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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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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
2-3
2-4
2-12
2-14
2-17
2-19

3-2
34

3-8
3-12
3-20
3-28
3-33
3-45
3-49
3-54

3-58

3-63
3-64
3-76
3-88
3-89
3-95
3-99
3-105
3-106
3-107
3-111

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/Qutput 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/OUTPUT
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/Qutput 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

6-3
6-15
6-26

94
95

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

8259A Programmable Interrupt Controller
8355/8355-2 16,384-Bit ROM with 170
8755A 16,384-Bit EPROM with 1/0

MCS-86 MICROPROCESSOR
8086/8086-4 16-Bit HMOS Microprocessor

8282/8283 Octal Latch

8284 Clock Generator and Drive for 8086 CPU
8286/8287 Octal Bus Transceiver

8288 Bus Controller for the 8086 CPU

MICROPROCESSOR PERIPHERALS

8041A/8741A Universal Peripheral Interface 8-Bit
Microcomputer

8202 Dynamic RAM Controller

8251A Programmable Communication interface

8253/8253-5
8255A/8255A-5

Programmable Intrerval Timer
Programmable Peripheral Interface

8271 Programmable Floppy Disk Controller

8273 Programmable HDLC/SDLC Protocol
Controller

8275 Programmable CRT Controller

8278 Programmable Keyboard Interface

8279/8279-5 Programmable Keyboard/Display Interface

8291 GPIB Talker/Listener

8292 GPIB Controller

8294 Data Encryption Unit

8295 Dot Matrix Printer Controller

MICROCOMPUTER DEVELOPMENT SYSTEMS

MICROCOMPUTER DEVELOPMENT SYSTEMS

Model 210 Intellec® Series || Microcomputer Development System
Model 220 Intellec® Series 11 Microcomputer Development System
Model 230 Intellec® Series || Microcomputer Development System
Expansion Chassis Intellec® Series Il Microcomputer
Development System
Model 770 Printer Intellec® Series |l Microcomputer
Development System
Intellec Printer
MCS-48 Diskette-Based Software Support Package
PL/M-80 High Level Programming Language Intellec®
Resident Compiler
MDS-311 8086 Software Development Package
FORTRAN-80 8080/8085 ANS FORTRAN 77 Intellec
Resident Compiler
Basic-80 Extended ANS 1978 Basic Intellec® Resident Interpreter
Intellec® Single/Double Density Flexible Disk System
ISIS-I! Diskette Operating System Microcomputer
Development System
Intellec Prompt 48 MCS-48 Microcomputer Design Aid
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
EM1 8021 Emulation Board
EM2 8022 Emulation Board
UPP-103 Universal PROM Programmer
SDK-85 MCS-85 System Design Kit

9-92
9-109
9-127
9-132

10-4
10-23
10-27
10-33
10-37

11-3
11-14
11-24
11-32
11-43
11-64

11-93
11-118
11-142
11-152
11-164
11-188
11-190
11-201

12-3
12-6
12-10

12-14

12-16
12-18
12-20

12-22
12-25

12-36
12-40
12-43

SDK-86 MCS-86 System Design Kit

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

Insite User’s Program Library

TEST AND INSTRUMENTATION SYSTEMS

uScope 820 Microprocessor System Console
uScope Probe 8080A
uScope Probe 8085

MICROCOMPUTER TRAINING PROGRAMS

INDUSTRIAL GRADE PRODUCTS

12114 1024 x 4-Bit Static RAM

12708/18708 8K UV Erasable PROM

12716 16K (2K x 8) UV Erasable PROM

18048/18648/

18748718035 Single Component 8-Bit Microcomputer

18155/18156 2048-Bit Static MOS RAM With 1/0 Ports
and Timer

18212 8-Bit Input/Qutput Port

18216/8226 4-Bit Parallel Bidirectional Bus Driver

18243 MCS-48 Input/Output Expander

18251 Programmable Communication Interface

18255A Programmable Peripheral Interface

18259 Programmable Interrupt Controller

18279 Programmable Keyboard/Display Interface

18355 16,384-Bit ROM With 1/0

18755A-8 16,384-Bit EPROM With 1/0

MILITARY PRODUCTS

M1702A 2K (256 x 8) UV Erasable PROM

M2114 1024 x 4-Bit Static RAM
M2115A/M2125A

Family High Speed 1K x 1-Bit Static RAM
M2147 4096 x 1-Bit Static RAM
M2708 8K and 4K UV Erasable PROM
M2716 16K (2K x 8) UV Erasable PROM
M3604A/M3624A 4K (512 x 8) High Speed PROM

M3625A 4K (1K x 4) PROM

M3636 16K (2K x 8) Bipolar PROM

M5101-4/

M5101L-4 256 x 4-Bit Static CMOS RAM
M8080A 8-Bit N-Channel Microprocessor

M8212 8-Bit Input/Output Port

M8214 Priority Interrupt Control Unit
M8216/M8226 4-Bit Parallel Bidirectional Bus Driver
M8224 Clock Generator and Driver for 8080A CPU
M8228 System Controller and Bus Driver for

8080A CPU

M8251 Programmable Communication Interface
M8255A Programmable Peripheral Interface
M8085A Single Chip 8-Bit N-Channel Microprocessor
M8155 2048-Bit Static MOS RAM With 1/0 Ports

and Timer

M8257 Programmable DMA Contgoller
M8259 Programmable Interrupt Controller
M8048/M8748/

M8035 Single Component 8-Bit Microcomputer

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

12-91

12-97
12-99

12-103
12-103
12-110

12-112

13-3
13-4
13-5

13-7

13-8

13-9
13-10
13-11
13-12
13-13
13-14
13-15
13-16

14-110




NUMERICAL INDEX

1702A 2K (256 x 8) UV Erasable PROM 4-5
M1702A 2K (256 x 8) UV Erasable PROM 14-4
1702AL-2/

1702AL-2 2K (256 x 8) UV Erasable Low Power PROM 4-9
2101A/8101A-4* 256 x 4-Bit Static RAM 3-4
2102A/2102AL/

8102A-4* 1K x 1-Bit Static RAM 3-8
2104A Family 4096 x 1-Bit Dynamic RAM 3-12
2104A Family 4096 x 1-Bit Dynamic RAM 3-20
2107C Family 4096 x 1-Bit Dynamic RAM 3-28
2109 Family 8,192 x 1-Bit Dynamic RAM 3-33
2111A/8111A-4* 256 x 4-Bit Static RAM 3-45
2112A 256 x 4-Bit Static RAM 3-49
2114 1024 x 4-Bit Static RAM 3-54
12114 1024 x 4-Bit Static RAM 13-3
M2114 1024 x 4-Bit Static RAM 14-16
2115A/2125A

Family High Speed 1K x 1-Bit Static RAM 3-58
M2115A/M2125A

Family High Speed 1K x 1-Bit Static RAM 14-10
2115H, 2125H

Family High Speed 1K x 1-Bit Static RAM 3-63
2117 Family 16,384 x 1-Bit Dynamic RAM 3-64
2117-5 16,384 x 1-Bit Dynamic RAM 3-76
2118 Family 16,384 x 1-Bit Dynamic RAM 3-88
2141 4096 x 1-Bit Static RAM 3-89
2142 1024 x 4-Bit Static RAM 3-95
2147 4096 x 1-Bit Static RAM 3-99
M2147 4096 x 1-Bit Static RAM 14-14
2147H High Speed 4096 x 1-Bit Static RAM 3-105
2148 1024 x 4-Bit Static RAM 3-106
2316E 16K (2K x 8) ROM 4-12
2332A 32K (4K x 8) ROM 4-15
2364A 64K (8K x 8) Bit ROM 4-16
2608 8K (1K x 8) Factory Programmable PROM 4-17
2708/8708 8K and 4K UV Erasable PROM 4-20
12708/18708 8K UV Erasable PROM 13-4
M2708 8K and 4K UV Erasable PROM 14-27
2716 16K (2K x 8) UV Erasable PROM 4-23
12716 16K (2K x 8) UV Erasable PROM 13-5
M2716 16K (2K x 8) UV Erasable PROM 14-17
2732 32K (4K x 8) UV Erasable PROM 4-28
2758 8K (1K x 8) UV Erasable Low Power PROM 4-31
2910 PCM CODEC — u Law 6-3
2911 PCM CODEC — A Law 6-15
2912 PCM Line Filters 6-26
3101/3101A 16 x 4-Bit High Speed RAM 3-107
3205 1 of 8 Binary Decoder 5-3
3207A Quad Bipolar to MOS Level Shifter and Driver 57
3207A-1 Quad Bipolar to MOS Level Shifter and Driver 5-11
3222 4K Dynamic RAM Refresh Controller 5-13
3232 4K Dynamic RAM Address Multiplexer
and Refresh Counter 5-19
3242 16K Dynamic RAM Address Multiplexer
and Refresh Counter 5-23

3245 Quad TTL to MOS Driver for 4K RAMs 5-27
3404 High Speed 6-Bit Latch 5-3
3604A/3624A

Family 4K (512 x 8) High Speed PROM 4-36
M3604A/M3624A 4K (512 x 8) High Speed PROM 14-32
3605A/3625A 4K (1K x 4) PROM 4-39
M3625A 4K (1K x 4) PROM 14-34
3628 8K (1K x 8) Bipolar PROM 4-42

14

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 Qutput Port

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

Programmable General Purpose 1/0 Device
Programmable Keyboard Display Device
Standard Memory Interface

1024 x 8 Mask Programmable ROM and
4-Bit 1/0 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 Controlier

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

8-Bit Input/Qutput 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

8-10

11-3

8-22

13-16

14-110
8-31

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

13-7

14-87
9-77
11-14
9-29
9-35
13-6
14-48
9-45
14-53
9-49
13-9
14-56

9-81
9-19
14-59

14-63
8-36



NUMERICAL INDEX

18243 MCS-48™ Input/Output Expander

8251A Programmable Communication Interface
18251A Programmable Communication Interface
M8251A Programmable Communication Interface

8253/8253-5
8255A/8255A-5

Programmable Interval Timer
Programmable Peripheral Interface

18255A Programmable Peripheral Interface

M8255A Programmable Peripheral Interface

8257/8257-5 Programmable DMA Controller

M8257 Programmable DMA Controller

8259A Programmable Interrupt Controller

18259 Programmable Interrupt Controller

M8259 Programmable Interrupt Controller

8271 Programmable Floppy Disk Controller

8273 Programmable HDLC/SDLC Protocol
Controller

8275 Programmable CRT Controller

8278 Programmable Keyboard Interface

8279/8279-5 Programmable Keyboard/Display Interface

18279 Programmable Keyboard/Display Interface

8282/8283 Octal Latch

8284 Clock Generator and Drive for 8086 CPU

8286/8287 Octal Bus Tranceiver

8288 Bus Controller for the 8086 CPU

8291 GPIB Talker/Listener

8292 GPIB Controller

8294 Data Encryption Unit

8295 Dot Matrix Printer Controller

8355/8355-2 16,384-Bit ROM With 1/0

18355 16,384-Bit ROM With 1/0

8755A 16,384-Bit EPROM With 1/0

18755A-8 16,384-Bit EPROM With 1/0

8801 Clock Generator Crystal for 8224/8080A

Available Literature

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

Development Systems

Distributors

EM1 Emulation Board

EM2 Emulation Board

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
12-77

12-80

1-6

Expansion Chassis Intellec® Series || 12-14
FORTRAN-80 Intellec® Resident Compiler 12-36
ICE-49 MCS-48 In-Circuit Emulator 12-56
ICE-80 8080 In-Circuit Emulator 12-61
ICE-85 MCS-85 In-Circuit Emulator 12-67
ICE-86 8086 In-Circuit Emulator 12-71
Insite Users Library 12-99
Intel Technical Library 2-14
Intellec® Printer 12-18
Intellec® Single/Double Density Flexible Disk System 12-43
Intellec® Prompt 48 MCS-48 Design Aid 12-50
ISIS-1l Diskette Operating System 12-47
MCS-48 Diskette-Based Software Support Package 12-20
MDS-311 8086 Software Development Package 12-25

Memory Support Circuits 5-2

Microcomputer Training Programs 12-112
Military Products 14-2
Model 210 Intellec® Series |1 12-3
Model 220 Intellec® Series |1 12-6
Model 230 Intellec® Series Il 12-10
Model 770 Printer Intellec® Series Il 12-16
Ordering Information 2-3
Packaging Information 2-4
Peripherals 11-2
PL/M-80 High Level Programming Language Intellec®

Resident Compiler 12-22
PROM/ROM Programming Instructions 4-48
Sales Offices 2-17
SDK-85 MCS-85 System Design Kit 12-85
SDK-86 MCS-86 System Design Kit 12-91
SDK-C86 MCS-86 System Design Kit Software and Cable

Interface to Intellec® Development System 12-97
Standard Product Flow 2-12
Technical Library 2-14
uScope 820 Microprocessor System Console 12-103
uScope Probe 8080A 12-108
uScope Probe 8085 12-110
UPP-103 Universal PROM Programmer 12-83
Users Library 12-99
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GENERAL

PACKAGING INFORMATION A dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

16-LEAD PLASTIC DUAL IN-LINE

835 (21.209)
825 (20.955
PACKAGE TYPE P (209591
PIN 1
I °
[z e
245 (6.223)
-
I L] 325
[<—MAX.—>
.200(5.080) .140 (3.556) (8.255)
MAX. 7130 (3.302) |
SEATING e :*{ 010 TYP
PLANE It K (0.254)
y | 015 MIN. -
T hJ . I« - [ 0.381) !
’ ! »{l<- 020 (0.508) i 350 |
110 (2.794) 060 TYP 032 TYP 076 (0.406) f«— (8.890) —»
.090 (2.286) (1.524) (0.813) REF.
905 (22.987)
18-LEAD PLASTIC DUAL IN-LINE 895 (22.733)
PACKAGE TYPE P o PIN1
° }
|
[]258 en
.245 (6.223)
1
P Y 325
- MAX.—»]
.200(5.080) .140 (3.556) (8.255)
MAX. 130 (3.302) ]
o - 1
SEATING - ~—; + o
010 TYP 1 o
PLANE Losmm g5 w150
1125 (3.175) " (0.381) ’ [ !
MIN. L_ - ’]L 30 |
110 (2.794) 060TYP o0 tve 222 0.508) Lf(a'.asm——l
110 . 1016 (0.406)
.090 (2.286) (1.524) (0.813) REF.
‘e 1.035(26.289) _
20-LEAD PLASTIC DUAL IN-LINE 1.025 (26.035)
PACKAGE TYPE P I PINT
° ¥
1
[ 286
245 (6.223)
|
- L] .325
:200(5.080) 1130 (3.302)
MAX. -120 (3.048) ']
SEATING [I J UGB *,ﬁi
- 010 TYP
PLANE _—{ -015 MiN. (0.254)
1125 (3.175) i ~ (0.381) ’
N > L Bl h JL 020 (0.508)
.020 (0.50:
110 (2.794) 060 TYP 535 Tvp "016 (0.406)
090 (2.286) (1.524) (0.813)
. 1105(28.067)
22-LEAD PLASTIC DUAL IN-LINE 1.085(27.813)
PACKAGE TYPE P — =
: .355 (9.017)
345 (8.763)
|
o L] 425
f«— MAX.
.200 (5.080) .155 (3.937) (10.795)
MaX. 145 (3.683)
I —
SEATING lﬁh .
SEATING v % — 010 TYP
PLANE { .
125 (3.175) T~ I ‘%53':1';\" (0:254)
MIN. g
- | >”__ | 450 |
- .020 (0.508) L. |
1110 (2.794) 060 TYP 032 TvP "016 (0.406) "‘“;é’?o)—’i
.090 (2.286) (1.524) (0.813) ’

