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INTEL 
Intel was organized in 1968 to exploit the rapidly 
growing technology of Integrated Electronics, from 
whence the corporation derives its name. During 
its brief history it has become the world's largest 
supplier of MOS circuits, and is in the top ten 

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 1 K 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 
for details. 

producers of all semiconductor devices. 
This data catalog covers most Intel standard 
component, memory system and microcomputer 
development system products. For a list of other 
Intel literature, see page 12-10. 
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NUMERICAL INDEX 

PAGE PAGE 

1101A 256 x 1 MOS RAM 2-4 2401 Duall024-Bit Dynamic Recirculating 4-11 
1101A 1 256 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 
1103-1 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-l 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 3-5 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 3-9 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 3-9 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 3-9 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 5-7 
2102A-4 1024 x 1 MOS RAM 2-38 3207A-l 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 5-13 
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 5-19 
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 
2107B 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 2-68 3301A 256 x 4 Schottky ROM 3-26 
2111-1 256 x 4 MOS RAM 2-68 M3301A 256 x 4 Schottky ROM, Mil Temp 3-29 
2111-2 256 x 4 MOS RAM 2-68 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 2-64 3304A 512 x 8 Schottky ROM 3-34 
2112 256 x 4 MOS RAM 2-77 3304A-4 512 x 8 Schottky ROM 3-34 
2112-2 256 x 4 MOS RAM 2-77 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 2-81 3324A-4 512 x 8 Schottky ROM 3-34 
2115L 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 5-13 
2125 1024 x 1 MOS RAM 2-81 3601 256 x 4 Schottky PROM 3-37 
2125-2 1024 x 1 MOS RAM 2-81 3601-1 256 x 4 Schottky PROM 3-37 
2125L 1024 x 1 MOS RAM 2-81 M3601 256 x 4 Schottky PROM, Mil Temp 3-41 

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 
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I NUMERICAL INDEX 

PAGE PAGE 

3602L-6 512 x 4 Schottky PROM 3-43 8212 8-Bit I/O Port 8-75 
3604 512 x 8 Schottky PROM 3-46 8214 Priority Interrupt Control Unit 8-92 
3604-4 512 x 8 Schottky PROM 3-46 8216 4-Bit Bi-Directional Bus Driver 8-96 
3604L-6 512 x 8 Schottky PROM 3-46 8222 Dynamic RAM Refresh Controller 8-74 
3621 256 x 4 Schottky PROM 3-37 8224 8080 Clock Generator 8-25 
3621-1 256 x 4 Schottky PROM 3-37 8226 4-Bit Bi-Directional Bus Driver 8-96 
3622 512 x 4 Schottky PROM 3-43 8228 System Controller for 8080 8-29 
3622-4 512 x 4 Schottky PROM 3-43 8238 System Controller for 8080 8-29 
3622L-6 512 x 4 Schottky PROM 3-43 8251 Programmable Communcation Interface 8-85 
3624 512 x 8 Schottky PROM 3-46 8255 Programmable Peripheral Interface 8-79 
3624-4 512 x 8 Schottky PROM 3-46 8302 256 x 8 MOS ROM 8-46 
M3604 512 x 8 Schottky PROM, Mil Temp 3-49 8308 lK x 8 MOS ROM 8-49 
M3604-6 512 x 8 Schottky PROM, Mil Temp 3-49 8316A 2K x 8 MOS ROM 8-52 
3605 1024 x 4 Schottky PROM 3-52 8253 Programmable Interval Timer 8-100 
3605-1 1024-x 4 Schottky PROM 3-52 8257 Programmable DMA Controller 8-102 
M3624 512 x 8 Schottky PROM, Mil Temp 3-49 8259 Programmable Interrupt Controller 8-104 
3625 1024 x 4 Schottky PROM 3-52 8702A 256 x 8 MOS PROM 8-40 
3625-1 1024 x 4 Schottky PROM 3-52 8708 lK x 8 MOS PROM 8-43 
4001 256 x 8 ROM with 4-Bit I/O for 4040/4004 7-85 Barebones 80 10-25 
4002 320 Bit RAM with 4-Bit I/O 7-76 CROMIS Series 3000 Microprogramming System 10-45 
4003 10 Bit Serial In-Parallel Out Shift Register 7-18 Development Systems 10-2 
4004 4-Bit Microprocessor 7-11 Diskette Operating System - MDS 10-8 

European Marketing Offices Inside Cover 
4008 A.ddress Latch for 4040/4004 7-59 Functional Index 1-5 
4009 I/O Device for 4040/4004 7-59 High Speed Paper Tape Reader - MDS 10-14 
4040 4-Bit Microprocessor 7-4 High Speed Paper Tape Reader 4/MOD/40 10-28 
4101 256 x 4 MOS RAM 7-82 High Speed Paper Tape Reader 8/MOD/80 10-24 
4201 4040 Clock Generator 7-53 imm 4-22 Instruction/Data Storage Module 10-31 
4265 Programmable I/O for 4040/4004 7-22 imm 4-24 Data Storage Module 10-31 
4269 Programmable Keyboard/Display Interface 7-39 imm 4-42 Central Processor Module 10-31 

for 4040/4004 imm 4-43 Cental Processor Module 10-31 
4289 4040/4004 Memory Interface 7-65 imm 4-60 Input/Output Module 10-31 
4308 1024 x 8 ROM with 16-Bit I/O for 4040/4004 7-94 imm 6-26 PROM Memory Module 10-33 
4316A 2048 x 8 MOS ROM 7-104 imm 6-28 RAM Memory Module 10-33 
4702A 256 x 8 MOS PROM 7-107 imm 6-70 Universal Prototype Module 10-33 
5101 256 x 4 CMOS RAM 2-101 imm 6-72 Module Extender 10-33 
5101-1 256 x 4 CMOS RAM 2-101 imm 6-76 PROM Programmer Module 10-33 
5101-3 256 x 4 CMOS RAM 2-101 imm 8-60 Input/Output Module (8008) 10-32 
5101-8 256 x 4 CMOS RAM 2-101 imm 8-61 Input/Output Module (8080) 10-32 
5101L 256 x 4 CMOS RAM 2-101 imm 8-62 Output Module (8008) 10-32 
5101L-l 256 x 4 CMOS RAM 2-101 imm 8-63 Output Module (8080) 10-32 
5101L-3 256 x 4 CMOS RAM 2-101 imm 8-82 Central Processor Module (8008) 10-32 
5234 Quad CMOS to MOS Driver for 4K RAMs 5-38 imm 8-83 Central Processor Module (8080) 10-32 
5235 Quad Low Power TTL to MOS Driver for 5-42 in-l0 RAM System 6-4 

4K RAMs in-26 RAM System 6-6 
5235-1 High Speed Quad Low Power TTL to MOS 5-42 in-40 RAM System 6-8 

Driver for 4K RAMs in-50 RAM System 6-10 
5244 Quad CCD Driver 5-46 in-60 Serial Memory System 6-12 
5810A Single Chip T /S/D Watch Circuit 11-2 in-64 Serial Memory System 6-14 
8008 8-Bit Central Processor 8-33 in-65 Serial Memory System 6-16 
8008-1 8-Bit Central Processor 8-33 in-4711 PDP-ll Add-in 6-18 
8080A 8-Bit Central Processor 8-5 in-4716 Interdata 7/16 and 7/32 Add-in 6-20 
8080A-l 8-Bit Central Processor 8-12 in-477 CRT Refresh Memory 6-22 
8080A-2 8-Bit Central Processor 8-16 in-481 8008, 8080 RAM Memory 6-24 
M8080A 8-Bit Central Processor, Mil Temp 8-20 In Circuit Emulator - ICE-30 MDS 10-18 
8101-2 256 x 4 MOS RAM 8-54 In Circuit Emulator - ICE-80 MDS 10-15 
8101A-4 256 x 4 MOS RAM 8-57 Intel Sales Offices 12-13 
8102A-4 lK x 1 MOS RAM 8-66 Intellec® MDS-800 10-3 
8107B-4 4K x 1 Dynamic MOS RAM 8-69 Inteliec 4/MOD 40 10-27 
8111-2 256 x 4 MOS RAM 8-60 Intellec 8/MOD 8 10-23 
8111A-4 256 x 4 MOS RAM 8-63 Inteliec Systems 10-2 
8205 One of Eight Decoder 8-89 International Distributors Inside Cover 

INTERP 8 8008 Simulator 10-40 
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NUMERICAL INDEX 

INTERP 40 4004/4040 Simulator 
INTERP SO SOSO Simulator 
Literature Available 
Literature Request Card 
M2102A-4 1024 xl MaS RAM, Mil Temp 
M2102A-6 1024 x 1 MaS RAM, Mil Temp 
M3001 Microprogram Control Unit, Mil Temp 
M3002 Central Processing Element, Mil Temp 
M3003 Look-Ahead Carry Generator, Mil Temp 
M3101 16 x 4 Schottky RAM, Mil Temp 
M3101A 16 x 4 Schottky RAM, Mil Temp 
M3212 Multi-Mode Latch Buffer, Mil Temp 
M3214 Interrupt Control Unit, Mil Temp 

PAGE 

10-39 
10-42 
12-10 

Inside Cover 
2-42 
2-42 
9-10 
9-1S 
9-24 
2-91 
2-91 
9-31 

M3216 Parallel Bi-Directional Bus Driver, Mil Temp 
9-40 
9-47 
9-47 
3-29 

M3226 Parallel Bi-Directional Bus Driver, Mil Temp 
M3301A 256 x 4 Schottky ROM, Mil Temp 
M3601 256 x 4 Schottky PROM, Mil Temp 
M3604 512 x S Schottky PROM, Mil Temp 
M3604-6 512 x S Schottky PROM, Mil Temp 
M3624 512 x S Schottky PROM, Mil Temp 
MAC S MCS-S" Cross-Assembler 
MAC 40 Microcomputer Software Products 
MCS 4/40 Workshop 
MCS-4/40 4040 Prototype Systems 
MAC 40 MCS-40'· Cross-Assembler 
MAC SO MCS-SO'· Cross-Assembler 
MCS-SO Workshop 
Memory Support Circuit Selector Guide 
Memory System Selector Guide 

3-41 
3-49 
3-49 
3-49 

10-3S 
10-36 
10-62 
7-110 
10-37 
10-41 
10-60 

5-2 
6-2 

Memory System Accessories 
Memory System Custom Boards 
Memory System Cabinets 
Memory System Chassis 
Memory System Power Supplies 
Microcomputer Modules 
Module Conversion Kit 
MaS RAM Selector Guide 
MaS ROM/PROM Selector Guide 
Ordering Information 
Orient Marketing Offices 
Packaging Information 
PUM'· Cross Compiler 
PUM'· Workshop 
PROM Programming Instructions 
ROM Simulators - MDS 
SBC SO/10 OEM Computer System 
Schottky ROM/PROM Cros,s Reference 
Schottky ROM / PROM Selector Guide 
SDK-SO S080 System Design Kit 
Serial Memory Selector Guide 
Single Board Computer 
Standard Processing Specification 
Training Programs 
Universal PROM Programmer - MDS 
User's Program Library 
4-Bit User's Program Library 
S-Bit User's Program Library 
User's Library Submittal Form 

PAGE 

6-30 
6-26 
6-27 
6-2S 
6-29 

10-31 
10-33 

2-2 
3-2 

12-3 
Inside Cover 

12-4 
10-43 
10-61 
3-55 

10-21 
10-34 

3-4 
3-3 

10-29 
4-2 

10-34 
12-8 

10-59 
10-13 
10-46 
10-47 
10-49 
10-57 
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FUNCTIONAL INDEX 

RANDOM ACCESS MEMORIES 

STATIC MOS RAMs PAGE SCHOTTKY RAMs PAGE 

MOS RAM SELECTOR GUIDE 2-2 3101 16 x 4 Schottky RAM 2-87 
1101A 256 x 1 MOS RAM 2-4 3101A 16 x 4 Schottky RAM 2-87 
1101Al 256 x 1 MOS RAM 2-4 M3101 16 x 4 Schottky RAM, Mil Temp 2-91 
2101A 256 x 4 MOS RAM 2-30 M3101A 16 x 4 Schottky RAM, Mil Temp 2-91 
2101A-2 256 x 4 MOS RAM . 2-30 3104 4 x 4 Schottky RAM 2-93 
2101A-4 256 x 4 MOS RAM 2-30 3106 256 x 1 Schottky RAM 2-97 
2101 256 x 4 MOS RAM 2-34 310SA 256 x 1 Schottky RAM 2-97 
2101-1 256 x 4 MOS RAM 2-34 3106-8 256 x 1 Schottky RAM 2-97 
2101-2 256 x 4 MOS RAM 2-34 3107 256 x 1 Schottky RAM 2-97 
2102A 1024 x 1 MOS RAM 2-38 3107A 256 x 1 Schottky RAM 2-97 
2102A-2 1024 x 1 MOS RAM 2-38 3107-8 256 x 1 Schottky RAM 2-97 
2102A-4 1024 x 1 MOS RAM 2-38 
2102A-6 1024 xl 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 PROGRAMMABLE READ ONLY MEMORIES (PROMs) 
M2102A-6 1024 x 1 MOS RAM, Mil Temp 2-42 
2111A 256 x 4 MOS RAM 2-64 MOS PROMs 
2111A-2 256 x 4 MOS RAM 2-64 MOS ROM/PROM SELECTOR GUIDE 3-2 
2111A-4 256 x 4 MOS RAM 2-64 1702A 256 x 8 MOS Erasable PROM 3-9 
2111 256 x 4 MOS RAM 2-68 1702AL 256 x 8 MOS Erasable PROM 3-13 
2111-1 256 x 4 MOS RAM 2-68 1702A-2 256 x 8 MOS Erasable PROM 3-9 
2111-2 256 x 4 MOS RAM 2-68 1702AL-2 256 x 8 MOS Erasable PROM 3-13 
2112A 256 x 4 MOS RAM 2-72 1702A-6 256 x 8 MOS Erasable PROM 3-9 
2112A-2 256 x 4 MOS RAM 2-72 2704 512 x 8 MOS Erasable PROM 3-23 
2112A-4 256 x 4 MOS RAM 2-72 2708 1024 x 8 MOS Erasable PROM 3-23 
2112 256 x 4 MOS RAM 2-77 PROM PROGRAMMING INSTRUCTIONS 3-55 
2112-2 256 x 4 MOS RAM 2-77 
2115 1024 x 1 MOS RAM 2-81 SCHOTTKY PROMs 
2115-2 1024 x 1 MOS RAM 2-81 SCHOTTKY ROM/PROM SELECTOR GUIDE 3-3 
2115L 1024 x 1 MOS RAM 2-81 SCHOTTKY PROM CROSS REFERENCE 3-4 
2125 1024 x 1 MOS RAM 2-81 3601 256 x 4 Schottky PROM 3-37 2125-2 1024 x 1 MOS RAM 2-81 3601-1 256 x 4 Schottky PROM 3-37 
2125L 1024 xl MOS RAM 2-81 M3601 256 x 4 Schottky PROM, Mil Temp 3-41 
DYNAMIC MOS RAMs 3621 256 x 4 Schottky PROM 3-37 

3621-1 256 x 4 Schottky PROM 3-37 
1103 1024 x 1 Dynamic MOS RAM 2-8 3602 512 x 4 Schottky PROM 3-43 
1103-1 1024 x 1 Dynamic MOS RAM 2-13 3602-4 512 x 4 SchottRy PROM 3-43 
1103A 1024 x 1 Dynamic MOS RAM 2-16 3202L-6 512 x 4 Schottky PROM 3-43 
1103A-l 1024 x 1 Dynamic MOS RAM 2-21 3622 512 x 4 Schottky PROM 3-43 
1103A-2 1024 x 1 Dynamic MOS RAM 2-26 3622-4 512 x 4 Schottky PROM 3-43 
2104 4096 x 1 Dynamic MOS RAM 2-44 3622L-6 512 x 4 Schottky PROM 3-43 
2104-2 4096 x 1 Dynamic MOS RAM 2-44 3604 512 x 8 Schottky PROM 3-46 
2104-4 4096 x 1 Dynamic MOS RAM 2-44 3604-4 512 x 8 Schottky PROM 3-46 
2107A 4096 x 1 Dynamic MOS RAM 2-52 3604L-6 512 x 8 Schottky PROM 3-46 
2107A-l 4096 x 1 Dynamic MOS RAM 2-52 3624 512 x 8 Schottky PROM 3-46 
2107A-4 4096 x 1 Dynamic MOS RAM 2-52 3624-4 512 x 8 Schottky PROM - 3-46 
2107A-5 4096 x 1 Dynamic MOS RAM 2-52 M3604 512 x 8 Schottky PROM, Mil Temp 3-49 

. 21078 4096 x 1 Dynamic MOS RAM 2-58 M3604-6 512 x 8 Schottky PROM, Mil Temp 3-49 
21078-4 4096 x 1 Dynamic MOS RAM 2-58 3605 1024 x 4 Schottky PROM 3-52 
21078-6 4096 x 1 Dynamic MOS RAM 2-58 3605-1 1024 x 4 Schottky PROM 3-52 
2116 16K x 1 Dynamic MOS RAM 2-86 M3624 512 x 8 Schottky PROM, Mil Temp 3-49 

CMOS RAMs 3625 1024 x 4 Schottky PROM 3-52 
3625-1 1024 x 4 Schottky PROM 3-52 

5101 256 x 4 CMOS RAM 2-101 PROM PROGRAMMING INSTRUCTIONS 3-55 
5101-1 256 x 4 CMOS RAM 2-101 
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-l 256 x 4 CMOS RAM 2-101 
5101L-3 256 x 4 CMOS RAM 2-101 
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FUNCTIONAL INDEX 

READ ONLY MEMORIES (ROMs) 
MOS ROMs 

1302 256 x 8 MOS ROM 
2308 1024 x 8 MOS ROM 
2316A 2048 x 8 MOS ROM 

SCHOTTKY ROMs 

3301 A 
M3301A 
3302A 
3302A-4 
3302AL6 
3322A 
3322A-4 
3322AL6 
3304A 
3304A-4 
3304AL6 
3324A 
3324A-4 

256 x 4 Schottky ROM 
256 x 4 Schottky ROM, Mil Temp 
512 x 4 Schottky ROM 
512 x 4 Schottky ROM 
512 x 4 Schottky ROM 
512 x 4 Schottky ROM 
512 x 4 Schottky ROM 
512 x 4 Schottky ROM 
512 x 8 Schottky ROM 
512 x 8 Schottky ROM 
512 x 8 Schottky ROM 
512 x 8 Schottky ROM 
512 x 8 Schottky ROM 

SERIAL MEMORIES 
SERIAL MEMORY SELECTOR GUIDE 
1402A Quad 256-Bit Dynamic Shift Register 
1403A Dual 512-Bit Dynamic Shift Register 
1404A 1024-Bit Dynamic Shift Register 
1405A 512-Bit Dynamic Recirculating Shift Register 
2401 Dual1024-Bit Dynamic Recirculating Shift Reg. 
2405 1024-Bit Dynamic Recirculating Shift Reg. 
2416 16K CCD Serial Memory 

MEMORY SUPPORT CIRCUITS 

MEMORY SUPPORT CIRCUIT SELECTOR GUIDE 
3205 
3207A 
3207A-1 
3208A 
3222 
3232 

1 of 8 Binary Decoder 
Quad Bipolar to MOS Level Shifter and Driver 
Quad Bipolar to MOS Level Shifter and Driver 
Hex Sense Amp for MOS Memories 
4K Dynamic RAM Refresh Controller 
4K Dynamic RAM Address Multiplexer and 
Refresh Counter 

16K Dynamic RAM Address Multiplexer and 
Refresh Counter 

PAGE 

3-5 
3-16 
3-20 

3-26 
3-29 
3-31 
3-31 
3-31 
3-31 
3-31 
3-31 
3-34 
3-34 
3-34 
3-34 
3-34 

4-2 
4-3 
4-3 
4-3 
4-7 

4-11 
4-11 
4-15 

5-2 
5-3 
5-7 

5-11 
5-13 
5-19 
5-25 

5-29 3242 

3245 
3246 
3404 
340BA 
5234 
5235 
5235-1 

Quad TIL to MOS Driver for 4K RAMs 5-30 

5244 

Quad ECL to MOS Driver for 4K RAMs 5-34 
High Speed 6-Bit Latch 5-3 
Hex Sense Amp and Latch for MOS Memories 5-13 
Quad CMOS to MOS Driver for 4K RAMs 5-38 
Quad Low Power TIL to MOS Driver for 4K RAMs 5-42 
High Speed Quad Low Power TTL to MOS 5-42 
Driver for 4K RAMs 

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 

MCS-40T• MICROCOMPUTER SYSTEM 
4001 
4002 
4003 
4004 
4008 
4009 
4040 
4101 
4201 
4265 
4269 

256 x 8 ROM with 4-Bit 1/0 
320 Bit RAM with 4-Bit 1/0 
10-Bit Serial In-Parallel Out 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 

4289 404014004 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-BOT. MICROCOMPUTER SYSTEM 
8080A 
8080A-1 
8080A-2 
M8080A 
8224 
8228,8238 
8008,8008-1 
8702A 
8708 
8302 
8308 
8316A 
8101-2 
8101A-4 
8111-2 
8111A-4 
8102A-4 
8107B-4 
8222 
8212 

8-Bit Central Processor 
8-Bit Central Processor 
8-Bit Central Processor 
8-Bit Central Processor, Mil Temp 
8080 Clock Generator 
System Controller for 8080 
8-Bit Central Processor 
256 x 8 MOS PROM 
1K x 8 MOS PROM 
256 x 8 MOS ROM 
1K x 8 MOS ROM 
2K x 8 MOS ROM 
256 x 4 MOS RAM 
256 x 4 MOS RAM 
256 x 4 MOS RAM 
256 x 4 MOS RAM 
1K x 1 MOS RAM 
4K x 1 Dynamic MOS RAM 
Dynamic RAM Refresh Controller 
8-Bit 1/0 Port 

PAGE 

6-2 
6-4 
6-6 
6-8 
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FUNCTIONAL INDEX 

MCS·80™ MICROCOMPUTER SYSTEM (continuedl 
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 3DIio BIPOLAR MICROCOMPUTER SYSTEM 
3001 Microprogram Control Unit 
M3OO1 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 
imm 4-22 
imm 4-24 
imm 4-42 
imm 4-43 
imm 4-60 
imm 6-26 
imm 6-28 
imm 6-70 
imm 6-72 
imm 6-76 
imm 8-60 
imm 8-61 
imm 8-62 
imm 8-63 
imm 8-82 
imm 8-83 

OEM Computer System 
Instruction/Data Storage Module 
Data Storage Module 
Central Processor Module 
Central Processor Module 
Input/Output Module 
PROM Memory Module 

. RAM Memory Module 
Universal Prototype Module 
Module Extender 
PROM Programmer Module 
Input/Output Module (8008) 
Input/Output Module (8080) 
Output Module (8008) 
Output Module (8080) 
Central Processor Module (8008) 
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/MOD/8 High Speed Paper Tape Reader 
Barebones 80 
Intellec 4/MOD 40 
4/MO'D/40 High Speed Paper Tape Reader 
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MICROCOMPUTER KITS 
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RANDOM ACCESS MEMORIES 



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 xl 1500ns 1500ns 685mW/340mW +5,-9 2-4 

1101 A 1 256 Hi-Speed Static Fully Decoded 256 xl 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 400mW176mW +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/O 256 x 4 350ns 350ns 300mW +5 2-30 

2101A-2 1024 Static, Separate I/O 256 x 4 250ns 250ns 350mW +5 2-30 

2101A-4 1024 Static, Separate I/O 256 x 4 450ns 450ns 300mW +5 2-30 

2101 1024 Static, Separate I/O 256 x 4 1000ns 1000ns 350mW +5 2-34 

C/) 2101-1 1024 Static, Separate I/O 256 x 4 500ns 500ns 350mW +5 2-34 
0 

2101-2 1024 Static, Separate I/O 256 x 4 650ns 650ns 350mW 2-34 :E +5 

W 2102A 1024 High Speed Static 1024 x 1 350ns 350ns 275mW +5 2-38 
I-

2102A-2 1024 High Speed Static 250ns 325mW ct 1024 x 1 250ns +5 2-38 

" 2102A-4 1024 High Speed Static 1024 xl 450ns 450ns 275mW +5 2-38 
Z 

2102A-6 1024 High Speed Static 1024 x 1 650ns 650ns 275mW +5 2-38 0 
0 2102AL 1024 Low Standby Power Static 1024 xl 350ns 350ns 165mW/35mW +5 2-38 
:::i 

2102AL-2 1024 Low Standby Power Static 1024 x 1 250ns, 250ns 325mW/42mW +5 2-38 ii) 
2102AL-4 1024 Low Standby Power Static 1024 xl 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,+5,-5 2-44 

2104-2 4096 16 Pin Dynamic 4096 x 1 250ns 375ns 744mW/37mW +12,+5,-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 Pi n Dynam ic 4096 x 1 280ns 550ns 516mW/16mW +12,+5,-5 2-52 

2107A-4 4096 22 Pi n Dynam ic 4096 x 1 350ns 840ns 405mW/10mW +12,+5,-5 2-52 

2107A-5 4096 22 Pin Dynamic 4096 x 1 420ns 970ns 376mW/11mW +12,+5,-5 2-52 

21078 4096 22 Pin Dynamic 4096 xl 200ns 400ns 648mW/12mW +12, +5,-5 2-58 

21078-4 4096 22 Pin Dynamic 4096 xl 270ns 470ns 648mW/13mW +12,+5,-5 2-58 

21078-6 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. 
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RANDOM ACCESS MEMORIES (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 I/O with 256 x 4 350ns 350ns 300mW +5 2-64 
Output Deselect 

2111A-2 1024 Static. Common I/O with 256 x 4 250ns 250ns 350mW +5 2-64 
Output Deselect 

2111A-4 1024 Static, Common I/O with 256 x 4 450ns 450ns 300mW +5 2-64 
Output Deselect 

2111 1024 Static. Common I/O with 256 x 4 1000ns 1000ns 350mW +5 2-68 
Output Deselect 

2111-1 1024 Static, Common I/O with 256 x 4 500ns 500ns 350mW +5 2-68 

en Output Deselect 

0 2111-2 1024 Static, Common I/O with 256 x 4 650ns 650ns 350mW +5 2-68 :z Output Deselect 
W 

2112A 1024 Static, Common I/O without 256 xA 350ns 350ns 300mW +5 2-72 1-« Output Deselect 
C!J 2112A-2 1024 Static, Common I/O without 256 x 4 250ns 250ns 350mW +5 2-72 
Z Output Deselect 
0 
0 2112A-4 1024 Static, Common I/O without 256 x 4 450ns 450ns 300mW +5 2-72 
:::i Output Deselect 

en 2112 1024 Static, Common I/O without 256 x 4 1000ns 1000ns 350mW +5 2-77 
Output Deselect 

2112-2 1024 Static, Common I/O 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 625mW +5 2-81 

2125L 1024 Low Power Static 1024 x 1 95ns 95ns 325mW +5 2-81 

3101 64 Fully Decoded 16 x 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) 

a: M3101A 64 High Speed Fully Decoded 16 x 4 45ns 45ns 546mW +5 2-91 
« (-55°C to +125°C) 
~ 

3104 16 0 Content Addressable Memory 4x4 30ns 40ns 625mW +5 2-93 

!!: 3106 256 High Speed Fully Decoded 256 x 1 80ns 80ns 650mW +5 2-97 
IJl (With Three-State Output) 
> 3106A 256 High Speed Fully Decoded 256 x 1 60ns 70ns 650mW +5 2-97 ~ 
1- (With Three-State Output) 
1-
0 3106-8 256 High Speed Fully Decoded 256 x 1 80ns 80ns 650mW +5 2-97 
J: (With Three-State Output) 
0 3107 256 High Speed Fully Decqded 256 x 1 80ns 80ns 650mW +5 2-97 en 

(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 
en 5101-1 1024 Static CMOS RAM 256 x 4 450ns 450ns 135mW!75uW +5 2-101 

zO 5101-3 1024 Static CMOS RAM 256 x 4 650ns 650ns 135mW/1mW +5 2-101 o:Z 
00 5101-8 1024 Static CMOS RAM 256 x 4 800ns 800ns 150mW/2.5mW +5 2-101 
-w 

5101L 1024 Static CMOS RAM 256 x 4 650ns 650ns 135mW/30uW +5 2-101 -1-en« 
5101L-1 1024 Static CMOS RAM 256 x 4 450ns 450ns 135mW/30uW +5 2-101 C!J 
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 vo~tages. 
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inter 1101A, 1101A1 

2-4 

256 BIT FULLY DECODED 
RANDOM ACCESS MEMORY 

• Access Time -- Typically Below 
650 nsec - 1101A1, 850 nsec -1101A 

• low Power Standby Mode 

• low Power Dissipation -- Typically 
less than 1.5 mW Ibit during access 

• Directly DTl and TTL Compatible 

• Three-state Output-
OR-tie Capability 

• Simple Memory Expansion -
Chip Select Input lead 

• Fully Decoded --On Chip Address 
Decode and Sense 

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

• Ceramic and Plastic Package --
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, OTL, 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 1101 A 1 which is a selection from the 1101 A 
and has a guaranteed maximum access time of 1.0 f-lsec. 
The Intel 1101A 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. 

