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INTEL

Intel was organized in 1968 to exploit the rapidly producers of all semiconductor devices.
growing technology of Integrated Electronics, from This data catalog covers most Intel standard
whence the corporation derives its name. During component, memory system and microcomputer
its brief history it has become the world’s largest development system products. For a list of other
supplier of MOS circuits, and is in the top ten Intel literature, see page 12-10.

On the cover
1. The 8080A 8-bit, N-Channel microprocessor has become
the first industry standard MPU. The full MCS-80 family
is detailed in Section 8, including the M8080A, which
operates over the full —55°C to +125°C temperature
range.

2. Intel memory leadership continues in 1976 with
the 2115 60 ns 1K RAM and 2116 16K Dynamic
RAM (Section 2) and 2708 8K erasable and
electrically reprogrammable Read-Only-Memory
(Section 3).

3. The Intellec MDS, with In- 3.
Circuit-Emulator (ICE) allows
quick design and debug of micro-
computer systems. See Section
10 for a full description.

4. Intel’'s 2416 16K CCD Serial
Memory makes practical megabit
single card memories such as
shown here. See Section 4 for
details of the device, Section 6
for complete memory systems. [

5. Intel delivers complete
microcomputer support
software manuals and
training. See Section 10 g
for details. o ‘ £ o -
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NUMERICAL INDEX

PAGE PAGE
1101A 256 x 1 MOS RAM 2-4 2401 Dual 1024-Bit Dynamic Recirculating 4-11
1101A1 256 x 1 MOS RAM 2-4 Shift Register
1103 1024 x 1 Dynamic MOS RAM 2-8 2405 1024-Bit Dynamic Recirculating Shift Register 4-11
11031 1024 x 1 Dynamic MOS RAM 2-13 2416 16K CCD Serial Memory 4-15 '
1103A 1024 x 1 Dynamic MOS RAM 2-16 2704 512 x 8 MOS Erasable PROM 3-23
1103A-1 1024 x 1 Dynamic MOS RAM 2-21 2708 1024 x 8 MOS Erasable PROM 3-23
1103A-2 1024 x 1 Dynamic MOS RAM 2-26 3001 Microprogram Control Unit 9-3
1302 256 x 8 MOS ROM 35 M3001 Microprogram Control Unit, Mil Temp 9-10
1402A Quad 256-Bit Dynamic Shift Register 4-3 3002 Central Processing Element 9-13
1403A Dual 512-Bit Dynamic Shift Register 4-3 M3002 Central Processing Element, Mil Temp 9-18
1404A 1024-Bit Dynamic Shift Register 4-3 3003 Look-Ahead Carry Generator 9-21
1405A 512-Bit Dynamic Recirculating Shift Register 4.7 M3003 Look-Ahead Carry Generator, Mil Temp 9-24
1702A 256 x 8 MOS Erasable PROM 39 3101 16 x 4 Schottky RAM 2-87
1702AL 256 x 8 MOS Erasable PROM 3-13 3101A 16 x 4 Schottky RAM 2-87
1702A-2 256 x 8 MOS Erasable PROM 39 M3101 16 x 4 Schottky RAM, Mil Temp 2-91
1702AL-2 256 x 8 MOS Erasable PROM 3-13 M3101A 16 x 4 Schottky RAM, Mil Temp 2-91
1702A-6 256 x 8 MOS Erasable PROM 39 3104 4 x 4 Schottky RAM 2-93
2101 256 x 4 MOS RAM 2-34 3106 256 x 1 Schottky RAM 2-97
2101-1 256 x 4 MOS RAM 2-34 3106A 256 x 1 Schottky RAM 2-97
2101-2 256 x 4 MOS RAM 2-34 3106-8 256 x 1 Schottky RAM 2-97
2101A 256 x 4 MOS RAM 2-30 3107 256 x 1 Schottky RAM 2-97
2101A-2 256 x 4 MOS RAM 2-30- 3107A 256 x 1 Schottky RAM 2-97
2101A-4 256 x 4 MOS RAM 2-30 3107-8 256 x 1 Schottky RAM 2-97
2102A 1024 x 1 MOS RAM . 2-38 3205 1 of 8 Binary Decoder . 5-3
2102A-2 1024 x 1 MOS RAM 2-38 3207A Quad Bipolar to MOS Level Shifter and Driver 57
2102A-4 1024 x 1 MOS RAM 2-38 3207A-1 Quad Bipolar to MOS Level Shifter and Driver ~ 5-11
2102A-6 1024 x 1 MOS RAM 2-38 3208A Hex Sense Amp for MOS Memories 513
2102AL 1024 x 1 MOS RAM 2-38 3212 Multi-Mode Latch Buffer 9-26
2102AL-2 1024 x 1 MOS RAM : 2-38 M3212 Multi-Mode Latch Buffer, Mil Temp 9-31
2102AL-4 1024 x 1 MOS RAM 2-38 3214 Interrupt Control Unit 9-34
M2102A-4 1024 x 1 MOS RAM, Military Temperature 2-42 M3214 Interrupt Control Unit, Mil Temp 9-40
M2102A-6 1024 x 1 MOS RAM, Military Temperature 2-42 3216 Parallel Bi-Directional Bus Driver 9-44
2104 4096 x 1 Dynamic MOS RAM 2-44 3222 4K Dynamic RAM Refresh Controller ) 519
2104-2 4096 x 1 Dynamic MOS RAM 2-44 3226 Parallel Bi-Directional Bus Driver 9-44
2104-4 4096 x 1 Dynamic MOS RAM 2-44 M3216 Parallel Bi-Directional Bus Driver, Mil Temp - 9-47
2107A 4096 x 1 Dynamic MOS RAM 2-52 M3226 Parallel Bi-Directional Bus Driver, Mil Temp 9-47
2107A-1 4096 x 1 Dynamic MOS RAM 2-52 3232 4K Dynamic RAM Address Multiplexer and 5-25
2107A-4 4096 x 1 Dynamic MOS RAM 2-52 Refresh Counter
2107A-5 4096 x 1 Dynamic MOS RAM 2-52 3242 16K Dynamic RAM Address Multiplexer and 5-29
21078 4096 x 1 Dynamic MOS RAM 2-58 Refresh Counter
2107B-4 4096 x 1 Dynamic MOS RAM 2.58 3245 Quad TTL to MOS Driver for 4K RAMs 5-30
2107B-6 4096 x 1 Dynamic MOS RAM 2.58 3246 Quad ECL to MOS Driver for 4K RAMs 5-34
2111 256 x 4 MOS RAM 268 3301A 256 x 4 Schottky ROM 3-26
211141 256 x 4 MOS RAM 2.68 M3301A 256 x 4 Schottky ROM, Mil Temp 3-29
2111-2 256 x 4 MOS RAM 268 3302A 512 x 4 Schottky ROM 3-31
2111A 256 x 4 MOS RAM 2.64 3302A-4 512 x 4 Schottky ROM 3-31
2111A-2 256 x 4 MOS RAM 2-64 3302AL6 512 x 4 Schottky ROM 3-31
2111A-4 256 x 4 MOS RAM 264 3304A 512 x 8 Schottky ROM 3-34
2112 256 x 4 MOS RAM 277 3304A-4 512 x 8 Schottky ROM 3-34
2112-2 256 x 4 MOS RAM 277 3304AL6 512 x 8 Schottky ROM 3-34
2112A 256 x 4 MOS RAM 2.72 3322A 512 x 4 Schottky ROM 3-31
2112A-2 256 x 4 MOS RAM 2.72 3322A-4 512 x 4 Schottky ROM 3-31
2112A-4 256 x 4 MOS RAM 2.72 3322AL6 512 x 4 Schottky ROM 3-31
2115 1024 x 1 MOS RAM 2.81 3324A 512 x 8 Schottky ROM 3-34
2115-2 1024 x 1 MOS RAM 281 3324A-4 512 x 8 Schottky ROM 3-34
211501 1024 x 1 MOS RAM 2-81 3404 High Speed 6-Bit Latch 5-3
2116 16K x 1 Dynamic MOS RAM 2-86 3408A Hex Sense Amp and Latch for MOS Memories 513
2125 1024 x 1 MOS RAM 281 3601 256 x 4 Schottky PROM 3-37
2125-2 1024 x 1 MOS RAM 281 3601-1 256 x 4 Schottky PROM 3-37
21250 1024 x 1 MOS RAM 281 M3601 256 x 4 Schottky PROM, Mil Temp 341
2308 1024 x 8 MOS ROM 3-16 3602 512 x 4 Schottky PROM 3-43
2316A 2048 x 8 MOS ROM 3-20 3602-4 512 x 4 Schottky PROM 3-43




NUMERICAL INDEX

3602L-6
3604
3604-4
3604L-6
3621
3621-1
3622
3622-4
3622L-6
3624
3624-4
M3604
M3604-6
3605
3605-1
M3624 -
3625
3625-1
4001
4002
4003
4004

4008
4009
4040
4101
4201
4265
4269

4289
4308
4316A
4702A
5101
5101-1
5101-3
5101-8
5101L
5101L-1
5101L-3
5234
5235

5235-1

5244
5810A
8008
8008-1
8080A
8080A-1
8080A-2
M8080A
8101-2
8101A-4
8102A-4
8107B-4
8111-2
8111A-4
8205

512 x 4 Schottky PROM

512 x 8 Schottky PROM

512 x 8 Schottky PROM

512 x 8 Schottky PROM

256 x 4 Schottky PROM

256 x 4 Schottky PROM

512 x 4 Schottky PROM

512 x 4 Schottky PROM

512 x 4 Schottky PROM

512 x 8 Schottky PROM

512 x 8 Schottky PROM

512 x 8 Schottky PROM, Mil Temp
512 x 8 Schottky PROM, Mil Temp
1024 x 4 Schottky PROM

1024-x 4 Schottky PROM

512 x 8 Schottky PROM, Mil Temp
1024 x 4 Schottky PROM

1024 x 4 Schottky PROM

256 x 8 ROM with 4-Bit 1/0 for 4040/4004
320 Bit RAM with 4-Bit 1/0

10 Bit Serial In-Parallel Qut Shift Register
4-Bit Microprocessor

Address Latch for 4040/4004

1/0 Device for 4040/4004

4-Bit Microprocessor

256 x 4 MOS RAM

4040 Clock Generator

Programmable 1/0 for 4040/4004
Programmable Keyboard/Display Interface
for 4040/4004

4040/4004 Memory Interface

1024 x 8 ROM with 16-Bit 1/0 for 4040/4004
2048 x 8 MOS ROM

256 x 8 MOS PROM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

256 x 4 CMOS RAM

Quad CMOS to MOS Driver for 4K RAMs
Quad Low Power TTL to MOS Driver for
4K RAMs

High Speed Quad Low Power TTL to MOS
Driver for 4K RAMs

Quad CCD Driver

Single Chip T/S/D Watch Circuit

8-Bit Central Processor

8-Bit Central Processor

8-Bit Central Processor

8-Bit Central Processor

8-Bit Central Processor

8-Bit Central Processor, Mil Temp

256 x 4 MOS RAM

256 x 4 MOS RAM

1K x 1 MOS RAM

4K x 1 Dynamic MOS RAM

256 x 4 MOS RAM

256 x 4 MOS RAM

One of Eight Decoder

PAGE

3-43
3-46
3-46
3-46
3-37
3-37
3-43
3-43
3-43
3-46
3-46
3-49
3-49
3-52
3-52
3-49
3-52
3-52
7-85
7-76
7-18
7-11

7-59
7-59

7-4
7-82
7-53
7-22
7-39

7-65
7-94
7-104
7-107
2-101
2-101
2-101
2-101
2-101
2-101
2-101
5-38
5-42

5-42

5-46
11-2
8-33
8-33

8-5
8-12
8-16
8-20
8-54
8-57
8-66
8-69
8-60
8-63
8-89

8212 8-Bit 1/0 Port

8214 Priority Interrupt Control Unit

8216 4-Bit Bi-Directional Bus Driver

8222 Dynamic RAM Refresh Controller

8224 8080 Clock Generator

8226 4-Bit Bi-Directional Bus Driver

8228 System Controlier for 8080

8238 System Controller for 8080

8251 Programmable Communcation Interface
8255 Programmable Peripheral Interface
8302 256 x 8 MOS ROM

8308 1K x 8 MOS ROM

8316A 2K x 8 MOS ROM

8253 Programmable Interval Timer

8257 Programmable DMA Controller

8259 Programmable Interrupt Controller
8702A 256 x 8 MOS PROM

8708 1K x 8 MOS PROM

Barebones 80

CROMIS Series 3000 Microprogramming System

Development Systems

Diskette Operating System — MDS
European Marketing Offices

Functional Index

High Speed Paper Tape Reader — MDS
High Speed Paper Tape Reader 4/M0D/40
High Speed Paper Tape Reader 8/M0OD/80

imm 4-22 Instruction/Data Storage Module
imm 4-24 Data Storage Module

imm 4-42 Central Processor Module

imm 4-43 Cental Processor Module

imm 4-60 Input/Qutput Module

imm 6-26 PROM Memory Module

imm 6-28 RAM Memory Module

imm 6-70 Universal Prototype Module
imm 6-72 Module Extender

imm 6-76 PROM Programmer Module

imm 8-60 Input/Qutput Module (8008)
imm 8-61 Input/Output Module (8080)

imm 8-62 Output Module (8008)

imm 8-63 Output Module (8080)

imm 8-82 Central Processor Module (8008)
imm 8-83 Central Processor Module (8080)
in-10 RAM System

in-26 RAM System

in-40 RAM System

in-50 RAM System

in-60 Serial Memory System

in-64 Serial Memory System

in-65 Serial Memory System

in-4711 PDP-11 Add-in

in-4716 Interdata 7/16 and 7/32 Add-in
in-477 CRT Refresh Memory

in-481 8008, 8080 RAM Memory

In Circuit Emulator — ICE-30 MDS
In Circuit Emulator — ICE-80 MDS
Intel Sales Offices

Intellec® MDS-800

Intellec 4/MOD 40

Intellec 8/MOD 8

Intellec Systems

International Distributors

INTERP 8 8008 Simulator

PAGE

8-75
8-92
8-96
8-74
8-25
8-96
8-29
8-29
8-85
8-79
8-46
8-49
8-52
8-100
8-102
8-104
8-40
8-43
10-25
10-45
10-2
10-8
Inside Cover
1-5
10-14
10-28
10-24
10-31
10-31
10-31
10-31
10-31
10-33
10-33
10-33
10-33
10-33
10-32
10-32
10-32
10-32
10-32
10-32
6-4
6-6
6-8
6-10
6-12
6-14
6-16
6-18
6-20
6-22
6-24
10-18
10-15
12-13
10-3
10-27
10-23
10-2
Inside Cover
10-40



NUMERICAL INDEX

PAGE PAGE
INTERP 40  4004/4040 Simulator 10-39 Memory System Accessories 6-30
INTERP 80 8080 Simulator 10-42 Memory System Custom Boards 6-26
Literature Available 12-10 Memory System Cabinets 6-27
Literature Request Card Inside Cover Memory System Chassis 6-28
M2102A-4 1024 x 1 MOS RAM, Mil Temp 2-42 Memory System Power Supplies 6-29
M2102A-6 1024 x 1 MOS RAM, Mil Temp 2-42 Microcomputer Modules 10-31
M3001 Microprogram Control Unit, Mil Temp 9-10 Module Conversion Kit 10-33
M3002 Central Processing Element, Mil Temp 9-18 MOS RAM Selector Guide 2-2
M3003 Look-Ahead Carry Generator, Mil Temp 9-24 MOS ROM/PROM Selector Guide 3-2
M3101 16 x 4 Schottky RAM, Mil Temp 2-91 Ordering Information 12-3
M3101A 16 x 4 Schottky RAM, Mil Temp 2-91 Orient Marketing Offices Inside Cover
M3212 Muiti-Mode Latch Buffer, Mil Temp 9-31 Packaging Information 12-4
M3214 Interrupt Control Unit, Mil Temp 9-40 PL/M™ Cross Compiler 10-43
M3216 Parallel Bi-Directional Bus Driver, Mil Temp 9-47 PL/M™ Workshop 10-61
M3226 Parallel Bi-Directional Bus Driver, Mil Temp 9-47 PROM Programming Instructions 3-55
M3301A 256 x 4 Schottky ROM, Mil Temp 3-29 ROM Simulators — MDS 10-21
M3601 256 x 4 Schottky PROM, Mil Temp 3-41 SBC 80/10 OEM Computer System 10-34
M3604 512 x 8 Schottky PROM, Mil Temp 3-49 Schottky ROM/PROM Cross Reference 34
M3604-6 512 x 8 Schottky PROM, Mil Temp 3-49 Schottky ROM/PROM Selector Guide 33
M3624 512 x 8 Schottky PROM, Mil Temp 3-49 SDK-80 8080 System Design Kit 10-29
MAC 8 MCS-8™ Cross-Assembler 10-38 Serial Memory Selector Guide 4-2
MAC 40 Microcomputer Software Products 10-36 Single Board Computer 10-34
MCS 4/40  Workshop , 10-62 Standard Processing Specification 12-8
MCS-4/40 4040 Prototype Systems 7-110 Training Programs 10-59
MAC 40 MCS-40™ Cross-Assembler 10-37 Universal PROM Programmer — MDS 10-13
MAC 80 MCS-80™ Cross-Assembler 10-41 User’s Program Library 10-46
MCS-80 Workshop 10-60 4-Bit User's Program Library 10-47
Memory Support Circuit Selector Guide 5-2 8-Bit User's Program Library 10-49
Memory System Selector Guide 6-2 User’s Library Submittal Form 10-57

1-5



FUNCTIONAL INDEX

RANDOM ACCESS MEMORIES

STATIC MOS RAMs PAGE
MOS RAM SELECTOR GUIDE 2:2
1101A 256 x 1 MOS RAM 24
1101A1 256 x 1 MOS RAM 24
2101A 256 X 4 MOS RAM 2-30
2101A-2 256 x 4 MOS RAM 2-30
2101A-4 256 x 4 MOS RAM 2-30
2101 256 x 4 MOS RAM 2-34
2101-1 256 x 4 MOS RAM 2-34
2101-2 256 x 4 MOS RAM : 2-34
2102A 1024 x 1 MOS RAM 2-38
2102A2 1024 x 1 MOS RAM 2-38
2102A-4 1024 x 1 MOS RAM 2-38
2102A6 1024 x 1 MOS RAM 2-38
2102AL 1024 x 1 MOS RAM 2-38
2102AL-2 1024 x 1 MOS RAM 2-38
2102AL-4 1024 x 1 MOS RAM 2-38
M2102A-4 1024 x 1 MOS RAM, Mil Temp 2-42
M2102A-6 1024 x 1 MOS RAM, Mil Temp 2-42
2111A 256 x 4 MOS RAM 2-64
2111A2 256 x 4 MOS RAM 2-64
2111A-4 256 x 4 MOS RAM 2-64
2111 256 x 4 MOS RAM 2-68
2111-1 256 x 4 MOS RAM 2-68
21112 256 x 4 MOS RAM 2-68
21127 256 x 4 MOS RAM 272
2112A-2 256 x 4 MOS RAM 272
2112A-4 256 x 4 MOS RAM 272
2112 256 x 4 MOS RAM 277
21122 256 x 4 MOS RAM 277
2115 1024 x 1 MOS RAM 2-81
21152 1024 x 1 MOS RAM 2-81
2115L 1024 x 1 MOS RAM 2-81
2125 1024 x 1 MOS RAM 2-81
21252 1024 x 1 MOS RAM 2-81
21251 1024 x 1 MOS RAM 2-81
DYNAMIC MOS RAMs
1103 1024 x 1 Dynamic MOS RAM 2.8
1103-1 1024 x 1 Dynamic MOS RAM 213
1103A 1024 x 1 Dynamic MOS RAM 216
1103A-1 1024 x 1 Dynamic MOS RAM 2-21
1103A-2 1024 x 1 Dynamic MOS RAM 2.26
2104 4096 x 1 Dynamic MOS RAM 2-44
2104-2 4096 x 1 Dynamic MOS RAM 2-44
2104-4 4096 x 1 Dynamic MOS RAM 2-44
2107A 4096 x 1 Dynamic MOS RAM 2-52
2107A-1 4096 x 1 Dynamic MOS RAM 2-52
2107A-4 4096 x 1 Dynamic MOS RAM 2-52
2107A5 4096 x 1 Dynamic MOS RAM 2-52