24



PACKAGING INFORMATION All dimensions n inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24-LEAD PLASTIC DUAL IN-LINE

p———— =

1.245 (31.623)

1.235 (31.369)
PACKAGE TYPE P ot
I — 5
|
l: 545 (13.843)
535 (13.589)
|
|
-—- Y 625
[ MAX. —f
,200(5.030) .160 (4 064) (15.875)
50
- —— |
SEATING A 010 TYP
PLANE Yy ]C .015 MIN. (0.254) ™
125 (3.175) | (0.381)
MIN. J L’ ozo .020 (0.508)
110 (2.794) .oeo TYP o3z TVP 016 10.408)
.090 (2.286) (1.524) (0.813)
1.4565 (36.957)
28-LEAD PLASTIC DUAL IN-LINE . T35 Be708)
PACKAGE TYPE P PN
o
f
: 545 (13.843)
535 (13.665)
|
—— L 625
f=— MAX. —{
-200 (5.080) 160 (4.064) (15.875) i
MAX. 50 (3:810) | ;
SEATING T 010 TYP oo
PLANE OISMIN. (025 S~ 15
.125 (3.175) | L (0.381) i ;
MIN. — =1 020 (0.508) L_ 60 |
110 (2.794) 060 TYP 032 TYP 016 (0.406) (16.510)—
090 (2.286) (1.524) (0.813) : REF.
2.055 (52.197)
40-LEAD PLASTIC DUAL IN-LINE ~ 2045 (51.943) |
PACKAGE TYPE P ] PN
° +
15 545(13 843)
535 (13589)
|
-—— L 625
fe— MAX. —»|
.200(5.080) 175 (4.445) (15.875)
MAX. 166 (a.191) )
SEATING - —t 010 TYP % o
D1 ANE I w— ! B 4
PLANE | ¥ o1s min. (0.254) ‘ﬂ‘ w&/ﬁ
.120 (3.048) J L . L (0.381) 1 1
WIN. f 1 ; —l .020 (0.508) 550
110 (2.794) .060 TYP 032TYP 078 [6-406) (,gg;o,
090 (2.286) (1.524) (0.813) .
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PACKAG'NG INFORMATION Al 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
200(5.080) 165 (4.191) “_(Q"g;s‘) [
MAX. 140 (3556) | ) [
seaTING  y | o
PLANE I L.owsmn. 010 WPJ« ~ije 150
125 (3475) | . | 0.381) (0.254) 1 g
MIN. [ Poans
% :%22; 060 TYP —>li=.020 (0.508) | o:525)—»|
’ g (1.524) 032TYP. 1016 (0.406) REF.
(0.813)
920 (23.000)
880 (22.352)
18-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D PIN1
325
200(5.080) 165 (4.191) [~ MAX.
MAX. 740 35581 | ‘8-255’7
VU * — 1 “
SEATING ; 1 R ¥y -
PLANE ; | ’ Towsmn — 007Tvp | P2
azs 3azs) T—1 4 Y (0.381) (0.258) el
MIN. J ™™ ’—N - H .020 (0.508) i 375
I =~ | =" 016 (0.406) |=—(9.525) —|
110 (2.794) 060 TYP 032 TYP REF.
090 (2286)  (1.524) (0.813)
.990 (25.146)
1950 (24.130)
20-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPED - f
310 (7.874)
265 (6.731)
325
200 (5.080) 165 (4.191) -~ MAX. —=
M‘}X' 140 (3556) | (8.255) |
SEATING ﬁ i — ﬂ ’
PLANE . “FTomsmn  ooTve 1L
125 (3.175) | (0.381) (0.254) ! el
MIN. ,_.I il I—J 020 (0.508) 375
|+—(9.525)—
m (2.794) .060 TYP .032TYP REF
090 (2286)  (1524) 0.813)
) 1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D - PINT T
400 (10.16)
370 (9.398)
425
J+—MAX.
.200(5.080) 180 (4572) (10.795)
MAX. -150 (3.810) |
[ 1 ‘ !
SEATING S S 010 Tvp a 1 o
PLANE ] ] | 015 MIN. "(0.254) ‘ w15
28 (3.476) 1 Tl e 060 TYP II (0.381) [ a5
. 110 (2.794) L (1.524) —=|l=—.020 (0.508) l~—(12.065)—]
090 2.286) 032 TYP 1016 (0.406) REF.
(0.813)
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PACKAGING INFORMATION an dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

16-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

.820 (20.820)
.790 (20.066)

PIN 1

1 300 (7.620)

4 280 (7.112)
.ZUOME).(OBO) .095 (2.413)
AX. . 070 (1.778) 130
(3.302)
SEATING y |\ -—— MAX. '
PLANE ¥ ozomin. 010 7TYP. N 21
b (0.508) (0.254) U j!
1125 (3.175) 050 TYP. ! s '
(1.270) 022 (0.588) .
032 TYP =015 (0.387) l-~(a.255)
110 (2.794) o 813)"1 [ REF.
.090 (2.286) :
920 (20.820) ,
880 (19.812)
18-LEAD HERMETIC DUAL IN-LINE - PIN 1 MARK
PACKAGE TYPE C ===
.300 (7.620)
280 (7.112)
.200 (5.080) .095 (2.413)
MAX. .070 (1.778)
T = —/—= 130
(3.302)
SEATING —-—— MAX o
PLANE T osmin 010 TYP. i 107
050 TYP (0.635) (0.254) ¥ i
125 (3.175) - - : :
MIN. (1.270) J__&(o.sss) 325
—~ 032 TYP. 015 {0.381) (8.255)
110 (2.798) NPl REF.
.090 (2.286) )
990 (25.146)
970 (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. 100 (2.540)
== 1135 MAX
(3.429)
SEATING - - o
PLANE ¥ ozsmin 010 TYP il 100
.63 .254] '
125 (3.175) 050 TvP 0639 o= !
MIN. (1.270) | 022 (0558) L_ 325
r 075 (0.381) (8.255)
110 (2.794) Rre REF.
1090 (2.286) 0813)
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK
PACKAGE TYPE C ===
L. 400 (10.160)
Y 380 (9.652)
.200 (5.080) 100 (2.540)
MAX. 070 (1.774)
y === .140 MAX.
(3.556)
SEATING v | - - 1 o
PLANE R
¥ 025 Min. Y. ~|eio
pap— (0635) (0.254) 1 ;
1125 (3.175) 050 TYP. : i
MIN. (1.270) -022 (0.558) 425 !
015 (0.381) (10.795)—»
110 (2.794) 032 TYP. REF.
1090 (2.286) (0.813)
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

24 LEAD HERMETIC DUAL IN-LINE . 1.285 (32.639)
PACKAGE TYPE D 1235 (31.360)
_ PIN 1
600 (15.240)
515 (13.081)
i 625
le— MAX. —>
=
TT

i
I
l

e W
PLANE
f 010 TYP. 15
125 (3.175)_f—— J L ;?,‘j;,“,"‘" (0.254) ] ™~ s
MIN. 060 TYP. “ i es |
(1.524) —~l<-.020 (0.508) ler “7_'45)_4
.10 (z 794) 032 TYP 016 (0.406) REF.
1090 (2.286) (0.813)
za (32.639)
24-LEAD HERMETIC DUAL IN-LINE 235 (31.369)
PACKAGE TYPE D PIN 1 ?
600 (15.240)
515 (13.081)
e — J— _{
625
232 (5.893) 187 (4.750) _ e MAX. - >
MAX. 185 (3.683) (15.875)
I :_E‘E_i 1 -
SEATING L L / /L
PLANE L { 0ASMIN. 010 TYP. \;i 15
A25(3176) -1 060 TYP. _.“__ (0.381) (0.254) i
M (1:524) :020 (0.508) (17.145) >
10 2794) .032 TYP. 016 (0.406) REF.
090 (2.286) (0.813)
1.485 (37.719)
5 (36.449 =
28-LEAD HERMETIC DUAL IN-LINE (36.449]
PACKAGE TYPE D _ N
600 (15.240)
515 (13.081)
625
le—MAX. —
.220(5.588) 175 (4.445) .
MAX. 145 (3.683) (15.875)
— = ———= [ T
SEATING P — i —
PLANE 4 o
015MIN. 010 TYP. N15°
125 (3.175) +—— i L : 0.381) (0.254) 1 ~
MIN. i:» 060 TYP. ” | 475 |
tis24) —=ll=- 020 (0.508) le—(17.125)—
110 (2.794) 032TYP 016 (0.406) REF.
090 (2.286) (0.813)
- 1.485 (37.719)
1.435 (36.449)
28-LEAD HERMETIC DUAL IN-LINE
PIN 1
PACKAGE TYPE D
600 (15.240)
515 (13.081)
A _
.625
.232 (5.893) .187 (4.750) MAX. - >
MAX. 145 13.683) ) (15.875)
SEATING ¥
PLANE j 0.15 MIN. 010 TYP.
125 (3.175) . . —.“‘_ (0.381) (0.264) | i
.675
MIN. (1.524) 020 (0.508) (17148)
.110 (2.794) .032 TYP. 076 (0.406) REF.
090 (2:286) (0.813)
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

2.080 (52.832)

40-LEAD HERMETIC DUAL IN-LINE

2.030 (51.562
PACKAGE TYPE D )
PIN 1
600 (15.240)
515 (13.081)
625
.220 (5.588) 175 (4.445) f—MAX. —»y
MAX. 145 (3.683) (15.875)
| G —p——— ¥ —TT—
SEATING _ _L— 1T ]
FrANE olsMIN, 010 TYP. ~ r/w
(0.254)
'125M(|3N1,75)“ l: <~ 060 TvP. JL_ (0.381) v
(1.524) 020 (0.508) l——(17145)—4
110 (2.794) 032 TYP 016 (0.406)
090 (2.286) (0.813)
2.080 (52.832)
2,030 (51.562)
40-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPED
.600 (15.240)
515 (13.081)
e — _ }
625
.232 (5.893) 187 (4.750) j= MAX.
MAX. .145 (3.683) (15.875)
i =TT
SEATING — L i 0°
PLANE 0.15 MIN. 010 TYP. ~a! kA/ﬁ’
2534783 1060 TYP. (0.381) (0.254) B
MIN, 1.524] _JL 675
(1524 020 L_ (17.145)
110 (Z 794) .032 TYP. .016 (0.406) REE.
090 (2.286) (0.813)




PACKAGlNG |NF°RMAT|0N All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

24-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

GENERAL

1.215 (30.861) ‘
1.185 (30.099) l

PIN 1 MARK

]

600 (15.240)
.570 (14.478)

1145 MAX
.200 (5,080) 095 (2.413) py 683)
AX. 070 (1.778) j
SeANE o 010 TYP
PLANE [ -020 MIN (0.254) w19
(0.508) ; \
125 (3.175) 050 TYP ! :
MIN. = (1.270) <022 (0.568) L- 625 <_j
. ~~ 015 (0.381) (15.875)
110 (2.794) REF.
1090 (2.286)
1.415 (35.941) ,
28-LEAD HERMETIC DUAL IN-LINE 1.385 (35.179) ’ PIN 1 MARK
PACKAGE TYPE C —
600 (15.240)
570 (14.478)
L
.200 (5.080) 095 (2.413) 145 MAX
MAX. 070 (1.778) 778) (3.683)
SEATING_ ] l R; EF L
010 TYP j
PLANE N ? —ﬁ 020 MIN. (0.254) \: /10
125 (3.175) 050 TYP {0.508) '
MIN. (1.270) <922 (0558) 625 .
- =015 (0.381) i~—(15.875)
110 (2.794) REF.
090 (2:286)
2.020 (51.308) ,
1.980 (50.292)
40-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK
PACKAGE TYPE C I
600 (15.240)
570 (14.478)
.200 (5.080) 095 (2.413)
MAX. 070 (1.778)
=" as t .145 MAX.
¥ (3.683)
SEATING —_— 1 1%
PLANE _f_.ozowN, 010 TYP N
b (0.508) (0.254) | i
125 (3.175) 050 TYP i
MIN. (1.270) 022 (0.558) |
015 (0.381) “5875’—“
.110 (2.794)
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

PACKAGE TYPE B

1.095 (27.813)
1.060 (26.924)

PIN 1

/2 400 (10.160)
0

] .370 ( 9.398)
{

425
MAX. —»
200 (5.080) 150 (3.810) ~
MAX. %5 3175) 1 (10.795)
190 (4.826) S
seatve v L) Y 160 74.064) T .
PLANE | | L 015 MIN. 010 Tvp‘% N
1125 (3.175) ] J (0.381) (0.254) i b
.10 (2.794)J L JL- .020 (0.508) 475 J
.090 (2.286) 060 TYP 032 TYP. 016 (0.406) (1%.3?5)
(1.524) 10.813) ’
1.285 (32.639)
24 LEAD HERMETIC DUAL IN-LINE 1.236 {31.369)
PACKAGE TYPE B o PIN 1
. ] 600 (15.240)
"| 515 (13.081)
— i 625
.220(5.568) .150 (3.810) [+ MAX. —
150 15.
MAX. 125 (3175) (15.875)
; | S — - 190 (4.826) | e——
seating ¢ WSUSUTL) o 1 155 (3.937) HE
) 0°
PLANE L.015 MIN. 010 Tvp»ﬂ< *'%/gc
1100 (2.540)_ y (0.381) (0.254) i
e T o
! - i -~ .032TYP .
11.522) 32 T 1016 (0.406) REF.
1.485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449)
PIN 1
PACKAGE TYPEB R
B 600 (15.240)
‘l 570 (13.081)
!
SRS [ T 25
.220(5.558) .150 (3.810) [+— MAX. —»
MAX. 125 (3.175) (15.875)
I L q ¥ 190 (a826) | ——]
searne ¢ W) _ﬁ__ijss (3.937) T )
PLANE L 015 MIN. 010 Typ,»#. ‘:\,,—»
1253475 3F—— (0.381) (0.254) |
M a0 'ﬂ),} - »“« 020 (0.508) 675 |
-090 (2.286) 060 TYP. 032TYP 016 (0.406) —(17.145)—»
(1.524) (0.813) . REF.
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 24030 (51562) N1
PACKAGE TYPE B —==
. 600 (15.240)
] 570 (13.081)
e l 625
.220(5.558) .150 (3.810) o MAX, —s-
MAX. o 125 (3.175) | {15.875)
. - " 190 (4.826)  S——— |
BLLILTCE S P Y 5 9Ty M— | 55 {3.937) [} .
PLANE L.015 MIN. 010 Tvp_iﬁ. ,'\\1,”5
125 (3.175) - (0.381) (0.254) ;
MIN o ‘ﬂ?i’J L JL 020 (0.508) 675 |
090 (2.266) 060 TYP. 032 TYP 016 (0.406) (17.145)-—=
(1.524) (0.813) REF.
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STANDARD PRODUCT FLOW

Wafer
Fabrication

Hermeticity Testing to

1st Optical Inspection eliminate devices which
For Fab Defects show insufficient
E 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).

Electrical Wafer Sort

MIL-STD-883 Method 2010.3B to
nsure that all devices are free Temp Cyc
from internal defects which could

lead to failure in normal applications.