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

PIN CONFIGURATION LOGIC SYMBOL 

RIW CS A, 

D,N A, 
10 

A, 

11 
AJ 

Dour 

13 DOA~: 

14 DATA 
OUT 

PIN NAMES 16 IT 

DIN DATA INPUT CS CHIPSELECT 15 R!W 

Ao A7 ADDRESS INPUTS DOUT DATA OUTPUT 

R/W READ/WRITE INPlIT 
12 DATA IN 

'" 0: 
w 
"-
"-
OJ 
co 
I-

iC 
~ 
x 

BLOCK DIAGRAM 

'" 
'" ffi 
"'w ~ wo 

0: 

~8 0 
Ow w 
«co z 
x :> 

x 

256 BIT 
RAM 

PLANE 

Vcc: 5 VDo :8 

V D :4 



Absolute Maximum Ratings (1) 

Temperature Under Bias 

Storage Temperature 

1101A,1101A1 

All Input or Output Voltages with Respect to the Most 

Positive Supply Voltage, Vcc 

Supply Voltages Vooand Vowith Respect to Vcc 

Power Dissipation 

D.C. and Operating Characteristics 

O°C to 70°C 

-65°C to +160oC 

+O.5V to -20V 

-20V 

1 WATT 

T A = O°C to 70°C, Vee = 5V ± 5%, Voo = -9V ± 5%, Vo = -9V ± 5%, unless otherwise specified 

SYMBOL TEST MIN. TYP.(2) MAX. UNIT CONDITIONS 

ILl INPUT LOAD CURRENT <1.0 500 nA VIN=O.OV 
(ALL INPUT PINS) 

ILO OUTPUT LEAKAGE CURRENT <1.0 500 nA VOUT = 0.0 V, CS = Vee -2 

1001 POWER SUPPLY CURRENT. Voo 13 19 mA 
T, '25~ ] 

1002 POWER SUPPLY CURRENT, Voo 25 mA T A = OOC Continuous 

101 POWER SUPPLY CURRENT. Vo 12 18 mA T A = 250C, Operation 
IOL = O.OmA 

102 POWER SUPPLY CURRENT. Vo 24 mA TA = OOC, 

VIL INPUT "LOW" VOLTAGE -10 Vee-4.5 V 

VIH(3) INPUT "HIGH" VOLTAGE Vee-2 Vee+O·3 V 

lOLl OUTPUT SINK CURRENT 3.0 8 mA VOUT = +0.45 V, TA = +25°C 

IOL2 OUTPUT SINK CURRENT 2.0 mA VOUT = +0.45 V. TA = +70oC 

ICF OUTPUT CLAMP CURRENT 6 13 mA VOUT=-1.0V 

IOHI OUTPUT SOURCE CURRENT -3.0 -8 mA VOUT = 0.0 V. T A = +25OC 

IOH2 OUTPUT SOURCE CURRENT -2.0 -7 mA VOUT = 0.0 V, TA = +70oC 

VOL OUTPUT "LOW" VOLTAGE +0.45 V IOL = 2.0 mA 

VOH OUTPUT "HIGH" VOLTAGE +3.5 +4.9 V IOH = -100fJA 

CIN(4) INPUT CAPACITANCE 7 10 pF 
V,,' V~ } (ALL INPUT PINS) 

Co (4) 
f= 1 MHz 

UT OUTPUT CAPACITANCE 7 10 pF VOUT = Vee TA = 25°C 

~(4) Vo POWER SUPPLY 20 35 pF Vo = 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 A = 25OC. 

Note 3: A TTL driving the 1101 A, 1101 A 1 must have its output high ~ Vee-2 even if it is loaded by other bipolar gates. 

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

A.C. Characteristics TA = ooe to 7ooe, Vcc= 5V ± 5%, V D = -9V ± 5%, VDD = -9V ± 5% 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT 

t RC Read Cycle 1101A 1.5 IJsec 
1101 A 1 1.0 IJsec 

tAC 
Address to Chip 1101A 1.2(1) IJsec 
Select Delay 1101 A 1 0.7 (1 ) IJsec 

tA Access Time 1101A 0.85 1.5 IJsec 
1101A1 0.65 1.0 IJsec 

tOH Previous Read Data Valid 0.05 IJsec 

WRITE CYCLE 

twc Write Cycle 0.8 IJsec 

tWD Address to Write Pulse Delay 0.3 IJsec 

twp Write Pulse Width 0.4 IJsec 

tDW Data Set up Time 0.3 IJsec 

tDH Data Hold Time 0.1 IJsec 

CHIP SELECT AND DESELECT 

tcw Chip Select Pulse Width 0.4 IJsec 

tcs 
Access Time Through 0.2 0.3 IJsec 
Chip Select Input 

tCD Chip Deselect Time 0.1 0.3 IJsec 

CONDITIONS OF TEST: 
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 CL = 20 pF; measurements made at output of TTL gate (tPD :S 10 nsec) 

READ CYCLE tRC __ 

ADDRESSES 
0 

cs 
0 

R/W 
0 

OUTPUTS tOH 
0 -----

WRITE CYCLE 
twc 

ADDRESSES 
0 

cs 
0 

;0:100 ns 
R/W 

0 
.- twp -----+-

DATA IN 
o 

Note 1: Maximum value for tAC measured at minimum read cycle. 

CHIP SELECT AND DESELECT 

ADDRESSES 
l-y-'I 

o ~~:----------------____ "\ --- tcw -,. ___ __ 

o 

OUTPUTS o ________ ---J 

POWI:R SWITCHING OF Vo 

: =t~~-o-ns--------
_ Vcc 10% 

ADDRESSES 

VD AND CS LEAD 
VD 

OUTPUTS 

90% 

q:::;:100 ns--. 

O ____________ +--J 

- tA 



1101A,1101A1 

Typical D. C. Characteristics 

OUTPUT SINK CURRENT VS TEMPERATURE 
12 

Vee = 5.0V 

;; 10 

g 
~ 

..9 
I-

15 

Vo = Voo :: -9.0V 

~~~ 

"""--
VOUT = .45V ---- -r-- r---a: 

a: 
:::> 
u 

'" z 
in 
I-

~ 
I-
:::> 
0 

1 WORST CASE TTL LOAD /' 

20 40 60 80 100 

AMBIENT TEMPERATURE lOCI 

OUTPUT CURRENT VS OUTPUT VOLTAGE 

-16 IOH (rnA) 

ACCESS TIME VS. 
TEMPERATURE 

1. 4 19 
Vee = S.ov 

Vo = Voo '" -S.OV 

2 r- 1 TTL LOAD 
1. 

18 

17 
CL = 20 pF --0 "o,p.. 

8 -f..--~ ----- f..--~ .---6 

u; 16 :; 
0 
2: 15 
c 

> 14 
I 
u 

>u 13 

12 

o. 4 11 

r 
0 

20 40 60 80 100 

AMBIENT TEMPERATURE lOCI 

POWER DISSIPATION VS VOLTAGE 

300r---,---------r--------r---, 
Vee = S.OV 

TA =25°C 

POWER DISSIPATED [100 x (lVoo\+ Veell 

BY MEMORY CELLS 

POWER DISSIPATED [10 x (iVai + Vecll 

BY PERIPHERAL CIRCUITRY 
1001------:------,-----,---1 

o~.~~-------L--------~~ 
o -8.0 -9.0 

VOLTAGE (Vo_ V oo) 
-10.0 

POWER OISSIPATION VS TEMPERATURE 

500 r---,---r----,----,---,----. 

Vee = S.Ov 
400 

Vo = Voo = -9.0V 

I I 
300 _ POWER DISSIPATED IIoo x (lvoDI + Veell 

POWER DISSIPATED [10 x nVal + Veell 

100. BY PERIPHERAL CIRCUITRY 

20 40 60 80 100 

AMBIENT TEMPERATURE (OC) 

Typical A. C. Characteristics 

r-

i:t 

ACCESS TIME vs. 
LOAD CAPACITANCE 

1.6 
Vee = 5.0V 

1.4 
f-___ +-___ + __ VO '" Voo = -9.0V 

I 
1.2 

w 1.0 
::; 
i= 

~ .8 
u 
u 

'" .6 

.4 

0 
0 

1101.A/ll01Al 
OPERATING REGION 

T~ = ole to ~00C 

TYPICAL 
OPERATING , , 

REGION 

r---- / / "'l 
" SPECiFIED .......... rw ./ 

OPERATING , , REGION , , 

r-

, , 

100 200 300 400 

LOAD CAPACITANCE (pF) 

r-

ACCESS TIME VS. 
SUPPLY VOLTAGE 

1.4 r---,---r-....,.--r---r--~--, 

1.2 

~ 1.0 
.;; 

Vee = 5.0V 1 TTL LOAD 

1 lOlA {+>..._-T+A-=-2-5+.C--CLr-=-20+PF-___j 

~ .8 I-----r---+~~~~~~~~--.~--___j 
~ 
u .6 
~ 

VDO = -9V 

.4 Voo = -8V+---t--t---r--j 

o Lr~---'---'----'-----'--'-----' 
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Vee - VOD (VOLTS) Vo (VOLTS) 
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inter 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 -700 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 Inter'11 03 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 
dunng 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 LOGIC SYMBOL 

PRC CE R!W 0,. 
A. 
A, 

BLOCK DIAGRAM 

1 OF 32 32 READI 64 
MEMORY MATRIX 

ROW WRITE 
SELECTOR AMPLIFIERS 

A, 

PRECHARGE 

A, :! DOUT 

As 

PIN NAMES 

DIN DATA INPUT PRC 

Ao A9 ADDRESS INPUTS CE 

R/W READ/WRITE DOUT 

2·8 

A, 
A, 
A, 
A, 

PRECHARGE INPUT 

CHIP ENABLE 

DATA OUTPUT 

v •• 0-0--_ 

Vss 0<>---_ 

VOD 0-0 --_ 

PRECHARGE 0-0 --_ 

CENABLE 0-0 --_ 
READ/WRITE 0 __ _ 

LOGIC 0" HIGH VOLTAGE 
lOGIC 1 '" LOW VOLTAGE 
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Maximum Guaranteed Ratings· 
Temperature Under Bias 
Storage Temperature 
All I nput or Output Voltages with 

Respect to the Most Positive 
Supply Voltage, VBB 

Supply Voltages VDD and Vss 
with Respect to VBB 

Power 0 issi pation 

ooe to 70°C 
-65°C to +150oe 

-25V to O.3V 

-25V to O.3V 
1.0W 

D.C. and Operating Characteristics 

*eOMMENT: 

Stresses above those listed under "Maximum Guaranteed 
Rating" may cause permanent damage to the device. This is 
a stress rating only and functional operaticin of the device 
at these or at any other conditio~ above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

T A = O°C to +70°C, V~~I= 16V ± 5%, (VBB -VSS)(SI= 3V to 4V, VDD = OV unless otherwise specified 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

III INPUT LOAD CURRENT (ALL INPUT PINS) 1 JiA VIN =OV 

ILO OUTPUT LEAKAGE CURRENT 1 JiA VOUT = OV 

laa Vaa SUPPLY CURRENT 100 JiA 

IDD1 (2) SUPPLY CURRENT DURING Tpc 37 56 mA ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = Vss; TA = 25~C 

1002 (2) SUPPLY CURRENT DURING T ov 3B 59 mA ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = OV; TA = 25°C 

1003(21 SUPPLY CURRENT DURING Tpov 5.5 11 mA PRECHARGE '" Vss 
CENABLE = OV; T A = 2SOC 

1004 (2) SUPPLY CURRENT DURING T CP 3 4 mA PRECHARGE = Vss 
CENABLE = Vss; T A = 25°C 

lob5Av AVERAGE SUPPLY CURRENT 17 2S mA CYCLE TIME - S80 ns; PRECHARGE 
WIDTH = 190 ns; TA = 2SoC 

VIL1(71 INPUT LOW VOLTAGE VSS-17 VSS -14.2 V TA = OOC 
(ALL ADDRESS & DATA·IN LINES) 

V (7) 
IL2 INPUT. LOW VOLTAGE VSS-17 VSS -14.5 V TA = 70°C 

(ALL ADORESS & DATA·IN LINES) 

VI LP·S) INPUT LOW VOLTAGE (PRECHARGE VSS-17 VSS-14.7 V TA = OOC 
CENABLE & REAO/WRITE INPUTS) 

VIL4(7.B) INPUT LOW VOLTAGE (PRECHARGE VSS-17 VSS -1S.0 V TA = 70°C 
CENABLE& READ/WRITE INPUTS) 

VIH1(7) INPUT HIGH VOLTAGE VSS-l VSS+l V TA = OOC 
(ALL INPUTS) 

VIH2(7) INPUT HIGH VOLTAGE VSS-0.7 VSS+l V TA = 70°C 
(ALL INPUTS) 

IOH1 OUTPUT HIGH CURRENT 600 900 4000 JiA TA = 2SoC 

IOH2 OUTPUT HIGH CURRENT SOO BOO 4000· JiA TA = 70°C 

IOL OUTPUT LOW CURRENT See Note 3 RLOAO =1000 (4) 

VOH1 OUTPUT HIGH VOLTAGE 60 90 400 mV TA-'~} 
VOH2 OUTPUT HIGH VOLTAGE 50 80 400 mV TA = 70°C, 

VOL OUTPUT LOW VOLTAGE See Note 3 

Note 1: The VSS current drain is equal to (100 + 'OH) or (1 0 0 + IOL)' 
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. 
NotB 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 IOL across the load resistor. 
Note 4: This value of load resistance1s used for measurement purposes. In applications the resistance may range from 100CZ to 1 kCZ. 
Note 5: This parameter is periodically sampled and is not 100% tested. 
Note 6: (VSS - VSS) supply shOUld be applied at or before VSS. 
Note 7: The maximum values for VIL and the minimum values for VIH are linearly related to temperature between OOC and 70oC. Thus any value 

in between OoC and 700C can be calculated by using a straight-line relationship. 
Note 8: The maximum values for VIL (for precharge, cenable & read/write) may be increased to VSS-14.2 @ OoC and VSS-14.5@700C (same 

valuesas those specified for the address & data-in lines) with a 40nsdegradation (worst case) in tAC, tpC. tACo tWC. t RWC• tACC1 and tACC2. 
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Supply Current vs Temperature 
60 
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AC Characteristics TA = oDe to 7o o e, vss = 16± 5%, (VBB -Vss) = 3.0V to 4.0V, VDD = OV 

READ, WRITE, AND READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

tUf TIME BETWEEN REFRESH 2 ms 
k(ll ADDRESS TO CENABLE SET UP TIME 115 ns 

te. CENABLE TO ADDRESS HOLD TIME 20 ns 
he (1) PRECHARGE TO CENABLE DELAY 125 ns 

b CENABLE TO PRECHARGE DELAY 85 ns 

to, PRECHARGE & CENABLE OVERLAP. LOW 25 75 ns 'T = 20ns 
to"H PRECHARGE & CENABLE OVERLAP, HIGH 140 ns tT = 20ns 
tOVM PRECHARGE & CENABLE OVERLAP. 45 95 ns 

50% POINTS 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

I.e (11 READ CYCLE 480 
~ 

ns 

trol/ PRECHARGE TO END OF CENABLE 165 500 ns 
1,0 END OF PRECHARGE TO 120 ns 

OUTPUT DELAY 

I, = 20 ns 
" .. eel(1 ) ADDRESS TO OUTPUT ACCESS 300 ns tACmi" + tOvlmin CeoAO = 100 pF + t pOm .. + 2 tT RlOAO = 100n 

VREF = 40 mV 

tACC1 
(11 PRECHARGE TO OUTPUT ACCESS 310 ns tPCmin + tOVLmin 

+1'0 ... +21, 

WRITE OR READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

Iwe (11 WRITE CYCLE 580 ns } IT = 20 ns 
tRwc(l ) READ/WRITE CYCLE 580 ns 

I,w PRECHARGE TO READ/WRITE DELAY 165 500 ns 
Iw, READ/WRITE PULSE WIDTH 50 ns 

Iw READ/WRITE SET UP TIME 80 ns 

low DATA SET UP TIME 105 ns 
IOH DATA HOLD TIME 10 ns 
1,0 END OF PRECHARGE TO 120 ns ClOAO = 100 pF 

OUTPUT DELAY RLOAD = i00n 

lew RELATIONSHIP BETWEEN CENABLE AND 0 ns Vw = 40 mV 
READ/WRITE 

Note 1: These times will degrade by 40 ns (worst case) if the maximum values for VIL (for precharge, cenable and read/w.rite inputs) go to 
VSS-14.2v@oaeandVSS-14.5V @70oCasdefinedonpage2. 

·CAPACITANCE TA=25"C 

SYMBOL TEST TYP. PLASTIC PKG. CERAMIC PKG. UNIT CONDITIONS MAX. MAX. 

CAD ADDRESS CAPACITANCE 5 7 
.~ 

12 pF Y,N = Vss 

C" PRECHARGE CAPACITANCE 15 18 19.5 pF Y,N = Vss 

CeE CENABLE CAPACITANCE 15 18 21 pF Y,N = Vss f = 1 MHz 

C.w READ/WRITE CAPACITANCE 11 15 19.5 pF 
All Unused 

Y,N = Vss Pins Are 

C'NI DATA INPUT CAPACITANCE 4 5 7.5 pF CENABLE = OV AIA.C. 

Y,N = Vss Ground 

C'N2 DATA INPUT CAPACITANCE 2 4 6.5 pF CENABLE = Vss 
Y,N = Vss 

COUT DATA OUTPUT CAPACITANCE 2 3 7 pF VOUT = OV 

·This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 

I 
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WRITE CYCLE OR READ/WRITE CYCLE 
Timing illustrated for minimum cycle, 

~ 
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150 , 

1103 
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300 , 
[we OR tRWC 

~ ~tOVM 
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DATA CAN xr CHANGE 
DATA 
'N 

V" 
1 

.....- tpo -----.. 

/ ~40mV ~ 
---

VREF 
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DATA 
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OUT 
VOL 
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RC 
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V" 
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v" 

V'H 
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DATA 
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VOL---t-t-----~---~ 

VALID 
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v + 2V} '.Il IT IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
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f-------
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-

NOTE CD 
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NOTE 3 

NOTE 4 
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tOIl IS REFERENCED TO POINT@OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 
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V 

-.. .1 ....... t OH 

DATA CAN 
CHANGE 
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The I ntel@1103-1 is 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 = O°C to +55°C, Vs~ = 19V ± 5% (V" - Vss)'= 3V to 4V, Voo = OV unless otherwise specified) 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

III INPUT LOAD CURRENT 10 p,A V ,N = OV 
(ALL INPUT PINS) 

ILo OUTPUT LEAKAGE CURRENT 10 p,A VOUT = OV 

I" V" SUPPLY CURRENT 100 11A 

10012 SUPPLY CURRENT 45 60 rnA ALL ADDRESSES = OV 
DURING Tpc PRECHARGE = OV 

CENABLE =Vss 
TA = 25°C 

IOD2 
2 

SUPPLY CURRENT 50 68.5 rnA ALL ADDRESSES = OV 
DURING Tov PRECHARGE =OV 

CENABLE = OV 
TA = 25°C 

1003
2 SUPPLY CURRENT 8.5 11 rnA PRECHARGE = Vss 

DURING Tpov CE~ABLE = OV 
TA = 25°C 

1004
2

• SUPPLY CURRENT 3.0 4 rnA PRECHARGE ='vss 
DURING Tcp CENABLE = Vss 

TA = 25°C 

ID~ AVG AVERAGE SUPPLY 20 23 mA CYCLE TIME = 340 ns 
CURRENT PRECHARGE WIDTH@50% 

105ns, TA = 25°C 

V'L INPUT LOW VOLTAGE Vss -20 Vss -18 V 

V,H INPUT HIGH VOLTAGE Vss -1 Vss +1 V 

10HI OUTPUT HIGH CURRENT 1150 1300 7000 p,A TA = 25°C 

IOH2 OUTPUT HIGH CURRENT 900 1150 7000 vA TA = 55°C 

10L 
) 

OUTPUT LOW CURRENT See Note 3 
RL~Ao = 100 n 

VOH , OUTPUT HIGH VOLTAGE 115 130 700 rnV TA = 25°C, 

VOH2 OUTPUT HIGH VOLTAGE 90 115 700 rnV TA = 55°C, 

VOL] OUTPUT LOW VOLTAGE See Note 3 

Note 1: The VSS current drain i~ equal to (lDD + IOH) or (100 + lOLl. 
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. VOL equals IOL across the load resistor. 
Note 4: This value of toad resistance is used for measurement purposes. In applications the resistal1ce may range from 100 n to 1 kf2. 
Note 5: This parameter is periodically sampled and is not 100% tested. 
Note 6: (VSS - VSS) supply should be applied at or before VSS' 
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AC Characteristics(TA = oDe to 55°C, Vss = 19± 5%,VBB - VSS = 3.0V to 4.0V, V DD = OV) 

READ, WRITE, AND READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

tm TIME BETWEEN REFRESH 1 ms 

t.e ADDRESS TO CENABLE SET UP TIME 30 ns 

leo CENABLE TO ADDRESS HOLD TIME 10 ns 

he PRECHARGE TO CENABLE DELAY 60 ns 

Ice CENABLE TO PRECHARGE DELAY 40 ns 

b, PRECHARGE & CENABLE OVERLAP, LOW 5 30 ns 'T = 20ns 

!em PRECHARGE & CENABLE OVERLAP, HIGH 85 ns 'T = 20ns 
tOVM PRECHARGE & CENABLE OVERLAP. 25 50 ns 

50% POINTS 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

t,e 111 READ CYCLE 300 ns h = 20 ns 

troY PRECHARGE TO END OF CENABLE 115 500 ns 
teo (1) END OF PRE CHARGE TO 75 ns CLO...o=50 pF 

OUTPUT DELAY RLOAO= 1000 
Vm =80 mV 

t .. eel 111 ADDRESS TO OUTPUT ACCESS 150 ns tACm,n + IOVL""n + tPOm .. + 2 IT 

CLOM = 50 pF 
RLOAD = 100n 
V", =80 mV 

IAce2 111 PRECHARGE TO OUTPUT ACCESS 180 ns tpc",," + IOVLmin + tPOm .. + 2 Ir 
CLOM = 50 pF 
RLOM = 10011 
Vm =80 mV 

WRITE OR READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNiT CONDITIONS 

twe WRITE CYCLE 340 ns h = 20 ns 
tltwc(1l READ/WRITE CYCLE 340 ns 

tew PRECHARGE TO READ/WRITE DELAY 115 500 ns 

Iwe READ/WRITE PULSE WIDTH 20 ns 

Iw READ/WRITE SET UP TIME 20 ns 

low DATA SET UP TIME 40 ns 

IOH DATA HOLD TIME 10 ns 
leo(1) END OF PRECHARGE TO 75 ns CLOAO = 50 pF 

OUTPUT DELAY RLOM '= 10011 

lew RELATIONSHIP BETWEEN CENABLE 
AND READ!WRITE 

0 ns Vm =80 mV 

NOTE 1: These times will degrade by 35 nsec if a VAE F point of-40 mV is c:hosen instead of the 80 mV point defined in the spec. 

'CAPACITANCE TA = 25°C 

SYMBOL TEST TYP. 
PLASTIC PKG. CERAMIC PKG. UNIT CONDITIONS MAX. MAX. 

~ 

CAD ADDRESS CAPACITANCE 5 7 12 pF VIN::;:; Vss 

Ce, PRECHARGE CAPACITANCE 15 18 19.5 pF VIN = Vss 

CeE CENABLE CAPACITANCE 15 18 21 pF VIN = Vss f = 1 MHz 
All Unused 

CR'N READ/WRITE CAPACITANCE 11 15 19.5 pF VIN = Vss Pins Are 

GIN I DATA INPUT CAPACITANCE 4 5 7.5 pF CENABLE = OV At A.C. 

VIN = Vss Ground 

CIN2 DATA INPUT CAPACITANCE 2 4 6.5 pF CENABLE = Vss 
VIN = Vss 

Cour DATA OUTPUT CAPACITANCE 2 3 7 pF Your = OV 
~ 

*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 



WRITE OR READ/WRITE CYCLE 
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CENABLE 

V" 

V," 
READ/WRIT 

V" 

E 

f,~-f-----IOVL 

.. 
i 

-'w--j! 
'PW . --+ lew -, ~twP-' / 

if---- tow (Note 3)-----. 
.- ~ tOH (Note 41 , 

V," 
DATA ! DATA CAN 
IN CHANGE 

V" 

DATA 
Va" 

OUT 
VOL 

! l I 

i 
1 ' 

.. I ACe1 

I" tACC2 

READ CYCLE 

ADDRESS CAN CHANGE 

V," 
ADDRESS ~ 

l/::' 

V" 

~ 
V," 

PAECHARGE 

V" 

V," 
CENABLE 

V" 

V," 
READ/WRIT 

DATA 
OUT 

V" 

E 

Kr~ ADDRESS STABLE 

~tOVH-----'" 
~tAC~ 

~ 
-tpc • 

N 
tovL---I-

.. I ACel 

.. t ACC2 

X STABLE DATA TIME K 
~- tpo ~-.------- -------

CLOAD eo 50pF ~ DATA OUT " RLOAD := 1QOn "'- NQTVALtD " VAEF = BOrnV . DATA OUT -• VALID 

' AC 
.. 

ADDRESS 
CAN CHANGE 

---- t c~ I-+-

--'cp-l' 
. tpov .. 

.. 'PO-

C'OAD = 50 pF ~ --- " 
Rco" = 1001l "'- " 

Vm =80 mV 
"IOATAOUT_ 

VALID .. 
NOTE CD 
NOTE Q> 
NOTE 3 

NOTE 4 

v + 2V} DO IT IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
Vss - 2V 

tDW IS REFERENCED TO POINTQ)OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 

tDH IS REFERENCED TO POINT@OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FI RST 

DATA CAN 
CHANGE 



inter 1103A 

2-16 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 

* No Precharge Required -- Critical 
Precharge Timing is Eliminated 

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

• Fast Access Time--20Sns max. 
• Low Standby Power Dissipa

tion -- 2 J,lW IBit 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 Ao to A4) and is required every two milliseconds. The memory may be used in a·low 
power standby mode by having cenable at Vss potential. 

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

PIN CONFIGURATION LOGIC SYMBOL 

A, 
CE RIW 

D'N 

Ao 
A, 

A, A, A, 

N.C. DATA OUT A, 
DOUT 

A, 
A, As 

As DATA IN As 

A, Voo 
A, 
A, 

VB' As 

. PIN NAMES 

DIN DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 

AO-Ag ADDRESS INPUTS CE CHIP ENABLE 

R/W READ/WRITE DOUT DATA OUTPUT 

Ao 
A, 
A, 
A, 

'" 

BLOCK DIAGRAM 

VBBO--

vssO--

vooO---

CENABLE 0---

READ/WRITE 0--

LOGIC 0" HIGH VOLTAGE 
LOGIC 1 .. LOW VOLTAGE 

D'N 
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Absolute Maximum Ratings* 

Temperature Under Bias ..•......•..•.............•.......•..........••.•...•...... ooc to 70°C 

Storage Temperature ........................................................... -65°C to +150OC 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, VBB ..•................ -25V to 0.3V 

Supply Voltages Voo and Vss with Respect to VBB .....................•................... -25V to 0.3V 

Power Dissipation .....................•......•...•.................................•.. 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 = oOC to +70 0 C, VSS [1] = 16V ± 5%, (VBB -VSS ) [2] = 3V to 4V, VDD = OV unless otherwise specified. 

Symbol Test Min. Typ. Max. Unit Conditions 

ILl Input Load Current (All Input 1 J.lA VIN = OV 
Pins) 

I LO Output Leakage Current 1 J.lA VOUT = OV 

IBB VBB Supply Current 100 J.lA 

1001 Supply Current During Cenable 4 11 mA Cenable = OV; TA = 25°C 
On 

1002 Supply Current During Cenable 0.1 4 mA Cenable = Vss; TA = 25° C 
Off 

100AV Average Supply Current 17 25 mA Cycle Time = 580ns; TA = 25°C 

VIL ' Input Low Voltage Voo -1 Voo +1 V 

VIH Input High Voltage Vss -l Vss +l V 

IOH1 Output High Current 600 1800 4000 J.lA TAe".Cj 
IOH2 Output High Current - ;--500 1500 4000 J.lA TA = 70°C 

10L Output Low Current See Note Three RLOAO[4] = lOOn 

VOH1 Output High Voltage 60 180 400 mV TA = 25°C 

VOH2 Output High Voltage 50 150 400 mV TA = 70°C 

VOL Output Low Voltage See Note Three 

NOTES: 
1. The VSS current drain is equal to (100 + 10HI or liDO + lOLl. 
2. (VBB -VSSI supply should be applied at or before VSS. . 
3. The output current when reading a low output ;s the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 

VOL equals IOL across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 10051 to 1 kn. 
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Supply Current vs Temperature 
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1103A 

A.C. Characteristics T A = oOe to 7o oe, vss = 16V ± 5%, (VBB - Vss ) = 3.0V to 4.0V, VDD = OV 

READ, WRITE, AND READ/WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

tREF Time Between Refresh 2 ms 

tAC Address to Cenable Set Up 0 ns 
Time 

tAH Address Hold Time 100 ns 

tcc Cenable Off Time 230 ns 

READ CYCLE 

Symbol Test Min. Max. Unit Conditions 

t Rc Read Cycle 480 ns tT= 20ns 

tcv Cenable on Time 210 500 ns CLOAD = 100pF 

tco Cenable Output Delay 185 ns RLOAD = lOOn 

t ACC ADDRESS TO OUTPUT 205 ns t ACC = tAC MIN + VREF =40mV 

ACCESS 
\;0 + tT 

\vH Read/Write Hold Time 30 ns 

WRITE OR READ/WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

twCY Write Cycle 580 ns 
} t T= 20ns 

.tRWC ReadlWrite Cycle 580 ns 

tcw Cenable to ReadlWrite Delay 210 500 ns 

twp ReadlWrite Pulse Width 50 ns 

tw Read/Write Set Up Time 80 ns 

tDW Data Set Up Time 105 ns 

tDH Data Hold Time 10 ns 

tco Outpu t Delay 185 ns {C LOAD =_100 p F; R LOAD = lOOn 

ReadlWrite to Cenable 
VREF - 40mV 

twc 0 ns 

Symbol Test 
Typ. PI asti c Pkg. Ceramic Pkg. 

Unit Conditions 
Plastic Max. Max. 

CAD Address Capacitance 5 7 12 pF V1N= Vss 

CCE Cenable Capacitance 22 25 28 pF VIN = Vss 

CRW ReadlWrite Capacitance 11 15 19.5 pF V1N = Vss f =1 MHz. All 

CINl Data I nput Capacitance 4 5 7.5 pF Cenable = OV unused pins are 

V1N = Vss at A.C. ground. 
C1N2 Data Input Capacitance 2 4 6.5 pF Cenable = Vss 

CO UT Data Output Capacitance 2 3 7.0 pF V1N = Vss 
VOUT =OV -

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 illustrated for minimum cycle. 

50 100 1SO 
I I I .. 

V,H 

ADDRESS 

VIL =>< ® K (1) 
ADDRESS STABLE 

---- tAC I.-. 
.---tAH--" 

V,H 

CENABLE 

VIL 

V,H 

READfVoIRITE 

VIL 

1'\ 
twc rl -- • tew 

II 
V,H 

1103A 

200 250 300 350 400 450 500 550 
I I I I I I I I 

tweyOR tRWC • 
-+ lAC 

ADDRESS CAN CHANGE >< 
....--tw~ tcc • 

V 
• .....-twP----. 

" V 
"--tow [31-. - "'-toH (4) 

DATA IN DATA CAN CHANGE >< X DATA CAN CHANGE 

VIl 

VOH 

DATA OUT 

VOL 

READ CYCLE 

V,H 

ADDRESS 

VIL =>< 
,~ 

(1) 

~ tAC 

V,H 

CENABLE 

VIL 

twe -+ 

V,H 

READ/WRITE 

tco • 
~ - ---.---~ 

DATA OUT 
, 

