns

tASR Row Address Set-Up Time 0 0 ns

tRAH Row Address Hold Time 25 35 ns

tasc Column Address Set-Up Time -10 -10 ns

tcAH Column Address Hold Time 55 75 ns

tAR Column Address Hold Time, to RAS 120 160 ns

tr | Transition Time (Rise and Fall) 3 50 3 50 ns 8

toFr Output Buffer Turn Off Delay 0 60 0 70 ns
READ AND REFRESH CYCLES

trC Random Read Cycle Time 375 410 ns

trAs RAS Pulse Width 200 10000 | 250 10000 | ns

tcas CAS Pulse Width 135 10000 | 165 10000 | ns

trcs Read Command Set-Up Time 0 0 ns

tRCH Read Command Hold Time 0 0 ns
WRITE CYCLE

trc Random Write Cycle Time 375 410 ns

trRAS RAS Pulse Width 200 10000 | 250 10000 | ns

tcas CAS Pulse Width 135 10000 { 165 10000 | ns

twces Write Command Set-Up Time -20 -20 ns 9

twcH Write Command Hold Time 55 75 ns

twcr Write Command Hold Time, to RAS 120 160 ns

twp Write Command Pulse Width 55 75 ns

tRWL Write Command to RAS Lead Time 80 100 ns

tewL Write Command to CAS Lead Time 80 100 ns

tos Data-In Set-Up Time 0 0 ns

toH Data-In Hold Time 55 75 ns

tDHR Data-In Hold Time, to RAS 120 160 ns
READ-MODIFY-WRITE CYCLE

trwe Read-Modify-Write Cycle Time 375 475 ns

tRRW RMW Cycle RAS Pulse Width 245 10000 | 305 10000 | ns

tcrw RMW Cycle CAS Pulse Width 180 10000 | 230 10000 ;| ns

tRWD RAS to WE Delay 160 200 ns

tcwp CAS to WE Delay 95 125 ns

Notes: See following page for A.C. Characteristics Notes.
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READ CYCLE tRC
tras trp
VIH
= “Ne
Vie w
1, | et -
torp —w] | CsH [ ‘¢ cPN ’
trcD RsH i
_ Vin @‘ teas |
CAS 2
Vi
tar
tASR e |<— tRAH—> j=—t tasc fe———tcaAH ——>
Mu N 7 X 7
ROW COLUMN
ADDRESSES & ADDRESS K X ADDRESS x
Vie Z \
=
hﬁtﬁcs ‘-—{‘RCH®
_ Vin \
WE
VIL
k tcac
tRAC s torF
—
o Vou HIGH @j VALID ®
T VoL IMPEDANCE @\ DATA OUT 1
WRITE CYCLE tre {
| tRAs | 'RP—-‘
VIH
= “Ne /
( A T
t tcpr
‘CRP el ; CSH N
trcp - tRsH
Vin O R 1 d )
1 cAs
=y / \\\N\@ / L
AR
tasr <—TtRAH—>  tasc— <> e tcAH——>
Vin !@ X
ROW COLUMN
ADDRESSES ()| AooRESS /K X ADDRESS
1
tRwL
< towe -
Viy \4— twes —> twen
WE ~ twp
Vie @X Z
twer
F@ tpg —»| tDH@
Vin L'
D'N XG) K
Vi @ Z
t
toHR
D Vou HIGH
T Vor IMPEDANCE
NOTES: 1,2. Vi min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vg, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr.
5. torr IS MEASURED TO lour < fliol-
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. trcn 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

A.C. CHARACTERISTICS NOTES (From Previous Page)

1. All voltages referenced to Vss. 7. trcp (max.) is specified as a reference point only; if trcp is less

2.

Eight cycles are required after power-up or prolonged periods
(greater than 2ms) of RAS inactivity before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

. A.C. Characteristics assume trt = 5ns.
. Assume that trcp < trcp (max.). If trcp is greater than trcp

(max.) then trac will increase by the amount that trcp exceeds
tRcD (max.).

. Load = 2 TTL loads and 100pF.
. Assumes trRcD = tRcD (max.).
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than trcp (max.) access time is tRac, if tRcp is greater than trcp
(max.) access time is trcp + tcac.

. tt is measured between V|4 (min.) and ViL (max.).
. twcs, tcwp and trwp are specified as reference points only. If

twcs = twes (min.) the cycle is an early write cycle and the data
out pin will remain high impedance throughout the entire
cycle. If tcwp = tcwp (min.) and trRwD = trwp (min.), the cycle is
a read-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above
conditions is satisfied, the condition of the data out is
indeterminate.
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WAVEFORMS
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NOTES: 1,2. Vi iy AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt
torF ISMEASURED TO loyt < [iLol.
. tos AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
- trcw IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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TYPICAL CHARACTERISTICS!"

GRAPH 1
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vpp
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GRAPH 4
TYPICAL ACCESS TIME
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GRAPH 7
TYPICAL OPERATING CURRENT
Ipp2 VS. tRC
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GRAPH 2
TYPICAL ACCESS TIME
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GRAPH 5
TYPICAL STANDBY CURRENT
Ipp1 VS. Vpp
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GRAPH 8
TYPICAL OPERATING CURRENT
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NOTES: See following page for Typical Characteristics Notes.
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5.0V)

trac (Vec)/trac (Vec
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GRAPH 3
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TYPICAL STANDBY CURRENT
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TYPICAL CHARACTERISTICS !

Ipp4 — SUPPLY CURRENT (mA) 1503 ~ SUPPLY CURRENT (mA)

lon — OUTPUT SOURCE CURRENT (mA)

GRAPH 10
TYPICAL RAS ONLY
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GRAPH 13
TYPICAL PAGE MODE CURRENT
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GRAPH 16
TYPICAL OUTPUT SOURCE CURRENT
loH VS. OUTPUT VOLTAGE VoH
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GRAPH 11
TYPICAL RAS ONLY
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TYPICAL PAGE MODE CURRENT
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GRAPH 17
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TYPICAL RAS ONLY
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NOTES:

1.

The cycle time, Vpf supply voltage, and

ambient temperature dependence of Ipp1,

IDD2. |DD3 and Ippg is shown in related

graphs. Common points of related curves

are indicated:

@ Ipp1@Vpp=13.2V,Ta=0°C

B Ipp2orlpp3 @ tras = 200ns, tRc =
375ns, Vpp = 12.0V, Tp = 25°C

A Ippoorlpp3 @ tras =500ns, tRc =
750ns, Vpp = 12.0V, Ta = 25°C

O Ippg @ tcas = 1356ns, tpe = 225ns,
Vpp = 12.0V, Tp = 25°C

A Ippg @ tcas = 350ns, tpg = 500ns,
Vpp = 12.0V, Tp = 25°C

The typical Ipp current for a given com-

bination of cycle time, Vpp supply

voltage and ambient temperature may be

determined by combining the effects of

the appropriate family of curves.
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE 8"
Ta =0°C to 70°C, Vpp = 12V£10%, Vcc = 5VE10%, Vg = -5V+10%, Vss = OV, unless otherwise noted.
For Page Mode Operation order: 2109-3* S6064, S6065 or 2109-4* S6066, S6067.

2109-3 2109-4
$6064,S6065 $6066,56067

Symbol Parameter Min. Max. Min. Max. Unit Notes

trc Page Mode Read or Write Cycle 225 275 ns

trcm Page Mode Read Modify Write 270 340 ns

tcp CAS Precharge Time, Page Cycle 80 100 ns

trRPM RAS Pulse Width, Page Mode 200 | 10,000 | 250 | 10,000 ns

tcas CAS Pulse Width 135 | 10,000 | 165 | 10,000 ns

IpD4 Vop Supply Current Page Mode, 30 26 mA 9

Minimum tpc, Minimum tcas
*$6064, S6066: A6 at VIH during Row Address Valid.
$6065, S6067: A6 at VIL during Row Address Valid.
WAVEFORMS
PAGE MODE READ CYCLE
trem
tAR
— Vinc ﬁ
RAS Vie @ S @
tesH tRsH «— trp
lcnv—> r— tec

<+ tRcp tcas (< tcp»| le——1tcas ——} <—tcas “L tepn
_— r '
=% 7T oNe___ /A \ s N

tRAH| |t tcaH tcan tcan
tasr s tasc tasc t— tasc —-I 4*——
1
Vin ROW coL coL coL
ADDRESSES |, | @g ADD ADD ADD ADD

—
@. - X
le— tRCS K l—tRCS
tRes ——i f— @ tReH —{ <—j—} thcH —>| b-:( tRCH —» r«—
— Vi Y
I \

WE
e——tcac —»‘_" Mlas tcac fe— tcac
OFF
trac toFF ol tore
o Vou ® ®
out
®

NOTES: 1,2. Vi iy AND V| max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt
5. torr ISMEASURED TO lgyt < llLol-
6. tach IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
7. ALL VOLTAGES REFERENCED TO Vgs.
8. AC CHARACTERISTIC ASSUME ty = 5ns.
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER
UNDER ALTERNATE CONDITIONS. o _
10. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 2109-3, 6064 OR S6065 WILL OPERATE AS A 2109-3).
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PAGE MODE WRITE CYCLE
trRPM
AR
_ Vinc ®!\Sl_ N
ViL @ -4 §
@ tesH e trsH trp—>|
tcrP -
*l F—trcD tcas tep-»| teas —>] tcas tepn
—= Vinc ® /
ons Vi j @ S" S f
tRAH [+t tcan tcaH tcaH
t t 1 4 tasc t—
o Lanl o e S el
H ROW coL coL
ADDRESSES |, _XADD X ADDX ADD K B X ADD .K
@ ' ' '._>r 4 tweH > " l twt:r: -
twes —» [ wen twes - “ o twes —» <E
towe tewe tewr
— Vine * @ / JE / * /
Vi N @ g N
® . ] — typ —>| @ [ twp—>| ‘-‘WP‘—w’L
le—twcr R
tps —fes| [e—tDH —>1 tos [ toH —>] I:DS [— tDH —>|
Vin VALID VALID ’ X VALID K
Oy DATA DATA ) DATA
T ==
L—“DHR —J
PAGE MODE READ-MODIFY-WRITE CYCLE
RAS .
'_ tesH o tep > tepn —
z ‘CRFA" ] e taco—=t tcaw tcRw terw
" — —
i 7T N \ S
‘ ‘—_,l:': | tcan [ towL —>1 fe—sr— tcan fe— towi —> ‘*‘—'CAN e towr —{

\7
ADDRESSES v,

tasc{ (e— tasc >
coL coL
ADD ADD

e twp-

—l j<— trcs

fe—— tewp —»

(— twp —|

— tRCS

-__:cwn—.l

le— twp

— Vin /1‘ \
WE
Vi d
st ton () et ton le—et— ton
e tDs~>1 [ tos—>
Vin DATA IN DATA IN DATA IN
O @/ VALID VALID VALID
Vi 2
re—tcac —| teac r— 'cnc“
l——trac toFF—=  |e— topF—> e topr > Je—
D VOH HIGH ©) VALID 6] VALID VALID
OUT voL IMPEDANCE @< DATA OUT DATA OUT DATA OUT

NOTES:

1.2. Vi min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

3,4. Vo min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyrt.
5. torr IS MEASURED TO loyr < |iLol-
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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APPLICATIONS

The 2109 is packaged in a standard 16-pin DIP by
multiplexing 14 address bits onto 7 input pins (Ag-As). The
7 bit address words are latched into the 2109 by two TTL
clocks, Row Address Strobe (RAS) and Column Address
Strobe (CAS). Since the 2109is an 8K memory device, only
13 of the 14 address bits are required and the 14th address
bit must be at Vi1 (for S6000, S6002, S6064 or S6066) or Vi
(for S6001, S6003, S6065 or S6067) during Row Address
Valid. This means it is not possible to simply tie input pin
As high or low, since it supplies two system addresses to
the memory array. Input pin Ag must be at the appropriate
level (determined by the “S”-specification) during the row
address valid period and then changed to the proper high
order address during the column address valid period.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

Device access time, tacc, is the longer of the two
calculated intervals:

1. tacc = trac OR 2. tacc = trcp + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trcp, are system dependent timing
parameters. For example, substituting the device para-
meters of the 2109-3 yields:

3. tacc = trac = 200nsec for 25nsec <trcp<65nsec
OR
4. tacc = treb + tcac = trep + 135 for trep > 65nsec

Note that if 25nsec <trcp <65nsec device access time is
determined by equation 3 and is equal to trac. If trcL
>65nsec, access time is determined by equation 4. This
40nsec interval (shown in the trcp inequality in equation 3)
in which the falling edge of CAS can occur without
affecting access time is provided to allow for system
timing skew in the generation of CAS.

REFRESH CYCLES

Each of the 64 rows of the 2109 must be refreshed every 2
milliseconds to maintain data. Any memory cycle:

1. Read Cycle
2. Write Cycle (Early Write, Delayed Write or Read-
Modify-Write)
3. RAS-only Cycle
refreshes the selected row as defined by the low order
(RAS) addresses. As must be held at the proper level (Vin
or ViL depending on specification) to perform 64 cycle
refresh operation, but may be driven high and low for 128
cycle RAS-only refresh without affecting device data
retention. Any Write cycle, of course, may change the
state of the selected cell. Using a Read, Write, or Read-
Modify-Write cycle for refresh is not recommended for
systems which utilize “wire-OR” outputs since output bus
contention will occur.

A R_A_S-only refresh cycle is the recommended technique
for most applications to provide for data retention. A RAS-
only refresh cycle maintains the Dourt in the high
impedance state with a typical power reduction of 20%
over a Read or Write cycle.
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RAS/CAS TIMING

RAS and CAS have minimum pulse widths as defined by
trAs and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by driving RAS and/or CAS
low must not be ended or aborted prior to fulfilling the
minimum clock signal pulse width(s). A new cycle can not
begin until the minimum precharge time, trp, has been
met.

DATA OUTPUT OPERATION

The 2109 Data Output (Dout), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at Vjn) the output is in the high impedance state. The
following table summarizes the Dout state for various
types of cycles.

Intel 2109 Data Output Operation
for Various Types of Cycles

Type of Cycle Doyt State

Read Cycle Data From Addressed
Memory Cell

Fast Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

HIDDEN REFRESH

A feature of the 2109 is that refresh cycles may be
performed while maintaining valid data at the output pin.
This feature is referred to as Hidden Refresh. Hidden
Refresh is performed by holding CAS at ViL and taking
RAS high and after a specified precharge period (trp),
executing a “RAS-Only” refresh cycle, but with CAS held
low (see Figure below).

) MEMORY ) REFRESH )

CYCLE CYCLE
RAS
HIGH Z

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

CAs

DATA

POWER ON

The 2109 requires no power on sequence providing
absolute maximum ratings are not exceeded. After the
application of supply voltages or after extended periods of
bias (greater than 2 milliseconds) without clocks, the
device must perform a minimum of eight initialization
cycles (any combination of cycles containing a RAS clock,
such as RAS-Only refresh) prior to normal operation.
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POWER SUPPLY DECOUPLING/DISTRIBUTION

It is recommended that a 0.1uF ceramic capacitor be
connected between Vpp and Vss at every other device in
the memory array. A 0.1uF ceramic capacitor should also
be connected between Veg and Vss at every other device
(preferably the alternate devices to the Vpp decoupling).
For each 16 devices, a 10uF tantalum or equivalent
capacitor should be connected between Vpp and Vss near
the array. An equal or slightly smaller bulk capacitor is
also recommended between Vgs and Vss for every 32
devices.

The Vcc supply is connected only to the 2109 output
buffer and is not used internally. The load current from the
Vcce supply is dependent only upon the outputloading and
is associated with the input high level currentto a TTL gate
and the output leakage currents of any OR-tied 2109’s
(typically 100uA or less total). Intel recommends that a 0.1
or 0.01uF ceramic capacitor be connected between Vcc
and Vss for every eight memory devices.

Due to the high frequency characteristics of the current
waveforms, the inductance of the power supply distribu-
tion system on the array board should be minimized. Itis
recommended that the Vpp, VBs, and Vss supply lines be
gridded both horizontally and vertically.at each device in
the array. This technique allows use of double sided
circuit boards with noise performance equal to or better
than muiti-layered circuit boards.

DECOUPLING CAPACITORS
D=0.1uF TOVpp TO Vgg
B =0.1uF Vgg TO Vgg

C =0.01uF Vgc TO Vgg

SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES.
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8K UPGRADE FOR 4K SYSTEMS

The 2109 can be used to upgrade existing 4K (Intel 2104A)
memory systems with minimal redesign. The 2109
maintains many of the features of the 4K RAMs. For
example, the latched data output of the 4Ks can be
emulated by holding CAS low to maintain data out valid.
Hidden refresh capability for the 4Ks is also maintained
with the 2109. The 64 cycle refresh operation of the 2109
makes it compatible with 4K systems.

To upgrade a 4K system to accept the 2109, an extra
memory address multiplexer must be implemented to
replace the Chip Select (CS) input of the 4Ks. The
replacement circuitry is shown in the figure below, and
involves some gating to control the output of the
multiplexer during row and column address valid periods
and also some control to handle the multiplexer during
refresh operation.

COLUMN
ENABLE

A6 = ViH
S6000
$6002
S6064
S6066

Vee

i p—o
/\‘T’\

/.

A (TS)

TO MEMORY
As = ViL ARRAY
56001
56003
$6065
6067

ADDR 12 ———



intel
2111A/8111A-4*
256 x 4 BIT STATIC RAM

2111A-2 250 ns Max.
2111A 350 ns Max.
2111A-4 450 ns Max.

® Common Data Input and Output ® Fully Decoded: On Chip Address

= Single +5V Supply Voltage Decode

m Directly TTL Compatible: All Inputs and ® Inputs Protected: All Inputs Have Pro-
Output tection Against Static Charge

m Static MOS: No Clocks or Refreshing ® Low Cost Packaging: 18 Pin Plastic Dual
Required In-Line Configuration

m Simple Memory Expansion: Chip Enable ® Low Power: Typically 150 mW
Input B Three-State Output: OR-Tie Capability

The Intel® 2111A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and
simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow
easy selection of an individual package when outputs are OR-tied.

The Intel® 2111A is fabricated with N-channel silicon gate technology. This technology allows the design and production of
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either
conventional MOS technology or P-channel silicon gate technology.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost
plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL ® BLOCK DIAGRAM
Ao o——PF ] ®
— | ] -« Vce
Az 18 SVCC —1a, At "@—‘E 4-—0 GND
Az []2 17 JAs I PN o, |— A2 @ ROW MEVORY ARRAY
SELECT 32 COLUMNS
A ]s w6 JRW —1a, 10, — A3 OCD_K
A [ 150 ]CE, —1a, 10, f— na o@——ﬁ _—
as[]s 1410, — A, 110, L I I
. 13[]1/05 — A (@) ] co:ﬁ:.’wﬁ :'I:::TS
A7 12{Juo, —1a, 0o b— 1101 ® o > —
INPUT
ono []8 n[Jwo, 1A Vo2 ® — conTROL el el @ —i
oo[Jo 10[]cE, RAW CE, CE, 1/03 o-
] j]? T /0 : As  As A7
PIN NAMES | ]

Ag-Ay ADDRESS INPUTS __ @
oD OUTPUT DISABLE &1
RW READ/WRITE INPUT CE; ::D»
CE, CHIP ENABLE 1 R O -PpiN NUMBERS
CE, CHIP ENABLE 2
1/01- 1/05 DATA INPUT/QUTPUT (@
oD

*All 8111A-4 specifications are identical to the 2111A-4 specifications.
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ABSOLUTE MAXIMUM RATINGS* ‘COMMENT:

Stresses above those listed under "'Absolute Maximum
Ambient Temperature Under Bias . . . . . -10°C to 80°C Rating'' may cause permanent damage to the device. This
Storage Temperature . .. ........ _65°C to +150°C is a stress rating only and functional operation of the de-

vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
Power Dissipation . ................... 1 Watt ditions for extended periods may affect device reliability.

Voltage On Any Pin
With Respect to Ground . . ....... -0.5V to +7V

D.C. AND OPERATING CHARACTERISTICS
Ta =0°C to 70°C, Ve = 5V 5% , unless otherwise specified.

Symbol Parameter Min. | Typ.[1]| Max. Unit Test Conditions
I Input Load Current 1 10 MA Vin =010 5.25V
ILon 1/0 Leakage Current 1 10 A Output Disabled, V0 = 4.0V
lLoL 1/0 Leakage Current -1 -10 HA Qutput Disabled, V{,0=0.45V
lcer Power Supply 2111A, 2111A-4 35 55 Vin =5.25V
Current 2111A-2 25 T 66 | ™ | lyo=0mA, Ta=25°C
lec2 Power Supply 2111A, 2111A-4 60 VN =5.25V
Current 2111A-2 701 ™ | Ljo=0mA, Ta = 0°C
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 20 Vee \%
VoL Output Low Voltage 0.45 \% loL =2.0mA
Output High  2111A, 2111A-2 24 v lon =-200uA
VoH | Voltage 2111A4 | 24 V| Ton = -1504A
OUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE OUTPUT VOLTAGE
s W DA::I:BILNT TéMPERA’TURE - AMBITNTTE;IIPERA!TURE;FWC //,
T A4

|

70°C

| /
A\ | Y
_5 \\ Vo= 4.75V 5 _/

lon (MA)
Top (mA)

- Vec=475V — |
OUTPUT “HIGH" TYPICAL OUTPUT “LOW" TYPICAL
‘ !
| /,
‘\ l
0 - 0
1 2 3 4 0 05 10 15
Vow (VOLTS) Voo (VOLTS)

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
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2111A FAMILY

A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME)
READ CYCLE Tp =0°C to 70°C, V¢ = BV #5%, unless otherwise specified.
1]

Symbol Parameter Min. Typ. Max. | Unit Test Conditions

tRc Read Cycle 250 ns

ta Access Time 250 ns t,, ty = 20ns

tco Chip Enable To Output 180 ns Input Levels = 0.8V or 2.0V

top Output Disable To Output 130 ns Timing Reference = 1.5V

tpg [3] Data Output to High Z State 0 180 ns Load = 1 TTL Gate

tou Previous Read Data Valid 0 ns and C_= 100pF.
after change of Address

WRITE CYCLE

[1]

Symbol Parameter Min. Typ. Max. Unit Test Conditions

twe Write Cycle 170 ns

taw Write Delay 20 ns t,, t¢ = 20ns

tcw Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V
tow Data Setup 150 ns Timing Reference = 1.5V
tpH Data Hold 0 ns Load = 1 TTL Gate

twp Write Pulse 150 ns and C_= 100pF.
twr Write Recovery 0 ns

tps Output Disable Setup 20 ns

CAPACITANCE 1, - 25°C, f = 1MHz

Limits (pF)
Symbol Test Typ.[ T Max.
Cin Input Capacitance 4 8
(All Input Pins) V|5 = 0V
Cijo 1/0 Capacitance Vjjp = 0V 10 15
WAVEFORMS
READ CYCLE WRITE CYCLE

tre we
ADDRESS j )C ADDRESS D( )C

CHIP — o —> I CHIP tew
ENABLES /— ENABLES /
(CEA, CE2) (CE,. CE,)

— ~—too—> I
ouTPUT 4
ouTPUT toy —»|  je—
DISABLE OH DISABLE ___/
P -

typ —|
oF
ta +~— tos | Y

DW
>< DATA OUT >k DATA IN
DATA I/0 VALID DATA I/0 STABLE
e ———— - —_—— e ——
typ ————|— tyg—
READ/ /
WRITE

—taw —

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
3. tpF is with respect to the trailing edge of CEq, CEp, or OD, whichever occurs first.
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2111A FAMILY

2111A (350 ns ACCESS TIME)
A.C. CHARACTERISTICS

READ CYCLE Tp =0°C to 70°C, V¢ = 5V £5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
tRC Read Cycle 350 ns
ta Access Time 350 ns t, tr = 20ns
tco Chip Enable To Output 240 ns Input Levels = 0.8V or 2.0V
top QOutput Disabie To Output 180 ns Timing Reference = 1.5V
tpr [2] Data Output to High Z State 0 150 ns Load =1 TTL Gate
R Previous Read Data Valid 40 ns and C,_ = 100pF.
OH after change of Address

WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 220 ns
taw Write Delay 20 ns tr. t¢ = 20ns
tow Chip Enable To Write 200 ns Input Levels = 0.8V or 2.0V
ow Data Setup 200 s Timing Reference = 1.5V
tDH Data Hold 0 ns Load =1 -;TCL (ja‘::)() .
twp Write Pulse 200 ns and L= pF.
twr Write Recovery 0 ns
tps Output Disable Setup 20 ns

2111A-4 (450 ns ACCESS TIME)

A.C. CHARACTERISTICS

READ CYCLE Tp =0°Cto 70°C, Ve = 5V 5%, unless otherwise specified.
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
tre Read Cycle 450 ns
A Access Time 450 ns tr, t¢ = 20ns
tco Chip Enable To Output 310 ns Inpu.t Levels = 0.8V or 2.0V
top Output Disable To Output 250 ns Timing Reference = 1.5V
tpg (2] Data Output to High Z State 0 200 ns Load=1TTL Ga:;o .
. Previous Read Data Valid 20 . and C = 100pF.
OH after change of Address

WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 270 ns
taw Write Delay 20 ns t. tr = 20ns
tow Chip Enable To Write 250 ns lrtpu.t Levels = 0.8V or 2.0V
tow Data Setup 250 o Timing Reference = 1.5V
on Data Hold 0 e Load = 1 TTL Gate
twp Write Pulse 250 ns and C = 100pF.
twr Write Recovery 0 ns
tps Output Disable Setup 20 ns

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. tpF is with respect to the trailing edge of CE4, CE5, or OD, whichever occurs first.
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2112A
256 X 4 BIT STATIC RAM

2112A-2

250 ns Max.

2112A

350 ns Max.

2112A-4

450 ns Max.

m Single +5V Supply Voltage

® Directly TTL Compatible: All Inputs and
Outputs

m Static MOS: No Clocks or Refreshing
Required

m Simple Memory Expansion: Chip Enable
Input

m Fully Decoded: On Chip Address
Decode

® Inputs Protected: All Inputs Have Pro-
tection Against Static Charge

m Low Cost Packaging: 16 Pin Plastic Dual
In-Line Configuration

m Low Power: Typically 150 mW
m Three-State Output: OR-Tie Capability

The Intel® 2112A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and

simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (C?E) lead allows
easy selection of an individual package when outputs are OR-tied.

The Intel® 2112A is fabricated with N-channel silicon gate technology. This technology allows the design and production of
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either
conventional MOS technology or P-channel silicon gate technology.

PIN CONFIGURATION LOGIC SYMBOL
"
Az 16 [ JVee —Ja,
A ]2 15[ A —1a, 1o, —
a3 | JwE — A2 110, p—
A2 13 Jce % V03—
— A, 10, b—
As[]s 12[J1/04 A
—1 s
- [ 1 Jios —1a,
A7 10| Jio, R
o []s 9[Jwo, WE CE
PIN NAMES
Ag-A, ADDRESS INPUTS
WE WRITE ENABLE
CE CHIP ENABLE INPUT

1/0,-1/0, DATA INPUT/OUTPUT
Vec  POWER (+5V)

BLOCK DIAGRAM

Ao o@—m @®
@ | ] -——0 Ve
A —
<«——0 GND
MEMORY ARRAY
32 COLUMNS
®
A o—Py
® ||
e b —
| |
—  coLumN 1/0 CIRCUITS
101 ‘E COLUMN SELECT
(@) INPUT
1/o: lz DATA —ﬁ!
2 CONTROL J
S > — ® 6 0 _J
(12) As A A7
1104 e m ‘,ﬁ
_®
=D
O -rinnUMBERS
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RAM

2112A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . . . . . -10°C to 80°C

Storage Temperature

Voltage On Any Pin

With Respect to Ground . . .......

Power Dissipation

1 Wat

-65°C to +150°C

-0.5V to +7V

t

*COMMENT :

Stresses above those listed under "Absolute Maximum
Rating'' may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°Cto 70°C, V¢ = 5V 5% unless otherwise specified.