- 21078 4096 x 1 Dynamic MOS RAM 258
2107B-4 4096 x 1 Dynamic MOS RAM 2-58
21078-6 4096 x 1 Dynamic MOS RAM 2-58
2116 16K x 1 Dynamic MOS RAM 2-86
CMOS RAMs
5101 256 x 4 CMOS RAM 2-101
51011 256 x 4 CMOS RAM 2101
5101-3 256 x 4 CMOS RAM 2-101
5101-8 256 x 4 CMOS RAM 2-101
5101L 256 x 4 CMOS RAM 2-101
5101L-1 256 x 4 CMOS RAM 2-101

5101L-3 256 x 4 CMOS RAM 2-101

SCHOTTKY RAMs PAGE
3101 16 x 4 Schottky RAM 2-87
3101A 16 x 4 Schottky RAM 2-87
M3101 16 x 4 Schottky RAM, Mil Temp 2-91
M3101A 16 x 4 Schottky RAM, Mil Temp 2-91
3104 4 x 4 Schottky RAM 2-93
3106 256 x 1 Schottky RAM 2-97
3106A 256 x 1 Schottky RAM 2-97
3106-8 256 x 1 Schottky RAM 2-97
3107 256 x 1 Schottky RAM 2-97
3107A 256 x 1 Schottky RAM 2-97
3107-8 256 x 1 Schottky RAM 2-97

PROGRAMMABLE READ ONLY MEMORIES (PROMs)

MOS PROMs

MOS ROM/PROM SELECTOR GUIDE 32
1702A 256 x 8 MOS Erasable PROM 39
1702AL 256 x 8 MOS Erasable PROM 3-13
1702A-2 256 x 8 MOS Erasable PROM 3-9
1702AL-2 256 x 8 MOS Erasable PROM 3-13
1702A-6 256 x 8 MOS Erasable PROM 39
2704 512 x 8 MOS Erasable PROM 3-23
2708 1024 x 8 MOS Erasable PROM 3-23
PROM PROGRAMMING INSTRUCTIONS 3-55
SCHOTTKY PROMs

SCHOTTKY ROM/PROM SELECTOR GUIDE 33
SCHOTTKY PROM CROSS REFERENCE 34
3601 256 x 4 Schottky PROM 3-37
3601-1 256 x 4 Schottky PROM 3-37
M3601 256 x 4 Schottky PROM, Mil Temp 341
3621 256 x 4 Schottky PROM 3-37
3621-1 256 x 4 Schottky PROM 3-37
3602 512 x 4 Schottky PROM 3-43
3602-4 512 x 4 Schottky PROM 3-43
3202L-6 512 x 4 Schottky PROM 3-43
3622 512 x 4 Schottky PROM 3-43
3622-4 512 x 4 Schottky PROM 3-43
3622L-6 512 x 4 Schottky PROM 3-43
3604 512 x 8 Schottky PROM 3-46
3604-4 512 x 8 Schottky PROM 3-46
3604L-6 512 x 8 Schottky PROM 3-46
3624 512 x 8 Schottky PROM 3-46
3624-4 512 x 8 Schottky PROM - 3-46
M3604 512 x 8 Schottky PROM, Mil Temp 3-49
M3604-6 512 x 8 Schottky PROM, Mil Temp 3-49
3605 1024 x 4 Schottky PROM 3-52
3605-1 1024 x 4 Schottky PROM 3-52
M3624 512 x 8 Schottky PROM, Mil Temp 3-49
3625 1024 x 4 Schottky PROM 3-52
3625-1 1024 x 4 Schottky PROM 3-52
PROM PROGRAMMING INSTRUCTIONS 3-55



FUNCTIONAL INDEX

READ ONLY MEMORIES (ROMs)

MOS ROMs PAGE
1302 256 x 8 MOS ROM 35
2308 1024 x 8 MOS ROM 3-16
2316A 2048 x 8 MOS ROM 3-20
SCHOTTKY ROMs
3301A 256 x 4 Schottky ROM 3-26
M3301A 256 x 4 Schottky ROM, Mil Temp 3-29
3302A 512 x 4 Schottky ROM 3-31
3302A-4 512 x 4 Schottky ROM 3-31
3302AL6 512 x 4 Schottky ROM 3-31
3322A 512 x 4 Schottky ROM 3-31
3322A-4 512 x 4 Schottky ROM 3-31
3322AL6 512 x 4 Schottky ROM 3-31
3304A 512 x 8 Schottky ROM 3-34
3304A-4 512 x 8 Schottky ROM 3-34
3304AL6 512 x 8 Schottky ROM 3-34
3324A 512 x 8 Schottky ROM 3-34
3324A-4 512 x 8 Schottky ROM 3-34
SERIAL MEMORIES
SERIAL MEMORY SELECTOR GUIDE 4-2
1402A Quad 256-Bit Dynamic Shift Register 4-3
1403A Dual 512-Bit Dynamic Shift Register 4-3
1404A 1024-Bit Dynamic Shift Register 4-3
1405A 512-Bit Dynamic Recirculating Shift Register 4-7
2401 Dual 1024-Bit Dynamic Recirculating Shift Reg.  4-11
2405 1024-Bit Dynamic Recirculating Shift Reg. 4-11
2416 16K CCD Serial Memory 415
MEMORY SUPPORT CIRCUITS
MEMORY SUPPORT CIRCUIT SELECTOR GUIDE 52
3205 1 of 8 Binary Decoder 53
3207A Quad Bipolar to MOS Level Shifter and Driver 57
3207A-1 Quad Bipolar to MOS Level Shifter and Driver ~ 5-11
3208A Hex Sense Amp for MOS Memories 5-13
3222 4K Dynamic RAM Refresh Controller 5-19
3232 4K Dynamic RAM Address Multiplexer and 5-25
Refresh Counter :
3242 16K Dynamic RAM Address Multiplexer and 5-29
Refresh Counter
3245 Quad TTL to MOS Driver for 4K RAMs 5-30
3246 Quad ECL to MOS Driver for 4K RAMs 5-34
3404 High Speed 6-Bit Latch 53
3408A Hex Sense Amp and Latch for MOS Memories  5-13
5234 Quad CMOS to MOS Driver for 4K RAMs 5-38
5235 Quad Low Power TTL to MOS Driver for 4K RAMs 5-42
5235-1 High Speed Quad Low Power TTL to MOS 5-42
Driver for 4K RAMs
5244 Quad CCD Driver 5-46

MEMORY SYSTEMS

MEMORY SYSTEM SELECTOR GUIDE
in-10 RAM System

in-26 RAM System

in-40 RAM System

in-50 RAM System

in-60 Serial Memory System
in-64 Serial Memory System
in-65 Serial Memory System
in-4711 PDP-11 Add-in

in-4716 Interdata 7/16 and 7/32 Add-in
in-477 CRT Refresh Memory
in-481 8008, 8080 RAM Memory

Memory System Custom Boards
Memory System Cabinets
Memory System Chassis
Memory System Power Supplies
Memory System Accessories

MGS-4ﬂ"‘ MICROGCOMPUTER SYSTEM

4001 256 x 8 ROM with 4-Bit 1/0

4002 320 Bit RAM with 4-Bit 1/0

4003 10-Bit Serial In-Parallel Out Shift Register

4004 4-Bit Microprocessor

4008 Address Latch for 4040/4004

4009 1/0 Device for 4040/4004

4040 4-Bit Microprocessor

4101 256 x 4 MOS RAM

4201 4040 Clock Generator

4265 Programmable 1/0 for 4040/4004

4269 Programmable Keyboard/Display Interface for
4040/4004

4289 4040/4004 Memory Interface

4308 1024 x 8 ROM with 16-Bit 1/0 for 4040/4004

4316A 2048 x 8 MOS ROM

4702A 256 x 8 MOS PROM

MCS-4/40 Workshop

MCS-80™ MICROCOMPUTER SYSTEM

8080A 8-Bit Central Processor
8080A-1 8-Bit Central Processor
8080A-2 8-Bit Central Processor
M8080A 8-Bit Central Processor, Mil Temp

8224 8080 Clock Generator

8228,8238 System Controller for 8080
8008,8008-1  8-Bit Central Processor
8702A 256 x 8 MOS PROM

8708 1K x 8 MOS PROM

8302 256 x 8 MOS ROM

8308 1K x 8 MOS ROM

8316A 2K x 8 MOS ROM

8101-2 256 x 4 MOS RAM

8101A-4 256 x 4 MOS RAM

8111-2 256 x 4 MOS RAM

8111A-4 256 x 4 MOS RAM

8102A-4 1K x 1 MOS RAM

8107B-4 4K x 1 Dynamic MOS RAM
8222 Dynamic RAM Refresh Controller
8212 8-Bit 1/0 Port

PAGE

6-2

6-4

6-6

6-8
6-10
6-12
6-14
6-16
6-18
6-20
6-22
6-24
6-26
6-27
6-28
6-29
6-30

7-85
7-76
7-18
7-1
7-59
7-59

7-4
7-82
7-53
7-22
7-39

7-65
7-94
7-104
7-107
10-62

8-5
8-12
8-16
8-20
8-25
8-29

8-40
8-43
8-46
8-49
8-52
8-57
8-60
8-63
8-66
8-69
8-74
8-75

INDEXES




INDEXES

FUNCTIONAL INDEX

MCS-80™ MICROCOMPUTER SYSTEM (continued)

8255 Programmable Peripheral Interface

8251 Programmable Communication Interface
8205 One of Eight Decoder

8214 Priority Interrupt Control Unit
8216,8226 4-Bit Bi-Directional Bus Driver

8253 Programmable Interval Timer

8257 Programmable DMA Controller

8259 Programmable Interrupt Controller
MCS-80 Workshop

SERIES 3000 BIPOLAR MICROCOMPUTER SYSTEM

3001 Microprogram Control Unit

M3001 Microprogram Control Unit, Mil Temp
3002 Central Processing Element

M3002 Central Processing Element, Mil Temp
3003 Look-Ahead Carry Generator

M3003 Look-Ahead Carry Generator, Mil Temp
3212 Multi-Mode Latch Buffer

M3212 Multi-Mode Latch Buffer, Mil Temp
3214 Interrupt Control Unit

M3214 Interrupt Control Unit, Mil Temp
3216,3226 Parallel Bi-Directional Bus Driver
M3216,M3226 Parallel Bi-Directional Bus Driver, Mil Temp
Series 3000 Workshop

MICROCOMPUTER MODULES

SBC 80/10  OEM Computer System

imm 4-22 Instruction/Data Storage Module
imm 4-24 Data Storage Module

imm 4-42 Central Processor Module

imm 4-43 Central Processor Module

imm 4-60 Input/Output Module

imm 6-26 PROM Memory Module

imm 6-28 . RAM Memory Module

imm 6-70 Universal Prototype Module

imm 6-72 Module Extender

imm 6-76 PROM Programmer Module

imm 8-60 Input/Qutput Module (8008)

imm 8-61 Input/Output Module (8080)

imm 8-62 Output Module (8008)

imm 8-63 Output Module (8080)

imm 8-82 Central Processor Module (8008)
imm 8-83 Central Processor Module (8080)

MICROCOMPUTER DEVELOPMENT SYSTEMS

Intellec® MDS-800

MDS Diskette Operating System

MDS Universal PROM Programmer

MDS High Speed Paper Tape Reader
MDS In Circuit Emulator-ICE-80
ICE-80/MCS-80 Workshop

MDS In Circuit Emulator-ICE-30

MDS ROM Simulators

Intellec 8/MOD 8

8/M0D/8 High Speed Paper Tape Reader
Barebones 80

Intellec 4/MOD 40

4/M(D/40 High Speed Paper Tape Reader
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MAC 40 Microcomputer Software Products
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MAC 8 MCS-8™ Cross-Assembler

INTERP 8 8008 Simulator

MAC 80 MCS-80™ Cross-Assembler

INTERP 80 8080 Simulator

PL/M™ PL/M™ Cross Compiler

PL/M™ Workshop

CROMIS Series 3000 Microprogramming System

User’s Program Library

4-Bit User’s Program Library
8-Bit User’s Program Library
User’s Library Submittal Form

MICROCOMPUTER KITS
MCS-4/40 4040 Prototype Systems
Microcomputer Module Conversion Kit

SDK-80 8080 System Design Kit
TIMEKEEPING CIRCUITS
5810 Single Chip T/S/D Watch Circuit

GENERAL INFORMATION

Development Systems

European Marketing Offices

Intel Sales Offices

Intellec Systems

International Distributors
Literature Available

Memory Support Circuit Selector Guide
Memory System Selector Guide
Microcomputer Modules

MOS RAM Selector Guide

MOS ROM/PROM Selector Guide
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RANDOM ACCESS MEMORIES

Electrical Characteristics Over Temperature

Access | Cycle Power

Type No. Of Description Organization| Time Time | Dissipation Max.[1]| Supplies [V]| Page
Bits , Max. Max. (Operating/Standby No.
1101A 256 | Static Fully Decoded 256 x 1 1500ns | 1500ns| 685mW/340mW +5,-9 2-4
1101A1 256 | Hi-Speed Static Fully Decoded 256 x 1 1000ns | 1000ns [ 685mW/340mW +5,-9 2-4
1103 1024 | Dynamic Fully Decoded 1024 x 1 300ns | 580ns| 400mW/67mW +16,+19 2-8
1103-1 1024 | Dynamic Fully Decoded 1024 x 1 150ns | 340ns | 400mW/76mW +19,+22 2-13
1103A 1024 | Dynamic Fully Decoded 1024 x 1 205ns | 580ns| 400mW/64mW +16,+19 2-16
1103A-1 1024 | Dynamic Fully Decoded 1024 x 1 145ns | 340ns| 625mW/10mW +19,+22 2-21
1103A-2 1024 | Dynamic Fully Decoded 1024 x 1 145ns | 400ns| 570mW/10mW +19,+22 2-26
2101A 1024 | Static, Separate I/0 256 x 4 350ns | 350ns| 300mwW +5 2-30
2101A-2 1024 | Static, Separate 1/0 256 x 4 250ns | 250ns| 350mW +5 2-30
2101A-4 1024 | Static, Separate 1/0 256 x 4 450ns | 450ns| 300mW +5 2-30

2101 1024 | Static, Separate 1/0 256 x 4 1000ns | 1000ns | 350mW +5 2-34 |
» | 2101-1 1024 | Static, Separate 1/0 256 x 4 500ns 500ns | 350mW +5 2-34
g 2101-2 1024 | Static, Separate 1/0 256 x 4 650ns | 650ns| 350mW +5 2-34
w | 2102A 1024 | High Speed Static 1024 x 1 350ns | 350ns | 275mW +5 2-38
: 2102A-2 1024 | High Speed Static 1024 x 1 250ns | 250ns | 325mW +5 2-38
o 2102A-4 1024 -| High Speed Static 1024 x 1 450ns | 450ns | 275mW +5 2-38
g 2102A-6 1024 | High Speed Static 1024 x 1 650ns | 650ns | 275mW +5 2-38
Q 2102AL 1024 | Low Standby Power Static 1024 x 1 350ns | 350ns| 165mW/35mW +5 2-38
g 2102AL-2 | 1024 | Low Standby Power Static 1024 x 1 250ns. | 250ns | 325mW/42mwW +5 2-38
2102AL-4 | 1024 | Low Standby Power Static 1024 x 1 450ns | 450ns | 165mW/35mW +5 2-38
M2102A-4 | -1024 | Static, Ta = -55°C to +125C 1024 x 1 450ns | 450ns | 350mW +5 2-42
M2102A-6| 1024 | Static, TA = -55°C to +125C 1024 x 1 650ns | 650ns [ 350mW +5 2-42
2104 4096 | 16 Pin Dynamic 4096 x 1 350ns | 500ns| 744mW/37mW +12,4+5,-5 | 2-44
2104-2 4096 | 16 Pin Dynamic 4096 x 1 250ns | 375ns | 744mW/37mW +12,45,-5 | 2-44
2104-4 4096 | 16 Pin Dynamic 4096 x 1 300ns | 425ns | 756mW/36mW +12,+5,-5 | 2-44
2107A 4096 | 22 Pin Dynamic 4096 x 1 300ns | 700ns | 458mW/10mW +12,+5,-5 | 2-52
2107A-1 4096 | 22 Pin Dynamic 4096 x 1 280ns | 550ns | 516mW/16mW +12,+5,-5 | 2-52
2107A-4 4096 | 22 Pin Dynamic 4096 x 1 350ns | 840ns | 405mW/10mW +12,45,-5 | 2-52
2107A-5 4096 | 22 Pin Dynamic 4096 x 1 420ns | 970ns | 376mW/11mW +12,+5,-5 | 2-52
2107B 4096 | 22 Pin Dynamic 4096 x 1 200ns | 400ns | 648mW/12mW +12,+5,-5 | 2-58
2107B-4 4096 | 22 Pin Dynamic 4096 x 1 270ns | 470ns | 648mW/13mW +12,+5,-5 | 2-58
2107B-6 4096 | 22 Pin Dynamic 4096 x 1 350ns | 800ns| 840mW/25mW +12,+5,-5 | 2-58

Note 1: Power Dissipation calculated with maximum power supply current and nominal supply voltages.