~~~~~ ~Ol~~n ____ "- NOT VALID 
, , 

ClOAD :: 100pF 

--.. ...-- "DATA OUT VALID 

tAce • 

o 50 100 150 200 250 300 350 400 450 500 550 

I I I I I I I I I I I I 
I--o .. o--------------t'c------------...... II 

X X ADDRESS ADDRESS STABLE ADDRESS CAN CHANGE STABLE 

..- -. tAC --~tAH---" tcc .. 

" ~ 
... re- tWH-' • tev • 

\ 

600 
I 

--
ADDRESS 
STABLE 

600 

I 

VIL J 
~-----------------

• teo • 
VOH 

DATA OUT 

VOL 

VAEF=40mV 3 - , 

'" " R lOAD'" loon 
CLOAD = 100pF 

+- ... '5'A'i'AODT VALID .. tAce • 

NOTES: 

CD VDD + 2V} .. . . . ® VSS _ 2V tT IS defmed as the tranSition between these two POints. 

3. tow is referenced to point· 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
4. tOH is referenced to point 2 of t~e rising edge of ReadIWritB. 
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inter 1103A-1 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 

• High Speed 1103A - Access Time -145ns/Cycle Time-340ns 

* No Precharge Required -- Critical 
Precharge Timing is Eliminated 

• Low Standby Power Dissipa
tion -- 0.2 J,lW /Bit Typical 

• Address Registers 
Incorporated on the Chip 

• Simple Memory Expansion-
Chip Enable Input Lead 

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

• Standard 18-Pin Dual 
In-Line Packages 

The I ntel@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 AO to A4) and is required everyone millisecond. The memory may be used in a low 
power standby mode by having cenable 'at VSS potential. 

The 11 03A-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 

A, 1 

U 
18 R/W AM 

D" 

A, 2 17 Vss 
1103A-1 

A, 3 16 CENABLE 
Ad 

A, 4 15 A4 A, 

N,C. 5 1103A-1 14 DOUT 
A, 

OOUT 
A, 

Ag 6 13 As A, 

A, 
A, 7 12 DIN A, 

Ag 8 11 Voo 
A, 

A, 

..., 9 10 Ves A, 

PIN NAMES 

DIN DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 

AO-"'9 ADDRESS INPUTS CE CHIP ENABLE 

R/W READ/WRITE DOUT DATA OUTPUT 

BLOCK DIAGRAM 

VaBa---

VssO--

VooO---

CENABLE 0----

REAO/WRITE 0---

LOGIC 0 '" HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 
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1103.A-1 

Absolute Maximum Ratings* 

Temperature Under Bias ........................................................... ooc to 700 C 

Storage Temperature ........................................................... -65°C to +150 0C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, VBB ................... -25V to 0.3V 

Supply Voltages Voo and Vss with Respect to VBB ......................................... -25V to 0.3V 

Power Dissipation ..................................................................... 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 = O°C}O + 55°C, VSs[11 = 19V ± 5%, (VBB -VSS )[2] = 3V to 4V, VDD = OV unless otherwise specified. 

Symbol Test Min. Typ. Max. Unit Conditions 

III I nput Load Current (All Input 10 /lA V1N = OV 
Pins) 

ILO Output Leakage Current 10 /lA VOUT = OV 

IBS VBB Supply Current ldo /lA 

1001 Supply Current During Cenable 7 11 mA Cenable = OV; TA = 250 C 
On 

1002 Supply Current During Cenable 0.Q1 0.5 mA Cenable = Vss; TA = 250 C 
Off 

100AV Average Supply Current 25 33 mA Cycle Time = 340ns; TA = 25°C 

V1L Input Low Voltage Voo -l VOO +1 V 

V1H Input High Voltage Vss -l Vss +l V 

IOHl Output High Current 1150 1800 7000 /lA 

TA ""OC} I~H2 Output High Current 900 1600 7000 /lA TA =55°C 

IOL ·Output Low Current See Note Three RLOAO[4] = lOOn 

VOH1 Output High Voltage 115 180 700 mV TA = 250 C 

VOH2 Output High Voltage 90 160 700 mV TA = 55°C 

VOL Output Low Voltage See Note Three 

NOTES: 
1. The VSS current drain is equal to (100 + 10HI or (100 + lOLl. 
2. (VSB -VSSI supply should be applied at or before VSS. 
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 IOL across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100n to 1 kn. 



1103A-1 

A.C. Characteristics TA = O°C to 55°C, Vss = 19V ±5%, (VBB -Vss ) =3.0V to 4.0V, VDD = 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 

tcc Cenable Off Time 120 ns 

READ CYCLE 

Symbol Test Min. Max. Unit Conditions 

t RC Read Cycle 300 ns t T= 20ns 

tcv Cenable on Time 140 500 ns CLOAO = 50pF 

tco Cenable Output Delay 125 ns RLOAD = 100n 

t ACC ADDRESS TO OUTPUT 145 ns t ACC = tAC MIN + VREF = 80mV 
ACCESS 

leo + tT 
lwH Read/Write Hold Time 30 ns 

WRITE OR READ!WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

t WCY Write Cycle 340 ns 
} tT= 20ns 

t RWC ReadIWrite Cycle 340 ns 

tew Cenable to ReadIWrite Delay 140 500 ns 

twp ReadIWrite Pulse Width 20 ns 

tw Read/Write SetUp Time 20 ns 

tow Data Set Up Ti me 40 ns 

tDH Data Hold Time 10 ns 

tco Output Delay 125 ns {C LOAD = 50pFI; R LOAD = 100n 
VREF = 80mV 

twc ReadIWrite to Cenable 0 ns 

Symbol Test 
Typ. Plastic Pkg. Ceramic Pkg. 

Unit Conditions 
Plastic Max. Max. 

CAD Address Capacitance 5 7 12 pF V IN = Vss 

CCE Cenable Capacitance 22 25 28 pF VIN = Vss 

CRW ReadIWrite Capacitance 11 15 19.5 pF VIN = Vss f=lMHz. All 

CIN1 Data I nput 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 = Vss 

COUT Data Output Capacitance 2 3 7.0 pF VIN - Vss 
VOUT = OV 

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 

tweyOR tRwe • .- tAC ... 
Viii 

ADDRESS 

VIL =>< ® K X ADDRESS 

CD 
ADDRESS STABLE ADDRESS CAN CHANGE STABLE 

- tAC ~ 
...--tAH--" 

~tw--+- tcc • 
V,H 

CENABLE 

VIL 
~ Y 

twc ,. ... .. tow • ~twp---' 

V,H 

READ/WRtTE 

VIL 
!I r\ V 

~tDW(JJ~ -. ~tDH141 

V,H 

DATA IN 

VIL 

DATA CAN CHANGE >< ~ DATA CAN CHANGE 

tco 

VOH 

DATA OUT 

Val 

1-- 1--------
VREF =40mV ~ DATA OUT , 

RLOAD = 100n ~ NQTVALID " 

C LOAD = 100pF - ~ DATA OUT VALID 

tAce • 

READ CYCLE 

tAc -I 
V,H 

ADDRESS 

VIL =>< ® K ADDRESS CAN CHANGE X ADDRESS 

CD 
ADDRESS STABLE STABLE 

~ tAC .- ... tAC .-
.--tAH~ tcc 

V,H 

CENABLE 

VIL 
'\ / 

V,H 

READ/WRITE 

VIL 

twc f+- .- ~tw~--:l .. tcv • 

II \ 
~-----------------.. tco • 

VOH 

i5ATAOiTr 

Val 

~ - , 
VREF =40mV / ~ " A LOAD = 100n 
CL.OAD" 100pF ... f-+ i5ATAOiTr V~LlD 

tAce • 

NOTES: 

~ ~~~.::-~ } tT is defined as the transition between tho .. two points. 

3. tow is referenced to point of the rising edge of cenable or ReadIWrite. whichever occurs first. 
4. tOH is referenced to PQint 2 of, the rising edge of ReadlWrite. 
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1103A-1 

Supply Current vs Temperature 

2 

1', ",1 
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Typical Characteristics 

• 
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OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 

\U (VI 

AVERAGE 100 VS. 
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l', I • .... 1 , GUARANTEED 
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inter 1103A-2 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 

• High Speed 1103A - Access Time -145ns/Cycle Time-400ns 

* No Precharge Required -- Critical 
Precharge Timing is Eliminated 

• Simple Memory Expansion-
Chip Enable Input Lead 

• Low Standby Power Dissipa
tion -- 0.2 J,lW /Bit Typical 

• Address Registers 
Incorporated on the Chip 

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

• Standard 18-Pin Dual 
In-Line Packages 

The I ntel@1130A-2 is a high speed 1024 bit dynamic random access memory and is the 400 ns cycle time version 
of the standard 11 03A. It is designed primarily for main memory applications where high performance, low cost, 
and larg~ 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. 

I nformation stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing AO to A4) and is require~ everyone millisecond. The memory may be used in a low 
power standby mode by having cenable at \Iss 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 

A, I U 
18 RIW 

A, 2 17 Vss 

Ao 3 16 CENABLE 

A, 4 15 A4 

N,C, 5 1103A-2 14 l500T 
Ag 6 13 Ag 

As 7 12 DIN 

As 8 11 Voo 

A, 9 10 Ves 

PIN NAMES 

LOGIC SYMBOL 

RNI 
D" 

1103A-2 

A, 

A, 

A, 
DOUT 

A, 

A. 

A, 

A. 

A, 

A. 

A, 

BLOCK DIAGRAM 

VBBD--

vssO----

CENABLE 0-----

D,N 

DIN DATA INPUT NC NO EXTERNAL CONNECTION 

READ/WRITE 0--

LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = -LOW VOLTAGE 

REQUIRED IINTERNALL Y 
NOT CONNECTED) 

AO-Ag ADDRESS INPUTS CE CHIP ENABLE 

R/W READ/WRITE DOUT DATA OUTPUT 
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1103.A-2 

Absolute Maximum Ratings* 

Temperature Under Bias ........................................................... ooc to 70°C 

Storage Temperature ........................................................... -65°C to +150 0 C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, VBB ................... -25V to 0.3V 

Supply Voltages Voo and Vss with Respect to VBB ......................................... -25V to 0.3V 

Power Dissipation 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= DOC to + 55°C, VSS[l] = 19V ± 5%, (VBB -VSS )[2] = 3V to 4V, VDD = DV unless otherwise specified. 

Symbol Test Min. Typ. Max. Unit Conditions 

III I nput Load Current (All Input 10 JlA VIN = OV 
Pins) 

lLO Output Leakage Current 10 JlA VOUT = OV 

IBB VBB Supply Current 100 JlA 

1001 Supply Current During Cenable 7 11 mA Cenable = OV; TA = 25°C 
On 

1002 Supply Current During Cenable 0.Q1 0.5 mA Cenable = Vss; TA = 25° C 
Off 

100AV Average Supply Current 22 30 mA Cycle Time'= 400ns; TA = 25°C 

VIL Input Low Voltage Voo -l VOO +1 V 

VIH Input High Voltage Vss-l Vss +l V 

IOHl Output High Current 1150 1800 7000 JlA 
T, o 25°C 1 

IOH2 Output High Current 900 1600 7000 JlA TA = 55°C 

IOL ,Output Low Current See Note Three RLOAO [4] = lOOn 

VOH1 Output High Voltage 115 180 700 mV TA = 25°C 

VOH2 Output High Voltage 90 160 700 mV TA = 55°C 

VOL Output Low Voltage See Note Three 

NOTES: 
1. The VSS current drain is equal to (100 + IOHI or (100 + lOLl. 
2. (VBB -VSSI supply should be applied at or before VSS, 
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 IOL across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100n to 1 kn. 

2-27 



1103A-2 

A.C. Characteristics TA = O°C to 55°C, Vss = 19V ±5%, (VBB -Vss )=3.0V to 4.0V, VDD = OV. 

READ, WRITE, AND READ/WRITE CYCI!E Refer to page 2·23 for definitions. 

Symbol Te't Min. Max. Unit Conditions 

tREF Time Between Refresh 1 ms 

t AC Address to Cenable Set Up 0 ns 
Time 

tAH Address Hold Time 100 ns 

tcc Cenable Off Time lBO ns 

READ CYCLE , 
Symbol Te,t) Min. Max. Unit Conditions 

t RC Read Cycle 360 ns tT= 20ns 

tcv Cenable on Time 140 500 ns CLOAO = 50pF 

tco Cenable Output Delay 125 ns RLOAO = 100.11 

t Acc ADDRESS TO OUTPUT 145 ns tACC = tAC MIN + VREF = BOmV 
ACCESS 

\;0 + tT 
WH ReadIWrite Hold Time 30 ns 

WRITE OR READ/WRITE CYCLE 

Symbol Test Min. Max. I Unit Conditions 

t WCY Write Cycle 400 ns 
} t T= 20ns 

t RWC ReadIWrite Cycle 400 ns 

tcw Cenable to ReadlWrite Delay 140 500 ns 

twP ReadIWrite Pulse Width 20 ns 

tw Read/Write Set Up Time 20 ns 

toyv Data Set Up Time 40 ns 

tOH Data Hold Time 10 ns 

tco Output Delay 125 ns {C LOAO = 50pF. R LOAD = 100.11 
VREF = BOmV 

twc ReadIWrite to Cenable 0 ns 

Symbol Test 
Typ. Plastic Pkg. Ceramic Pkg. 

Unit Conditions 
Plastic Max. Max. 

e 

CAD Address Capacitance 5 7 12 pF V'N= Vss 

CCE Cenable Capacitance 22 25 2B pF V,N = Vss 

CRW ReadIWrite Capacitance 11 15 19.5 pF V,N = Vss f=lMHz. All 

C'N1 Data I nput Capacitance 4 5 7.5 pF Cenable = OV unused pins are 

V,N = Vss at A.C. ground. 
C 'N2 Data Input Capacitance 2 4 6.5 pF Cenabhi = Vss 

COUT Data Output Capacitance 2 3 7.0 pF V,N = VSS 
VOUT = OV -

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-2 

Supply Current vs Temperature 
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inter 2101A 

256 x 4 RAM WITH SEPARATE I/O 
2101A-2 
2101A 
2101A-4 

• 256 x 4 Organization to Meet 
Needs for Small System 
Memories 

• Single +5V Supply Voltage 

• Directly TTL Compatible: 
All Inputs and Output 

• Statis MOS: No Clocks or 
Refreshing Required 

• Simple Memory Expansion: 
Chip Enable Input 

250 ns Max. 
350 ns Max. 
450 ns Max. 

• Inputs Protected: All Inputs 
Have Protection Against 
Static Charge 

• Low Cost Packaging: 22 Pin 
Plastic Dual In-Line 
Configuration 

• Low Power: Typically 150mW 

• Three-State Output: OR-Tie 
Capability 

• 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 21 01A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 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 I/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system. 

The Intel® 2101A is fabricated with N-channel silicon gate technology. This techno(ogy 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 

A, 22 Vee Ao 
A, 21 A, A, DO, 

A, 20 R!W A, 

A, D0, 
Ao 19 CE, 

A, 

As 18 00 As D0, 

As 17 CE2 As 

A, 16 DO, 
A, D0, 

GNO 15 01, 01, 

01, 
OD 

01, 14 DO, 
DI, 

DO, 10 13 01, DI, 

01, 11 12 DO, 

PIN NAMES 
D~~ DATA INPUT _~~_ CHIP_~,ABLE 2 

~-----

Ao~A, ADDRESS INPUTS 00 OUTPUT DISABLE 

R!W READ/WRITE INPUT 0°1-0°4 DATA OUTPUT 
-~----

CE, CHIP ENABLE 1 Vee POWER (+5V) 

2-30 

Ao 

A, 

A, 

A, 

A, 

R!W 

01, 

01, 

01, 

01, 

m 
eE2 
00 

® 
@ 

0 
CD 
@ 

@ 

® 
(jJ) 

@ 

BLOCK DIAGRAM 

INPUT 
DATA 

CONTROL 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

~vcc 
~GND 

0= PIN NUMBERS 



2101A FAMILY 

Absolute Maximum Ratings* 

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

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation .......... . . . . . . . . .. 1 Watt 

D.C. and Operating Characteristics 
TA = DoC to 70°C, Vcc = 5V ±5% unless otherwise specified. 