Symbol Parameter Min. Typ.m Max. Unit Test Conditions
['N] Input Current 1 10 MA Vin =0to 5.25V
lLoH 1/0 Leakage Current 1 10 UA Output Disabled, Vijo=4.0V
lLoL 1/0 Leakage Current -1 -10 HA Output Disabled, Vj;0=0.45V
lee Power Supply 2112A, 2112A-4 35 55 mA Vin =5.25V, 11,0 = OmA
Current 2112A-2 45 65 Tp = 25°C
leca Power Supply 2112A, 2112A4 60 mA ViN =5.25V, lj)0 = OmA
Current 2112A-2 70 Ta =0°C
Vi Input “Low” Voltage -0.5 0.8 \
ViH Input “High”" Voltage 2.0 Vce \%
VoL Output “Low’’ Voltage +0.45 \% loL =2.0mA
VoH Output “High”  2112A, 2112A-2| 2.4 \ lon = -200uA
Voltage 2112A-4| 2.4 \ loy = -150uA
A.C. CHARACTERISTICS FOR 2112A-2
READ CYCLE Tp =0°C to 70°C, V¢ = 5V #5% unless otherwise specified.
Symbol Parameter Min. |Typ.[']] Max. | Unit | Test Conditions
tRe Read Cycle 250 ns t,, t¢ = 20ns
tA Access Time 250 ns
tco Chip Enable To Output Time 180 ns Timing Reference = 1.5V
tcp Chip Enable To Output Disable Time 0 120 ns Load = 1 TTL Gate
toH Previous Read Data Valid After 40 ns and C_ = 100pF.
Change of Address

READ CYCLE WAVEFORMS

&e

(2]
CAPACITANCE T4 =25°C, f=1MHz

ADDRESS ’

<

INPUT/GUTPUT

ﬂ
CHIP ENABLE /
—

toy [e—o

Limits (pF)
Symbol Test Typ (1 Max.
Cin Input Capacitance 4
(All Input Pins) Vi = OV 8
Cio 1/0 Capacitance Vo = 0V 10 15
NOTES:

1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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2112A FAMILY

A.C. CHARACTERISTICS FOR 2112A-2 (Continued)
WRITE CYCLE #1 T =0°C to 70°C, V¢c =5V 5%

Symbol Parameter Min. | Typ. 1 Max. Unit Test Conditions

twer Write Cycle 200 ns t,, t¢ = 20ns

taAw1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tbw1 Write Setup Time 180 ns Timing Reference = 1.5V
twe1 Write Pulse Width 180 ns Load = 1 TTL Gate

tcs Chip Enable Setup Time 0 ns and C__ = 100pF.
tcH1 Chip Enable Hold Time 0 ns

twr1 Write Recovery Time 0 ns

1DH1 Data Hold Time 0 ns

tow Chip Enable To Write Setup Time 180 ns

WRITE CYCLE #2 Tp =0°Cto 70°C, V¢ = 5V #5%

Symbol Parameter Min. | Typ.L"]| Max. | Unit | Test Conditions

twc2 Write Cycle 320 ns t,, ty = 20ns

taw?2 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tbw2 Write Setup Time 180 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 120 ns Load = 1 TTL Gate
tes? Chip Enable Setup Time 0 ns and C_ = 100pF.
tCcH2 Chip Enable Hold Time 0 ns
twR2 Write Recovery Time 0 ns
tpH2 Data Hold Time 0 ns

WRITE CYCLE WAVEFORMS
WRITE CYCLE #1 WRITE CYCLE #2

twer twez

D ¢ X X X

| f—tesr ] teus — e— tesr fe— tepn
CHIP ENABLE tow CHIP ENABLE
tow—> ~towz >

DATA IN DATA IN

INPUT/OUTPUT STABLE * INPUT/OUTPUT STABLE
> l=—tom typy ——>| -« — ~—toH2

WE \ / WE \ /
< taw1 twer ypi—> DR — f~—twra —|

NOTE: 1. Typical values are for T = 25°C and nominal supply voltage.
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2112A FAMILY

A.C. CHARACTERISTICS FOR 2112A

READ CYCLE T, =0°Cto 70°C, Ve = 5V +5% unless otherwise specified.

Symbol Parameter Min. Typ.[” Max. | Unit Test Conditions
tRC Read Cycle 350 ns t,, t¢ = 20ns
tA Access Time 350 ns Input Levels = 0.8V or 2.0V
tco Chip Enable To Output Time 240 ns Timing Reference = 1.5V
tcp Chip Enable To Output Disable Time | 0 200 ns Load = 1 TTL Gate
o | GuiewapusVaka At o ] wac- oo,
WRITE CYCLE #1 Ta = 0°C to 70°C, Ve =5V 5%
Symbol Parameter Min. Typ.[” Max Unit Test Conditions
twct Write Cycle 270 ns t,, s = 20ns
taw1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
towi Write Setup Time 250 ns Timing Reference = 1.5V
twp1 Write Pulse Width 250 ns Load = 1 TTL Gate
test Chip Enable Setup Time 0 ns and C, = 100pF.
tcH1 Chip Enable Hold Time 0 ns
twR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
Towr Chip Enable to Write Setup Time 250 ns
WRITE CYCLE #2 Ta =0°C to 70°C, V¢ = 5V 5%
Symbol Parameter Min. Typ.[” Max. Unit Test Conditions
twez Write Cycle 470 ns t,, t¢ = 20ns
taw?2 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
w2 Write Setup Time 250 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 200 ns Load = 1 TTL Gate
tcs2 Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH2 Chip Enable Hold Time 0 ns
twRr2 Write Recovery Time 0 ns
toH2 Data Hold Time 0 ns |

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
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2112A FAMILY

A.C. CHARACTERISTICS FOR 2112A-4

READ CYCLE Tp = 0°C to 70°C, V¢ = 5V #5% unless otherwise specified.

Symbol Parameter Min. Typ.[11 Max. | Unit Test Conditions

trc Read Cycle 450 ns t,, tr = 20ns

ta Access Time 450 ns Input Levels = 0.8V or 2.0V
tco Chip Enable To Output Time 310 ns Timing Reference = 1.5V
tcp Chip Enable To Output Disable Time | 0 260 ns Load = 1 TTL Gate

ton [ retows ReadData Vlid Afer | 40 5

WRITE CYCLE #1 T, =0°C to 70°C, Ve = 5V 5%

Symbol Parameter Min. Typ.[” Max. Unit Test Conditions

twet Write Cycle 320 ns t,, tf = 20ns

tAW1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tow1 Write Setup Time 300 ns Timing Reference = 1.5V
twp1 Write Pulse Width 300 ns Load = 1 TTL Gate

test Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH1 Chip Enable Hold Time 0 ns

wR1 Write Recovery Time 0 ns

toH1 Data Hold Time 0 ns

tows Chip Enable to Write Setup Time 300 ns

WRITE CYCLE #2 T = 0°C to 70°C, V¢c = 5V #5%

Symbol Parameter Min. Typ.[” Max. Unit Test Conditions

twc2 Write Cycle 580 ns t,, t¢ = 20ns

taw2 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tow2 Write Setup Time 300 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 260 ns Load = 1 TTL Gate

tcso Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH2 Chip Enable Hold Time 0 ns
twR2 Write Recovery Time 0 ns
toH2 Data Hold Time 0 ns

NOTE:

1. Typical values are for Ta = 25°C and nominal supply voltage.
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2114
1024 X 4 BIT STATIC RAM

2114-2 2114-3 2114 2114L2 2114L3 2114L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370
High Density 18 Pin Package B Directly TTL Compatible: All Inputs
Identical Cycle and Access Times and Outputs
Single +5V Supply ® Common Data Input and Output Using

Three-State Outputs

B Pin-Out Compatible with 3605 and 3625
Bipolar PROMs

No Clock or Timing Strobe Required
Completely Static Memory

The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individual package when outputs are or-tied.

The 2114 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection against
contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A3 O] <_ Vee
AGE 1 18 :]Vcc —J A, @ @
- al . A > 3 ~<~—=—GND
s b ! ] Ag @ y—1 con “ | wemory array
W & 16 1A —*2 0) seeer | ® 64 ROWS
Nal ) —A, y As ® 3z . 64 COLUMNS
15 —
3 P —a, ©2 A; y—
A5 2114 14 Juo, A As N |
A [l 13| Jwo, ] Az 103 }— T I
ALl 12[ Juo, —a, 110, ___B—— % COLUMN 1/0 CIRCUITS
I 1o, —a, 110, }— /0, (E) j— weur COLUMN SELECT
ano[]o 10 JWEe —% 110 @ »_?—— CONTROL R
WE_ cs ®
110, j———
? ? @AO@A1@)A2@A9 [&
pis
PIN NAMES
Ag—Ay _ ADDRESS INPUTS Ve POWER (+5V) O = piN NUMBERS
WE WRITE ENABLE GND GROUND
[ CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT
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2114 FAMILY

ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the

Temperature Under Bias . ........... -10°C to 80°C . ; ,
P device. This is a stress rating only and functional opera-

o O
\S/t;)lrtzzz Izn;p:;a;:\re """""""" ~65 Cro+150°C tion 01.‘ the device at these or. any othetr conditio.ns abo.v?
With Respect to Ground . . . ... ..... _0.5V to +7V tho.se /n‘dicated./n t/‘1e operational sections of this SRGCIfI-
Power Dissipation .. ............iu.a.. 1.0W cation is not implied. Exposure to absolute maximum
D.C. OULPUL CUITENt  « v v e e e e e e eea 5mA rating conditions for extended periods may affect device

reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta =0°Cto 70°C, Vcc = 5V * 6%, unless otherwise noted.

2114-2, 2114-3, 2114 | 2114L2, 2114L3, 2114L
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typ.[1l Max. |UNIT CONDITIONS
I Input Load Current 10 10 MA Vin = 0 to 5.25V
(All input Pins)

ol 1/0 Leakage Current 10 10 MA CS=24yv,
Vo = 0.4V to V¢

lect Power Supply Current 80 95 65 mA VinN=5.25V, ljjp=0mA,
Ta=25°C

lec2 Power Supply Current 100 70 mA Vin=5.25V, lj)jo =0 mA,
Ta=0°C

ViL Input Low Voltage -0.5 0.8 -0.5 0.8

ViH Input High Voltage 2.0 6.0 2.0 6.0

loL Output Low Current 2.1 6.0 2.1 6.0 mA VoL = 0.4V

loH Output High Current -1.0 -1.4 -1.0 -14 mA Vou = 2.4V

los!2l Output Short Circuit 40 40 mA

S Current

NOTE: 1. Typical valuesare for Tp = 25°Cand Vg = 5.0V.
2. Duration not to exceed 30 seconds.

CAPACITANCE
Ta = 25°C,f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Output Capacitance 5 pF Vo =0V

. TEST NOTE: This circuit
Cin Input Capacitance 5 pF Vin =0V employs a self starting
oscillator and a charge
pump which require a
certain amount of time
after POWER ON to start
functioning properly. This
23114 circuit is conserva-
tively specified as requir-

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. CONDITIONS OF TEST

Input Pulse Levels . . ... ... ...ttt e 0.8 Volt to 2.4 Voit ing 500 usec after Vgg
. . reaches its specified

Input Riseand Fall Times . . . .. ..ottt ittt ettt et e e e e a 10 nsec limits (4.75V).

Inputand Output Timing Levels. . . . ... ...ttt it it eeee s 1.5 Volts

OQutput Load ... .. ...ttt i ittt ieennnn 1 TTL Gate and C_ = 100 pF
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2114 FAMILY

A.C. CHARACTERISTICS T4 =0°Cto 70°C, Ve = 5V * 5%, unless otherwise noted.

READ cYCLE [

21142, 2114L2 | 21143, 2114L3| 2114, 2114L
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT
tre Read Cycle Time 200 300 450 ns
ta Access Time 200 300 450 ns
tco Chip Selection to Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTD Output 3-state from Deselection 60 80 100 ns
toHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE [2
21142, 2114L2|2114-3, 2114L3 | 2114, 2114L
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT
twe Write Cycle Time 200 300 450 ns
tw Write Time 120 150 200 ns
twR Write Release Time 0 ] 0 ns
toTw Output 3-state from Write 60 80 100 ns
tpw Data to Write Time Overlap 120 150 200 ns
tpH Data Hold From Write Time 0 0 0 ns
NOTES:
1. A Read o=curs during the overlap of a low CSanda high Vﬁ
2. A Write occurs during the overlap of a Iowa and a low WE.
WAVEFORMS
READ CYCLE® WRITE CYCLE
® ADDRESS >( 3
ADDRESS D( X oy
O]
&\ X Z L
s SNk / ///
| *—— tcQ———»| |«—10TD @ \ \
\ /
<—tcx~—’| tOHA: WE k N 7
Dout N /| Ry
NOTES: Dour > >
@) WE is high for a Read Cycle. l—tow tou
@ If the CS low transition occurs simultaneously with the WE low
transition, the output buffers remain in a high impedance state. Din O( /\I\/ZVV\NW

@ WE must be high during all address transitions.
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2114 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED ty

NORMALIZED ta

lon (mA)

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE

1.2
1.1
1.0
\\
0.9
0.8
0.7
0.6
0.5
4.50 4.75 5.00 5.25 5.50
Vee (V)

NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE

1.2
11 —
1.0
0.9
0.8
0.7
0.6
0.5

100 200 300 400 500 600

Cy (pF)
OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE

40
30
20 \

10 \\

0

0 1 2 3 4

NORMALIZED tp

NORMALIZED lcc

loL (mA)

NORMALIZED ACCESS TIME VS,
AMBIENT TEMPERATURE

12
11
1.0 /
09
0.8
0.7
0.6
05
0 20 40 60 80
Ta €°C)

NORMALIZED POWER SUPPLY CURRENT
VS. AMBIENT TEMPERATURE

12

11

1.0

0.9

08 —

0.7

0.6

08 ] 20 40 60 80

Ta (°C)

OUTPUT SINK CURRENT
VS. QOUTPUT VOLTAGE

40

/

I

VoL (V)
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2115A, 2125A FAMILY
HIGH SPEED 1K X 1 BIT STATIC RAM

2115AL 2115A 2115AL-2 | 2115A-2
2125AL 2125A 2125AL-2 | 2125A-2

Max. TpA(ns) as 45 70 70

Max. Icc(mA) 75 125 75 125
= HMOS Technology = TTL Inputs And Outputs
= Pin Compatible To 93415A

i +
(2115A) And 93425A (2125A) " Single +5V Supply

Fan-Out Of 10 TTL (2115A Family) * Uncommitted Collector (2115A)
--16mA Output Sink Current And Three-State (2125A) Output

Low Operating Power Dissipation = Standard 16-Pin Dual In-Line
--Max.0.39mW/Bit (2115AL, 2125AL) Package

The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through-
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-
destructively and has the same polarity as the input data.

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents.
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the
2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction
in maximum power dissipation.

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead
allows easy selection of an individual package when outputs are OR-tied.

The 2115A and 2125A families are fabricated with HMOS, Intel’s High Speed N-channel MOS Silicon Gate Technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
CS D, WE
$ l é WORD 32x32
& 1 15 14 DRIVER ARRAY
Ag—2
A ] A—3
A " 1 l
A
a—{s
A
2 : Ay—6 SENSE AMPS CONTROL
AND LOGIC
A ] As—9 WRITE (SEE TRUTH Dour
A | DRIVERS TABLE)
A © *° @
Ay —11
Dour [} Ag—12 T
i
ano [ Ao —] 12 ,
ADDRESS ADDRESS
VCC = PIN16 b, DECODER DECODER
GND = PINB out
Frise  rrrty Lo
Ag A A, Ay A, Ag Ag A, Ag Ay S We o,
QPEEE® COORB © @
PIN NAMES TRUTH TABLE
CHIP SELECT SoTROT
U OUTPUT
Ao TOAg __ ADDRESS INPUTS INPUTS [0 iy | 21298 FaMILY MODE
WE WRITE ENABLE S ol oo ]
o oatamweur | e oour
Ow T W X X HIGH Z HIGH Z NOT SELECTED
Doyt L L U HIGH Z HIGH Z WRITE 0"
L L H HIGH Z HIGH Z WRITE "1~
T A X Dour Dout READ
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2115A, 2125A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. . ... ........ -10°C to +85°C *COMMENT: Stresses above those listed under “Absolute Maxi-

Storage Temperature . . .. .......... -65°C to +150°C mum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or

All Output or Supply Voltages """"" -0.5V to +7V at any other conditions above those indicated in the operational

All Input Voltages. . . . ............. -0.5V to +5.6V sections of this specification is not implied. Exposure to absolute

D.C.OUtPpUt CUrrent . . . oo oo e e e e e 20 mA maximum rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS!"2
Vee =5V 6%, Ta=0°Cto 75°C

Symbol Test Min. Typ. Max. Unit Conditions

VoL1 2115A Family Output Low Voltage 0.45 \% loL=16 mA

VoL2 2125A Family Output Low Voltage 0.45 \% loL=7mA

ViH Input High Voltage 2.1 \%

ViL Input Low Voltage 0.8 \Y

I Input Low Current -0.1 -40 HA Vce = Max., Viy = 0.4V

I Input High Current 0.1 40 MA Vce = Max., Viy = 4.5V

lceEx 2115A Family Output Leakage Current 0.1 100 MA Ve = Max., Voyt = 4.5V
[lorel | 2125A Family Output Current (High Z) 0.1 50 MA Ve = Max., Voyut = 0.56V/2.4V

131 2125A Family Current Short Circuit

|os -100 mA VCC = Max.

to Ground
VoH Family Output High Voltage 2.4 \% loy=-3.2mA
Power Supply Current:
| lect1: 2116AL, 2115AL-2, 2125AL, 60 75 mA | All Inputs Grounded, Output
cc 2125AL-2 Open
lcc2: 2115A, 2115A-2, 2125A, 2125A-2 100 125 mA
NOTES:

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical thermal
resistance values of the package at maximum temperature are:

6 (@ 400 fpyy air flow) = 45°C/W

04A (still air) = 60°C/W

6jc =25°C/W
2. Typical limits are at Voc = 5V, Ta = +25°C, and maximum loading.
3. Duration of short circuit current should not exceed 1 second.
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2115A, 2125A FAMILY

2115A FAMILY A.C. CHARACTERISTICS!"? v = 5V £5%, T = 0°C to 75°C

READ CYCLE
2115AL Limits | 2115A Limits [2115AL-2 Limits|2115A-2 Limits
Symbol Test Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max. |Min. Typ. Max.|Units
tacs Chip Select Time 5 15 30 5 15 30 5 15 30 5 15 40 | ns
tRcs Chip Select Recovery Time 10 30 10 30 10 30 10 40 | ns
taAA Address Access Time 30 45 30 45 40 70 40 70 | ns
Previous Read Data Valid After
tow Change of Address 10 10 10 10 ns
WRITE CYCLE
Symbol Test Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.; Min. Typ. Max.|Units
tws Write Enable Time 10 25 10 30 10 25 10 40
twr Write Recovery Time 0 25 0 30 0 25 0 45 | ns
tw Write Pulse Width 30 20 30 10 30 15 50 15 ns
twsp Data Set-Up Time Prior to Write 0 -5 5 -5 0 -5 5 -5 ns
tWHD Data Hold Time After Write 5 0 5 0 5 0 5 0 ns
twsA Address Set-Up Time 5 0 5 0 5 0 15 0 ns
tWHA Address Hold Time 5 0 5 0 5 0 5 0 ns
twscs Chip Select Set-Up Time 5 0 5 0 5 0 5 0 ns
twHCS Chip Select Hold Time 5 0 5 0 5 0 5 0 ns
A.C. TEST CONDITIONS
Vee
30062
2115A
Dour
<
$ fooe ?l‘:lp;wnmc \ 10%
SCOPE AND 3.5Vpp
JIG) \ 90%
= GND= = :< 10ns —= < 10ns
READ CYCLE WRITE CYCLE
| _ Z
AgAg X s }Y 7
|
S s X X
Bour . UNDEFINED DATA VALID <—lw—>L '

PROPAGATION DELAY FROM CHIP SELECT

< tes + = taes ]

o —_\'\_/{—

(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V)

Doyt
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. 2115A,2125A FAMILY

2125A FAMILY A.C. CHARACTERISTIcS!2
READ CYCLE

Ve = BV 5%, Ta = 0°C to 76°C

2125AL Limits | 2125A Limits [2125AL-2 Limits| 2125A-2 Limits
Symbol Test Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max.|Min. Typ. Max.|Units
tacs Chip Select Time 5 15 30 5 15 30 5 15 30 5 15 40 | ns
tzRCs Chip Select to HIGH Z 10 30 10 30 10 30 10 40 | ns
taa Address Access Time 30 45 30 45 40 70 40 70 | ns
Previous Read Data Valid After
ton Change of Address 10 10 10 10 ns
WRITE CYCLE
Symbol Test Min. Typ. Max.|{Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.|Units
tzws Write Enable to HIGH Z 10 25 10 30 10 25 10 40 | ns
twr Write Recovery Time 0 25 0 30 0 25 0 45 | ns
tw Write Pulse Width 30 20 30 10 30 10 50 15 ns
twsD Data Set-Up Time Prior to Write 0 -5 5 -5 0 -5 5 -5 ns
tWHD Data Hold Time After Write 5 0 5 0 5 0 5 0 ns
twsA Address Set-Up Time 5 0 5 0 5 0 15 0 ns
tWHA Address Hold Time 5 0 5 0 5 0 5 0 ns
twscs Chip Select Set-Up Time 5 0 5 0 5 0 5 0 ns
twHCs Chip Select Hold Time 5 0 5 0 5 0 5 0 ns
A.C. TEST CONDITIONS
51082
2125A
Dour
3009 30pF
(INCLUDING
SCOPE AND
JIG)
READ CYCLE WRITE CYCLE
& \ Y/
AgAg B . 7
o X X
Din *
Dour DATA VALID —— ty—
WE L
PROPAGATION DELAY FROM CHIP SELECT 5o |es .
cs 1.5V
— twysa —»| < tWHA -
[ twscs ———| e ‘:_—.—— twHes ——
Dout "/, HiGH 2

Dour 'HIGH Z

{ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V)
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2115A, 2125A FAMILY

2125A FAMILY WRITE ENABLE TO HIGH Z DELAY

5V )
WE
71 WRITE ENABLE 15V
3 7500
oout § e | fm————m
HIGH Z
21250 | 5003 =< 5pr oATA QUTROT O LEVEL L]- 05v
) “1" LEVEL
Dy ——— } o
= DATA QUTPUT T—} 5\,/%”2
) U p=tival
LOAD1
2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH 2
cs
CHIP SELECT 15V
D 'ZRes | [T —
DATA DUToPgl “0” LEVEL ’L___—_} O.SCIGH z
1" LEVEL }
— 0.5v
D
DATA outopgl T_ _ hiaiz
(ALL tzxxx PARAMETERS ARE MEASURED AT A DELTA
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.)
2115A/2125A FAMILY CAPACITANCE* Vcc=5V, f=1MHz, T =25°C
2115A Family 2125A Family
SYMBOL TEST LIMITS LIMITS UNITS TEST CONDITIONS
TYP. MAX. TYP. MAX.
Cy Input Capaéitance 3 5 3 5 pF All Inputs = 0V, Output Open
Co Output Capacitance 5 8 5 8 pF CS = 5V, All Other Inputs = 0V,
Output Open
*This parameter is periodically sampled and is not 100% tested.
TYPICAL CHARACTERISTICS
icc VS. TEMPERATURE lcc VS. Vee ACCESS TIME VS. TEMPERATURE
110 T 110 70
—~— 21154, 211542
e \21&125* ] 1 2115A, 21152 *
I — 2125A: ZlZSA:Z 2115AL-2, 2115A-2 o
20 920 50 2125AL-2, 2125A-2
L1
z ® 3w 7 |
= - = —
8 7 8 2 E‘ 30 ]
|
— 2115AL, 2115AL-2 ——T""| 2115aL.21154
60 I~ 2125AL, 2125AL-2 ] 60 20 2125AL, 2125A T
2115AL, 2115AL-2
—~ 2125AL, 2125AL-2
50 50 10
0“ o" Ta=25°C o Vg =5V
0 10 20 30 40 50 6 70 80 o 1 2 3 4 5 6 7 8 0 10 20 30 40 S 6 70 8

TEMPERATURE (°C)

Vee (V)
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intel

2115H, 2125H FAMILY
HIGH SPEED 1K x 1 BIT STATIC RAM

m HMOS II Technology m TTL Inputs and Outputs
B 25-35ns Maximum Access Time m Single +5V Supply
m 125mA Maximum Icc ® Uncommitted Collector (2115H) and
m Pin Compatible to 93415A (2115H) and Three-State (2125H) Output
93425A (2125H) m Standard 16-Pin Dual In-Line Package

The Intel® 2115H and 2125H families are high-speed, 1024 words by 1 bit random access memories. Both open collector
(2115H), and three-state output (2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry
throughout — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read
out non-destructively and has the same polarity as the input data.

The 2115H and 2125H families are fully compatible with 1K Bipolar Static RAMs yet offer significant reductions in power
The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS)
lead allows easy selection of an individual package when outputs are OR-tied.

The 2115H and 2125H families are fabricated with Intel's N-channel HMOS II Silicon Gate Technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
‘13 O WE
l cL WORD 32x32
& 115 14 DRIVER ARRAY
A—2
Ao ] A—3
S a4 T l
A
3 —]5
A,
2 As—]6 SENSE AMPS CONTROL
AND LOGIC
A ] As—9 WRITE (SEE TRUTH Dour
A—lo DRIVERS TABLE) 0)
A ¢
A —11
Bour [ Ag—]12 T
ano [} A —]13 5
l ADDRESS ADDRESS
Vee = PIN16 o DECODER DECODER
GND = PINB out
Preer  rrrrt
Ag Ay A, Ay A, Ag Ag A; Ag Ag Cs  WE Dy

(0606000 DIEE) 0 @

TRUTH TABLE

PIN NAMES INPUTS |5110H Pty | 21200 FAmILY MODE
CHIP SELECT CS_WE Dy Dout Dour
ADDRESS INPUTS H X X HIGH Z HIGH Z NOT SELECTED
WRITE ENABLE [ HIGH Z HIGH 2 WRITE 0"
DATA INPUT L L A HIGH Z HIGH Z WRITE "1~
DATA OUTPUT U H X Dout Dout READ
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2117 FAMILY
16,384 x 1 BIT DYNAMIC RAM

2117-2 2117-3 2117-4
Maximum Access Time (ns) 150 200 250
Read, Write Cycle (ns) 320 375 410
Read-Modify-Write Cycle (ns) 330 375 475

Industry Standard 16-Pin Configuration
1+10% Tolerance on All Power Supplies:
+12V, +5V, -5V

Low Power: 462mW Max. Operating,
20mW Max. Standby

Low Ipp Current Transients

All Inputs, Including Clocks,

B Non-Latched Output is Three-State,
TTL Compatible

m RAS Only Retresh

m 128 Refresh Cycles
Required Every 2ms

m Page Mode Capability

m CAS Controlled Output

TTL Compatible Allows Hidden Refresh

The Intel® 2117 is a 16,384 word by 1-bit Dynamic MOS RAM fabricated with Intel's standard two layer polysilicon NMOS
technology — a production proven process for high performance, high reliability, and high storage density.

The 2117 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low
current transients and +10% tolerance on all power supplies contribute to the high noise immunity of the 2117 in asystem
environment.

Multiplexing the 14 address bits into the 7 address input pins allows the 2117 to be packaged in the industry standard 16-pin
DIP. The two 7-bit address words are latched into the 2117 by the two TTL clocks, Row Address Strobe (RAS) and Column
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique
while maintaining high performance.

The 2117 three-state output is controlled by CAS, independent of RAS. After avalid read or read-modify-write cycle, datais
latched on the output by holding CAS low. The data out ut pin is returned to the high impedance state by returning CASto
a high state. The 2117 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to
execute RAS-only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ap through Ae
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

<—Vsg

Ag—> 10F 64 — Voo

64 x 128 CELL
MEMORY ARRAY

~—— Vpg

Vee

ROW
DECODERS

Ay 7817 128 SENSE AMPLIFIERS
LATCH 1 OF 64 COLUMN
DECODERS

Dour
Az—=1 ROW

BUFFER

10F21/0
GATING
OUTPUT

AND
A, —| coLumn
N 1or S 64 x 128 CELL
Ag—>] peconers | MEMORY ARRAY

PIN NAMES

ADDRESS
GATING
[}
Ag-Ag ADDRESS INPUTS WE  WRITE ENABLE
TAS  COLUMN ADDRESS STROBE Veg POWER (-5V. . CLOCK CLOCK WRITE DATA
88 L5V RAS —| GENERATOR GENERATOR ENABLE INPUT
Dy DATAIN Vcc  POWER (+5V)

NO. 1 NO.2 BUFFER LATCH
Dour DATAOUT Vop  POWER (+12V) m__—r r
RAS  ROW ADDRESS STROBE Vss GROUND WE

N
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2117 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ... -10°Cto+80°C
Storage Temperature ............. -65°Cto+150°C
Voltage on Any Pin Relative to Ves

(Vss-VBB=4V) .. ...covviiiiiiinnn. -0.3Vto+20V
Data Out Current ............ccciviiieinnnnn. 50mA
Power Dissipation ........... ..ol 1.0W

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating"' may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!"?
Ta=0°C to 70°C, Vpp = 12V £10%, Vcc = 5V £10%, Ve = -5V +10%, Vss = 0V, unless otherwise noted.