(Monitored by QA)

o J Optical inspection criteria based on

1st Optical Inspection
for Sort Defects

Scribe or Saw & Break

2nd Optical Inspection
2nd Optical Inspection QA Gate

Die Attach
Die Attach Inspection
QA Die Attach Gate

Precap Visual e e
Inspection criteria . B,
based on MIL-STD-883 ’
Method 2010.3B to insure
Lead Bond trfm af:’erfassembly all delvicl:es are :rele
: rom defects which could lead to failure
Lead Band Inspection in normal applications. (Each lot must
Lead Bond Gate pass a QA acceptance.)

212



STANDARD PRODUCT FLOW

Final Visual

Lead Trim
QA Visual Acceptance

QA Outgoing Acceptance

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
Pemmay range.

Solder Dip

Deflash, Trim & Form

Temp Cycle

Mold

PLAS‘i’Ié Final QA Acceptance

Electrical 1% AQL AC, DC
Functional Tests to guarantee
performance over full specified
temperature range
Visual/Mechanical LTPD 7/2
Solderability LTPD 50/0
Hermeticity LTPD 7/1

Plant Clearance
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GENERAL

INTEL PRODUCT LITERATURE

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

Catalogs

610200

1978 System Data Catalog

Brochures

Microcomputer Product Line
Brochure

Microcomputer Components
Brochure

Memory Components Brochure
Growing Static RAM Family Album
MOS RAMs Brochure

uScope 820 Brochure

1979 Intel Microcomputer Work-
shops Brochure

Application Notes

AP-4
AP-12
AP-15

AP-16
AP17

AP-22
AP-23
AP-24
AP-26
AP-27
AP-28
AP-29

AP-30

AP-31
AP-33
AP-35

AP-36
AP-40

AP-42
AP-43
AP-45

2107A Application Note

5101 Application Note

8255 Programmable Peripheral
Interface

Using the 8251 Application Note
2709 8K Erasable PROM Appli-
cation Note

Which Way for 16K

2104A 4K RAM

MCS-48 Family—9800413B

iSBC 80/10 & System 80/10
Control With UPI-41

Multibus Interfacing—9800587A
Using The Intel 8085 Serial

/0 Lines

Applications of 5 Volt EPROM and
ROM Family for Microprocessor
Systems

Using the 8259—9800658A
RMX/80—9800577A

CRYSTALS: Specifications—
9800652A

Using the 8273—9800667A
Keyboard/Display Scanning With
Intel’s MCS-48 Microcomputers
Writing Diagnostics for the uScope
Using the iISBC™ 957 . . . 9800816
Using the 8202 . . . 9800809

$2.00

N/C

N/C
N/C
N/C
N/C
N/C

N/C

N/C
N/C

N/C
N/C

N/C
N/C
N/C
N/C
N/C
N/C
N/C

N/C

N/C
N/C
N/C

N/C
N/C

N/C
N/C
N/C
N/C

2-14

Product Descriptions

9800365
9800600
9800606

9800615

9800723

MCS-85 Product Description
Peripherals Product Description
Intellec Series Il Microcomputer
Development Systems Functional
Description and Specifications
MCS-48 Single Chip Family of
Microcomputers Product
Description

MCS-86 Product Description

Reference Guides

9800774
9800749

BASIC 80 Reference Guide
MCS-86 Assembly Language
Reference Guide

Reference Cards

9800404
9800438

9800547
9800582

9800653

9800412

PROMPT 48 Reference Cardlet
8085/8080 Assembly Language
Reference Card

FORTRAN-80 Reference Card
uScope 820 8080A Operator’s
Reference Card

MCS-48 In-Circuit Emulator
Reference Card

MCS-48 Assembly Language
Reference Card

UPI-41 Assembly Language
Reference Card

Reliability Reports

RR 7
RR 8
RR 9
RR 10
RR 11
RR 12
RR 14
RR 15
RR 16
RR 17
RR 18

2107A/2107B 4K Dynamic RAM
Polysilicon Fuse Bipolar PROM
MOS Static RAMs

8080/8080A Microcomputer
2416 16K CCD Memory

2708 8K Erasable PROM
2115/2125 MOS Static RAMs
2104A 4K Dynamic RAM

2116 16K Dynamic RAM

iSBC 80/10 Single Board Computer
HMOS Reliability

N/C
N/C

N/IC

N/C
N/C

N/C

N/C

$1.50

N/C
N/IC

N/C
N/C

N/C

N/IC
N/IC
N/C
N/IC
N/C
N/C
N/C
N/C
N/C
N/C
N/C



- I |®

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 9th Avenue
Huntsville 35805

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

Tel: (205) 533-0090

ARIZONA

Intel Corp.

8650 N. 35th Avenue, Suite 101
Phoenix 85021

Tel: (602) 242-7205

1BFA

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 4B

Berkeley 94704

Tel: (415) 843-7625
Mac-1

P.O. Box 1420
Cupertino 95014

Tel: (408) 257-9880
Mac-|

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

20121 Ventura Blvd., 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.O. 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
Oriando 32804

Tel: (305) 628-2393

TWX: 810-853-9219

tPen-Tech Associates, Inc.

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

Tel: (305) 421-4989

iPen-Tech Associates, Inc.

111 So. Maitland Ave., Suite 202
Maitland 32751

Tel: (305) 645-3444

GEORGIA

+Pen-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
+Dytek-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 7100
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
Chelmsford 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

+Lowry & 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
+Dytek North

1821 University Ave.
Room 163N

St, Paul 55104

Tel: (612) 645-5816

U.S. AND CANADIAN SALES OFFICES

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 Bldg.
505 Thornall St.

Edison 08817

Tel: (201) 494-5040

TWX: 710-480-6238

NEW MEXICO

BFA Corporation
P.0. 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
+Pen-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 Bivd.
Cleveland 44122

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

Dalias 75243

Tel: (214) 238-7157

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

Tel: (713) 783-2900

UTAH

Westek

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

Tei: (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
iThese representatives do not offer Intel Components,
only boards and systems.




GENERAL

intal

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
+Hamilton/Avnet Electronics
167 Clay Road
Rochester 14623

Tel: (716) 442-7820
tCramer/Syracuse

6716 Joy Road

East Syracuse 13057

Tel: (315) 437-6671
+Hamilton/Avnet Electronics
6500 Joy Road

E. Syracuse 13057

Tel: (315) 437-2641
+Hamilton/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
+Hamilton/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 (eontinued)
+Sheridan Sales Co.
701 Beta Drive
Mayfieldville 44143
Tel: (216) 461-3300

OKLAHOMA

t+Components 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
+Sheridan 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
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: (208) 746-8750
tAlmac/Stroum Electronics
5811 Sixth Ave. South

Seattle 98108

Tel: (206) 763-2300

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

iL. A. Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6L7
Tel: (403) 276-8818
Telex: 13 82589 77
BRITISH COLUMBIA
{L.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

+Hamilton/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

tMicrocomputer System Technical Demonstrator Centers
*Microcomputer System Spares Order Point
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Random Access




RAM

intgl
2101A/8101A-4*

256 X 4 BIT STATIC RAM

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

m 256 x 4 Organization to Meet Needs for m Inputs Protected: All Inputs Have Pro-
Small System Memories tection Against Static Charge
m Single +5V Supply Voltage B Low Cost Packaging: 22 Pin Plastic Dual
m Directly TTL Compatible: All Inputs and In-Line Configuration
Output ® Low Power: Typically 150 mW
m Statis MOS: No Clocks or Refreshing m Three-State Output: OR-Tie Capability

Required m Output Disable Provided for Ease of Use
® 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 |/0 systems. The output disable function eliminates the need for bi-directional logic in a common 1/0O 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
®
‘: NS :] Aoo—xc) — @ vee
A 1 22 v, 3 1
’ ° —1 % L SO
Az: 2 21 []a, ——{ Ay DO, p— N @ Row MEMORY ARRAY
_ 2 o—PF ] 32 ROWS
A, 3 20 [] WE — A @ SELECT 32 COLUMNS
— — A Do, — A3 °_‘§:
A : 4 19 CE
° e — A s @ B
Y I 18 [] op — A DO, }— ]
I |-
gy 7 [ ces ] iﬁ 0o — coLumn o circuiTs
— 7 4 P
A, | 7 16 : DO, or ® COLUMN SELECT
no—% ]
ano []8 15 oy, —] oy, @ INPUT ®
— Dl o° o2 IE CO?\IATL‘:)L ! eor
DI, 9 14 _L:]Do3 i s ® ol el ® (E
3 o013 o——PF ] [BF—o 2
Do, [ 10 13 Joy, — o, ® .o
o, 1 n 12 [] oo, o o——F—— :B oos
2 2
WE CE2 CE1 n04
T 7 e
PIN NAMES = .(3__
1
DI,-DI, DATA INPUT CE, CHIP ENABLE 2 o, =
A A I ———— o 20)
AgA; ADDRESS INPUTS OD  OUTPUT DISABLE we 2 O -ein numsERs
WE WRITE ENABLE DO,-DO, DATA OUTPUT
TE,  CHIP ENABLE 1 Vee  POWER (+5V) b

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

ABSOLUTE

Ambient Temperature Under Bias

Storage Temperature

MAXIMUM RATINGS*

Voltage On Any Pin

With Respect to Ground

Power Dissipation

*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, Ve = 5V #5% unless otherwise specified.

Symbol Parameter Min. Typ.m Max. Unit Test Conditions
I Input Current 1 10 MA Vin =010 5.25V
lLoH Data Output Leakage Current 1 10 MA Output Disabled, VoyTt=4.0V
lLoL Data Output Leakage Current -1 -10 HA Output Disabled, VoyT1=0.45V
lcer Power Supply 2101A, 2101A-4 35 55 mA ViN =5.25V, Ig = OmA
Current 2101A-2 45 65 Ta = 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 \Y
Vin Input “’High”” Voltage 2.0 Vce \%
VoL Output “Low’’ Voltage +0.45 \Y% loL = 2.0mA
VoH Output “High” 2101A, 2101A-2| 24 \ loy = -200uA
Voltage 2101A-4 | 2.4 v lon =-150uA
TYPICAL D.C. CHARACTERISTICS
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
AMBI[ENT TE‘MPERAlTURE AMBIENT TE[MPERAITURE =[ Oy//,
-15 AN\ ;";“c 5 7
— T300c I R 7/ 25°C ///
< -0 < 10 /‘/ /
gx \\ % 70°C
5 \\ 3
-5 Vee = 4.75V 4 5 V=475V -
OUTPUT “HIGH” TYPICAL OUTPUT “LOW” TYPICAL
N 4

1 2 3 4

Von (VOLTS)

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voitage.

35
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2101A FAMILY

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

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
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,, ty = 20ns
tew Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V
tOow Data Setup 150 ns Timing Reference = 1.5V
tDH 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
(2] 3
CAPACITANCE T, =25°C,f=1MHz
Svmbol Teost Limits (pF)
ymbo es Ty 1] Max,
Cin Input Capacitance 4 s
(All Input Pins) V) = 0V
Cour Output Capacitance VgoyTt = 0V 8 12
WAVEFORMS
READ CYCLE WRITE CYCLE
e Re twe
ADDRESS ’( )‘ ADDRESS ,( )F
- teg ——] tew
CE1 /— CE1 —-\'\ /-
CE2 \ CE2 / \_

oD
(COMMON 1/0) 14!

DATA
out

NOTES: 1.

or OD

__* top —

tco
—

N ) —

, whichever occurs first.

DATA CUT
VALID

Typical values are for Tp = 25°C and nominal supply voltage.
. This parameter is periodically sampled and is not 100% tested.
- tpF is with respect to the trailing edge of CEq, CEp,

ton—| [+—
et |

; DATA IN
STABLE
1

twe

A/

4. OD should be tied low for separate |/O operation.
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2101A FAMILY

2101A (350 ns ACCESS TIME)

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

Symboi Parameter Min. Typ[.” Max. Unit Test Conditions
tRe Read Cycle 350 ns
ta Access Time 350 ns t., tf = 20ns
tco Chip Enable To Output 240 ns Input Levels = 0.8V or 2.0V
top Output Disable To Output 180 ns Timing Reference = 1.5V
tpg (2 Data Output to High Z State 0 150 ns Load = 1 TTL Gate

Previous Read Data Valid and C_ = 100pF.
toH 40 ns

after change of Address

WRITE CYCLE

(1]

Symbol Parameter Min. Typ. Max. Unit Test Conditions
twe Write Cycle o 220 ns
taw Write Delay T 20 ns t,, ty = 20ns

—_—;CW 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
twe Write Pulse 200 ns and C_ = 100pF.
twR Write Recovery 0 ns
tps Output Disable Setup N 20 ns

2101A-4 (450 ns ACCESS TIME)

A.C. CHARACTERISTICS
READ CYCLE Tp =0°Cto 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,, t = 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
tpp (2] Data Output to High Z State 0 200 ns Load = 1 TTL Gate
ton Previous Read Data Valid 40 ns and C__ = 100pF.
after change of Address

WRITE CYCLE
Symbol Parameter Min. | Tys| Max. | Unit | Test Conditions
twe Write Cycle 270 ns
taw Write Delay 20 ns t., t¢ = 20ns
tew Chip Enable To Write 250 ns Input Levels = 0.8V or 2.0V
tow Data Setup 250 ns Timing Reference = 1.5V
tDH Data Hold 0 ns 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 CE¢, CE9, or OD, whichever occurs first.
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RAM

2102A FAMILY

A. C. Characteristics T, =0°Cto 70°C, V. =5V £5% unless otherwise specified

READ CYCLE
2102A-2, 2102AL-2| 2102A, 2102AL | 2102A-4,2102AL-4
Limits (ns) Limits (ns) Limits (ns)
Symbol Parameter Min. Max. | Min. Max. | Min. Max.
trC Read Cycle 250 350 450
ta Access Time 250 350 450
tco Chip Enable to Output Time 130 180 230
toH1 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
tDH Data Hold Time 0 0 0
tow Chip Enable to Write Setup 180 250 300
Time '
H 2
Capacitance'?' 1, = 25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
. TYP.[1]| MAX.
Input Pulse Levels: 0.8 Volt to 2.0 Volt
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 Cour OUTPUT CAPACITANCE
. - i 7 10
Output Load: 1 TTL Gateand C_ = 100 pF Vour = OV
Waveforms
READ CYCLE WRITE CYCLE
fe RC f= twe {
ADDRESSX@ )k ADDRESS 0)
_{‘(:0—-—-— W
——— [ 1,
CHIP CHIP w
ENABLE ENABLE \
OH,
[N e [“Aw | twe
o
oot @ b *

@ 15voLTS
2 20voLTS
3 08VOLTS

®

A

ton

f ow
ch D:J:N%?*

DATA CAN
CHANGE

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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2102A FAMILY

Typical D. C. and A. C. Characteristics

lgc (MA)

V,y (VOLTS)

ta (ns)

POWER SUPPLY CURRENT VS.