Symbol Parameter 

III Input Current 

ILOH I/O Leakage Currentl2] 

I LOL I/O Leakage Current!21 

ICC1 Power Supply 2101A,2101A-4 

Current 2101A-2 

ICC2 Power Supply 2101A, 2101A-4 

Current 2101A2 

VIL Input "Low" Voltage 

VIH Input "H igh" Voltage 

VOL Output "Low" Voltage 

VO H Output "H igh" 2101A,2101A-2 
Voltage 2101A·4 

Typical D. C. Characteristics 

-15 

<i -10 
! 

5 

0 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

AMBI~NT T~MPER1TUA'E 

\~ --~ 25°C 
70°C 

\ ~ 
1\\ 
'\ Vee ~ 4.7SV 

:~OUTPl "H1Gl" TYj'CAl 

~ 
VOH (VOL IS) 

Min. 

-0.5 

2.0 

2.4 

2.4 

'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 indio 
cated in the operational sections of this specification is 
not implied. ExposureJo absolute maximum rating con· 
ditions for extended periods may affect device reliability. 

Typ.!1] Max. Unit Test Conditions 

1 10 JiA VIN = 0 to 5.25V 

1 10 JiA CE1 = 2.2V, VOUT= 4.0V 

-1 -10 JiA CE1 = 2.2V, VOUT= 0.45V 

35 55 mA VIN = 5.25V, 10 = OmA 
45 65 TA = 25°C 

60 mA VIN = 5.25V, 10 = OmA 
70 TA = O°C 

+O.B V 
-

Vcc V 

+0.45 V 10L = 2.0mA 

V 10H = -200JiA 

V 10H =-150pA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL (VOL TSI 

NOTES: 1. Typical values are for TA = 25°C and nominal supply voltage. 
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2·32 

2101A FAMILY 

A.C. Characteristics for 2101A-2 (250 ns Access Time) 
READ CYCLE T A = o°c to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. T [11 yp. Max. Unit Test Conditions 

tRC Read Cycle 250 ns 

tA Access Time 250 ns t r , tf = 20ns 

tco Chip Enable To Output 180 ns 

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

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

tOH 
Previous Read Data Valid and CL = 100pF. 

after change of Address 40 ns 

WRITE CYCLE 

Symbol Parameter Min. T [1] yp. Max. Unit Test Conditions 

twc Write Cycle 170 ns 

tAW Write Delay 20 ns t r, tf = 20ns 

tcw Chip Enable To Write 150 ns 

tDw Data Setup 150 ns Timing Reference = 1.5V 

tDH Data Hold 0 ns Load = 1 TTL Gate 

twp Write Pulse 150 ns and CL = 100pF. 

tWR Write Recovery 0 ns 
t DS Output Disable Setup 20 ns 

A. C. CONDITIONS OF TEST C 't [2] apaci ance T A = 25°C, f = 1 MHz 

I nput Pulse Levels: +0.8 Volt and 2.0 Volts Limits (pF) 
Input Pulse Rise and Fall Times: 20nsec Symbol Test 

TypJ1] Max. 

Timing Measurement Reference Level: CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 
1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

GoUT Output Capacitance VOUT = OV 8 12 

Waveforms 
READ CYCLE 

1------- t RC -------1 

ADDRESS 

_tco_ 

CE2 

_--+_J -tco--

WRITE CYCLE 

I-------twc -----~I 

ADDRESS 

I----tcw----I 

CE2 

00 OO--r----... 
(COMMON I/O) (4) tOH - - (COMMON I/O) [41 

DATA 
OUT 

NOTES: 1. Typical values are for TA = 25' C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tDF is with respect to the trailing edge of CE1. CE2. 

or OD, whichever occurs first. 

DATA 
IN 

RiW 

DATA IN 
STABLE 

---tow-
tAW _ _tWR -

---,-,.I----twp----I r-"-'--t--

4. OD should be tied low for separate I/O operation. 



2101A (350 ns Access Time) 
A.C. Characteristics 

2101A FAMILY 

READ CYCLE T A = o°c to 70°C. Vee = 5V ±5%. unless otherwise specified. 

Symbol Parameter 

tRe Read Cycle 

tA Access Time 

teo Chip Enable To Output 

too Output Disable To Output 

tOF (2] Data Output to High Z State 

Previous Read Data Valid 
tOH after change of Address 

WRITE CYCLE 

Symbol Parameter 

twe Write Cycle 

tAW Write Delay 

tew Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twp Write Pulse 

tWR W ri te Recovery 

tos Output Disable Setup 

2101A-4 (450 ns Access Time) 
A.C. Characteristics 

Min. T (1] yp. Max. 

350 

350 

240 

180 

0 150 

40 

Min. T (1] yp. Max. 

220 

20 

200 

200 

0 

200 

0 

20 

READ CYCLE TA = o°c to 70°C. Vee = 5V ±5%. unless otherwise specified. 

Symbol Parameter Min. 
(11 

Typ. Max. 

tRC Read Cycle 450 

tA Access Time 450 

tco Chip Enable To Output 310 

too Output Disable To Output 250 
- --_. 

tOF [21 Data Output to High Z State 0 200 

Previous Read Data Valid 
tOH 40 

after change of Address 

WRITE CYCLE 

Symbol Parameter Min. 
T [1] yp. Max. 

twe Write Cycle 270 

tAW Write Delay 20 

tew Chip Enable To Write 250 

tow Data Setup 250 

tOH Data Hold 0 

twp Write Pulse 250 

tWR Write Recovery 0 

tos Output 0 isable Setu p 20 

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 
--

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. to F i. with respect to the trailing edge of CE1. CE2. or 00. whichever occurs first. 

Test Conditions 

t r • tf = 20ns 

Timing Reference = 1.5V 

Load = 1 TT L Gate 

and CL = 100pF. 

Test Conditions ----

t r. tf = 20ns 

Timing Reference = 1.5V 

Load = 1 TT L Gate 

and CL = 100pF. 

Test Conditions 

tr. tf = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r. tf = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 
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inter 2101, 2101-1, 2101-2 

2-34 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 

• 256 x 4 Organization to Meet Needs 
for Small System Memories 

• Access Time - 0.5 to 1 fLsec Max. 
• Single + 5V Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 
• Simple Memory Expansion - Chip 

Enable Input 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging - 22 Pin Plastic 
Dual-In-Line Configuration 

• Low Power - Typically 150 mW 

• Three-State Output - OR-Tie 
Capability 

• 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. 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 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 I/O systems. The output disable function eliminates the 
need for bidirectional logic in a common I/O 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 

A, 22 Vee 
Au 

A2 21 A. A, DO, 

A, 20 RiW A2 

Au 4 19 
A, 0°2 

CEI 
A. 

A. 18 DO As DO, 
2101 2101 

A. 17 eE2 A. 

A7 16 DO. 
A7 DO. 

GND 15 01. 01, 

012 
00 

01, 14 DO, 
01, 

DO, 10 13 01, 01. 

012 11 12 0°2 

PIN NAMES 
01,.014 DATA INPUT CE2 CHIP ENABLE 2 

Au-A7 ADDRESS INPUTS 00 OUTPUT DISABLE 

RiW READiWRITE INPUT 00,.0°4 , DATA OUTPUT 

ee, CHIP ENABLE 1 Vee POWER (+&VI 

Ao 

A, 

A, 

A, 

A, 

AIW 

DI, 

01, 

DI, 

01, 

m 
eE2 
DO 

@ 

@ 

® 
CD 
@ 

@ 

® 
(jJ) 

@ 

@ 

@ 
@ 

@ 

BLOCK DIAGRAM 

INPUT 
DATA 

CONTROL 

CELL ARRAV 
32 ROWS 

32 COLUMNS 

~Vee 
....@....GND 

0", PIN NUMBERS 



2101, 2101-1, 2101-2 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ...... DoC to 700 C 

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation ....... . . . . . . . . . . . .. 1 Watt 

'COMMENT: 

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

D.C. and Operating Characteristics for 2101, 2101-1, 2101-2 
T A = DoC to 70°C, Vcc = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. Typ.[ll 

III Input Cu rrent 

ILOH I/O Leakage Current[2] 

ILOL I/O Leakage Current(2) 

ICC1 Power Supply Current 

ICC2 Power Supply Current 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 

VOL Output "Low" Voltage 

VO H Output "High" Voltage 

Typical D. C. Characteristics 

OUTPUT SOURCE CURRENT vs. 
OUTPUT VOLTAGE 

AMBI~NT T~MPER1TuRE 
O'C 

I\~ f-:::: 25°C 
70°C 

-15 

~ -10 
.§ 
~ 
o 

-5 

o 
1 

\\ 
\\ 
'\ Vee'" 4.7SV 

'\.jUTPUj"H1Gi" TYi'CAl 

~ 
VOH (VOLTS) 

-0.5 

2.2 

2.2 

NOTES: 1. Typical values are for T A = 25" C and nominal supply voltage. 
2. Input and Output tied together. 

30 

Max. Unit Test Conditions 

10 /lA VIN = a to 5.25V 

15 /lA CE1 = 2.2V, VOUT=4.0V 

-50 /lA CE1 = 2.2V, VOUT = 0.45V 

60 mA VIN = 5.25V, 10 = OmA 
TA = 25°C 

70 mA VIN = 5.25V, 10 = OmA 
TA = O°C 

+0.65 V 

VCC V 

+0.45 V 10L =2.0mA 

V 10H = -150 /lA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL {VOLTS} 

2-35 



2101, 2101-1, 2101-2 

A.C. Characteristics for 2101 
READ CYCLE TA = O°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. T [1] yp. Max. Unit Test Conditions 

tRC Read Cycle 1,000 ns 

tA Access Time 1,000 ns t r, tf = 20ns 

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

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

tDF[3] Data Output to High Z State 0 200 ns Load = 1 TTL Gate 

tOH 
Previous Read Data Valid 

40 
and CL = 100pF. 

after change of Address 
ns 

WRITE CYCLE 

Symbol Parameter Min. T [1] yp. Max. Unit Test Conditions 

twc Write Cycle 1,000 ns 

tAW Write Delay 150 ns t r, tf = 20ns 

tcw Chip Enable To Write 900 ns VIN = +0.65V to +2.2V 

tow Data Setup 700 ns Timing Reference = 1.5V 

tOH Data Hold 100 ns Load = 1 TTL Gate 

twp Write Pulse 750 ns and CL = 100pF. 

tWR Write Recovery 50 ns 

tos Output Disable Setup 200 ns 

A. C. CONDITIONS OF TEST Ca ·ta [2] pac. nce TA = 25°C, f = 1 MHz 
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: 

Waveforms 
READ CYCLE 

1 TTL Gate and CL = 100pF 

1-------- tRC ------

ADDRESS 

CE2 

(COMMON 17~ 141 

DATA 
OUT 

Symbol Test 
Limits (pF) 

Typ.ll] Max. 

CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 

GoUT Output Capacitance VOUT = OV 8 12 

WRITE CYCLE 

I_------twc ------1 

ADDRESS 

CE2 

00 
(COMMON I/O) (41 

DATA 
IN 

RIW 

r----tcw----I 

DATA IN 
STABLE 

tow 

- tAW I~---'wp---.j ,.--.;.;.;;...~:-_ 

NOTES: 1. Typical values are for TA = 25° C and nominal supply voltage. 
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2. This parameter is periodically sampled and is not 100% tested. 
3. tOF is with respect to the trailing edge of CE1, CE2, 

or 00, wh ichever occurs first. 

4. 00 should be tied low for separate 1/0 operation. 



2101 , 2101-1, 2101-2 

2101-1 (500 ns Access Time) 
A.C. Characteristics for 2101-1 
READ CYCLE TA = DoC to 70°C. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter 

tRC Read Cycle 

tA Access Time 

tco Chip Enable To Output 

too Output Disable To Output 

tOF 1(2) Data Output to High Z State 

Previous Read Data Valid 
tOH after change of Address 

WRITE CYCLE 

Symbol Parameter 

twc Write Cycle 

tAW Write Delay 

tcw Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twp Write Pulse 

tWR Write Recovery 

tos Output Disable Setup 

2101-2 (650 ns Access Time) 
A.C. Characteristics for 2101-2 

Min. 
T (1) 

yp. Max. 

500 

500 

350 

300 

0 150 

40 

Min. T (1) yp. Max. 

500 

100 

400 

280 

100 

300 

50 

150 

READ CYCLE TA = DoC to 70°C. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter Min. T (1) yp. Max. 

tRc Read Cycle 650 

tA Access Time 650 

tco Chip Enable To Output 400 

too Output Disable To Output 350 

tOF (2) Data Output to High Z State 0 150 

tOH 
Previous Read Data Valid 
after change of Address 

40 

WRITE CYCLE 

Symbol Parameter Min. T (1) yp. Max. 

twc Write Cycle 650 

tAW Write Delay 150 

tcw Chip Enable To Write 550 

tow Data Setup 400 

tOH Data Hold 100 

twp Write Pulse 400 

tWR Write Recovery 50 

tos Output Disable Setup 150 

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. tOF is with respect to the trailing edge of CE1. CE2. or 00. whichever occurs first. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 
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inter 2102A,2102AL 

1K (1K x 1) STATIC RAM 

Standby Pwr. 
PIN (mW) 
2102AL-4 35 
2102AL 35 
2102AL-2 42 
2102A-2 --
2102A --
2102A-4 --
2102A-6 --

• Single +5 Volts Supply Voltage 
• Directly TTL Compatible: All 

Inputs and Output 
• Standby Power Mode (2102AL) 
• Three-State Output: OR-Tie 

Capability 

Operating Pwr. Access 
(mW) (ns) 
174 450 
174 350 
342 250 
342 250 
289 350 
289 450 
289 650 

• Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

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

The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-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 35m W maximum power dissipation in standby and 174m W in operations. 

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

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

PIN 
CONFIGURATION LOGIC SYMBOL 

PIN NAMES 
A. A, An 
A, As A, 

DrN RIW A. A2 
A, 

A, CE A, 

DrN DATA INPUT 

AO-Ag ADDRESS INPUTS 
~- READIWRITE INPUT 

A2 DATA OUT As 
A. 

A, DATA IN A7 DOUT 

A, Vec As 

An GND ~\'w CE 

CE CHIP ENABLE 

DOUT DATA OUTPUT 

Vee POWER (+5V) 

TRUTH TABLE 

CE RIW DrN DOUT MODE 

H X X HIGHZ NOT SELECTED 

L L L L WRITE "0" 

L L H H WRITE "'" 
L H X DoUT READ 
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o. PIN NUMBERS 

BLOCK DIAGRAM 

CEll 
ARRAV 

32 ROWS 
32 CO~UM"'S 

DATA 
OU. 



2102A 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 -O.5V to +7V 

Power Dissipation 1 Watt 

D. C. and Operating Characteristics 

*COMMENT: 
Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 

TA = o°c to 70°C, Vcc = 5V ±5% unless otherwise specified. 

2102A, 2102A·II 
2102AL,2102AL·4 2102A·2,2102AL·2 2101A·6 

Limits Limits Limits 
Symbol Parameter Min. Typ.[1] Max. Min. Typ.f1] Max. Min. Typ.f1] Max. Unit Test Conditions 

IU Input Load Current 1 10 1 10 1 10 J.lA VIN = 0 to 5.25V 

ILOH Output Leakage Current 1 5 1 5 1 5 J.lA CE = 2.0V, 

VOUT = VOH 

ILOL Output Leakage Current -1 -10 -1 -10 -1 -10 J.lA CE = 2.0V, 
VOUT = 0.4V 

Icc Power Supply Current 33 Note 2 45 65 33 55 mA All Inputs = 5.25V, 
Data Out Open, 
T A = O°C 

VIL Input Low Voltage -0.5 0.8 -0.5 0.8 -0.5 0.65 V 

VIH I nput High Voltage 2.0 Vcc 2.0 Vcc 2.2 Vcc V 

VOL Output Low Va Itage 0.4 0.4 0.45 V IOL = 2.1mA 

VOH Output High Voltage 2.4 2.4 2.2 V IOH = -1 OO/lA 

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

Standby Characteristics 2102AL, 2102AL-2, and 2102AL-4 
TA = o°c to 70°C 

2102AL,2102AL·4 
Limits 

Symbol Parameter Min. Typ.f1] Max. 

VPD Vcc in Standby 1.5 

VCES[2] CE Bias in Standby 2.0 

VPD 

IpD1 Standby Current 15 23 

IpD2 Standby Current 20 30 

tcp Chip Oeselectlo Standby Time 0 

tR[3] Standby Recovery Ti me tRC 

STANDBY WAVEFORMS 

1----STANDBy MODE---_I 

vcc ----""\ 

CE @ 

OV ------- --- - ---------- -- --__ 

2102AL-2 
Limits 

Min. Typ.[1] Max. Unit Test Conditions 

1.5 V 

2.0 V 2.0V';;VPD ';;'Vcc Max. 

VPD V 1.5V ';;VPD< 2.0V 

20 28 mA Allinputs= VPD1 = 1.5V 

25 38 mA Alii nputs = VPD2 = 2.0V 

0 ns 

tRC ns 

NOTES: 
1. Typical values are for TA = 25° C. 
2. Consider the test conditions as shown: If the stand

by voltage (VPD) is between 5.25V (VCC Max.! and 
2.0V, then CE must be held at 2.0V Min. (VIH). If 
the standby voltage is less than 2.0V but greater than 
1.5V (VPD 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. tR = tRC (READ CYCLE TIME). 
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2102A FAMILY 

A. C. Characteristics TA = ooe to 70°C, Vee = 5V ±5% unless otherwise specified 

READ CYCLE 

2102A-2,2102AL-2 
Limits (ns) 

Symbol Parameter Min. 

tRC Read Cycle 250 

tA Access Time 

tco Chip Enable to Output Time 

tOHl Previous Read Data Valid with 40 
Respect to Address 

tOH2 Previous Read Data Valid with 0 
Respect to Chip Enable 

WRITE CYCLE 

twc Write Cycle 250 

tAW Address to Write Setup Time 20 

twP Write Pulse Width 180 

tWR Write Recovery Time 0 

tDW Data Setup Time 180 

tDH Data Hold Time 0 

tew Chip Enable to Write Setup 180 
Time 

A.C. CONDITIONS OF TEST 

Input Pulse Levels: 

Input Rise and Fall Times: 

Timing Measurement 
Reference Levels 

Output Load: 

Inputs: 

0.8 Volt to 2.0 Volt 

10nsec 

1.5 Volts 
Output: 0.8 and 2.0 Volts 

1 TTL Gate and CL = 100 pF 

Waveforms 

READ CYCLE 

Max. 

250 

130 

2102A,2102AL 2102A·4,2102AL·4 
Limits (ns) Limits (ns) 

Min. Max. Min. Max. 

350 450 

350 450 

180 230 

40 40 

0 0 

350 450 

20 20 

250 300 

0 0 

250 300 

0 0 

250 300 

SYMBOL TEST 

CIN INPUT CAPACITANCE 
(ALL INPUT PINS) VIN = OV 

COUT OUTPUT CAPACITANCE 

VOUT = OV 

WRITE CYCLE 

2102A-6 
Limits (ns) 

Min. Max. 

650 

650 

400 

50 

0 

650 

200 

400 

50 

450 

20 

550 

LIMITS IpF) 

Typ.lll MAX. 

3 5 

7 10 

}4--------tRC-------l }4--------twc--------J 

2-40 

CHIP 
ENABLE 

DATA 
OUT 

CD 1.5VOLTS 

'~21 2.0 VOL 15 

3' 0.8 VOL TS 

READ/ 
WRITE 

DATA 
IN 

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

~-----t~-----~I 

-}4------twp-----i 

tow 

DATA STABLE 



2102A FAMILY 

Typical D. C. and A. C. Characteristics 
POWER SUPPL V CURRENT VS. 

AMBIENT TEMPERATURE 

II 
40 Vee MAX.-

35 

1 
jl 30 -r-- TYPICAL 

~ ... 
~ 
z >-

- -25 -
20 

15 
o 10 20 30 40 50 60 70 

VIN LIMITS VS. TEMPERATURE 
1.8 

1.6 

tVPICA~ 
II 

'"- V'H (MIN) 

1.4 II -:---
Vol (MAX) 

1.2 I I -"--

vi =sL 

1.0 
o 

i I 
70 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

350 
.l Vee MIN. 

t TTL LOAD 

Cl = l00pF --TYPICAL ...-~ I-"" 
250 

150 

60 

OUTPr REFrENCE I LEVELj' VOH = 2.0V 
VOL i O.aV 

0102030 4050 60 70 

TA (OC) 

POWER SUPPL V CURRENT VS. 
SUPPL V VOLTAGE 

35 

30 I----- T. -'250 C 

25 

i - 20 

15 

10 

S 
I 

30 

25 

20 

10 

350 

250 

150 

./ 
/" 

./ 
~VPICAL 

IV 
I 

Vee IVOLTS) 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

~ 
...-f-

/ 
V TVPICAL 

/V 

I TA '" 2S<>C 

Vee MIN. 

I 
Val (VOLTS) 

ACCESS TIME VS. 
LOAD CAPACITANCE 

TA -2SoC 

Vee MIN. 
I TTL LOAD ----

,/ 
,........-TVPICAL 

°lPUT RErRENCEI LEVEL i 1.sV 

100 200 300 400 500 600 

Cl (oF) 
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intel~ M2102A-4, M2102A-6 

MILITARY TEMPERATURE RANGE 
1K STATIC RAM 
M2102A-4 
M2102A-6 

• 10% Vee Supply Tolerance 
• Directly TTL Compatible: All 

Inputs and Output 
• Low Power: 38SmW Max. 

450 ns Max. 
650 ns Max. 

• Three State Output: OR-Tie 
Capability • 

• 16 Pin Hermetic Dual-In-Line 
Package 

The Intel@ M2102A is a high speed 1 K 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 data is read out non destructively and has 
the same polarity as the input data. 

The Intell!ll 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 

A. ,., 
As A, 

AIW Ag 

A, CE 
A2 DATA OUT 

A3 DATA IN 

A. Vee 

.." GND 

TRUTH TABLE 

x X HIGH Z NOT SELECTED 
L WRITE "0" 

WRITE"'" 
READ 

ABSOLUTE MAXIMUM RATINGS'" 

Ambient Temperature Under Bias .. -65°C to +135°C 
Storage Temperature .......... -65D C to +150DC 
Voltage On Any Pin 

With Respect to Ground ........ -O.6Vto+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 rat· 
ing onlv 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 maxi
mum rating conditions for extended periods may affect device 
reliability. 

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

Limits 
Symbol Parameter 

Typ) 11 
Unit Test Conditions 

Min. Max. 

III I nput Load Current 10 IlA V,N = 0 to 5.5V 

ILOH Output Leakage Current 10 IlA CE = Min. V,H , VOUT = VOH 

IlOl Output Leakage Current 
M2102A·4 -50 

IlA CE = Min. V,H , VOUT = 0.45V 
M2102A·6 -100 

ICCl Power Supply Current 30 60 mA 
All Inputs = 5.5V, 
Data Out Open, TA = 25°C 

ICC2 Power Supply Current 70 mA 
All Inputs = 5.5V, 
Data Out Open, TA = -55°C 

V,l Input "Low" Voltage 
M2102A4 -0.5 0.8 

V 
M2102A·6 -0.5 0.65 

V,H Input "High" Voltage 
M2102A·4 2.0 Vcc V 
M2102A·6 2.2 Vcc 

VOL Output "Low" Voltage 0.45 V 
M2102A·4 IOl = 2.1mA 
M2102A·6 IOl = 1.9mA 

VOH Output "High" Voltage 2.2 V IOH = 100llA 

NOTE 1. Typical values are for TA = 2SoC and nominal supply voltage. 
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M2102A-4, M2102A-6 

A.C. Characteristics TA = -55°C to +125°C, Vcc = 5V ± 10% unless otherwise specified 

Symbol Parameter 
M2102A-4 Limits (ns) M2102A-6 Limits (ns) 

READ CYCLE 

tRC Read Cycle 

tA Access Time 

tco Chip Enable to Output Time 

tOH1 
Previous Read Data Valid with Respect 
to Address 

tOH2 
Previous Read Data Valid with Respect 
to Chip Enable 

WRITE CYCLE 

twc Write Cycle 

tAW Address to Write Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tDW Data Setup Time 

tDH Data Hold Time 

tcw Chip Enable to Write Setup Time 

A_ C. CONDITIONS OF TEST 

Input Pulse Levels: 

Input Rise and Fall Times: 

Timing Measurement Inputs: 
Reference Levels Output: 

0.8 Volt to 2.0 Volt 

10nsec 

1.5 Volts 
0.8 and 2.0 Volts 

Output Load: 1 TTL Gate and CL ~ 100 pF 

Waveforms 

READ CYCLE 

Min_ Max_ Min_ Max_ 

450 650 

450 650 

230 400 

40 50 

0 0 

450 650 

20 200 

300 400 

0 50 

300 450 

0 100 

300 550 

SYMBOL TEST 
LIMITS (pF) 

Typ,(1) MAX. 