Limits

Symbol Parameter Min. |Typ.®| Max. |Unit| Test Conditions Notes
[t Input Load Current (any input) 0.1 10 | uA|VIN=Vssto7.0V,VBe=-5.0V .
|lLol Output Leakage Current for Chip Deselected: CAS at ViH,

High Impedance State 0.1 10 | wA|Voutr =0to 55V
Ibp1 Voo Supply Current, Standby 1.5 | mA|CAS and RAS at Vi 4
IBB1 Vs Supply Current, Standby 1.0 50 | uA
Icct Vcc Supply Current, Output

Deselected 0.1 10 | A [CAS at ViH 5

IpD2 Vop Supply Current, Operating

35 | mA|2117-2, trc = 375ns, tras = 150ns 4,6

35 | mA|2117-3, trc = 375ns, tras = 200ns

33 | mA|[2117-4, trc = 410ns, tras = 250ns 4

IBB2 Ves Supply Current, Operating,

RAS-Only Refresh, Page Mode 150 | 300 | uA|Ta=0°C
IpD3 Vop Supply Current, RAS-Only 27 | mA|2117-2, trc = 375ns, tras = 150ns 4,6
Refresh 27 | mA[2117-3, tac = 375ns, tras = 200ns | 4
26 | mA|[2117-4, trc = 410ns, tRas = 250ns 4
Iops Vop Supply Current, Standby, 1.5 3 | mA|CAS at ViL, RAS at Vin

Output Enabled

ViL Input Low Voltage (all inputs) -1.0 08 |V
ViH Input High Voltage (all inputs) 2.4 60 | V
VoL Output Low Voltage 0.4 V |loL=4.2mA 4
VoH Output High Voltage 2.4 V |loH =-5mA
NOTES:
1. All voltages referenced to Vss.

2. No power supply sequencing is required. However, Vpp, Vcc and Vss should never be more negative than -0.3V with respectto Ves as

required by the absolute maximum ratings.

(S0 )

. Typical values are for Ta = 25°C and nominal supply voltages.
. See the Typical Characteristics Section for values of this parameter under alternate conditions.
. lcc is dependent on output loading when the device outputis selected. Vcc is connected to the output buffer only. Vcc may be reduced

to Vss without affecting refresh operation or maintenance of internal device data.
6. For the 2117-2 at trc = 320ns, tras = 150ns, Ipp2 max. is 45mA and Ippa max. is 31mA.
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2117 FAMILY

TYPICAL SUPPLY CURRENT WAVEFORMS

RAS/CAS

LONG RAS/CAS

RAS ONLY REFRESH

ViH

75
3 A
(m. 50

h

75

50

25

IsB ° A

A Al A

(mA) A v
L'

-50

-75

125

100 A
75

Iss
(mA)

oA
[

25

A
\

N | "

il
W

\\

A W

0
0 100 200 300 400 500 0 100

TIME(ns)

200 300

400

TIME(ns)

vV
100 200 300 400 500
TIME(ns)

500 600 700 800 900 0

Typical power supply current waveforms vs. time are
shown for the RAS/CAS timings of Read/Write, Read/
Write (Long RAS/CAS), and RAS-only refresh cycles. Ipp
and Igs current transients at the RAS and CAS edges
require adequate decoupling of these supplies. Decoup-
ling recommendations are provided in the Applications
section.

CAPACITANCE!""

The effects of cycle time, Vpp supply voltage and ambient
temperature on the Ipp current are shown in graphs
included in the Typical Characteristics Section. Each
family of curves for Ipp1, Ibp2, and Ipps is related by a
common point at Vpp = 12.0V and Ta =25°C for two given
tras pulse widths. The typical Ipp current for a given
condition of cycle time, Vbp and Ta can be determined by
combining the effects of the appropriate family of curves.

Ta = 25°C, Vpp = 12V£10%, Vcc = 5V+10%, Ves = -5V+10%, Vss = 0V, unless otherwise specified.

Symbol Parameter Typ. Max. Unit

Ci1 Address, Data In 3 5 pF

Ci2 RAS Capacitance, WE Capacitance 4 7 pF

Ci3 CAS Capacitance 6 10 pF

Co Data Output Capacitance 4 7 pF
NOTES:

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C= % with AV equal to 3 volts and power supplies at nominal levels.
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2117 FAMILY

A.C. CHARACTERISTICS 2%
Ta =0°C to 70°C, Vpp = 12V £10%, Vcc = 5V +10%, VBB = -5V £10%, Vss = 0V, uniess otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2117-2 2117-3 2117-4

Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Unit | Notes

tRAC Access Time From RAS 150 200 250 | ns | 4,5

tcac Access Time From CAS 100 135 165 | ns | 4,56

tREF Time Between Refresh 2 2 2 ms

tRP RAS Precharge Time 100 120 150 ns

tcen CAS Precharge Time(non-pagecycies)| 25 25 25 ns

tcrp CAS to RAS Precharge Time -20 -20 -20 ns

tRCD RAS to CAS Delay Time 20 50 25 65 35 85 ns 7

tRSH RAS Hold Time 100 135 165 ns

tcsH CAS Hold Time 150 200 250 ns

tASR Row Address Set-Up Time 0 0 0 ns

tRAH Row Address Hold Time 20 25 35 ns

tasc Column Address Set-Up Time -10 -10 -10 ns

tCAH Column Address Hold Time 45 55 75 ns

tAR Column Address Hold Time, to RAS| 95 120 160 ns

tr Transition Time (Rise and Fall 3 50 3 50 3 50 ns 8

toFF Output Buffer Turn Off Delay 0 50 0 60 0 70 ns
READ AND REFRESH CYCLES

tRC Random Read Cycle Time 320 375 410 ns

trAs RAS Pulse Width 150 10000 { 200 10000 { 250 10000 ns

tcas CAS Pulse Width 100 10000 | 135 10000 { 165 10000 | ns

trRcs Read Command Set-Up Time 0 0 0 ns

tRCH Read Command Hold Time 0 0 0 ns
WRITE CYCLE

tRC Random Write Cycle Time 320 375 410 ns

tRAS RAS Pulse Width 150 10000 | 200 10000 | 250 10000 | ns

tcas CAS Pulse Width 100 10000 | 135 10000 | 165 10000 | ns

twecs Write Command Set-Up Time -20 -20 -20 ns 9

twcH Write Command Hold Time 45 55 75 ns

twcr | Write Command Hold Time, to RAS | 95 120 160 ns

twp Write Command Pulse Width 45 55 75 ns

tRWL Write Command to RAS Lead Time | 60 80 100 ns

tewL Write Command to CAS Lead Time | 60 80 100 : ns

tos Data-in Set-Up Time 0 0 0 ns

toH Data-In Hold Time 45 55 75 ns

tDHR Data-In Hold Time, to RAS 95 120 160 ns
READ-MODIFY-WRITE CYCLE

tRWC Read-Modify-Write Cycle Time 330 375 475 ns

tRRW RMW Cycle RAS Pulse Width 185 10000 | 245 10000 | 305 10000 | ns

tcrRw RMW Cycle CAS Pulse Width 135 10000 | 180 10000 | 230 10000 | ns

tRwWD RAS to WE Delay 120 160 200 ns 9

tcwo | CAS to WE Delay _ 70 95 125 ns

Notes: See following page for A.C. Characteristics Notes. ~
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READ CYCLE tRe l
trAs trp
VIH \
RAS 6 /.
Vi \@ /
t, |
torp 5 csH - teen
treD RSH
_ Vin [©) tcas Z
CAsS i, A /
tAR
taASR {e—>{ |«—tRAH—>| lt-tasc le———tean ——> .
T X AN 4
ROW COLUMN
ADDRESSES %{ ADDRESS )( >< ADDRESS
[N
|<—' tres <——| 'Rcu®
= &
WE
VIL
tcac
tRAC torF
o
o Vou HIGH ® 7l vaup ®
ouT
Vo IMPEDANCE ® DATA OUT )_
WRITE CYCLE tre
tRAs tep
® \
A\ \@ p
. tcrp e CSH Tepn
tRCD tRsH
I @
H \ tcas Z
s / \\\ 10 J
tAR
tasr *—Huu—»! tasc tcAH —>|
v,
H ©) ROW COLUMN
ADDRESSES X (2| AoDRESS | | ADDRESS
n
tRwi
Towe
. VIH (<— tycs —>| - tweH /
L % w /
twer
|.—@ tps—» 4__‘.__1‘)"@_.|
v,
DIN X @ K
Vie ; { @ 7
t
toHR
o Vou HIGH
uT Vou IMPEDANCE
NOTES: 1,2. Vi min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

34.
torr IS MEASURED TO lour < |iLol

wNo o

tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
trcH IS REFERENCED TO THE TRAILING EDGE OF C CAS OR RAS, WHICHEVER OCCURS FIRST.
. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

Vou min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyrt.

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

A.C. CHARACTERISTICS NOTES (From Previous Page)

1. All voltages referenced to Vss.

2. Eight cycles are required after power-up or prolonged periods
(greater than 2ms) of RAS inactivity before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

3. A.C. Characteristics assume tT = 5ns.

4. Assume that trcp < trcp (max.). If trep is greater than trco
(max.) then trac will increase by the amount that trcp exceeds
trcD (max.).

5. Load = 2 TTL loads and 100pF.

6. Assumes trcD = trep (max.).
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7.

trcp (max.) is specified as a reference point only; if trcp is less
than trcp (max.) access time is trac, if tRcp is greater than trco
(max.) access time is tRcD + tcac.

. tT is measured between ViH (min.) and ViL (max.).
. twcs, tcwp and trwp are specified as reference points only. If

twcs = twes (min.) the cycle is an early write cycle and the data
out pin will remain high impedance throughout the entire
cycle. If tcwp = tcwp (min.) and trRwb = trwp (min.), the cycle is
a read-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above
conditions is satisfied, the condition of the data out is
indeterminate.



2117 FAMILY

WAVEFORMS
READ-MODIFY-WRITE CYCLE

tRwe

tRaw

RAS

tesH
RP =
_.' N tReD tRsH le——tepy
Viu \\\ tcrw z
@ f SN\\O)
taR t
[ tRwL ——>|
et traly
tasr tasc e tcaH towe
Vin ROW COLUMN
ADDRESSES \, ' y ©) ADDRESS K opres K
T
® f [
tRes ‘i“‘" tewo f—— typ ——|
WE i 0% \ /
[N
(=— toH _—>|
@ tos] -
Dy UM () pATAIN
N v, VALID
tcac @
tRAC - F"orr
o, Vou HIGH @) VALID b ®
OUT vor IMPEDANCE @3 DATA OUT )

RAS-ONLY REFRESH CYCLE

tRC

thas tre

A Vi @ ®  —
— 'cav

|

tash | trAH —>

Vin
ADDRESSES [T ‘g
e

Vou HIGH
VoL IMPEDANCE

Dour

HIDDEN REFRESH CYCLE

~ le—— tras ~——»| tgp——a] |e——tgas —>] le—tras e

—

= tcen

®
{
¥
J_
1

M- tRAH [>T tcan T~ tRAH je—s- traH
tasg > - '«ux tasr—] [=— tasp—>] je—

) —+
ROW COLUMN ROW ROW
ADDRESSES v Auonfssx ESS ADDRESS ADDRESS
nw
| k_'f’
@ tres —>| (et tRCH @
46

" _ Q@ \_

le—>ttcac
[*——tRac — [ toFF
Vou @ iy @
Dout @ VALID DATA
Vou

NOTES: 1,.2.Vjy un AND Vyi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vg, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy.
5. torf ISMEASURED TO lout < [ILol
6.tps AND tp ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcpp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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TYPICAL CHARACTERISTICS!"

trac (Vop)/trac (Vpp = 12.0V)

25°C)

trac (Tal/trac (Ta

Ipp2 — SUPPLY CURRENT (mA)

GRAPH 1
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vpp
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GRAPH 7
TYPICAL OPERATING CURRENT
Ipp2 VS. trc
50
Ta=25°C
Vpp = 12.0V
40 Vas = -5.0V ]
30
20 S
\ tras = 500ns
10 *
tRAS = 200ns
0
200 400 600 800 1000

tre — CYCLE TIME (ns)

Ipp1 — SUPPLY CURRENT (mA) trac (Ves)/trac (Veg = ~5.0V)

Ipp2 — SUPPLY CURRENT (mA)

GRAPH 2
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vgg

GRAPH 3
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vce
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NOTES: See following page for Typical Characteristics Notes.
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TYPICAL CHARACTERISTICS "

Ippa — SUPPLY CURRENT (mA) Ipp3 — SUPPLY CURRENT (mA)

lon — OUTPUT SOURCE CURRENT (mA)

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT
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50 l
Ta=25°C
Vpp = 12.0V
O vpg=-50v
30
20
10 \ ‘f“}s =500ns
tras = 200ns
° |
200 400 600 800 1000
tae — CYCLE TIME (ns)
GRAPH 13
TYPICAL PAGE MODE CURRENT
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GRAPH 16
TYPICAL OUTPUT SOURCE CURRENT
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GRAPH 11
TYPICAL RAS ONLY
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GRAPH 12
TYPICAL RAS ONLY
REFRESH CURRENT
1pD3 VS. AMBIENT TEMPERATURE
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NOTES:

1. Thecycle time, Vpp supply voltage, and
ambient temperature dependence of Ipp1,
IpD2. IDD3 and Ipp4 is shown in related
graphs. Common points of related curves
are indicated:
® Ipp1@Vpp=13.2V,Tp=0°C
B Ipp2orIpp3 @ tRAs = 200ns, tRc =

375ns, Vpp = 12.0V, Tp = 25°C
A Ippoorlpp3 @ tgas = 500ns, tRc =
750ns, Vpp = 12.0V, Ta = 25°C
O 1pps @ tcas = 135ns, tpe = 225ns,
Vpp = 12.0V, Ta = 25°C
A Ipp4 @ tcas = 350ns, tpg = 500ns,
Vpp = 12.0V, Tp = 25°C
The typical |pp current for a given com-
bination of cycle time, Vpp supply
voltage and ambient temperature may be
determined by combining the effects of
the appropriate family of curves.
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE /3"
Ta =0°C to 70°C, Vpp = 12V+10%, Vcc = 5V+10%, Ve = -5V+10%, Vss = 0V, unless otherwise noted.
For Page Mode Operation order 2117-2 S6053, 2117-3 S6054, or 2117-4 S6055.

2117-2 2117-3 2117-4
$6053 S$6054 $6055
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes
trc Page Mode Read or Write Cycle 170 225 275 ns
trcm Page Mode Read Modify Write 205 270 340 ns
tce CAS Precharge Time, Page Cycle| 60 80 100 ns
trPM RAS Pulse Width, Page Mode 150 {10,000 | 200 | 10,000 | 250 | 10,000 ns
tcas CAS Pulse Width 100 {10,000 | 135 | 10,000 | 165 | 10,000 ns
IDD4 Vop Supply Current Page Mode, 38 30 26 mA 9
Minimum tpc, Minimum tcas
WAVEFORMS
PAGE MODE READ CYCLE
tRPM
tAR
—
wh ONe
w
tesH tRsH tre
tcrp—> |— tpc
o le— trco ‘CAsP tetcp i |[&——tcas le——tcas tepn
—— Vine
cas Vie @ \ @ 12 \ \_
[+ tRAH| [>T tcaH tcan tcan
tASR—»] |at— l'ASC tasc —» |at— tasc —
ADDRESSES \"/': @X s coL X Sop ’ Db
® ‘ ! L
—»| j— trCs r—tRes
'Rcs——»' e @ 'ncn—»——>l<—— tReH —>| fe— tRCH —»] '4——
— Vinc L
"/ \
"‘-"“CAC_"_’ % te— tcac [e— tcac
tRAC e [+—torF torF
Vou @) @
Pout o, @) F

NOTES:

1,2. Vi min AND Vy yax ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt
5. torf IS MEASURED TO louT < flLol.
6. trcH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
7. ALL VOLTAGES REFERENCED TO Vss.

8. AC CHARACTERISTIC ASSUME tr

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER

= 5ns.

UNDER ALTERNATE CONDITIONS. o .
10. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 2117-3, $6054 WILL OPERATE AS A 2117.3).
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PAGE MODE WRITE CYCLE

tRPM
tAR
AS Vine @SK
Vie Q| x 4
e tesn tRSH trp—>|
@) tcre ’—,— tec
re—trcp tcas tep> [e——tcas—— tcas tcPN
—— ViHe [©) \ 31
CAS \ S /
Vi @ N~ /
tRAH | |e>-tcan tcaH tcan
tasr ®-I e~ | — [~ tasc tasc —>‘ le— tasc —>1 tat—
‘@
Vin ROW coL coL coL
ADDRESSES Vie DI ADD \| ADD ADD ) ADD
¢ ¥ f ;
@ I—*— twen l“wcn-»‘ '*‘wcu -
twes —=f je— twes twes —»| fe—
towe towr towL
— Vi * ® / Jﬁ / * /
WE
Vi L@ s X
® tw ’ [ tyyp —>| @ f— tyyp —» 4-—lwpt—>'
[ fwer RWL
tps -,-—I ton Aﬂ ps - tou tps le—— topy —|
{ e
o VH VALID VALID VALID
N v, DATA DATA . DATA
1 |
toHR

PAGE MODE READ-MODIFY-WRITE CYCLE

tRPM tre
— Vm
RAS [©) h
Vi @
tes = tcp > tepn —
tcRp —
@ "’ < tRcD tcRwW e AW ————} topw ————>
=u /l “Ne \ /[ i /
Vi
e,
l g, et tcan e towe | (>t Tcan f— towL——>] tcan r—'cm—»
tasr > Lq— = tasc tasc| f— tasc >t
—
Vin ROW coL coL’ coL
ADDRESSES |, ™ ®x ADD ADD ADD ADD
T
@ tRwD r<— tRCS {— tRCS
‘Rcs*l <— |«—— towp —> (=— twp. fo—— tewp——>] | twp - F‘cwp#»i —twp
Vi ©) \ R
Wi
A @ \ ;
——ton (§) >t ton fe—at— 1o
® tos—| |« tos > b -
o Vi DATA IN DATA IN DATA IN
v, @/\ VALID VALID VALID
{=— tcac —>| tcac - 'CAC_“‘
e tac topF >l je— _ﬂ topF—> | topr—> e

Doys VOH HIGH ® VALID ® VALID VALID
oUT voL IMPEDANCE ® DATA OUT DATA OUT DATA OUT

NOTES: 1.2 Vi miny AND Vy max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND VoL max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy
5. tofF ISMEASURED TO loyt < [lLol-
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. _
7. tcrp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (ie., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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APPLICATIONS
READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

Device access time, tacc, is the longer of the two
calculated intervals:

1. tacc =trac OR 2. tacc =trcp + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trRcp, are system dependent timing
parameters. For example, substituting the device para-
meters of the 2117-3 yields:

3. tacc = trac = 200nsec for 25nsec <trcp <65nsec

OR
4. tacc = trep + tcac = trep + 135 for trep > 65nsec

Note that if 25nsec <trcp <65nsec device access time is
determined by equation 3 and is equal to trac. If trcL
>B5nsec, access time is determined by equation 4. This
40nsec interval (shown in the trcp inequality in equation 3)
in which the falling edge of CAS can occur without
affecting access time is provided to allow for system
timing skew in the generation of CAS.

REFRESH CYCLES

Each of the 128 rows of the 2117 must be refreshed every 2
milliseconds to maintain data. Any memory cycle:

1. Read Cycle

2. Write Cycle (Early Write, Delayed Write or Read-
Modify-Write)

3. RAS-only Cycle

refreshes the selected row as defined by the low order

(RAS) addresses. Any Write cycle, of course, may change

the state of the selected cell. Using a Read, Write, or Read-

Modify-Write cycle for refresh is not recommended for

systems which utilize “wire-OR” outputs since output bus

contention will occur.

A m-only refresh cycle is the recommended technique
for most applications to provide for data retention. A RAS-
only refresh cycle maintains the Dout in the high
impedance state with a typical power reduction of 20%
over a Read or Write cycle.

RAS/CAS TIMING

RAS and CAS have minimum pulse widths as defined by
trAs and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by driving RAS and/or CAS
low must not be ended or aborted prior to fulfilling the
minimum clock signal pulse width(s). A new cycle can not
begin until the minimum precharge time, trp, has been
met.

DATA OUTPUT OPERATION

The 2117 Data Output (Dout), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at Vin) the output is in the high impedance state. The
following table summarizes the Dout state for various
types of cycles.

Iintel 2117 Data Output Operation
for Various Types of Cycles

Type of Cycle Doyt State

Read Cycle Data From Addressed
Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

HIDDEN REFRESH

A feature of the 2117 is that refresh cycles may be
performed while maintaining valid data at the output pin.
This feature is referred to as Hidden Refresh. Hidden
Refresh is performed by holding CAS at Vi_ and taking
RAS high and after a specified precharge period (trp),
executing a “RAS-Only” refresh cycle, but with CAS held
low (see Figure below).

P MEMORY | REFRESH |

" CYCLE CYCLE
RAS
CAS \ /
HIGH Z
Dour DATA

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

POWER ON

The 2117 requires no power on sequence providing
absolute maximum ratings are not exceeded. After the
application of supply voltages or after extended periods of
bias (greater than 2 milliseconds) without clocks, the
device must perform a minimum of eight initialization
cycles (any combination of cycles containing aRAS clock,
such as RAS-Only refresh) prior to normal operation.
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POWER SUPPLY DECOUPLING/DISTRIBUTION

It is recommended that a 0.1uF ceramic capacitor be
connected between Vpp and Vss at every other device in
the memory array. A 0.1uF ceramic capacitor should also
be connected between Vgp and Vss at every other device
(preferably the alternate devices to the Vpp decoupling).
For each 16 devices, a 10uF tantalum or equivalent
capacitor should be connected between Vpp and Vss near
the array. An equal or slightly smaller bulk capacitor is
also recommended between Vg and Vss for every 32
devices.

The Vcc supply is connected only to the 2117 output
buffer and is not used internally. The load current from the
Vcc supply is dependent only upon the output loading and

is associated with the input high level currenttoa TTL gate
and the output leakage currents of any OR-tied 2117’s
(typically 100uA or less total). Intel recommends thata 0.1
or 0.01uF ceramic capacitor be connected between Vcc
and Vss for every eight memory devices.

Due to the high frequency characteristics of the current
waveforms, the inductance of the power supply distribu-
tion system on the array board should be minimized. It is
recommended that the Vpp, VBB, and Vss supply lines be
gridded both horizontally and vertically at each device in
the array. This technique allows use of double sided
circuit boards with noise performance equal to or better
than multi-layered circuit boards.

Din Dout

DECOUPLING CAPACITORS
D =0.1uF TO Vpp TO Vgg
B = 0.1uF Vg TO Vgg

C = 0.01uF Vg TO Vss

Din Dout

SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES.

BOARD ORGANIZATION: 64K WORDS BY 8-BITS.

64K BYTE STORAGE ARRAY LAYOUT
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n
| 2117-5 .
16,384 x 1 BIT DYNAMIC RAM

Maximum Access Time (ns) 300 '
Read, Write Cycle (ns) 490
Read-Modify-Write Cycle (ns) 580

m Industry Standard 16-Pin Configuration B Non-Latched Output is Three-State,

m Low Power: 462mW Max. Operating, TTL Compatible
20mW Max. Standby m 128 Refresh Cycles
m Low Ipp Current Transients Required Every 2ms
m All Inputs, Including Clocks, m Page Mode Capability
TTL Compatible m CAS Controlled Output
m RAS Only Refresh Allows Hidden Refresh

The Intel® 2117 is a 16,384 word by 1-bit Dynamic MOS RAM fabricated with Intel’s standard two layer polysilicon NMOS
technology — a production proven process for high performance, high reliability, and high storage density.

The 2117 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low
current transients contribute to the high noise immunity of the 2117 in a system environment.

Multiplexing the 14 address bits into the 7 address input pins allows the 2117 to be packaged in the industry standard 16-pin
DIP. The two 7-bit address words are latched into the 2117 by the two TTL clocks, Row Address Strobe (RAS) and Column
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique
while maintaining high performance.

The 2117 three-state output is controlled by CAS, independent of RAS. After avalid read or read-modify- wrlte cycle, datais
latched on the output by holding CAS low. The data out ut pin is returned to the high impedance state by returning CAS to
a high state. The 2117 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to
execute RAS- -only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through As
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
— Vg
Ag—> T or o 64 x 128 CELL ~—Vop
v "1 occopens | MEMORY ARRAY -~ Vg
— Ay— Vee
—a,
— A, ap— 128 SENSE AMPLIFIERS
D, 2 7-BIT
—Ja; Ow R 1 OF 64 COLUMN ) 5 Dour
—]a, A;—=| ROW DECODERS a2 2
—a AND wl L
Dour H— A, COLUMN OF 64 b ©
— A L Teow 64 x 128 CELL
—dRAs Ag—» DECODERS MEMORY ARRAY
—OJCAS
—o{we As ]
ADDRESS
GATING
PIN NAMES y
Ag-Ag ADDRESS INPUTS WE  WRITE ENABLE
CAS  COLUMN ADDRESS STROBE Veg POWER (-5V) — CLOCK cLock WRITE DATA
RAS —|GENERATOR GENERATOR ENABLE weut  H
Dn  DATAIN Vcc  POWER (+5V) NO. 1 NO. 2 BUFFER LATCH
Dour DATAOUT Vop POWER (+12V) GAS ______r r
RAS  ROW ADDRESS STROBE Vss GROUND WE

Din
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°Cto+80°C
Storage Temperature ............. -65°Cto+150°C
Voltage on Any Pin Relative to Ves

(Vss-VBe=4V) ......c.ooiiiiiiit, -0.3V to +20V
DataOut Current ............ccvviiiiiiennnn. 50mA
Power Dissipation .............coiiiiiiien 1.0W

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating" may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!'?
Ta =0°C to 70°C, Vpp = 12V 5%, Vcc = 5V =10%, Ve = -5V +10%, Vss = OV, uniess otherwise noted.

Limits
Symbol Parameter Min. |Typ.®| Max. |Unit| Test Conditions Notes
[t Input Load Current (any input) 0.1 10 | uA|VIN=Vss to ViHmMAX, VBB=-5.0V
|ILol Output Leakage Current for Chip Deselected: CAS at ViH,
High Impedance State 0.1 10 | wA|Voutr =0to 5.5V
IpD1 Voo Supply Current, Standby 1.5 | mA|CAS and RAS at ViH 4
IBB1 Vee Supply Current, Standby 1.0 50 | pA
lcct Vcc Supply Current, Output
Deselected 0.1 10 | wA |[CAS at VIH
IbD2 Vop Supply Current, Operating 35 | mA|[2117, trc = 490ns, tras = 300ns
IBB2 Ves Supply Current, Operating,
RAS-Only Refresh, Page Mode 150 | 400 | pA|TA =0°C
[[o]ok] Vpp Supply Current, RAS-Only 27 | mA|2117, trc = 490ns, tras = 300ns 4
Refresh
lobs Vop Supply Current, Standby, 1.5 3 mA |CAS at Vi, RAS at Vi
Output Enabled
ViL Input Low Voltage (all inputs) -1.0 08 | V
ViH Input High Voltage (all inputs) 2.4 60 | V
VoL Output Low Voltage 0.4 V |loL =4.2mA 4
VoH Output High Voltage 2.4 V |loH = -5mA 4
NOTES:

1. All voltages referenced to Vss.

2. No power supply sequencing is required. However, Vpp, Vcc and Vss should never be more negative than -0.3V with respect to Ves as

required by the absolute maximum ratings.

3. Typical values are for Ta = 25°C and nominal supply voltages.

4. See the Typical Characteristics Section for values of this parameter under alternate conditions.

5. Icc is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced
to Vss without affecting refresh operation or maintenance of internal device data.
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TYPICAL SUPPLY CURRENT WAVEFORMS
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Typical power supply current waveforms vs. time are
shown for the RAS/CAS timings of Read/Write, Read/
Write (Long RAS/CAS), and RAS-only refresh cycles. Ipp
and IgB current transients at the RAS and CAS edges
require adequate decoupling of these supplies. Decoup-
ling recommendations are provided in the Applications
section.

CAPACITANCE !

The effects of cycle time, Vbp supply voltage and ambient
temperature on the Ipp current are shown in graphs
included in the Typical Characteristics Section. Each
family of curves for Ipp1, IDD2, and Ipp3 is related by a
common point at Vpp = 12.0V and Ta =25°C for two given
tras pulse widths. The typical Ipp current for a given
condition of cycle time, Vpp and Ta can be determined by
combining the effects of the appropriate family of curves.

Ta =25°C, Vpp = 12V+5%, Vcc = 5V+10%, Ve = -5V*£10%, Vss = 0V, unless otherwise specified.