AMBIENT TEMPERATURE
45

40

35

30\

25—

/

TYPICAL

20

Vin LIMITS VS. TEMPERATURE

1.8
TYPICAL
16 [
Viy (M)
"\\
14 | |
Vie (MAX)
| T
|
|
12 ! 1
Ve = 5.0V
||
0 10 20 30 40 50 60 70
T, ©Ci

ACCESS TIME VS.
AMBIENT TEMPERATURE

350 T
Vee MIN.
\ 1 TTL LOAD
‘ C, = 100pF
250 !
TYPICAL | "]
|
150
OUTPUT REFERENCE LEVELS: Vo, = 2.0V
Vo = 08V
50
0 10 20 30 40 50 60 70

Tp (C)

lec (MA)

lop (mA)

tp (ns)

POWER SUPPLY CURRENT Vs.
SUPPLY VOLTAGE

35
30 Ty = 25°C
25 / 7
TYPICAL
20— /
/
15 //
10
5
1 2 3 4 5 6
Ve (VOLTS)
OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE
30 T
25— —t - -
/f/’
20 <
// TYPICAL
15 v
10 /
/ T, =25°C
. // Vee MIN.
0
0 1 2 3

VoL (VOLTS)

ACCESS TIME VS.
LOAD CAPACITANCE

350 T
I T, = 25°C
Vee MIN.
1TTL LOAD
‘ |
250 T
TYPICAL
150 —
|
OUTPUT REFERENCE LEVEL = 1.5V
|
50 1
0

100 200 300 400 500 600

C, (pF)



RAM

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- ® Refresh Period: 2 ms
dard 16 Pin Package

B On-Chip Latches for Addresses, Chip

® Low Power 4K RAM Select and Data In
# All Inputs Including Clocks TTL m 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 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 ceil requires refreshing for data retention. Refreshing is easily accomplished by performing any RAS/CAS cycie
with CS at ViH 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 @& STROBE _[5ATA
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D.NL: 2 15| __]CAS 1 i__.ﬁ GENERATOR NO. 2 ENABLE
__ D, —] A Onf— ’
we[_]s 14 1%ur s—.1 EnaBLELDISABLE
A 7BIT
p— 3
RAS a 13 ]¢s LATCH
= 1 = G a .
¥ s PR s P B AR :
A ]s 11 JA —OfRas | l___“___
A 7 1w 7a cas 64 SENSE AMPS OUTPUT
[ s —olwe A ADDRESS — UOGATING || LATCH AND
| [ sus
Voo |® 9 Vee —o{cs A2
N o]
3 '
A— = Dour
PIN NAMES As— 6BIT 3§ ! 4006 81T — Ve
Ao - As ADDRESS INPUTS WE__ WRITE ENABLE Q %;‘;%")' S8 [5%] storace ARRAY -~ Vo
CAS _ COLUMN ADDRESS STROBE | Vgg_ POWER (-5V) AN — e
[ CHIP SELECT Vcc  POWER (+5V) « _'4 GND
Din DATAIN Voo POWER (+12V)
Dour  DATA OUT Vss  GROUND ENABLE YT
[RAS  ROW
ROW ADDRESS STROBE ) GENERATOR NO. 1
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .. ... -10°C to +80°C
Storage Temperature . ............ -65°C to +150°C
Voltage on any Pin Relative to Vgg

(Vss-Veg =4.5V) . ............. -0.3V to +20V
Power Dissipation .. ...........¢c.on.un... 1.0W
DataQutCurrent . . ...........ccvuinu.n. 50 mA

D.C. AND OPERATING CHARACTERISTICS

*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.

1

Ta=0°Cto 70°C, Vpp = +12V 6%, Vg = +5V £10%, Vg = -5V £10%, Vsg = 0V, unless otherwise noted.

Limits

Symbol Parameter Min. Typ.[Z] Max. Unit Conditions
I Input Load Current (Any Input) 10 MA ViN = ViL MIN O ViH MAX
N Output Leakage Current for 10 A Chip Deselected: RAS and CAS at V4

Lo High Impedance State K Vout =0 to 5.5V
lpp1 (3] Vpp Standby Current 2 mA Vpp = 12.6V, CAS and RAS at V4

Chip Deselected Pricr tc Measure-
IBB1 Vgg Standby Current 50 MA ment. See Note 5.
1op2t3! Operating Vpp Current 35 mA | tcyc = 500 ns
IgB2 Operating Vgg Current 400 MA trc = 500ns, Ta =0°C
[4] Vcc Supply Current When

lcer Deselected 10 HA
ViL Input Low Voltage (Any Input) -1.0 0.8 \%
Vi Input High Voltage 2.4 7.0 \Y
VoL Output Low Voltage 0.0 0.4 \ loL =2.0mA
VoH Output High Voltage 24 Vee \% loy =-5mA

CAPACITANCE!®! 1, = 25°C

Symbol Test Typ. Max. Unit Conditions
Ci Input Capacitance (Ag-As), Din, CS 3 7 pF VIN = Vss
Ci2 Input Capacitance RAS, WRITE 3 7 pF ViN = Vss
Co Output Capacitance (DoyT) 4 7 pF Vout =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, Ve, 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.

The Ipp current flows to Vgs.

. Capacitance measured with Boonton Meter.

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

. When chip is selected Vg 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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1
A.C.CHARACTERISTlCS[ ]
Ta=0°Cto 70°C, Vpp = 12V 5%, Ve =5V £10%, Vgg = -5V £10%, Vss = 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
"RCL[2] RAS to CAS Leading Edge Lead Time 100 150 ns
ICRP 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 o 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 o] 100 ns
ICAC[3] Access Time From CAS 200 ns
tRAC[3] 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 us
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
twWes 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
tcwL 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 voltages referenced to Vgg. Minimum timings do not allow for tT or skews.

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

3. 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.
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WAVEFORMS
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2104A

1
A.C.CHARACTERISTICS!"]
Ta=0°Cto 70°C, Vpp = 12V #5%, Ve =5V £10%, Vg = -5V £10%, Vss = OV, unless otherwise noted.
READ-MODIFY-WRITE CYCLE

2104A .
bol P n
Symbo arameter Min Max. Unit
tRwC Read Modify Write Cycle Time[2] 700 ns
tcrRW 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
towL Write Command to CAS Lead Time 200 ns
twp Write Command Pulse Width 100 ns
tRCS Read Command Set-Up Time 0 ns
tmoD 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 t or skews.
WAVEFORMS
READ-MODIFY-WRITE CYCLE
| tawe
[ tRRW trp
—l]
s © } @ N
1 | tewH |— topp—|
| [~ tReL—>] terw
_Vm ] 4 ~
wr T T O Vi,
| tRan tawi tep
tasr }*‘—*’J tasc[*™] tean towe
Vin ROW o
ADDRESSES Vi >< © ADDRESS X EDI'S:’Ewg:
@ AR
v tasc tcaH
(1
cs OJ6)
Vi f
‘RCSIH et
VIH @ {
WE
tyop < t
" tos® ®
o Vin DATA IN X
N VALID
VIL N @
RAC ‘CAL toon
forr HIGH
. Vou (@ IMPEDANCE Jr® VALID
ou
Vo {@ \ DATA OUT
Notes: 1,2. ViHMIN and VL MAX are reference levels for measuring timing of input signals.
3,4. VoHMIN and VoL MAX are reference levels for measuring timing of DoyT.

5. Referenced to CAS or WE, whichever occurs last.
6. Inawrite cycle DoyuT latch will contain data written into cell. In a read-modify-write cycle DoyT latch will contain
data read from cell. |f WE goes low after CAS and prior to tcac, DQUT is indeterminate.
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TYPICAL CHARACTERISTICS

TYPICAL lIgg2 AND Ipp2
VS. TEMPERATURE

40 T

TYPICAL Igg2 AND Ipp2
VS. CYCLE TIME

TYPICAL ACCESS TIME
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 (As-A11) 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 ]
-4
w
8
ARRAY 51
(DATA IN) a
z
<]
o
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
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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 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 aselected 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 until asubsequent 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 T i1+ tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe lead time, trcr, and transition time, tt, 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 + tt + tcac = treL + 205 ns for
trcL > 145 ns.
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2104A

Note that if 100 nsec < tgcL < 145 nsec, device access
time is determined by equation 3 and is equal to trac. If
trcL > 145 nsec, access time is determined by equation 4.
This 45 ns interval (shown in the tgcy 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 tgcL
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. Doyt Will be the data written
into the cell addressed. If WE goes low after CAS and prior
to tcac, Dout 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 V WE. In aread-modify-write cycle Doyris dataread

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 l CASONLY CYCLE
0 100 200 300 400 500 600 700 800 900 1000(ns)

D
ol

N U ]

+120 —
+100
+80 -

+60

bo O
(mA) 420l
0L ey T

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 lgg 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 Vgs at every other device in the
memory array. A 0.1 uF ceramic capacitor should also be
connected between Vgg and Vss 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 Vss 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 Vcc
and Vgg at every eighth device to prevent noise coupling to
the Ve 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.
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DECOUPLING CAPACITORS
D = 0.1 uF to Vpp TO Vgg
B = 0.1uF Vgg TO Vgg

C = 0.01 uF Vg TO Vsg
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2104A FAMILY

A.C.CHARACTERISTICS

(1.2

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

READ, WRITE, AND READ MODIFY WRITE CYCLES

Symbol Parameter Mo Max. | Min Max. | M Max. | wine Max. | U
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
ICAH 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
1OFF Output Buffer Turn-Off Delay 0 50 0 60 0 60 0 80 ns
tcacl48l|  Access Time From CAS 100 135 165 165 ns
tracl4 | Access Time From RAS 150 200 250 300 ns
READ CYCLE

2104A-1 2104A-2 2104A-3 2104A-4 .
Symbol Parameter Min.  Max. | Min. Max. | Min. Max. | Min. Max. | ™"
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
t1DOH 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
tRAS RAS Pulse Width 150 10000 | 200 10000 | 250 10000 | 300 10000 ns
tCAS CAS Pulse Width 100 135 165 165 ns
tweslel Write Command Set-Up Time 0 0 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
wp Write Command Pulse Width 45 55 75 80 ns
tRWL Write Command to RAS Lead Time 50 70 85 130 ns
towL 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 tRcp < tRCD(MAX) access time is tRAC, if tRCD > tRCD(MAX)
access time is tRCD + tCAC-

o 0N

. 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

(DouT = DIN). If tcwD = 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, Doyt

is indeterminate.
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2104A FAMILY

WAVEFORMS
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(See next page for notes)

3-23

RAM



2104A FAMILY

A.C.CHARACTERISTICS!®]
Ta = 0° to 70°C, Vpp=12V +10%, Vcc=5V £10%, Vgg=-5V +10%, V=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
towl Write Command to CAS Lead Time | 50 70 85 130 ns
twe Write Command Pulse Width 45 55 75 80 ns
tRCs Read Command Set-Up Time 0 0 0 0 ns
trwpl6] | RAS to WE Delay 110 145 175 250 ns
tcwp (61 | CAS to WE Delay 60 80 920 115 ns
tps Data-In Set-Up Time 0 0 0 0 ns
toH Data-In Hold Time 55 65 75 80 ns
WAVEFORMS
READ-MODIFY-WRITE CYCLE
|
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Notes:

Referenced to CAS or WE, whichever occurs last.
In a write cycle with tyycs = twcs(MIN) the cycle is an early write cycle and Doyt will be data written into the selected cell

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

. VIHMIN or VIHCMIN and V| mAX are reference levels for measuring timing of input signals.
. VOHMIN and Vo maX are reference levels for measuring timing of DoyT.

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

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

TYPICAL Igg2 AND Ipp2 TYPICAL Igg2 AND Ipp2 TYPICAL ACCESS TIME
VS. TEMPERATURE VS. CYCLE TIME VS. TEMPERATURE
40 T 800 40 T 800 250 T
VoD = 12.0v Vpp = 12.0V Vpp = 10.8Vv
Vap = 5.0V Vg = -5.0V VBB = -5.5V
tRe = 500 ns TA =25C
tRep = 100ns tcas = 200 ns
30 RP = 150 ns - 600 30 . tRCD = 100 ns —4 600 200
| P et
. 33 3z .
N 20 DD2 400 5 o 20 x w00 3, é 150 wco” %
3 I £8 \ £ s /——‘;%
Iop2 tRC0”
{1/ PSS R — 200 10 \ 200 100 /
—~———_'ss
&_\ ~ ‘ 1882
\#\}\‘
L] o 0 0 50
0 25 50 75 100 200 400 600 800 1000 0 25 50 7% 100
TEMPERATURE ( C) TeycLe (ns) TEMPERATURE (°C)
APPLICATIONS
ADDRESSING
Two externally applied negative going TTL clocks, Row system access time since the decode time for chip select
Address Strobe (RAS), and Column Address Strobe does not enter into the calculation for access time.

(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«-A})) to
select one of 64 column sense amplifiers and Chip Select
(CS) which enables the data out buffer.

Both the RAS and CAS clocks are TTL compatible and do
not require level 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.

An address map of the 2104A is shown below. Address “0"" READ CYCLE
corresponds to all addresses at Vi;. All addresses are . o .
sequentially located on the chip. A Read cycle is performed by maintaining Write Enable

(WE) high during CAS. The output pin of a selected device

2104A Address Map will unconditionally go to a high impedance state
e 5 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
2 and will remain valid for at least tboH MAX. A subsequent
Fysrate 2 CAS must be given to the device either by a Read, Write,
z Read-Modity-Write, CAS-only or RAS/CAS refresh cycle.
o
2095 3 Device access time, tacc, is the longer of two calculated
intervals:
SENSE AMPLIFIER
COLUMN DECODER
1. tacc =trac OR 2. tacc = trcp + tcac
DATA CYCLES/TIMING 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:

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 3. tacc = trac = 300ns for 80nsec < trcp < 135nsec
the second clock, CAS. It is, therefore, possible to starta OR
memory cycle before it is known which device must be

4. tacc = trcp + tcac = trep + 165ns for trep > 135ns.
selected. This can result in a significant improvement in
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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. Doyt will be the data written
into the cell addressed. If \Aﬁgoes low after CAS buttcwp
< tcwp MiN and trRwp < tRwp MmN, 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 trwD = trRwD MIN @nd tcwb = tcwp MiN. Data in 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 tbe_2104A by_gg:
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 CTS-onIy 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 ‘ CAS ONLY CYCLE I
0 100 200 300 400 500 600 700 800 900 1000(ns)
Vi '

Y L LT

+120 -

+100 -

bo 4T
imAl L0l

)| Sp—

TYPICAL SUPPLY CURRENTS VS. TIME
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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, thatif 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 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.

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 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 Vgg and Vgg for every 32 devices.

A 0.01 uF ceramic capacitor is recommended between Vce
and Vgg at every eighth device to prevent noise coupling to
the V¢ 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 Vgg supply lines be multi-layered circuit boards.

RAM

e

209 9

§ 1)

DN Dout Din Dour

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

C = 0.01 uF Vg TO Vss
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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
m Direct Replacement for Industry m +10% Tolerance on all Power
Standard 22-Pin 4K RAMs Supplies
= Low Operating Power s Output is Three-State and TTL

= Low Standby Power Compatible

Only One High Volt Inout Signal- ® TTL Compatible — All Address, Data,
" Chip Enable oo P >iena Write Enable, Chip Select Inputs
s 150 ns Access Time 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 SsYMBOL BLOCK DIAGRAM

2107C 2107C
Ag O—f |«<—o0 VDD
Ves 1 22 [7] vss —d no A1 0—> MEMORY l~—o Vvce
A9 [] 2 21 [] Ag J ¥ Az o—»  ROWDECODE 64 ARRAY e o vss
A 3 = a2 owp AND BUFFER
10 7 a3 A3 o—»f REGISTER 64 X 64 l«—o0 VBB
an ] e 19 [ A s A4 o—»}
cs 5 18 [T vpp — As A5 O—»]
DIN 6 17 [ ce —1 Ae
— — A7 Dout 64
Bout 7 16 [TINC s F‘
Ao]8 15 (145 i TIMING
ar]e 18 [JAs — A0 CE 0—=] CONTROL AMPLIFIERS
A2 10 13 A3 — An GENERATOR
vee 1 12 |1 we cs CE WE
T -
PIN NAMES DiN o— COLUMN DECODE
. " w WE o—>f 1/0
Ao—A11 ADDRESS INPUTS® | Vg POWER (-5V) = SUFFER REGISTER
CE CHIP ENABLE vee POWER (+6V) °
&5 CHIP SELECT VbD POWER (+12V)
Din DATA INPUT Vss GROUND
Bout__ DATA OUTPUT WE WRITE ENABLE Bour A6 A7 Ag Ag A10 A1l
NC NOT CONNECTED

*Refresh Address AQ—A5.
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Absolute Maximum Ratings*

Temperature Under Bias. . . .. v it ittt e e e e e e e e e e -10°C to 80°C
StOrage TemMPErature . . . . o v ottt ittt e e e et e e e -65°C to +150°C
Voltage on any Pin Relative to Vgg (Vss=Vgg =4.5) . ... ... .. it it -0.3V to +20V
POWEr DisSiPatioN & . . o i it 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°Cto 70°C, Vpp = +12V +10%, Vcc = +5V +10%, Vgg!!l = -5V £10%, Vss= 0V, unless otherwise noted.
D C SS

Limits
Symbol Parameter Unit Conditions
Min. | Typ. [21 | Max.