C IN INPUT CAPACITANCE 
3 5 

(ALL INPUT PINS) VIN = OV 

C OUT OUTPUT CAPACITANCE 
7 10 

VOUT ~ OV 

WRITE CYCLE 

~------------twe------------~ 

CHIP 

DATA READI 
OUT WRITE 

2.0 VOLTS 

0.8 VOLTS 
DATA 

IN 

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

tew 

twp 

tow 

DATA STABLE 



inter 2104, 2104-2, 2104-4 

4096 x 1 BIT DYNAMIC RAM 

Max. Access Time (ns) 
Read, Write Cycle (ns) 
Read-Modify-Write Cycle (ns) 

• Highest Density 4K RAM
Industry Standard 16 Pin Package 

• Low Standby Power 

• All Inputs Including Clocks 
TTL Compatible 

• Standard Power Supplies +12V, 
+5V, -5V 

• Refresh Period: 2 ms 

2104-2 2104-4 2104 
250 300 350 
375 425 500 
515 595 700 

• On-Chip Latches for Addresses, 
Chip Select and Data In 

• Simple Memory Expansion
Chip Select 

• Output is Three State, TTL 
Compatible; Data is Latched 
and Valid into Next Cycle 

The I ntel<!l21 04 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 the2104 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 with 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 

v,, Vss Ao 

D'N CAS A, 

WE DOUT 
A, D'N 

es 
A, 

RAS A,· 

A, A, As DOUl 

A, A, 

A, As 

Voo. Vee 

PIN NAMES 

Ao·A,; ADDRESS INPUTS WE WRITE ENABLE 

CAS COLUMN ADDRESS STROBE V" POWER (-5VJ 

CS CHIP SELECT Vee POWER (+5V) 

o,N DATA IN Voo POWER (+12V) 

DouT DATA OUT Vss GROUND 

RJ\S ROW ADDRESS STROBE 
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BLOCK DIAGRAM 

'CAS,_Cr±::::::;:::::::::i~--:=::-=1 
D'N 

4096 BIT 
STORAGE ARRAY 

-VBB 

-VOD 

-Vee 
_GND 



2104 FAMILY 

Absolute Maximum Ratings* 

Temperature Under Bias .............. -10°C to+80°C 
Storage Temperature ................ -65° C to +150° C 
All Input or Output Voltages with 

Respect to the most Negative 
Supply Voltage, Vee .................. +25V to -0.3V 

Supply Voltages Voo, Vee, and Vss with 
Respect to Vee ....................... +20V to -0.3V 

Power Dissipation ............................. ·1.25W 

D.C. and Operating Characteristics [1] 

'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. 

TA = O°C to 70°C, Voo = +12V ±5%, Vee = +5V ±1 0%, Vee = -5V ± 1 0%, Vss = OV, unless otherwise noted. 

Symbol Parameter 
Limits 

Conditions 
Min. Typ.[2] Max. Unit 

III Input Load Current 10 }1A VIN = VIL MIN to VIH MAX 
(any input) 

IILOI Output Leakage Current 10 }1A Chip deselected 
for high impedance state 

1001[3] Voo Supply Current 1 2 mA CAS and RAS at VIH. Chip deselected. 

IOOAV[3] Average Voo Current: 
2104-4 46 60 mA Cycle ti~e = Min. TA = 250C 
2104,2104-2 45 59 rnA tRP = Min. 

lee, [4] Vee Supply Current when 10 }1A 
deselected 

leB[3] Average VBB Current 75 }1A 

VIL Input Low Voltage -1.0 0.6 V 
(any input) 

VIH Input High Voltage 2.4 Vee+1 V 
(any input) 

VOL Output Low Voltage 0.0 0.4 V IOL = 2.0mA 

VOH Output High Voltage 2.4 Vee V IOH = -5.0mA 

A C Ch . . [1] 
.. aracterlstlcs TA =o°c to 70°C, Voo=12V ±5%, Vec=5V ±10%, VeB =-5V ±1 0%, Vss=OV, unless otherwise noted. 

Capacitance [5] TA = 25°C 

Plastic And 
Symbol Test Ceramic Pkg. Unit Conditions 

Typ. Max. 

CAO Address Capacitance 10 pF VIN = Vss 

Ce CAS, RAS, CS Capacitance 7 pF VIN = Vss 

GoUT Data Output Capacitance 8 pF VOUT = OV 

CIN DIN and WE Capacitance 10 pF VIN = Vss 

Notes: 1. All voltages referenced to VSS. The only requirement for the sequence of applying voltages to the device is that Voo, Vee, 
and VSS should never be O.3V or more negative than VBB. 

2. Typical values are for TA = 25°e and nominal power supply voltages. 
3. The 100 current flows to VSS. The lee current is the sum of all leakage currents. 
4. When chip is selected Vee supply current is dependent on output loading; Vee is connected to output buffer only. 
5. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

e = Illt with the current equal to a constant 20mA. 
llV 
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2104 FAMILY 

A.C. Characteristics [1~A =ODC to 70DC, Voo =12V ±5%, Vcc=5V ±10%, VBB =-5V ±1 0%, VSs=OV, unless otherwise noted. 

READ, WRITE, AND READ MODIFY WRITE CYCLES 

2104 2104·2 2104-4 
Symbol Parameter Min. Max. Min. Max. Min. Max. 

tREF Time Between Refresh 2 2 2 

tRP RAS Precharge Time 150 125 125 

tRCL[2] RAS to CAS Leading Edge Lead Time 110 2000 80 2000 90 2000 

tAS Address or CS Set-Up Time a a a 
tAH Address or CS Hold Time 100 80 80 

tAR RAS to Address Hold Time 250 180 210 

tCRL [3] RAS to CAS Trailing Edge Lead Time -50 +50 -40 +40 -50 +50 

tOFF Output Buffer Turn Off Delay a 100 a 100 a 100 

tCAC[4] Access Time From CAS 200 150 170 

tRAC[4] Access Time From RAS 350 250 300 

READ CYCLE 

2104 2104-2 2104-4 
Symbol Parameter Min. Max. Min. Max. Min. Max. 

tCYC[5] Random Read or Write Cycle Time 500 375 425 

tCPW CAS Pulse Width 200 10000 150 10000 170 10000 

tRPW RAS Pulse Width 350 10000 250 10000 300 10000 

tRSH RAS Hold Time 200 150 170 

tCSH CAS Hold Time 350 250 300 

tRCH Read Command Hold Time 80 80 80 

tRCS Read Command Set-Up Time a a a 
WRITE CYCLE 

2104 2104-2 2104-4 
Symbol Parameter Min. Max_ Min. Max. Min. Max. 

tCYC[5] Random Read or Write Cycle Time 500 375 425 

tCPW CAS Pulse Width 200 10000 150 10000 170 10000 

tRPW RAS Pulse Width 350 10000 250 10000 300 10000 

tRSH RAS Hold Time 200 150 170 

tCSH CAS Hold Time 350 250 300 

tCWL Write Command to CAS Lead Time 200 150 170 

tWCH Write Command Hold Time 150 110 130 

twp Write Command Pulse Width 200 150 170 

tDS Data In Set-Up Time a a a 
tOH Data In Hold Time 200 150 170 

Notes: 
1. All voltages referenced to V SS. 
2. CAS must remain at VIH a minimum of tRCLMIN after RAS switches to VI L. To achieve the minimum guaranteed access time 

(tRAC), CAS must switch to V I L at or before tRCL of tRAC - tT - tCAC as described in the Applications Information on 
page 2-49. 

3. tCR L is measured from~ R AS to CAS. 
4. Load = 1 TTL and 50pF. See Application Information - Read Cycle section for relations between access time and tRel. 
5. The minimum cycle timing does not allow for tT or skews. 

2-46 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Waveforms 
READ CYCLE 

V,H 

RAS 

VIL 

V,H 

CAS 

VIL 

tAS 

'IH 

ADDRESSES 

VIL ~ 
V,H 

os 
VIL 

V,H 

WE 
V,L 

VOH 

DOUT 

VOL 

WRITE CYCLE 

V IH 

tL 

v. IH 

IL 

2104 FAMILY 

t cvc 

I' tRPW 

(ij 
l0 

tCSH 

l----tRCL---~ t RSH 

CD r\\\\ 0 
tcpw 

I---- f-tAH:j HtAS --tAH~ 

ROW COLUMN K ADDRESS ADDRESS 

i~--------r--tAR -~ 

I !-- tAS -tAH -

I ®\ (2j V 

!-- t Res 

~ . t RAe 
tcAe 

'0,,- -
® 
0 

teye . tRPW 

CD\ 0 
tCSH 

-tRCL ---------- t RSH 

CD \\\\ 0 
tcpw 

tAsr I---tAH - tAS - - -tAH -

ROW 0 V, 

ADDRESSES V 
IH 

IL 

D,N 

DoUT 

v. IH 

v, IH 

v, 
IL 

IH 

IL 

V 
v, 

v OH 

v DL 

0) 
0 ADDRESS 

COLUMN K ADDRESS 

jtAR t AS - -tAH -

\ V [J)' 

'ewL 

\0 
twp 

I----tWCH----j 

r---tDS~ -toH-----:1 
XCD 0 

t RAe 
'I 

'0,,-I':" 
tcAe 

® 

® 

f--tR~ 
lJ 

® 
teRl 

II 

~tRCH 

. 
J VALID 
' DATA OUT 

l-tRP--! 
~ 

® 
tCRl 

I 

. 

® 

See page 2-48 for NOT ES. 
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A.C. Characteristics TA =o°c to 70°C, Voo=12V ±5%, Vcc=5V ±10%, Vss =-5V ±1 0%, VSs=OV, unless otherwise noted. 

READ MODIFY WRITE CYCLE 

2104 2104-2 2104-4 
Symbol Parameter Min. Max. Min. Max. Min. Max. 

tRMw Read Modify Write Cycle Time 700 515 595 

tCRW RMW Cycle CAS Width 400 10000 290 10000 340 10000 

tRRW RMW Cycle RAS Width 550 10000 390 10000 470 10000 

tRWH RMW Cycle RAS Hold Time 200 150 170 

tCWH RMW Cycle CAS Hold Time 550 390 470 

tcwl Write Command to CAS Lead Time 200 150 170 

twp Write Command Pulse Width 200 150 170 

tRCS Read Command Set-Up Time 0 0 0 

tMOO Modify Time 0 0 0 

tos Data In Set-Up Time 0 0 0 

tOH Data In Hold Time 200 150 170 

Waveforms 
READ MODIFY WRITE CYCLE 

0 'RMW . 
tRRW . r tRP -

CD ® If ® 
I--- teRl 

0 'CWH 
-tRcl - 0 tCRW 

CD f-.\\\ ® V 
~ '.H ~'RWH~ 

tASr------- tAsr 1--tAH _tCWl -

V,H 
ADDRESSES 

VOL 
CD ROW K::X COLUMN K 

ADDR ESS ADDR ESS 

® ~tAR 

rr-(i)® IVH 

t RCS --[- ~'WPV 
®CDf 

t MOD -;0-

- i-'DS 

D'N 
~ CD DATA IN 

VALID 

0 tRAC ® 
tOFF-~1 

teAc 

HIGH ,-0 IMPEDANCE VALID 

Jl0 DATA OUT 

Notes: 1,2. VIHMIN and VI lMAX are reference-levels for measuring timing of input signals. 
3.4. VOHMIN and VOlMAX are reference levels for measuring timing of DOUT. 

'DH 

K 

\. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5. If WE goes low while CAS is low, DOUT could go to either VOL or VOH after tCAC. DOUT will go to VOH as shown on page 4 (Write 
Cycle Waveforms) if WE goes low before CAS goes low. In a Read-Modify-Write cycle, DOUT is data read and does not change during 
the Modify-Write portion of the cycle. 

6. For minimum cycle timing, tCRl must be -0 to +40 ns for 2104-2 and -0 to +50 ns for 2104 and 2104-4. 
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TYPICAL 100 AV VS. CYCLE TIME 100 AV VS. TEMPERATURE TYPICAL ACCESS TIME VS. TEMPERATURE 

70 

65 

60 

;; 55 
g 
> 50 

" 0 
45 _0 

""-. 
~ ---20 40 

35 

'0 2O~0::---4:-'c00=---:60:-:0-B~0:-0 -=-, 0:':00::--:::12'::00~'400 25 

Tey (ns) 

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, strobes in the 
six low order addresses (Ao-A,) which selects one of 64 
rows and begins the timing which enables the column 
sense amplifiers. The second clock, CAS, strobes in the six 
high order addresses (A,-A,d 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 "a" 
corresponds to all addresses at V'L. 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 "a" at the input will when subsequently 
accessed, appear as a "1" or "a" respectively at the output). 

2104 Address Map 

0 4032 

DATA IN 

I~ ... 

~ SENSE AMPLIFIERS 

" 0 
a: 

DA-TAIN 

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 cycle is to 
be performed until CAS becomes valid. 

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

50 70 

T rei 

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 TTL:-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 = tRAC OR 2. tACC = tRCL + h + teAC 

Access time from RAS, tRAC, and access time from CAS, 
teAC, are device parameters. Row to column address strobe 
lead time, tRCL, 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. tACC = tReL '+ h + tCAC = tRCL +175ns for tRCL > 125ns. 

Note that if 90 nsec :;;;tRCL:;;;125 nsec, device access time is 
determined by equation 3 and is equal to tRAC. If tRCL > 125 
nsec, access time is determined by equation 4. This 35ns 
interval (shown in the tRCL 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 tRCL 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. DouT will go to VOH 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 goes to a 
high impedance state following the leading edge of CAS. If 
WE goes low while CAS is low, Dour could go to either VOL or 
VOH 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 DouTis 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 bydriving 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 tcpw 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, IRp, has been met. 

The timing relationship of the leading edges of RAS and 
CAS is defined by tRCL and is discussed in the READ CYCLE 
section above. The trailing edge relationship is defined by 
tRSH, leSH, and leRL. The first two parameters define the 
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minimum time during a memory 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 lr = 5ns and the 2104-4 device 
parameters: tRCL = 90ns, tRPw = 300nsec, and tcpw = 
170nsec; the trailing edge of CAS would occur at time (t) 
where: 

t = tRCL+t-r-Hcpw = 90ns + 5ns + 170ns 
= 265ns 

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

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

The third parameter, tCRL, 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 RAStrailing edge by upto 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 tCSH would be violated if CAS led RAS. 

POWER DISSIPATION 

Operating 

The power dissipation of a continuously operating 2104 
device is the sum ofVoox looAvand VBBX IBB. Fora cycle time 
of 425ns (including a tRP 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 Voo x looAv component. Since the average 
value of 100 is used to compute the power disSipation and 
100 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) I CAS ONLY CYCLE 

RAS 
V,H 

VIL 

CAll 
V,H 

VIL 

'"I 
+10 

'aD 0 
(rnA) -10 

-20 

100 

75 

'00 50 
(mAl 

25 

TYPICAL SUPPLY CURRENTS VS. TIME 
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STANDBY-REFRESH ONLY 

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

teye tcyC 
5. PREF = POP x (64 tRIO) + PSB (1-64 tR,) 

Where: PREF = Standby power-refresh only. 
POP = Power dissipation-continuous operation. 
tcyc = Cycle time for a Refresh cycle. 
t REF = Time between refresh. 
PSH = Standby power dissipation. 

The standby power dissipation PSB is given by: 

6. PSB = Vnn x IDI)! + VBIl X IBB . 

For example, in the 2104-4, the typical power dissipated in 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 

VBB 

~ B = .1J.1F 

T 
vss 

Vcc 

~ 
c= .1J.1F 

T 
vss 

VDD 

--L 
D= lJ.1F 

T 
Vss 

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 VDn to Vss and "8" for 
VBB to Vss. 11m and IIlB current surges at RAS and CAS make 
adequate decoupling of these supplies important. It is 
recommended that 1.0",F high frequency, low inductance 
capacitors be used between VIm and Vss on double sided 
boards. 0.1 ",F capacitors can be used between VIlB and 
Vss. Vee to Vss decoupling is indicated by a "C" and 0.1",F 
capacitors are recommended. For each 36 devices a 100",F 
tantalum or equivalent capacitor should be placed from VlJD 

to Vss near the array. An equal or Slightly smaller bulk 
capacitor should be placed between VBB 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. 

Two Sided Layout for 16K x 8 Memory 
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2107A 

4096 x 1 BIT DYNAMIC RAM 

Product 
Access Time 

• Low Cost Per Bit 
• Low Standby Power 
• Easy System Interface 
• Only One High Voltage 

Input Signal- Chip Enable 
• Low Level Address, Data, 

Write Enable, Chip 
Select Inputs 

2107A-5 
420 ns 

• Address Registers 
Incorporated on the Chip 

• Simple Memory Expansion: 
Chip Select Input Lead 

• Fully Decoded: On Chip 
Address Decode 

• Output is Three State and 
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 2107 A 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 2107 A 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 

v •• v" Ao ....0 \bo 
Ao .-0 Vee 

Ao A, A, ROW DECODE •• MEMORY 

A10 A, A, O'N and BUFFER 
ARRAY ....0 Vss 

An Ao A, REGISTER 
64x 64 

....-0 ~B 

OS Voo 
A, 
A, 

o,N CE A, t .. Dour NC A, Dour 
- As 

Ao A, Ao 
A, '" A10 

A, A, A" 

vee WE CS CE WE 

PIN NAMES 

DIN DATA INPUT CE CHIP ENABLE 

AO·AI1 ADDRESS INPUTS* DOUT DATA OUTPUT 

WE WRITE ENABLE VCC POWER (+SVI 
DouT 

Cs 
Ao A, As Ag A,o At, 

CHIP SELECT NC NOT CONNECTED 

'Refresh Addresses AO·AS. 
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2107A FAMILY 

Absolute Maximum Ratings* 
Temperature Under Bias ............................................................ , ooc to 70°C 

Storage Temperature ........................................................... -65°C to +150oC 

All I nput or Output Voltages with Respect to the most Negative Supply Voltage, Vss . . . . . . . . . . . . . . . . .. +25V to -0.3V 

Supply Voltages Voo, Vee, and Vss with Respect to Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +20V to -0.3V 

Power Dissipation ..... . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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 = o°c to 70°C, Voo = +12V ± 5%, Vcc = +5V ± 5%, Vss 11) = -5V ± 5%, Vss = OV, unless otherwise notes. 

Symbol Parameter 
Limits 

Unit Conditions 
Min. Typ.l21 Max. 

III I nput Load Current .01 10 p.A VIN = Vil MIN to VIH MAX 
(all inputs except CEI 

IlC Input Load Current .01 10 p.A VIN = Vil MIN to VIH MAX 

IILOI Output Leakage Current .01 10 p.A CE = -lV to +.BVorCS= 3.5V, 
for high impedance state Va =OV to 5.25V 

1001 Voo Supply Current .1 100 p.A CE = -lV to +.BV 
during CE off(3) 

1002 Voo Supply Current 14 22 mA CE = VIHC ' TA = 25°C 
during CE on [5) 

100AV Average Voo Supply (See Table 1) TA = 25°C, Fig. 1,3 
Current 

ICCl VCC Supply Current .01 10 p.A CE = -lV to +.BV 
during CE off 

ICC2 Vec Supply Current 5 10 mA CE = VIHC ' T A = 25°C 
during CE on 

ICCAV Average Vee Supply (See Table 1 ) TA = 25°C, Fig. 2.4 
Current 

Iss VSS Supply Current 1 100 p.A 

Vil Input Low Voltage[4) -1.0 O.B V 

VIH Input High Voltage(4) 3.5 Vee +1 V 

VllC CE Input Low Voltage(4) -1.0 +1.0 V 

VIHC CE I nput High Voltage Voo -1 Voo +1 V 

Val Output Low Voltage(4) 0.0 0.45 V IOl = 1.7mA, Fig. 6 

VOH Output High Voltage(4) 2.4 Vee V IOH = -100pA, Fig. 5 

NOTES: 
1. The only requirement for the sequence of applying voltage to the device is that VOD. Vee. and VSS should never be .3V or more 

negative than VaB-
·2. Typical values are for TA = 2SoC ~nd nominal power supply voltages. 
3. The 100 and ICC currents flow to VSS. The laa Current is the sum of all leakage currents. 
4. Referenced to VSS unless otherwise noted. 
5. For 21 07A·4 and 2107A·5 1002 is 25mA max. 

2·53 



2107A FAMILY 

A. C. Characteristics TA = oOC to 70°C, Voo = 12V ± 5%, Vcc = 5V ± 5%, VBB = -5V ± 5%, 

READ, WRITE, AND READ MODIFY/WRITE CYCLE vss = OV, unless otherwise noted. 

2107A 2107A-1 2107A-4 2107A-5 
Symbol Parameters Min. Max. Min. Max. Min. Max. 

tREF [1] Time Between Refresh 2 1 2 

tAC Address to CE Set UpTime 0 0 0 

tAH Address Hold Time 100 100 100 

tcc CE Off Time 180 100 200 

tT CE Transition Time 50 50 50 

tCF CE Off to Output 0 0 0 
High I mpedance State 

READ CYCLE 

Symbol Parameters Min. Max. Min. Max. Min. Max. 

tRCY [2) Read Cycle Time 500 420 570 

tCER CE On Time During Read 280 3000 280 3000 330 3000 

tco CE Output Delay 280 260 330 

tACC[3) Address to Output Access 300 280 350 

tWL CE to WE Low 0 0 0 

twc WE to CE on 0 0 0 

WRITE CYCLE 

Symbol Parameters Min. Max. Min. Max. Min. Max. 

twCy[2) Write Cycle Time 700 550 840 

tCEW CE Width During Write 480 3000 410 3000 600 3000 

tw WE to CE Off 340 250 400 

tcw CE to WE High 300 250 -
tow DIN to WE Set Up 0 0 0 

tCD[4) CE to DIN Set Up 50 50 50 

tDH DIN Hold Time 0 0 0 

twp WE Pulse Width 150 150 200 

twW[5) WE Wait 0 0 170 

twc WE to CE On 0 0 0 

Capacitance [6) TA = 25°C 
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Plastic And 
Symbol Test Ceramic Pkg. Unit Conditions 

Typ. Max. 

CAO Address Capacitance, CS, WE, DIN 3 6 pF VIN = Vss 

CeE CE Capacitance 17 25 pF VIN = Vss 

COUT Data Output Capacitance 3 6 pF VOUT = OV 

Notes: 1. For plastic 2107A·4and 2107A·5 tREF = 1mS. 

2. tT = 20ns 

3. CLOAD = 50 pf; Load = 1 TTL; Ref = 2.0V for high. O.BV for low; tACC = tAC + tco + 1 fT. 
4. tCD applies only when tW>tCEW -50ns. 

5. The 2107A and 2107A·1 should not be operated with tww in the 50 to 170 ns range. 
6. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation 

lLl.t 
C = - with the current equal to a constant 20mA. 

Ll.V 

Min. Max. 

2 

0 

100 

250 

50 

0 

Min. Max. 

690 

400 300 

400 

420 

0 

0 

Min. Max. 

970 

680 3000 

450 

-
0 

50 

0 

200 

200 

0 

Units 

ms 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



2107A FAMILY 

D.C. Characteristics 

FIGURE 1 FIGURE 2 
100 AVERAGE VS. TEMPERATURE Icc AVERAGE VS. TEMPERATURE 

4.0 

§ 
~ 3.0 

" il! 
~ 
d 
;:c 2.0 

c 
c 

1.0 

r----~ r--
CYCLE TIME" MIN. 
tCEW"MIN. 

I 
o 25 50 

3.0 

~ T~ 
CYCLE TIME" MIN. --tcEW"MIN. 

1.0 I 
70 o 25 50 70 

FIGURE 3 FIGURE 4 FIGURE 5 

TYPICAL IOH VS. VOH TYPICAL 100 AVERAGE VS. CYCLE TIME TYPICAL Icc AVERAGE VS. CYCLE TIME 
100 

50 
40 
30 

20 

1 

'--- -

.5 
.1 .2,3.4.5 

----

I I 

~ V~CEW "3", 
tCEW =1,11 

k/ V1CEW -480nl 

-- .x 
--.,: "-
~ 

2 345 10 203040 100 

10 

5 
, -20f--".-r--j---t---+--+--1 

4 

3 

2 , ." t cew "3"s/ 
1 

I CEW ·'JJ5 V ."-lCEW "480ns/ 
5 

1 
_5 -10 f---+--,,!;:--~+----+---+--l 

-15 f--...... +--''\. 

4 

3 
'\ 

2 

-5 f---+---+--p..."'.+---+--l 

1 
'.1 .2 ,3.4.5 2 3 45 10 20 30 

FIGURE 7 FIGURE 8 FIGURE 6 
TYPICAL IOL VS. VOL TYPICAL REFRESH VS. TEMPERATURE TYPICAL ACCESS TIME VS. TEMPERATURE 

1000 350 

~ 

! 250 ;g 
~ 
~ ." 

, <, 

0 

300 100 

'r---------- -_. 200 

1 
25 70 

150 
25 70 

VOL (voltsl 

Table 1. IOOAV and ICCAV Characteristics. 

Product IOOAV(Typ) IOoAv(Max) ICCAV(Typ) ICCAv(Max) Cycle tCEW 

2l07A 23m A 34mA 6mA 10mA 700ns 480ns 

2l07A·l 28mA 38m A 8mA l2mA 550ns 410ns 

2l07A·4 22mA 33m A 5mA 9mA 840ns 600ns 

2107A·5 18mA 28mA 4mA 8mA 970ns 680ns 
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2107A FAMILY 

Read Modify Write Cycle 

2107A 2107A-1 2107A-4 2107A-5 
Symbol Parameters Min. Max. Min. Max. Min. Max. Min. Max. 

tRWC[1] Read Modify Write (RMW) 840 670 970 1140 
Cycle Time 

tCRW[2] CE Width During RMW 620 3000 530 3000 730 3000 850 3000 

twc WE to CE on 0 0 0 0 

tw WE to CE off 340 250 400 450 

twp WE Pulse Width 150 150 200 200 

tDW DIN to WE Set Up 0 0 0 0 

tDH DIN Hold Time 0 0 0 0 

tco CE to Output Delay 280 260 330 400 

tACC[3] Access Time 300 280 350 420 

tWD DOUT Valid After WE 0 0 0 0 

Notes: 1. tT = 20n. 