Symbol Parameter Typ. Max. Unit

Cn Address, Data In 3 5 pF

Ci2 RAS Capacitance, WE Capacitance 4 7 pF

Cis CAS Capacitance 6 10 pF

Co Data Output Capacitance 4 7 pF
NOTES:

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C= IAA\; with AV equal to 3 volts and power supplies at nominal levels.
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A.C. CHARACTERISTICS!"23!
Ta =0°C to 70°C, Vpp = 12V +5%, Vcc = 5V £10%, Ve = -5V £10%, Vss = 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2117

Symbol Parameter Min. Max. | Unit | Notes

tRAC Access Time From RAS 300 | ns 45

tcac Access Time From CAS 180 | ns | 456

tREF Time Between Refresh 2 ms

tRp RAS Precharge Time 180 ns

tcpN CAS Precharge Time(non-pagecycles) | 80 ns

tcrp CAS to RAS Precharge Time -20 ns

trRcD RAS to CAS Delay Time 80 120 | ns 7

tRSH RAS Hold Time 180 ns

tcsH CAS Hold Time 300 ns

tAsR Row Address Set-Up Time 0 ns

tRAH Row Address Hold Time 80 ns

tasc Column Address Set-Up Time 0 ns

tcaH Column Address Hold Time 80 ns

tAR Column Address Hold Time, to RAS | 215 ns

tr Transition Time (Rise and Fall) 3 50 ns 8

torF Output Buffer Turn Off Delay 0 80 ns
READ AND REFRESH CYCLES

trRC Random Read Cycle Time 490 ns

tRAS RAS Pulse Width 300 10000 | ns

tcas CAS Pulse Width 180 10000 | ns

trcs Read Command Set-Up Time 0 ns

tRCH Read Command Hold Time 0 ns
WRITE CYCLE

trc Random Write Cycle Time 490 ns

tRAS RAS Pulse Width 300 10000 | ns

tcas CAS Pulse Width 180 10000 | ns

twes Write Command Set-Up Time 0 ns 9

twcH Write Command Hold Time 100 ns

twcr Write Command Hold Time, to RAS | 215 ns

twp Write Command Pulse Width 100 ns

tRWL Write Command to RAS Lead Time | 130 ns

tewL Write Command to CAS Lead Time | 130 ns

tps Data-In Set-Up Time 0 ns

toH Data-In Hold Time 80 ns

tOHR Data-In Hold Time, to RAS 215 ns
READ-MODIFY-WRITE CYCLE

tRwC Read-Modify-Write Cycle Time 580 ns

tRRW RMW Cycle RAS Pulse Width 390 10000 | ns

tcRw RMW Cycle CAS Pulse Width 275 10000 | ns

tRWD RAS to WE Delay 260 ns 9

tcwp CAS to WE Delay 140 ns 9

Notes: See following page for A.C. Characteristics Notes.
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READ CYCLE e ‘ !
tRAS | tpp ——|
- Vin zf ; \ i
RAS 4 \
Vi @ /
t tepn |
. tcpp —»| < o t
k tReD RSH
v 0) \\\ !
H ‘CAs
CAS \
Vit —/f 2 / /
tASR T [« tRAH —> (<> tasc te— tcan ——>
MH 4 row | coLumn
ADDRESSEVS ADDRESS 4 ADDRESS
|8

I<—> tres

= o
WE
Vi
t
tcac
trac toFF
D Vou HIGH ®Of vao ‘E ®
ouT
VoL IMPEDANCE @\ DATA OUT J
WRITE CYCLE tre
tras tpp————
v,
" ®
s / \
Vi \@ 4
tesh teen
.!CRP —-1 el — .
trReD RSH
Vin f Q\ \ te N
1 AS Z
CAS i, 1 \ @ j R
AR
tasr <~—tRAH—>  tasc—[=> tcan
v, X
H ©) ROW K COLUMN X
ADDRESSES
ADDRESS DDR
Vi (2| Ao / | | ADDRESS
trwi
towr
VIH \<- twes —>| ‘WCN
WE =~ —twp /
We Vi @ 7
=® ‘Ds — tou(®)
Vin -
)(@ %
Vi Z
tOHR
o Vou HIGH
our VoL IMPEDANCE
NOTES: 1,2. Vi min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

3,4. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr.

5. torf ISMEASURED TO loyrt < |iLol

6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

7. trcH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

8.tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

A.C. CHARACTERISTICS NOTES (From Previous Page)

1. All voltages referenced to Vss.

2. Eight cycles are required after power-up or prolonged periods
(greater than 2ms) of RAS inactivity before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

. A.C. Characteristics assume tT = 5ns.

. Assume that trcp < trcp (max.). If trcp is greater than trco
(max.) then trac will increase by the amount that trcp exceeds
trco (max.).

5. Load = 2 TTL loads and 100pF.

6. Assumes trcD = trcD (max.).

A
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7. treo (max.) is specified as a reference point only; if trcp is less
than trcp (max.) access time is trac, if tRcp is greater than trcp
(max.) access time is trcp + tcac.

. tt is measured between Viy (min.) and ViL (max.).

. twcs, tcwp and trwp are specified as reference points only. If
twcs =twces (min.) the cycle is an early write cycle and the data
out pin will remain high impedance throughout the entire
cycle. If tcwp = tcwp (min.) and trwp = trwp (min.), the cycle is
aread-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above
conditions is satisfied, the condition of the data out is
indeterminate.

© ™
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WAVEFORMS
READ-MODIFY-WRITE CYCLE

tRWC

tRRw
v,
e Vin I
RAS (AN
Vie -
@em| T b
RCO tRsH
v, - crRw
W
J— {1y I
RS v, / "X\\\ 2
R | RwL ——>
P~ RWL
TASR +— tasc | tcan = fowt
N .
™ )I 75 _ROW COLUMN
ADDRESSES Vi C ADDRESS ADDRES$
(>
(2) | tawp
tacs '|““” fewo [t {
we Um
\
- ton—s]
® tos »f e
N Vi (1) DATAIN
N vy, - VALID
teac @
tRac h e torr

G

o Vou HIGH 3 VALID ‘5 ®
OUT vor IMPEDANCE ,@\( DATA OUT p

AS-ONLY REFRESH CYCLE

tRC

- tRas trp

_.| er— tcre (8)

_Vm
CAs

Vi

tasr | tRAH —»{
Vin
ROW
ADDRESSES v ® ADDRESS
w
©]

Vow HIGH
Dour

Vou IMPEDANCE

HIDDEN REFRESH CYCLE

R
fe—— tras ———| '——'uo—-— fe—taas —| l«— tRAS trp

]

]
e
®
el

el tRan  |e—ttean fe—t- tran ’4_.{— tRAH
tasR =] > f-tasc tasr—= fe— tasp—| jo—

Vin ) -
ROW COLUMN ROW ROW
ADDRESSES v ADDRESS |\ ADDRESS ADDRESS ADDRESS
L i L
I
@ —ef e @

Vin @

i 4O

f

-—st-toac
—  |etorr

Dour Vou_—_—_g % VALID DATA @

NOTES: 1,2 Viy miny AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3.4.Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy
5. torr IS MEASURED TO loyT < [lol
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. R
7. tRcH 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcrp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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TYPICAL CHARACTERISTICS!"

trac (Voo )/trac (Voo = 12.0V)

25°C)

trac (Ta)/trac (Ta

Ippz — SUPPLY CURRENT (mA)

GRAPH 1
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vpp
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GRAPH 4
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GRAPH 7
TYPICAL OPERATING CURRENT
Ipp2 VS. trc
50
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GRAPH 2
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vgg
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GRAPH 5
TYPICAL STANDBY CURRENT
Ipp1VS. Vpp
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GRAPH 8
TYPICAL OPERATING CURRENT
Ipp2 VS.Vpp
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NOTES: See following page for Typical Characteristics Notes.
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5.0V)

trac (Vce)/trac (Ve

Ipp1 — SUPPLY CURRENT (mA)

Ipp2 — SUPPLY CURRENT (mA)

GRAPH 3
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Ve
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GRAPH 6
TYPICAL STANDBY CURRENT
Ipp1 VS. AMBIENT TEMPERATURE
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GRAPH 9
TYPICAL OPERATING CURRENT
Ipp2 VS. AMBIENT TEMPERATURE
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TYPICAL CHARACTERISTICS "

ippa — SUPPLY CURRENT (mA) Ipp3 — SUPPLY CURRENT (mA)

lon — OUTPUT SOURCE CURRENT (mA)

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT

Ipp3 VS. trc
50
Tp=25°C "
Vpp = 12.0

o vg: =-5.0V

30

20

10 S I tas =500ms

trAs = 300ns
]
200 400 600 800 1000
Trc — CYCLE TIME (ns)
GRAPH 13
TYPICAL PAGE MODE CURRENT
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50
o Ta =25°C
Vpp = 12.0V
Vgg = -5.0V
30
20
tcas = 350ns

10 tcas = 180ns [r—
0

200 400 600 800 1000

Tpc — CYCLE TIME (ns)

GRAPH 16
TYPICAL OUTPUT SOURCE CURRENT
10H VS. OUTPUT VOLTAGE Vo
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GRAPH 11
TYPICAL RAS ONLY
REFRESH CURRENT
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GRAPH 14
TYPICAL PAGE MODE CURRENT
IDD4 VS. Vpp
50 T
Tp =25°C
Vgg = 5.0V
40
30
tcas = 180ns _|
20 tpc = 310ns
!
tcas = 350ns
tpc = 500ns
10
@
o
10 n 12 13 14

Vpp — SUPPLY VOLTAGE (VOLTS)

GRAPH 17
TYPICAL OUTPUT SINK CURRENT
loL VS. OUTPUT VOLTAGE Vg
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GRAPH 12
TYPICAL RAS ONLY
REFRESH CURRENT

Ipp3 VS. AMBIENT TEMPERATURE
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GRAPH 15
TYPICAL PAGE MODE CURRENT
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NOTES:

1.

The cycle time, Vpp supply voltage, and
ambient temperature dependence of Ipp1,
IpD2. IDD3 and Ipp4 is shown in related
graphs. Common points of related curves
are indicated:
® Ipp1@Vpp=126V,Tao=0°C
Ipp2 or Ipp3 @ tRas = 300ns, tRC =
490ns, Vpp = 12.0V, Tp = 25°C
Ipp2or Ipp3 @ tras = 500ns, tRC =
750ns, Vpp = 12.0V, Tp = 25°C
IDD4 @ tcas = 180ns, tpc = 310ns,
Vpp = 12.0V, Tp = 25°C
IDD4 @ tcas = 350ns, tpc = 500ns,
Vpp = 12.0V, Tp = 25°C
The typical Ipp current for a given com-
bination of cycle time, Vpp supply
voltage and ambient temperature may be
determined by combining the effects of
the appropriate family of.curves.

a
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE "%

Ta=0°C to 70°C, Vpp = 12V 5%, Vcc = 5V +10%, VBB = -5V £10%, Vss = 0V, unless otherwise noted.
For Page Mode Operation order 2117 S6117.

2117-5
$6117
% Symbol Parameter Min. Max. Unit Notes
tprc Page Mode Read or Write Cycle 310 ns
trcMm Page Mode Read Modify Write 405 ns
tcp CAS Precharge Time, Page Cycle | 120 ns
tRPM RAS Pulse Width, Page Mode 300 | 10,000 ns
tcas CAS Pulse Width 180 | 10,000 ns
IpD4 Vpp Supply Current Page Mode, 26 mA 9
Minimum tpc, Minimum tcas
WAVEFORMS
PAGE MODE READ CYCLE
trRpm
taR
— Vine 3
RAS Vi @ S @
tesH tRsH trp
tcRp—> [4— tpe
o l— trRCD tcas [~ tcp = f«——tcas [ tcas teen
=
—— Vine
CAS VIL_/ O] \ ©) ,Z x‘_ ‘ \ . \_
el tran|  fe—>1toan tcan tcan
tAsR—»{ [o— I‘Asc ‘ASC"’i - tasc —»| [4—

Vin ROW coL coL N coL
ADDRESSES |, CDB ADD ADD ADD ADD

—»{ e~ tRes l+—tRCS
trcs —-vl fa— @ tRCH —{|=— theH —>| 1-—— tRCH —»] I¢—
Y ; .
we Ve
AR

le—— teac —| fe—— tcac le— tcac
= torF
tRac toFF toFF
o Vou ®4 ®
ouT oo @3

NOTES: 1.2. Vi my AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr.

5. tofF ISMEASURED TO loyt < liLol.

6. tacy IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

7. ALL VOLTAGES REFERENCED TO Vgs.

8. AC CHARACTERISTIC ASSUME ty = 5ns.

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER
UNDER ALTERNATE CONDITIONS. o .

10. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 21175, $6117 WILL OPERATE AS A 2117-5).
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PAGE MODE WRITE CYCLE

tRPM
[ tAR———
— Vine @!‘
RAS
e @K 4
tesH tRsH tRp —|
@ tcRP Ft— tpc
[e—trco tcas tep»| fe——tcas—| tcas teen
'V |
eAS '"°j O N / \ /
ViL @
tRAH | [e>tTcan tcan tcaH
tasr ff— et tasc tasc —>1 — tasc .
, 1 3
o Vi ROW coL coL o coL
ADDRESSES Vi ADD ADD ADD . ADD
T T T 4y ?
@ i«—»— twee twen = l<~ twer -
twes — |e— twes - Wes — je—
towr towr tewe
— Vi * ® / ! / * /
WE
Vi @ N iy N
l e tyyp —] @ - tyyp — | tyyp ——|
[e—twcr tRwL
tps 1~>| toH ——>] tps -[ﬂ le— ton —» tos e ton —]
L
D Vin VALID VALID VALID
NV DATA DATA L DATA
T T f ot
l‘—'—"—'DHR ——*{
PAGE MODE READ-MODIFY-WRITE CYCLE
trem trp
ms M D B
Vie @ e
tepN —f
tosu - tcp o]
@’CRP)-’ — tRCD tcrRw terw I terw
Vi L ! — ’_—-‘4
m VIL j @ \ @ z s j Z
fe—— taR 1,
tRaH feat- tean [ towL —] [e~t—TcaH e towL ——>| H fe— tewy, —]
tASR | ft— —»1 tasc tasc— e— tasc J-
L
v ROW coL. coL coL
ADDRESSES v::‘ @ ADD AI'DD X ADD X ADD
@ tawp f<— tRCS. t— tRCS
|l |a—— towp —f ju— typ- je—— towp ——a]  te— twp - <—~‘cwo—-1 fo— typ
we U ® /f' j
Vi / —
ot — - 1, f—— t,
® tos—=| | o @ tog —{ te- o tpg— o

o, Vin DATA IN DATA IN DATA IN
"~ Vie VALID VALID VALID

be— tcac —] - toac—| b~ teac—>]
trac torF —= topF~—>  je— topr —=  |e—

fe—
o Vou HIGH ©) VALID ® VALID VALID 5
OUT yoL IMPEDANCE [5) DATA OUT DATA OUT DATA OUT

NOTES: 1,2 Viy v AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
34. Vo min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr.
5. tore IS MEASURED TO loyt < [liLo
6. tps AND tpyy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. .
7. tcap REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (v.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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APPLICATIONS
READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

Device access time, tacc, is the longer of the two
calculated intervals:

1. tacc =trac OR 2. tacc =trcp + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trcp, are system dependent timing
parameters. For example, substituting the device para-
meters of the 2117 yields:

3. tacc = trac = 300nsec for 80nsec <trcp <120nsec
OR
" 4. tacc = tRcp + tcac = tRcp + 180 for tacp > 120nsec

Note that if 80nsec <trcp <120nsec device access time is
determined by equation 3 and is equal to trac. If trRcD
>120nsec, access time is determined by equation 4. This
40nsec interval (shown in the trcp inequality in equation 3)
in which the falling edge of CAS can occur without
affecting access time is provided to allow for system
timing skew in the generation of CAS.

REFRESH CYCLES

Each of the 128 rows of the 2117 must be refreshed every 2
milliseconds to maintain data. Any memory cycle:

1. Read Cycle

2. Write Cycle (Early Write, Delayed Write or Read-
Modify-Write)

3. RAS-only Cycle

refreshes the selected row as defined by the low order
(RAS) addresses. Any Write cycle, of course, may change
the state of the selected cell. Using a Read, Write, or Read-
Modify-Write cycle for refresh is not recommended for
systems which utilize “wire-OR"” outputs since output bus
contention will occur.

A —R_Kg-only refresh cycle is the recommended technique
for most applications to provide for data retention. A RAS-
only refresh cycle maintains the Dout in the high
impedance state with a typical power reduction of 20%
over a Read or Write cycle.

RAS/CAS TIMING

RAS and CAS have minimum pulse widths as defined by
tras and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by driving RAS and/or CAS
low must not be ended or aborted prior to fulfilling the
minimum clock signal pulse width(s). A new cycle can not
begin until the minimum precharge time, trp, has been
met.
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DATA OUTPUT OPERATION

The 2117 Data Output (Dout), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at ViH) the output is in the high impedance state. The
following table summarizes the Dour state for various
types of cycles.

Intel 2117 Data Output Operation
for Various Types of Cycles

Type of Cycle Doyr State

Read Cycle Data From Addressed
) Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed

Memory Cell
Indeterminate

Qelayed Write Cycle

HIDDEN REFRESH

A feature of the 2117 is that refresh cycles may be
performed while maintaining valid data at the output pin.
This feature is referred to as Hidden Refresh. Hidden
Refresh is performed by holding CAS at Vi and taking
RAS high and after a specified precharge period (tap),
executing a “RAS-Only” refresh cycle, but with CAS held
low (see Figure below).

' MEMORY s REFRESH N

w
HIGH Z
Dour _._._.___.( >_

RAS

CAs

DATA

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

POWER ON

The 2117 requires no power on sequence providing
absolute maximum ratings are not exceeded. After the
application of supply voltages or after extended periods of
bias (greater than 2 milliseconds) without clocks, the
device must perform a minimum of eight initialization
cycles (any combination of cycles containing aRAS clock,
such as RAS-Only refresh) prior to normal operation.
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POWER SUPPLY DECOUPLING/DISTRIBUTION

It is recommended that a 0.1uF ceramic capacitor be
connected between Vpp and Vss at every other device in
the memory array. A 0.1uF ceramic capacitor should also
be connected between Vg and Vss at every other device
(preferably the alternate devices to the Vpp decoupling).
For each 16 devices, a 10uF tantalum or equivalent
capacitor should be connected between Vpp and Vss near
the array. An equal or slightly smaller bulk capacitor is
also recommended between Vgg and Vss for every 32
devices.

The Vcc supply is connected only to the 2117 output
buffer and is not used internally. The load current from the
Vcce supply is dependent only upon the output loading and

is associated with the input high level currenttoa TTL gate
and the output leakage currents of any OR-tied 2117’s
(typically 100uA or less total). Intel recommends thata 0.1
or 0.01uF ceramic capacitor be connected between Vcc
and Vss for every eight memory devices.

Due to the high frequency characteristics of the current
waveforms, the inductance of the power supply distribu-
tion system on the array board should be minimized. Itis
recommended that the Vpp, VBs, and Vss supply lines be
gridded both horizontally and vertically at each device in
the array. This technique allows use of double sided
circuit boards with noise performance equal to or better
than multi-layered circuit boards.

CAScp
AsCD

Ascp
A4cD
A3cp

A2cD
A1cD

&
BRI

Aocb

RASp
RASC
WEcp

WEAB
RASg
RASp

CASAB
A6AB
AsAB
A4aB
A3aB
A2aB
A1AB

i

AoAB

DECOUPLING CAPACITORS
D=0.1uF TOVpp TO Vgg
B =0.1uF Vgg TO Vgg

C =0.01uF Vgc TO Vs

H

Din DouTt

SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES.

BOARD ORGANIZATION: 64K WORDS BY 8-BITS.

64K BYTE STORAGE ARRAY LAYOUT
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RAM

INtel

2118 FAMILY
16,384 x 1 BIT DYNAMIC RAM

2118-2 | 2118-3 | 2118-4 | 2118-7
Maximum Access Time (ns) 80 100 120 150
Read, Write Cycle (ns) 200 235 270 320
Read-Modify-Write Cycle (ns) 250 295 345 410
W Single +5V Supply, £10% Tolerance B Non-Latched Output is Three-State,

B HMOS Technology TTL Compatible
B RAS Only Refresh

B Low Power: 160mW Max. Operating B 128 Refresh Cycles Required

16mW Max. Standby

- Every 2ms
B Low Vpp Current Transients B Page Mode Capability
B All Inputs, Including Clocks, Bl CAS Controlled Output Allows
TTL Compatible ~ Hidden Refresh

The Intel®2118is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single +5V power supply. The 2118
is fabricated using HMOS — a production proven process for high performance, high reliability, and high storage density.

The 2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low
current transients contribute to the high noise immunity of the 2118 in a system environment.

Muitiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry standard 16-pin
DIP. The two 7-bit address words are latched into the 2118 by the two TTL clocks, Row Address Strobe (RAS)and Column
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique
while maintaining high performance.

The 2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, datais
latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning CAS to a
high state. The 2118 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to execute
RAS-only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ap through As
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed.

PIN BLOCK DIAGRAM
CONFIGURATION LOGIC SYMBOL
Voo
—J~ o o 64 x 128 CELL ~—Vss
—A Ay LATCH pecopers| MEMORY ARRAY
—A, A2 (ROW)
As Onf— Asl® 128 SENSE 10F2
T AMPLIFIERS ouTPUT
— A—wl®
Aq Al 1 OF 64 COLUMN <:> ol [ eurrerf— ot
—As 3 DECODERS ATI
Ag DoUT As—12 7
1 RAS Ag BIT
LATCH 64 x 128 CELL
—oJCAs (COLUMN) ,,_,ﬁ?ﬁ,‘ MEMORY ARRAY
WE I
Ao-As ADDRESS INPUTS
AS___COLUMN ADDRESS STROBE I
< RS crock <] crock WRITE DATA
Dy DATAIN ~—=——1GENERATOR GENERATOR ENABLE ot
Dour DATA OUT : NO. 1 NO. 2 BUFFER BUFFER
WE _ WRITE ENABLE cAs
RAS _ROW ADDRESS STROBE we
Vop  POWER (+5V) O
Vss _ GROUND
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2141
4096 X 1 BIT STATIC RAM

2141-2 | 2141-3 | 2141-4 | 2141-5 | 2141L-3 | 2141L-4 | 2141L-5
Max. Access Time (ns) 120 150 200 250 150 200 250
Max. Active Current (mA) 70 70 55 55 40 40 40
Max. Standby Current (mA) 20 20 12 12 5 5 5
m HMOS Technology m Automatic Power-Down
® Industry Standard 2147 Pinout m Directly TTL Compatibie — All inputs
m Completely Static Memory — No Clock and Output
or Timing Strobe Required B Separate Data Input and Output
m Equal Access and Cycle Times B Three-State Output
®m Single +5V Supply ® High Density 18-Pin Package

The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high-
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2141 — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de-
selected.

The 2141isplacedin an18-pin package configured with the industry standard pinout, the same as the 2147. Itis directly TTL
compatible in all respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same
polarity as the input data. A data input and a separate three-state output are used.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

A 187 Vee ] :‘: @
a2z 174 — A2 “"_'x — ‘—@—"cc
A 4 15[ As ] :‘ @

3 —1As

2141
As[]s 141 Ag —]As Dourj— A2 { MEMORY ARRAY
— A ® ROW 64 ROWS
Ase  13[0Ap —] Ag As __X SELECT 64.COLUMNS
Dour [} 7 12|70 An —1 A
ur = —a ®
we(]s 110w —an As ®
[1]s E] 10[]1cs
u cla.N v%ech o -
D © COLUMN 1/O CIRCUITS >_®. Dout
PIN NAMES " H
COLUMN SELECT

Ao—A11 ADDRESS INPUTS | Vec POWER (+5V)

WE WRITE ENABLE GND_GROUND

cs. CHIP SELECT

Din DATA INPUT

Doyt DATA OUTPUT ® @s) ®)| @

As A7 Ag Ag Ap An
TRUTH TABLE —
[GS[WE MODE OUTPUT | POWER —

H| X | NOT SELECTED | HIGH Z | STANDBY

L]t WRITE HIGHZ | ACTIVE

L|{H READ Dout ACTIVE WE e
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2141

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage on Any Pin With

Respect to Ground
Power Dissipation
D.C. Output Current

-10°Cto85°C

-65°Cto+150°C

D.C. AND OPERATING CHARACTERISTICS

Ta =0°C to 70°C, Vcc = +5V £10% unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2141-2/-3 2141-4/-5 2141L-3/L-4/L-5
Symbol Parameter Min. Typ.[!l Max.| Min. Typ.[!] Max.| Min. Typ.[') Max. | Unit Conditions
] Input Load Current 0.01 10 0.01 10 0.01 10 #A | Vcc=Max., VIN=
(All Input Pins) GND to Vcc
Lol Output Leakage 0.1 10 0.1 10 0.1 10 uA | C8=ViH, Vcc=Max.,
Current Vout=GND to 4.5V
Icc Operating Current 45 70 40 55 30 40 mA | Vcc=Max., CS=V,
Outputs Open
IsB Standby Current 20 12 5 mA V_co=Min. to Max.,
CS=ViH
Ipol2) | Peak Power-On 40 30 18 | mA | Vcc=GND to Vcc Min.
Current CS=Lower of Vcc or
Vi Min.
ViL Input Low Voltage -1.0 08 | -1.0 0.8 |-1.0 0.8 Vv
ViH Input High Voltage 2.0 6.0 | 20 6.0 | 20 6.0 v
VoL Output Low Voltage 0.4 0.4 0.4 V |loL =8.0mA
VoH Output High Voltage 2.4 2.4 2.4 V | loH = -4.0mA
los'® | Output Short Circuit | -120 120 |-120 120 | -120 120 | mA | VouTr=GND to Vcc
Current

Notes: 1. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading.
2. Icc exceeds Isg maximum during power-on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to
keep the device deselected; otherwise, power-on current approaches Icc active.
3. Duration not to exceed one minute.

A.C. TEST CONDITIONS

Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Reference

Levels

Output Load

GND to 3.5 Volts

10 nsec

1.5 Volts

1 TTL Load plus 100pF

CAPACITANCE 4

Ta =25°C, f = 1.0MHz
Symbol Parameter Max. | Unit Conditions
CiNn Input Capacitance 5 pF Vin =0V
Cout |Output Capacitance | 6 pF VouT =0V

Note 4. This parameter is sampled and not 100% tested.
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2141

A.C. CHARACTERISTICS
Ta =0°C to 70°C, Vcc = +5V+10%, unless otherwise noted.

READ CYCLE
2141-2 2141-3/L-3 2141-4/L-4 2141-5/L-5
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
tRC Read Cycle Time 120 150 200 250 ns
7V Address Access Time 120 150 200 250 ns
tacsill] Chip Select Access Time 120 150 200 250 ns
tacsz(2] | Chip Select Access Time 130 160 200 250 ns
toH Output Hold from Address Change 10 10 10 10 ns
tLz 81 Chip Selection to Output in Low Z 30 30 30 30 ns
tnz!% Chip Deselection to Output in High Z 0 60 60 60 60 ns
tru Chip Selection to Power Up Time 0 0 ns
trD Chip Deselection to Power Down Time 60 60 60 60 ns
WAVEFORMS
! (4.5]
READ CYCLE NO. 1
trc
ADDRESS f
taa I
toH
DATA OUT PREVIOUS DATA VALID ( X X DATA VALID
(4.6]
READ CYCLE NO. 2
tac
[<3 x( 7 [
tacs
f— tyz
Wz R
DATA OUT HIGH IMPEDANCE DATA VALID HiGH
i IMPEDANCE
j—— toy re———1pp
Vee leg = — — — — — —
SUPPLY 50% 50%
T Ism
Notes:

1. Chip deselected for greater than 55ns prior to selection.
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by definition
selected and access occurs according to Read Cycle No. 1.)