RANDOM ACCESS MEMOR'ES (CONTINUED)

Electrical Characteristics Over Temperature
Access | Cycle Power
Type No. Of Description Organization| Time Time | Dissipation Max.[1]| Supplies [V]| Page
Bits Max. Max. [Operating/Standby No.
2111A 1024 | Static, Common 1/0 with 256 x 4 350ns | 350ns | 300mW +5 2-64
Output Deselect
2111A-2 1024 | Static, Common 1/0 with 256 x 4 250ns | 250ns | 350mW +5 2-64
Output Deselect
2111A-4 1024 | Static, Common 1/0O with 256 x 4 450ns | 450ns | 300mW +5 2-64
Output Deselect
2111 1024 | Static, Common 1/0 with 256 x 4 1000ns |1000ns | 350mW +5 2-68
Output Deselect
21111 1024 | Static, Common 1/0 with 256 x 4 500ns 500ns | 350mW +5 2-68
w» Output Deselect
O [2111-2 1024 | Static, Common 1/0 with 256 x 4 650ns | 650ns | 350mW +5 2-68
= Output Deselect
|"'_J 2112A 1024 | Static, Common 1/0 without 256 x 4 350ns | 350ns | 300mW +5 2-72
< Output Deselect
o 2112A-2 1024 | Static, Common 1/0 without 256 x 4 250ns | 250ns | 350mW +5 2-72
g Output Deselect
O [2112A-4 1024 | Static, Common 1/0 without 256 x 4 450ns | 450ns | 300mW +5 2-72
= Output Deselect
» | 2112 1024 | Static, Common 1/0O without 256 x 4 | 1000ns |1000ns [ 350mW +5 2-77
Output Deselect
2112-2 1024 | Static, Common 1/0 without 256 x 4 650ns | 650ns | 350mW +5 2-77
Output Deselect
2115 1024 | Open Collector Static 1024 x 1 95ns 95ns | 525mW +5 2-81
2115-2 1024 | Open Collector Static 1024 x 1 70ns 70ns | 625mW +5 2-81
2115L 1024 | Low Power Static 1024 x 1 95ns 95ns | 325mW +5 2-81
2116 16384 | 16K Dynamic 16K x 1 250ns | 375ns | 900mW/24mW +12,+5, 2-86
2125 1024 | Three-State Static 1024 x 1 95ns 95ns | 525mW +5 2-81
2125-2 1024 | Three-State Static 1024 x 1 70ns 70ns | 6256mW +5 2-81
2125L 1024 | Low Power Static 1024 x 1 95ns 95ns | 325mW +5 2-81
3101 64 | Fully Decoded 16x 4 60ns 60ns | 525mW +5 2-87
3101A 64 | High Speed Fully Decoded 16 x 4 35ns 35ns | 525mW +5 2-87
M3101 64 | Fully Decoded (-55°C to 16 x 4 75ns 75ns | 546mW +5 2-91
+125°C)
c | M3101A 64 | High Speed Fully Decoded 16 x 4 45ns 45ns | 546mW +5 2-91
< (-55°C to +125°C)
5' 3104 16 | Content Addressable Memory 4x4 30ns 40ns | 625mW +5 2-93
2 (3106 . 256 | High Speed Fully Decoded 256 X 1 80ns 80ns | 650mW +5 2-97
m (With Three-State Output)
; 3106A 256 | High Speed Fully Decoded 256 x 1 60ns 70ns | 650mW +5 2-97
l': (With Three-State Output)
O |3106-8 256 | High Speed Fully Decoded 256 x 1 80ns 80ns | 650mW +5 2-97
I (With Three-State Output)
8 3107 256 | High Speed Fully Decoded 256 x 1 80ns 80ns | 650mW +5 2-97
(With Open Collector Output)
3107A 256 | High Speed Fuly Decoded 256 x 1 60ns 70ns | 650mW +5 2-97
(With Open Collector Output)
3107-8 256 | High Speed Fully Decoded 256 x 1 60ns 70ns | 650mW +5 2-97
(With Open Collector Output)
5101 1024 | Static CMOS RAM 256 x 4 650ns | 650ns | 135mW/75uW +5 2-101
8 5101-1 1024 | Static CMOS RAM 256 x 4 450ns | 450ns | 135mW/75uW +5 2-101
g s (5101-3 1024 | Static CMOS RAM 256 x 4 650ns | 650ns | 135mW/1mW +5 2-101
O Ol5101-8 1024 | Static CMOS RAM 256 x 4 800ns | 800ns | 150mW/2.5mW +5 2-101
5 E 5101L 1024 | Static CMOS RAM 256 x 4 650ns | 650ns | 135mW/30uW +5 2-101
g 5101L-1 1024 | Static CMOS RAM 256 x 4 450ns | 450ns | 135mW/30uW +5 2-101
5101L-3 1024 | Static CMOS RAM 256 x 4 650ns | 650ns | 135mW/400uW +5 2-101

Note 1: Power Dissipation calculated with maximum power supply current and nominal supply voltages.
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intel 11014, 1101A1

24

256 BIT FULLY DECODED
RANDOM ACCESS MEMORY

= Access Time -- Typically Below = Simple Memory Expansion --
650 nsec - 1101A1,850 nsec -1101A Chip Select Input Lead
= Low Power Standby Mode = Fully Decoded --On Chip Address
= Low Power Dissipation -- Typically Decode and Sense
less than 1.5 mW/bit during access = Inputs Protected -- All Il:lputs Have
» Directly DTL and TTL Compatible Protection Against Static Charge
= Three-state Output-- = Cerqmic and PIa_stic Pac_kage =
OR-tie Capability 16 Pin Dual In-Line Configuration

The 1101A is an improved version of the 1101 which requires only two power supplies (+5V and —9V) for
operation. The 1101A is a direct pin for pin replacement for the 1101.

The Intel°1101A is a 256 word by 1 bit random access memory element using normally off P-channel MOS
devices integrated on a monolithic array. It uses fully dc stable (static) circuitry and therefore requires no
clocks to operate.

The 1101A is designed primarily for small buffer storage applications where high performance, low cost, and
ease of interfacing with other standard logic circuits are important design objectives. The unit will directly
interface with standard bipolar integrated logic circuits (TTL, DTL, etc.) The data output buffers are capable
of driving TTL loads directly. A separate chip select (CS) lead allows easy selection of an individual package
when outputs are OR-tied.

-For applications requiring a faster access time we recommend the 1101A1 which is a selection from the 1101A

and has a guaranteed maximum access time of 1.0 psec.

The Intel 1101A is fabricated with silicon gate technology. This low threshold technology allows the design
and production of higher performance MQOS circuits and provides a higher functional density on a monolithic
chip than conventional MOS technologies.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
| 4 —
——
Ay {1 I =R RMW - Cs S - @
—1on A e 7] L
A, d 2 15D RW 10— ‘g ;é = 256 BIT
o Q4 o — RAM
Ag T3 14 DBATA ouT o2 feleg[ ] PLANE
Dourfo— A 2] 5] |2
v, 14 13 ): DATA OUT Ao our n—ax4z| =
—A x x
Vee 5 12 DATA IN —a, L J ] L]
—a, Dour p— — |
A, 6 1o A, N 13 DATA SENSE Y ADDRESS
4 ouT CIRCUIT DECODE
A, 7 103 4, —1As S«
1A =i «
Vop T8 9 A, —a, S5l |a 5] |54 Y INPUT BUFFERS
Cof 4T 'j 2 o
14 DATA szl 123
ouT « @
-
cs
PIN NAMES 16
D,y DATAINPUT S CHIP SELECT 15 BW Vec'S  Vop'8
Ao— A, ADDRESS INPUTS Dour  DATA OUTPUT DATA IN Vg
R READ/WRITE INPUT 12




1101A, 1101A1

Absolute Maximum Ratings""’

Temperature Under Bias 0°C to 70°C
Storage Temperature —65°C to +160°C
All Input or Output Voltages with Respect to the Most

Positive Supply Voltage, V¢ +0.5V to —20V
Supply Voltages Vypand Vpwith Respect to Ve —20V
Power Dissipation 1TWATT

D C. and Operating Characteristics
= 0°C to 70°C, V¢ =5V + 5%, Vpp = —9V + 5%, V= —9V + 5%, unless otherwise specified

SYMBOL TEST min.  TYe® max. | uniT CONDITIONS

I INPUT LOAD CURRENT <1.0 500 nA Vi =0.0V

(ALL INPUT PINS)
o OUTPUT LEAKAGE CURRENT <1.0 500 nA Vour = 0.0V, B8 = Ve -2
lbo: | POWER SUPPLY CURRENT, Vpp 13 19 mA T, = 25°C
lbpz | POWER SUPPLY CURRENT, Vo 25 mA T = 0°C Continuous

_ Operation

Iy POWER SUPPLY CURRENT, V,, 12 18 mA T,= 25°C, o A
o POWER SUPPLY CURRENT, V, 24 mA T, = 0C,
v, INPUT “LOW" VOLTAGE —10 Vee—45 | Vv
Vi@ | INPUT “HIGH” VOLTAGE Vee-2 Veet03 |V
loli | OUTPUT SINK CURRENT 3.0 8 mA Vout = +0.45 V, Ty = +25°C
lotz | OUTPUT SINK CURRENT 2.0 mA Vour = +045 V, T, = +70°C
e OUTPUT CLAMP CURRENT 6 13 mA Vour = —1.0V
lowy | OUTPUT SOURCE CURRENT 30 -8 mA Vour = 0.0V, T, = +25°C
lowz | OUTPUT SOURCE CURRENT 20 -7 mA Vour = 0.0V, T, = +70°C
VoL | OUTPUT “LOW" VOLTAGE +045 | V loL =2.0mA
Vou | OUTPUT “HIGH" VOLTAGE +35  +4.9 v lon = —100pA
Cn® | INPUT CAPACITANGE 7 10 oF Vi = Vee

(ALL INPUT PINS )

f=1MHz

Cour'¥| OUTPUT CAPACITANCE 7 10 oF Vour=Vee [T, =25°C
9 | V, POWER SUPPLY 20 35 oF Vp = Vee

CAPACITANCE

Note 1: Stresses above those listed under “Absolute Maximum Rating” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

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

Note 2: Typical values are at nominal voltages and T = 25°C.

Note 3: A TTL driving the 1101A, 1101A1 must have its output high > Vc—2 even if it is loaded by other bipolar gates.

Note 4: This parameter is periodically sampled and is not 100% tested.
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1101A, 1101A1

2-6

A.C. Characteristics T, = 0°C to 70°C, V.= 5V + 5%, V= —9V + 5%, Vo= —9V + 5%
A cC D DD

READ CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT
the Read Cycle 1101A 1.5 psec
1101A1 1.0 usec
¢ Address to Chip 1101A 1.2 usec
AC Select Delay 1101A1 0.7(M psec
t, Access Time 1101A 0.85 1.5 usec
1101A1 0.65 1.0 psec
ton Previous Read Data Valid 0.05 psec
WRITE CYCLE
twe Write Cycle 0.8 usec
two Address to Write Pulse Delay 0.3 psec
twp Write Pulse Width 0.4 psec
tow Data Set up Time 0.3 usec
ton Data Hold Time 0.1 psec
CHIP SELECT AND DESELECT
tew Chip Select Pulse Width 0.4 psec
tes ACf:ess Time Through 0.2 0.3 psec
Chip Select Input
tep Chip Deselect Time 0.1 0.3 psec

CONDITIONS OF TES

T:

Input pulse amplitudes: 0 to 5V, Input pulse rise and fall time: 10 nsec. Speed measurements referenced to 1.5V levels (unless
otherwise noted). Output load is 1 TTL gate and C; = 20 pF; measurements made at output of TTL gate (tpy < 10 nsec)

Vpp =—9V 5%

READ CYCLE the CHIP SELECT AND DESELECT

1 1 f
ADDRESSES )( )( ADDRESSES X

0 0 ‘

1 — 1 DA P——
é-é — ~—tAC C_S

0 \ 0

1 2| |[=— =100ns 1 tcs — tco
RIW OUTPUTS

0 0

1 T
OUTPUTS A ~7~' ~—>1tOH

0 == o — ——
WRITE CYCLE ; POWER SWITCHING OF Vp

we

1 1
ADDRESSES :>( ){ ADDRESSES

0

1 —
o . _._\k_sso ns Vp AND CS LEAD

; =100 ns —» |-
R/W WD OUTPUTS

0 — - twp ———»\ o

1 —= tA
DATA IN . * oW T

—] tDH

Note 1: Maximum value for t,c measured at minimum read cycle.




ACCESS TIME (psec)

1101A, 1101A1

Typical D. C. Characteristics

OUTPUT SINK CURRENT VS TEMPERATURE

POWER DISSIPATION VS VOLTAGE

POWER DISSIPATION VS TEMPERATURE

12 5 L 300 T 500
Vee = 5.0V Vee = 5.0V
10 Vp = Vpp = -9.0V Tp = 25°C Vee =5.0V
E ~~J\ Vour = 45V POWER DISSIPATED [Ipp % (IVppl+ Vo)l 490 v, = Vpp = —9.0V
= BY MEMORY CELLS
3 T~ == POWER DISSIPATED (Ipp x (IVpp! + Vel
8 ~] 200 e 300 DD
z D 5 _)" - s BY MEMORY CELLS
& -~ E o= 1 £ Seaa (
S 6 < - < 200 =
8 uw - w -
% H POWER DISSIPATED [Ip, x (IVpl + Vel | & \\\\\

E e BY PERIPHERAL CIRCUITRY & T~ [~
@ — -
4 100 150 -

5 ==
2
§ POWER DISSIPATED [Ip x (IVpl + Vel
2 100 gy PERIPHERAL CIRCUITRY
L
1 WORST CASE TTL LO. m/ 53
0 L : ols o
0 20 40 60 80 100 o " -s0 ~9.0 —100 [) 20 40 60 80 100
AMBIENT TEMPERATURE (°C) VOLTAGE (Vp, Vpp) AMBIENT TEMPERATURE (°C)
Typical A. C. Characteristics
OUTPUT CURRENT VS OUTPUT VOLTAGE yp -
Ve = 5.0V 16 Lo mA) ACCESS TIME VS.
Vp = Vg = -90V 14 LOAD CAPACITANCE
12 T, = 25°C
10 ' =70° 16
Ta =70°C Voo - 50V
8
Vp = Vpp = —9.0V
T, - 0% ; L BIPOLAR LOGIC 14 o = Voo ]
4“1 worsTcase) Ta=70°C : 22 & 0.9ns/pF __y
o2 f— ac, — A —
21} ouTeuT voLTAGE (V) g JL// ry
H :
~7-6-5-4-3-2-1 %1 2 3 4f5 6 7 w 10 ok
2 z — oA
—4 4 = /
8 8
-6 .
L 8 // N
—8 Tp = 0°C 2 Aty
=70°¢ =104 6 Th = 26°C : o2 ~ 0.7 ns/ pF———
Tp =70°C 105 AC,
- 124
Ta=2°C /u a
—16 - 1o, (mA) S
) 100 200 300 400
LOAD CAPACITANCE (pF)
ACCESS TIME Vs, 1101A/1101A1 ACCESS TIME VS.
TEMPERATURE OPERATING REGION SUPPLY VOLTAGE
14 . T 19 14 S . :
Vee = 5.0V | Vg = 50V 1TTL LOAD
B Ta = 0°C 10 70°C \ i N
12| Vo = Voo = 00V 18 i toafl\  Ta =2 =20pF
17TL LOAD 17 L‘\t\ Vop - —10v
C, = 20 pF _ _ NS (I
1.0 AR e =T r & 16 [ TYRICAL 8 1.0 F—noar (DO /VDD v
N 1o 5 OPERATING - @ IO Vpp = -8V
/ g 15 REGION J, 2 \tt\ ><DD
z 7 w =
8 | 10At —=r ) ™~~~ / § 8 \:\ ==
== i 5 ; ~
1 i ~
_ |+ g epciieo~T L g %% =~
06 = > 13 77 OFERATING - g ® Vpp = —10V P~~~
- Vpp = —9V 1 / =~3
12 £ L DD )
a Vpp = 8V
o4 1" N I
o~ w
oL ol ° L{%
6 - 8 -8 -0 -1 -1
o Py v 0 8 9 10 M 12 13 14 15 16 17 0 6 -7 8 2
Vee — Vpp (VOLTS) vy (VOLTS)

AMBIENT TEMPERATURE (°C)
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1103

FULLY DECODED RANDOM ACCESS

1024 BIT DYNAMIC MEMORY

= Low Power Dissipation — Dissipates
Power Primarily on Selected Chips

= Access Time — 300 nsec

= Cycle Time — 580 nsec

= Refresh Period... 2 milliseconds

for 0—70° C Ambient

= OR-Tie Capability

= Simple Memory Expansion —
Chip Enable Input Lead

= Fully Decoded—on Chip Address

Decode

= Inputs Protected — All Inputs Have

Protection Against Static Charge

» Ceramic and Plastic Package --
18 Pin Dual In-Line Configuration.

The Intel®1103 is designed primarily for main memory applications where high performance,
low cost, and large bit storage are important design objectives.
It is a 1024 word by 1 bit random access memory element using normally off P-channel-
MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only
during precharge.
Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is
accomplished in 32 read cycles and is required every two milliseconds.
A separate cenable (chip enable) lead allows easy selection of an individual package when
outputs are OR-tied.
The Intel 1103 is fabricated with silicon gate technology. This low threshold technology al-
lows the design and production of higher performance MOS circuits and provides a higher

functional density on a monolithic chip than conventional MOS technologies.

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

PIN CONFIGURATION

[ READMWRITE
[ Vs

[J cenaBLE

1 A,

] DATA oUT
1 A

[] pATA IN

D) Voo

[ Ves

LOGIC SYMBOL

PRC CE R/W|

DIN

23 Dourf—
'4

LU
&

PIN NAMES
D,y  DATAINPUT PRC  PRECHARGE INPUT
A,—Ag ADDRESS INPUTS CE CHIP ENABLE
RW  READ/WRITE Dour DATA OUTPUT

BLOCK DIAGRAM

Ay 0—

Ajo— 10F32 | 32 | ReAD/

ROW
Ay 0—] SELECTOR

A, o—

MEMORY MATRIX
32 ROWS

DATA IN

|e——o0

|—»o

DATA OUT

Voo
PRECHARGE 0
CENABLE 0——»
READMRITE G

LOGIC 0 = HIGH VOLTAGE

WRITE
32 COLUMNS
AMPLIFIERS] RIS
4 64
REFRESH AMPLIFIERS;
READ/WRITE COLUMN
GATING
Vgg O
Vg O0———— 4 2
10F 32
COLUMN SELECTOR
As Ag A7 Ag Ay

LOGIC 1 = LOW VOLTAGE
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1103

Maximum Guaranteed Ratings”®

Temperature Under Bias 0°C to 70°C *COMMENT:

Storage Temperature -65°C to +150°C Stresses above those listed under “Maximum Guaranteed

All Input or Output Voltages with Rating” may cause permanent damage to the device. This is
Respect to the Most Positive a stress rating only and functional operation of the device
Supply Voltage, Vgg —25V t0 0.3V at these or at any other condition above those indicated in

Supply Voltages Vpp and Vgg the operational sections of this specification is not implied.
with Respect to Vgg —25V to 0.3V Exposure to absolute maximum rating conditions for ex-

Power Dissipation 1.0W tended periods may affect device reliability.

D.C. and Operating Characteristics
T, =0°C to +70°C, V= 16V + 5%, (Vgg —Ves)®'= 3V to 4V, V, = OV unless otherwise specified

SYMBOL TEST MIN.  TYP.  MAX. |UNIT CONDITIONS
0 INPUT LOAD CURRENT (ALL INPUT PINS) 1 A | VN =0V
Lo OUTPUT LEAKAGE CURRENT 1 LA VouT =0V
lag Vgg SUPPLY CURRENT 100 LA
15012 | SUPPLY CURRENT DURING Tpg 37 56 mA | ALL ADDRESSES =0V
PRECHARGE = 0V
CENABLE = Vg T, = 259C
Ipp2 2| SUPPLY CURRENT DURING Tgy 38 59 mA | ALL ADDRESSES = 0OV
: PRECHARGE = 0V
CENABLE = OV; T, = 250C
Ipp3‘2| SUPPLY CURRENT DURING Tpgy 55 11 mA | PRECHARGE = Vg
CENABLE = 0V; T, = 25°C
Ippal?| SUPPLY CURRENT DURING Tgp 3 4 mA | PRECHARGE = Vg
CENABLE = Vgg i T4 = 250C
1588)y | AVERAGE SUPPLY CURRENT 17 25 mA | CYCLE TIME = 580 ns; PRECHARGE
WIDTH = 190 ns; T = 25°C
Vit ! | INPUT LOW VOLTAGE Vgs—17 Vgg—14.2| V Tp =0°C
(ALL ADDRESS & DATA-IN LINES)
Vio'” | INPUT LOW VOLTAGE Veg—17 Vgg—14.5| V Tp = 70°C
(ALL ADDRESS & DATA-IN LINES)
Vv, 578) INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgg—14.7| V Ta =0°C
CENABLE & READ/WRITE INPUTS)
V) Ld78) INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgg—15.0] V Ta =70°C
CENABLE& READ/WRITE INPUTS)
Vin1‘? | INPUT HIGH VOLTAGE Veg—1 Vgg+l v Ta =0°C
(ALL INPUTS)
Vin2!?) | INPUT HIGH VOLTAGE Vgs—0.7 Vgs+1 Y Ta = 70°C
(ALL INPUTS)
lon1 | OUTPUT HIGH CURRENT 600 900 4000 uA | Tp =25
loHz | OUTPUT HIGH CURRENT 500 800 4000 - | pwA | T =70°C ‘
(a) ‘
oL OUTPUT LOW CURRENT See Note 3 RLoaD =100 9
VoW1 | OUTPUT HIGH VOLTAGE 60 20 400 mV | Ta =25°C,
Vouz | OUTPUT HIGH VOLTAGE 50 80 400 mV | Tp =70°C,
VoL | OUTPUT LOW VOLTAGE See Note 3

Note 1:  The Vgg current drain is equal to (Ipp + lgn) or (Ipp + o).

Note 2: See Supply Current vs. Temperature (p. 3) for guaranteed current at the temperature extremes. These values are taken from a single pulse
measurement.

Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the
clocks. VoL equals |g_ across the load resistor.

Note 4:  This value of load resistance is used for measurement purposes. |n applications the resistance may range from 1009 to 1 kQ.

Note 5:  This parameter is periodically sampled and is not 100% tested.