Vin =0V to Vi max

I Input Load Current (all inputs except CE) 10 uA CE = V)¢ or Vinc
I Input Load Current, CE 2 uA Vin =0V to ViHc mAaX
ol Qutput Leakage Current for high 10 A CE =V, cor cs= ViH
impedance state Vo =0V to 5.5V
Ipp13! 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, toyc = 470

Icc134) | Ve Supply Current — standby 10 uA CE=Vj corCS=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
Vi Input Low Voltage -1.0 0.8 \%

ViH Input High Voltage 24 Vet \%

ViLe CE Input Low Voltage -1.0 +1.0 \"

ViHc CE Input High Voltage Vpp-1 Vpp+1 \

VoL Output Low Voltage 0.0 0.40 \% loL=3.2mA

VoH Output High Voltage 2.4 Vece \) lon=-2.0mA

NOTES:

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

2. Typical values are for Tp = 25°C and nominal power supply voltages.
3. The Ipp and I¢c currents flow to Vgg.
4. During CE on Vcc supply current is dependent on output loading. Ve is connected to output buffer only.
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A.C. Characteristics

Ta=0°Cto 70°C, Vpp =12V +10%, Vcc =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
tep 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.
tey 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
tace 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.
tey 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 Dy Hold Time 0 0 0 0 ns
twe WE Pulse Width 50 50 50 100 ns
twD WE to Output Disable Time 15 15 15 15
Capacitance 7 a=25°C
Plastic and
Symbol Test Ceramic Package | Unit Conditions
Typ. Max.
Cabp Address Capacitance, CS, Dy 5 7 pF VN = Vss
Cce CE Capacitance 10 15 pF Vin = Vss
CouTt Data Output Capacitance 5 7 pF VouTt =0V
CWE WE Capacitance 6 8 pF VN = Vss
NOTES: -
1. After the application of supply voltages or after extended 6. If WE is low before CE goes high then Dy 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

or refresh cycle) prior to normal operation. 7. Capacitance measured with Boonton Meter or effective capa-

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

3. ty=20ns.
4, CLOAD =50 pF, Load = One TTL Gate, Ref = 2.0V.
5. tacc =tAc *tco* 1tT. 3-30

It .
_A_V with the current equal to a constant 20 mA.
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Read and Refresh Cycle "

ey
Vi
F®
ADDRESS
AND €S ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
viL S
fe——tAH — |e—tT |3
tac(0) tce
ViHe @ %
CE
ViLe @
tcc
_>| et — twe
viny |
==  WECAN WE CAN
WE
CHANGE CHANGE
ViL
tco — twi
VoH
_ ®f N
bout HIGH HIGH
TMPEDANCE VALID | TMPEDANCE
Vou {
| tacc le—tcD
Write Cycle
tcy
ViH /s \
“ﬂffg—g ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
ViL N 7
tAH T
tac tcE 1 —»
Viue @
CE
l e | R |
Vv, _.;® B
e Ny v YR N _.“ !
——toC — |
{ - icC 4>;
y e typ |
H \ ! T
WE | WE CAN CHANGE WE CAN CHANGE
I i
ViL N + ‘
——» |e—tow — ,F—‘DH
\ i
ViH ‘ |
Din Dy CAN CHANGE Dy STABLE CAN%wANGE
ViL .
f~—twp—|
VoH ] /
5= HIGH < \ HIGH
Pout —wrEsANGE UNDEFINED IMPEDANCE
Vou I

NOTES: For Refresh cycle, row and column addresses must be stable before tac and remain stable for entire toH period.
. VL MAX is the reference level for measuring timing of the addresses, CS, WE, and DIN-
VN MIN is the reference level for measuring timing of the addresses, CS, WE, and D .

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

VpDp -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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Read

Modify Write Cycle

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

tRWC 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

twe WE Pulse Width 50 50 50 100 ns

tow DN to WE Setup 0 0 0 0 ns

tDH Dy Hold Time 0 0 0 0 ns

tco CE to Output Delay 130 180 230 280 ns

tacc Access Time 150 200 250 300 ns

twD WE to Output Disable Time 15 15 15 15 ns

tawe—1)
ViH
ADDRESSES 7G
AND G ADDRESS STABLE ADDRESS CAN CHANGE
4( 2
ViL
—|  je—tac
fe—————AH
tCRW le— tT Tl
ViHe F a
CE
tw
_1_ 4 ] _]_
ViLe
wWe— [T tec
e———twp
o T )
WE WE CAN
e / \k CHANGE
ViL T
{«— tow — }<_tDH
ViH
Din Dy CAN CHANGE Dy STABLE gm\ﬁgg
ViL !
tco - two
VOH @ —
Doy ——miGH, \ HIGH
OUT TMPEDANCE VALID IMPEDANCE
Vou - 7
tacc
NOTES: 1. tyof20ns. o
2. V| MAX is the reference level for measuring timing of the addresses, CS, WE, and DjN.
3. V|4 MIN is the reference level for measuring timing of the addresses, CS, WE, and D .
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. Vgg +2.0V is the reference level for measuring the timing of DoyT. CLOAD = 50 PF. Load = One TTL Gate.
7. WE must be at V|4 until end of tcQ.
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8,192 x 1 BIT DYNAMIC RAM

2109-3 2109-4
$6000,56001 | $6002,56003
Maximum Access Time (ns) 200 250
Read, Write Cycle (ns) 375 410
Read-Modify-Write Cycle (ns) 375 475
B 8K RAM, Industry Std. 16-Pin Package ® Non-Latched Output is Three-State,
® £10% Tolerance on All Power Supplies: TTL Compatible
+12V, +5V, -5V B RAS Only Refresh
m Low Power: 462mW Max. Operating, m 64 Refresh Cycles Required Every 2ms
20mW Max. Standby m Page Mode Capability
m Low Ipp Current Transients m CAS Controlled Output

m All Inputs, Including Clocks, TTL Compatible 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 (Ae) selects the operating half, and is
Vin 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 pinisreturned
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 Ag
through As. As must be at its proper state (Vi 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 A = ViL
Ag —
I Ay —>
—a,
—4 A, —f 128 SENSE AMPLIFIERS
o b— 2 7-BIT
N R 1 OF 64 COLUMN o o Dout
—Ja, A;— Row DECODERS S 2
—] AND P
:5 Dour b— Ay —] coLumn ° 33
e
—olRAS Ay —] 8
—dfcas
—WE Ag
NOTE 1: S6000, S6002: Ag AT Vi DURING ROW ADDRESS VALID { As = Vin
$6001, S6003: Ag AT VL DURING ROW ADDRESS VALID ADDRESS
GATING
PIN NAMES

= p—

Ag-Ag ADDRESS INPUTS WE WRITE ENABLE
CAS  COLUMN ADDRESS STROBE Vgg  POWER (-5V) — CLOCK CLOCK WRITE DATA
RAS —=]GENERATOR GENERATOR ENABLE INPUT
Din DATA IN Vee POWER (+5V) NO.1 NO. 2 BUFFER LATCH
Doyt DATA OUT Vop POWER (+12V) CAS ‘—r r
AS  ROW ADDRESS STROBE Vss  GROUND gve
IN
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ABSOLUTE MAXIMUM RATINGS*

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

(Vss-VBB=4V) ... ... i -0.3Vto +20V
DataOutCurrent ..............c.oiiiivnnnn 50mA
Power Dissipation ......... ... ... i 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%, Vee = -5V +10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Min. I1:|nyt3sl Max. |Unit| Test Conditions Notes
i Input Load Current (any input) 0.1 10 pA [VIN=Vssto 7.0V, Vee=-5.0V
liLol Output Leakage Current for Chip Deselected: CAS at Vin,
High Impedance State 0.1 10 | uA|Voutr =0to 5.5V
IpD1 Vpp Supply Current, Standby 1.5 | mA|CAS and RAS at ViH 4
IBB1 VeB Supply Current, Standby 1.0 50 | uA
lcct Vce Supply Current, Output -
Deselected 0.1 10 | uA |CAS at ViH 5
lpp2 Vpp Supply Current, Operating 35 | mA|2109-3, trc = 375ns, trRas = 200ns
33 mA|2109-4, trc = 410ns, tras = 250ns
IBB2 Vee Supply Current, Operating,
RAS-Only Refresh, Page Mode 150 300 | uA|Ta =0°C
Ibp3 Vop Supply Current, RAS-Only 27 | mA|2109-3, trc = 375ns, tras = 200ns
Refresh 26 | mA[2109-4, trc = 410ns, tras = 250ns
IoDs Vop Supply Current, Standby, 15 3 | mA|CAS at Vi, RAS at Vi
Output Enabled
ViL Input Low Voltage (all inputs) -1.0 0.8 v
ViH Input High Voltage (all inputs) 2.4 6.0 | V
VoL Output Low Voltage 0.4 V |loL =4.2mA
VoH Output High Voltage 2.4 V |lon =-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 Vas as

required by the absolute maximum ratings.

3. Typical values are for Ta = 256°C and nominal supply voltages.

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

5. lcc 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

RAS/CAS LONG RAS/CAS RAS ONLY REFRESH

Vin

RAS !
vie t
v

CAS H J ;
Vi
125
100
75 + — -

loo

(mA) A A l

T T
i W J -
0
75
50 ﬁ 4+
25
IsB \ A A L [ A
(ma) 0 A VA ’A' - v ) 2 vV
-2 ¥ I
-50
-75
125
100 n
s 7® I\
(mA) o “ A A
= TA /1 a1, " | "l
) W [V — L W
[ 100 200 300 400 500 (1] 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 IgB current transients at the RAS and CAS edges
require adequate decoupling of these supplies. Decoup-
ling recommendations are provided in the Applications
section.

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, Ipp2, and Ipps is related by a
common point at Vop = 12.0V and Ta =25°C fortwo 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.

CAPACITANCE""
Ta =25°C, Vpp = 12V£10%, Vcc = 5V£10%, VBe = -5V+10%, Vss = OV, 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= ':\é\; with AV equal to 3 volts and power supplies at nominal levels.
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A.C. CHARACTERISTICS!"?¥
Ta =0°C to 70°C, Vpp = 12V £10%, Vcc = 5V £10%, VBB = -5V £10%, Vss = 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2109-3 2109-4

Symbol Parameter iﬁgoo’sagT 36.202’3“6‘2?‘3 Unit | Notes

tRAC Access Time From RAS 200 250 ns 4,5

tcac Access Time From CAS 135 165 ns | 456

tREF Time Between Refresh 2 2 ms

trP RAS Precharge Time 120 150 ns

tceN 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

torr 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

tRAS RAS Pulse Width 200 10000 | 250 10000 ns

tcas CAS Pulse Width 135 10000 | 165 10000 ns

twcs 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

towL Write Command to CAS Lead Time 80 100 ns

tps 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

trRwC 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 9

tcwp CAS to WE Delay 95 125 ns 9

Notes: See following page for A.C. Characteristics Notes.
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READ CYCLE tre
tRas
Vin N
s “Ne
VlL
t,
tCRP —| el CcsH -
treD RSH
_ Vin @‘ tcas
CAsS 3
Vi
taR
tASR fe——f | tRAH —>] =t tage fe———toaH ——{
!
ADDRESSESH &’ Rt \K X{ AOORESS
ADDR
" 2 ADDRESS / \ ESS
t*—]‘acs <->! ‘ch®
_ Vin \
WE !
Vi 2
tcac |
tRAC toFF ——>
o Vou HIGH @) VALID ) ®
oUT VoL IMPEDANCE @\ DATA OUT
WRITE CYCLE tRe — ‘
tRAS trp
VIH
“Ne / N
@ —f | s —
|
tRCD tRsH | |
Vin O\ t
1 \ cAs
&=y / N\ \N@ y
taR
tasr <—tRAH—>  tasc—[=> tcan
v,
I ©) ROW ) COLUMN
ADDRESSES X (2| AppRess || apoRESs
s
tRwi
~— oL —
Vin ~— twes —> twen
e - e /
- twer ;
f+(® tos—>| |=———1tou ®O—
v,
o W X0
Viu @ Z
'
DHR
o Vou HIGH
our Vou IMPEDANCE
NOTES: 1,2.V, AND V ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
1H MIN IL MAX

3,4. Vo min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr-

o

torF IS MEASURED TO loyr < |lLol

oo

tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
trcH 1S 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).

A.C. CHARACTERISTICS NOTES (From Previous Page)

1.
2.

All voltages referenced to Vss.

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 < trep (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.).

7.

o

3-37

trRcD (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.

. t1 is measured between Vi4 (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 trRwp = 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

tRwe
tRRwW e thp ——>
RAS { N
TesH
tRSH f-—— tcpn ——|
cRw
RS N\ /
tar tRwL
[+ tran
tasr tasc f== caH tewe
Vin 1) _ROW COLUMN
ADDRESSES >§ " aopREss K )( ADDRESS K
@ I tRwD
taes ‘I‘—’| tewo wp ——]
Vi B
WE
Vie
l—tou—»]
® tos = |-
Vin (1) DATA IN
O v, >< ~ VALID
teac @
1R, — [*—toFF
o~
o Vou HIGH 3 VALID X®
oUT Vo IMPEDANCE ) DATA OUT P4
RAS-ONLY REFRESH CYCLE
tRC
tRas ~ tap———n!
RAS ©) \
ﬁ.} {«t— tcrp (g)
Vm
CAS z
Vi
task |[*— tRaH —|
Vin
ADDRESSES [CRN T
o VoH HIGH
ouT
YT Vou IMPEDANCE
HIDDEN REFRESH CYCLE
t
ja—— tras -——| tp ——»  |a——tgas —| |———tras trp
\
s N\ \
@
[-——tan —-i
[ Te—taco teas = teen
o N o /
lesl-taan  fe—at-toan te—=t tran ~—-‘— tRAH
tasR =] e l“"ASC tasr—>| f+— tasg—»] |a—
Vin '
ROW coLuMn ROW ROW
ADDRESSES v ®x ADDREssx ADDRESS ADDRESS ADDRESS
S
l
g, "‘—"— tRCH @
PR
_— Vin
WE
Vi —_—
—=| J=torr
v #
Dout 0“____—{ VALID DATA >—@_—-—

NOTES:

1,2. Viy min AND V) max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

3,4. Vo min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy

5.t0

£ ISMEASURED TO louT < |lLol.