2. tCRW - tw = tco 

3. CLOAD = 50 pf; Load = One TTL Gate; Ref = 2.0V for High, 0.8V for low; tACC = tAC + tco + 1 TTL 
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tRWC --.------------.. ~-

V'H 

ADDRESSES 
ANDCS 

'IL 

ADDRESS CAN CHANGE 

1"'--------~------tcRW------·,---

V'HC ---+-+ I-~-------------------------, 

CE 

-------IW---·----

~H----Hr-+-----------_J 

V'H ----I--t-----------.. 
D'N DIN CAN CHANGE 
v" ___ -1-_+-________ --1 

I-----·CO 
VOH ----1-

C>OuT iMp~6~HNCE 

VOL----!f4:_"--___ tACC_. _____ 1 

NOTES: 
1. Vss'" 1.5V is the reference level for mea$uring timing of Ihe addre$$ es, WE, and DIN. 
2. VSS -+ 3.0V is the reference level lor measuring liming of Ihe address, es, we, and DIN. 
3. Vss + 2.0V is Ihe reference level lor measuring timing 01 CEo 
4. Veo -2V is Ihe reference level for measuring liming of CEo 
5. \ISS + 2.0\1 is the reference level lor measuring the timing of COUTo 

o.N STABLE 

WE CAN 
CHANGE 

UNDEFINED 

'C, 

'cc--

_____ 10H 

DIN CAN 
CHANGE 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



2107A FAMILY 

Read and Refresh Cycle [1] 

V'H 

ADDRESS 
ANDCS 

VIL 

fo----------tRCV---------.j 

AODRESS CAN CHANGE 

V.HC--~--~-r~----------------------~ 

CE 

'we 

'T 

V,H----_r---1~~------------------------_r~-f--------_r----------
WE 

WE CAN 
CHANGE 

fo-----·eo-----I 

VALID 

WE CAN 
CHANGE 

1~------tAcc-------1 

Write Cycle 

I-------,------·wev------------I' V,H 

~: ADDRESS 
AND CS ADDRESS STABLE K ADDRESS CAN CHANGE 

lOORESS 
STABLE 

VIL 

---tAH - - --'T 
t AC - I-- i-----------tCEW-----------i _ I--'T 

V. He r-
CE 

I------'w------I II i---Tww-
i\ II 

Vile ----------1 
~----------~-- .~.--_1------~ 

'"r-___ ~I-

_tcc---

WE CAN CHANGE 

--'co----

~---------------------+~ 
O'N CAN CHANGE ~ O'N STABLE KCAN ~'~ANGE 

~---------------------+~ 

NOTES; 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 
2. VSS + 1.5V is the reference level for measuring timing of the addresses, Cs. WE, and DIN' 
3. VSS + 3.0V is the reference level for measuring timing of the addresses, CS. WE, and DIN. 
4. VSS + 2.0V is the reference level for measuring timing of CEo 
5. VOO -2V is the reference level for measuring timing of CEo 
6. VSS + 2.0V is the reference level for measuring the timing of DOUT. 
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inter 2107B 

2·58 

4096 BIT DYNAMIC RAM 

Access Time 
Read,Write Cycle 
RMW Cycle 

• Low Cost Per 81t 
• Low Standby Power 
• Easy System Interface 
• Only One High Voltage 

Input Signal - Chip Enable 
• TTL Compatible - All Address, Data, 

Write Enable, Chip Select Inputs 
• Refresh Period - 2ms for 21078, 

21078-4, 1ms for 21078-6 

21078 
200ns 
400ns 
520ns 

21078-4 21078-6 
270ns 350ns 
470ns 800ns 
590ns 960ns 

• Address Registers Incorporated on the 
Chip 

• Simple Memory Expansion - Chip Select 
Input Lead 

• Fully Decoded - On Chip Address 
Decode 

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

The Intel"'2107B is a 4096 word by 1 bit dynamic n·channel MaS 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 redllces 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 reo 
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 production of 
high performance, easy to use MaS circuits and provides a higher functional density on a monolithic chip than other 
MaS technologies. The 2107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for 
the 2107A. 

PIN CONFIGURATION 
21078 

v .. v" .. A, 

A" A, 

A" .. 
C! VDD 

0,. CE 

~ NC .. A, 

A, ... 
A, A, 

Vee WE 

PIN NAMES 

Ao·AI1 ADDRESS INPUTS" Vee 
CE CHIP ENABLE Vee 
cs CHIP SELECT Voo 

D'N DATA INPUT Vss 

l>M DAT/IOUTPUT WE 

NC NOT CONNECTED 

"R,'''''' Add, ... Ao·As' 

LOGIC SYMBOL 
21078 

AO 
A, 
A~ DIN 
A, 
A. 
A, 
A, 
A7 DOUl 

A, .. 
A" 
A" 

CS CE WE 

POWER (-5VI 

POWER (+5VI 

POWER (+12VI 

GROUND 

WRITE ENABLE 

CS a--. 

ROW OECODe 
~nd BUFFER 
REGISTER 

BLOCK DIAGRAM 

64 MEMORY 
ARRAY 

64 I( 64 



Absolute Maximum Ratings * 
Temperature Under Bias 

Storage Temperature 

21078 FAMILY 

All Input or Output Voltages with Respect to the most Negative Supply Voltage. VBB 

Supply Voltages VOO. Vee. and Vss with Respect to VBB .. 

Power Dissipation 

'COMMENT: 

DOC to 70"C 

_650 C to + 1500 C 

+25V to -0.3V 

+20V to -0.3V 

....... 1.25W 

Stresses above those listed under "Absolute Max;,nul1J 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 ex tended periods may affect device reliability. 

D.C. and Operating Characteristics 
TA = DoC to 70°C, Voo = +12V ±5%, Vec = +5V ±10%, V BB [1 1 = -5V ±5%, VSS = OV, unless otherwise noted. 

Limits 
Symbol Parameter 

Typ.[2l 
Unit Conditions 

Min. Max. 

III 
Input Load Current 

.01 10 /lA 
VIN = VIL MIN to VIH MAX 

lall inputs except CEI CE = VILC or VIHC 

ILe Input Load Current .01 2 /lA VIN = VIL MIN to VIH MAX 

llLOI Output Leakage Current .01 10 /lA CE = VILC or CS = VIH 
for high impedance state Va = OV to 5.25V 

IDOl 
VOO Supply Current 

110 200[5] /lA CE = -lV to +.6V 
during CE off[3l 

VOO Supply Current -
1002 during CE on 

60 mA CE = VIHe, CS = VIL 

100AV Average VOO Current 38 54 mA CS = VIL ; T A = 25°C; Min cycle time, 
Min tCE 

ICCI [41 
Vee Supply Current -

during CE off 
.01 10 /lA CE = VILC or CS = VIH 

IBB VBB Supply Current 5 100 /lA 

VIL Input Low Voltage -1.0 0.6 V tT= 20ns 

VIH Input High Voltage 2.4 Vce+ 1 V tT= 20ns 

VILC CE Input Low Voltage -1.0 +1.0 V 

VIHC CE Input High Voltage Voo-l Voo +l V 

VOL Output Low Voltage 0.0 0.45 V IOL = 2.0mA 

VOH Output High Voltage 2.4 VCC V IOH = -2.0mA 

NOTES: 
1. The only requirement for the sequence of applying voltage to the device is that VOO. Vee. and VSS should never be .3V or more 

negative than VSS. 
2. Typical values are for TA = 2SoC and nominal power supply voltages. 
3. The 100 and ICC currents flow to VSS. The ISS current is the sum of all leakage currents. 

4. During eE on Vee supply current is dependent or'! output loading. Vee is connected to output buffer only. 
5. Maximum 1001 for 2107B-6 is 250 !lA. 
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21078 FAMILY 

A. C. Characteristics T A = ooc to 70°C, Voo = 12V ± 5%, Vee = 5V ± Hl%, Vee = -5V ± 5%, 

READ, WRITE, AND READ MODIFY/WRITE CYCLE Vss = OV, unless otherwise noted. 

21078 21078-4 21078-6 
Symbol Parameter 

Min. Max. Min. Max. Min. Max. 

tREF Time Between Refresh 2 2 1 

tAC Address to CE Set Up Time 0 0 10 

tAH Address Hold Time 100 100 100 

tcc CE Off Time 130 130 380 

tT CE Transition Time 10 40 10 40 10 40 

tCF CE Off to Output 0 0 0 

High I mpedance State 

READ CYCLE 

2107B 21078-4 21078-6 
Symbol Parameter 

Min. Max. Min. Max. Min. Max. 

tCY Cycle Time 400 470 800 

tCE CE On Time 230 4000 300 4000 380 4000 

tco CE Output Delay 180 250 320 

tACC Address to Output Access 200 270 350 

tWL CE to WE 0 0 0 

twc WE to CE On 0 0 0 

WRITE CYCLE 

2107B 2107B-4 21078-6 
Symbol Parameter 

Min. Max. Min. Max. Min. Max. 

tCY Cycle Time 400 470 800 

tCE CE On Time 230 4000 300 4000 380 4000 

tw WE to CE Off 150 150 200 

tcw CE to WE 150 150 150 

tow DIN to WE Set Up 0 0 0 

tDH DIN Hold Time 0 0 0 

twp WE Pulse Width 50 50 100 

Capacitance 121 TA = 25°C 

Plastic And 
Symbol Test Ceramic Pkg. Unit Conditions 

Typ. Max. 

CAO Address Capacitance, CS 4 6 pF VIN = Vss 

CeE CE Capacitance 17 25 pF VIN - Vss 

COUT Data Output Capacitance 5 7 pF VOUT = OV 

CIN DIN and WE Capacitance 8 10 pF VIN = Vss 

Units 

ms 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. If WE is low before CE goes high then DIN must be valid when CE 
goes high. 

3. tAC is measured from end of address transition. 
4. IT = 20ns 

Note 

3 

Note 

4 

5 

6 

Note 

4 

1 

2. Capacitance measured with ~oonton Meter or effective capacitance 
calculated from the equation. 

5. CLOAD = 5OpF, Load = One TTL Gate, Ref = 2_0V. 
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21078 FAMILY 

Read and Refresh Cycle [1] 

V,H 

ADDRESS 
ANDes 

~---------------------------~y~~~--~----------------------~ 

~----------------------'CE----------------------~ 

~HC----1-----+-I~~--------------------------------------~ 

CE 

'wC 

~H----+----r~--------------------------------------------+-~~-------+-----WE 
WE CAN 

CHANGE 

~-----------------~O------------------~ 

VaH ---

DOuT -IMP~6~NCE VALID 

VOL - - -11~~----------------------------1ACC-------------------------1 
Write Cycle . 'CY J 

ADDRESS 
ANDCS 

V,L 

CE 

~L 

D,N 

~ 
f-@ 

® 

tAC - I---

@ 

--- ----
HIGH 

-IMPEDANCE -. 

-------

ADDRESS STABLE ~X 

-----------tA.H--. 
® 

~ 
~ 

WE CAN CHANGE 

~ 

o,N CAN CHANG E } 

r\ f 

ADDRESS CAN CHANGE 0 AobRESSST ABLE 

~ -'T 
'CE - -'T 

r---

\ II . 'w 
t-

-~-
I----·wp~ 

\.- ~CANCHANGE 
f-

-tow -- -'oH 

DIN STABLE ... ~(. D,N 
-, CAN CHANGE 

------

Ci UNDEFINED I- IMP~~O:NCE ~ 
------

~ I--~F 
NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 

2. VIL MAX is the reference level for measuring timing of the addresses, CS, WE, and DIN. 
3. VI H MI N is the reference level for measuring timing of the addresses, CS, WE, and DIN. 
4. VSS +2.0V is the reference level for measuring timing of CEo 
S. VDD -2V is the reference level for measuring timing of CEo 
6. VSS +2.0V is the reference level for measuring the timing of DOUT. 
7. During CE high typically O.SmA will be drawn from any addre .. pin which is switched from low to high. 
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21078 FAMILY 

Read Modify Write Cycle(l) 

Symbol 

tRWC 

tCRW 

twc 

tw 

twp 

tow 

tOH 

tco 

tACC 

V,N 

ADDRESSES 
ANDCS 

ilL 

CE 

liN 

D,N 

VoN 

21078 21078-4 21078-6 
Parameter Unit 

Min. Max. Min. Max. Min. Max. 

Read Modify Write (RMW) 520 590 960 ns 

Cycle Time 

CE Width During RMW 350 4000 420 4000 540 3000 ns 

WE to CE on 0 0 0 ns 

WE to CE off 150 150 200 ns 

WE Pulse Width 50 50 100 ns 

DIN to WE Set Up 0 0 0 ns 

DIN Hold Time 0 0 0 ns 

CE to Output Delay 180 250 320 ns 

Access Time 200 270 350 ns 

(tACC = tAC + tco + ltT) 

I t RWC G) 

) ® K ® ® ADDRESS STABLE ADDRESS CAN CHANGE 

~'AC 
_______ t AH--

-'T I-tCRW 'T-

® -1 r-

II \ I 
'w 

0 ., 

- ~ ~ -twc I---'w,- ~'cc-

if (]-' 

\- / WE CAN 

J CHANGE 

- -tow -- -tOH 

o.N CAN CHANGE ~ o.N STABLE K DIN CAN 
CHANGE 

, 'co , 

---- --\ @f- --------
~ _ HIGH 

IMPEDANCE ) 
VALID I---'MP~6o,,':.CE----t I " 

--------
t Ace , 'eF- I--

NOTES: 1. Minimum cvc'e timing is based on tT of 20ns. 
2. V, L MAX is the reference level for measuring timing of the addre]ises, Cs, WE, and Dr N. 
3. V,H MIN is the reference level for measuring timing of the addresses, ES, WE, and D,N· 
4. VSS +2.0V is the reference level for measuring timing of CEo 
5. VOO -2V is the reference level for measuring timing of CEo 
6. VSS +2.0V is the reference 'eve' for measuring the timing of 00UT. CLOAO = 50pF. Load = One TTL Gate. 
7. WE must be at V'H unti' end of tCO. 
8. During CE high typically O.SmA will be drawn from any address pin which is switched from low to high. 



21078 FAMILY 

Typical Characteristics 
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For additional typical characteristics and applications information please refer to Intel Application Note AP-10, "Memory System Design 
With the Intel 21078 4K RAM" or Intel's Memory Design Handbook. 
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inter 2111A 
256 x 4 RAM WITH 

COMMON 1/0 AND OUTPUT DISABLE 
2111A-2 
2111A 
2111A-4 

• Common Data Input and Output 
• Single +5V Supply Voltage 
• Directly TTL Compatible: 

All Inputs and Output 

• Static MOS: No Clocks 
or Refreshing Required 

• Simple Memory Expansion: 
Chip Enable Input 

• Fully Decoded: On Chip 
Address Decode 

250 ns Max. 
350 ns Max. 
450 ns Max. 

• Inputs Protected: All inputs 
Have Protection Against 
Static Charge 

• Low Cost Packaging: 18 Pin 
Plastic Dual In-Line 
Configuration 

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

Capability 

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

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

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

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

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

A, Vee AD 

A, A. A, 1/0 , 

A, RIW A, 1/°2 

AD EE, A, 1/03 

A, 1/04 A. 1/°4 

A. 1/0 3 A, 

A, 1/0 2 A. 00 

GND 1/0, A, 

00 eE2 

PIN NAMES 

AO·A7 ADDRESS INPUTS 
00 OUTPUT DISABLE 
RIW READIWRITE INPUT ;-,.-. 
tE, CHIP ENABLE 1 

tE, CHIP ENABLE 2 

110,·1/0. DATA INPUTIOUTPUT 

AD 0 

A, 0 

A, 0 

A, 
G) 

A. 
@ 

RIW @ 

1/01 
@ 

1/02 
@ 

1103 
@ 

liD.@) 

BLOCK DIAGRAM 

ROW 
SELECT 

INIIUT 
DATA 

CONTROL 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

@ 
--Vee 

~GND 

o . PIN NUMBERS 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 



2111A FAMILY 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias. . . . .. O°C to 70°C 

Storage Temperature ........... _65°C to +150°C 

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

Power Dissipation .................... 1 Watt 

D.C. and Operating Characteristics 
T A = o°c to 70°C, Vcc = 5V ±5% , unless otherwise specified. 

Symbol Parameter Min. 

III Input Load Current 

ILOH I/O Leakage Current 

ILOL I/O Leakage Current 

ICC1 Power Supply 2111A,2111A-4 
Current 2111A-2 

ICC2 Power Supply 2111A,2111A-4 

Current 2111A-2 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

Output High 2111A,2111A-2 2.4 
VOH Voltage 2111A-4 2.4 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

VOH (VOLTS) 

NOTE: 1. Typical values are for TA = 25'C and nominal supply voltage. 

'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. 

Typ.lll Max. Unit Test Conditions 

1 10 /lA VIN = 0 to 5.25V 

1 10 /lA CE1 =CE2=2.2V, VI/0=4.0V 

-1 -10 /lA CE1 =CE2=2.2V, VI/0=0.45V 

35 55 
mA 

VIN - 5.25V 

45 65 11/0 = OmA, TA = 25°C 

60 
mA 

VIN = 5.25V 

70 11/0=OmA, TA = O°C 

0.8 V 

Vcc V 

0.45 V 10L = 2.0mA 

V 10H = -200/lA 

V 10H - -150/lA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL (VOLTS) 
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2111A FAMILY 

A.C. Characteristics for 2111A-2 (250ns Access Time) 
READ CYCLE T A = o°c to 70°C, Vcc = SV ±S%, unless otherwise specified. 

Symbol Parameter Min. T [11 yp. Max. Unit Test Conditions 

tRC Read Cycle 250 ns 

tA Access Time 2S0 ns t r, tf = 20ns 

tco Chip Enable To Output 180 ns 

too Output Disa~le To Output 130 ns Timing Reference = 1.SV 

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

Previous Read Data Valid 
tOH 

after change of Address 
40 

and CL = 100pF. 
ns 

WRITE CYCLE 

Symbol Parameter Min. T [lJ yp. Max. Unit Test Conditions 

twc Write Cycle 170 ns 

tAW Write Delay 20 ns t r, tf = 20ns 
tcw Chip Enable To Write 150 ns 

tow Data Setup lS0 ns Timing Reference = 1.5V 

tOH Data Hold 0 ns Load = 1 TTL Gate 

twp Write Pulse lS0 ns and CL = 100pF. 

tWR Write Recovery 0 ns 

tos Output Disable Setup 20 ns 

A. C. CONDITIONS OF TEST C 't [2J apaci ance TA = 2SoC, f = 1 MHz 

Input Pulse Levels: 0.8 Volt and 2.0 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.S Volt 

Output Load: 1 TTL Gate and CL = 100pF 

Waveforms 

Symbol Test 

CIN I nput Capacitance 
(All Input Pins) VIN = OV 

CoUT Output Capacitance VOUT = OV 

READ CYCLE WRITE CYCLE 

t Re 'we 

ADDRESS ADDRESS 

CHIP CHIP 
ENA~LES ENABLES 
Im.m) (eEl ·CE2l 

OUTPUT OUTPUT 

DISABLE DISABLE 

DATA 1/0 DATA I/O 

'wP-

READI 
WRITE 

NOTES: 1. Typical values are for TA = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tOF is with respect to the trailing edge of CE1, CE2, or 00, whichever occurs first. 

Limits (pF) 
Typ.[1J Max. 

4 8 

10 15 

tOH 

tWR 



2111A (350 ns Access Time) 
A.C. Characteristics 

2111A FAMILY 

READ CYCLE TA = ODC to 70DC. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter 

tRC Read Cycle 

tA Access Time 

tco Chip Enable To Output 

too Output Disabie To Output 

tOF [21 Data Output to High Z State 

Previous Read Data Valid 
tOH after change of Address 

WRITE CYCLE 

Symbol Parameter 

twc Write Cycle 

tAW Write Delay 

tcw Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twP Write Pulse 

tWR Write Recovery 

tos Output Disable Setup 

2111A-4 (450 ns Access Time) 
A.C. Characteristics 

Min. T [11 yp. Max. 

350 

350 

240 

180 

0 150 

40 

Min. T [11 yp. Max. 

220 

20 

200 

200 

0 

200 

0 

20 

READ CYCLE T A = ODC to 70DC. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter Min. T [11 yp. Max. 

tRC Read Cycle 450 

tA Access Time 450 

tco Chip Enable To Output 310 

too Output Disable To Output 250 

tOF [21 Data Output to High Z State 0 200 

tOH 
Previous Read Data Valid 
after change of Address 

40 

WRITE CYCLE 

Symbol Parameter Min. T [lJ yp. Max. 

twc Write Cycle 270 

tAW Write Delay 20 

tcw Chip Enable To Write 250 

tow D"ata Setup 250 

tOH Data Hold 0 

twp Write Pulse 250 

twR Write Recovery 0 

tos Output Disable Setup 20 

NOTES: 1. Typical values are lor TA = 25° C and nominal supply voltage. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. tOF is with respect to the trailing edge 01 CEI. CE2. or 00. whichever occurs lirst. 

Test Conditions 

t r• tl = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL G,ate 

and CL = 100pF. 

Test Conditions 

t r • tl = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r • tl = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r • tl = 20ns 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 



inter 2111, 2111-1, 2111-2 

2-68 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 

• Organization 256 Words by 4 Bits 
• Common Data Input and Output 
• Single + 5V Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 

• Access Time - 0.5 to 1 ,usec Max. 
• Simple Memory Expansion - Chip 

Enable Input 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging -18 Pin Plastic 
Dual-In-Line Configuration 

• Low Power - Typically 150 mW 

• Three-State Output - OR-Tie 
Capability 

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

The 2111 is designed for memory applications in small systems where' high performance, low cost, .Iarge bit 
storage, and ~imple interfacing are important design objectives. -

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable 
(CE) leads allow easy selection of an individual package when outputs are OR-tied. 
The Intel 2111 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 

A3 A., 

A2 A. A, I/0, 

A, RIW A2 1/°2 

Ao A3 1/°3 

A, 110. A. 110. 

A. 1/03 A, 2111 

A, 1102 A. 00 

GNO I/O, A, 

00 CE2 

PIN NAMES 

AO·A7 ADDRESS INPUTS 

00 OUTPUT DISABLE 

RIW REAOIWRITE INPUT 

CE, CHIP ENABLE 1 

eE 2 CHIP ENABLE 2 

110,·110. DATA INPUT/OUTPUT 

Ao 
0 

A, ® 

A2 
0 

A, 
G) 

A. 
@ 

R/W @ 

I/O, 
(j}) 

1/0 2 
@ 

1/0 3 
@ 

I/o,@ 

BLOCK DIAGRAM 

INPUT 
OATA 

CONTROL 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

.-Jt..Vcc 

..S:2...GNO 

o = PIN NUMBERS 



2111, 2111-1, 2111-2 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias. • . . .. O°C to 70°C 

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation .................... 1 Watt 

*COMMENT: 

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

D.C. and Operating Characteristics for 2111, 2111-1, 2111-2 
T A = O°C to 70°C, Vcc = 5V ±5% , unless otherwise specified. 