DO bW

. At any given temperature and voltage condition, tHz max is less than t .z min both for a given device and from device to device.
. WE is high for Read Cycles. _

. Device is continuously selected, CS = ViL. __
. Addresses valid prior to or coincident with CS transition low.
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2141

A.C. CHARACTERISTICS Ta =0°C to 70°C, Vg = +5V+10%, unless otherwise noted.
WRITE CYCLE

2141-2 2141-3/L-3 2141-4/L-4 2141-5/L-5

Symbol Parameter Min. Max. | Min. Max. | Min. Max. Mip. Max. | Unit
twe Write Cycle Time 120 150 200 250 - ns
tcw Chip Selection to End of Write 110 135 180 230 ns
taw Address Valid to End of Write 110 135 180 230 ns
tas Address Setup Time 0 0 0 0 ns
twp Write Pulse Width 60 60 60 75 ns
twr Write Recovery Time 10 15 20 20 ns
tow Data Valid to End of Write 50 60 60 75 ns
toH Data Hold Time 5 5 5 5 ns
twz Write Enabled to Output in High Z 10 70 10 80 10 80 10 80 ns
tow Output Active from End of Write 5 5 5 5 ns

WAVEFORMS

WRITE CYCLE #1 (V_V_E CONTROLLED)

twe

S { X

%'\—\_’L £/ /L)

e twp —=

tow ol

DATA IN * DATA IN VALID
[tz tow
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED I]
WRITE CYCLE #2 (CS CONTROLLED)
twe
ADDRESS >( . )(
—> tas |« - tow
& 7(
AW - le— tywp —=1

YN SS SN S NS S (77777777

| tow ton
DATA IN * DATA IN VALID
[ twz
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED I]

S|
mi

N

Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state.
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2141

TYPICAL D.C. AND A.C. CHARACTERISTICS

GRAPH 1
SUPPLY CURRENT VS,
SUPPLY VOLTAGE

GRAPH 2
SUPPLY CURRENT VS,
AMBIENT TEMPERATURE

GRAPH 3
OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

100
40 40 T
~—~—— 80 Yee = 30V
lcc e lec I Ta =25C
—C_|
30 30 —
- < 60
2 —
K £ =
© 20 Ta=25C — 220 Vec=soV — 3 40 A\
E E \
10 10 20
. N
s8 Isg \
0 0 0
4.50 475 5.00 5.25 5.50 0 20 40 60 80 0 1.0 20 3.0 a0
Ve (V) Ta (°C) Vout V)
GRAPH 4 GRAPH 5 GRAPH 6
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME VS. OUTPUT SINK CURRENT VS.
VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE
1.1 11 100
/’
tacs " 80
g 10 g 10
- t, "
3 AL 3 / < 60 7
ﬁ 9 Tp=25C — E 9 74 % /
3 3 / © a0
E E taa
5]
S s z 8 o / Vge =5.0V — Vee = 5.0V
K "I/ L
ACS
7 7 0 —l
450 4.75 5.00 5.25 5.50 0 20 40 60 80 0 1.0 2.0 3.0 4.0
Vee (V) Ta (°C) Vour (V)
GRAPH 7 GRAPH 8 GRAPH 9
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE VS. ACCESS TIME CHANGE VS.
VS. POWER SUPPLY VOLTAGE INPUT VOLTAGE OUTPUT LOADING
2.0
o |- ——+— —1-
20 20
16 / /
8 B = /
= c
a 12 / N 3 " /
w <
N Y A A SR b 3 E:
2 ‘s / 1 0 5 10 J/
s 8 = P /
g z E
2 Tp = 70°C . Ta = 70°C
Ve = 5.0V Vee MIN
4
Tp =25°C
1KQ €§ PULL-UP RESISTOR TO Vcc 0 0
0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 40 100 200 300 400 500
Vee (V) Vin (V) CL (pF)
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2141

DEVICE DESCRIPTION

The 2141 is produced with HMOS, a new high-
performance MOS technology which incorporates on-
chip substrate bias generation to achieve high- per-
formance. This process, combined with new design ideas,
gives the 2141 its unique features. Both low power and
ease-of-use have been obtained in a single part. The low-
power feature is controlled with the Chip Select input,
which is not a clock and does not have to be cycled.
Multiple read or write operations are possible during a
single select period. Access times are equal to cycle times,
resulting in data rates up to 8.3 MHz for the 2141-2. This is
considerably higher performance than for clocked static
designs.

Whenever the 2141 is deselected, it automatically reduces
its power requirements to a fraction of the active power, as
shown in Figure 1. This is achieved by switching off the
power to unnecessary portions of the internal peripheral
circuitry. This feature adds up to significant system power
savings. The average power per device declines as system
size grows because a continually higher portion of the
memory is deselected. Device power dissipation asympto-
tically approaches the standby power level, as shown in
Figure 2.

4 ] N\
e T T
I \

\_ i J

FIGURE 1. icc WAVEFORM.

lccr

100% DUTY CYCLE

25% DUTY CYCLE

SYSTEM AVERAGE DEVICE POWER

IsBb, L
4K 8K 16K 32K
MEMORY SIZE IN WORDS

FIGURE 2. AVERAGE DEVICE DISSIPATION VS.
MEMORY SIZE.

Thereis no functional constraint on the amount of time the
2141 is deselected. However, there is a relationship
between deselect time and Chip Select access time. With
no compensation, the automatic power switch ‘would
cause an increase in Chip Select access time, since some
time is lost in repowering the device upon selection. A
feature of the 2141 design is its ability to compensate for
this loss. The amount of compensation is a function of
deselect time, as shown in Figure 3. For short deselect
times, Chip Select access time becomes slower than
address access time, since full compensation typically
requires 60ns. For longer deselect times, Chip Select
access time actually becomes faster than address access
time because the compensation more than offsets the time
lost in powering up. The spec accounts for this
characteristic by specifying two Chip Select access times,
tacs1 and tacs2.

SPEC LIMIT

tacs2

+8ns

~10ns

TYPICAL CHIP SELECT
ACCESS TIME

DESELECT TIME (ns)

FIGURE 3. tacs VS. DESELECT TIME.

The power switching characteristic of the 2141 requires
more careful decoupling than would be required of a
constant power device. It is recommended that a 0.1uF
ceramic capacitor be used on every other device, with a
22uF to 47uF bulk electrolytic decoupler every 32 devices.
The actual values to be used will depend on board layout,
trace widths and duty cycle. Power supply gridding is
recommended for PC board layout. A very satisfactory
grid can be developed on a two-layer board with vertical
traces on one side and horizontal traces on the other, as
shown in Figure 4.

Vee

FIGURE 4. PC LAYOUT.
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2142
1024 X 4 BIT STATIC RAM

2142-2 2142-3 2142 2142L2 2142L3 2142L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370

® High Density 20 Pin Package
® Access Time Selections From 200-450ns
m Identical Cycle and Access Times

® Low Operating Power Dissipation
.1mW/Bit Typical

B Single +5V Supply

B No Clock or Timing Strobe Required
m Completely Static Memory

B Directly TTL Compatible: All Inputs
and Outputs

® Common Data Input and Output Using
Three-State Outputs

The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided.

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.

The 2142 is placed in a 20-pin package. Two Chip Selects (CS¢ and CS») are provided for easy and flexible selection of
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers.

The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection
against contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION  LOGIC SYMBOL BLOCK DIAGRAM

a3 ®—-—m
s [ 20 [ vee — a0 " ® K ®
-0 V(
as[]2 19 A — A1 1oy f— [@) B “
ng =P MEMORY ARRAY oo
18 —
a]s [ 1% A2 ® SELECT S420LOMNS
Ag _——'—Iﬁ
A3 4 17 Ag —
O [ 20 A3 vog b—
cs2[]s 16 [ Joo — As A1 t
2142 @ —
a0 []s 15 oy — as As.——————m
m[]7 14 [Juoz — s o3 I— ® I L
1101 ~—_—I?—
a2 []s 13 []o3 — A7 COLUMN 1/O CIRCUITS
S K 12 L‘_'Iuo A 1/0, @
4 -1 As 4 it
1102 ? INPUT COLUMN SELECT
ano [ 10 [ JwE — Ao ® ComTROL
WE CS1 €Sp 0D 1103 B__
1/04 j‘ ®| @ ®@ &
Ag A1 A2 A9
PIN NAMES
<1
Ag-Ag___ ADDRESS INPUTS op OUTPUT DISABLE O] j
WE WRITE ENABLE Vee POWER (+6V) & ®
T51,CSz __ CHIP SELECT GND GROUND cs, QO =PINNUMBERS
1/01-1/04 _DATA INPUT/OUTPUT _—®
WE

oD
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2142 FAMILY

-‘ABSOLUTE MAXIMUM RATINGS*

-10°C to 80°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
Voltage on Any Pin

With Respect to Ground ........... -0.5V to +7V
Power Dissipation ..... ................ 1.0W
D.C.Output Current .. ..............0..... 10mA

D.C. AND OPERATING CHARACTERISTICS

Ta =0°Cto 70°C, Ve = 5V + 5%, unless otherwise noted.
CcC

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2142-2, 2142-3, 2142 | 214212, 2142L3, 2142L
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typ.[1l Max. |[UNIT CONDITIONS
Iy Input Load Current 10 10 UA Vin =0 to 5.25V
(All Input Pins)
Lol 1/0 Leakage Current 10 10 MA CS=24v,
Vyjo = 0.4V to Ve
lect Power Supply Current 80 95 65 mA VN =5.25V, ;0 =0mA,
Ta=25°C
lcc2 Power Supply Current 100 70 mA Vin =5.25V, ljj0 = 0 mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8
Vin Input High Voltage 2.0 6.0 2.0 6.0 AV
loL Output Low Current 2.1 6.0 2.1 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -14 -1.0 -14 mA Vou = 2.4V
losl2l Output Short Circuit 40 40 mA Vijo = GND to V¢c
Current
NOTE: 1. Typical valuesare for Tp = 25°Cand Vcg = 5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Output Capacitance 5 pF Vyjo =0V
CiNn Input Capacitance 5 pF Viy =0V TESTNOTE: This circuitem-

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. CONDITIONS OF TEST

ploys a self starting oscillator
and a charge pump which
require a certain amount of
time after POWER ON to start
functioning properly. This
2142 circuit is conserva-
tively specified as requiring

Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Levels
Output Load

0.8 Volt to 2.4 Volt 500 psec after Vg reaches
its specified limit (4.75V).

............... 1.5 Volts
1 TTL Gateand C_ = 100 pF
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2142 FAMILY

A.C. CHARACTERISTICS Ta =0°Cto 70°C, Vg = 5V * 5%, unless otherwise noted.

READ cYCLE [

2142-2,2142L.2 | 2142-3, 2142L3 | 2142, 2142L
SYMBOL PARAMETER Min. Max. Min. Max. | Min. Max. | UNIT
trRC Read Cycle Time 200 300 450 ns
ta Access Time 200 300 450 ns
top Output Enable to Output Valid 70 100 120 ns
topx Output Enable to Output Active 20 20 20 ns
tco Chip Selection to Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTD Output 3-state from Disable 60 80 100 ns
toHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE 2
2142-2, 2142L.2| 2142-3, 2142L.3| 2142, 2142L
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT
twe Write Cycle Time 200 300 450 ns
tw Write Time 120 150 200 ns
twr Write Release Time 0 0 0 ns
toTD Output 3-state from Disable 60 80 100 ns
tbw Data to Write Time Overlap 120 150 200 ns
tDH Data Hold From Write Time 0 0 0 ns
NOTES:
1. A Read occurs during the overlap of a low C_-—Sand a high _Vil__E
2. A Write occurs during the overlap of a low CS and a low WE.
WAVEFORMS
READ CYCLE® WRITE CYCLE
trRC we
ta
ADDRESS >( )( ADDRESS >( )(
oD * 4 oD 4 \\
o ...
= X { 5 X £
CSz 7 \l_ cs; }l \\
le—— tcO — > [«— toTD
le—— tCX —— L——-wto > W
H.
Dout We @ \i \\ /
NOTES: Dout ya
@ WE is high for a Read Cycle. tow—>{< toH
@ WE must be high during all address transitions. Din
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2142 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED ta

NORMALIZED ta

lon (mA)

NORMALIZED ACCESS TIME VS.

SUPPLY VOLTAGE

1.2
11
1.0
0‘9 \\
0.8
0.7
0.6
05

4.50 4.75 5.00 5.25 5.50

Vee (V)
NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE
1.2
11
L

1.0
[X]
0.8
0.7
0.6
05

100 200 300 400 500 600

Cy (pF)
OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE

40
30
TN
10 \\

[

[} 1 2 3 4

NORMALIZED ta

NORMALIZED lcc

loL (mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

1.2
11
1.0
"1
0.9
08
0.7
0.6
05
[ 20 40 60 80
Ta °C)

NORMALIZED POWER SUPPLY CURRENT
VS. AMBIENT TEMPERATURE

0.9
P

08 ~

0.7

0.6

08 [} 20 40 60 80

Ta (°C)
OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE

40

30

/

'

Vou (V)
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intel
2147
4096 X 1 BIT STATIC RAM

2147-3 2147 2147L
Max. Access Time (ns) 55 70 70
Max. Active Current (mA) 180 160 140
Max. Standby Current (mA) 30 20 10
m HMOS Technology m Automatic Power-Down
m Completely Static Memory — No Clock B High Density 18-Pin Package
or Timing Strobe Required m Directly TTL Compatible — All Inputs
and Output

m Equal Access and Cycle Times

Sinale 45V § | m Separate Data Input and Output
H Single u

9 PPly B Three-State Output

The Intel® 2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high-
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2147 — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de-
selected.

The 2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all
respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same polarity as the
input data. A data input and a separate three-state output are used.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
— Ao
Ao ] 1811 Vee — A @ >3
A ]2 173 As — Az A°® — ‘—©—Vcc
a]s  1sfdar 1 ﬁj A1 >3 — —ow
A3 ] 4214715 [ As — As @
A5 a0 A, _— :‘7‘ Dourf— Az @{ ROW MEMORY ARRAY
As[]e 131 Ao —] Ag Az —K SELECT MGgORL?Jv:ASNS
Dout [} 7 12 An — :9 ®
wels  nfow - s =P
GND[J 9 10[]Cs Diy WE CS A @
‘ s -
PIN NAMES Dy @ COLUMN 1/0 CIRCUITS __D>@.. Dout
COLUMN SELECT
Ag—A11 ADDRESS INPUTS | Vcc POWER (+5V)
WE WRITE ENABLE GND_GROUND
cs CHIP SELECT -
Dy DATA INPUT E
Dour _ DATA OUTPUT ¢ @® @ @
As A7 Ag Ag A An
TRUTH TABLE 5 ———g
[GS[we MODE OUTPUT | POWER
H| X | NOT SELECTED | HIGH Z | STANDBY
LiL WRITE HIGHZ | ACTIVE
L| wH READ Dout ACTIVE WE :D
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2147

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage on

Respectt
Power Diss
D.C. Outpu

Any Pin With
o Ground
ipation
t Current

1.2W

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. AND OPERATING CHARACTERISTICS"
TA =0°C to 70°C, Vcc = +5V £10%, unless otherwise noted.

2147-3 2147 2147L
Symbol Parameter Min. Typ.[2] Max. |Min. Typ.(2] Max.|Min. Typ. (2] Max. | Unit Test Conditions
[[N] Input Load Current 0.01 10 0.01 10 0.01 10 pA | Vec=MAX, ViN=GND to Vcc
(All Input Pins)
|lo] | Output Leakage 01 50 01 50 01 50 | wA [CS=Vin, Vcc=Max.,
Current VouTt=GND to 4.5V
Icc Operating Current 120 170 100 150 100 135 | mA [Ta=25°C| vgo=Max., CS=ViL,
180 160 140 | mA [Ta=0°C | Outputs Open
IsB Standby Current 18 30 12 20 7 10 mA | Vcc=Min. to Max.
CS=ViH
Ipo 31 [ Peak Power-On 35 70 25 50 15 30 | mA | Vcc=GND to Vcc Min.,
Current CS=Lower of Vcc or ViH Min.
ViL Input Low Voltage [-1.0 08 |[-1.0 08 |-1.0 0.8 \
ViH Input High Voltage | 2.0 6.0 |20 6.0 | 2.0 6.0 Vv
VoL Output Low Voltage 0.4 04 04 vV |loL =8mA
VoH Output High Voltage| 2.4 24 24 V  [loH = -4.0mA
los'”  |Output Short Circuit|-120 120 |-120 120 {-120 120 | mA |VouT=GND to Vcc
Current
Notes:

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.

2.
3.

deselected; otherwise, power-on current approaches Icc active.

4.

Duration not to exceed one minute.

Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading.
lcc exceeds Isg maximum during power on, as shown in Graph 7. A pull-up resistor to Vcc on the CSinput is required to keep the device

Vee
A.C. TEST CONDITIONS o
Input Pulse Levels GND to 3.5 Volts Dour
Input Rise and Fall Times 10 nsec s000 ELUDING
Input and Output Timing Reference STEAND
Levels 1.5 Volts
Output Load See Figure 1 =
Figure 1. Output Load
CAPACITANCE"
Ta = 25°C, f = 1.0MHz
Symbol Parameter Max. | Unit Conditions
Cin Input Capacitance 5 pF Vin =0V
Cout |Output Capacitance | 6 |- pF VouT =0V

Note 5. This parameter is sampled and not 100% tested.
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A.C. CHARACTERISTICS v
Ta =0°C to 70°C, Vcc = +5V£10%, unless otherwise noted.
READ CYCLE
.2147-3 2147, 2147L Test
Symbol Parameter Min. Max. Min. Max. Unit | Conditions
trC Read Cycle Time 55 70 ns %
7Y Address Access Time 55 70 ns
tacs1 Chip Select Access Time 55 70 ns Note 1
tacs2 Chip Select Access Time 65 80 ns Note 2
toH Output Hold from Address Change 5 5 ns
tz 3 Chip Selection to Output in Low Z 10 10 ns
thz (3] Chip Deselection to Output in High Z 0 40 0 40 ns
tru Chip Selection to Power Up Time 0 0 ns
trD Chip Deselection to Power Down Time 30 30 ns
WAVEFORMS

READ CYCLE NO. 1

tRC

ADDRESS X

taa
toH
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2

tRe

cs 5

tacs
thz
tz

DATA OUT HIGH IMPEDANCE DATA VALID

IMPEDANCE
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2147

A.C. CHARACTERISTICS (Continued)
WRITE CYCLE

2147-3 2147,2147L Test
Symbol Parameter Min. Max. Min. Max. Unit | Conditions
twc Write Cycle Time 55 70 ns
tcw Chip Selection to End of Write 45 55 ns
taw Address Valid to End of Write 45 55 ns
tas Address Setup Time 0 0 ns
twp Write Pulse Width 35 40 ns
twr Write Recovery Time 10 15 ns
tow Data Valid to End of Write 25 30 ns
toH Data Hold Time 10 10 ns
twz Write Enabled to Output in High Z 0 30 0 35 ns
tow Output Active from End of Write 0 0 ns
WAVEFORMS
WRITE CYCLE #1 (WE CONTROLLED)
twe
ADDRESS >( )(
tew
AN 1/ /[ /1)
taw e tyn—s]
tas twe
we A\ X £
‘ | tow toH
\ *
DATA IN DATA IN VALID
<—fwz—1 tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED /l
WRITE CYCLE #2 (CS CONTROLLED)
twe -
ADDRESS >(
] lAsL tew
s _SL £
taw [ twr
twp
= NNANAMAANNANK £/ /[ //[[[/
| tow toH

DATA IN

X

DATA IN VALID

H—m—j

DATA OUT

DATA UNDEFINED

HIGH IMPEDANCE

/

Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state.
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TYPICAL D.C. AND A.C. CHARACTERISTICS

GRAPH 1 GRAPH 2 GRAPH 3
SUPPLY CURRENT VS, SUPPLY CURRENT VS. OUTPUT SOURCE CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE

100

“ “0 Vee = 5.0V

cc =
lec — M~—_ e 80— 1, = 25°C
\
30 30 —
- - z %
= 280 _ T
820 Ta=25C — 320 Vec =50V — 5 \
10 10 20
, N
sB Isg \
0
450 475 5.00 5.25 5.50 0 20 40 60 80 0 1.0 2.0 3.0 40
Vee (V) Ta (°C) Vour (VI
GRAPH 4 GRAPH 5 GRAPH 6
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME VS. OUTPUT SINK CURRENT VS.
VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE

11 100

o —— 3 ) / /

Vee = 5.0V
20 / cc

Ta = 25°C
/ tacs / A

-
=

NORMALIZED ta 5, tacs
©
5
"
]

o
NORMALIZED tap, tacs
©
13
>

\
§
g
|

7 7 0
450 4.75 5.00 5.25 5.50 0 20 40 60 80 [} 1.0 20 3.0 4.0
Vee (V) Ta °C) Vour (V)
GRAPH 7 GRAPH 8 GRAPH 9
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE VS. ACCESS TIME CHANGE VS.
VS. POWER SUPPLY VOLTAGE INPUT VOLTAGE OUTPUT LOADING
20
Ieo |- __T_ — L

20 20
16 / /

A -~

8 3
£ e %
g 4 N g r /
N 1L LS ] <
3 s / r B PR 510 /
E s s 3 /
<) A P
z Tp = 70°C A Ta = 70°C
A Ve = 5.0V Vee MIN
Tp =25°C L
1K €S PULL-UP RESISTOR TO Ve 0 °
o 1.0 20 30 40 5.0 0 1.0 2.0 3.0 4.0 0 100 200 300 400 500
Ve (V) Vin (V) Cp (pF)

Note 1. The supply current curves shown in Graphs 1 and 2 are for the 2147.
The supply current curves for the 2147L and 2147-3 can be calculated by scaling proportionately.
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DEVICE DESCRIPTION

The 2147 is produced with HMOS, a new high-
performance MOS technology which incorporates on-
chip substrate bias generation” combined with device
scaling to achieve high-performance. The speed-power
product of this process has been measured at 1pj,
approximately four times better than previous MOS
processes.

This process, combined with new design ideas, gives the
2147 its unique features. High speed, low power and ease-
of-use have been obtained in a single part. The low-power
feature is controlled with the Chip Select input, which is
not a clock and does not have to be cycled. Multiple read
or write operations are possible during a single select
period. Access times are equal to cycle times, resulting in
data rates of 14.3 MHzand 18 MHz forthe 2147 and 2147-3,
respectively. This is considerably higher performance
than for clocked static designs.

Whenever the 2147 is deselected, it autemalically reduces
its power requirements to a fraction of the active power, as
shown in Figure 1. This is achieved by switching off the
power to unnecessary portions of the internal peripheral
circuitry. This feature adds up to significant system power
savings. The average power per device declines as system
size grows because a continually higher portion of the
memory is deselected. Device power dissipation asympto-
tically approaches the standby power level, as shown in
Figure 2.

FIGURE 1. icc WAVEFORM.

Icc

100% DUTY CYCLE

25% DUTY CYCLE

SYSTEM AVERAGE DEVICE POWER .

IsB, !
4K 8K 16K 32K 64K
MEMORY SIZE IN WORDS
FIGURE 2. AVERAGE DEVICE DISSIPATION VS.

MEMORY SIZE.

There is no functional constraint on the amount of time the
2147 is deselected. However, there is a relationship
between deselect time and Chip Select access time. With
no compensation, the automatic power switch would
cause an increase in Chip Select access time, since some
time is lost in repowering the device upon selection. A
feature of the 2147 design is its ability to compensate for
this loss. The amount of compensation is a function of
deselect time, as shown in Figure 3. For short deselect
times, Chip Select access time becomes slower than
address access time, since full compensation typically
requires 40ns. For longer deselect times, Chip Select
access time actually becomes faster than address access
time because the compensation more than offsets the time
lost in powering up. The spec accounts for this
characteristic by specifying two Chip Select access times,
tacs1 and tacsz.

tacsz SPEC LIMIT

+15%

tacst

TYPICAL CHIP SELECT
ACCESS TIME

'
0 20 40 60 80 100
DESELECT TIME (ns)

FIGURE 3. tacg VS. DESELECT TIME.

The power switching characteristic of the 2147 requires
more careful decoupling than would be required of a
constant power device. It is recommended that a 0.1uF to
0.3uF ceramic capacitor be used on every other device,
with a 22uF to 47uF bulk electrolytic decoupler every 16
devices. The actual values to be used will depend on board
layout, trace widths and duty cycle. Power supply
gridding is recommended for PC board layout. A very
satisfactory grid can be developed on a two-layer board
with vertical traces on one side and horizontal traces on
the other, as shown in Figure 4.

Vee

FIGURE 4. PC LAYOUT.

Terminations are recommended on input signal lines to
the 2147 devices. In high speed systems, fast drivers can
cause significant reflections when driving the high
impedance inputs of the 2147. Terminations may be
required to match the impedance of the line to the driver.
The type of termination used.depends on designer
preference and may be parallel resistive or resistive-
capacitive. The latter reduces terminator power dis-
sipation.
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2147H
HIGH SPEED 4096 x 1 BIT STATIC RAM

® HMOS II Technology m Fully Compatible with Industry

B 35-45ns Maximum Access Time Standard 2147

m 180mA Maximum lcc B Automatic Power-Down

m 30mA Maximum lgg m High Density 18-Pin Package

m Completely Static Memory — No Clock m Directly TTL Compatible — All Inputs
or Timing Strobe Required and Output

m Equal Access and Cycle Times B Separate Data Input and Output

m Single +5V Supply B Three-State Output

The Intel® 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOSTI, Intel’'s new
high-performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use
features associated with non-clocked static memories and the reduced standby power dissipation associated with clocked
static memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2147H — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are
deselected.

The 2147H is placed in an 18-pin package configured with the industry standard pinout. Itis directly TTL compatibleinall
respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same polarity as the
input data. A data input and a separate three-state output are used.

PIN CONFIGURATION

r'
(o]
[}
(¢]
%)
<
=
=2}
o
-

BLOCK DIAGRAM

Aol 18§ Ve — :4: ®
A2 17[] As —a; Aoé‘ﬂ _@vcc
A2[]3 16f1 A, ] :: M2 N 2 o
Az} a 157 As —Jas @
Asds A —{4s Pour[— A2 —X MEMORY ARRAY
as]s  13[0a A7 ® ROW 64 ROWS
5 10 Ag As __X SELECT 64 COLUMNS
Dout [} 7 120 An — :9 @
wel]s  nfgow A >
eNpjs  10[0%s Dyy WE CS A ® X
5 *—'1
2147H i T T l
Din ) COLUMN 1/0 CIRCUITS __D>_ Dout
PIN NAMES
COLUMN SELECT
Ao—A11 ADDRESS INPUTS | Vcc POWER (+5V)

WE WRITE ENABLE GND GROUND

cs CHIP SELECT

Din DATA INPUT

Doyt DATAOUTPUT @ @ @ @

As A7 Ag Ag Ay An
TRUTH TABLE s —
CS| WE MODE OUTPUT | POWER
H| X | NOT SELECTED | HIGHZ | STANDBY
L| L WRITE HIGHZ | ACTIVE
L H READ Dout ACTIVE WE —d
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tel 2148
1024 x 4 BIT STATIC RAM

Max. Access Time (ns) 60
Max. Active Current (mA) 150
Max. Standby Current (mA) { 30

= HMOS Technology m Automatic Power-Down
= Completely Static Memory = High Density 18-Pin Package
-_ N(.) Clock or Timing Strobe = Directly TTL Compatible
Required — All Inputs and Outputs
= Equal Access and Cycle Times = Common Data Input and Output
= Single +5V Supply m Three-State Output

The Intel® 2148 is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOS, a high-
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

CE controls the power-down feature. In less than a cycle time after CE goes high — deselecting the 2148 — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CE remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are
deselected.

The 2148 is placed in an 18-pin package configured with the industry standard 1K x 4 pinout. It is directly TTL compatible
in all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same
polarity as the input data. Common input and output pins are provided.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
3
as[]1 18] vee Ao . ® vee
as[]2 17[] a7 n I = As -@—K @ owo
i P
As[]s 16[] As s As L__K o WewoRy agaY
as[]a 15[ A9 e 102 f— ) K SELECT | o e CoUMNS
n]s 2148 n;lwm s i ne
ar]s fJuwoz | ns 103 ® EC
A2 Ij 7 2[quos  _|{ A9 —’“—_k — O =PINNUMBERS
TE[]s 1] nos A8 1104 }—
ano[]e 1[I WE j Ao wor -2 ? COLUMN /0 CIRCUITS
(3 F—
? ? 02 ® »?— INPUT COLUMN SELECT i
o @ coNTROL
PIN NAMES ’ ? ©) @
Ag-Ag  ADDRESS INPUTS vos -2 3— @ D m
WE WRITE ENABLE “ﬂ
CE CHIP ENABLE P
/04-1/04  DATA INPUT/OUTPUT _
Vee POWER (+5V) cE 3[}_ s
GND GROUND
WE
TRUTH TABLE
CE | WE MODE 110 POWER
H X | NOT ENABLED | HIGH-Z | STANDBY
L L WRITE HIGH-Z | ACTIVE
L|H READ Dour | ACTIVE
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3101, 3101A
16 x 4 BIT HIGH SPEED RAM

m Fast Access Time — 35 nsec max m OR-Tie Capability — Open Collector
over 0-75°C Temperature Range Outputs
(3101A)

a Fully Decoded — on Chip Address

= Simple Memory Expansion through Decode and Buffer

Chip Select Input — 17 nsec max over

0-75°C Temperature Range (3101A) s Minimum Line Reflection — Low
Voltage Diode Input Clamp

m DTL and TTL Compatible — Low Input m Ceramic and Plastic Package — 16 Pin
Load Current: 0.25 mA max Dual In-]Line Configuration

The Intel 3101 and 3101A are high speed fully decoded 64 bit random access memories, organized 16 words
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless
of the state of the read/write signal.

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor-
mance than equivalent devices with gold diffusion processes.

The Intel 3101 and 3101A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost
silicone packages, and their performance is specified over a temperature range from 0°C to 75°C.

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads.
A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied.