6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

7. trcH IS REFERENCED TO THE TRAILING EDGE OF CA 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 (Vpp Vtrac (Vpo = 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 2
TYPICAL ACCESS TIME
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GRAPH 5
TYPICAL STANDBY CURRENT
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NOTES: See following page for Typical Characteristics Notes.
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5.0v)

trac (Vee)/trac (Vec

Ipp1 — SUPPLY CURRENT (mA)

Ipp2 — SUPPLY CURRENT (mA)

GRAPH 3
TYPICAL ACCESS TIME
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GRAPH 6
TYPICAL STANDBY CURRENT
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GRAPH 9
TYPICAL OPERATING CURRENT
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TYPICAL CHARACTERISTICS "

lppa — SUPPLY CURRENT (mA) Ipp3 — SUPPLY CURRENT (mA)

lop — OUTPUT SOURCE CURRENT (mA)

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT
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GRAPH 13
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GRAPH 16
TYPICAL OUTPUT SOURCE CURRENT
loH VS. OUTPUT VOLTAGE VgH
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GRAPH 11
TYPICAL RAS ONLY
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TYPICAL OUTPUT SINK CURRENT
loL VS. OUTPUT VOLTAGE Vo
100
Ta=25C
Vpp = 12.0V
80 Vs = 5.5V
Vee = 4.5V
60

|/
/

20

0 1 2 3 4

VoL — OUTPUT VOLTAGE (VOLTS)

3-40

GRAPH 12
TYPICAL RAS ONLY
REFRESH CURRENT

1pp3 VS. AMBIENT TEMPERATURE
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GRAPH 15
TYPICAL PAGE MODE CURRENT
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NOTES:

1.

The cycle time, Vpf supply voltage, and
ambient temperature dependence of Ipp1,
IpD2. !DD3 and Ipp4 is shown in related
graphs. Common points of related curves
are indicated:

®
]
A
u]
A

Ipp1 @ Vpp = 13.2V, Tap=0°C
Ipp2 or Ipp3 @ trAs = 200ns, tRC =
375ns, Vpp = 12.0V, Ta = 25°C
Ipp2or Ipp3 @ tras = 500ns, tRC =
750ns, Vpp = 12.0V, T = 25°C
IDD4 @ tcas = 136ns, tpg = 225ns,

Vpp = 12.0V, Tp = 25°C
IDD4 @ tcas = 350ns, tpc = 500ns,
Vpp = 12.0V, Ta = 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"%""
TaA =0°C to 70°C, Vpp = 12V£10%, Vcc = 5V+10%, VBB = -5V+10%, Vss = 0V, unless otherwise noted.
For Page Mode Operation order: 2109-3* S6064, S6065 or 2109-4* S6066, S6067.
| 2109-3 2109-4
$6064,56065 $6066,56067

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

tpc 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

tRPM RAS Pulse Width, Page Mode 200 10,000 250 10,000 ns

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

Ibp4 Vop Supply Current Page Mode, 30 26 mA 9

Minimum tpc, Minimum tcas
*S6064, S6066: A6 at VIH during Row Address Valid.
$6065, S6067: A6 at VIL during Row Address Valid.
WAVEFORMS
PAGE MODE READ CYCLE
tRPM
taAR
RS "yi'—@'ﬂg ® T T
tesH tRsH «— trp

CAS

Vin )g ROW coL coL coL
ADDRESSES Vi ® ADD ADD ADD ADD
©)

Vi
WE He
(S

tcre — toc

r=— trcD tcas tep»| fe——1tcas [e——tcas —*I teen
— Vinc @ \ —

Vi @

[t than|  f=—=1tcan tcan tcan
tASR — L< —»|l=—tasc tasc —{ |o— tasc —|
L

—>| L~ tRes —> le—tRCs
@ tRCH —||[-— tRCH —>| I‘-— TRCH —» !‘
le—— tcac —| le—— tcac
toFF

tRac

tRres —-I L

F— tcac —

toFF | torF

Von ® ®

Dour Vou @

NOTES: 1,2
3,4.
5.

coNo

Vin min AND Vi wax ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
Vow min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyt-

torF ISMEASURED TO lguT < llLo |-

trch IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
ALL VOLTAGES REFERENCED TO Vss.

AC CHARACTERISTIC ASSUME ty = 5ns.

SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER

UNDER ALTERNATE CONDITIONS.

. 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).

. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR

RESPECTIVE PAGE MODE DEVICE (i.e., 2109-3, S6064 OR S6065 WILL OPERATE AS A 2109-3).
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PAGE MODE WRITE CYCLE

tRPM
AR
__ Vi ('D3
Vi ® k <4
tesH RSH trRp—>
@‘CRP - tpc
r~—trRcD tcas— tep o e——tcas — tcas tcen
— 'V
€AS '”cj @ \\ N 4 S /
ViL @ >
tRAH [t tcAH tcan tcan
tasr | t¢— | —=| |=ttasc tAsc—>1 r— tasc n
@ . .
Vin ROW coL coL coL
ADDRESSES Vi X ADD ADD ADD N ADD
T ! 4y ?
@ l‘—b— twew ]4 tweH > l« tweH =
twes — fe— twes =] twes —»| je—
tewe towr towe
— Vinc * ® / /
Vi L® K 4 K
@ | [— tyyp —> @ f— tyyp — |e— tyyp —>
re—twcr tRwL
tps s |e—— toH ] tps e f«—— tpy —> tps le—— tpy —]
rqe
D Vi VALID VALID ’ VALID
N v DATA DATA . DATA
1N f
It——‘mm—»
PAGE MODE READ-MODIFY-WRITE CYCLE
trem tap
RAS )
teon —
tesH - = tcp >
. ®‘c” tcRw crw teRw
S| ——
s /N / K\ /
tean e tewL —>] fe—tcan r—v tew—>| ttcan pe— towL —
tasc> [4— tasc =t
ADDRESSES :g; :gl[; K
— f=— trCS r— tRCS

N R

-—— towp —> (= twp i le—— towp—> f=— twp | fe—— tcwp ...1 le— twp
e \ / \
~ton (§) L:——— toH le—at— ton
® tos—| |- tps —| tps—=
Vin i O\ pATA IN DATA IN DATA IN
Oy 2)/\. VALID VALID VALID
f— tcac —=| L*‘CAC—“‘ ke teac—
le————— taag ] torF—>  fe— toFF > fe— Torr = =
D VoM HIGH ® VALID ] VALID VALID
OUT voL IMPEDANCE @ DATA OUT DATA OUT DATA OUT

NOTES:
3.4. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy
5. torf ISMEASURED TO lour < [ILo -
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

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

7. 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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APPLICATIONS

The 2109 is packaged in a standard 16-pin DIP by
multiplexing 14 address bits onto 7 input pins (Ao-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 2109 is an 8K memory device, only
13 of the 14 address bits are required and the 14th address
bit must be at ViH (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
Ag high or low, since it supplies two system addresses to
the memory array. Input pin Ae 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,
caiculated intervals:

tacc, is the longer of the two

1. tacc = trac OR 2. tacc = trcD + 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 = trep + tcac = trep + 135 for trcp > 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 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 (Vi
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 m—only refresh cycle is the recommended technique
for most applications to provide for data retention. A RAS-
only refresh cycle maintains the Dour in the high
impedance state with a typical power reduction of 20%
over a Read or Write cycle.

343

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 operatlon 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 Vin) the cutput is in the high impedance state. The
following table summarizes the Dourt state for various
types of cycles.

Intel 2109 Data Output Operation
for Various Types of Cycles

Type of Cycle Dour 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).

REFRESH
CYCLE

o MEMORY )
CYCLE

RAS

CAS

Dour DATA

—_.\ /_
HIGH Z ( >_

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

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.

RAM
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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 Ve 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 2109 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 theinput high level currentto a TTL gate
and the output leakage currents of any OR-tied 2109’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, Ves, 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.

A g0 o

\

(Lle

02t Vs

L4 A _
/'°_\ —— RAS
-0

(Llolojo]|o|o olao

ol fo
1CC)
z &

7o

o
i

Veg —__
Din —_

Vss ~
Vee ——
Vpp —

Dout — M

VBB\‘ Vi
DiIN —_

Vpp ——

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

C =0.01uF Vcc TO Vgs

SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES.

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

Ag (CS)
TO MEMORY
ARRAY

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.

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

m Single +5V Supply Voltage Decode

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

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

m Simple Memory Expansion: Chip Enable B 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 preduction 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 o BLOCK DIAGRAM
o o @
——— ® ~—o vce
€ 7
as [ 18 Jvee A, At o—PF ] ®
©)] MEMORY ARRAY o e
Az []2 7[JA, 1 vo, f— Az oo Py oW 32 ROWs
SELECT
_ @ 32 COLUMNS
a3 16 [ _JR/W A, o, ns o
. 3 _—
Aog 4 15[ cE, —da, 1/05 f— Aa °@_E
as[1s 14104 A, 10, b— I
AG: 6 13 3”03 As @ —1 COLUMN 1/0 CIRCUITS
I COLUMN SELECT
A7[: 7 12[Jio, —] A 0D — " @ INPUT
GND s 1o, — A, voz OE»K: coNTROL
& ®l ®© @
oo[Je 10[Jce, RW CE, CE, 1/03 > —
As  Ag A7
[ T j’ 1/04 > —
PIN NAMES
J
Ao-A7 ADDRESS INPUTS __ @
[} OUTPUT DISABLE C& 1
R/W READ/WRITE INPUT CE,
CE, CHIP ENABLE 1 . ® O - pin numsens
CE, CHIP ENABLE 2
1/04- 1/04 DATA INPUT/OUTPUT ®
oD

*All 8111A-4 specifications are identical to the 2111A-4 specifications.

RAM



RAM

2111A 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 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, Ve = 5V 5% , unless otherwise specified.

Symbol Parameter Min. |Typ.[1]| Max. Unit Test Conditions
Iy Input Load Current 1 10 MA Vin =0to 5.25V
ILOon 1/0 Leakage Current 1 10 uA Output Disabled, Vo = 4.0V
lLoL 1/0 Leakage Current -1 -10 HA Qutput Disabled, V{,0=0.45V
leet Power Supply 2111A, 2111A-4 35 55 mA Vin =5.25V
Current 2111A-2 45 65 lijo =O0mA, Ta = 25°C
Iccz Power Supply 211 1A, 2111A-4 60 A VlN =5.25V
Current 2111A2 70 | lyo=0mA, Ta = 0°C
ViL Input Low Voltage -0.5 0.8 \%
Vin Input High Voltage 2.0 Vce \%
VoL Output Low Voltage 0.45 \% loL =2.0mA
v Output High  2111A, 2111A-2 2.4 v lon =-200uA
OH Voltage 2111A4 2.4 Y] lon = -150uA
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE OUTPUT VOLTAGE
T ] T T T 77
AMBIENT TE‘MPERATURE AMBIENT TEMPERATURE = 0°C, /
RN pwoc| | ' 7
{-25°1
— [ 70cc /4 //
// L~
< -0 I 10 /
E \ H 70°C
2 3

5 \ LX) —
OUTPUT “HIGH" TYPICAL
‘\
0
1 2 3 4
Voy (VOLTS)

NOTE: 1. Typical values are for Ta = 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°Cto 70°C, Ve = 5V #5%, unless otherwise specified.
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trRc 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 40 ns
after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 170 ns
taw Write Delay 20 ns t,, t = 20ns
tew Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V
tpw Data Setup 150 ns Timing Reference = 1.5V
toH Data Hold 0 ns Load = 1 TTL Gate
twp Write Pulse 150 ns and C_ = 100pF.
twr Write Recovery 0 ns
Ips Output Disable Setup 20 ns
12) .
CAPACITANCE T4 =25°C,f=1MHz
Symbol Test Limits (pF)
ymbo es Typ.1]| Max.
Cin Input Capacitance 4 8
(All Input Pins) Viy = 0V
Cio 1/0 Capacitance Vjjo = 0V 10 15
WAVEFORMS
READ CYCLE WRITE CYCLE

1.

ADDRESS *
______{-— tco ——*’
I
!

< top—=| |
|
{ top —>t  jo—
-~ tpp——

CHIP
ENABLES
(CE1, CE2)

QouTPUT
DISABLE

DATA I/0

I
e tg ———»|

DATA OUT
VALID

S

we
ADDRESS X x
I |
CHIP — tew | I
ENABLES /
(CE,. CE,)
OUTPUT /
DISABLE /
—| oy
~— Tos | —ow
—— e — -
DATA IN
DATA 1/0 STABLE
e typ = |——typ—>
READ/ Y
WRITE )
- taw —> i

NOTES: 1. Typical values are for Ta = 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 CE¢, CE9, 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, 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,, ty = 20ns
tco Chip Enable To Output 240 ns Input Levels = 0.8V or 2.0V
tobp Output Disabie To Output 180 ns Timing Reference = 1.5V
tpe (2] Data Output to High Z State 0 T 180 ns Load = 1 TTL Gate
ton Previous Read Data Valid 40 ns and C__= 100pF.
after change of Address

WRITE CYCLE
Symbol Parameter | Min. TypI.” Max. Unit Test.Conditions
twe Write Cycle 220 ns
AW Write Delay 20 ns t,, ty = 20ns
tew Chip Enable To Write 200 ns In.put Levels = 0.8V or 2.0V
tow Data Setup 200 ns Timing Reference = 1.5V
th Data Hold 1 6 ns Load = 1 TTL Gate
twp Write Pulse 200 ns and C, = 100pF.
twr Write Recovery 0 ns
tps Output Disable Setup 20 ns

2111A-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. t; = 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
tou Previous Read Data Valid 40 ns and C,_ = 100pF.
after change of Address

WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 270 ns
taw Write Delay 20 ns tr. t = 20ns
tow Chip Enable To Write 250 ns Input Levels = 0.8V or 2.0V
tow Data Setup 250 s Timing Reference = 1.5V
on Data Hold 0 s Load = 1 TTL Gate
twep Write Pulse 250 ns and € = 100pF.
twr 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 CEq, CEg, 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.
Single +5V Supply Voltage B Fully Decoded: On Chip Address
Directly TTL Compatible: All inputs and Decode
Outputs ® Inputs Protected: All Inputs Have Pro-
Static MOS: No Clocks or Refreshing tection Against Static Charge
Required ® Low Cost Packaging: 16 Pin Plastic Dual
Simple Memory Expansion: Chip Enable In-Line Configuration
Input ® Low Power: Typically 150 mW

B 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.