Symbol 

III 

ILOH 

ILOL 

ICCl 

ICC2 

VIL 

VIH 

VOL 

VOH 

Parameter 

Input Load Current 

I/O Leakage Current 

I/O Leakage Cu rren t 

Power Supply Current 

Power Supply Current 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 
~~~~c+-~ __ ~~ __ ~ 

2Sl>C 
7~C 

-51--+--""-

VOH IVOLTS) 

Min. 

-0.5 

2.2 

2.2 

Typ.!l] 

30 

NOTE: 1. Typical values are for TA = 25° C and nominal supply voltage. 

Max. Unit Test Conditions 

10 JlA VIN = 0 to 5.25V 

15 JlA CE1 =CE2=2.2V, VI/0=4.0V 

-50 JlA CEl =CE2=2.2V, VI/0=0.45V 

60 mA VIN - 5.25V 

11/0 = OmA, TA = 25°C 

70 mA VIN = 5.25V 

11/0=OmA,TA=0°C 

+0.65 V 

Vcc V 

0.45 V 10L =2.0mA 

V 10H = -150 JlA 

OUTPUT SINK CURRENTVS. 
OUTPUT VOLTAGE 

VOL (VOLTS) 
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2111, 2111-1, 2111-1 

A.C. Characteristics for 2111 
READ CYCLE T A = o°c to 70°C, VCC = 5V ±5%, unless otherwise specified. 

Symbol Parameter 

tRC Read Cycle 

tA Access Time 

teo Chip Enable To Output 

too Output Disable To Output 

tOF [3] Data Output to High Z State 

tOH 
Previous Read Data Valid 
after change of Address 

WRITE CYCLE 

Symbol Parameter 

twe Write Cycle 

tAW Write Delay 

tcw Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twp Write Pulse 

twR Write Recovery 

tos Output Disable Setup 

A. C. CONDITIONS OF TEST 

I nput Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 

Timing Measurement Reference Level: 

20nsec 

1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

Waveforms 
READ CYCLE 

I-------.Re -----·1 

ADDRESS 

CHIP _-+_,I-tco 
ENABLES 
(ffi.ml 

OUTPUT 
DISABLE 

DATAI/O DATA OUT 
VAI.ID 

Min. T [1) yp. Max. Unit Test Conditions 

1,000 ns 

1,000 ns t r, tf = 20ns 

BOO ns VIN = +0.65V to +2.2V 

700 ns Timing Reference = 1.5V 

0 200 ns Load = 1 TTL Gate 

40 
and CL = 100pF. 

ns 

Min. T [1] yp. Max. Unit Test Conditions 

1.000 ns 

150 ns t r , tf = 20ns 
900 ns VIN = +0.65V to +2.2V 

700 ns Timing Reference = 1.5V 

100 ns Load = 1 TTL Gate 

750 ns and CL = 100pF. 

50 ns 

200 ns 

Ca ·ta [2] paCI nce TA = 25°C, f = 1 MHz 

Symbol Test 
Limits (pF) 

Typ,tl] Max. 

CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 

GoUT Output Capacitance VOUT = OV 10 15 

WRITE CYCLE 

ADDRESS 

CHIP 
ENABLES 
(CE,.CE2l 

OUTPUT 
DISABLE 

DATA I/O 

READI 
WRITE 

\------- 'we --------1 

_~ __ ,~-----~w------I 

NOTES: 1. Typical values are for TA = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tOF is with respect to the trailing edge of CE1, CE2. or 00, whichever occurs first . 



2111, 2111-1, 2111-2 

2111-1 (500 ns Access Time) 
A.C. Characteristics for 2111-1 
READ CYCLE T A = o°c to 70°C. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter 

tRC Read Cycle 

tA Access Time 

tco Chip Enable To Output 

too Output Disable To Output 

tOF [21 Data Output to High Z State 

Previous Read Data Valid 
tOH after change of Address 

WRITE CYCLE 

Symbol Parameter 

twc Write Cycle 

tAW Write Delay 

tcw Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twp Write Pulse 

tWR Write Recovery 

tos Output Disable Setup 

2111-2 (650 ns Access Time) 
A.C. Characteristics for 2111-2 

Min. T [1] yp. Max. 

500 

500 

350 

300 

0 150 

40 

Min. T [11 yp. Max. 

500 

100 

400 

280 

100 

300 

50 

150 

READ CYCLE TA = o°c to 70°C. Vcc = 5V ±5%. unless otherwise specified. 

Symbol Parameter Min. T [1] yp. Max. 

tRC Read Cycle 650 

tA Access Time 650 

tco Chip Enable To Output 400 

too Output Disable To Output 350 

tOF [21 Data Output to High Z State 0 150 

Previous Read Data Valid 
tOH after change of Address 

40 

WRITE CYCLE 

Symbol Parameter Min. T [11 yp. Max. 

twc Write Cycle 650 

tAW Write Delay 150 

tcw Chip Enable To Write 550 

tow D'ata Setup 400 

tOH Data Hold 100 

twp Write Pulse 400 

tWR Write Recovery 50 

tos Output Disab[e Setup 150 

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. tOF is with respect to the trailing edge of CE1. CE2. or 00. whichever occurs first. 

Test Conditions 

tr• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 

Test Conditions 

t r• tf = 20ns 

VIN = +0.65V to +2.2V 

Timing Reference = 1.5V 

Load = 1 TTL Gate 

and CL = 100pF. 
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infel° 2112A 

256 x 4 RAM WITH COMMON DATA I/O 
2112A-2 
2112A 
2112A-4 

• Single +SV Supply Voltage 
• Directly TTL Compatible: 

All Inputs and Outputs 
• Static MOS: No Clocks or 

Refreshing Required 
• Simple Memory Expansion: 

Chip Enable Input 
• Fully Decoded: On Chip 

Address Decode 

250 ns Max. 
350 ns Max. 
450 ns Max. 

• Inputs Protected: All Inputs 
Have Protection Against 
Static Charge 

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

• Low Power: Typically 1S0mW 
• Three-State Output: OR-Tie 

Capability 

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

The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

@ 
A3 Vee Ao 

Ao ~vcc 
® 

@'OND A, A. A, I/O, 
A, 

® MEMORY ARRAY 
A, ROW 32 ROWS 

A, R/W A, I/O, 
<D 

SELECT 32 COLUMNS 

A3 1/03 A3 
Ao C1l @ 

A. I/O. A. 
As 110. 

As 

A. 1/03 
A. 

A7 1/02 A7 

GND liD, RiW CE 

PIN NAMES 

Ao'A, ADDRESS INPUTS o· PIN NUMBERS 
RiW READiWRITE INPUT 

CE CHIP ENABLE INPUT 

1/0,·1/0. DATA INPUTIOUTPUT 

Vee POWER (+5VI 

Final Data Sheet Information Will Be Available In Seoond Quarter 1976. 
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2112A FAMILY 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ..... _10°C to SO°C 

Storage Temperature ........... _65°C to +150°C 

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

Power Dissipation ............... . . . .. 1 Watt 

D.C. and Operating Characteristics 
TA = O°C to 70°C, VCC = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. 

III Input Current 

ILOH I/O Leakage Current 

ILOL I/O Leakage Current 

ICCl Power Supply 2112A,2112A-4 
Current 2112A-2 

ICC2 Power Supply 2112A, 2112A-4 
Current 2112A-2 

VIL Input "Low" Voltage -0.5 

VIH Input "High" Voltage 2.0 

VOL Output "Low" Voltage 

VOH Output "High" 2112A,2112A-2 2.4 

Voltage 2112A-4 2.4 

A.C. Characteristics for 2112A-2 

*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 indio 
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. 

Typ.[1] Max. Unit Test Conditions 

1 10 p.A VIN = 0 to 5.25V 

1 10 p.A cr = 2.0V, VI/a = 4.0V 

-1 -10 p.A CE = 2.0V, Vila = 0.45V 

35 55 mA VIN = 5.25V, 1110 = OmA 
45 65 TA = 25°C 

60 mA VIN = 5.25V, Ilia = OmA 
70 TA ,= O°C 

O.S V 

Vcc V 

+0.45 V 10L = 2mA 

V 10H = -200p.A 

V 10H =-150jJ.A 

READ CYCLE T A = O°C to 70°C, VCC = 5V ±5% unless otherwise specified. 

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

tRC Read Cycle 250 ns t r, tf = 20ns 

tA Access Time 250 ns 

tco Chip Enable To Output Time 1S0 ns Timing Reference = 1.5V 

tCD Chip Enable To Output Disable Time 0 120 ns Load = 1 TTL Gate 

toH Previous Read Data Valid After 40 ns and CL = 100pF. 
Change of Address 

READ CYCLE WAVEFORMS 
[2J 

Capacitance T A = 25°C, f = 1 MHz 

Symbol Test 
Limits (pF) 

Typ.!lJ ,Max. 

CIN Input Capacitance 
4 S (All Input Pins) VIN = OV 

CliO I/O Capacitance Vila = OV 10 15 

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

A. C. Characteristics for 2112. A -2 (Continued) 

WRITE CYCLE #1 T A = O°C to 70°C. Vee = 5V ±5% 

Symbol Parameter Min. Typ.[11 

tWCl Write Cycle 200 

tAWl Address To Write Setup Time 20 

tOWl Write Setup Time 180 

tWPl Write Pulse Width 180 

tCS1 Chip Enable Setup Time 0 

tCH1 Chip Enable Hold Time 0 

tWRl Write Recovery Time 0 

tOH1 Data Hold Time 0 

tewl Chip Enable To Write Setup Time 180 

Symbol Parameter Min. Typ.rll 

twe2 Write Cycle 320 

tAW2 Address To Write Setup Time 20 

tOW2 Write Setup Time 180 

tW02 Write To Output Disable Time 120 

tCS2 Chip Ena.ble Setup Time 0 

tCH2 Chip Enable Hold Time 0 

tWR2 Write Recovery Time 0 

tOH2 Data Hold Time 0 

Max. 

Max. 

Write Cycle Waveforms 
WRITE CYCLE #1 WRITE CYCLE #2 

1------ t WC1 - -- ----

ADDRESS 

INPUT/OUTPUT 

READIWRITE 

NOTE: 1. Typical values are for TA = 25°C and nominal supply voltage. 

Unit Test Conditions 

ns t r• tf = 20ns 
ns 

ns Timing Reference = 1.5V 

ns Load = 1 TTL Gate 

ns and CL = 100pF. 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns t r • tf = 20ns 

ns 

ns Timing Reference = 1.5V 

ns Load = 1 TTL Gate 

ns and CL = 100pF. 

ns 

ns 

ns 



2112A FAMilY 

A.C. Characteristics for 2112A 

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

tRC Read Cycle 350 ns t r• tf = 20ns 

tA Access Time 350 ns I READ CYCLE T A = O°C to 70°C. VCC = 5V ±5% unless otherwise specified. 

tco Chip Enable To Output Time 240 ns Timing Reference = 1.5V 
tco Chip Enable To Output Disable Time 0 200 ns Load = 1 TTL Gate 
tOH Previous Read Data Valid After 40 ns and CL = 100pF. 

Change of Add ress 

WRITE CYCLE #1 TA = O°C to 70°C. Vcc = 5V ±5% 

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

tWC1 Write Cycle 270 ns t r• tf = 20ns 
tAW1 Address To Write Setup Time 20 ns 

tOW1 Write Setup Time 250 ns Timing Reference = 1.5V 
tWP1 Write Pulse Width 250 ns Load = 1 TTL Gate 
tCS1 Chip Enable Setup Time 0 ns and CL = 100pF. 
tCH1 Chip Enable Hold Time 0 ns 

tWR1 Write Recovery Time 0 ns 

tOH1 Data Hold Time 0 ns 

tCW1 Chip Enable to Write Setup Time 250 ns 

WRITE CYCLE #2 TA = O°C to 70°C. Vcc = 5V ±5% 

Symbol Parameter Min. TypJ11 Max. Unit Test Conditions 

tWC2 Write Cycle 470 ns t r• tf = 20ns 
tAW2 Address To Write Setup Time 20 ns 

tOW2 Write Setup Time 250 ns Timing Reference = 1.5V 
tW02 Write To Output Disable Time 200 ns Load = 1 TTL Gate 
tCS2 Chip Enabl.e Setup Time 0 ns and CL = 100pF. 
tCH2 Chip Enable Hold Time 0 ns 

tWR2 Write Recovery Time 0 ns 

tOH2 Data Hold Time 0 ns 

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

A.C. Characteristics for 2112A-4 

READ CYCLE TA = o°c to 70°C. Vec = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. Typ.!ll Max. Unit Test Conditions 

tRC Read Cycle 450 ns t r• tf = 20ns 

tA Access Time 450 ns 

tco Chip Enable To Output Time 310 ns Timing Reference = 1.5V 

tco Chip Enable To Output Disable Time 0 260 ns Load = 1 TTL Gate 
tOH Previous Read Data Valid After 40 ns and CL = 100pF. 

Change of Address 

WRITE CYCLE #1 TA = O°C to 70°C. Vcc = 5V ±5% 

Symbol Parameter Min. Typ.!l] Max. Unit Test Conditions 

tWCl Write Cycle 320 ns t r • tf = 20ns 
tAWl Address To Write Setup Time 20 ns 

tOWl Write Setup Time 300 ns Timing Reference = 1.5V 
tWPl Write Pulse Width 300 ns Load = 1 TTL Gate 
tCSl Chip Enable Setup Time 0 ns and CL = 100pF. 
tCHl Chip Enable Hold Time 0 ns 

tWRl Write Recovery Time 0 ns 

tOH1 Data Hold Time 0 ns 

tCW1 Chip Enable to Write Setup Time 300 ns 

Symbol Parameter Min. Typ.!l] Max. Unit Test Conditions 

tWC2 Write Cycle 580 ns t r • tf = 20ns 
tAW2 Address To Write Setup Time 20 ns VIN = +0.65V to +2.2V 
tOW2 Write Setup Time 300 ns Timing Reference = 1.5V 
two2 Write To Output Disable Time 260 ns Load = 1 TTL Gate 
tCS2 Chip Enable Setup Time 0 ns and CL = 100pF. 
tCH2 Chip Enable Hold Time 0 ns 

tWR2 Write Recovery Time 0 ns 

tOH2 Data Hold Time 0 ns 

NOTE: 1. Typical values are for TA = 25°e and nominal supply voltage. 



infer 2112,2112-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON DATA I/O 

• Organization 256 Words by 4 Bits 
• Common Data Input and Output 
• Single +5V Supply Voltage 
• Directly TTL Compatible: 

All Inputs and Output 
• Static MOS: No Clocks or 

Refreshing Required 
• Access Time: 0.65 to 1 fJsec Max. 
• Simple Memory Expansion: 

Chip Enable Input 

• Fully Decoded: On Chip 
Address Decode 

• Inputs Protected: All Inputs Have 
Protection Against Static Charge 

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

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

Capability 

The Intel® 2112 is a 256 word by 4-bit static random access memory element using normally off 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 non-destructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 2112 is designed for memory applications in small systems where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. 

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

The Intel® 2112 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 
silicone packaging. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

Ao 
0 @ 

A, Vee Ao ® 
-Vee 

A2 A4 A, I/O, 
A, ® -GND 

® ROW MEMORY ARRAY 

A, 1/°2 
A, SELECT 

32 ROWS 
A, R/W CD 32 COLUMNS 

A, 1/°3 A, 
Ao CE @ 

A4 1/°4 A4 

As 1/0 4 
As 2112 

As I/O, 
As 

A, 1/°2 A, INPUT 
DATA 

GND 1/01 CONTROL 
R/W CE 

PIN NAMES 

Ao'A, ADDRESS INPUTS 0= PIN NUMBERS 

R/W READ/WRITE INPUT 

CE CHIP ENABLE INPUT 

110,.11°4 DATA INPUTIOUTPUT 

Vee POWER 1+5VJ_~ 
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2112, 2112-2 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ...... O°C to 70° C 

Storage Temperature ........... _65°C to +150°C 

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

Power Dissipation .. . . . . . . . . . . . . . . . . .. 1 Watt 

'COMMENT: 

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

D.C. and Operating Characteristics for 2112, 2112-2 
T A = O°C to 70°C, Vee = 5V ±5% unless otherwise specified. 

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

III I nput Current 10 flA VIN = 0 to 5.25V 

ILOH I/O Leakage Current 15 flA CE = 2.2V, VI/a = 4.0V 

ILOL I/O Leakage Current -50 flA CE = 2.2V, Vila = 0.45V 

ICCI Power Supply Current 30 60 mA VIN = 5.25V, 1110 = OmA 
TA = 25°C 

ICC2 Power Supply Current 70 mA VIN = 5.25V, 1110 = OmA 
TA = O°C 

VIL Input "Low" Voltage -0.5 +0.65 V 

VIH Input "High" Voltage 2.2 Vee V 

VOL Output "Low" Voltage +0.45 V 10L = 2mA 

VOH Output "High" Voltage 2.2 V 10H = -150flA 

A.C. Characteristics for 2112 
READ CYCLE T A = O°c to 70°C, Vee = 5V ±5% unless otherwise specified. 

Symbol Parameter 

tRe Read Cycle 

tA Access Time 

teo Chip Enable To Output Time 

teD Chip EnableTo Output Disable Time 

tOH Previous Read Data Valid After 
Change of Add ress 

READ CYCLE WAVEFORMS 

Min. Typ,lll Max. Unit Test Conditions 

1,000 ns t r, tf = 20ns 
1,000 ns VIN = +0.65V to +2.2V 
800 ns Timing Reference = 1.5V 

0 200 ns Load = 1 TTL Gate 
40 ns and CL = 100pF. 

[2] 

Capacitance· T A = 25°C, f = 1 MHz 

Symbol Test 
Limits (pF) 

Typ.[l] Max. 

CIN Input Capacitance 
4 8 (All Input Pins) VIN = OV 

CI/O I/O Capacitance VI/a = OV 10 15 

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



2112, 2112-2 

A.C. Characteristics for 2112 (Continued) 

WRITE CYCLE #1 TA = o°c to 70°C, Vcc = 5V ±5% 

Symbol Parameter Min. 

tWCl Write Cycle 850 

tAWl Address To Write Setup Time 150 

tOWl Write Setup Time 650 

tWPl Write Pulse Width 650 

tCSl Chip Enable Setup Time 0 

tCHl Chip Enable Hold Time 0 

tWRl Write Recovery Time 50 

tOHl Data Hold Time 100 

tCWl Chip Enable To Write Setup Time 650 

WRITE CYCLE #2 TA = O°C to 70°C, VCC = 5V ±5% 

Symbol Parameter Min. 

tWC2 Write Cycle 1050 

tAW2 Address To Write Setup Time 150 

tOW2 Write Setup Time 650 

tW02 Write To Output Disable Time 200 

tCS2 Chip Enable Setup Time 0 

tCH2 Chip Enable Hold Time 0 

tWR2 Write Recovery Time 50 

tOH2 Data Hold Time 100 

Write Cycle Waveforms 

Typ.!11 

Typ.l1 1 

Max. 

Max. 

WRITE CYCLE #1 WRITE CYCLE #2 

.... tAW1--tWP1--twRl-

NOTE: 1. Typical values are for TA = 25°C and nominal supply voltage. 

Unit Test Conditions 

ns t r , tf = 20ns 
ns VIN = +0.65V to +2.2V 

ns Timing Reference = 1.5V 

ns Load = 1 TTL Gate 

ns and CL = HlOpF. 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns t r , tf = 20ns 

ns VIN = +0.65V to +2.2V 

ns Timing Reference = 1.5V 

ns Load = 1 TTL Gate 

ns and CL = 100pF. 

ns 

ns 

ns 
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2112, 2112-2 

2112-2 (650 ns Access Time) 

A.C. Characteristics for 2112-2 
READ CYCLE TA = o°c to lOoC, Vcc = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. TypJ1] Max. Unit Test Conditions 

tRC Read Cycle 650 ns t" tf = 20ns 
tA Access Time 650 ns VIN = +0.65V to +2.2V 

tco Chip Enable To Output Time 500 ns Timing Reference = 1.5V 
tco Chip Enable To Output Disable Time 0 150 ns Load = 1 TTL Gate 
tOH Previous Read Data Valid After 40 ns and CL = 100pF. 

Change of Address 

WRITE CYCLE #1 T A = O°C to lO°C, Vcc = 5V ±5% 

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

tWCl Write Cycle 500 ns t r, tf - 20ns 
tAWl Address To Write Setup Time 100 ns VIN = +0.65V to +2.2V 
tOWl Write Setup Time 280 ns Timing Reference = 1.5V 
tWPl Write Pulse Width 350 ns Load = 1 TTL Gate 
tCSl Chip Enable Setup Time 0 ns and CL = 100pF. 
tCHl Chip Enable Hold Time 0 ns 

tWRl Write Recovery Time 50 ns 

tOHl Data Hold Time 50 ns 

tCWl Chip Enable to Write Setup Time 350 ns 1 

WRITE CYCLE #2 T A = O°C to lO°C, VCC = 5V ±5% 

Symbol Parameter Min. TypJl] Max. Unit Test Conditions 

tWC2 Write Cycle 650 ns t r , tf - 20ns 
tAW2 Address To Write Setup Time 100 ns VIN = +0.65V to +2.2V 
tOW2 Write Setup Time 280 ns Timing Reference = 1.5V 
tW02 Write To Output Disable Time 200 ns Load = 1 TTL Gate 
tCS2 Chip Enable Setup Time 0 ns and CL = 100pF. 
tCH2 Chip Enable Hold Time 0 ns 

tWR2 Write Recovery Time 50 ns 

tOH2 Data Hold Time 50 ns 

NOTE: 1. Typical values are for TA = 25° C and nominal supply voltage. 

2-80 



inter 2115,2125 

1024 X 1 HIGH SPEED STATIC RAM 

2115-2, 
2125-2 

Typ. T AA (n5) 

Typ. Icc (mA) 

• Fully Pin Compatible to 93415 
(2115) and 93425 (2125) 

55 
80 

• Low Operating Power Dissipation: 
Typical O.2mW/bit (2115L, 2125L) 

• TTL Inputs and Output 

2115, 2115L, 
2125 2125L 

75 75 
75 50 

• Single +5V Supply 
• Uncommitted Collector* (2115) 

and Three-State (2125) Output 
• Non-Inverting Data Output 
• Standard 16 Pin Dual In-Line 

Package 
The Intell!> 2115 and 2125 family are fully static read/write random access memories organized as 1024 words by 1 bit. These 
RAMs are designed for buffer control storage and high performance main memory applications. They are compatible with TTL 
logic families in all respects: inputs, output, and a single +5V supply. 80th uncommitted collector' and three-state output are 
available. 

The 2115 and 2125 family offers high performance, low power dissipation, and system cost savings. Fast system speed is 
aChieved by using the 2115-2 and 2125-2. The 2115L and 2125L gives low system power dissipation, only 0.2mW/bit typical. 
The 2115 and 2125 are ideal for slower performance systems where cost is a prime factor. 

The 2115 and 2125 family is fabricated with N-channel MOS silicon gate technology. This technology allows the design and 
production of high speed MOS RAMs which are compatible to the performance of bipolar RAMs, but offering the advantage of 
lower power dissipation and cost. 

"The 2115 is a MOS device and the output is actually an uncommitted drain. 

PIN CONFIGURATION LOGIC SYMBOL 

cs 

Cs Vee 
Ao 

A, D,N A, 

A, WE A., 

A, 
A., Ag A4 

A, As As 

A4 A, 
A, 10 

A, 11 

Dour A, As 12 

GND As 
A, 13 

Vee II PIN 16 

GND OIl PIN 8 Dour 

PIN NAMES 

cs CHIP SELECT 

AoTOA ADDRESS INPUTS 

WE WRITE ENABLE 

o,N DATA INPUT 

Dour DATA OUTPUT 

WORD f---o-DRIVER 

ADDRESS 
DECODER 

t t i i t 
Ao Al Az AJ A4 

000®® 

BLOCK DIAGRAM 

32 X 32 
ARRAY 

i ! 
-SENSE AMPS CONTROL 

AND LOGIC "-WRITE (SEE TRUTH 
DRIVERS TABLE) -
i 

ADDRESS 
DECODER 

I t t i i t - -
AS As A1 As Ag CS WE DIN 

@@@@@ 0 @ @ 
TRUTH TABLE 

OUTPUT OUTPUT 
INPUTS 2115 'FAMILY 2125 FAMILY MODE 

CS WE o,N Dour Dour 
H X X H HIGH Z NOT SELECTED 

'c·L L H HIGH Z WRITE "0"--

L L H H HIGH Z WRITE"'" 
L H X Dour Dour READ 

(2) 
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2115, 2125 FAMILY 

Absolute Maximum Ratings* 

Temperature Under Bias ............•................... -lOoC to +B5°C 
Storage Temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _65° C to + 150° C 
All Output or Supply Voltages ............................ -0.5 to +7 Volts 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. -0.5 to +5.5 Volts 
D.C. Output Current. ...............................•........ 20mA 

*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 at any other condition above those indicated in the operational sections of this 
speoification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. Characteristics (1) VCC = 5V ±5%, TA = DoC to 75°C 

Symbol Test Min. Typ. Max. Unit 

VOLl 2115-2 Output Low Voltage 0.45 V 

VOl2 2115, 2115L Output Low 0.45 V 
Voltage 

VOl3 2125 Family Output Low Voltage 0.45 V 

VIH Input High Voltage 2.1 V 

Vil Input Low Voltage O.B V 

III Input Low Current -1 -40 p.A 

IIH I nput High Current 1 40 p.A 

ICEX 2115 Family Output Leakage Current 10 100 p.A 

IIOFFI 2125 Family Output Current (High Z) 10 50 p.A 

105[21 2125 Family Current Short -100 mA 
Circuit to Ground 

VOH 2125 Family Output High Voltage 2.4 V 

ICCl 2115L, 2125L Power Supply Current 50 65 mA 

ICCl 2115, 2125, Power 75 100 mA 
Supply Current 

ICC2 2115-2,2125-2 Power Supply Current BO 125 mA 

Notes: 

Conditions 

10l = 16mA 

10l = 12mA 

10l = 7mA 

VCC = Max., VIN = 0.4V 

Vcc = Max., VIN = 4.5V 

Vcc = Max., VOUT = 4.5V 

Vcc =Max., VOUT = 0.5V/2.4V 

Vcc=4.5V 

10H =-3.2mA 

All Inputs Grounded, Output 
Open 

All Inputs Grounded, 
Output Open 

All Inputs Grounded, Output Open 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feat per minute and a two 
minute warm-up. Typical thermal resistance values of the package at maximum temperature are: 

8JA (@400fpMairflow) = 45°C/W 
8JA (still air) = SO·CIW 
8JC=25°CIW. 

2. Duration of short circuit current should not exceed 1 second. 
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2115, 2125 FAMILY 

2115 Family A.C. Characteristics[1~cc = 5V ±5%. TA = o°c to 75°C 

READ CYCLE 

2115-2 2115 
Limits Limits 

Symbol Test Min. Typ. Max. Min. Typ. Max. 

tACS Chip Select Time 5 40 5 45 

~cs Chip Select Recovery Time 40 40 
tAA Address Access Time 55 70 75 95 

tOH Previous Read Data Valid After 10 10 
Change of Address 

WRITE CYCLE 

Symbol Test Min. Typ. Max. Min. Typ. Max. 
tws Write Enable Time 40 40 
tWR Write Recovery Time 5 45 5 45 
tw Write Pulse Width 50 50 
tWSD Data Set-Up Time Prior to Write 5 5 
tWHD Data Hold Time After Write 5 5 
tWSA Address Set-Up Time 15 30 
tWHA Address Hold Time 5 5 
twscs Chip Select Set-Up Time 5 5 
tWHcS Chip Select Hold Time 5 5 

TEST CONDITIONS 
ALL INPUT PULSES 

2115L 
Limits 

Min. Typ. Max. 
5 50 

40 
75 95 

10 

Min. Typ. Max. 
40 

5 50 
50 
15 
15 
30 
15 
15 
15 

A.C. AND D.C. LOADING CONDITIONS 

4.75V 
3.5Vp-p I I 

Units 
ns 
ns 
ns 
ns 

Units 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

T ;-~----------- \- --90% ± __ : _! _____________ : _ ;-._.;.;;.._ "'10;.;;%'--__ 

600n 

READ CYCLE 

30pF 
(INCLUDING 
SCOPE AND 
JIGI 

AO·A, ___ ..J~I.. _____________ _ 

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

GND -=- _: :~10ns ~ : ______ 10n5 

~ ~ ~ -- -----~ ~ ~ ~ --~ ~l- --::: 
: : I : 

GND -=- ~ f.-l0ns ----1 1--------- 10ns 

WRITE CYCLE 

(ALL ABOVE MEASUREMENTS REFERENCED TO 1.SVl 
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2115, 2125 FAMILY 

2125 Family A.C. Characteristics (1) VCC = 5V ±5%, TA = o°c to 75°C 

READ CYCLE 

Symbol Test 

tACS Chip Select Time 
t ZRCS Chip Select to HIGH Z 

tAA Address Access Time 

tOH Previous Read Data Valid After 
Change of Address 

WRITE CYCLE 

Symbol Test 

tzws Write Enable to HIGH Z 

tWR Write Recovery Time 

tw Write Pulse Width 

tWSD Data Set-Up Time Prior to Write 

tWHD Data Hold Time After Write 

tWSA Address Set Up Time 

tWHA Address Hold Time 

twscs Chip Select Set-Up Time 

tWHCS Chip Select Hold Time 

TEST CONDITIONS 

A.C. LOADING CONDITIONS 

JOan 

READ CYCLE 

4.7SV 

510.11 

30pF 
(INCLUDING 
SCOPE AND 
JIG) 

2125-2 
Limits 

Min_ Typ_ 
5 

55 
10 

Min. Typ. 

5 
50 
5 
5 
15 
5 
5 
5 

A.-A. ___ J)K"' _____________ _ 
1 
1_' •• --_1 

Dour DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

Max 
40 

40 
70 

Max. 
40 
45 

2125 2125L 
Limits Limits 

Min_ Typ. Max. Min. Typ. Max. Units 
5 45 5 50 ns 

40 40 ns 
75 95 75 95 ns 

10 10 ns 

Min. Typ. Max. Min. Typ. Max. Units 
40 40 ns 

5 45 5 50 ns 
50 50 ns 
5 15 ns 
5 15 ns 

30 30 ns 
5 15 ns 
5 15 ns 
5 15 ns 

ALL INPUT PULSES 

~_ _ _ _ r_-_-.-_-.-.-_-_-_-_ -. -_ -_ -."" __ .. 90% 

3.SVp-p I I 

_-+-....;;-....;;-.." ~ :~ _______ ~ ____ : _ ~-..;. . ....;;.1.;.;0%'----

, , 
GND -=- _: :---10ns -l :-10n5 

WRITE CYCLE 

k-- r-
AO·A9 ~ --;{-

D'N ",r -y-
_tw ___ 

WE ---'f;" 7 <--

IWSD I---- r"" tWHO 

_tWSA---"- _tWHA---"-

-'wscs---+ 
'wR-

~tWHCS ------+ 

1// MM E,r=::-
////I!//~ 

(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5VI 
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2115, 2125 FAMILY 

2125 FAMILY WRITE ENABLE TO HIGH Z DELAY 

5V 

~ITEENABLE~1.5V r-
750n 

~ / 

DOUT r--HIGHZ 
2125 5pF DATA OUTPUT "0" LEVEL } O.SV 

"1" LEVEL 

DOUl 

DATA OUTPUT 

LOAD 1 

2125 FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

os { CHIP SELECT 1.SV 

--_ ........ tZRCS~ 
DOUT r--HiG'Hz 
DATA OUTPUT __ ",;;,O·..;· L::E.:.;VE::L~_-4_} O.SV 

"'" LEVEL 

DOUl 
DATA OUTPUT 

(All tzxxx parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 

2115/2125 FAMILY CAPACITANCE* Vee = 5V, f = 1 MHz, TA = 25°C 

2115 Family 2125 Family 
Symbol Test Limits Limits 

Typ. Max. Typ. Max. 

CI Input Capacitance 3 5 3 5 

Co Output Capacitance 5 8 5 8 

'This parameter is periodically sampled and is not 100% tested. 

Typical Characteristics 

lec VS. TEMPERATURE ICC VS. Vcc 

100 

BO 

100 

90 "'- .1 
Vee'" 5V - r-JA = 25.l 

;; 60 

£ 
-~ 40 

r---- I 
~5 

........ r---- 2115L1k125L 

20 

20 40 60 so 
TEMPERATURE re) 

;; 
£ 
-~ 

100 

BO 

70 

60 

50 

o 
2 

V i--
;' 

Vee (V) 

Units 

pF 

pF 

-

T 

] . ,.... 

}0.5V 

,- __ ~I~! 

Test Conditions 

All Inputs = OV, Output Open 

CS=5V, All other inputs = OV, 
Output Open 

ACCESS TIME VS. CAPACIT ANCE 

110 

100 

90 
./ 

BO 

70 

60 

V 
V 

V TA '" 25°C 

Vee =4.75V_ 

I I 
500 100 200 300 400 500 600 

cL IpF} 
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inter 2116 

2-86 

16,384-BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

The Intel® 2116 is a 16K x 1 dynamic N-Channel MOS 
RAM fabricated with Intel's highly reliable silicon gate 
technology and packaged in a standard 16 pin DIP. It 
uses a single transistor cell for low cost, low power, 
high speed and high packing density. Two clocks, CAS 
and RAS, multiplex the address inputs with non-critical 
timing requirements. 

The industry standard pin configuration of the 2116 will 
enable systems using the 2104 type 4K RAMs to be 
easily upgraded to 16K capabilities. 

The 2116 family offers identical power dissipation, 
access and cycle times to those of the 2104,2104-2, and 
2104-4. All input and output levels of the 2116 are TTL 
compatible. The output is three-state. 

PIN CONFIGURATION LOGIC SYMBOL 

v •• Vss An 

D,N CAS 
A, 

A, 

Wl' 
A, D'N 

lUiS A,; A. 

An A, 
A,; 

DOUT 

A. 
A, A. 

A, A,; 

Voo Vee 

PIN NAMES 

AO·AS ADDRESS INPUTS WE WRITE ENABLE 

CAS COLUMN ADDRESS STROBE v •• POWER (-5VI 

D'N DATA IN Vee POWER (+5VI 

DOUT DATA OUT Voo POWER (+12V) 

RIIS" ROW ADDRESS STROBE Vss GROUND 

EXPECTED CHARACTERISTICS 

Acnbient Temperature Range: O°C to 70°C 
Nominal Voo: 12V 
Nominal Vee: +5V 
Nominal VBB: -5V 
Nominal Vss: OV 
VIL Range: -1.0V to O.BV 
VIH Range: 2.4 to Voo +1V 
Maximum VOL: O.4V 
Minimum VOH: 2.4V 
Maximum Operating Power: <900mW 
Maximum Standby Power: 24mW 
Maximum Access Times: 250, 300, 350ns 
Minimum Cycle Times: 375, 425, 500ns 
Maximum Refresh Time: 2ms 

A,; 

A, 

A, 

A, 

A. 

A,; 

A. 

BLOCK DIAGRAM 

CLOCK 
GENERATOR NO.1 

DOUT 

"",-VBB 

"'-'-VOD 

~Vcc 

'--GND 



inter 3101, 3101A 

HIGH SPEED FULLY DECODED 
64 BIT MEMORY 

• Fast Access Time -- 35 nsec. max. 
over 0-75° C Temperature Range. 
(3101A) 

• Simple Memory Expansion through 
Chip Select Input --17 nsec. max. 
over 0-75° C Temperature Range. 
(3101A) 

• DTL and TTL Compatible -- Low 
Input Load Current:0.25mA. max. 

• OR-Tie Capability-
Open Collector Outputs. 

• Fully Decoded -- on Chip Address 
Decode and Buffer. 

• Minimum Line Reflection -- Low 
Voltage Diode Input Clamp. 

• Ceramic and Plastic Package --
16 Pin Dual In-Line Configuration. 

The Inter@3101 and 3101 A are high speed fully decoded 64 bit random access memories, organized 16 words 
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate 
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless 
of the state of the read/write signal. 

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor
mance than equivalent devices with gold diffusion processes. 

The Intel 3101 and 3101A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost 
silicone packages, and their performance is specified over a temperature range from O°C to 75°C. 

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 

A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 
the data leads to be entered at the addressed storage cells. 

PIN CONFIGURATION 

ADDRESS INPUT Ao Vee 

CHIP SelECT Cs A, ADDRESS INPUT 

WRITE ENABLE We Al ADDRESS INPUT 

DATA INPUT 0, A) ADDRESS INPUT , 
DATA OUTPUT 0, 04 DATA INPUT 

DATA INPUT 02 '04 DATA OUTPUT 

DATA OUTPUT 0'2 03 DATA INPUT 

'ND 0] D"ATA OUTPUT 

PIN NAMES 

DATA INPUTS 

ADDRESS INPUTS 

WRITE ENABLE 

LOGIC SYMBOL 

D, 

D, 

DJ 

D, 

CHIP SELECT INPUT 

DATA OUTPUTS 

POWER (+5V) 

@Vcc 
@GNO 

Q.PinNumbl" 

CHIP 

SELECT 

LOW 
LOW 

HIGH 
HIGH 

BLOCK DIAGRAM 

TRUTH TABLE 
WRITE 

OPERATION 
ENABLE 

LOW WRITE 
HIGH READ 

LOW -
HIGH 

'SI\4MEMORV 
CELLAARAY 

OUTPUT 