Note 6: (Vgg — Vgg) supply should be applied at or before Vsg.

Note 7:  The maximum values for V|| and the minimum values for V4 are linearly related to temperature between 0°C and 709C. Thus any value
in between 0°C and 70°C can be calculated by using a straight-line relationship.

Note 8:  The maximum values for V) (for precharge, cenable & read/write) may be increased to Vgg—14.2 @ 0°C and Vgg—14.5 @ 70°C (same
values as those specified for the address & data-in lines) with a 40ns degradation (worst case) in tac, tpc. tRC: tWC: tRwe. tacC1 and tacca-
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Supply Current vs Temperature

60
59 N s 1 62 3 T r ]
56 N Vgg = 16.8V 0 TN Vs = 16.8Y
55 ~ T Ves ~Vss = 3V ] 59 . Vgg ~Vss =3V
N< \\m
< 51 | = 55 -
‘E( 20 GUARANTEED <é 84 GUARANTEED
T ow 7 A N
£ 40 \\ 5 45
35 \\\ 40
TYPICAL
30 1 | - TYPICAL
0 25 50 70 0 25 50 70
T(°C) T(°C)
12 T I TT T
\\ Vgg =16.8V Vgs = 16.8V
1 Vgg —Vgs =3V s Ve ~Vss = 3V
~ N 4
< 10 > g GUARANTEED < 39 GUARANTEED
2 YN ¥ E
L 6 N L3
5 : TYPICAL 2 TYPICAL
4 1
0 2% 50 70 0 25 50 70
T(°C) T(°C)
IDD(mA)W—*— Ipp vs TIME
Typical Characteristics Ta=25°C
Vgg = 16.8V
1.6 T T Veg—Vss =3V
15 v Ipp2=59 -\
1.4 Vgg—Vgs=4V A A Ippq=56
13 /
<
g 12
z 11
~ 10 loo3~1 -
0.9 Ta= 0°%C lopa=4 TIME
0.8 Tp=250C Tec Toy Teov Tep
8 1 ,=700C o
a ,I; Tew+Tw
0 . " . .
Note 1. Alpp is due to.charging of internal device node
14 15 16 17 18 19 20 capacitance at precharge
Vgg (VOLTS) Note 2. These values are taken from a single pulse measurement
24 12
T T 1 . i
— Veg~Vss=3V ! // Vgg = 16.8V
22 — 33% DUTY CYCLE A7
L ON PRECHARGE 1.0
2 20 1/ A -
E yAv4 < Vgg = 15.2V
3 18 A A = 08
- Ay 5 | OPERATING
o REGI
el e // 06 EGION
L 'A” .
14 | Ta=25°C] | OPERATING —| Ta=25°C
| T,=700C] __REGION  __| 0.4 Vgg—Vgs=3V
12 ¢ ] | | | x to 4V
0 14 15 16 17 18 19 20 0 20 40 60 80 100 120
Vg (VOLTS) Toy(ns)
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AC Characteristics T, =0°C t0 70°C, Vg = 16+ 5%, (Vg —Vgg) = 3.0V t0 4.0V, Vp, = 0V
READ, WRITE, AND READ/WRITE CYCLE

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
ter TIME BETWEEN REFRESH 2 ms
t.c(1) | ADDRESS TO CENABLE SET UP TIME 115 ns
tes CENABLE TO ADDRESS HOLD TIME 20 ns
t< (1 | PRECHARGE TO CENABLE DELAY 125 ns
tes CENABLE TO PRECHARGE DELAY 85 ns
to PRECHARGE & CENABLE OVERLAP, LOW 25 75 ns tT = 20ns
towm PRECHARGE & CENABLE OVERLAP, HIGH 140 ns t1 =20ns
tow PRECHARGE & CENABLE OVERLAP, 45 95 ns
50% POINTS
READ CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
tc? | READ CYCLE 480 ns 7
trov PRECHARGE TO END OF CENABLE 165 500 ns
tro END OF PRECHARGE TO 120 ns
OUTPUT DELAY
tr=20ns
tacei'!)| ADDRESS TO OUTPUT ACCESS 300 0S| tacoin + tovimin | G000 = 100 pF
+ tromx + 2t Riono = 10092
Viee = 40 mV
tacci'’!| PRECHARGE TO OUTPUT ACCESS 310 NS |tecmin + tovimn
=+ trome + 2 tr
D,
WRITE OR READ/WRITE CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
twc(1) | WRITE CYCLE 580 ns } t = 20 ns
tewc!?) | READ/WRITE CYCLE 580 ns
tow PRECHARGE TO READ/WRITE DELAY 165 500 ns
tue READ/WRITE PULSE WIDTH 50 ns
tw READ/WRITE SET UP TIME 80 ns
tow DATA SET UP TIME 105 ns
tow DATA HOLD TIME 10 ns
tro END OF PRECHARGE TO 120 ns Cuono = 100 pF
OUTPUT DELAY Rioao = 1002
tew RELATIONSHIP BETWEEN CENABLE AND 0 ns Vier = 40 mV
READ/WRITE

Note 1:

*CAPACITANCE Ta=25°C

These times will degrade by 40 ns (worst case) if the maximum values for V) L (for precharge, cenable and read/write inputs) go to
Vgs—14.2V @ 0°C and Vgg—14.5V @ 70°C as defined on page 2.

SYMBOL TEST TYp.| PUASARTKG. | CERAMICPKG. | uniT CONDITIONS
Cro ADDRESS GAPACITANCE 5 7 12 PF | Vu=Vss )
Cr PRECHARGE CAPACITANCE 15 18 195 PF | V= Vss
Cee CENABLE CAPACGITANGE 15 18 21 PE | V= Vs f=1MHz
All Unused|
Crw READ/WRITE CAPACITANCE 11 15 195 PE | Vie= Vs L bins Are
Cun DATA INPUT CAPACITANCE 4 5 75 pF | CENABLE =ov| AtAC.
Vin = Vss Ground
Cw: | DATA INPUT GAPACITANCE 2 4 65 pF | CENABLE = Vss
Vin = Vss
Cosr | DATA OUTPUT CAPACITANCE| 2 3 7 pF | Vowr=0v

*This parameter is periodichl!y sampled and is not 100% tested.

. They are measured at worst case operating conditions.
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WRITE CYCLE OR READ/WRITE CYCLE

Timing illustrated for minimum cycle.

0 50 100 150 200 250 300 350 400 450 500 550 580
I 1 1 1 1 ' 1 ! 1 1 I 1 1
twe OR taue
|- ADDRESS CAN CHANGE we |
Vin > ADDRESS
ADDRESS < T ADDRESS STABLE CAN CHANGE
Vi
. — A |w-—
v . |t —>
FRECHA;ZE\ * [~ tovw \
v I~ <~
s
t,
toc cP
e
W b | t, ety —>|
CENABLE = tove
Vie |
tow > tow [
Vin N
READ/WRITE \“—‘WP‘ —™
Vie I~
tow | -ty
DATA Vi DATA CAN DATA CAN
o OHANGE STABLE DATA TIME CHANGE
Vi |
|——— tpg ————>]
v, U N p——
AT " Vegr = 40mV \ DATA OUT AN
out Rioap =100 N NOT VALID N
oL Cloap = 100pF
DATA OUT |
tacct VALIOD
I tacc2 1
ADDRESS CAN CHANGE
tac
vIH
ADDRESS ADDRESS STABLE
VIL
—— lOVH — |
Vin e e T s
PRECHARGE /
v, N 7
i
toc
Vin -\
CENABLE \
ViL
tove teov
Vin
READ/WRITE /
Vi
-—
o —>]
Vou ———x
DATA Vper = 40mv \\ N\
Ty, Rioap =1009 — AN
(1
Cioap = 100pF __
. DATA OUT|
= Acet VALID
a taccz

NOTE (D Vpy * 2V
NOTE @ Vg - 2V
NOTE 3 1y, IS REFERENCED TO POINT (1) OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST
NOTE 4 1y, IS REFERENCED TO POINT(2) OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST

}l, IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS
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The Intel®103-1is a high speed 1024 bit dynamic random access memory and is the high speed version of the
standard 1103. The DC and AC Characteristics for the 1103-1 are given in the following three pages. The ab-
solute maximum ratings for the 1103-1 are the same as for the 1103 on page 2-8.

= Access Time — 150 nsec = Cycle Time —340 nsec

D.C. and Operating Characteristics
(Ta=0°Cto +55°C, Vst = 19V 5% (V45 — Vss)' = 3V to 4V, Vpp = OV unless otherwise specified)

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
I INPUT LOAD CURRENT 10 A | V=0V
(ALL INPUT PINS)
lo OUTPUT LEAKAGE CURRENT 10 pA | Vour =0V
I Vs SUPPLY CURRENT 100 uA
Toor SUPPLY CURRENT 45 60 mA | ALL ADDRESSES = 0V
DURING Tc PRECHARGE =0V
CENABLE =V
T, = 25°C
looz. SUPPLY CURRENT 50 68.5| mA| ALL ADDRESSES = 0V
DURING Tov PRECHARGE =0V
CENABLE =0V
T, = 25°C
loos SUPPLY CURRENT 8.5 11 mA| PRECHARGE = Vi
DURING Teoy CENABLE = 0V
.= 25°C
loos . | SUPPLY CURRENT 3.0 4 mA | PRECHARGE =V
DURING Tc» CENABLE = V
Tp= 25°C
looavs | AVERAGE SUPPLY 20 23 mA | CYCLE TIME = 340 ns
CURRENT PRECHARGE WIDTH@50%
105ns, T. = 25°C
Vi INPUT LOW VOLTAGE Vgs— 20 Ves—18 | V
Vi INPUT HIGH VOLTAGE Ves— 1 Ves+1 | V
low OUTPUT HIGH CURRENT 1150 1300 7000 wA |Ta = 25°C
low: OUTPUT HIGH CURRENT 900 1150 7000 | «A |T.=55°C \
lo” OUTPUT LOW CURRENT See Note 3 Rion = 100 2
Vo OUTPUT HIGH VOLTAGE 115 130 700 | mV |T. = 25°C,
Vo | OUTPUT HIGH VOLTAGE 90 115 700 | mV [T, =55°C,
Vo' OUTPUT LOW VOLTAGE See Note 3

Note 1:  The Vgg current drain is equal to (Ipp + Ign) or (Ipp + IoL)-

Note 2: See Supply Current vs. Temperature (p. 2-9)for guaranteed current at the temperature extremes. These values are taken from a single pulse
measurement.

Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the
clocks. Vo equals 1o across the load resistor.

Note 4:  This value of load resistance is used for measurement purposes. In applications the resistance may range from 100 to 1 k.

Note 5: This parameter is periodically sampled and is not 100% tested.

Note 6: (Vgg — Vgg) supply should be applied at or before Vgg.
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AC Characteristics (T, = 0°C t0 55°C, Vg = 19+ 5%, Vg — Vgs = 3.0V to 4.0V, V,, =0V)
READ, WRITE, AND READ/WRITE CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
tosr TIME BETWEEN REFRESH 1 ms
tac ADDRESS TO CENABLE SET UP TIME 30 ns
tes CENABLE TO ADDRESS HOLD TIME 10 ns
tic PRECHARGE TO CENABLE DELAY 60 ns
ter CENABLE TO PRECHARGE DELAY 40 ns
tor. PRECHARGE & CENABLE OVERLAP, LOW 5 30 ns t = 20ns
tom PRECHARGE & CENABLE OVERLAP, HIGH 85 ns ty = 20ns
tom PRECHARGE & CENABLE OVERLAP, 25 50 ns
50% POINTS
READ CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
tic!? | READ CYCLE 300 ns tr=20ns
trov PRECHARGE TO END OF CENABLE 115 500 ns
tro!" | END OF PRECHARGE TO 75 ns Cuoro=50 pF
OUTPUT DELAY Rioao= 1008
Vi =80 mV
tacei!’’| ADDRESS TO OUTPUT ACCESS 150 ns tacnin + tovimin + trome + 2t
Cloro =50 pF
Rioao = 1002
Vg = 80 mV
tec'!!|  PRECHARGE TO OUTPUT ACCESS 180 ns trcmin + tovimin + tromas + 2 tr
. Cloao = 50 pF
Rioao = 1002
Vrer = 80 mV
WRITE OR READ/WRITE CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
twe WRITE CYCLE 340 ns & = 20 ns
tawc'?) | READ/WRITE CYCLE 340 ns
tew PRECHARGE TO READ/WRITE DELAY 115 500 ns
twe READ/WRITE PULSE WIDTH 20 ns
tw READ/WRITE SET UP TIME 20 ns
tow DATA SET UP TIME 40 ns
ton DATA HOLD TIME 10 ns
to!) | END OF PRECHARGE TO 75 ns Cuono,= 50 pF
OUTPUT DELAY Rioa ‘= 1002
tew RELATIONSHIP BETWEEN CENABLE 0 ns Vaee = 80 mV
AND READ/WRITE
NOTE 1: These times will degrade by 35 nsec if a VRg g point 0f'40 mV is chosen instead of the 80 mV point defined in the spec.
*CAPACITANCE Ta=25°C
SYMBOL TEST TYp. | PLAYARTKG: | CERAMICPKG. | uNiT CONDITIONS
Cro ADDRESS CAPACITANCE 5 7 12 pF | Vin=Vss h
Cre PRECHARGE CAPACITANCE 15 18 19.5 pF | Vi = Vs
Cee CENABLE CAPACITANCE 15 18 21 pF Vin = Vss f=1MHz
All Unused|
Crw READ/WRITE CAPACITANCE 11 15 195 PF | Vin= Vs \ Pins Are
Cwn | DATA INPUT CAPACITANCE 4 5 75 pF | CENABLE = ov| AtA-C.
Vie = Vss Ground
Cha DATA INPUT CAPACITANCE 2 4 6.5 pF | CENABLE = Vs
Vin = Vs
Cour DATA OUTPUT CAPACITANCE 2 3 7 pF | Vou=0v

*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions.
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WRITE OR READ/WRITE CYCLE ) “

) tye ORt
| - ADDRESS CAN CHANGE we =T Rwe
Vin
2 . ADDRESS
ADDRESS ADDRESS STABLE CAN CHANGE
Vi N -
—  tca -——
- ‘OVH —
Viu tac ol
|toym
PRECHARGE
N
vlL N~
e tep
v,
IH =\ Vg
|-t
CENABLE \\l‘*’ —tovu W
Vie
(F’W N ——
Vin N
READ/WRITE \ -~ twp >
Vid’
: tow (Note 3) ——m| ~»| |<&-tpn (Note 4)
v, -
DATA | DATA CAN STABLE DATA TIME DATA CAN
N CHANGE CHANGE
Vie |
l -ty D]
v —— o —
— . OH H
5ATA CLoap = 500F N\ DATA OUT ~
ouT 1 Rioad = 1002 IN\_ NOT VALID N
Vou 1 VREF =80mV
DATA OUT
t c |-
t Acct . VALID
I ACC2
READ CYCLE
ADDRESS CAN CHANGE
- the
o @
ADDRESS
ADDRESS < 0 ADDRESS STABLE CAN CHANGE
Vi N> -
- 1y —>] > tea I
Vin tac L~ -
PRECHARGE /
. N L
VlL N
toe [ tgp >
VIH N o
CENABLE \ /
V“_ ~ 7
tovi € tpov
le
READ/WRITE /
v,
18
e tpg —>
v e ——
o1 N
DATA Ciono = 50 pF \— N
>
ot Rioxs = 1009 N N
oL Veee = 80 mV 5AT ouT
tacc vatip 1€
taccz

NOTE (D Vpp +2V
NOTE (D Vg -2V
NOTE 3 tp, IS REFERENCED TO POINT@OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST
NOTE 4 tp, IS REFERENCED TO POINT (2) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST

} ty IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS
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intgl 1103A

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

*%kNo Precharge Required-- Critical
Precharge Timing is Eliminated

= Electrically Equivalent to 1103 --
Pin-for-Pin/Functionally
Compatible

= Fast Access Time--205ns max.

= Low Standby Power Dissipa-
tion--2 yW/Bit typical

= Address Registers
Incorporated on the Chip

= Simple Memory Expansion --
Chip Enable Input Lead

* Inputs Protected -- All Inputs
Have Protection Against
Static Charge

= Ceramic and Plastic
Package--18-Pin DIP

The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications
where high performance, low cost, and large bit storage are important design objectives. The 1103A is elec-

trically equivalent to the 1103.

1103A systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and
critical overlap timing. Only one external clock, CENABLE, is required.

Information stored in the-memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32
read cycles (addressing Ag to A4) and is required every two milliseconds. The memory may be used in a-low

power standby mode by having cenable at Vgg potential.

The 1103A is fabricated with silicon gate technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip

than conventional MOS technologies.

PIN CONFIGURATION LOGIC SYMBOL

1 [7 READMWRITE _ﬁ b
2 ) Vs N
3 [ cenaBLE ] :0
M
4 [ A, —A,
5 [ bATA oUT % Sourp—
p— A4
6 ' A
7 (] DATA IN —1 A
—a
8 D Voo —] A
9 [1 Ves —A
" PIN NAMES
DN DATA INPUT NC NO EXTERNAL CONNECTION
REQUIRED (INTERNALLY
NOT CONNECTED)
Ap-Ag  ADDRESS INPUTS CE CHIP ENABLE
R/IW  READ/WRITE Dour DATA OUTPUT

BLOCK DIAGRAM

Ag 0—
MEMORY MATRIX:
Ar0— AE:.PCE:s 1] 10F32 |32| Reao/ |es X
A0— AICH Il Row WRITE || gg ::‘grﬁmus
A30— |NVERTERS sELECTOR | |amPLIFIERS| P
Az O—
4o
REFRESH
ampLIFIERs [0 0w
READ/WRITE
COLUMN
GATING [0 Dour
Vgg O—
32
Ves 0 &
Vop O—— 10F 32
COLUMN
CENABLE O———— SELECTOR

READ/WRITE O——>

LOGIC 0 = HIGH VOLTAGE
LOGIC 1 = LOW VOLTAGE
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Absolute Maximum Ratings*

Temperature UNAer Bias ..o vvvv vt v ene oe et ettt e e et e et e et e ee e e e 0°C to 70°C

StOrage TEMPEIAtUIE . . v v e v oot et et e e e e a e e e e e et e e et e e e e e e e —65°C to +150°C

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg - - - .- -t iiii il —25V to 0.3V

Supply Voltages Vpp and Vgg with Respect to Vgg -« « o v oot i ee it it —25V t0 0.3V

Power Dissipation ..................... et e e e e 1.0W
*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 isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D. C. and Operating Characteristics
Tp = 0°C to +70°C, VgV = 16V 5%, (Vgg —Ves )2 =3V to 4V, Vpp = OV unless otherwise specified.

Symbol Test Min. Typ. Max. Unit Conditions
I Input Load Current (All Input 1 uA Vin =0V
Pins)
lo Output Leakage Current 1 uA Vout =0V
Igg Vgg Supply Current - 100 HA
lpp1 Supply Current During Cenable 4 1 mA Cenable =0V; Tp = 25°C
On
lbp2 Supply Current During Cenable 0.1 4 mA Cenable = Vgg; Tp = 25°C
Off
Ippav Average Supply Current 17 25 mA Cycle Time = 580ns; Ty = 25°C
Vil Input Low Voltage Vpp —1 Vpp *1 \
Viu Input High Voltage Vgg—1 Vgs +1 \")
1oH1 Output High Current 600 1800 4000 MA Ta= 25°C
lonH2 Output High Current 500 1500 4000 uA Tp= 70°C
oL Output Low Current See Note Three Rioapld =100Q
Voui Output High Voltage 60 180 400 mV | T,=25°C
Vou2 Output High Voltage 50 150 400 mV Ta= 70°C
VoL Output Low Voltage See Note Three
NOTES:

1. The Vgg current drain is equal to (Ipp + IgH) or (Ipp + loL)-
2. (Vgg —Vss) supply should be applied at or before Vgg.

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks.