BLOCK DIAGRAM

MEMORY ARRAY
32 ROWS
32 COLUMNS

I I

16)
~<~———o Vce

®

<«———0 GND

COLUMN 1/0 CIRCUITS

COLUMN SELECT

P~
® ® O

A5 As A7

PIN CONFIGURATION LOGIC SYMBOL
O}
] L . —
As ] 16 [Jvec —{ A N ®
Ry > —
a[]2 15[ JAg —4a 10, f— ® aow
a2 o—PF 1 rFer
a3 nmia — "2 110, p— ®
—]a 110, b— A3 o—% ]
Ao )4 13[Jee 3 3 ®
—_ Ay 10, b— As D—ﬁ:
As[]s 12104 N
ha— 5
As[Je 1[0, Ag
A [ )7 10[ o, —]A, 1101 o—-P¥ ]
INPUT
ano ()8 9[Juo, WE CE 1/02 P51 obaa
@ CONTROL
T T 1/03 {S
1/04 Jlg
PIN NAMES
[ AgA, ADDRESSINPUTS | ®
M= —
| WE WRITE ENABLE CE —¢
| e CHIP ENABLE INPUT —D_
[ 1/0,-1/0, DATA INPUT/OUTPUT
Vg POWER (+5V) |
L Yec POWERLEOM | W D

O -rInNUMBERS
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2112A FAMILY

RAM

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-
Voltage On Any Pin vice at_ these or at a'ny other {:ondition ?bove -tl{ose_ind{'-
With Respect to Ground . . . . . . ... 05V to 47V catez.r' in _the operational sections of th/f spec:f/cfanon is
not implied. Exposure to absolute maximum rating con-
Power Dissipation .. .................. 1 Watt ditions for extended periods may affect device reliability.
D.C. AND OPERATING CHARACTERISTICS
Ta =0°C to 70°C, Ve = 5V #5% unless otherwise specified.
Symbol Parameter Min. Typ.m Max. Unit Test Conditions
I Input Current 1 10 MA Vin = 0t05.25V
ILoH 1/0 Leakage Current 1 10 uA Output Disabled, Vj)0=4.0V
lLoL 1/0 Leakage Current -1 -10 HA Output Disabled, V0=0.45V
leer Power Supply 2112A, 2112A-4 35 55 i mA Vin =5.25V, ljj0 = OmA
Current 2112A-2 45 65 Ta = 25°C
lcca Power Supply 2112A, 2112A-4 60 mA Vin =5.25V, 110 = OmA
Current 2112A-2 70 Ta =0°C
Vip Input “Low"” Voltage -0.5 0.8 Vv
ViH Input “High”” Voltage 20 Vece \%
VoL Output “Low” Voltage +0.45 \% loL =20mA
Vou Output “High”  2112A, 2112A-2| 24 \ loy = -200uA
Voltage 2112A-4| 24 Vv lon = -150pA

A.C. CHARACTERISTICS FOR 2112A-2
READ CYCLE T, =0°C to 70°C, Ve = 5V #5% unless otherwise specified.

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

trc 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

(2]
[ e CAPACITANCE T, = 25°C, f= 1 MHz
]

Limi F
AooRESS Symbol Test imits (pF)
Typ.[1]] Max.

CiNn Input Capacitance 4 8

(All Input Pins) Vy = 0V
Cio 1/0 Capacitance Vg = 0V 10 15
NOTES:

1. Typical values are for Ta = 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 Tp =0°Cto 70°C, Vg = 5V 5%
Symbol Parameter Min. Typ.[” Max. Unit Test Conditions
twer Write Cycle 200 ns t,, ty = 20ns
taw1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
w1 Write Setup Time 180 ns Timing Reference = 1.5V %
twe1 Write Pulse Width 180 ns Load = 1 TTL Gate
tesy Chip Enable Setup Time 0 ns and C_ = 100pF.
tcHt Chip Enable Hold Time 0 ns
twR1 Write Recovery Time 0 ns
tpH1 Data Hold Time 0 ns
tow1 Chip Enable To Write Setup Time 180 ns
WRITE CYCLE #2 Tp =0°C to 70°C, V¢ =5V 5%
Symbol Parameter Min. Typ.“] Max. Unit Test Conditions
twe2 Write Cycle 320 ns t., ty = 20ns
taw2 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tow2 Write Setup Time 180 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 120 ns Load = 1 TTL Gate
tcs2 Chip Enable Setup Time 0 ns and C;_= 100pF.
tcH2 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

ADDRESS ’

( X

—| | tegy <> Tty

— oy —
CHIP ENABLE o

towr1—>

DATA IN
INPUT/OUTPUT STABLE *

— 4——(DH‘
WE \ /
twes twri—>

ADDRESS "

IP ENABLE

I

INPUT/OUTPUT

DATA IN
STABLE

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

A.C. CHARACTERISTICS FOR 2112A

READ CYCLE Tpa =0°C to 70°C, V¢ = 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
tco Chip Enable To Output Disable Time | 0 200 ns Load = 1 TTL Gate
tOH l(:’:l;:aa\/:;:sol?e::d?eastsa Valid After 40 ns and C_ = 100pF.
WRITE CYCLE #1 Tp = 0°C to 70°C, V¢ = 5V 5%
Symbol Parameter Min Typ.[” Max. Unit Test Conditions
twcet Write Cycle 270 ns t,, t = 20ns
taw1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tbwi Write Setup Time 250 ns Timing Reference = 1.5V
twp1 Write Pulse Width 250 ns Load = 1 TTL Gate
tcst Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH1 Chip Enable Hold Time 0 ns
WwR1 Write Recovery Time 0 ns
tpH1 Data Hold Time 0 ns
towr Chip Enable to Write Setup Time 250 ns
WRITE CYCLE #2 T, = 0°C to 70°C, V¢ = 5V 5%
Symbol Parameter Min. Typ.[” Max. Unit Test Conditions
twc2 Write Cycle 470 ns t,, t¢ = 20ns
taw?2 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tow2 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
tDH2 Data Hold Time 0 ns

NOTE:

1. Typical values are for Tp = 25°C and nominal supply voltage.
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A.C. CHARACTERISTICS FOR 2112A-4

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

Symbol Parameter Min. Typ,“] Max. Unit Test Conditions
tRC Read Cycle 450 ns t,, t; = 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
toH (P:l;?;/r:z:sotfqza;id?eastsa Valid After 40 ns and C_ = 100pF.
WRITE CYCLE #1 Tp = 0°Cto 70°C, Ve =5V 5%
Symbol Parameter Min. | Typ!1| Max. | Unit | Test Conditions
twct Write Cycle 320 ns t,, ty = 20ns
taw1 Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
tows 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
twWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
towr Chip Enable to Write Setup Time 300 ns
WRITE CYCLE #2 Tp =0°C to 70°C, V¢ = 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
ow2 Write Setup Time 300 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 260 ns Load = 1 TTL Gate
tes2 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 Tp = 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

No Clock or Timing Strobe Required ) ) .
. # Pin-Out Compatible with 3605 and 3625
Completely Static Memory Bipolar PROMs

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

A 18 :Vcc . As © > ‘ “L Vee

° MO — ~® oo
oL = 1 o= A @ ) m— : Meménv ARRAY
A 5 ROW
=) *° :Aa j Aj As 0 >3 seLct | © sasgcfgrvmsns
Au]s i mp ot~ @ .
—qA,
A5 2114 [ Jio, * A
—A, 8 |

[ 13 ], ] AZ /03— I T

I [ 12 o, —a, 110 —*—*’T‘_?—— ——] coLumn 1/0 circuITs

cs[|s 1[Jwo, —] A V04 [— 10, ® j— :)N:Tu; COLUMN SELECT

[T £ 10| _JWE — A 110 @ j_comnm
WE__ CS ®
110, j_
i . OLOLOT G, |
— 1
&
PIN NAMES
_(

Ag—Ag ADDRESS INPUTS Vcc POWER (+5V) WE 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*

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 .. .................. ... 1.0W
D.C.Output Current . ... .. ..., 5mA

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°Cto 70°C, V¢ = BV * 5%, 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.

2114-2, 2114-3, 2114 2114L2, 2114L3, 2114L
SYMBOL PARAMETER Min. Typ.[1] Max. Min. Typ.1l Max. |UNIT CONDITIONS
[IN] Input Load Current 10 10 uA Vin = 0 to 5.25V
(All Input Pins)
Lol 1/0 Leakage Current 10 10 MA CS=24v,
V|/0 =0.4V to VCC
tcet Power Supply Current 80 g5 65 mA VN = 5.25V, {0 = O mA,
Ta=25°C
lec2 Power Supply Current 100 70 mA Vin=5.25V, lj))o =0 mA,
TA = OOC
ViL Input Low Voltage -0.5 0.8 -0.5 0.8
Vin Input High Voltage 20 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 -14 -1.0 -14 mA Vonx = 2.4V
los!2! Output Short Circuit 40 40 mA
Current
NOTE: 1. Typical valuesare for Tp = 25°C and Ve = 5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cyo Input/Output Capacitance 5 pF Vyo =0V
; TEST NOTE: This circuit
CiNn Input Capacitance 5 pF Vin =0V employs a self starting
NOTE: This parameter is periodically sampled and not 100% tested. oscillator and a charge

A.C. CONDITIONS OF TEST

pump which require a
certain amount of time
after POWER ON to start
functioning properly. This
2114 circuit is conserva-
tively specified as requir-

Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Levels
Output Load

0.8 VoIt to 2.4 VoIt
10 nsec
1.5 Volts

ing 500 usec after Voo
reaches its specified
limits (4.75V).

1 TTL Gate and C_ = 100 pF
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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. Taa(ns) 45 45 70 70
Max. Icc(mA) 75 125 75 125
s HMOS Technology = TTL Inputs And Outputs

= Pin Compatible To 93415A
(2115A) And 93425A (2125A)

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

= Single +5V Supply

= 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-2/21256AL-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 (C_S.) 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
——— J: l (L WORD - 32X 32
Yo [} 161 Vee N 21 15 14 DRIVER ARRAY
o —
A ]2 la:D,N A, —3 N
M gs [ wE N I I
Az—s
A, a 13 A,
2 : [ A As—6 SENSE AMPS. CONTROL
AND LoGic
. b 12f ) Ay Ag 9 WRITE (SEE TRUTH Pour
A DRIVERS TABLE)
= i~ —Jo ®
A —4n
Doyt [}7 ] N Ag—412 f
L
¥ o[ i
ADDRESS ADDRESS
Vee = PIN1E o DECODER DECODER
GND = PIN8 out
FEEEE  trett |l
Ag Ay A, A A, A Ag A, Ag Ag ¢S WE Dy
. MES QOO COOD® @ @
IN NA
TRUTH TABLE
& — CHIPSELECT ]
ouT
10 ADDRESS INPUTS ineuts | O L ros ALY MODE
[13 WRITE ENABLE Eweonl o1
D DATA INPUT o Dout our
P AouTRuT ] H X X HIGH Z HIGH Z NOT SELECTED
Dour TA ( L L L HIGH Z HIGH Z WRITE 0"
L L H HIGH Z HIGH Z WRITE 1"
L H X Dout 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 . . . .....o...... —65°C to +1 50°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 +5.5V sections of this specification is not implied. Exposure to absolute
D.C. Output CULTENT &« o v v e e e e e e e e, 20 mA maximum rating conditions for extended periods may affect device
reliability.
D.C. CHARACTERISTICS!"2
Vce =5V #6%, Tao=0°Cto 75°C
Symbol Test Min. Typ. Max. Unit Conditions
Voi1 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 \%
Vi Input Low Voltage 0.8 \%
IR Input Low Current -0.1 -40 MA Vce = Max., Viy = 0.4V
i Input High Current 0.1 40 MA Vce = Max., V| = 4.5V
lceEx 2115A Family Output Leakage Current 0.1 100 MA Vce = Max., VoyTt = 4.5V
llorrl | 2125A Family Output Current (High Z) 0.1 50 HA Ve = Max., VoyT = 0.5V/2.4V
2125A Family Current Short Circuit
[31 - =
los to Ground 100 mA | Ve = Max.
Vou Family Output High Voltage 24 \% loH=-32mA
Power Supply Current:
| lcc1: 2115AL, 2115AL-2, 2125AL, 60 75 mA | All liiputs 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:

644 (@ 400 fpyy air flow) = 45°C/W
64 (still air) = 60°C/W
64c = 25°C/W

2. Typical limits are at Vgc = 5V, T = +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%, Tp = 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
taa Address Access Time 30 45 30 45 40 70 40 70 | ns
Previous Read Data Valid After
1
tox Change of Address 10 10 10 0 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 COND'TIONS ALL INPUT PULSES
vee 3.5\‘/p—p 90%
10%
30052
21154 GND = L < oms - = 10ns
Dour
6002 ?&P&unmc _-\ 10%
SCOPE AND 3.5Vpp
JIG) 90%
= GND= = = 10ns —= = 10ns
READ CYCLE WRITE CYCLE
| _
X T\ -
|
|
| #———— tapg ———— Roo * ><
[
XX
DOUY DATA VALID : |-—— tyy —|
N

PROPAGATION DELAY FROM CHIP SELECT

)

= thcs ":

WE
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2115A,2125A

FAMILY

2125A FAMILY A.C. CHARACTERISTICS!Z
READ CYCLE

Vee = 5V #6%, Ta = 0°C to 75°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
tzReCs 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
1 1 1
ton Change of Address 0 10 0 © 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
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 ALL INPUT PULSES
51092
2125A OND = o < 10ms = = 10ns
Dout
30052 30pF
{INCLUDING - - T . - -0 10%
SCOPE AND 3.5Vp-p '
JIG) — 7: L -1 - — 90%
= GND = —»; le—10ns ———! < 10ns
READ CYCLE WRITE CYCLE
| . \ Vo
Ag-Ag X © N /
|
o X X
DIN * *
Dour DATA VALID —— ty—>
WE - L
PROPAGATION DELAY FROM CHIP SELECT 5o e e o
cs 15V
e———tacs -
Boyr

Dout "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
T WRITE ENABLE 15V
S 7500
Dout | pm—mmm
HIGH Z
21254 5;110:: ’_f 5pF DATA 002?,3; 0" LEVEL P Fosv
) o “1" LEVEL A
= DATA ouropg; N 1 0.5\:"“ 2
e ———n
LOAD 1
2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z
CHIP SELECT 1.5V
ZRcs [ ———
DATA 003231 “0" LEVEL k:} o 5:‘(;" z
“1" LEVEL }
—\ ] 0sv
DATA OUDTc:gI K::‘_ - :DG_H Z_
(ALL 1Z2XXX PARAMETERS ARE MEASURED AT A DELTA
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.}
2115A/2125A FAMILY CAPACITANCE* Vce=5V, f=1MHz, Tp =25°C
2115A Family 2125A Family
SYMBOL TEST LIMITS LIMITS UNITS TEST CONDITIONS
TYP. MAX. TYP. MAX.
C Input Capacitance 3 5 3 5 pF All Inputs = 0V, Output Open

Co Qutput 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
110 110 70
— 2115A, 2115A-2 4
100 2125A, 2125A-2 — 100 t t 60
—— . /2'1 15A, 2115A-2
~ 2125A, 2125A-2 2115AL-2, 2115A2 r
% 90 50 2125AL-2, 2125A-2
//
I 8o I 80 = 40 —
E 3 £ |~
Q Q g 1
S 70 e 7 S 30
1
[ 2115AL, 2115AL-2 o 2115AL, 2115A
60 F{— 2125AL, 2125AL-2 ] 60 20 2125AL, 2125A
" 2115AL, 2115AL-2
— 2125AL, 2125AL-2
50 50 10
3 3
Ta = 25°C vce =5V
[} 0 A [} <
0 10 20 30 40 50 60 70 80 6o 1 2 3 4 5 6 7 8 0 10 20 30 40 S0 60 70 80

TEMPERATURE (°C) Vee (V) TEMPERATURE (°C)
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2115H, 2125H FAMILY
HIGH SPEED 1K x 1 BIT STATIC RAM

® HMOS II Technology ® TTL Inputs and Outputs 2
B 25-35ns Maximum Access Time m Single +5V Supply
® 125mA Maximum I¢cc # 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 1II Silicon Gate Technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
CS D, WE
" WORD 32 X 32
s 167 Vee 115 14 DRIVER ARRAY
Ao —2
A2 1510y A —]3
A]s [ we Aa—pe T I 1
N N ‘
4 13 :]
2 A9 Ay—16 senseames | ] CONTROL
AND LOGIC
s [: s 2 : ol As—1o WRITE (see TRuTH | Cour
Ag—110 DRIVERS TABLE) @
Ay 6 1 A, e
= | o 1
Oour [} ol JAe Ag—112 [
L
avo (s o[ a S
I ADDRESS ADDRESS
Vee = PIN16 o DECODER DECODER
GND = PIN8 out
Pree vt _
Ay Ay A, Ay A, A, Ag A, Ag Ay cs  WE Dy
QOGO - OOOA® (ONCINC)
TRUTH TABLE
PIN NAMES OUTPUT OUTPUT
INPUTS 121151 FAMILY | 2125H FAMILY MODE
[+ CHIP SELECT CS WE D Dout Dour
A9 TOAg _ ADDRESS INPUTS H X X HIGH Z HIGH Z NOT SELECTED
WE WRITE ENABLE [ HIGH Z HIGH Z WRITE 0"
Ow DATA INPUT [ HIGH Z HIGH Z WRITE "1
Doyt DATA OUTPUT T 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 m Non-Latched Output is Three-State,

m +£10% Tolerance on All Power Supplies: TTL Compatible
+12V, +5V, -5V m RAS Only Retresh

® Low Power: 462mW Max. Operating, m 128 Refresh Cycles
20mW Max. Standby Required Every 2ms

® Low Ipp Current Transients m Page Mode Capability

®m All Inputs, Including Clocks, 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 outputis 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 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 Ag 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—] R 64 x 128 CELL <«——Vpp
e A DECODERS MEMORY ARRAY -— \\;“
1
—a, cc
I A A" 78T 128 SENSE AMPLIFIERS
—1"s LATCH 1 OF 64 COLUMN Qg +a > Doyt
A, A;— Row DECODERS ot g I
A AND 59 55
° Doyt — Ay —>] COLUMN 10F 64 -° ce
Ag LIl Row 64 x 128 CELL
—olRAS As—] DECODERS MEMORY ARRAY
—ocas
—dwE As—]
ADDRESS
GATING
PIN NAMES T
’TU-AG ADDRESS INPUTS WE  WRITE ENABLE
CAS  COLUMN ADDRESS STROBE Vi POWER (-5V — CLOCK cLock WRITE DATA
it 58 5v) RAS —»{ GENERATOR GENERATOR ENABLE INPUT M
D DATAIN Vcc  POWER (+5V) NO. 1 NO. 2 BUFFER LATCH
Dour DATA OUT Vop  POWER (+12V) [ —————-—J r
RAS  ROW ADDRESS STROBE Vss  GROUND WE
— Din
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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) .....oiiiiiiiiiiin., -0.3Vto+20V
DataOQut Current ..............coiiiiineinen. 50mA
PowerDissipation ............. oo 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.