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at
the data leads to be entered at the addressed storage cells.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
o d -
ADDRESS INPUT A [ 1 16 v, o RO [ | —
CHIPSELECT CS (] 2 15f3 A, ADDRESS INPUT N o, f— X N e —
w N ' =
WRITE ENABLE WE (] 3 14§71 A, ADDRESS INPUT Ay " ®@ =
0, fo— g8 H 5 H
pATAINPUT D, 4 131 A, ADDRESS INPUT —A A,c® <= || —
0ATA QUTPUT 0,5 12f 0, paTAINPUT —qqw ok —
DATAINPUT D, ({6 11§20, DATA OUTPUT D @ e
_ —0o o
DATA OUTPUT 0,7 10 [ o, oATA INPUT DZ o, p— f::»..m,, :
cund 8 9 [0, oaTA ouTPUT 0,
o % 0; ; 05 5 0, O,
TRUTH TABLE
PIN NAMES s:LHEI::T EVI:Z‘;EE OPERATION | OUTPUT
D,—D, DATAINPUTS cs CHIP SELECT INPUT LOW Low WRITE HIGH
— Low HIGH READ COMPLEMENT OF
Ag—A; ADDRESS INPUTS 0,—-0, DATAOUTPUTS WRITTEN DATA
WE HIGH LOW - HIGH
WE WRITE ENABLE Voc _ POWER (+5V) Hom ton mes
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Absolute Maximum Ratings *

*COMMENT:
Temperature Under Bias:  Ceramic —65°C to +125°C Stresses above those listed under ‘““Absolute Maximum
Plastic —65°C to +75°C Rating’”” may cause permanent damage to the device. This
Storage Temperature —65°C to +160°C is a stress rating only and functional operation of the device

at these or at any other condition above those indicatedin

All Output or Supply Voltages —0.5 to +7 Volts the operational sections of this specification is not implied.
All Input Voltages —1.0 to +5.5 Volts Exposure to absolute maximum rating conditions for ex-
Output Currents 100 mA tended periods may affect device reliability.

D.C. Characteristics 1, = 0°C to +75°C, V. = 5.0V +5%

SYMBOL PARAMETER MIN. | MAX. [UNIT ~ TEST CONDITIONS
lea ADDRESS INPUT LOAD CURRENT —-0.25 | mA Ve =5.25V, V, =0.45V
(P DATA INPUT LOAD CURRENT —-0.25 | mA Ve =5.25V, V, =0.45V
lew WRITE INPUT LOAD CURRENT —-0.25 | mA Ve =5-25V, V,, =0.45V
les CHIP SELECT INPUT LOAD CURRENT —-0.25 | mA Ve =5.25V, Vg =0.45V
lra ADDRESS INPUT LEAKAGE CURRENT 10 pA Ve =5-25V, V, =5.25V
kD DATA INPUT LEAKAGE CURRENT 10 uA Vee =5.25V, V[, =5.25V
Taw WRITE INPUT LEAKAGE CURRENT 10 pA Vee =525V, V,, =6.25V
lrs CHIP SELECT INPUT LEAKAGE CURRENT 10 pA Ve =526V, Vg =5.26V
Vea ADDRESS INPUT CLAMP VOLTAGE -1.0 \Y Veg =475V, 1,==5.0mA
Veo DATA INPUT CLAMP VOLTAGE -1.0 Y Veg =475V, 15==5.0 mA
Vew WRITE INPUT CLAMP VOLTAGE -1.0 \Y Ve =475V, 1\,=—5.0 mA
VCS CHIP SELECT INPUT CLAMP VOLTAGE -1.0 \" VCC =475V, IS =—5.0 mA
Voo OUTPUT “LOW"” VOLTAGE 0.45 Y Voo =475V, Ig = 15 mA
Memory Stores “‘Low”
lcex OUTPUT LEAKAGE CURRENT 100 pA Vee=5-25V, Vg, =5.25V
Vg=2.5V
lee POWER SUPPLY CURRENT 105 mA Ve =5-25V, V, =Vg =V, =0V
ViL INPUT “LOW"” VOLTAGE 0.85 \Y Ve =5.0V
Viu INPUT “HIGH” VOLTAGE 2.0 Y Ve =5.0V
Typical Characteristics
OUTPUT CURRENT INPUT CURRENT INPUT THRESHOLD VOLTAGE
VS. OUTPUT “LOW"” VOLTAGE VS. INPUT VOLTAGE VS. AMBIENT TEMPERATURE
40 0 25
v,l.c = sl.ov 25%C
-25 = Ve = 5.0V
75°C = S cc
~ == P o°c w
< 30 ~50 © 20
E I =
- 3 )
z 7 £ 78 S
< 75 c\\// z g 1
5 20 T £-100 215 ——]
© /l{_’_ooc = z [
- 3}
> 7 5128 &
5 25°c\\_’4 g £
S 10 =-150 =10
/ 2
z
-178 =
[ / —200 [ 05
0 0.2 0.4 06 08 0 1.0 2.0 3.0 0 25 50 75
OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C)
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3101, 3101A

Switching Characteristics

Conditions of Test:.

Input Pulse amplitudes: 2.5V

Input Pulse rise and fall times of
5 nanoseconds between 1 volt
and 2 volts

Speed measurements are made at 1.5 volt levels
Output loading is 15mA and 30 pF

15 mA Test Load Vee

READ CYCLE
Address to Output Delay

Ag. Ay, Ag Az

)

YL

t

l <— <18ns

CHIP SELECT INPUT

l‘—(A_—b —| tay
04,05, 03,04

Chip Select to Output Delay

Ag. Ay, Ag, Ag

CHIP SELECT INPUT

gy |

04,05,03,04

NOTE 1:

WRITE CYCLE

|
Ag. Aq, Ay, Ag, /
0 1. A2 A3
-
CHIP SELECT INPUT
[ e——TIpy —>
Drata ay
may
Dq. Dy, D3, Dy ]change N

WRITE INPUT
g '
’ ‘ 7
04,0,,03,0,4 % N\
(Selected Chips)* ’ ‘\,'

-’

—»i tgR |le—

(See Note 1)

*Outputs of unselected chips remain high during write cycle.

tgR is associated with a read cycle following a write cycle and does not affect the access time.

A.C. Characteristics 1, = 0°C to +75°C, V. = 5.0V +5%

READ CYCLE WRITE CYCLE
3101A 3101 3101A 3101
SYMBOL PARAMETER LIMITS (ns) LIMITS (ns) SYMBOL TEST LIMITS (ns) LIMITS (ns)
MIN.| MAX. MIN.| MAX. MIN. | MAX. MIN.| MAX.
tgy tg_ Chip Select to Output| 5 17 5 42 tsh Sense Amplifier 35 50
Delay Recovery Time
taitas deress to Output 10 35 10 60 twp Write Pulse Width 25 40
elay
tow Data-Write Overlap 25 40
Time
CAPACITANCE®? T, =25°C
A twR Write Recovery Time 0 5
Cin INPUT CAPACITANCE 10 pF
(All Pins) maximum NOTE 2: This parameter is periodically sampled and is not 100%
C 12 pF tested. Condition of measurement is f = 1 MHz, Viyjag
ouT OUTPUT CAPACITANCE . =2V, Ve = 0V, and Tp = 25°C.
maximum
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3101, 3101A

Typical A.C. Characteristics

ADDRESS TO OUTPUT DELAY (ns)

ADDRESS AND CHIP SELECT DELAY (ns)

40

30

20

10

45

35

25

LOAD CAPACITANCE (pF)
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AMBIENT TEMPERATURE

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
VS. ' VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
4
Vee =5.0V £5% Ve =5.0V15%
€, =30pF C_=30pF
Z ow
>
tA,__ é
————— - —— t 2
a- 5
&
3 2
e
&
3 i
&
I 10
© [N R — [ ——
™ tos
0
25 50 75 0 25 50 75
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
ADDRESS & CHIP SELECT TO OUTPUT DELAY WRITE PULSE WIDTH & SENSE
VS. AMPLIFIER RECOVERY TIME
LOAD CAPACITANCE VS. AMBIENT TEMPERATURE
40
Vee = 5.0V 5% e -
D.C. LOAD = 15 mA P Vee = 6.0V
T = 25° 7~ c, = F
A= 25°C e L = 30pl
-~
pad gz *
-1 G sr
P 7~ oz B,
tA- / zr
A - L : z
] a s 20
- H § twe
/ woe ————
/ Z3
- ] i
ts, A a T
P =
- £3 4
/ -
1 /
P ~
~
[
50 100 150 200 0 25 50 7%
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5101 FAMILY
256 x 4 BIT STATIC CMOS RAM

P/N Typ. Current @ 2V | Typ. Current @ 5V | Max Access
(WA) (HA) (ns)
5101L 0.14 0.2 650
5101L-1 0.14 0.2 450
5101L-3 0.70 1.0 650

= Single +5V Power Supply

= Ideal for Battery
Operation (5101L)

= Directly TTL Compatible:

All Inputs and Outputs
= Three-State Output

The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted
silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when
CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is ideally
suited for low power applications where battery operation or battery backup for non-volatility are required.

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read
out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101
has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may
be wire OR-ed for use in common data 1/0 systems.

The 5101L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a 256 X 4 organiza-
tion is needed.

The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of ultra-low power,
high performance memories.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
7
Ay 1 22 :Vcc —{ A
A, 2 2 DM —A M Ay ® | oVee
— A, Ao ® ZGND
s 2 [Jaw —] A A1 @ | aooress ROW CELL ARRAY °
seq 2 — 32 ROWS
I = 19 [T] cE — A, A3§% BUFFERS DECODERS 32 SO LUNINS
A s 18 ] oo — A Aq -
A, —4 (ENABLE)
' = ) 17 [ ce2 N
—4 A, %
[ - 16 [] o, o 00 CE2 54
. [ CEi
N [ 8 15 [Joi, — o, oo b— % s @, oo,
— o oo }— — (enaBLE) | coLumnio :
o, [ 14 [ oo, 3 s CIRCUITS
—] o1, oo }— RW O Do,
o 0 wf3o o ol [ —
] DATA COLUMN
ol q n 12 [ oo, RMW CE2 CE1 0,0 g CONTROL 2 ®, DO,
D0
Py Oa COLUMN 00
TRUTH TABLE aLe) SELECT :E
— 1 BUFFERS
CE4 | CE2| OD |RW | Dy | Output Mode
H | X | X | X | X | HighZ | Not Selected o
x | L] x| x | x |Highz |Not Selected o o9
X | x| H | H | X |High 2z |Output Disabled As Rg A
L | H|H L | x |Highz|write OO
Ll M| |L | x| ow |wite
= PIN NUM;
L | H|L|H|X|Doyr |Read O BERS
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RAM

5101 FAMILY

Absolute Maximum Ratings *

.. .=10°C to 80°C
-65°C to +150°C

Ambient Temperature Under Bias . .
Storage Temperature . .........
Voltage On Any Pin

With Respect to Ground . . .. -0.3V to V¢c +0.3V
....... +7.0V

Maximum Power Supply Voltage . .
Power Dissipation . ...........

D. C. and Operating Characteristics
Ta = 0°C to 70°C, Ve = 5V £5% unless otherwise specified.

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating'' may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or at any other condition above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

5101L and 5101L-1 5101L-3
Limits Limits

Symbol Parameter Min. Typ.[1] Max.|Min. Typ.[1] Max.|Units| Test Conditions

1.2(2] | Input Current 5 5 nA

Il o I[21| Output Leakage Current 1 1 | uA [CET=2.2V, VouT=
Oto VCC

lcet Operating Current 9 22 9 22 | mA |V|n=Vce, Except
CET1<0.65V,
Outputs Open

lcca2 | Operating Current 13 27 13 27 | mA V|_N=2.2V, Except
CE1<0.65V,
Outputs Open

lccLl?] | Standby Current 10 200 | uA |CE2<0.2V,Tp=
70°C

ViL Input Low Voltage -0.3 0.65 (-0.3 0.65| V

ViH Input High Voltage 2.2 Vee | 2.2 Vee| V

VoL Output Low Voltage 0.4 04| V |loL=20mA

VoH Output High Voltage 24 2.4 V [loy=-1.0mA

Low V¢ Data Retention Characteristics (For 5101L, 5101L-1 and 5101L-3) Ta =0°Cto 70°C

Symbol Parameter Min. | Typ.['] | Max. | Units Test Conditions

VbR Vcc for Data Retention 2.0. \%

lccor1 | 5101L or 5101L-1 Data Retention 0.14 10 MA Vpr=2.0V,
Current CE2<0.2V Ta=70°C

lccpr2 | 5101L-3 Data Retention Current 0.70 200 HA Vpr=2.0V,

Ta=70°C
tCcDR Chip Deselect to Data Retention Time 0 ns
tR Operation Recovery Time trel3) ns
NOTES:

1.  Typical valuesare Tp = 25°C and nominal supply voltage.
2.  Current through all inputs and outputs included in Icc measurement.

3. trc = Read Cycle Time.
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5101 FAMILY

Low Vcc Data Retention Waveform

SUPPLY
VOLTAGE (Vgc)

®

CHIP ENABLE (CE2)

3§ ® oy
teor tr
@ @]

DATA RETENTION
MODE

@ amv
@ Vvor
@ Vin
@ oav

Typical Iccpr Vs. Temperature

Iccpr (A)

0.10

Vcee =2V
| CE2=0.2V
VIN =2V

]

/|

A/

/

v

0.01

d

/

0 10

20 30 40 50 60
TEMPERATURE (°C)

70

A.C. Characteristics Ta = 0°C to 70°C, V¢ = 5V £5%, unless otherwise specified.

READ CYCLE
5101L and
5101L-1 5101L-3
Limits (ns) Limits (ns)

Symbol Parameter Min. Max. Min. Max.
tRC Read Cycle 450 650

ta Access Time 450 650
tco1 Chip Enable (CE 1) to Output 400 600
tco2 Chip Enable (CE 2) to Output 500 700
top Output Disable to Output 250 350
toF Data Output to High Z State 0 130 0 150
toH1 Previous Read Data Valid with 0 0

Respect to Address Change
toH2 Previous Read Data Valid with 0 0
Respect to Chip Enable
WRITE CYCLE

twe Write Cycle 450 650

taw Write Delay 130 150

towd Chip Enable (CE 1) to Write 350 550

tow2 Chip Enable (CE 2) to Write 350 550

tow Data Setup 250 400

toH Data Hold 50 100

twe Write Pulse 250 400

twr Write Recovery 50 50

tps Output Disable Setup 130 150

A. C. CONDITIONS OF TEST
+0.65 Volt to 2.2 Volt

Input Pulse Rise and Fall Times:

Input Pulse Levels:
20nsec

Timing Measurement Reference Level: 1.5 Volt

Capacitancelz]TA = 25°C, f = 1MHz

Output Load:

1 TTL Gate and C_ = 100pF

Limits (pF)
Symbol Test Typ. | Max.
Cin Input Capacitance 4 8
(All Input Pins) V|5 = OV
Cout Output Capacitance Voyt = 0V 8 12

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodicaily sampled and is not 100% tested.
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5101 FAMILY

Waveforms

READ CYCLE WRITE CYCLE

tcor —= ton1 tewr

It

toH2 —| le—o

CE2 —X CE2
I tcoz e

tewz

ADDRESSDK ADDRESSD(
/

Op =t top—= s op
(COMMON 1/0)!"! (COMMON 1/0)!2! /

|« tDF —»f —]

w

ta DS —
- o= ———— ——— - -———
DATA DATA OUT DATA DATA IN
our VALID IN STABLE
-} - —————— | - -
_———(DW———_.

I
—_— 'AWI‘— R

we
RW *

NOTES:
1. OD may be tied low for separate 1/O operation.

2. During the write cycle, OD is “high’’ for common 1/O and
‘“don‘t care’’ for separate 1/O operation.
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MOS EPROM AND ROM FAMILY

Maximum Operating
No. No. Maximum Power Temperature Power
of of " Access Dissipation Range Supply
Type Bits Organization Pins Outpull ! (ns) (mW) (°C) ()] Page No.
’ 2316E 16384 2048 x 8 24 TS. 450 630 0to70 5V+10% 412
g 2332A 32768 4096 x 8 24 TS. TBD TBD 0to0 70 5V 10% 4-1%
2 2364A 65536 8192 x 8 28 TS. TBD TBD 0to 70 5V +10% 4-16
$3us 5V+5%
EE22 | 2608 8192 1024 x 8 24 TS. 450 800 0to 70 12V£5% 417
3 g3 ~5Vx5%
a
5V 5%
1702A 2048 256 x 8 24 TS. 1us 885 0to 70 oveb%
5V+5%
1702A-2 2048 256 x 8 24 TS. 650 959 0to 70 oV e 6% 4.5
5V5%
1702A-6 2048 256 x 8 24 TS. 1.5 ps 885 0to 70 Zoves%
5V+10%
M1702A 2048 256 x 8 24 TS. 850 960 -551t0100 | g0 oo 145
5
1702AL 2048 256 x 8 24 TS. 1us 221 0to 70 5;/v:+5$/
TIVESA 4.9
1702AL-2 2048 256 x 8 24 TS 650 221 0to 70 Sv 5%
: X > ° -9V£5%
5V+5%
2704 4096 512x8 24 TS. 450 800 0to 70 12V£5% 4-20
-5V+5%
= 5V+5%
H 2708 8192 1024 x 8 24 TS. 450 800 0to 70 12V+5%
%‘ -5V+5%
= 5V+5%
2708L 8192 1024 x 8 24 TS. 450 425 0to 70 12V£5% 4.21
-5Vx5%
5V+5%
2708-1 8192 1024 x 8 24 TS 350 800 0to 70 12V£5%
—5V+5%
12708 8192 1024 x 8 24 TS. 450 800 -40t085 |[12v5% 13-4
~5V%5%
M2708 8192 1024 x 8 24 TS. 450 750 —~55t0 100 |12V 10% 14-22
—5V+10%
2716 16384 2048 x 8 24 TS. 450 525/13212] 0to 70 V5%
2716-1 16384 2048 x 8 24 TS. 350 550/13812] 0to 70 5V+10% 4.23
2716-2 16384 2048 x 8 24 TS. 390 525/13212] 0to 70 5V+5%
12716 16384 2048 x 8 24 TS. 450 60316521 | _40t085 | 5V25% 135
M2716 16384 2048 x 8 24 TS. 450 803/165(1 | _ 5510100 |5v=10% 14-28
2732 32768 4096 x 8 24 TS 450 788/15812] 0to 70 5V 5% 4.28
2758 8192 1024 x 8 24 T.S. 450 525/13212] 0to 70 5V+5% 4-31

Notes: 1. T.S. is a three state output.
2. Static standby mode feature.

Disk L1, file 819-1

ROM and PROM Programming Instructions 4-48




BIPOLAR PROM FAMILY

Maximum Operating
No. No. Maximum Power Temperature
of of Access Dissipation Range Power Page
Type Bits | Organization | Pins | Output!" (ns) (mW) (°C) Supply No.

3604A 4096 512x8 24 0.C. 70 895 0to75 5V+5%

3604A-2 | 4096 512x8 24 0.C. 60 895 0to75 5V+5%

3604AL | 4096 512x8 24 0.C. 90 685/135/2! 0to 75 5V+5% | 4-36
3624A 4096 512x8 24 T.S. 70 895 Oto75 5V+5%

3624A-2 | 4096 512x8 24 T.S. 60 895 0to75 5V+5%
M3604A 4096 512x8 24 0.C. 90 1045 -55t0125 |5V+10% 14.33
M3624A 4096 512x8 24 T.S. 90 1045 -55t0125 |5V+10%
3605A 4096 1024x4 18 O.C. 60 735 0to75 5V+5%

3605A-1 | 4096 1024x4 18 0O.C. 50 735 0to75 5V+5% | 4.39
3625A 4096 1024x4 18 T.S. 60 735 0to75 5V+5%

3625A-1 | 4096 1024x4 18 T.S. 50 735 0to75 5V+5%
M3625A 4096 1024x4 18 T.S. 60 998 0to75 5V+£5% | 14-35
3628 8192 1024x8 24 T.S. 80 998 0to 75 5V+5% 442

3628-4 8192 1024x8 24 T.S. 100 998 O0to75 5V+5%
3636 16384 2048x8 24 T.S. 80 998 0to75 5V+10%

3636-1 16384 2048x8 24 T.S. 65 998 0to75 5V+10% 4-45
M3636 16384 2048x8 24 T.S. 80 998 —-50to 125 5V+5% | 14-38

Notes:

output respectively.
2. The 3604AL has a low power dissipation feature.

1. O.C. and T.S. are open collector and three-state

4.3

FROM and PROM Programming Instructionsr 4-48 l
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PROM/ROM

BIPOLAR PROM CROSS REFERENCE

Intel Part Number

Part Prefix and Organization Direct For New
Number |Manufacturer Replacement | Designs
5340-1 | MMI 512x 8 M3624A
5341-1 | MMI 512x 8 M3624A
5604C | IM—Intersil 512x 4 3602A
5605C | IM—Intersil 512x 8 3604A
5624C | IM—Intersil 512x 4 3622A
5625C | IM—Intersil 512x 8 3624A
6305-1 | MMI 512x 4 3604A
6306-1 | MMI 512x 4 3625A
6340-1 | MMI 512x 8 3604A
6341-1 | MMI 512x 8 3624A
6352-1 | MMI 1024 x 4 3625A
6353-1 | MMI 1024 x 4 3625A
6380-1 | MM 1024 x 8 3628
6381-1 | MMI 1024 x 8 3628
745472 | T 512x 8 3624A
745473 | Ti 512x 8 3604A
745474 | T 512x8 3624A
745475 | TI 512x 8 3604A
745570 | National 512x 4 3604A
748571 | National 512x 4 3625A
7620-5 | HM—Harris 512x 4 3604A
7621-5 | HM—Harris 512x 4
7640-2 | HM—Harris 512x8 M3604A
7640-5 | HM—Harris 512x 8 3604A
7641-2 | HM—Harris 512x 8 M3624A
7641-5 | HM—Harris 512x 8 3624A
7642-5 | HM—Harris 1024 x 4 3605A
7643-5 | HM—Harris 1024 x 4 3625A
7644-5 | HM—Harris 1024 x 4 ' 3625A
7680-5 | HM—Harris 1024 x 8 3628
7681-5 | HM—Harris 1024 x 8 3628
825115 | N—Signetics 512x8 3624A
8258115 | S—Signetics 512x 8 M3624A
8258130 | N—Signetics 512x 4 3604A
828131 | N—Signetics 512x 4 3625A
825140 | N—Signetics 512x 8 3604A-2
825141 | N—Signetics 512x 8 3624A-2
82S136 | N—Signetics 1024 x 4 3625A-1
82S137 | N—Signetics 1024 x 4 3625A-1
828137 | S—Signetics 1024 x 4 M3625A
828180 | N—Signetics 1024 x 8 3628
825181 | N—Signetics 1024 x 8 3628
825182 [ N—Signetics 1024 x 8 3628-1
8258183 | N—Signetics 1024 x 8
82S191 | N—Signetics 2048 x 8 3636
82S191 | S—Signetics 2048 x 8 M3636
875295 | National 512x8 3604A
875296 | National 512x 8 3624A
93436C | Fairchild 512x4 3604A
93438C | Fairchild 512x8 3604A-2
93438M| Fairchild 512x 8 M3604A
93446C | Fairchild 512x 4 3625A-1
93448C | Fairchild 512x 8 3624A-2
93448M| Fairchild 512x 8 M3624A
93452C | Fairchild 1024 x 4 3625A-1
93453C | Fairchild 1024 x 4 3625A-1
93453M| Fairchild 1024 x 4 M3625A

44




intgl 1702

2K (256 x 8) UV ERASABLE PROM

1702A-2 | 0.65 us Max.
1702A 1.0 us Max.
1702A-6 | 1.5 us Max.

= Fast Access Time: Max. 650 ns = Static MOS: No Clocks Required
(1702A-2) = Inputs and Outputs DTL and
= Fast Programming: 2 Minutes TTL Compatible
for all 2048 Bits = Three-State Output: OR-tie
= All 2048 Bits Guaranteed* Capability
Programmable: 100% Factory
Tested

The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn-
around and pattern experimentation are important. The 1702A undergoes complete programming and function-
al testing prior to shipment, thus insuring 100% programmability.

Initially all 2048 bits of the 1702A are in the ‘0" state (output low). Information is introduced by selectively
programming ‘“1"’s (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to
erase the bit pattern. A new pattern can then be written into the device.

The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to 1.5us are
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring
lower power dissipation than the 1702A.

The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro-
duction of higher performance MOS circuits and provides a higher functional density on a monolithic chip than
conventional MOS technologies.

*Intel’s liability shall be limited to replacing any unit which fails to program as desired.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
e W e -
AL 24 | Vop DATA OUT 1 DATA OUT 8
a2 2} Ve Ag—A, Address Inputs f-.- - -i
Ao 3 2b vee Chip Select Input & o B?JUF?E‘:\;
D -D, Data Outputs
*DATA OUT 14 4 (LSB) 21+ A3 ouT1 ouTs
*DATAOQUT 24 5 20 Ay t
. 2048 BIT
DATAOUT 34 6 W} Ag pROGRAM-J ROM MATRIX
(256 x 8)
*DATAOUT 4 7 181 Ag
*DATAOUT 5 8 17} Ay
*DATA OUT 6 9 16 | Vg DECODER
*DATA OUT 7 10 15 b Vay
*DATA OUT 8- 11 (MSB) 1} Cs
INPUT
Vee— 12 13 | PROGRAM DRIVERS
*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING PO A
0 M 7

NOTE: In the read mode a logic 1 at the address inputs
and data outputs is a high and logic 0 is a low.

U.S. Patent No. 3660819
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1702A

PIN CONNECTIONS
The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read mode

(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and tim-
ing are shown in the Data Catalog ROM and PROM Programming Instructions section.

PIN 12 13 14 15 16 22 23 24
MODE (Vcc ) (Progra m) (CS) (VBB) (VGG ) (VCC ) (Vcc) (VDD)
Read Vee | Vee GND | Vcc | Ve Vee | Vec | Vop
Programming GND | Program Pulse | GND | Vgg Pulsed Vgg GND | GND | Pulsed Vpp
—a Absolute Maximum Ratings*
2 Ambient Temperature Under Bias .. ... .. -10°C to +80°C *COMMENT
= Storage Temperature ... .......... —65°C to +125°C
f Storago.a Temperature 66°C 1o 250 Stresses above those listed under “’Absolute Maximum Rat-
T Soldering Temperature of Leads (10sec) ... ... .. +300°C - : L
P Dissioati ings’’ may cause permanent damage to the device. Thisis a
ower 'Ss'p,at'?n . V """" S """""" 2 Watts stress rating only and functional operation of the device at
Read Operatlc:)n. Input Voltages and Supply these or at any other condition above those indicated in
Voltages with respect to Ve ... ... .. .. +0.5V to —20V the operational sections of this specification is not implied.
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex-
Voltages with respect to Ve .. oo oo e oL —-48V tended periods may affect device reliability.

D.C. and Operating Characteristics 4 -o°c o 70°c, vee = 45V £5%, Vpp = -9V 5%, Vgg = -9V 5%,

READ OPERATION unless otherwise noted.
1702A, 1702A-6 Limits 1702A-2 Limits
Symbol Test Min.  Typ.[1 Max. Min. Typ.[1 Max. Unit Conditions
'R} Address and Chip Select 1 1 MA | Vin=00V
Input Load Current
Lo Output Leakage Current 1 1 MA | Vout=0.0V,CS=Viu2
1pp1(1! | Power Supply Current 35 50 40 60 mA | CS=Viq2,loL = 0.0mA,
Ta = 25°C, Continuous
b2 Power Supply Current 32 46 37 55 mA | €S=0.0V,igL =0.0mA,
Ta = 25°C, Continuous
Ipp3 Power Supply Current 38 60 43 65 mA | CS=VinH2,loL =0.0mA,
Ta = 0°C, Continuous
lcF1 Output Clamp Current 8 14 1 13 mA | Voyt=-1.0V,
Ta = 0°C, Continuous
IcF2 Output Clamp Current 7 13 6 12 mA | Voyr=-1.0V,
Ta = 25°C, Continuous
lgg Gate Supply Current 1 1 MA
ViLt Input Low Voltage -1 0.65 -1 0.65 Vv
for TTL Interface
ViLz Input Low Voltage Vbbp Vce-6 Vbp Vee-6 v
for MOS Interface
Viu1 Addr. Input High Voltage | V¢e-2 Veet0.3 | Vee-2 Veet03 | V
V|H2 ChipSeI. Input High Volt. Vcc-z Vcc+0.3 VCC‘T.S Vcc+ﬂ.3 v
loL Output Sink Current 1.6 4 1.6 4 mA | Voyt =045V
lon Output Source Current -2.0 -2.0 mA | VoyT=0.0V
VoL Output Low Voltage -3 0.45 -3 0.45 \ loL = 1.6mA
Vou Output High Voltage 3.5 4.5 35 45 \' lon = -200pA

Note 1: Typical values are at nominal voltages and Tp = 25°C.