VoL equals Ig|_ across the load resistor.
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1k,
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Supply Current vs Temperature

12 T T TT T
\\ Vgs =16.8V Vs = 16.8V
= 5 Vgg —Veg = 3V—
. n Vgg —Vgg = 3V BB ~Vss
N 4
N .
I =z 4
< 10 ™ ~¢ GUARANTEED < 39 = GUARANTEED
- N ~ “«
8 6 AN 8 3
\ I ‘ ) ¥ T
\ N NN
P ———
5 TYPICAL 0.1 TYPICAL
4 0
0 25 50 70 0 25 50 70
T(°C) T(°C)
Typical Characteristics
OUTPUT HIGH CURRENT
VS. SUPPLY VOLTAGE
22 Ipp VS. CENABLE
20 I —
Vg —Vss =3V —
| CENABLE
18
| Tey ————>|
z
< 16
z 70 INTERNAL
- z PRECHARGING
14 E 50 INTERNAL CURRENT
- o 40 TIMING |
5 3 DRIVER 1
% CURRENT 15p, ooz
1.2 10 Y
OPERATING REG ° i T
1.0 TIME
12 13 14 18
Vss (V)
AVERAGE I, VS. AVERAGE Iy, VS.
SUPPLY VOLTAGE 1103A CYCLE TIME
T - ; ; 2
CYCLE TIME IS 580ns 0
18 4 — 22 tey=210ns
20 tw=80ns
Vgg ~Vss = 3V Ves —Vss =3V
18
Ta=0%
_ 16 -
E - AN
= i L
£ . 8 \
w Ta=0°C B w12
2 u ne . g \!
& Ta=70°C g 10 NN
2 3, AN
Ta=70°C \
S 6
12
o . N
OPERATING REGION —} ) \ﬁi
10, - 055
13 14 15 16 17 0 "5 6 78910 20 30 40 5060
Vgs (V) CYCLE TIME (us)
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A.C. Characteristics T,=0°C to 70°C, Vigg = 16V * 5%, (Vgg —Vgg ) = 3.0V to 4.0V, Vpp =0V
READ, WRITE, AND READ/WRITE CYCLE

Unit

Symbol Test Min. Max Conditions
tReF Time Between Refresh 2 ms
tac Address to Cenable Set Up 0 ns
Time
taAH Address Hold Time 100 ns.
tee Cenable Off Time 230 ns
READ CYCLE
Symbol Test Min. Max. Unit Conditions
tre Read Cycle 480 ns t=20ns
tey Cenable on Time 210 500 ns CLoap = 100pF
tco Cenable Output Delay 185 ns R_oap = 10022
tace ADDRESS TO OUTPUT 205 ns tace “tacmin Vgeg =40mV
ACCESS o *tr
twH Read/Write Hold Time 30 ns
WRITE OR READ/WRITE CYCLE
Symbol Test Min. Max Unit Conditions
t Write Cycle 580 ns
wey y. t1=20ns
.trwe Read/Write Cycle 580 ns
tow Cenable to Read/Write Delay | 210 500 ns
twp Read/Write Pulse Width 50 ns
tw Read/Write Set Up Time 80 ns
thw Data Set Up Time 105 ns
ton Data Hold Time 10 ns
(o} =100pF; R =100Q2
185 LOAD + ""LOAD
tco Output Delay ns { Vagr = 40mV
twe Read/Write to Cenable 0 ns
CAPACITANCE! T, = 25°C
Typ. Plastic Pkg. Ceramic Pkg. . s
Symbol Test Plastic Max. Max. Unit Conditions
Cap Address Capacitance 5 7 12 pF | Vin= Vss b
Cce Cenable Capacitance 22 25 28 pF Vin = Vss -
Crw Read/Write Capacitance 1 15 19.5 pF Vin = Vss f=1MHz. All
Cint Data Input Capacitance 4 5 7.5 pF Cenable = OV [~ unused pins are
Vin = Vss at A.C. ground.
Cin2 Data Input Capacitance 2 4 6.5 pF Cenable = Vgg
Cout Data Output Capacitance 2 3 7.0 pF Vin = Vss
Vout =0V J

NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions.
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WRITE CYCLE OR READ/WRITE CYCLE

Timing illus:

trated for minimum cycle.

0 50 100 150 200 250 300 350 450 500 550 600
1 I 1 1 I I I | | | !
twey OR tawe
! tac |l
Vin
@ ADDRESS
ADDRESS @ ADDRESS STABLE ADDRESS CAN CHANGE STABLE
Vi
—] tac |fe— |— tw—— - tec
e
Vin
CENABLE \ x
Vie
twe 4| |-
- tew | twp —|
Vin
READ/WRITE W\ /
|V pe— |
et B | | |1
DW DH
Vin
DATA IN DATA CAN CHANGE >< >< DATA CAN CHANGE
Vie
e tco -
Vou I et
DATA OUT
DATAOUT Vaer = 40my N NOT VALID N
LOAD =
Vo semmmm— Crono = 0%
— [&— DATA OUT VALID
- tace )
0 50 100 150 200 250 300 350 450 500 550 600
| | | | | I I | | |
-t tRe
Vin
ADDRESS 2 ADDRES! ADDRESS
S STABLE ADDRESS CAN CHANGE STABLE
O)
Vi
> the |- | tac [
- tay —>| - tee
Vi
N /| N
Vi
twe | |- [ty —>
- tev
Vin -
READWRITE /
V)| eamm——— N e o e o o
- tco -
Vou N
DATA OUT Vrer = 40mV -~ \ N
Vo, eemm— Rioap = 1002 AN
Croap = 100pF
> |- DATA OUT VALID
- tacc
NOTES: )
Vpp + 2V . . L. .
VSI?SD v t1 is defined as the transition between these two points.

3. tpw is referenced to point - 1 of the rising edge of cenable or Read/Write, whichever occurs first.

4. tpH is referenced to point 2 of the rising edge of Read/Write.
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intel“” 1103A-1

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

= High Speed 1103 A — Access Time —145ns/Cycle Time—340ns

*No Precharge Required -- Critical = Simple Memory Expansion--
Precharge Timing is Eliminated Chip Enable Input Lead

= Low Standby Power Dissipa- * Inputs Protected -- All Inputs
tion--0.2 uW/Bit Typical Have Protection Against

Static Charge
= Address Registers

Incorporated on the Chip = Standard 18-Pin Dual
In-Line Packages

The Intel®1103A-1 is a high speed 1024 bit dynamic random access memory and is the fastest version of the
standard 1103A. It is designed primarily for main memory applications where high performance, low cost, and
large bit storage are important design objectives.

1103A-1 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and
critical overlap timing. Only one external clock, CENABLE, is required.

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32
read cycles (addressing Ag to Ag) and is required every one millisecond. The memory may be used in a low
power standby mode by having cenable at Vgg potential.

The 1103A-1 is fabricated with silicon gate technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip
than conventional MOS technologies.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
At U 18 RW D"‘j‘ R Apo]
Ay 0—] ApDRESS MEMORY MATRIX:
A, 2 17 Vgg 03A - LATCH 16] 10Fsz o) meaos e szrows
A 3 16 CENABLE ’.I1 -1 2;,3: INVERTERS SELECTOR AMPLIFIERS oas BITe)
—a
A 4 5 A, —Ja feoe
. 142 REFRE
ne. 5[ 1103A-1 {J14 Boyr N Dourf— AQ"EE}T,FV'SE:SE' lo o
e o - — - .
—4s GATING L—ODour
Ag 7 12 Dy —Ag Ves O——— %
32
Ag 8 1 Vpp _T Vss O————+
1%
A9 10 Vgp — Voo O coLUMN
CENABLE O———— SELECTOR
PIN NAMES READWRITE O—————
LOGIC 0 = HIGH VOLTAGE
DN DATA INPUT NC NO EXTERNAL CONNECTION LOGIC 1= LOW VOLTAGE
REQUIRED (INTERNALLY
NOT CONNECTED)
As Ag A7 Ag Ag
Ag-Ag  ADDRESS INPUTS CE CHIP ENABLE
RW  READ/WRITE Dour DATA OUTPUT

2-21



1103A-1

222

Absolute Maximum Ratings™

Temperature Under Bias . .. .vvv vt v vt e ei ettt e e e e e e e 0°C to 70°C
Storage Temperature . . T —65°C to +150°C
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg  + » ...« .o v ian o —~25V to 0.3V
Supply Voltages Vpp and Vgg with Respect to Vgg -« - o v oot in vt —25V to 0.3V
Power Dissipation .. ... e e 1.0W
*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°C:co +55°C, Vgg[" =19V = 5%, (Vg —Vss )12 =3V to 4V, Vpp = OV unless otherwise specified.

Symbol Test Min. Typ. Max. Unit Conditions
' Input Load Current (All Input 10 HA Vin =0V
Pins)
lio Output Leakage Current 10 MA Vout =0V
Igg Vgg Supply Current 100 uA
Ibp1 Supply Current During Cenable . 7 1 mA | Cenable = 0V; T, = 25°C
On
lbp2 Supply Current During Cenable 0.01 0.5 mA Cenable = Vgg; To = 25°C
Off
Ippav Average Supply Current 25 33 mA | Cycle Time = 340ns; Tp = 25°C
ViL Input Low Voltage Vpp —1 Vpp +1 \
ViH Input High Voltage Vgs—1 Vgs *+1 \%
|0H1 Output High Current 1150 1800 7000 UA Ta= 25°C
lon2 Output High Current 900 1600 7000 A | Ta=55°C
loL Output Low Current . See Note Three RLoap4 = 100Q
Vou1 Output High Voltage 115 180 700 mV | T,=25°C
Vouz Output High Voltage 90 160 700 mV | Ta=55°C
VoL Output Low Voltage See Note Three
NOTES:

1. The Vgg current drain is equal to ('DD +1oH) or lipp +loL)-

2. (Vg —Vss) supply should be applied at or before Vgg.

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks.
VoL equals lg_ across the load resistor.

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1008 to 1k2.



1103A-1

A.C. Characteristics T4 =0°C to 55°C, Vs = 19V 5%, (Vag —Vss )=3.0V to 4.0V, Vpp = OV.
READ, WRITE, AND READ/WRITE CYCLE

Symbol Test Min. Max. Unit Conditions
tREF Time Between Refresh 1 ms
tac Address to Cenable Set Up 0 ns
Time
tAH Address Hold Time 100 ns
tee Cenable Off Time 120 ns
READ CYCLE
Symbol Test Min. Max. Unit Conditions
the Read Cycle 300 ns ty=20ns
tey Cenable on Time 140 500 ns CLoap= 50pF
tco Cenable Output Delay ' 125 ns RLoap = 10092
tace ADDRESS TO OUTPUT 145 ns tace “tacmin Vgeg = 80mV
ACCESS teo i
twh Read/Write Hold Time 30 ns
WRITE OR READ/WRITE CYCLE
Symbol Test Min. Max. Unit Conditions
t Write Cycl 340 ns
wey e v t1= 20ns
trwe Read/Write Cycle 340 ns
tow Cenable to Read/Write Delay | 140 500 ns
twp Read/Write Pulse Width 20 ns
ty Read/Write Set Up Time 20 ns
tpw Data Set Up Time 40 ns
ton Data Hold Time 10 ns
Cc = B60pF; R =100Q2
1 LOAD ' Rioap
teo Output Delay 25 ns { Vaer = 80mV
twe Read/Write to Cenable 0 ns
CAPACITANCE!" T, = 250C
Typ. Plastic Pkg. Ceramic Pkg. . .
Symbol Test Plastic Max. Max. Unit Conditions
Cap Address Capacitance 5 7 12 pF VN = Vss
Cce Cenable Capacitance 22 25 28 pF Vin = Vss
Crw Read/Write Capacitance 1 15 19.5 pF Vin = Vss f=1MHz. Al
Cint Data Input Capacitance 4 5 75 pF Cenable =0V - unused pins are
Vin = Vss at A.C. ground.
Cin2 Data Input Capacitance 2 4 6.5 pF Cenable = Vgg
Cout Data Output Capacitance 2 3 7.0 pF Vin = Vss
Vourt =0V

NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions.
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1103A-1

WRITE CYCLE OR READ/WRITE CYCLE

twey OR trwe -
] tac |
Vi
@
ADDRESS @ ADDRESS STABLE ADDRESS CAN CHANGE é?:;éss
ViL
— tapc |E— | tw——p tee e -
taH
Vin
CENABLE \ / \
Vie
twe T |-
t o | twp —=|
Vin N
READ/MWRITE \ /
VII. e —— \——J
He—— tpy I —m] | |a—tp, 4!
Vin
DATA IN DATA CAN CHANGE >< DATA CAN CHANGE
Vi
tco
Vou T _—_____\
DATA OUT 3
DATAOUT VRge = 40mV. N NOT VALID N
VN —— Rioap = 1002
ot CLoap = 100pF
— |<«— DATA OUT VALID
il tacc >
the >
Vin
ADDRESS ® ADDRESS STABLE ADDRESS CAN CHANGE fpooness
Vi
I tac | | tac (=
| thy —> - tee >
Vin
CENABLE \ / \
Vi
twe+»| | — ty —1
- | ——————— tey ————————————
Vin
READ/WRITE / N
V)| e— N e e o o o e e S S ——
tco

Vou

DATA OUT

Vper = 40mV
Rioap = 1000
CLoap = 100pF

[ p—

> [ DATA OUT VALID

NOTES:
0 Vop *2V tT is defined as the transition between these two points,
) Vss — 2V T

3. tpy is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first.
4. tpH is referenced to point 2 of the rising edge of Read/Write.
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Supply Current vs Temperature

12 T
\ 7, [ Vss = 20V
N5, Vag Vs = 3V
1 |
~
~
T 10 9 GUARANTEED
~.E- ~N l;.,
5N i
0 \\
6 ™ TvPICAL
5
0 25 50
T °c)
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE 15, VS,
VS. SUPPLY VOLTAGE SUPPLY VOLTAGE
N ]
= ® Vg —Vss = 3V
20
.28°C
> _ o 3 ]
18 :(E, P 7
- Ta" a N
F s °
3 2 =z
2 «
g
14 < CYCLE
OPERA TIME =340ns
REGI( 23
1.2
1.0, 19
16 17 2 17 21
es (V)
AVERAGE Ipp VS.
CYCLE TIME Ipp VS. CENABLE
50
30
20 \\
15 Tec

ENABLE [‘
0 CENABL ) N

AVERAGE Ipp (mA}
«
&'
<
ll

N

70 INTERNAL
z © PRECHARGING

\ E 50 INTERNAL CURRENT

N o 40 TIMING
2 N 5 3 DRIVER -
URRENT
2 CURR [ 1002
10 | v_ ‘
1 0
0.2 1 10 f T
CYCLE TIME (us) TIME
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intal 1103A-2

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

= High Speed 1103 A — Access Time —145ns/Cycle Time—400ns

* No Precharge Required -- Critical = Simple Memory Expansion--
Precharge Timing is Eliminated Chip Enable Input Lead

* Low Standby Power Dissipa- * Inputs Protected-- All Inputs
tion--0.2 uyW/Bit Typical Have Protection Against

Static Charge
= Address Registers

Incorporated on the Chip = Standard 18-Pin Dual
In-Line Packages

The Intel® 130A-2 is a high speed 1024 bit dynamic random access memory and is the 400ns cycle time version
of the standard 1103A. It isdesigned primarily for main memory applications where high performance, low cost,
and large bit storage are important design objectives.

1103A-2 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and
critical overlap timing. Only one external clock, CENABLE, is required.

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32
read cycles (addressing Ag to Ag) and is required every one millisecond. The memory may be used in a low
power standby mode by having cenable at Vsg potential.

The 1103A-2 is.fabricated with silicon gate technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip
than conventional MOS technologies.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Ayt 18 RW ce AW
O :" ADDRESS MEMORY MATRIX:
A, 2 17 Vg o Latcn [J6f 10Fs2 |32] READZ 164) 5 mows
AND
Ay 3 16 CENABLE 1103A-2 ::o— NVERTERS SELECTOR AMPLIFIERS| ?uzo‘z:?;:{g?s
—da .
A, 15 A, —a o
g Az REFRESH
Ne. 5[] 1103A-2 )14 Doyr A Pour o— AMPLIFIERS |~ OO
Ay 6 13 A, —a, RE%DIW;’!‘TE -
—1As %A:#Ns [0 Dour
Ag 7 12 Dy —a Vgg O——— %
32
As 8 1 Vpp _‘27 Vss O———s
b fal ]
A; 9 10 Vgg — A, Vop O———~ gc?.‘u zzN
CENABLE O————— SELECTOR
PIN NAMES READMWRITE O
LOGIC 0 = HIGH VOLTAGE 16
DiN DATA INPUT NC NO EXTERNAL CONNECTION LOGIC 1 = LOW VOLTAGE
REQUIRED (INTERNALLY AND INVERTERS
NOT CONNECTED) O 0 00 0
As Ag A; Ag Ag
Apg-Ag ADDRESS INPUTS CE CHIP ENABLE
R/W READ/WRITE DouT DATA OUTPUT
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1103A-2

Absolute Maximum Ratings™

Temperature UNder Bias . .o v vt vvv et e et it e e e e e e e e e e e e s 0°C to 70°C
STOrage TEMPEIAtUIE . . o ettt e e e e e e e e et e e e e e e e e —65°C to +150°C
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg - - - - -« oo oo v an et —25V to 0.3V
Supply Voltages Vpp and Vgg with Respect to Vgg - -+« o v v vt —25V to 0.3V
POWEr DisSIPAatION . . v vt et et e e e e e e e e e e e e e e e 1.0W
*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°C to + 55°C, Vgg!"! =19V = 5%, (Vg —Vss )2 =3V to 4V, \pp = OV unless otherwise specified.

Symbol Test Min. Typ. Max. Unit Conditions
I Input Load Current (All Input 10 uA Vin =0V
Pins)
o Output Leakage Current 10 HA Vout =0V
Igg Vgg Supply Current 100 MA
lop1 Supply Current During Cenable 7 1" mA Cenable = QV; Ty = 25°C
On
Ibp2 Supply Current During Cenable 0.01 0.5 mA Cenable = Vgg; Tp = 26°C
Off
lopav Average Supply Current 22 30 mA Cycle Time=400ns; To= 25°C
ViL Input Low Voltage Vpp —1 Vpp *1 Vv
Vin Input High Voltage Vgs—1 Vgs +1 \
loH1 Output High Current 1150 1800 7000 MA Tp= 25°C
ton2 Output High Current 900 1600 7000 MA Ta=55°C
ToL Output Low Current See Note Three R oap =100
Vou1 Output High Voltage 115 180 700 mV | T,=25°C
Vow2 Output High Voltage 90 160 700 mV Ta =55°C
VoL Output Low Voltage See Note Three
NOTES: !

1. The Vgg current drain is equal to (Ipp + IgH) or (Ipp + lgL).

2. (VBB —Vss) supply should be applied at or before Vgs. .

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks.
VoL equals Ig|_ across the load resistor. .

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 10082 to 1 k<.
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A.C. Characteristics Ta =0°C to 55°C, Visg = 19V +5%, (Vag —Vss )=3.0V to 4.0V, Vpp = OV.