RAM

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
m Input Load Current (any input) 0.1 10 | pA|VIN=Vssto 7.0V, Vee=-5.0V
[lLol Output Leakage Current for Chip Deselected: CAS at Vin,

High Impedance State 0.1 10 | uA|Vour =0to 5.5V
IbD1 Vpp Supply Current, Standby 1.5 | mA|CAS and RAS at Vi4 4
1BB1 VBB Supply Current, Standby 1.0 50 | A
Icct Vcc Supply Current, Output -
Deselected 0.1 10 | nA [CAS at ViH 5
lpp2 Vpp 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
IBB2 Vee Supply Current, Operating,
RAS-Only Refresh, Page Mode 150 300 | uA|TA=0°C
lop3 Vpp Supply Current, m-Only 27 | mA|2117-2, trc = 375ns, tRas = 150ns 4,6
Refresh 27 | mA[2117-3, trc = 375ns, tras = 200ns | 4
26 | mA|2117-4, trc = 410ns, tras = 250ns 4
IbDs Vop Supply Current, Standby, 1.5 3 | mA|CAS at Vi, RAS at ViH
Output Enabled
Vie 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 respectto 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 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 Ipps max. is 31mA.
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2117 FAMILY

TYPICAL SUPPLY CURRENT WAVEFORMS

_Vm RAS/CAS LONG RAS/CAS RAS ONLY REFRESH
N ]
=y R A - I I
N VAYEETA A 1 A\ A f
7] \ T \ s
. N \
By o A A A Y W VL v/ A V{ \
s WAl \
o Il
v
. n LA
A 50 l\ " A A
- A i\ A 1. N a
NI =="A1 J LW

\
0 100 200 300 400 500 0 100 200 300 400 500 600 700 800 900 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 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, 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, IpD2, and Ipp3 is related by a
common point at Vpp = 12.0V and Ta =25°C fortwo 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£10%, 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

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= 'A\; with AV equal to 3 volts and power supplies at nominal levels.
A
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2117 FAMILY

A.C. CHARACTERISTICS!"?3
TA =0°C to 70°C, Vpp = 12V £10%, Vcc = 5V £10%, Ve = -5V +10%, Vss = 0V, unless 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

tcPN CAS Precharge Time(non-pagecycles)| 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

tosH 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

1CAH 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

tRcs 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

trRAS RAS Pulse Width 150 10000 | 200 10000 | 250 10000 | ns

tcas CAS Pulse Width 100 10000 | 135 10000 | 165 10000 ns

twcs 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

tcwL Write Command to CAS Lead Time | 60 80 100 ns

tos Data-In Set-Up Time 0 0 0 ns

tDH Data-In Hold Time 45 55 75 ns

tOHR Data-In Hold Time, to RAS 95 120 160 ns
READ-MODIFY-WRITE CYCLE

tRwec Read-Modify-Write Cycle Time 330 375 475 ns

tRRW RMW Cycle RAS Pulse Width 185 10000 | 245 10000 | 305 10000 | ns

tcrw RMW Cycle CAS Pulse Width 135 10000 | 180 10000 [ 230 10000 | ns

tRWD RAS to WE Delay 120 160 200 ns 9

tcwp CAS to WE Delay 70 95 125 ns 9

Notes: See following page for A.C. Characteristics Notes.
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READ CYCLE e ‘
trAs trRp—>
Vin E?\
RAS /4 \
Vie @ 7
tcrp L= tesH tepn |
trcp tRsH
- Vin @\\\\\ teas [
Vi 2 7
tAR
tASR 1e—> |«—TtRAH—>| fe>tasc toan ——
Mn "4 X 4
ROW COLUMN
ADDRESSES ®< ADDRESS /§< ADDRESS
Vio X
[==1tacs <>1 ‘ncn®
" &
WE
VIL
tcac .
traC toFF
o Vou HIGH @) VALID \®
oUT VoL IMPEDANCE @3 DATA OUT 1}—
WRITE CYCLE tre
tras trp
Viu
RAS Vi © \k® j[ \
1,
tcrp I CSH teen
e trcp tasH
Vin @\ tcas
&=y / NN\ NG Y \
tar
tasr <—(RAH_” tasc —|<> [ tcan——>|
©
ROW COLUMN
ADDRESSES X (| AopRESss X ADDRESS K
L
tawt
Towe
Vin f<— twes —>| twen /
We Vie @X twp ;
rMA twer
’<—@ tog—>| |e——tpy @—»l
Vin
X% X
Vie Z
t
tOHR
Vou HIGH
Bour Vou IMPEDANCE
NOTES: 1,2. Viy min 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. torf IS MEASURED TO loyt < [iLo -

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. 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).

A.C. CHARACTERISTICS NOTES (From Previous Page)

1. All voltages referenced to Vss.

2. Eightcycles 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 trcp is greater than trcp
(max.) then trac will increase by the amount that trRcp exceeds
trco (max.).

5. Load =2 TTL loads and 100pF.

6. Assumes trcD = trcD (max.).
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7.

© o

trcp (max.) is specified as a reference point only; if trco is less
than trcp (max.) access time is trac, if trcp is greater than trcp
(max.) access time is trcp + tcac.

. tr is measured between Vin (min.) and Vi (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 trwp = 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
READ-MODIFY-WRITE CYCLE
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NOTES: 1,2. Viy min 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 Doyr.
5. torr IS MEASURED TO lout < lLol-
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. tacw IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcgp 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"

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

trac (Vec)/trac (Vee
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GRAPH 3
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vcc
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GRAPH 6
TYPICAL STANDBY CURRENT
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TYPICAL CHARACTERISTICS 1"

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT

'pD3 VS. tRC
50
Tp=25°C _
< Vpp = 12.0V <
£ % v§§= -5.0V &
s =
w w
g &
3 3
> >
- -
g 20 g
i \.\ ~— ¢
| 1
@ 1 =500ns «
8 1w i 8
tras = 200ns
0
200 400 600 800 1000
trc — CYCLE TIME (ns)
GRAPH 13
TYPICAL PAGE MODE CURRENT
IpD4 VS. tpc
50
< <
40
£ Ta=25C £
£ Vpp = 12.0V 5
] Vgg = -5.0V g
g 30 3
3 3
> >
Z
£ 2 g
2 2
@ C\ tcas = 350ns 9
< <
S 10 8
- tcas = 135ns =
[}
200 400 600 800 1000
tpc — CYCLE TIME (ns)
GRAPH 16
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GRAPH 11
TYPICAL RAS ONLY
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GRAPH 17
TYPICAL OUTPUT SINK CURRENT
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GRAPH 12
TYPICAL RAS ONLY
REFRESH CURRENT
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TYPICAL PAGE MODE CURRENT
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NOTES:

1.

The cycle time, Vpp supply voltage, and
ambient temperature dependence of Ipp1,
IDD2, |DD3 and Ipp4 is shown in related
graphs. Common points of related curves
are indicated:

Ipp1 @ Vpp = 13.2V, Ta = 0°C

Ipp2 or Ipp3 @ tRAS = 200ns, tRC =
375ns, Vpp = 12.0V, Tp = 25°C
Ipp2or Ipp3 @ tras = 500ns, tRC =
750ns, Vpp = 12.0V, Tp = 25°C
IpD4 @ tcas = 135ns, tpc = 225ns,

Vpp = 12.0V, Tp = 25°C
IDD4 @ tcas = 350ns, tpc = 500ns,
Vpp = 12.0V, Ta = 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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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 = trep + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trcD, 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 trcp > 65nsec

Note that if 25nsec <trcp <65nsec device access time is
determined by equation 3 and is equal to trac. If trRcL
>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 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 ﬁA_S-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 (Dourt), 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 DouT state for various
types of cycles.

Intel 2117 Data Output Operation
for Various Types of Cycles

Type of Cycle Dour 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 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).

I MEMORY N REFRESH |

CYCLE CYCLE

/__
>_

RAS

A\
oz

Dout 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 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 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 currentto a TTL gate
and the output leakage currents of any OR-tied 2117’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. 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.

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

C =0.01uF Vgc TO Vgg
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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

In
2117-5
16,384 x 1 BIT DYNAMIC RAM

2117-5
Maximum Access Time (ns) 300 -
Read, Write Cycle (ns) 490
Read-Modify-Write Cycle (ns) 580

® Industry Standard 16-Pin Configuration ® 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.

Muitiplexing 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 Ag through Ag
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
< Vss
Ao ] 13;;" 64 x 128 CELL <«—— Vpp
—a, el DECODERS MEMORY ARRAY -~ Vg
—1A ! Vee
A2 o b— A2 78T 128 SENSE AMPLIFIERS
b LATCH 1 OF 64 COLUMN %0 - Dout
—]A Az—= ROW DECODERS =2 2u
‘ o Bl
—a AND ig EL
5 dourb— A, —»| coLumn Toces S3 32
A Ll Row 64 x 128 CELL
—9RAS Ag—] DECODERS MEMORY ARRAY
—fcas
—oWE As

ADDRESS
GATING
[}

PIN NAMES
Ag-As ADDRESS INPUTS WE  WRITE ENABLE
CAS  COLUMN ADDRESS STROBE Vs POWER (-5V) . CLOCK cLock WRITE DATA
RAS —»] GENERATOR GENERATOR ENABLE neUT

DN DATAIN Vcc  POWER (+5V) NO. 1 NO.2 BUFFER LATCH
Dour DATAOUT Voo POWER (+12V) CAS —_—__"ﬂ [-—
RAS  ROW ADDRESS STROBE Vss GROUND F

IN
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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) .......coviiiinin. -0.3Vto+20V
Data OQut Current .............ccciviiinennnn. 50mA
Power Dissipation ...............c..iiiae 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.

RAM

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

Limits
Symbol Parameter Min. |Typ.®!| Max. |Unit| Test Conditions Notes
Jlul Input Load Current (any input) 0.1 10 | wA|VIN=Vss to ViHmAX, VBB=-5.0V
|lLol Output Leakage Current for Chip Deselected: CAS at Vin,
High Impedance State 0.1 10 | uA|Vour =0to 5.5V
1bD1 Vpp Supply Current, Standby 1.5 | mA|CAS and RAS at Vi 4
I8B1 Ves Supply Current, Standby 1.0 50 | A
Icc Vcc Supply Current, Output
Deselected 0.1 10 | uA [CAS at ViH
IbD2 Vop Supply Current, Operating 35 | mA| 2117, trc = 490ns, tras = 300ns
I1BB2 VBB Supply Current, Operating,
RAS-Only Refresh, Page Mode 150 | 400 | pA|TA =0°C
[[sYok} Vop Supply Current, RAS-Only 27 | mA| 2117, trc = 490ns, tras = 300ns 4
Refresh
Ibps Vop Supply Current, Standby, 1.5 3 mA |CAS at Vi, RAS at VIx
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 0.4 V |loL = 4.2mA 4
VoH Output High Voltage 2.4 V |loH = -5mA

NOTES:
1. Ali 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 Vegs 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.

3-77



RAM

2117-5

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 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, IDD2, and Ipp3 is related by a
common point at Vpp =12.0V and Ta =25°C fortwo given
tras pulse widths. The typical Ipp current for a given
condition of cycle time, Vpbp and Ta can be determined by
combining the effects of the appropriate family of curves.

Ta =25°C, Vpp = 12V+5%, Vcc = 5V+10%, VBB = -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= '_AV‘ with AV equal to 3 volts and power supplies at nominal levels.
A
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A.C. CHARACTERISTICS'2%
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

toFF 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

trRcs 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

twcs 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

towL Write Command to CAS Lead Time | 130 ns

tps Data-In Set-Up Time 0 ns

tDH Data-In Hold Time 80 ns

toHR Data-In Hold Time, to RAS 215 ns
READ-MODIFY-WRITE CYCLE

trRwc 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

tcwp CAS to WE Delay 140 ns

Notes: See following page for A.C. Characteristics Notes.
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H
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I X X

toHR
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D,
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NOTES: 1,2 Viy 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-
. torF IS MEASURED TO louT < [lLo |-
tps AND tp ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
tacH 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).

o

oN®

A.C. CHARACTERISTICS NOTES (From Previous Page)

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

2. Eightcycles are required after power-up or prolonged periods

HW

D »

(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 trcp

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

. Load = 2 TTL loads and 100pF.
. Assumes trcD = tRep (max.).
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© 0

than trcp (max.) access time is trac, if trcp is greater than trcp
(max.) access time is trco + tcac.

. tT is measured between Vi4 (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 trRwp = trwp (min.), the cycleis
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
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NOTES: 1,2. Viy myn AND'V max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

F

—{ |torr

VALID DATA

|

3,4. Vou min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr.

@No @

torf ISMEASURED TO louT < |lLol

tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

trc IS REFERENCED TO THE TRAILING EDGE OF CA 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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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
'pD2 VS. tRC
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GRAPH z
TYPICAL ACCESS TIME
tgRac (NORMALIZED) VS. Vg
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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 (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
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TYPICAL CHARACTERISTICS "

GRAPH 10 GRAPH 11 GRAPH 12
TYPICAL RAS ONLY TYPICAL RAS ONLY TYPICAL RAS ONLY
REFRESH CURRENT REFRESH CURRENT REFRESH CURRENT
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GRAPH 13 GRAPH 14 GRAPH 15
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GRAPH 16 GRAPH 17 1. Thecycle time, Vpp supply voltage, and
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