1702A

A.C. Characteristics

T, =0°Cto+70°C, V. =+5V £5%, Vop =9V 5%, Vg =—9V 5% unless otherwise noted

1702A 1702A-2 1702A-6
Limits Limits Limits
Symbol Test Min. Max. Min. Max. Min. Max. | Unit
Freq. Repetition Rate 1 1.6 0.66 MHz
toH Previous Read Data Valid 0.1 0.1 0.1 us
tacc Address to Output Delay 1 0.65 1.5 us
tcs Chip Select Delay 0.1 0.3 0.6 Mus =
— e}
tco Output Delay From CS 0.9 0.35 0.9 us %
top Output Deselect 0.3 0.3 0.3 Us 62_
Capacitance * T, = 25°C
SYMBOL TEST TYPICAL MAXIMUM UNIT CONDITIONS
Vin =V, All
CIN Input Capacitance 8 15 pF N ce i
CS = Ve unused pins
V, =V are at A.C.
COUT Output Capacitance 10 15 pF ouTt cc
Ve = Vee ground

*This parameter is periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test:
Input pulse amplitudes: 0 to 4V; tg, t <50 ns
QOutput load is 1 TTL gate; measurements made
at output of TTL gate (tpp<<15ns), C =15pF

A) READ OPERATION

r+————— CYCLE TIME
I

v,
™ 10%
appRess X |
90%
v|L

|
= teg

i
D |
Vin i | h—'oH‘"
cs | | | “
| L
oo | ,
| I
Vou Pe— " I
DATA i DATA OUT |
out - INVALID |
¢ ;
'

tacc

B) DESELECTION OF DATA OUTPUT IN OR-TIE
OPERATION

pu
VIH C
ADDRESS
v e

|
> |
™ top
You ==\ | " " [
pata  DATA OUT | y
Pk INVALID




1702A

Typical Characteristics

OUTPUT CURRENT VS. OUTPUT CURRENT VS.
Vpp SUPPLY VOLTAGE TEMPERATURE
P z 5
I I |
< Ve = +5V c
g o Voo - -ov - g Vo = 5V
« VoL = *45V « Vpp = -9V
3 Ta =25°C 3 DD_
Ml M Vgg=-9V
H r £ 4 Voo = +45V
£, [ N
E Specified 2
- g ’é Operating Range — §
ol o1 S
- =] o
= = - 3
S
& z oH% z 0
a E L 5 6 -7 -8 | -9 -1 H 10 20 30 40 50 60 70 80 90
£ | Voo suerLy voLTace v) v AMBIENT TEMPERATURE (°C)
& S | | z |
& Vee = 8V & Vee = +5V
2 > cc
3 Vag = -9V 3 Voo = 8V
w - w
g Vou = 00v e -3 - Vgg=-9V
3-35 Ta =% 2 Vou= 0.0V
@ o= O
5 \ ~— 5 /{
2 > —
I3 I3 | ——T CS=o0.0v
2 2
=] )
5. 5 t J~
OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE Ipp CURRENT VS. TEMPERATURE
39
I
1] . EEE
120 | . Ve = +5V n
= ! Vpp= —9V
H Veg = *5V 36 —
£ 1204+— — Vgg= -9V
= Vop = -9V 35
2z . 3 INPUTS = V¢
& Vgg * -9V £ 34 N
 100-H— o™ £ OUTPUTS ARE OPEN
H = % = PR
3 / z ® L } [
H 3 1 »1
@ 3 S =Vee
5 e
g )
2
S 40 29 —
3 / % Cs=0.0v
/ 20 27
0
4 -3 -2 -1 0 +1 +2 +3 +4 [ 20 4 60 80 100 120
OUTPUT VOLTAGE (VOLTS) AMBIENT TEMPERATURE (°C)
ACCESS TIME VS. ACCESS TIME VS.
LOAD CAPACITANCE TEMPERATURE
900 { ‘ 900
800 T 800
1702A 1702A |t
— 700
; 700 1TTL LOAD z TTL LOAD = 20 pF
£ 600 Vee =48V —| w 600 Voo =46V
w Vpp = -9V =
2 500 _ — F 500
= Vgg = -9V @
2 a00 Ty =25°C — & 400
w Q
3] 1702A2 o 1702A I
S 300 < 300 =L
200 200
100 100
0 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C)



Intel 1702AL, 1702AL-2

2K (256 x 8) UV ERASABLE LOW POWER PROM |

MAXIMUM
Part No. | ACCESS (us) | tbvGga (Hs)
1702AL 1.0 0.4
1702AL-2 0.65 0.3
=
= Clocked Ve Mode for Low = |nputs and Outputs DTL and TTL g3
Power Dissipation Compatible
= Fast Programming: 2 Minutes = Three-State Output: OR-tie
for all 2048 Bits Capability

= All 2048 Bits Guaranteed*
Programmable: 100% Factory
Tested

The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the Vgg clocked to reduce the
power dissipation.

Initially all 2048 bits of the 1702AL are in the 0" state (output low). Information is introduced by selectively programming
“1"s (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The
transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be
written into the device.

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies.

*Intel’s liability shall be limited to replacing any unit which fails to program as desired.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM

DATA OUT 1 DATA OUT 8

Ay \J 24  Vpp

AD—A7 Address Inputs _ OUTPUT
== CS —|

A2 23 - Ve Cs Chip Select Input BUFFERS

Ao 3 22 | vee Doyut1—Poutg | Data Outputs J
“DATA OUT 1 4 (LSB) 21} A3 2048 BIT

PROGRAM —={ ROM MATRIX
*DATA OUT 24 5 20 Ay (256 x 8)
*DATAOQUT 34 6 8 Ag
*DATAQUT 4+ 7 18 Ag
J DECODER

*DATAOUT 5 8 171 Ay
*DATA OUT 6—4 9 16 b Vge
*DATA OUT 7 10 15 |- Vag DFII';‘\’;‘EJ;S
*DATA OUT 8- 11 (MsSB) 1t Cs

Vee 12 13} PROGRAM Ao Ay A7

NOTE: In the read mode a logic 1 at the address inputs

*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING and data outputs isa hlgh and |°g|C Ois a low,

U.S. Patent No. 3660819
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1702AL, 1702AL-2

PIN CONNECTIONS

The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mode
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and tim-
ing are shown in the Data Catalog ROM and PROM Programming Instructions section.

PIN 12 13 14 15 16 22 23 24
MODE (Vge) | (Program) (cs) (Vgg) (Vgg) (Vee) | (Vee) | (Vpp)
Read Vce Vce GND Vee Clocked Vgg Vce Vee Vbp
Programming GND | Program Pulse | GND | Vgg Pulsed Vgg GND | GND | Pulsed Vpp
Absolute Maximum Ratings*
= Ambient Temperature Under Bias . ...... -10°C to +80°C *COMMENT
Bl Storage Temperature . ............ —65°C to +125°
g Storag.e Temperature 65 ° 12500 Stresses above those listed under ““Absolute Maximum Rat-
Soldering Temperature of Leads (10sec) .. ... ... +300°C s X L.
=] P Dissipati 2w ings’’ may cause permanent damage to the device. This is a
Q- RowderO 'ss'p,at'?nl . V ' """ d S : " """" atts stress rating only and functional operation of the device at
ea perat|¢?n. nput Voltages and Supply these or at any other condition above those indicated in
Voltages with respectto Ve . . .. .. .o .. +0.5V to —20V the operational sections of this specification is not implied.
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex-
Voltages with respectto Ve . . ..o oo ool —48V tended periods may affect device reliability.

D.C. and Operating Characteristics t4-o°c70°c, vec = +5v 5%, Vpp = -0V 5%, vggl1! =-av 5%,

READ OPERATION unless otherwise noted.
1702AL Limits 1702AL-2 Limits
Symbol Test Min.  Typ.[2] Max. Min.  Typ.[2] Max. Unit Conditions
'] Address and Chip Select 1 1 MA | Vin=0.0V
Input Load Current
ILo Output Leakage Current 1 1 HA | Voyut=0.0V,CS=Vce-2
Iopo1[1] | Power Supply Current 7 10 7 10 mA | TA=25°C §8=Vyy, Vaa=Vec
Ibpo2 Power Supply Current 15 15 mA TA=0°C lo=0.0mA
1pp1!1! | Power Supply Current 35 50 35 50 mA [ €S=Vge-2,loL=0.0mA,
Ta =25°C, Continuous
Ipp2 Power Supply Current 32 48 32 46 mA | CS=0.0V, gL = 0.0mA,
Ta = 25°C, Continuous
Ipp3 Power Supply Current 38 60 38 60 mA | CS=Vcc-2, 1oL =0.0mA,
Ta = 0°C, Continuous
lcr1 Output Clamp Current 8 14 5.5 8 mA | Vout=-1.0V,
Ta = 0°C, Continuous
lcF2 Output Clamp Current 7 13 5 7 mA | VouTt=-1.0V,
X Ta = 25°C, Continuous
lge Gate Supply Current 1 - 1 7.
ViLt Input Low Voltage -1 0.65 -1 0.65 v
for TTL Interface
ViL2 Input Low Voltage Vbp Vce-6 Vbp Vce-6 v
for MOS Interface
Vin Address and Chip Select | Vo2 Vect0.3 | Vee-2 Vect03 |V
Input High Voltage
loL Output Sink Current 1.6 4 16 4 mA | Vour =045V
loH Output Source Current -2.0 -2.0 mA | VoyTt=0.0V
VoL Output Low Voltage -3 0.45 -3 0.45 v loL=1.6mA
Vou Output High Volitage 35 45 35 45 Vv loH = -200A

NOTES: 1. The 1702AL is operated with the VGG clocked to obtain low power dissipation. The average Ipp will vary between Ippg and Ipp1 (at
25°C) depending on the Vgg duty cycle (see curve opposite). 2. Typical values are at nominal voltage and Tp = 25°C.
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1702AL, 1702AL-2

TYPICAL CHARACTERISTICS

AVERAGE CURRENT VS. DUTY ACCESS TIME VS, OUTPUT SINK CURRENT
CYCLE FOR CLOCKED Vgg TEMPERATURE VS. OUTPUT VOLTAGE
45 1000
IERARRRIN o |
|| - 9
® Viﬁ =-9v a0 — 140
ppy 35T e =V, E 0 Vee =5V
f— Ty =25°C 200 | et < 2o Vop = _ov ]
2 ¥ z £ 00— Yoo T2V
g /1 £ 600 € Ta = 25°C
E 2 w M 1
8 1 £ so0 % 80 }
20 H = -
= A g a0 1 TTL LOAD>20 pv—'{ ; o I/
€ 15 L ] Voe = +5V E
Y P g 300 cc — £
<0 P Vop = -9V © a0 =
pT 200 Vee = -8V — 8 2
Ibpo B 100 J T O R 2.0 S
o : EEEN - =
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 80 90 -4 -3 -z o1 0 a1 2 3 4

AMBIENT TEMPERATURE (°C)

DUTY CYCLE (%) OUTPUT VOLTAGE (VOLTS)

A.C. CHARACTERISTICS T, =0°Cto +70°C, Ve = +5V £5%, Vpp = -9V 5% unless otherwise noted

1702AL 1702AL-2
Limits Limits
Symbol Test Min. Max. | Min. Max. Unit
Freq. Repetition Rate 1 1.6 MHz
tacc Address to output delay 1 0.65 Ms
ovgg Clocked Vgg set up 0.4 0.3 s
tcs Chip select delay 0.1 0.3 us
tco Output delay from CS 0.9 0.35 us
top Output deselect 0.3 0.3 us
toHC Data out hold in clocked Vgg mode 5 5 us
CAPACITANCE T, =25°C
SYMBOL TEST TYPICAL MAXIMUM UNIT CONDITIONS
Cin Input Capacitance 8 15 pF Un= Vee All
c o : CS = V¢ unused pins
ouT utput Capacitance 10 15 pF
- Vout =Vec| areatAC.
Cvaa Vgg Capacitance 30 pF Vag = Vee ground
(Note 1)

*This parameter is periodically sampled and is not 100% tested.

SWITCHING CHARACTERISTICS
Conditions of Test:
Input pulse amplitudes: 0 to 4V; tg, tg <50 ns
QOutput load is 1 TTL gate; measurements made at output of TTL gate (tpp<<15 ns), C,_ = 15pF

A. READ OPERATION B. DESELECTION OF DATA OUTPUT IN OR-TIE
OPERATION
Vin >§ 10% K4 Vin | %
ADDRESS 20% ADDRESS 20%
Vie 35 Vi x
>0ns
Ny AN ’—_—
cs cs '
Vie A 4= Vi /
tes tovae —>{ tovee | < tco—>
v,
s i
Veo V,
toves —>*—tacc —> ~tone —>| ° [ tacc—> oo
DATACH C DATAVOH HIGH Z
ouT DATA VALID oUT DATA VALID >———
Vou e Vou
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PROM/ROM

intgl
2316E
16K (2K x 8) ROM

s Fast Access Time—450 ns Max. = EPROM/ROM Pin Compatible for
Cost-Effective System

= Single +5V* 10% Power Supply Development

s Completly Static Operation

Intel M ti
= Intel MCS 80 and 85 Compatible = Inputs and Outputs TTL

tibl
= Three Programmable Chip Compatible
Selects for Simple Memory s Three-State Output for Direct
Expansion and System Interface Bus Interface

The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and
TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCST™-80 and
MCSTM.85 devices.

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV
EPROM for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The three 2316E programmable
chip selects may be defined by the user and are fixed during the masking process. To simplify the conversion from
2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select logic levels be
defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip select
logic levels are the same as the 2716.

PIN CONFIGURATION BLOCK DIAGRAM
Do D7 D2 D3 D4 Ds Dg D7
ar) N~ ) vee +—O0 V¢
a2 2317 Ag OGN
—
(s 2] A9 At0 OUTPUT BUFFERS cs
As] s 2107 cs3 DECODE
az]s 20 &5 A9 LT LT 1 44
3e 1 A A8 Y DECODER 10F 16 % 8 ]
a 18] &5, . 3 CHIP
a0 ] 8 17 [ oy g . EEEEEEE S:;SET
ool ¢ 16 [ oe As 2 ]
o1 10 15[ os Ag —— § - T 11
o[ 1417 b4 @ &
am—_y 2 -
eno [ 12 137 b3 « « -~ &
A3 s & 16,384 81T
< o CELL MATRIX CHIP
A2 - ‘g SELECT -
PIN NAMES . = et ?
— 4 )
Ag-A10 | ADDRESS INPUTS !
D7-Dp | DATA OUTPUTS Ao - < Cs,
€$1-CS3 | CHIP SELECT INPUTS -
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2316E

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . ... ... -10°C to 80°C *COMMENT: Stresses above those listed under ““Absolute Maxi-

Storage Temperature . . . ........... -65°C to +150°C mum Ratings”’ may cause permanent damage to the device. This is a

. . stress rating only and functional operation of the device at these or

Voltage On Any Pin With Respect at any other conditions above those indicated in the operational

toGround . ............... ... -0.5V to +7V sections of this specification is not implied. Exposure to absolute

Power Dissipation . . . ... ... .v it 1.0 Watt mf‘x:;:ym rating conditions for extended periods may affect device
reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta=0°Cto+70°C, Ve =5V £10%, unless otherwise specified. =
g
LIMITS =
SYMBOL PARAMETER UNIT TEST CONDITIONS 2
MIN. [ TYP.D |  MAX. a
I Input Load Current 10 HA Vin =0 to 5.25V
(All Input Pins)
ILoH Output Leakage Current 10 nA Chip Deselected, VoyTt = 4.0V
lLoL Output Leakage Current -20 uA Chip Deselected, VoyTt = 0.4V
lcc Power Supply Current 70 120 mA All Inputs 5.25V Data Out Open
ViL Input ““Low’’ Voltage -0.5 0.8 Y,
ViH Input ““High” Voltage 24 VectlOV| v
VoL Output “Low” Voltage 04 \Y loL=2.1mA
VoH Output ““High”” Voltage 2.4 \% lon =—400 uA
NOTE: 1. Typical values for Ta = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta=0°C to+70°C, Ve = +5V £10%, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
MIN. MAX.
ta Address to Output Delay Time 450 ns
tco Chip Select to Output Enable Delay Time 120 ns
tor Chip Deselect to Output Data Float Delay Time 10 100 ns
CONDITIONS OF TEST FOR CAPACITANCE®? Tao=25°C, f=1MHz
A.C. CHARACTERISTICS
LIMITS
Qutputload ........... 1 TTL Gate and C_= 100 pF SYMBOL TEST
TYP. | MAX.
InputPulse Levels. ................... 0.8 to 2.4V - -
Input Pulse Rise and Fall Times (10% to 90%) . . . . . 20 ns Cin All Pnn.s Except Pin Under 5pF | 10 pF
Timing Measurement Reference Level Test Tied to AC Ground
Imput .. ... .. 1V and 2.2V CouTt All Pins Except Pin Under | 10 pF | 15 pF
Output . ... ...ttt i 0.8V and 2.0V Test Tied to AC Ground
NOTE: 2. This parameter is periodically sampled and is not 100%
tested.
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intel
2332A
32K (4K x 8) ROM

e Single +5V +10% Power Supply s Completely Static Operation
a Pin for Pin Compatible with the Intel® = Inputs and Outputs TTL Compatible
2716 and 2732 EPROMs » Three-State Output for Direct Bus =
m Low Power Dissipation: Interface =
150 mA Max Active Current m MCS-85™ and MCS-86™ Compatible [
30 mA Max Standby Current = Independent Output Enable Function

The Intel® 2332A is a single + 5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by
8-bits. The 2332A has a static standby mode which reduces the active power dissipation by more than 75%.

The 2332A is ideal for microprocessor systems, especially those with common input and output bus structures. The
separate output control, OE, eliminates bus contention. Three-state outputs and TTL input/output levels further
simplify system design.

A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV
EPROM for prototyping and the 2332A ROM for volume production. The 2732 is pin for pin compatible to the 2332A in
all respects.

PIN CONFIGURATION BLOCK DIAGRAM
U DATA OUTPUTS
A7[] 1 24[vee veg o— 00-07
As([] 2 23[]As GND 0———
Tt
Asl] 4 21 [JA11 OF OE AND
asf]s 20 1GE CE CE LOGIC OUTPUT BUFFERS
A2l 6 19 [JA10 —] Y
a7 wheE Ag-Ar1 —>1 Dpecooer |-° Y-GATING
ADDRESS —
Ao 8 wpor NPUTS | —f .
oo} @ 16 (106 = pechoer | 32,768-BIT
o1 10 15]70s f——— : CELL MATRIX
o200 1 14704 ]
aND(] 12 13[]03
PIN NAMES

Ag-A11| ADDRESSES
TE CHIP ENABLE |
OUTPUT ENABLE
00-07 | OUTPUTS
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Intel
2364A
64K (8K x 8) BIT ROM

= Single +5V +10% Power Supply = Inputs and Outputs TTL Compatibie

= Pin Compatible to Intel® 2732 EPROM = Independent Output Enable Function

u Three-State Output for Direct Bus
Interface

= Static Standby Mode = MCS-85 and MCS-86 Compatible

s Completely Static Operation

The Intel® 2364A is a single + 5V, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8 bits and
is pin and function compatible with the 2732 UV EPROM. Its high bit density is ideal for large, non-volatile data
storage, such as program storage. The three-state outputs and TTL input/output levels allow for direct interface with

common bus structures. The 2364A has a static standby mode which reduces the active power dissipation by over
75%.

A cost-effective system development program may be implemented by using the Intel® 2732 32K UV EPROM for proto-
typing and the 2364A ROM for production. The lower 24 pins of the 2364A are the same as the 2732 to facilitate board
designs in making the transition from EPROM to ROM.

PIN CONFIGURATION BLOCK DIAGRAM
~J DATA OUTPUTS
Ne. 1 287 vee Vee o—s 00-07
A12[] 2 ar[cs, GNDo—— Yy
wQs  m=pos L
csy, CS
Ag (14 251 As 1 OTz ;. CS; 8
As[]s 2049 SE —]AND CE LoGIC OUTPUT BUFFERS
Asl]s 23 A1t L B
A7 22[10E Ao-A1y [ 2 becooer |-* Y-GATING
a2[]s 210410 ADDRESS
i INPUTS .
IXIs k] 20 CE = X . 65,536-BIT
a0} 10 whor =3 oecover | CELL MATRIX
o] 11 18 {106 s
o112 17{10s
02013 161704
GND[] 14 15103
PIN NAMES
Ag-A12 | ADDRESSES
OF OUTPUT ENABLE
TE CHIP ENABLE
cs CHIP SELECT
N.C. NO CONNECTION
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n
2608
8K (1K x 8) FACTORY PROGRAMMABLE PROM

m Fast Access Time — 450 ns Max. m Data Inputs and Outputs TTL
Compatible
s Pin Compatible to 2708 EPROM
m Three-State Outputs — OR-Tie
m Static — No Clocks Required Capability

PROM/ROM

The Intel® 2608 is a 8192-bit, one-time factory-programmable MOS PROM organized as 1K words by 8 bits. The elec-
trical characteristics are specified over the 0°C to 70°C operating temperature range with 5% power supply variation.
The 2608 features are ideally suited for microprocessor systems: 450 ns maximum access time, three-state outputs for
common bussing, and TTL inputs/outputs for easy interfacing. The 2608 is fully compatible to the 2708 in all respects.

PIN CONFIGURATION BLOCK DIAGRAM
J DATA OUTPUT
A O 24 [ vee 00-07
1
as 2 23[ ] As r 1
=) g IHH’H
A 21 ] vee
A’q 5 [ cs = CHIP SELECT
Loaic OUTPUT BUFFERS
as 19 ] W
A|u 7 18 :] Vss Ao
Ay—— Y
(LsB) Ao [] 8 17[J o7 (MsB) Ay—— DECODER B Y GATING
A3 >
(Lss) 0o [} o 16[] o6
ADDRESS
o
Qo 15[ Jos INPUTS :‘ .
——
o2 [n 14 o4 A .
N ° : kos:hiééanv
ws 2 13 os ::_. DECODER :
PIN NAMES MODE SELECTION
Ao-As | ADDRESS INPUTS PIN NUMBER
0,-05 | DATA OUTPUTS/INPUTS ADDRESS
TS | CHIP SELECT/WRITE ENABLE INPUT DATA I/0 INPUTS _
911 18, Vss |vpp | €5 | Ves | Vec
MODE 1317 223 12 |18 | 20 | 21 | 2a
READ Dout AN GND | +12 | V). | -5 | +6
DESELECT | HIGH IMPEDANCE | DON'TCARE | GND | +12 | Vi | -5 | *5




PROM/ROM

2608

Absolute Maximum Ratings*
Temperature Under Bias
Storage Temperature

Vpp With RespecttoVgg . . .. .................

Vce and Vgs With Respect to Vgg
All Input or Output Voltages With Respect
to Vgg

D.C. and Operating Characteristics
Ta=0°Ct070°C, Ve =+5V 5%, Vpp = +12V £5%,

. -25°Cto +85°C
. -65°C to +125°C
.. +20V t0-0.3V
.. +15V t0-0.3V

.. +156Vto-0.3V

Vggl!! = -5V £5%, Vgg =0V,

*COMMENT

Stresses above those listed under “*Absolute Maximum
Ratings’’ may cause permanent damage to the device.
This is a stress rating only and functional operation
of the device at these-or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

unless otherwise noted.

Symbol Parameter Min.  Typ.[2  Max. | Unit Conditions
Iy Address and Chip Select Input Sink Current 1 10 MA Vin=5.25V or Vi =V
Lo Output Leakage Current 1 10 HA Vour = 5.5V, CS/WE = 5V
|DD[3} Vpp Supply Current 50 65 mA Worst Case Supply Currents:
Iccm Vce Supply Current 6 10 mA All Inputs High
TE Vgg Supply Current 30 45 mA CS/WE =5V; Tp =0°C
Vi Input Low Voltage Vss 0.65 \
Viy Input High Voltage 3.0 Vee+1 \"
VoL Output Low Voltage 0.45 \Y loL=1.6mA
VoH1 Output High Voltage 3.7 \ loq = -100uA
VoH2 Output High Voltage 2.4 \Y loy =-1TmA
Pp Power Dissipation 800 mW Ta=70°C
NOTES: 1. Vgg must be applied prior to Vg and Vpp. VBB must also be the last power supply switched off.

2. Typical values are for Tp = 25°C and nominai supply voltages.

3. The total power dissipation is specified at 800 mW. It is not calculated by summing the various currents (Ipp.
Icc, and Igg) muitiplied by their respective voltages since current paths exist between the various power supplies and Vgs. The
IpD. Icc. and 1gg currents should be used to determine power supply capacity only.

Typical Characteristics

MAXIMUM JUNCTION TEMPERATURE
VS. AMBIENT TEMPERATURE

RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE

ACCESS TIME VS. TEMPERATURE

150 80 — T 500 T
ALL POSSIBLE OPERATING i
6,4=80°CW CONDITIONS: 1TTL LOAD + 100pF
Ve =525V ] Vec =525V
Vpp = 126V Voo = 126V 400
Vgp = -5.25V _ s S Veg = 525V |
100 L z ; l
; 300 —
: : ! T —
< g w0 S = Higy 3 L
= 3 he; o < [y
> CS = Low 200
* % \ Y 'ss
2 ARRRLY —
CS = Low \ &\ ;(\} J 100
. [
[ ° | T Flec o
[ 20 40 6 70 ° 20 ) 60 80 100 -20 ] 20 40 €0 80
Ta 50 nee T, 0
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2608

A. C. Characteristics

Ta=0°Cto 70°C, Vg = +5V 5%, Vpp = +12V 5%, Vg = -5V 5%, Vgs = OV, unless otherwise noted.
cc D

Limits .
Symbol Parameter YTey Typ. Max. Units
tacc Address to Output Delay 280 450 ns
tco Chip Select to Output Delay 60 120 ns
tpr Chip Deselect to Output Float 0 120 ns
ton Address to Output Hold 0 ns g%:
=
S
&
CAPACITANCE!" T, =25°C, f=1 MHz A.C. TEST CONDITIONS:
Output Load: 1 TTL gate and C_ = 100 pF
Symbol Parameter Typ. | Max. | Unit. | Conditions Input Rise and Fall Times: <20 ns
- = Timing Measurement Reference Levels: 0.8V and
Cin Input Capacitance 4 6 Pk Vin =0V 2.8V for inputs; 0.8V and 2.4V for outputs.
Cout Output Capacitance | 8 12 pF | VouT =0V Input Pulse Levels: 0.65V to 3.0V

Note: 1. This parameter is periodically sampled and is not 100% tested.

Waveforms

ADDRESS X X
1
|
{ |
— |
- 0\ Vi
| { |
! |
| [

[DAS. Sv—

< tace |

|

" DATA OUT INVALID - X

DATAOUT -
FLOATING *

DATA
ouTt




PROM/ROM

intel“’ 2708/8708*
8K AND 4K UV ERASABLE PROM

Max. Power Max. Access Organization
2708 800 mW 450 ns 1Kx8
2708L 425 mW 450 ns 1Kx8
2708-1 800 mW 350 ns 1K x 8
2704 800 mW 450 ns 512x 8
s Low Power Dissipation — 425 mW m Data Inputs and Outputs TTL
Max. (2708L) Compatible during both Read and

Program Modes
m Fast Access Time — 350 ns Max.

(2708-1)
m Three-State Outputs — OR-Tie
m Static — No Clocks Required Capability

The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com-
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power
dissipation savings of over 50%, without any sacrifice in speed, is obtained with the 2708L. The 2708L has high input
noise immunity and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350 ns for
microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as
512 words by 8 bits. All these devices have the same programming and erasing specifications of the 2708. The 2704
electrical specifications are the same as the 2708.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line
package.