/
READ, WRITE, AND READ/WRITE CYCLE Refer to page 2-23 for definitions.
Symbol Test Min. Max. Unit Conditions
tReF Time Between Refresh 1 ms
tac Address to Cenable Set Up 0 ns
Time
taAH Address Hold Time 100 ns
tee Cenable Off Time 180 ns
s
READ CYCLE {
Symbol Test: Min. Max. Unit Conditions
tre Read Cycle 360 ns tr=20ns
tey Cenable on Time 140 500 ns CLoap= 50pF
tco Cenable Output Delay 125 ns Ry oap = 10082
tace ADDRESS TO OUTPUT 145 ns tace “tacmin t Vger = 80mV
ACCESS oot tr
twH Read/Write Hold Time 30 ns
WRITE OR READ/WRITE CYCLE
Symbol Test Min. Max. | Unit Conditions
t Write Cycl ns
wey T el 400 t=20ns
trwe Read/Write Cycle 400 ns
tow Cenable to Read/Write Delay | 140 500 ns
twe Read/Write Pulse Width 20 ns
tw Read/Write Set Up Time 20 ns
tow Data Set Up Time 40 ns
ton Data Hold Time 10 ns
C = 50pF,R = 10092
Del 125 LOAD R LoAD
tco Output Delay ns { Veer = 80mV
twe Read/Write to Cenable 0 ns
CAPACITANCE!! T, = 250C
Typ. Plastic Pkg. Ceramic Pkg. . .
Symbol Test Plastic Max. Max. Unit Conditions
Cap Address Capacitance 5 7 12 pF | Vin=Vss B
Cce Cenable Capacitance 22 25 28 pF Vin = Vss
Crw Read/Write Capacitance 1 156 19.5 pF Vin = Vss f=1MHz. All
Cint Data Input Capacitance 4 5 7.5 pF Cenable=0V |- unused pins are
: VIN = Vss at A.C. ground.
Cin2 Data Input Capacitance 2 4 6.5 pF Cenable = Vgg
Cout Data Output Capacitance 2 3 7.0 pF ViN = Vss
Vour =0V |

NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions.
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Supply Current vs Temperature

12

T
\ 7 [ Vgs = 20V
N, Ves -‘1ss =3v

1

N

9 GUARANTEED

&E‘ 10
< N ~N
A~ w~
8 7 \\
6 \‘ TYPICAL
5
[ 25 50
T (0
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE Ipp VS.
VS. SUPPLY VOLTAGE . SUPPLY VOLTAGE
22 ™
15208 32
Vg —Vgs = 3V
20
a=25C
18 z B §
E 4
2 1p=85'C 3 ¢
£ 16 8
_g § 24
14 2
OPERATING _—| 0ns
REGIQN 20
12
hr 17 18 19 20 21 22 %7 21
Vs (V)
AVERAGE Ipg VS.
CYCLE TIME Ipp VS. CENABLE
50
30
20 N ‘
3 15 Q Tee [
f CENABLE_\‘ / N\
8
w Tev
g
< \ 7 INTERNAL '
z © PRECHARGING
\ ? e INTERNAL CURRENT
N[ o 40 TIMING 1
2 8 5 DRIVER
» CURRENT  Igp, ooz
10 |
1 [
0.2 1 10 i f
CYCLE TIME (us) TIME
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intal 2101A ¥
256 x 4 RAM WITH SEPARATE 1/0

2101A-2 250 ns Max.

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

m 256 x 4 Organization to Meet = Inputs Protected: All Inputs
Needs for Small System Have Protection Against
Memories . Static Charge

= Single +5V Supply Voltage = Low Cost Packaging: 22 Pin

s Directly TTL Compatible: Plastic Dual In-Line
All Inputs and Output Configuration

a Statis MOS: No Clocks or a Low Power: Typically 150mW
Refreshing Required = Three-State Output: OR-Tie

= Simple Memory Expansion: Capability
Chip Enable Input e Output Disable Provided for

Ease of Use in Common Data
Bus Systems
The Intel® 2101A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a

monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is
read out nondestructively and has the same polarity as the input data.

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

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

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A
ALY 22 [ vee Ao
A2 21{]a, — A, DO, }— N @
o o——P¥—] o
A= 20 [1 rw — * ® ® e
Y 00, |— Ay o—=Pr BECN
- 3 2 N
a4 19 ] €€y A ® ROW CELL ARRAY GNP
— A4 Ay P51 32 ROWS
I 18 ] op . 00, |— o | SELECT 32 COLUMNS
3 o—Pr
W v e % ® -
1A 00, b— Ag —PF ]
A, 17 16 [ oo, 4 N ® T T
GND 8 15 DI, — DI R/W —
= o, e ©
b ) oty —PF
o, [] e 14 [ oo, o1 ' @) INPUT
— s
DI ——¥—] DATA D04
po, [ 10 13 [J o, —] o1, 2 © CONTROL
o, [ n 12 ] oo, D'“’E‘E °002
RMW CE2 CE1 D1y 2 Py ©DO3
I ? CEio > °DO4
PIN NAMES e (@) D
DI, DI, DATA INPUT CE, CHIP ENABLE 2 00 o (= PINNUMBERS
Ag-A,  ADDRESS INPUTS OD  OUTPUT DISABLE
RW  READMRITE INPUT | DO,-DO, DATA OUTPUT
CE, CHIP ENABLE 1 Vec  POWER (+5V)
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2101A FAMILY

Absolute Maximum Ratings™

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

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

*COMMENT:

Stresses above those 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. Exposureto absolute maximum rating con-
ditions for extended periods may affect device reliability.

RAMs _

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 | V|ny =0105.25V

ILoH 1/0 Leakage Current(2] 1 10 HA CE;=2.2V, VouT=4.0V

lLoL 1/0 Leakage Current(2] -1 -10 uA | CEq=2.2V, Voyr=0.45V

leer Power Supply 2101A, 2101A-4 35 55 mA Vin =5.25V, Ig = OmA
Current 2101A-2 45 65 Ta = 25°C

lcea Power Supply 2101A, 2101A-4 60 mA Viy =5.25V, Ig = OmA
Current 2101A-2 70 Ta =0°C

Vi Input “Low’’ Voltage -0.5 +0.8 \

ViH Input ““High”” Voltage 2.0 Vee \%

VoL Output “Low’’ Voltage +0.45 \ loL = 2.0mA

VoH Output “High”  2101A, 2101A-2| 2.4 \Y lon =-200uA
Voltage 2101A-4 | 2.4 V| lon = -1500A

Typical D. C. Characteristics

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

I T T
AMBIENT TEMPERATURE
0°C

-15 AA\\H—
N
\
\

-5 \ Ve = 4.75V o
OUTPUT “HIGH"” TYPICAL

N

1 2 3 4

lon (mA)

Von (VOLTS)

OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE

- AMBI‘ENT TEIMPERAlTURE l;y]/
/Aé /,/
2%

70°C

g

loy (mA)

NN

V=475V -
OUTPUT “LOW" TYPICAL

AN

0 05 1.0 15
Voo (VOLTS)

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage.
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2101A FAMILY

A.C. Characteristics for 2101A-2 (250 ns Access Time)

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 250 ns

ta Access Time 250 ns t, t = 20ns

tco Chip Enable To Output 180 ns

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

tom Previous Read Data Valid 40 ns and Ci_ = 100pF.

after change of Address

WRITE CYCLE

Symbol Parameter Min. Typ[.” Max. Unit Test C;)nditions
twe Write Cycle 170 ns
taw Write Delay 20 ns t., tg = 20ns
tow Chip Enable To Write 150 ns
tow 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
A.C.CONDITIONS OF TEST Capacitance” 1, - 25°C, f - 1MHz
Input Pulse Levels: +0.8 Volt and 2.0 Volts Limits (pF)
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ.11] Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacitance 4 8
Output Load: 1TTL Gate and Cp, = 100pF (All Input Pins) Vi = OV
CouT Output Capacitance VoyTt = 0V 8 12
Waveforms
READ CYCLE WRITE CYCLE
the twe

ADDRESS ‘ ‘ ADDRESS )

CEl

———tco——|

CE2

— top——

ob S— «— top —»|
(COMMON 1/0) (4]

|
%/Kl\;
L
-
a

A <—‘DF[3’—> — o5 |e— —|tpy|e—
_—— e —— ———— - —_—— —_—|———
DATA DATA OUT DATA DATA IN
ouT VALID IN ] STABLE
e ——— - l —
—| taw l,_ - tyg —|
twe /
RW
\ )
NOTES: 1. Typical values are for Tp = 25° C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested. 4. OD should be tied low for separate 1/O operation.

3. tpF is with respect to the trailing edge of 6?1, CEp,
or OD, whichever occurs first.
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2101A (350 ns Access Time)

A.C. Characteristics
READ CYCLE Ta =0°Cto 70°C, Ve = 5V 5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trc Read Cycle 350 ns
ta Access Time 350 ns t, t = 20ns
tco Chip Enable To Output 240 ns
top Output Disable To Output 180 ns Timing Reference = 1.5V
tpr (2 Data Output to High Z State 0 150 ns Load = 1 TTL Gate
ton Previous Read Data Valid 20 N and C_ = 100pF.
after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 220 ns
taw Write Delay 20 ns ty, ty = 20ns
tew Chip Enable To Write 200 ns
tow Data Setup 200 ns Timing Reference = 1.5V
tDH Data Hold 0 ns Load = 1 TTL Gate
twp Write Pulse 200 ns and C = 100pF.
twR Write Recovery 0 ns
tps Output Disable Setup 20 ns

2101A-4 (450 ns Access Time)

A.C. Characteristics
READ CYCLE Ta =0°Cto 70°C, Ve = 5V 5%, unless otherwise specified.

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
tre Read Cycle 450 ns
ta Access Time 450 ns t,, t = 20ns
tco Chip Enable To Output 310 ns
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
ton Previous Read Data Valid 40 s and C__ = 100pF.
after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ[A” Max. Unit Test Conditions
twe Write Cycle 270 ns
taAw Write Delay 20 ns t., ty = 20ns
tow Chip Enable To Write 250 ns
tow Data Setup 250 ns Timing Reference = 1.5V
toH Data Hold 0 ns Load = 1 TTL Gate
twp Write Pulse 250 ns and C_ = 100pF.
twr Write Recovery 0 ns
tps Output Disable Setup 20 ns

NOTES: 1. Typical values are for Tp = 25° C and nominal supply voltage.
2. tpF is with respect to the trailing edge of CE4, CEp, or OD, whichever occurs first.
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intal 2101, 21011, 2101-2

2-34

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE 1/0

= 256 x 4 Organization to Meet Needs = [nputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge

= Access Time — 0.5 to 1 usec Max. = Low Cost Packaging — 22 Pin Plastic

= Single +5V Supply Voltage Dual-In-Line Configuration

= Directly TTL Compatible — All lnputs = Low Power — Typically 150 mW

and Output = Three-State Output — OR-Tie
= Static MOS — No Clocks or Capability

Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

= Output Disable Provided for Ease of
Use in Common Data Bus Systems

The Intel®2101 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. 1t 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 2101 is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

It is 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 1/0 systems. The output disable function eliminates the
need for bidirectional logic in a common 1/0 system.

The Intel 2101 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 mon-
olithic 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 silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A4
A [ 2 [ vee — A
A, ]2 21 [ A, — A oo, — O
—— v
a3 20 [ R — ~2 NE » «
— — A Do, — 1 o—P¥
' = 19 [ ¢E, 3 2 ) ow CELL ARRAY GNo
-—{ A Ay o= Py—] RO 32 ROWS
A [ds 2101 18 [ op —] A ot 0o, |— A ® | 32 COLUMNS
3 — 1
I 7 e, — % L@ | —
A 00, }— @ —F ]
— A 4
A 7 16 :!Do,, T T
ano [ 8 15 o1, —] oy, RW COLUMN 1/0 CIRCUITS
= = o oo cl e
DI 9 14 Do '
1 3
po, [ 10 13 Jot I 1P o—[}:® DATA °DO4
1 3 —] Dls ® CONTROL
o, ] n 12 [ J o, Dia o——-b:@ 2002
RMW CE2 CE1 o1 & pr— 2003
I ? CEio > °DO04
PIN NAMES s D D
DI, -Dl, DATA INPUT CE, CHIP ENABLE 2 oD o Q- PiNNUMBERS
AgA;  ADDRESS INPUTS OD  OUTPUT DISABLE
RMW _ READMWRITE INPUT | DO,.D0, . DATA OUTPUT
TE,  CHIPENABLE 1 Vcc  POWER (+5V]




2101, 2101-1, 2101-2

Absolute Maximum Ratings*

Ambient Temperature Under Bias . . . . .. 0°Cto 70°C
Storage Temperature ........... -65°C to +150°C
Voltage On Any Pin

With Respectto 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 for 2101, 2101-1, 2101-2

Ta = 0°C to 70°C, Ve = BV #5% unless otherwise specified.

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

I Input Current 10 A Vin = 010 5.25V

I oH 1/0 Leakage Current(2] 15 HA CE;=2.2V, VouT=4.0V

Lo 1/0 Leakage Current(2] -50 uA | CEq=2.2V, Voyt=0.45V

lcer Power Supply Current 30 60 mA Vin =5.25V, Ig = OmA
Tp = 25°C

Icea Power Supply Current 70 mA Vin =5.25V, Ig = OmA
Ta =0°C

ViL Input ““Low”” Voltage -0.5 +0.65 \%

Vin Input “"High"" Voltage 2.2 Vce \%

VoL Output “Low" Voltage +0.45 \% loL =2.0mA

Vou Output ““High” Voltage 2.2 \ lon =-150 LA

Typical D. C. Characteristics

lon (mA)

-5

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

T
AMBIENT TEMPERATURE
\\ o°c
{-25°C
( L7oc

\

\ Ve =475V J
OUTPUT “HIGH” TYPICAL

N

1 2 3 4

Vo (VOLTS)

OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE

AMBIENT TE! PERAlTURE=|0°C //

15 /
/4 B

7 |

70°C

-

lop (mA)
DN

5  Veo=475V .
OUTPUT “LOW" TYPICAL

0 05 1.0 15
Voo (VOLTS)

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. Input and Output tied together.
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2101, 2101-1, 2101-2

A.C. Characteristics for 2101

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

Typ(.1 ] Max.

Symbol Parameter Min. Unit Test Conditions

trc Read Cycle 1,000 ns

tA Access Time 1,000 ns t,, ty = 20ns

tco Chip Enable To Output 800 ns Viny =+0.65V to +2.2V

top Output Disable To Output 700 ns Timing Reference = 1.5V

tpg (3! Data Output to High Z State 0 200 | ns Load = 1TTL Gate

ton | ot Adiren a0 s
WRITE CYCLE

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

twe Write Cycle 1,000 ns

taw Write Delay 150 ns t,, ty = 20ns

tew Chip Enable To Write 900 ns Vin =+0.65V to +2.2V

tow Data Setup 700 ns Timing Reference = 1.5V

tpH Data Hold 100 ns Load = 1 TTL Gate

twp Write Pulse 750 ns and C_= 100pF.

twr Write Recovery 50 ns

tps Output Disable Setup 200 ns

A. C.CONDITIONS OF TEST

Input Pulse Levels: +0.65 Volt to 2.2 Volt
Input Pulse Rise and Fall Times: 20nsec
Timing Measurement Reference Level: 1.5 Volt
Output Load: 1 TTL Gate and C_ = 100pF
Waveforms

READ CYCLE

. 2]
Capacitance ™ 1, -=25°c, f= 1MHz

Limits (pF)
Symbol Test Ty Max.
Cin Input Capacitance 2 8
(All Input Pins) Viy = 0V
Cout Output Capacitance VoyT = 0V 8 12

ADDRESS ,(

teo—
_ __\(’

| [ L

o =1 top—»| S
(COMMON 1/0) 14] ton —> |—
t toel3l—]

- - ——— - -
DATA DATA OUT B
out VALID

WRITE CYCLE

twe
ADDRESS >< )‘
1 tCW
CE2 \-
E—— S
- few
op
(coMMoN 1/0) 4] . /
—> ‘Yos '—“‘unl-—
DATA DATA IN
IN STABLE
T
~ ow
—>| taw je— twr
- twe
Am j/

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and Hot 100% tested.
3. tpF is with respect to the trailing edge of CEq, CEp,

or OD, whichever occurs first.
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2101, 2101-1, 2101-2

2101-1 (500 ns Access Time)
A.C. Characteristics for 2101-1

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

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trc Read Cycle 500 ns
ta Access Time 500 ns t, ty = 20ns
tco Chip Enable To Output 350 ns Vin =+0.65V to +2.2V
top Output Disable To Output 300 ns Timing Reference = 1.6V
tpr 12 Data Output to High Z State . 0 150 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 500 ns
taw Write Delay 100 ns t,, ty = 20ns
tow Chip Enable To Write 400 ns Viy =+0.65V to +2.2V
tpw Data Setup 280 ns Timing Reference = 1.5V
toH Data Hold 100 ns Load =1 TTL Gate
twp Write Pulse 300 ns and C_ = 100pF.
twR Write Recovery 50 ns
tps Output Disable Setup 150 ns

2101-2 (650 ns Access Time)

A.C. Characteristics for 2101-2

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 650 ns
tA Access Time 650 ns t,, tf = 20ns
tco Chip Enable To Output 400 ns Vin =+0.65V to +2.2V
top Output Disable To Output 350 ns Timing Reference = 1.5V
tpe (2] Data Output to High Z State 0 150 ns Load = 1 TTL Gate
ton Previous Read Data Valid 40 ns and C_ = 100pF.

after change of Address

WRITE CYCLE
Symbol Parameter Min. Typ[.1 ! Max. | Unit Test Conditions
twe Write Cycle 650 ns
taw Write Delay 150 ns t, ts = 20ns
tew Chip Enable To Write 550 ns V|n =+0.65V to +2.2V
tow Data Setup ) 400 ns Timing Reference = 1.5V
toH Data Hold 100 ns Load= 1 TTL Gate
twp Write Pulse 400 ns and C_ = 100pF.
twr Write Recovery 50 ns
tps Output Disable Setup 150 ns

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

2. tpF is with respect to the trailing edge of CE4, CE9, or OD, whichever occurs first.
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intal 2102A, 2102AL
1K (1K x 1) STATIC RAM

Standby Pwr. Operating Pwr. | Access
P/N (mW) (mW) (ns)
2102AL-4 35 174 450
2102AL 35 174 350
2102AL-2 42 342 250
2102A-2 —_ 342 250
2102A _— 289 350
2102A-4 _ 289 450
2102A-6 _— 289 650
= Single +5 Volts Supply Voltage » Inputs Protected: All Inputs
= Directly TTL Compatible: All Have Protection Against Static
Inputs and Output Charge ' .
= Standby Power Mode (2102AL)  *® |6°WI ?OSIE_Pa%‘aQ;PQ: 1?_ Pin
= Three-State Output: OR-Tie ual-in-Line Lonfiguration
Capability

The Intel® 2102A is a high speed 1024 word by one 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
operated. The data is read out nondestructively and has the same polarity as the input data.

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

Itis directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip enable (CE) lead allows
easy selection of an individual package when outputs are OR-tied.

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

PIN
CONFIGURATION LOGICSYMBOL BLOCK DIAGRAM
v ehs PIN NAMES =
0 -0 V¢
A 2 1504 —A Dy DATAINPUT ® ©]
ds a —]A, Dpj— A, «*—=-0GND
RW 1417 A —] A, Ag-Ag  ADDRESS INPUTS
A, s w1pcE — A, R READ/WRITE INPUT A,ﬁm Row AnRAY
—_—— I | SELECTOR
A, 05 120 pataour —] :f; &= CHIP ENABLE - 32'cocomns
A, s MHEDATAIN - — A, Doyrf— [ by, DATAOUTPUT A’o%
A7 10 v % Vee  POWER (+5V) ®
als opoen W cE ‘4"—%
1 : l
- [©] oATA
wor coLuMN 10 CiRcUITS our
DATA
TRUTH TABLE o:mo_m conTRoL oL seLecron
CE RW Dy Doyr MODE
H X X HIGH Z NOT SELECTED e
L L L L WRITE “0”
L L H H WRITE “1”
L H X Dour READ O- v numseas PO A A S
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2102A FAMILY

Absolute Maximum Ratings* *COMMENT:

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

Storage Temperature —65°C to +150°C rating only and functional operation of the device at these or
Voltage On Any Pin at any other condition above those indicated in the opera-
- tional sections of this specification is not implied. Exposure to
With R'es.pect. To Ground —0.5V to +7V absolute maximum rating conditions for extended periods may
Power Dissipation 1 Watt affect device reliability.