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUT
\J Lo-07
a1 2 :ch 1
T 1
as[]2 23] A
as[]s 22[7] ag!Y
IYim 21 ] ves
— — CHIP SELECT
EWE ~———
as[]s 20 D CSWE Logic OUTPUT BUFFERS
Az[: 6 2708/2704 19 Wo
7 Ag —s
A 18 [J proGRAM A v I
Y p— 0
(LsB) Ao [ 8 17[Jo7 (msB) A2 — DECODER :
(Lss) oo ] 9 16[] o6
ADDRESS
04 [: 10 15[ Jos INPUTS Ap—— )
5 .
o n 14{Jos N X . 64 X 128
Ap—— DECODER ROM ARRAY
ws [ 12 13[Jos3 p\J— .
NOTE 1: PIN 22 MUST BE CONNECTED
TO Vss FOR THE 2704,

PIN NAMES
PIN CONNECTION DURING READ OR PROGRAM
Ag-Ag | ADDRESS INPUTS
0,-0g | DATA OUTPUTS/INPUTS PIN NUMBER
CS/WE | CHIP SELECT/WRITE ENABLE INPUT ADDRESS
DATA 1/0 INPUTS
911, 18, Vss | PROGRAM | Vpp | CS/WE | Vgg | Vec
MODE 1317 22,23 12 18 19 20 21 | 24
READ Dout AN GND GND +12 | Vi, 5 | +5
DESELECT | HIGH IMPEDANCE | DON'T CARE | GND GND +12 | Vin 5 | 5
PROGRAM | Dy A GND [ PULSED | +12 | Vigw | 5 | +5
| 26V

*All 8708 specifications are identical to the 2708 specifications. 4-20



2708 FAMILY

PROGRAMMING
The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Temperature Under Bias . . . ... oove ... -25°Ct0 +85°C  *COMMENT

Storage Temperature . ... ............c.uuuur... -65°C to +125°C  Stresses above those listed under "'Absolute Maximum
Vpp With RespecttoVgg . . . . . ... ... i +20V to -0.3V  Ratings’ may cause permanent da"‘agff‘ to the device.
VCC and VSS With Respect to VBB ................. +15V to -0.3V This 1s a stress rating only and functional operation

of the device at these-or any other conditions above

All Input or Output Voltages With Respect those indicated in the operational sections of this

toVgg DuringRead . . ....................... +15V to -0.3V specification is not implied. Exposure to absolute
CS/WE Input With Respect to Vgg maximum rating conditions for extended periods may
During Programming . ........... +20V to -0.3V  affect device reliability.
Program Input With Respect to Vgg +35V to -0 3V =
Power Dissipation . ... .........c.'uii 1.5W I
=
DC and AC Operating Conditions During Read g
2708 2708-1 2708L
Temperature Range 0°C - 70°C 0°c —70°C 0°c—70°C
V¢ Power Supply 5V £ 5% 5V + 5% 5V £ 10%
VDD Power Supply 12V £ 5% 12V + 5% 12V + 10%
Vg Power Supply -5V £ 5% -5V £5% -5V = 10%
READ OPERATION
D.C. and Operating Characteristics
2708, 2708-1 Limits 2708L Limits
Symbol Parameter Units Test Conditions
Min. Typ. (2} Max. | Min. Typ. (2] Max.
LN} Address and Chip Select Input Sink Current 1 10 1 10 HA VIN=5.25V or VN = V|
1o Output Leakage Current 1 10 1 10 | wA | VoyuT=5.5V, CSIWE =5V
Ippl3} | VoD Supply Current 50 65 21 28 mA | Worst Case Supply Currents'4!
Iiccl3] Ve Supply Current 6 10 2 4 mA | All Inputs High;
18g[3] | Vgg Supply Current 30 45 10 14 | mA | CS/WE=5V;Tp=0°C
ViL Input Low Voltage Vss 0.65 Vgs 0.65 \
ViH Input High Voltage 3.0 Veetl| 22 Voot \
loL = 1.6mA (2708, 2708-1)
VoL Output Low Voltage 0.45 0.4 Vv ToL = 2mA (2708L)
VOH1 Output High Voltage 3.7 3.7 Vv IoH =-100 A
VoH2 Output High Voltage 24 2.4 \% loH =-1mA
800 325 | mw | T,=70°C
PD Power Dissipation 425 mW | Ta-0°C

NOTES: 1. Vgg must be applied prior to Vg and Vpp. Vgg must also be the last power supply switched off

Typical values are for TA = 25°C and nominal supply voltages.

The total power disiipation is not by ing the various currents (Ipp, Icc. and Igg) multiplied by their respective vol-
tages since current paths exist between the various power supplies and Vgg. The Ipp, Icc, and Igg currents should be used to deter-
mine power supply capacity only

4. 1gg for the 2708L is specified in the programmed state and is 18 mA maximum in the unprogrammed state.

wN

2708L 2708 AND 2708-1
RANGE OF SUPPLY CURRENTS RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE
25 - 80 : r 500 T
Vee =55V r ALL POSSIBLE OPERATING i
— Voo=13.6v CONDITI%NS:. s25v 1TTL LOAD + 100pF
» T tiaw bl ver, 128V wo

- Vgg = 625V
i T« “Tiree 1
— ] -
*;7‘5 CSMWE =T on l, it g W 300 _—
g \ g S W E —
z _ c 4 E = HiGy § /
3 CSWE = Higy 3 XXKNA o - /
> 10 > SSWE = Low X OOXXRXR 200
{ Nl &
¢ C?ME e8 ? 20 I.!
=Low NRARRANY
: Y A
: e—— — . 3 Fe .
° 0 20 ) 60 20 100 -20 o 20 40 60 8
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2708 FAMILY

A. C. Characteristics

Symbol Parameter Min. 2708:’;:.“1"5 Max. Mi?17.08’ 27'I(')ysy.lv_.’ Limilt;ax. Units

tace Address to Output Delay 280 350 280 450 ns

tco Chip Select to Output Delay 60 120 60 120 ns

toE Chip Deselect to Output Float 120 0 120 ns

toH Address to Output Hold 0 0 ns

CAPACITANCE! T, =25°C, f=1MHz A.C. TEST CONDITIONS:
Output Load: 1 TTL gate and C_= 100 pF

Symbol Parameter Typ. | Max. | Unit. | Conditions Input Rise and Fall Times: <20 ns
On | ot Copares | & | © | pF [vmoov_| T Mmoo Lo 081 g
Cout | Output Capacitance | 8 12 pF | Vout =0V Input Pulse Levels: 0.65V to 3.0V

Note: 1. This parameter is periodically sampled and is not 100% tested.

Waveforms

ADDRESS

CS/WE

DATA
out

ERASURE CHARACTERISTICS

The erasure characteristics of the 2708 family are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000—4000A range.
Data show that constant exposure to room level fluores-
cent lighting could erase the typical device in approxi-
mately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the
2708 is to be exposed to these types of lighting conditions
for extended periods of time, opaque labels are available

4-22

form Intel which should be placed over the 2708 window
to prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instructions Section) for the
2708 family is exposure to shortwave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15 W-sec/cm2. The erasure time
with this dosage is approximately 15 to 20 minutes using an
ultraviolet lamp with a 12000 uW/cm?2 power rating. The
device should be placed within 1 inch of the lamp tubes
during erasure. Some lamps have a filter on their tubes
which should be removed before erasure.



intel
2716
16K (2K x 8) UV ERASABLE PROM

m Fast Access Time
— 350 ns Max. 2716-1
— 390 ns Max. 2716-2
— 450 ns Max. 2716

= Pin Compatible to Intel® 5V ROMs
(2316E, 2332A, and 2364A) and 2732
EPROM '

= Simple Programming Requirements
Single Location Programming

m Single + 5V Power Supply Programs with One 50 ms Pulse

= Inputs and Outputs TTL Compatible

m Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power

=
S
el
=
S
[oay
a

s Completely Static

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can
convert rapidly to Intel’s pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs (the 2332A and
2364 A respectively).

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance
+56V microprocessors such as Intel’s 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which
reduces the power dissipation without increasing access time. The maximum active power dissipation is 5256 mW while the
maximum standby power dissipation is only 132 mW, a 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any
time—either individually, sequentially or at random, with the 2716's single address location programming. Total programming
time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION MODE SELECTION

1
2716 2732
YN PINS CE/PGM GE Vpp | Vgc | OUTPUTS
A 1 4 [V
= upvee 118) (20) 21 | (24 | (9-11,1317)
A6 2 23[1Ag MODE
As(]3 22 [ Ag
As e 210AN
F T, R 2 \ +! + D
azds 20 {3 GE/Vpp ead L L 5 s ouT
Aa2e 1what0 Standby ViH Don’t Care +5 +5 High Z
ard7 32k 18[ICE Program Pulsed Vi to Vil ViH +25 +5 Din
:ﬁg g " ; gg: Program Venfy Vie Vie 25 | 45 Dout
oido 155 0s Program Inhibit ViL Vi +25 +5 High Z
o2(dn 14204
] C
eneqrz 1203 BLOCK DIAGRAM
tRefer to 2732 DATA OQUTPUTS
vcec o——
data sheet for [V S— T
specifications VPP e I I I [ I 1 I I
3 OUTPUT ENABLE
GE/PaM CHIP ENABLE AND
PIN NAMES PROG LOGIC OUTPUT BUFFERS
Y
Ag— A1g | ADDRESSES pummn< DECODER . Y GATING
CE/PGM | CHIP ENABLE/PROGRAM Ao~ A10 ~
OF OUTPUT ENABLE ADDRESS 1
0,-0, OUTPUTS INPUTS | ——3] x . 16,384 BIT
e DECODER . CELL MATRIX
fo—- M
e
.
o
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2716

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Temperature Under Bias. . .. ......... -10°C to +80°C
Storage Temperature . . .. .......... -65°C to +125°C
All Input or Output Voltages with

RespecttoGround .. .............
Vpp Supply Voltage with Respect

+6V to -0.3V

*COMMENT: Stresses above those listed under ““Absolute Maxi-
mum Ratings’’ may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device

to Ground During Program . . ... ... +26.5V to -0.3V reliability.
DC and AC Operating Conditions During Read
2716 2716-1 2716-2
Temperature Range 0°C —70°C 0°C — 70°C 0°C — 70°C
Ve Power Supply 2! 5V * 5% 5V + 10% 5V * 5%
Vpp Power Supply (2] Vee Vee Vee
READ OPERATION
D.C. and Operating Characteristics
Symbol Parameter Min TI;:"['; = Unit Conditions
I Input Load Current 10 MA Vin = 5.25V
Lo Output Leakage Current 10 uA VouTt = 5.26V
1ppq 2] Vpp Current 5 mA Vpp = 5.25V
Ice1i2 | Vee Current (Standby) 10 25 mA | CE=Vy, OE=V
lcczm Vg Current (Active) 57 100 mA OE=CE=vV,_
Vi Input Low Voltage -0.1 0.8 \%
ViH Input High Voltage 2.0 Veetl \
VoL Output Low Voltage 0.45 \% loL=2.1mA
VoH Output High Voltage 2.4 \% lon = —400 uA
NOTES:

B wWw N =

. This parameter is only sampled and is not 100% tested.

Typical Characteristics

. V¢ must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

. Vpp may be connected directly to V¢ except during programming. The supply current would then be the sum of Igc and Ipp1.
. Typical values are for Tp = 25°C and nominal supply voltages.

Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
70 700 700
60 600 600
\\
~1
50 —
Cc2 ACTIVE CURRENT 500 500
CE=vy, vee =5V
E a0 Veessv Z a00 E 400
q g L 3
8 30 < 300 — < 300
il -
L1 LT
| Lt
B TCC1 STANDBY CURRENT 200 200
CE=viy
10 Vee=sv 100 100
0 I l o o
0 10 20 30 40 S50 6 70 80 0 100 200 300 400 500 600 700 80O 0 10 20 30 4 5 60 70 80

TEMPERATURE { C)

CL (pF)
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2716

A.C. Characteristics

2716 Limits 2716-1 Limits 2716-2 Limits Unit Test
Symbol Parameter L
Min Typ 3] Max |Min Typ @ Max | Min Typ 3] Max Conditions
tacC | Address to Output Delay 450 350 390 | ns |CE=O0E=V)_
tcE CE to Output Delay 450 350 390 | ns |OE=V_
t0E Output Enable to Output Delay 120 120 120 ns | CE=V)_
tDF Output Enable High to Output Float | 0 100 | 0 100 | O 100 ns |CE=V|_
tOH Output Hold from Addresses, CEor | 0 0 0 ns | CE=0E=V)_ =
OE Whichever Occurred First 8
=
o
&
; [4] o ... a
Capacitance'™ Tp=25C, f=1MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C_ = 100 pF

Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | VouTt =0V Timing Measurement Reference Level:
Inputs 1V and 2V

Outputs 0.8V and 2V

CiNn Input Capacitance 4 6 pF | ViN=0V

A. C. Waveforms [1]

ADDRESSES

ADDRESSES VALID

pree ¢ © © © © 5 & & 0o o —7
{51 6l
top ™ tpF

1OH — o

[5]
tacc

e 0 2 0 0 06 00 0 0 a——‘
HIGH Z ’;z;;;; HIGH 2
OUTPUT VALID OUTPUT

NOTE:

f———

1. V¢ must be applied simuitaneously or before Vpp and removed simultaneously or after Vpp.

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc and Ippq.
3. Typical values are for Ta = 25°C and nominal supply voltages.

4. This parameter is only sampled and is not 100% tested.

5. OE may be delayed up to tacc — tOE after the falling edge of CE without impact on taocC.

6. tpf is specified from OE or CE, whichever occurs first.

4-25



2716

TYPICAL 16K EPROM SYSTEM

Ag-15
ADQ.7 |y
07 8212
ADDRESS
ALE LATCH
R =
=
8085
g
=
o
&
o- 512X 8
o.c
PROM
3604A
2R Sa
10/M 00 OO

* This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused
signal. RD now controls data on and off the bus by way of OE.

* A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation.
* The use of a PROM as a decoder allows for:

a) Compatibility with upward (and downward) memory expansion.

b) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts.

8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY
PRINTED CIRCUIT BOARD LAYOUT

S

:: ¥ : S i

6 C; " CpMPONENTSIE;)EE g
000600 0606000
0g 010,03 CE, 04 05 Og 07 CE,
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2716

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatley 1 week to cause
erasure when exposed to direct sunlight. If the 2716 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instruction Section) for the
2716 is exposure to shortwave ultraviolet light which has
a wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity X exposure time) for erasure should be
a minimum of 15 W-sec/cm?2. The erasure time with this
dosage is approximately 15 to 20 minutes using an ultra-
violet lamp with a 12000 uW/cm?2 power rating. The 2716
should be placed within 1 inch of the lamp tubes during
erasure. Some lamps have a filter on their tubes which
should be removed before erasure.

DEVICE OPERATION

The five modesof operation of the 2716 are listed in Table
1. It should be noted that all inputs for the five modesare at
TTL levels. The power supplies required are a +5V V¢ and
a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two modes.

TABLE |. MODE SELECTION

PINS CE/PGM OE Vpp | Vec | ouTpuTs
(18) (20) (21) | (24) | (911,1317)

MODE

Read ViL Vi +5 +5 DouTt
Standby ViH Don't Care +6 +5 High Z
Program Pulsed Vj_to Vi Vi +25 +5 Din
Program Verify ViL ViL +25 +5 DouTt
Program Inhibit ViL ViH +25 +5 High Z

READ MODE

The 2716 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at
the outputs 120 ns (tog) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tacc — toE-

STANDBY MODE

The 2716 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2716 is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.

OUTPUT OR-TIEING

Because 2716's are usually used in larger memory arrays,
Intel has provided a 2 line control function that accomo-
dates this use of multiple memory connections. The two
line control function allows for:

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will
not occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

PROGRAMMING

Initially, and after each erasure, all bits of the 2716 are in
the ““1"" state. Data is introduced by selectively program-
ming ‘‘0’s”" into the desired bit locations. Although only
“0’s”" will be programmed, both ““1’s” and "“0’s’’ can be
presented in the data word. The only way to change a ‘0"
to a “1"" is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at Vi4. The data to be pro-
grammed is applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TTL.

When the address and data are stable, a 5£msec, active
high, TTL program pulse is applied to the CE/PGM input.
A program pulse must be applied at each address location
to be programmed. You can program any location at any
time — either individually, sequentially, or at random.
The program pulse has a maximum width of 65 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input.

Programming of multiple 2716s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
leled 2716s may be connected together when they are pro-
grammed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
2716s.

PROGRAM INHIBIT

Programming of multiple 2716s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel 2716s may be
common. A TTL level program pulse applied to a 2716’s
CE/PGM input with Vpp at 25V will program that 2716.
A low level CE/PGM input inhibits the other 2716 from
being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify
may be performed wth Vpp at 25V. Except during pro-
gramming and program verify, Vpp must be at 5V.
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intel o
2732 L
32K (4K x 8) UV ERASABLE PROM :

m Single +5V + 5% Power Supply m Pin Compatible to Intel® 2716 EPROM
and 2332/2364 ROMs

m Output Enable for MCS-85™ and .

MCS-86™ Compatibility B Completely Static
. m Simple Programming Requirements

m Low Power Dissipation: — Programs with One 50ms Pulse
150mA Max. Active Current B Three-State Output for Direct Bus
30mA Max. Standby Current Interface

The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. For production, the
pin compatible 2332 and 2364 ROMs are available. The total programming time for all bits is three and a half minutes. All
these features make designing with the 2732 in microcomputer systems faster, easier, and more economical.

An important 2732 feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-30 describes the
microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMs. AP-30 is available
from Intel’s Literature Department.

The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum active
current is 150mA, while the maximum standby current is only 30mA, an 80% savings. The standby mode is achieved by
applying a TTL-high signal to the CE input.

PIN CONFIGURATION MODE SELECTION
\\ PINS CE | OE/Vpp Vee | OUTPUTS
A v
=5 20 PVee MODE as | 0 | (4 | (©111317)
As[] 2 23[1As
As[] 3 22[]Ag Read ViL ViL +5 Dout
Asl] 4 21A; Standby Viy |Don‘tCare | +5 High Z
A3l s 20 [0/ Vo Program ViL | Vep +5 Din
e 19 FAw Program Verify | V. ViL +5 Dout
A 18 [CE
= *H Program Inhibit| V| Vpp +5 High Z
Aol 8 1710,
%[ 9 16 106
0.4 10 15 {105
%[ m L RO BLOCK DIAGRAM
GND[] 12 13103
DATA OUTPUTS
vce o———= 00-07
GND O———
vero— LI
PIN NAMES o Zaw
€€ —| CELoGic OUTPUT BUFFERS
— M : Y.GATING
Aog-A11 | ADDRESSES Ag-A11 | —| DECODER |-* .|
CE CHIP ENABLE atviererd B ——
(3 OUTPUT ENABLE = X : 32,768-BIT
0,-0; OUTPUTS —=| DECODER : CELL MATRIX
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2732

PROGRAMMING

ABSOLUTE MAXIMUM RATINGS*

-10°C to +80°C
-65°C to +125°C

Temperature Under Bias
Storage Temperature
All Input or Output Voltages with

Respect to Ground

+6V to -0.3V

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings” midy gaiise,
permanent damage to the device. Thisis a stress rating only and functianal b
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device rehiability.

D.C. AND OPERATING CHARACTERISTICS

Ta =0°C to 70°C, Vg = +5V + 5% §
=
READ OPERATION &
Limits

Symbol Parameter Min. | Typ.['l| Max. | Unit Conditions

L Input Load Current (except OE/Vpp) 10 kA [ VIN =5.25V

ILi2 OE/Vep Input Load Current 300 wA | ViN =5.25V

ILo Output Leakage Current 10 wA | Vout = 5.25V

lcci Vce Current (Standby) 15 30 mA | CE = Vi, OF = Vi

lcc2 Vcc Current (Active) 85 150 mA |OE=CE =V

ViL Input Low Voltage -0.1 0.8 \

T Input High Voltage 20 Veet+t Y

VoL Output Low Voltage 0.45 V |loL=2.1mA

VoH | Output High Voltage 2.4 V | lon = -400uA

Note: 1. Typical values are for Ta = 25°C and nominal supply voltages.

TYPICAL CHARACTERISTICS

Icc CURRENT
VS. TEMPERATURE

CE TO OUTPUT DELAY (tce)
VS. CAPACITANCE

CE TO OUTPUT DELAY (tce)
VS. TEMPERATURE

100 500 500
90 \
80 // 400
70b— lecz (ACTIVE CURRENT) 400 - | —T
TE=V, L1 /,"—"
60— Vec =5V = 300
< =z 2
2 £
£ 50 “u 300 8
(53 .9 -
< % 200
20 cc1 (STANDBY CURRENT) |
CE - Vin 200
20 Vee =5V 100
T —t—r—
10 — Ty=25°C Vee = 5V
0 100 [
0 10 20 30 40 50 60 70 80 0 100 200 300 400 500 600 700 800 10 20 30 40 50 60 70 80

TEMPERATURE (°C)

Cy (pF)

TEMPERATURE (°C)
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2732

A.C. CHARACTERISTICS
TA=0°C to 70°C, Vco = +5V + 5%

Limits
Symbol Parameter Min. | Typ.['/| Max. Unit | Test Conditions
tace Address to Output Delay 450 ns |CE=0E=Vy
tce CE to Output Delay 450 ns |OE = Vi
toe Output Enable to Output Delay 120 ns |CE =V
toF Output Enable High to Output Float 0 100 ns [CE=viL
ton Address to Output Hold 0 ns |CE=0E =V
CAPACITANCE %/ 1, =25°C, t = 1MHz A.C. TEST CONDITIONS

Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and CL = 100pF
CiNt Input Capacitance ] Input Rise and Fal! Times: < 20ns

Except OE/Vpp 4 6 pF |Vin =0V Inpgt Pulse Levels: 0.8V to 2.2V

— Timing Measurement Reference Level:
Cinz OE/Vpp Input Inputs 1V and 2V

Capacitance 20 pF VIN = 0V OUtpUtS 0.8V and 2V
Cout Output Capacitance 12 pF |Vout =0V

A.C. WAVEFORMS
ADDRESSES AD\?::E'SDSES
N R o
CE /
X et
e
(450 MAX.)
OF /
T
toe tor
(120 MAX.)— (100 MAX.)
141 (5]
tacc 1
(450 MAX.) OH
4] © r_
ouTPUT HiGH 2 ///// 3k\\\'lk HIGH 2
VALID OUTPUT {
AN\’ 772

NOTES:
1. TYPICAL VALUES ARE FOR T, = 25°C AND NOMINAL SUPPLY VOLTAGES
2. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED.
3. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSEC UNLESS OTHERWISE SPECIFIED.
4. OE MAY BE DELAYED UP TO 330ns AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc-
5. tpg IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.
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2758
8K (1K x 8) UV ERASABLE LOW POWER PROM

m Single + 5V Power Supply m Fast Access Time: 450 ns Max. in
Active and Standby Power Modes
a Simple Programming Requirements

Single Location Programming s Inputs and Outputs TTL Compatible
Programs with One 50 ms Pulse during Read and Program
m Low Power Dissipation m Completely Static
525 mW Max. Active Power
132 mW Max. Standby Power s Three-State Outputs for OR-Ties

The Intel® 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits
is 50 seconds.

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum
active power dissipation is 526 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power-
down is achieved by applying a TTL-high signal to the CE input.

A 2758 system may be designed for total upwards compatibility with Intel’s 16K 2716 EPROM (see Applications Note
30). The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL-
level programming. There is no need for high voltage pulsing because all programming controls are handled by TTL
signals. Program any location at any time — either individually, sequentially, or at random, with the single address
location programming.

PIN CONFIGURATION MODE SELECTION
ard PINS o _
A6 ] CE/PGM Ar | OF |Vpp |Vcc | OUTPUTS
N (18) (19) | (20) | 21) | (24) |(0-11,1317)
4
asd MODE
A2Q
ag Read Vi vie lvie | +5 | 45 Dout
hof Don’t
000 Standby ViH Vi +5 | +5 High Z
o01g Care
0204 Program Pulsed Vi to Vig | Vi | Vin | +25 | +5 Din
GND
4 Program Verify ViL Vi | ViL [ +25 | +5 Dout
Program Inhibit Vi ViL | Vi | +25 | +5 High Z
PIN NAMES BLOCK DIAGRAM
DATA OUTPUTS
Ag—-Ag ADDRESSES Ve o——s 00-07
CE/PGM_| CHIP ENABLE/PROGRAM GNDO——a
OE OUTPUT ENABLE Vep
0,-0, OUTPUTS © g
A SELECT REFERENCE OF SUTPUT ENABLE
INPLIT LEVEL CE/PGM R e o OUTPUT BUFFERS
— y B Y-GATING
DECODER °
Ag-Ag ]
ADDRESS ]
INPUTS — X o 8192-BIT
——] DECODER L] CELL MATRIX
f—— .
-
.
AR —— >
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2758

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions section.

Absolute Maximum Ratings*

Temperature Under Bias. . .. ......... -10°C to +80°C *COMMENT: Stresses above those listed under “Absolute Maxi-
Storage Temperature . . .. .......... -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a
All Input or Output Voltages with stress rating only and functional operation of the device at these or
R tto G d +6V to -0.3V any other conditions above those indicated in the operational sec-
espect to roun e 0 -U. tions of this specification is not implied. Exposure to absolute
Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device
to Ground During Programming. . . . . +26.5V to -0.3V reliability.
READ OPERATION
D.C. and Operating Characteristics
Ta=0°Cto70°C, Vcc!h2 =+5V £5%, Vppl2l = Ve
Limits .
Symbol Parameter 3 Unit Conditions
Min. Typ. ) Max.
Iy Input Load Current 10 MA Vin = 5.25V
ILo Output Leakage Current 10 MA VouT =5.25V
Ippq [2] Vpp Current 5 mA | Vpp=5.25V
fce1(2l | Ve Current (Standby) 10 25 mA |CE=V, OE=V)_
Icc2!2] | Ve Current (Active) 57. 100 mA | OE=CE=V,_
AR[4] Select Reference Input Level -0.1 0.8 Y Iy =10 A
Vi Input Low Voltage -0.1 0.8 \%
"M Input High Voltage 2.0 Vee +1 \Y
VoL Output Low Voltage 0.45 \ loL =2.1mA
VoH Output High Voltage 24 \ lon = -400 uA
NOTES:

. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

. Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of I and Ippq.

1
2
3. Typical values are for Ta =25°C and nominal supply voltages.
4

. AR is a reference voltage level which requires an input current of only 10 uA. The 2758 S1865 is also available which has a reference

voltage level of V| instead of V) .

Typical Characteristics
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A.C. Characteristics
Ta=0°Cto 70°C, Vel =45V 5%, Vppl2l = Ve

Limits
Symbol Parameter Min. Typ.m Max. Unit Test Conditions
tace Address to Output Delay 250 450 ns CE=0E=V,_
tce CE to Output Delay 280 450 ns OE = Vi
toE Output Enable to Output Delay 120 ns CE=V|_
tpr Output Enable High to Output Float 0 100 ns CE=V,_
toH Output Hold From Addresses, CE 0 ns CE=0E=V,_ b
or OE Whichever Occurred First g
2
. &
Capacitance!” T, =25°C, f= 1 MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C_= 100 pF

Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | VouTt=0V Timing Measurement Reference Level:
Inputs 1V and 2V

Outputs 0.8V and 2V

Cin Input Capacitance 4 6 pF | Viy=0V

NOTE: Please refer to page 2 for notes.

A.C. Waveforms®®

ADDRESSES
ADDRESSES VALID

e oo e

tce
(450 MAX.)

[7]
|" t[g]E - tDF
(120 MAX.) (100 MAX.)
6]
|j¢e———— tacc —> tOH —| e
(450 MAX.) (0)

pee 0 3 0 ¢ 0 00 0 0 .——S
HIGH Z ’;;;;;; HIGH Z
OUTPUT VALID OUTPUT] >—

NOTES:

Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp

. Vpp may be connected directly to Vo except during programming. The supply current would then be the sum of Igc and Ippq
. Typical values are for Tp =25°C and nominal supply voltages.

This parameter i1s only sampled and is not 100% tested.

All times shown in parentheses are mintmum times and are nsec unless otherwise specified.

OE may be delayed upi) 339_ns after the falling edge of CE without impact on tacc

. tpF 1s specified from OE or CE, whichever occurs first

NO O RN =
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ERASURE CHARACTERISTICS

The erasure characteristics of the 2758 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2758 in approximately 3
years, while it would take approximately 1 week to cause
erasure when exposed to direct sunlight. If the 2758 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2758 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
Programming Section) for the 2758 is exposure to short-
wave ultraviolet light which has a wavelength of 2537
Angstroms (A). The integrated does (i.e., UV intensity X
exposure time) for erasure should be a minimum of 15
W-sec/cm2. The erasure time with this dosage is approxi-
mately 15 to 20 minutes using an ultraviolet lamp with
12,000 uW/cm2 power rating. The 2758 should be placed
within 1 inch of the lamp tubes during erasure. Some lamps
have a filter on their tubes which should be removed before
erasure.

DEVICE OPERATION

The five modes of operation of the 2758 are listed in Table
1. It should be noted that all inputs for the five modes are
at TTL levels. The power supplied required are a +5V V¢
and a Vpp. The Vpp power supply must be at 25V during
the two programming modes, and must be at 5V in the
other three modes. In all operational modes, AR must be
at Vi (except for the 2758 S1865 which has AR at V).

TABLE |. MODE SELECTION

PINS
CE/PGM Ar | OE |Vpp |Vec | OUTPUTS
(18) (19) | (20) | (21) | (24) |(9-11,13-17)

MODE

Read ViL Vie [ ViL | +6 | 46 Dout
Standby Viu vy POt 45 | 45 | Highz

Care
Program Pulsed Vi_to Vig | VL | Vi | +25 | +B Din
Program Verify ViL Vi | ViL | +26 | +5 Dout
Program Inhibit ViL ViL | ViH | +25 | +5 High Z
READ MODE

The 2758 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at

434

the outputs 120 ns {tog) after the falling edge of O,
assuming that CE has been low and addresses have been
stable for at least taocc — toE-

STANDBY MODE

The 2758 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2758 is placed in the standby mode by applying a TTL high
signal to CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.

OUTPUT OR-TIEING

Because EPROMs are usually used in larger memory arrays,
Intel has provided a 2 line control function that accommo-
dates this use of multiple memory connections. The two line
control function allows for:

a) the lowest possible memory Power dissipation, and
b) complete assurance that output bus contention will
not occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system co