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

2102A, 2102A-4
2102AL, 2102AL-4 2102A-2, 2102AL-2 2101A-6
Limits Limits Limits
Symbol Parameter Min. Typ.[7  Max. |Min. Typ.[V Max. | Min. Typ.[1 Max. | Unit | Test Conditions
Iy Input Load Current 1 10 1 10 1 10 | pA |Viy=0to5.25V
ILoH Output Leakage Current 1 5 1 5 1 5 uA | CE=2.0V,
Vour = Von
) ILoL Qutput Leakage Current -1 -10 -1 -10 -1 -10 pA | CE=2.0v,
VOUT =04V
Icc Power Supply Current 33 Note 2 45 65 33 55 mA | All Inputs = 5.25V,
Data Out Open,
Ta=0°C
ViL Input Low Voltage -0.5 08 |-05 0.8 |-0.5 0.65 \"
VIH Input High Voltage 2.0 Vee | 2.0 Vee | 22 Vece \"
VoL Output Low Voltage 0.4 0.4 0.45 V |lgL=2.1mA
Vou Output High Voltage 2.4 24 2.2 V | lgy=-100pA
Notes: 1. Typical values are for Ta = 25°C and nominal supply voltage.
2. The maximum lIcc value is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4.
Standby Characteristics 2102aL, 2102AL-2, and 2102AL-4
Ta =0°Cto 70°C
2102AL, 2102AL-4 2102AL-2
Limits Limits
Symbol Parameter Min.  Typ.[1] Max. | Min.  Typ.[11  Max. | Unit | Test Conditions
Vep Vcc in Standby 1.5 1.5 v
Vces!2! | CE Bias in Standby 2.0 2.0 v 2.0V<Vpp <V Max.
Vep Vep v 1.5V <Vpp< 2.0V
lpD1 Standby Current 15 23 20 28 mA | Alllnputs=Vppq =15V~
IpD2 Standby Current 20 30 25 38 mA | Allinputs=Vppy=2.0V
tcp Chip Deselect to Standby Time 0 0 ns
tr(3] Standby Recovery Time tRc tre ns

STANDBY WAVEFORMS

NOTES:

1. Typical values are for Tp = 25°C.

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

3. tg =trc (READ CYCLE TIME).

STANDBY MODE
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2102A FAMILY

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

READ CYCLE
2102A-2, 2102AL-2| 2102A, 2102AL | 2102A-4,2102AL-4 2102A-6
Limits (ns) Limits (ns) Limits (ns) Limits (ns)
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max.
trRc Read Cycle 250 350 450 650
ta Access Time 250 350 450 650
tco Chip Enable to Output Time 130 180 230 400
ton1 |Previous Read Data Valid with | 40 40 40 50
Respect to Address
toyz | Previous Read Data Valid with 0 0 0 0
Respect to Chip Enable
WRITE CYCLE
twe Write Cycle 250 350 450 650
taw Address to Write Setup Time 20 20 20 200
twp Write Pulse Width 180 250 300 400
twR Write Recovery Time 0 0 0 50
tpw Data Setup Time 180 250 300 450
tpH Data Hold Time 0 0 0 20
tow Chip Enable to Write Setup 180 250 300 550
Time
Capacitance'?’ 1, = 25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: 0.8 Volt to 2.0 Volt LALARI LSS
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Inputs: 1.5 Volts (ALL INPUT PINS) V), =0V
Reference Levels Output: 0.8 and 2.0 Volts COUT OUTPUT CAPACITANCE ; 10
Output Load: 1 TTL Gateand C_ = 100 pF VOUT = oV
Waveforms
READ CYCLE WRITE CYCLE
} the | twe !
ADDRESSX@ >< ADDRESS @
__{"co———- wr
— e .
CHIP CHIP oW
ENABLE ENABLE \
oHy
a l“;\w > twe
DATA o V
)O< ® oot ‘L /
@ 15voLTs e "’""""‘ 1 . e fou
2 20voLTS —
)k

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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2102A FAMILY

Typical D. C. and A. C. Characteristics

lgc (mA)

Vi (VOLTS)

1, (ns)

POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

) |
40 Vee MAX, ——
3
30
T~
T~~~ TYPICAL
. [ ~———
20
15
o 10 20 30 40 50 60 70
T, C)
Vin LIMITS VS. TEMPERATURE
18
TYPICAL
16 v }
e m (MIN)
\\
14 1
Vi (MAX)
P
'\rs\\
12
Ve = 6.0V
1.0 i |
0 10 20 30 40 50 60 70
T, €O
ACCESS TIME VS.
AMBIENT TEMPERATURE
350
Ve MIN.
1 TTL LOAD
C, = 100pF
=0 tveicar | L—
150

OUTPUT REFERENCE LEVELS: Vo, = 2.0V
Vo, =08V

T, €O

lgc (mA)

loL (mA)

ty (ns)

POWER SUPPLY CURRENT VS,

SUPPLY VOLTAGE
35
30 Ty = 25°C /
2 /'/
TYPICAL
20 //
15 //
10
3
2 3 4 5 [
Ve (VOLTS)
OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE
30
25
" //
] tveiea
" v
oA
/ T, = 25°C
. / Vee MIN.
% 1 2 3
Vo (VOLTS)
ACCESS TIME VS.
LOAD CAPACITANCE
350 T
Tp = 25°C
Ve MIN.
1 TTL LOAD
250 'l/
%VPICAL
/‘
150
OUTPUT REFERENCE LEVEL = 15V
50

100

200

300 400 500 600
c, (pF)
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intal M2102A-4, M2102A-6

MILITARY TEMPERATURE RANGE
1K STATIC RAM

M2102A-4 | 450 ns Max.
M2102A-6 | 650 ns Max.

» 10% Vg Supply Tolerance = Three State Output: OR-Tie
= Directly TTL Compatible: All Capability °

Inputs and Output = 16 Pin Hermetic Dual-In-Line
= Low Power: 385mW Max. Package

The Intel® M2102A is a high speed 1K x 1 RAM specified over the -55°C to +125°C temperature range. The RAM uses fully DC
stable (static) circuitry and therefore requires no clocks or refreshing to operate. The datais read out nondestructively and has
the same polarity as the input data.

The Intel® M2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of
high performance easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either
conventional MOS technology or P-channel silicon gate technology.

PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS*
A O (] A, —Ja Ambient Temperature Under Bias . . —65°C to +135°C
A; 2 [ A, — :1 o Storage Temperature . ......... —65°C to +150°C
rRw []3 ] A, A; w Voltage On Any Pin
A, de ] cE — A, With Respect to Ground .. ...... —0.6V to +7V
A, Os g DATA OUT ] :"5 Power Dissipation .. .................. 1 Watt
A 6 DATA IN — —
N B = a7 Pour *COMMENT
4 cc —a Stresses above those listed under *‘Absolute Maximum Rating"
A L8 [] ano Riw_cE may cause permanent damage to the device. This is a stress rat-
TRUTH TABLE l T ing only and functional operation of the device at these or at any
CE RMW D Dour MODE other condition above those indicated in the operational sections
H X X HIGH 2 NOT SELECTED of this specification is not implied. Exposure to absolute maxi-
L L L L WRITE “0" mum rating conditions for extended periods may affect device
L L H H WRITE “1” reliability
L H x Dour READ :

D. C. and Operating Characteristics Ta =-55°C-to +125°C, Ve = 5V  10% unless otherwise specified

Limits
Symbol Parameter Unit | Test Conditions
Min. | Typ.['l | Max.
U Input Load Current 10 | uA | V|y =0to 5.5V
lLoH Output Leakage Current 10 | pA | CE=Min.Viy , VouT = Vou
M2102A-4 -50 == a _
ltoL Output Leakage Current N2102A6 7100 #A | CE=Min. V| , Vout = 0.45V
All Inputs = 5.5V,
leer Power Supply Current 30 60 mA Data Out Open, Ta = 25°C
All Inputs = 5.5V,
lce2 Power Supply Current 70 mA Data Out Open, Ty = -556°C
oy M2102A-4 | -0.5 0.8
ViL Input “Low”’ Voltage M2102A6 | <05 0.65 \
T M2102A-4 2.0 Vee
ViH Input ““High”’ Voltage M2102A6 22 Veo \'
“ o M2102A-4 IgL=2.1mA
VoL Output “Low” Voltage 0.45 \Y% M2102A6 Io = 1.9mA
VoH Output “High”” Voltage 2.2 \ loy = 100uA

NOTE 1. Typical values are for Ta = 25°C and nominal supply voltage.
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M2102A-4, M2102A-6

A.C. Characteristics T, = -55°C to +125°C, Vg = 5V + 10% unless otherwise specified

Svmbol P ter M2102A-4 Limits (ns) M2102A-6 Limits (ns)
ym aramete Min. Max. Min. Max.
READ CYCLE
trRc Read Cycle 450 650
tA Access Time 450 650
tco . Chip Enable to Output Time 230 400
Previous Read Data Valid with Respect
toH1 to Address 40 50
¢ Previous Read Data Valid with Respect 0 0
OH2 to Chip Enable
WRITE CYCLE
twe Write Cycle 450 650
taw Address to Write Setup Time 20 200
twp Write Pulse Width 300 400
twr Write Recovery Time 0 50
tpw Data Setup Time 300 450
tbH Data Hold Time 0 100
tow Chip Enable to Write Setup Time 300 550
H 2
Capacitance'? 7, =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
Ref Level o : 0.8 and 2.0 Vol
° ' L=7e Vout = OV ‘
Waveforms
READ CYCLE WRITE CYCLE

[ | twe |

Re
ADDRE% >< aooress W @
o> twr
— e 1,
CHIP CHIP cw
ENABLE ENABLE
oK,

ta il taw — twp
DATA i© READ/ L/
our WRITE /|
@ 1 1
@@ 15voLTs ] tor e } ow o
@ 2.0voLTS
DATA DATA CAN DATA CAN

® osvoLTs IN CHANGE DATA STABLE CHANGE

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

2104, 2104-2, 2104-4
4096 x 1 BIT DYNAMIC RAM

2104-2 2104-4 | 2104
Max. Access Time (ns) 250 300 350
Read, Write Cycle (ns) 375 425 500
Read-Modify-Write Cycle (ns) 515 595 700
= Highest Density 4K RAM — = On-Chip Latches for Addresses,
Industry Standard 16 Pin Package Chip Select and Data In
= Low Standby Power = Simple Memory Expansion —
= All Inputs Including Clocks Chip Select
TTL Compatible = Output is Three State, TTL
. : Compatible; Data is Latched
oy ardyower Supplies +12, and Valid into Next Cycle

Refresh Period: 2 ms

The Intel®2104 is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance and
high functional density. The 2104 uses a single transistor dynamic storage cell and dynamic circuitry to achieve high speed and
low power dissipation.

The unique design of the 2104 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
2104 on 6 address input pins. The two 6 bit address words are latched into the 2104 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.

The single transistor dynamic storage cell provides high speed along W|th low power dissipation. The memory cell requires
refreshing for data retention. Refreshing is most easily accomplished by performing a read cycle at each of the 64 row
addresses every 2 milliseconds.

PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM  wE

r_D STROBE _["BATA
IN Dy
waten |

~ 1
Ves (] 6] Vss —1*% (CAS) —— cLOCK
on12 15 ) cAs —a, o GENERATOR NO. 2 ENABLE
— —]a ow b— i DISABLE
wel[]s 14 [ Pour 2 N s— o ENABLE
—a
oy &= 3 —:> LATCH
RAS[ a4 13 ]cs A (coLumn) | & 10F 64
4 ! COLUMN DECODER
ws e[ —a o —
ol azs ———64 -———-l
Ao 4 AAs Ao L ouTPUT
—OQ cAs 64 SENSE AMPS
o A 1 LaTcH aND
A 7 10 _ 1
.[: [ ]As WE . QB_?RESS 1/0 GATING BUFFER
j— 27
Voo[_}8 9 Vee —o| & A I———ea———l T
—
A~ « b Dour
o
PIN NAMES A 6BIT 38 ! 4096 BIT Ve
— LATCH 5% |6] srorace array ~——Vpp
Ao - As__ADDRESS INPUTS WE__ WRITE ENABLE (ROW) 2|,
CAS _ COLUMN ADDRESS STROBE | Vgg  POWER (-5V) el -~ Vec
[ CHIP SELECT Vcc  POWER (+5V) <——— GND
Dw _ DATAIN Voo POWER (+12V]
R7 ROW ADDRESS STROBE (RAS) GENERATOR NO. 1
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Absolute Maximum Ratings*

-10°C to +80°C
-65°C to +150°C

Temperature Under Bias

Storage Temperature

All Input or Output Voltages with
Respect to the most Negative

*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

Supply Voltage, Vgg  «.vovevveeennennnn +25V to -0.3V - ki
Supply Voltages Vpp, Vce, and Vgg with at these or any other conditions above those indicated in the
Respectto VBg vvvvvenriiiiniennennnn. +20V to -0.3V operational sections of this specification is not implied.
Power Dissipation .............cciiiiiiiiiien.. -1.25W Exposure to absolute maximum rating conditions for

extended periods may affect device reliability.

D.C. and Operating Characteristics 1]
Ta =0°C to 70°C, Vpp = +12V 5%, Vee = +5V £10%, Vgg =-5V £10%, Vgs = 0V, unless otherwise noted.

Limits .
Symbol Parameter Min. Typ.[2] Max. Unit Conditions
It Input Load Current 10 MA | VIN = VIL MIN to VIH mAX
(any input)
"LOI Output Leakage Current 10 MA | Chip deselected
for high impedance state
Ipp1(3! Vpp Supply Current 1 2 mA | CASand RAS at V). Chip deselected.
Ippav!3! Average Vpp Current:
2104-4 46 60 mA | Cycle time = Min. Ta = 25°C
2104, 2104-2 45 59 mA | tgp = Min. A
lceq 4! Vcc Supply Current when 10 A
deselected
1ggl3] Average Vgg Current 75 pA
ViL Input Low Voltage -1.0 0.6 \%
(any input)
ViH Input High Voltage 2.4 Vee+1 \
(any input)
VoL Output Low Voltage 0.0 0.4 \Y loL = 2.0mA
VoH Output High Voltage 2.4 Vee \% lon = -5.0mA

... 1
A.C. Characteristics T,-0°Ct070°C, Vpp=12V £5%, Vcc=5V £10%, Vgg=-5V +10%, Vgs=0V, unless otherwise noted.

Capacitance 15! Ty = 25°C /
Plastic And
Symbol Test Ceramic Pkg. Unit Conditions
Typ. Max.

Cap Address Capacitance 10 pF | Vin = Vss

Cc CAS, RAS, CS Capacitance 7 pF Vin = Vss

Cout Data Output Capacitance 8 pF | Vour=0V

Cin Dy and WE Capacitance 10 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, Vce.

and Vgg should never be 0.3V or more negative than Vgg.
. Typical values are for Tp = 25°C and nominal power supply voltages.
. The Ipp current flows to Vgs. The Igg current is the sum of all leakage currents.
. When chip is selected Vo supply current is dependent on output loading; Vg is connected to output buffer only.
. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:

lat .
= -—V with the current equal to a constant 20mA.

A WN
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T
A.C. Characteristics 1,-0°Cto 70°C, Vpp=12V 5%, Voc =5V £10%, Vgg =-5V +10%, Vss=0V, unless otherwise noted.
READ, WRITE, AND READ MODIFY WRITE CYCLES

2104 2104-2 2104-4
Symbol Parameter Min. Max. Min. Max. Min Max Unit
tREF Time Between Refresh 2 2 2 ms
tRp RAS Precharge Time 150 125 125 ns
treL 2! RAS to CAS Leading Edge Lead Time 110 2000 80 2000 90 2000 ns
tas Address or CS Set-Up Time 0 0 0 ns
tAH Address or CS Hold Time 100 80 80 ns
tAR RAS to Address Hold Time 250 180 210 ns
terL[3! RAS to CAS Trailing Edge Lead Time -50 +50 -40 +40 -50 +50 ns
toFF Output Buffer Turn Off Delay 0 100 0 100 0 100 ns
tcacl4! Access Time From CAS 200 150 170 ns
tracl4 Access Time From RAS 350 250 300 ns
READ CYCLE
2104 2104-2 2104-4
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
teyc!s! Random Read or Write Cycle Time 500 375 425 ns
tcpw CAS Pulse Width 200 10000 150 10000 170 10000 ns
tRPW RAS Pulse Width 350 10000 250 10000 300 10000 ns
tRSH RAS Hold Time 200 150 170 ns
tcsH CAS Hold Time 350 250 300 ns
tRCH Read Command Hold Time 80 80 80 ns
trcs Read Command Set-Up Time 0 0 0 ns
WRITE CYCLE
2104 2104-2 2104-4
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
toyc®! Random Read or Write Cycle Time 500 375 425 ns
tepw CAS Pulse Width 200 10000 150 10000 170 10000 ns
tRPW RAS Pulse Width 350 10000 250 10000 300 10000 ns
tRSH RAS Hold Time 200 150 170 ns
tcsH CAS Hold Time 350 250 300 ns
tewL Write Command to CAS Lead Time 200 150 170 ns
tweH Write Command Hold Time 150 110 130 ns
twp Write Command Pulse Width 200 150 170 ns
tps Data In Set-Up Time 0 0 0 ns
tpH Data In Hold Time 200 150 170 ns
Notes:

1. All voltages referenced to Vgg.
2. CAS must remain at V|4 a minimum of tgc MmN after RAS switches to V|| . To achieve the minimum guaranteed access time
(tRAC), CAS must switch to V| at or before trcL of tRAC - tT - tCAC as described in the Applications Information on

page 2-49,

(S )
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. tcRL is measured from RAS to CAS.
. Load = 1 TTL and 50pF. See Application Information — Read Cycle section for relations between access time and tRCL.
. The minimum cycle timing does not allow for tT or skews.
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Waveforms
READ CYCLE |
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See page 2-48 for NOTES.
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A.C. Characteristics T1,=0°Cto 70°C, Vpp=12V 5%, Vcc=5V £10%, Vgg =-5V +10%, Vss=0V, unless otherwise noted.
READ MODIFY WRITE CYCLE

2104 2104-2 21044
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
tRMW Read Modify Write Cycle Time 700 515 595 ns
tcRwW RMW Cycle CAS Width 400 10000 290 10000 340 10000 ns
tRRW RMW Cycle RAS Width 550 10000 390 10000 470 10000 ns
tRWH RMW Cycle RAS Hold Time 200 150 170 ns
tcwH RMW Cycle CAS Hold Time 550 390 470 ns
towL Write Command to CAS Lead Time 200 150 170 ns
twe Write Command Pulse Width 200 150 170 ns
trRcs Read Command Set-Up Time 0 0 0 ns
tmoD Modify Time 0 0 0 ns
tps Data In Set-Up Time 0 0 0 ns
tpH Data In Hold Time 200 150 170 ns

Waveforms
READ MODIFY WRITE CYCLE

trRw l ‘e
Y
s T ) /l AN
Viu @ ®
*—HL'an
'NH
«—— tpe —» terw
Vin \ \
CAS Vi @ \\\ @ ’/
tAn tawH
tas tas o> tan tewe
VIH
>§ ROW COLUMN
ADDRESSES Vi @ ADDRESS 0 ADDRESS 5(
@ tar
t t
H
VIH N 7
& OJoN
Vi
taes |<——- | twe
" " @
e oY/
vy, ———
twopf<—> ton
- (DS
v,
o (] () pATAIN
™ VALID
(8
trac . @
CAC
torr
v HIGH
(] &@ IMPEDANCE £ VALID
Dour [@ 4 DATA OUT
Vou

Notes: 1,2. Viymin and V| maX are reference levels for measuring timing of input signals.
3,4. VOHMIN and VoL MAX are reference levels for measuring timing of DoyuT.
5. If WE goes low while CAS is low, Doyt could go to either Vg or Vo after tcac. DouT will go to Vi as shown on page 4 (Write
Cycle Waveforms) if WE goes low before CAS goes low. In a Read-Modify-Write cycle, DoyT is data read and does not change during
the Modify-Write portion of the cycle.
6. For minimum cycle timing, tgr | must be -0 to +40 ns for 2104-2 and -0 to +50 ns for 2104 and 2104-4.
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TYPICAL Ipp AV VS. CYCLE TIME
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Applications
ADDRESSING

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, strobesin the
six low order addresses (Ao-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 2104 is shown below. Address “0"
corresponds to all addresses at V.. Note that data is stored
in half of the memory as a logic inversion of the data
presented at the input pin as shown. This inversion is
completely transparent to the user (i.e., data stored in
memory as a “1” or “0” at the input will when subsequently
accessed, appear as a “1” or “0" respectively at the output).

2104 Address Map
0 4032
DATA IN
7]
<
z
e
Q
& SENSE AMPLIFIERS
&
H
o
« [ ——
DATAIN
63 4095
COLUMN SELECT (CAS)

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 cycleis to
be performed until CAS becomes valid.

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

T

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 2104 convert the TTL level
signals to MOS levels inside the device. Therefore, the
delay associated with external TTI-=MOS level converters is
not added to the 2104 system access time.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during CAS. The output pin of a selected device
will unconditionally go to a high impedance state
immediately following the leading edge of CAS and remain
in this state until valid data appears at the output at access
time. The selected output data is internally latched and will
remain valid until a subsequent CAS is given to the device
by a Read, Write, Read-Modify-Write 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. tace =thac OR 2. tacc = treL + tr + teac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address strobe
lead time, trci, and transition time, tr, are system dependent
timing parameters. For example, substituting the device
parameters of the 2104-4 and assuming a TTL level
transition time of 5ns yields:

3. tacc = trac = 300ns for 90nsec <trcL <125nsec
OR
4. tace = trer + tr + teac = trer +175ns for treL > 125ns.

Note that if 90 nsec <trc1 <125 nsec, device access time is
determined by equation 3 and is equal to trac. If trc. > 125
nsec, access time is determined by equation 4. This 35ns
interval (shown in the trci. 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 trc 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 performed by bringing Write Enable (WE)
low before or during CAS. If Write Enable goes low at or
before CAS goes low, the input data must be valid at or
before the falling edge of CAS. Doyr Will go to Vou as shown
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on page 4 (Write Cycle) if WE goes low before CAS goes
low. If Write Enable goes low after CAS, data in must be
valid at or before the falling edge of WE. Data out goestoa
high impedance state following the leading edge of CAS. If
WE goes low while CAS is low, Dourcould go to either Vo or
Vou after tcac.

READ-MODIFY-WRITE CYCLE

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

CAS ONLY (DESELECT) CYCLE

In some applications, it is desirable to be able to deselect all
memory devices without running a regular memory cycle.
This may be accomplished with the 2104 by performing a
CAS Only Cycle. Receipt of a CAS without a RAS deselects
the 2104 and forces the Data Output to the high-impedance
state. This places the 2104 in its lowest power, standby
condition as will be discussed in the POWER DISSIPATION
section below. The cycle timing and CAS timing should be
just as if a nomal RAS/CAS cycle was being performed.

CHIP SELECTION/DESELECTION

The 2104 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 2104 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, contol operation of the
2104. 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 trpw and tcew 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.

The timing relationship of the leading edges of RAS and
CAS is defined by trci and is discussed in the READ CYCLE
section above. The trailing edge relationship is defined by
trsn, tesw, and tere. The first two parameters define the
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minimum time during amemory cycle that RAS and CAS are
both low (minimum hold times). Both the minimum clock
widths and hold times must be met for proper operation.

For example, using tr = 5ns and the 2104-4 device
parameters: trcc = 90ns, trpw = 300nsec, and tcpw =
170nsec; the trailing edge of CAS would occur at time (t)
where:

t = trettrttcrw = 90ns + 5ns + 170ns
= 265ns

however, tcsu = 300ns, and, therefore, tcpw would need to be
lengthened such that:

tcpw (actual) = 170ns + (300ns — 265ns) = 205ns
in order to meet the minimum tcsu requirement.

The third parameter, tcri, defines the lead (—) or lag (+) time
allowable for CAS with respect to RAS If all minimum
timing requirements for RAS and CAS are met, the CAS
trailing edge may lead the RAS trailing edge by up to 10ns or
lag by up to 70ns. In a memory cycle with all minimum
timing specifications used, CAS may lag RAS but cannot
lead RAS since tcsu would be violated if CAS led RAS.

POWER DISSIPATION

Operating

The power dissipation of a continuously operating 2104
device is the sum of Vpp X Ippavand Ves x Iss. For a cycle time
of 425ns (including a tre Of 125ns) the typical power
dissipation is 552mW.

Typical power supply current waveforms versus time are
shown below for both a RAS/CAS cycle and a CAS only
cycle. It is evident from examination of the current
waveforms that the major portion of the device power
dissipation is the Vpp X Ippav component. Since the average
value of Ipp is used to compute the power dissipation and
Iop is high only while RAS and CAS are low, minimum RAS
and CAS pulse widths are preferred even with long cycle
times to minimize power dissipation.

| RAS/CAS CYCLE  (ns) | €AS ONLY CYCLE
O 100 200 300 400 500 600 700 800 900 1000

RS Vie /
w L/ \ /

+10
(::’ -1: 7 \/L\/‘\/\ v

7%
bo 50 ——T
(mA) .
25

TYPICAL SUPPLY CURRENTS VS. TIME
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STANDBY-REFRESH ONLY

The standby power-refresh only is calculated by the
following equation:

5. Prer = Por x (64 b_‘_f) + Pgs (1-64 t(l)
trer trer

Where: Prer = Standby power-refresh only.
Por = Power dissipation-continuous operation.
teve = Cycle time for a Refresh cycle.
trer = Time between refresh.
Pss = Standby power dissipation.

The standby power dissipation Psy is given by:
6. Pss = Voo X lppi + Ves X Iss.

For example, in the 2104-4, the typical power dissipatedin a
standby-refresh only mode with the device deselected (CS
high) is 19mW. If the device is selected (CS low) during a
refresh cycle, the typical power dissipated is 31mW. This is
the result of the internal output buffer circuitry being turned
on. Since needless power is dissipated for this condition, it
is recommended that the device be deselected during
standby-refresh only operation.

Note that when calculating the standby power for a 2104
memory system it is not necessary to include the power

dissipated by TTL to MOS level converters. These
converters are incorporated internally to the 2104 and are
included in the previous power calculations.

SYSTEM LAYOUT AND DECOUPLING
A two sided memory array layout is shown below.

Decoupling is indicated by a “D” for Vpp to Vss and “B” for
Vs 0 Vss. Ipp and lgs current surges at RAS and CAS make
adequate decoupling of these supplies important. It is
recommended that 1.0uF high frequency, low inductance
capacitors be used between Vp, and Vss on double sided
boards. 0.1uF capacitors can be used between Vgs and
Vss. Vee to Vss decoupling is indicated by a “C"” and 0.1uF
capacitors are recommended. For each 36 devices a 100uF
tantalum or equivalent capacitor should be placed from Vpp
to Vss near the array. An equal or slightly smaller bulk
capacitor should be placed between Vgs and Vss on the
memory card.

Note that all power lines (including Vss) are grided both
horizontally and vertically at each memory device. This
minimizes the power distribution impedance and enhances
the effect of the decoupling capacitors.

s

B = JuF
Vss
Vee

C= AuF
Vss
VbD

D= 1uF

Vss

Ding Douts

VBB DouT1 Vss
Vbp Dint Vece

Two Sided Layout for 16K x 8 Memory
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intal 2107A
4096 x 1 BIT DYNAMIC RAM

Product 2107A-1 | 2107A | 2107A-4 | 2107A-5
Access Time| 280 ns 300 ns 350 ns 420 ns

= Low Cost Per Bit * Address Registers

= Low Standby Power Incorporated on the Chip

n Easy System Interface - Si".'lple Memory ExpanSion:

= Only One High Voltage Chip Select Input Lead
Input Signal ~Chip Enable * Fully Decoded: On Chip

* Low Level Address, Data, Addr ess Decode
Write Enable, Chip * Output is Three State and
Select Inputs TTL Compatible

= Ceramic and Plastic 22-Pin DIPs

The Intel 2107A is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applica-
tions where very low cost and large bit storage are important design objectives. The 2107A uses dynamic
circuitry which reduces the operation and standby power dissipation.

Reading information from the memory is non-destructive. Refreshing is 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 2107A is fabricated with n-channel silicon gate technology. This technology allows the design and produc-
tion of high performance, easy to use MOS circuits and provides a higher functional density on a monolithic
chip than other MOS technologies.

. PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
2107A 2107A
Ay 0—»] <0 oo
[ Vss
— A A, O—»] -0 V
- — A o b— A; o—»| ROW DECODE o4 NE,:?&?,V -0 v::
[ A, — Az N and BUFFER —f—>
9B A — Ay :: o> REGISTER 64x64 0 Vgp
— A, 4
[ Voo —1 As A5 O—>]
[ ce —1 Ae
5 ne —{ A; Dour - %5‘
15 3 As - 2
[ A —1 A0 e o—»]  CcONTRGL . COLUMN
[ A, -1 An GENERATOR AMPLIFIERS '
[ WE CS CE WE
T 9 l % &
PIN NAMES Dy O—>| COLUMN DECODE
WE o—» 110 and
DIN DATA INPUT CE CHIP ENABLE TS o—» BUFFER REGISTER
Ag-A1q ADDRESSINPUTS* [ Doutr DATAOUTPUT I I I 1 I 1 I
‘WE WRITE ENABLE Vcc  POWER (+5V) i
— Doyt As A7 Ag Ag Ay Ay
cs CHIP SELECT NC NOT CONNECTED
*Refresh Addresses Ag-Ag.
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Absolute Maximum Ratings*

Temperature UNder Bias . . .ot tue et ettt et ettt et e e e e e e - 0°C to 70°C
Storage TEMPErature . . .. ......ueeeeeneennennnn RS —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg . . .. .............. +25V to —0.3V
Supply Voltages Vpp, Vcc, and Vgg with Respect to Vg . . v v v i ittt ii e e e n s +20V to —0.3V
Power DissiPation . . . . ... i e e e e e e 1.0W
*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 isnotimplied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D.C. and Operating Characteristics
Ta =0°C t0 70°C, Vpp =+12V % 5%, Ve = +6V £ 5%, Vggl1] = -5V * 6%, Vg = 0V, unless otherwise notes.

Symbol Parameter Limits Unit Conditions
Min. |Typ.[2] Max.

[T Input Load Current .01 10 HA Vin = ViL MIN 10 ViH MAX
(all inputs except CE)

ILe Input Load Current .01 10 MA Vin = ViL MmN to Vig mAx

['eol Output Leakage Current .01 10 uA CE=-1Vto+.8VorCS=3.5V,

for high impedance state Vo =0V to 5.25V

lopt | Vpp Supply Current A 100 | pA CE=-1V to +.8V
during CE off(3]

Ibp2 Vpp Supply Current 14 22 mA CE = Vjye Ty =25°C
during CE onl5]

lpp av | Average Vpp Supply (See Table 1) Ta = 25°C, Fig. 1,3
Current

leet Vce Supply Current .01 10 MA CE=-1V to +.8V
during CE off

lec2 Vce Supply Current 5 10 mA CE=V o, Tp = 25°C
during CE on

lccav Average Ve Supply (See Table 1) Ta =25°C, Fig. 2,4
Current

Igg Vgg Supply Current 1 100 MA

ViL Input Low Voltagel4] -1.0 0.8 v

ViH Input High Voltagel4] 35 Ve ¥1 ]V

ViLe CE Input Low Voltage(4l | —1.0 +1.0 Y]

ViHe CE Input High Voltage Vpp —1 Vpp +1 \

VoL Output Low Voltage(4) 0.0 0.45 \% loL = 1.7mA, Fig. 6

VoH Output High Voltagel4] 2.4 Vee \% lon = -100pA, Fig. 5

NOTES:

1. The only requirement for the sequence of applying voltage to the device is that Vpp, Vcg, and Vgg should never be .3V or more
negative than Vgg.

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

The Ipp and Icc currents flow to Vgs. The Igg current is the sum of ali leakage currents.

. Referenced to Vgg unless otherwise noted.

. For 2107A-4 and 2107A-5 Ipp2 is 25mA max.

arLP
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A.C. Characteristics 7,=0°Ct 70, Vpp = 12V £ 5%, Ve = 5V 6%, Vgg = -5V * 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgs = 0V, unless otherwise noted.

2107A 2107A-1 2107A-4 2107A-5
Symbol Parameters Min. Max. Min. Max. | Min. Max. Min. Max. Units
trer (1] | Time Between Refresh 2 1 2 2 ms
tac Address to CE Set Up Time 0 0 0 0 ns
taH Address Hold Time 100 100 100 100 ns
tce CE Off Time 180 100 200 250 ns
tT CE Transition Time 50 50 50 50 ns
tck CE Off to Output 0 0 0 0 ns
High Impedance State
READ CYCLE
Symbol Parameters Min. Max. Min. Max. | Min. Max. | Min. Max. Units
trcy 2! | Read Cycle Time 500 420 570 690 ns
tcer CE On Time During Read 280 3000 | 280 3000 | 330 3000 | 400 300 ns
tco CE Output Delay 280 260 330 400 ns
tacc[3) | Addressto Output Access 300 280 350 420 ns
twiL CE to WE Low 0 0 0 0 ns
twe WE to CE on 0 0 0 0 ns
WRITE CYCLE
Symbol Parameters Min. | Max. | Min. | Max. | Min. Max. | Min. Max. Units
twey!2 | Write Cycle Time 700 550 840 970 ns
tcew CE Width During Write 480 3000 | 410 3000 | 600 3000 | 680 3000 ns
tw WE to CE Off 340 250 400 450 ns
tow CE to WE High 300 250 — - ns
tow Dy to WE Set Up 0 ' 0 0 0 ns
tep!® | CEto Dy Set Up 50 50 50 50 ns
toH Dyn Hold Time 0 0 0 0 ns
twp WE Pulse Width 150 150 200 200 ns
tww (5! | WE Wait 0 0 170 200 ns
twe WE to CE On 0 ] 0 ] ns
Capacitance!® 1, - 25°c
Plastic And
Symbol Test Ceramic Pkg. Unit Conditions
Typ. Max.
Cap Address Capacitance, CS, WE, Dy 3 6 pF ViN = Vss
Cce CE Capacitance 17 25 pF ViN = Vss
Cout Data Output Capacitance 3 6 pF VouTt = 0V

1. For plastic 2107A-4 and 2107A-5 tRgF = 1mS.

2. tT=20ns

3. CLOAD = 50 pf; Load = 1 TTL; Ref = 2.0V for high, 0.8V for low; tacc =tac +tco + 1 tT-

4. tcp applies only when tyy>tcgw -50ns.

5. The 2107A and 2107A-1 should not be operated with tyyyy in the 50 to 170 ns range.

6. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation
1At

C = — with the current equal to a constant 20mA.
AV
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D.C. Characteristics

FIGURE 1

Ipp AVERAGE VS. TEMPERATURE
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FIGURE 2
lcc AVERAGE VS. TEMPERATURE
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SPEC:
1.7mA, 45V
° * | 1 150
0 1 2 . 0 25 70 0 25 70
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Table 1. Ippav and Iccay Characteristics.
Product Ippav (Typ) Ippav (Max) lccav(Typ) lccav (Max) Cycle tcEw
2107A 23mA 34mA 6mA 10mA 700ns 480ns
2107A-1 28mA 38mA 8mA 12mA 550ns 410ns
2107A-4 22mA 33mA 5mA 9mA 840ns 600ns
2107A-5 18mA 28mA 4mA 8mA 970ns 680ns
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Read Modify Write Cycle

2107A 2107A-1 2107A-4 2107A-5
Symbol Parameters Min. | Max. [ Min. | Max. [ Min. Max. | Min. Max. | Units
tpwel! | Read Modify Write (RMW) 840 670 970 1140 ns
Cycle Time
tcrw[?) | CE Width During RMW 620 3000 | 530 3000 | 730 3000 | 850 3000 ns
twe WE to CE on 0 0 0 0 ns
tw WE to CE off 340 250 400 450 ns
twp WE Pulse Width 150 150 200 200 ns
tow Dy to WE Set Up 0 0 0 0 ns
tpH Dy Hold Time 0 0 0 0 ns
tco CE to Output Delay 280 260 330 400 ns
taccl3! | Access Time 300 280 350 420 ns
twp Dour Valid After WE 0 0 0 0 ns

Notes: 1. tT = 20ns
2. tCRW - ty = tco
3. CLOAD = 50 pf; Load = One TTL Gate; Ref = 2.0V for High, 0.8V for low; tacc=tac+ttco+1TTL

tawe

wonessts \I@ \
ADDRESSES
AND C§ O ADDRESS STABLE ADDRESS CAN CHANGE
1
Mo 7 i

tac— > |e—

Vine

CE

L__*_ e tce

Vin

e (_ \ / WE CAN
/ CHANGE

ViL - Z

— tow —t»|  |e—ton

A
Dy Dy CAN CHANGE Dy STABLE K 2112222'

| teo —typ

Von == mm = — G I, 4
b - HIGH _, - HIGH
OUT ~|MPEDANCE < VALID—> UNDEFINED ~ IMPEDANCE ™|

L, . S W A —

tace top — ‘-;

NOTES:
1. Vgg *+ 1.5V is the reference level for measuring timing of the address CS, WE, and DyN.
2. Vgg + 3.0V is the reference level for measuring timing of the address, CS, WE, and Dy.
3. Vgg + 2.0V is the reference level for measuring timing of CE.

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

5. Vgg + 2.0V is the reference level for measuring the timing of DQuT.
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Read and Refresh Cycle "

trey
Vi
"\ T y
Al}:ﬂ?‘:\)scgss ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
Vi ) 7
tan —| |fe—tr — tr
tac teer
Mine ®
CE
ViLe
tee
.__.l let— twe
Vin |
WE —
o WE cAN
WE caN CHANGE
CHANGE
(T — S
tco —
VOH =t o o s e sn e r—-———-——-
[ AL HIGH |
UT =~ IMPEDANCE <1 “*WPEDANCE
VoL = = = ol m - -
tace —= }* ter

Write Cycle

twey i
Vi
N |
ADDR ADDRESS
et ADDRESS STABLE ADDRESS CAN CHANGE STABLE
Vie
tan —_— |e—ty
tac tcew '
Vine
CE
[ Ty —1 tw
Vit ]
iLe tew
tec
—.{ fe— twe l— twp —>
Vin X
WE WE
WE  CAN CAN WE CAN CHANGE
CHANGE CHANGE
Vit
—|  fe——tpw ton —t=| [+—
v, N\
" “ DIN !
™ Dy CAN CHANGE Dy STABLE CAN CHANGE
Vi 4
\(.J"-————-— - - — —— -
D - HIGH HIGH
Dour IMPEDANCE UNDEFINED IVIMPEDANCE *
VOL------- - - - — -
tcr — l‘—
NOTES: 1. For Refresh cycle row and column addresses must be stable before tac and remain stable for entire ta period.

1
2. Vgg + 1.5V is the reference level for measuring timing of the addresses, CS, WE, and D .
3. Vgg + 3.0V is the reference level for measuring timing of the addresses, CS, WE, and DIN-
4. Vgg + 2.0V is the reference level for measuring timing of CE.

6. 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-
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2107B

4096 BIT DYNAMIC RAM

m Low Cost Per Bit
= Low Standby Power

= Easy System Interface

= Only One High Voltage
Input Signal — Chip Enable

m TTL Compatible — All Address, Data,
Write Enable, Chip Select Inputs

s Refresh Period — 2ms for 2107B,

2107B-4, 1ms for 2107B-6

2107B | 2107B-4 | 2107B-6
Access Time 200ns 270ns 350ns
Read,Write Cycle | 400ns 470ns 800ns
RMW Cycle 520ns 590ns 960ns
m Address Registers Incorporated on the
Chip
= Simple Memory Expansion — Chip Select
Input Lead v
= Fully Decoded — On Chip Address
Decode

= Output is Three State and TTL Compatible
= Industry Standard 22-Pin Configuration

The Intel®21078 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. The 2107B 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 re-
freshed whether Chip Select is a logic one or a logic zero.

The 2107B is fabricated with n-channel silicon gate technology. This technology allows the design and productio