~~~HpLEMENTi5F 
~~~TEN_~ 

HIGH 
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3101,3101A 

Absolute Maximum Ratings * 

Temperature Under Bias: Ceramic -65°C to +125°C 
Plastic -65°C to +75°C 

Storage Temperature -65°C to +160oC 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 100 mA 

'COMMENT: 

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

D.C. Characteristics TA = DoC to +75°C, Vee = 5.0V ±5% 

SYMBOL PARAMETER MIN. MAX. 

IFA ADDRESS INPUT LOAD CURRENT -0.25 

IFD DATA INPUT LOAD CURRENT -0.25 

IFW WRITE INPUT LOAD CURRENT -0.25 

IFS CHIP SELECT INPUT LOAD CURRENT _0.25 

IRA ADDRESS INPUT LEAKAGE CURRENT 10 

IRO DATA INPUT LEAKAGE CURRENT 10 

IRW WRITE INPUT LEAKAGE CURRENT 10 

IRS CHIP SELECT INPUT LEAKAGE CURRENT 10 

VeA ADDRESS INPUT CLAMP VOLTAGE -1.0 

Veo DATA INPUT CLAMP VOLTAGE -1.0 

Vew WRITE INPUT CLAMP VOLTAGE -1.0 

Ves CHIP SELECT INPUT CLAMP VOLTAGE -1.0 

VOL OUTPUT "LOW" VOLTAGE 0.45 

leEX OUTPUT LEAKAGE CURRENT 100 

lee POWER SUPPLY CURRENT 105 

V1L INPUT "LOW" VOLTAGE 0.85 

V1H INPUT "HIGH" VOLTAGE 2.0 

Typical Characteristics 
OUTPUT CURRENT 

VS. OUTPUT "LOW" VOLTAGE 
INPUT CURRENT 

VS. INPUT VOLTAGE 
40 

Vee;:' 5,QV hV 
//J 
W 

30 

75°C __ jil 

-25 

-50 
<i 
:1 
;: -75 

~ 

J 25°C",,- .,) Vi 
75°C_ 

~ ~ ~ l--oJc , 

UNIT 

mA 

mA 

mA 

mA 

IJA 

IJA 

IJA 

IJA 

V 

V 

V 

V 

V 

IJA 

mA 

V 

V 

2.5 

2.0 

TEST CONDITIONS 

Vee =5.25V, VA =0.45V 

Vee -5.25V, Vo -0.45V 

Vee =5.25V, Vw =0.45V 

Vee =5.25V, Vs =0.45V 

Vee =5.25V, VA =5.25V 

Vee =5.25V, Vo =5.25V 

Vee =5.25V, Vw =5.25V 

Vee =5.25V, Vs =5.25V 

Vee =4.75V, IA =-5.0 mA 

Vee -4.75V, 10--5.0 mA 

Vee =4.75V, Iw=-5.0 mA 

Vee =4.75V, Is =-5.0 mA 

Vee =4.75V, IOL = 15 mA 

Memory Stores "Low" 

Vee =5.25V, VeEX =5.25V 

Vs =2.5V 

Vee =5.25V, VA =Vs =Vo =OV 

Vee =5.0V 

Vee =5.0V 

INPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 

Vee J 5,DV 

--vI!- f--O"C 

20 ~-100 
::> 

1.5 ---u 

25°C_ ''r--ill 
VII 

IV; 

.... -125 

ir 
==-150 10 1.0 

-175 

-200 0.5 
0.2 0.4 0.6 0.8 1.0 2.0 3.0 0 25 50 75 

OUTPUT VOLTAGE IVI INPUT VOLTAGE IVI AMBIENT TEMPERATURE lOCI 



3101, 3101A 

Switching Characteristics 
Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times of 

5 nanoseconds between 1 volt 

and 2 volts 

Speed measurements are made at 1.5 volt levels 

Output loading is 15mA and 30 pF 

READ CYCLE 
Address to Output Delay 

}(-----J( 
-.II' - '----. 

-- ::=;18n5 

CHIP SELECT INPUT 

1-"-1 "J-
Chip Select to Output Delay J----------

----I -~18ns 

CHIP SELECT INPUT 

15 mATe. L"d ~:oo, 

WRITE CYCLE 

CHIP SELECT INPUT 

WRITE INPUT 

0 1, O2, 03' 0 4 
(Selected Chips)* 

"'W'""' 

-- ---.... 
Data may' 

change 

_tow-

,-----------
-------twP------~ 

~o ns 

" I 
I ______ J 

*Outputs of unselected chips remain high during write cycle. 

NOTE 1: tSR is associated with a read cycle following a write cycle and does not affect the access time. 

A.C. Characteristics TA = DOC to +75°C, VCC = 5.DV ±5% 

READ CYCLE WR1TE CYCLE 

3101A 3101 3101A 3101 

SYMBOL PARAMETER LIMITS (nsl LIMITS (nsl SYMBOL TEST LIMITS (ns) LIMITS (ns) 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tS+< ts_ Chip Select to Output 5 17 5 42 tSA Sense Amplifier 35 50 
Oelay Recovery Time 

t A-I t A + Address to Output 10 35 10 60 twP Write Pulse Width 25 40 
Delay 

Data·Write Overlap 25 40 tow 

CAPACITANCE (21 TA = 25°C 
Time 

tWA Write Recovery Time 0 5 

CIN INPUT CAPACITANCE 10 pF 

(All Plnsl maximum NOTE 2: This parameter is periodically sampled and is not 100% 

COUT OUTPUT CAPACITANCE 12 pF tested. Condition of measurement is f == 1 MHz, Vbias 

maximum 
= 2V. VCC = OV, and TA = 25°C. 
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3101, 3101A 

Typical A.C. Characteristics 

40 

30 
c 

> 

~ 
C 
I-

~ 
I- 20 
" c 
C 
I-

~ 
a: 
c c 

" 10 

o 

45 

35 

25 

15 

5 

ADDRESS TO OUTPUT DELAY 
VS. 

AMBIENT TEMPERATURE 

l 
I 

Vee = S.OV ±5% 

Cl '" 30 pF 

t A • 

f-- r- tA_ 

o 

o 

25 50 75 

AMBIENT TEMPERATURE fOCI 

ADDRESS & CHIP SELECT TO OUTPUT DELAY 
VS. 

LOAD CAPACITANCE 

1. 

I 

/' vee'" S.OV ±5% /' 
D.C, LOAD = 15 rnA /' 
TA = 25°C ./ 

I tA:""; ./ 

i ,)./ ..... 
/' 

./ 

~ -./ !----
/' -

./ 
/' 

/' 
I /' 

ts./' ..... 

..... /' ---~ ts_ - /' 
........-

........- ...... 

i 
50 100 150 200 

LOAD CAPACITANCE {pFJ 

CHIP SELECT TO OUTPUT DELAY 
VS. 

AMBIENT TEMPERATURE 

40r----------r-----------,-----------~ 

vee .l.OV ± 5% 
CL "'30pF 

30~----------+-----------+-----------~ 

20~----------+-----------+-----------~ 

ts_ 

10~----------+-----------~----------~ 

40 

30 

20 

10 

o 

----- ----t------
ts. 

oL-________ ~ __________ ~ __________ ~ 

o 

o 25 50 

AMBIENT TEMPERATURE (OC) 

WRITE PULSE WIDTH & SENSE 
AMPLIFIER RECOVERY TIME 
VS. AMBIENT TEMPERATURE 

I. 
Vee - 5.0V 
CL =30pF 

tSR 

w, 

25 50 

AMBIENT TEMPERATURE (OC) 

75 

75 



inter M3101, M3101A 

HIGH SPEED FULLY DECODED 64 BIT MEMORY 
• Military Temperature Range 

-55°C to +125°C 
• Fast Access Time-45ns 

Maximum (M3101A) 

• OR-Tie Capability
Open Collector Outputs 

• Standard Packaging-16 
Pin Dual In-Line 
Lead Configuration 

The M3101 and M3101A are military temperature r~nge RAMs, organized as 16 words by 4-bits_ Their high speed makes them 
ideal in scratch pad and small buffer memory applications_ The M3101 and M3101A are fabricated with using Schottky bar
rier diode clamped transistors which results in higher speed performance than equivalent devices made with a gold diffusion 
process_ 

PIN CONFIGURATION LOGIC SYMBOL 

ADDRESS INPUT Ao Vee 

CHIPSELECT CS A, ADDRESS INPUT 

WRITE ENABLE WE Az ADDRESS INPUT 

DATA INPUT 01 AJ ADDRESS INPUT " 
DATA OUTPUT ill 04 DATA INPUT W 

OJ 

DATA INPUT 02 0'4 DATA OUTPUT 
0, 

DATA OUTPUT O2 03 DATA INPUT 
0, 

0, 
GNO 03 DATA OUTPUT 

0, 

TRUTH TABLE 

CHIP SELECT WRITE ENABLE OPERATION OUTPUT 
LOW LOW WRITE HIGH 
LOW HIGH READ COMPLEMENT OF WRITTEN DATA 
HIGH LOW - HIGH 
HIGH HIGH - HIGH 

ABSOLUTE MAXIMUM RATlNGS* 

Ambient Temperature Under Bias .... 15°C to +55°C 
Storage Temperature .......... -65°C to +150 oC 
Voltage On Any Pin 

With Respect to Ground ........ -O.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 rat
ing 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 maxi
mum rating conditions for extended periods may affect device 
reliability. 

D. C. and Operating Characteristics TA = -55°C to +125°C, vce = 5.0V ±5% 

Symbol Parameter Min. Max. Unit Test Conditions 

IFA Address Input Load Current -0.25 mA Vcc ~ 5.25V, V A ~ 0.45V 

IFD Data I nput Load Current -0.25 mA Vcc~5.25V, VD~0.45V 

IFW Write I nput Load Current -0.25 mA Vcc~5.25V, Vw~0.45V 

IFS Chip Select Input Load Current -0.25 mA Vcc~5.25V, Vs~0.45V 

IRA Address Input Leakage Current 10 /.LA Vcc~5.25V, VA ~5.25V 

IRD Data Input Leakage Current 10 /.LA Vcc~5.25V, VD~5.25V 

IRW Write Input Leakage Current 10 /.LA Vcc~5.25V, VW~5.25V 

IRS Chip Select I nput Leakage Current 10 /.LA VcC~5.25V, Vs~5.25V 

VCA Address Input Clamp Voltage -1.0 V VCc~4.75V,IA~-5_0mA 

VCD Data Input Clamp Voltage -1.0 V VCC~4.75V,ID~-5_0mA 

Vew Write Input Clamp Voltage -1.0 V Vcc~4.75V,IW~-5.0mA 

VCS Chip Select Input Clamp Voltage -1.0 V Vcc~4.75V,ls~-5.0mA 

VOL Output "Low" Voltage 0.45 V 
Vcc~4.75V,IOL ~10mA 

Memory Stores "Low" 

ICEX Output Leakage Current 100 /.LA VCc~5.25V, VCEx~5.25V, Vs~2.5V 

Icc Power Supply Current 105 mA Vcc~5.25V, VA ~VS~VD ~OV 

VIL Input "Low" Voltage 0.80 V Vcc~5.0V 

VIH Input "High" Voltage 2.1 V Vcc~5.0V 
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M3101, M3101A 

A.C. Characteristics TA = -55°C +125°C, Vcc = 5.0V ±5% 

READ CYCLE 

3101A 

SYMBOL PARAMETER LIMITS (ns) 

MIN. MAX. 

t 5 +. t5_ Chip Select to Output 5 25 
Delay 

t A _, t A+ Address to Output 10 45 
Delay 

CAPACITANCE (11 TA = 25°C 

INPUT CAPACITANCE 

(All Pins) 

OUTPUT CAPACIT ANCE 

Conditions of Test: 

Input Pulse amplitudes: 2.5V. 

Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 

and 2 volts 

3101 

LIMITS (ns) 

MIN. MAX. 

5 55 

10 75 

10 pF 

maximum 

12 pF 

maximum 

Speed measurements are made at 1.5 volt levels 

Output loading is 10 mA and 30 pF 

READ CYCLE 
Address to Output Delay 

T-----~ 
--/1' - ~---. ______ ,-~ I~ SISns 

CHIP SELECT INPUT 

Chip Select to Output Delay J----------
--I -~20ns 

CHIP SELECT INPU:r 

WRITE CYCLE 

3101A 3101 

SYMBOL TEST LIMITS (ns) LIMITS (ns) 

MIN. MAX. MIN. MAX. 

tSR Sense Amplifier 40 50 
Recovery Time 

twp Write Pulse Width 35 40 

tDW Data-Write Overlap 35 40 
Time 

tWR Write Recovery Time 0 0 

NOTE 1: This parameter is periodically sample.d and is not 100% 
tested. Condition of measurement is f = 1 MHz, Vbias 

~ 2V. VCC ~ OV. and TA ~ 25°C. 

WRITE CYCLE 

CHIP SELECT INPUT 

WRITE INPUT 

°1, 02' 03, 04 
(Selected Chips)' 

..--- t OW -----.. 

, ... _---------
i-----tWP----

/ , , ------..1 
\ 
\ 

\.J 

,-, 

tSR -
(See Note 2) 

*Outputs of unselected chips remain high during write cycle. 

NOTE 2: tSR is associated with' a read cycle following a write cycle and does not affect the access time. 
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inter 3104 

HIGH SPEED 16 BIT 
CONTENT ADDRESSABLE MEMORY 

• Organization - 4 Words x 4 Bits 
• Max. Delay of 30 nsec Over 0° C 

to 75° C Temperature 
• Open Collector Outputs - OR Tie 

Capability 
• High Current Sinking Capability-

15 rnA max. 

The I ntel@3104 is a high speed 16 bit Content Ad
dressable Memory (CAM). It is a linear select 4 word 
by 4 bit array which is designed to compare data on 
its inputs with data already stored in its memory and 

PIN CONFIGURATION 

WRITE ENABLE WE Vcr. SUPPLY VOLTAGE 

-DATA INPUT 0, E, BIT ENABLE INPUT 

DATA INPUT B, E, BIT ENABLE INPUT 

DATA INPUT B, E, BIT ENABLE INPUT 

DATA INPUT B, BIT ENABLE INPUT 

MATCH OUTPUT M, ADDRESS INPUT 

MATCH OUTPUT M, ii, ADDRESS INPUT 

MATCH OUTPUT M, ADDRESS INPUT 

MATCH OUTPUT ADDRESS INPUT 

MATCH OUTPUT DATA OUTPUT 

·DATA OUTPUT 0, DATA OUTPUT 

GROUND GRD 12 DATA OUTPUT 

·DATA IN and DATA OUT ... of Ih' ... me LOQlc , ... 1 •. For a chip that i. nol •• 'ected. the dot.! output i. 
".!lighl ••• 1. 

Eo 

Do 

E, 

Dl 

E2 

D2 

""3 
D3 
WE 

• Low Input Load Current-
0.25 rnA max. 

• DTL & TTL Compatible 
• Bit Enable Input - Bit Masking 
• Standard 24 Pin Dual In-Line 

to indicate a match when these data are identical. 
This equality search is performed on all bits in par
allel. The 3104 can also be used as a read/write RAM 
with linear selection addressing. 

'6 
17 

18 

'9 

LOGIC SYMBOL 

5 4 3 2 20 21 22 23 

10 

Vee" PIN 24 
13 11 14 15 GND = PIN 12 

°0 

°1 

°2 

D3 
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2-94 

Absolute Maximum Ratings* 

Temperature Under Bias 

Storage Tem perature 

All Output or Supply Voltages 

All Input VoltaQes 

Output Currents 

-65°C to +125° C 

-65°C to +1600 C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

100mA 

3104 

'COMMENT: 

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

D.C. Characteristics TA = DOC to +75°C, Vcc = 5.DV ±5%; unless otherwise specified. 

LIMIT 

SYMBOL PARAMETER MIN. TYP. MAX. 

'FA ADDRESS INPUT LOAD CURRENT -0.25 

'FE BIT ENABLE INPUT LOAD CURRENT -0.2S 

' FW 
WRITE ENABLE INPUT LOAD CURRENT -0.25 

'FD DATA INPUT LOAD CURRENT -0.2S 

'RA ADDRESS INPUT LEAKAGE CURRENT 10 

'RE BIT ENABLE INPUT LEAKAGE CURRENT 10 

' RW 
WRITE ENABLE INPUT LEAKAGE CURRENT 10 

'RD DATA INPUT LEAKAGE CURRENT 10 

' CEX 
OUTPUT LEAKAGE CURRENT SO 
IALL OUTPUTS) 

VOL OUTPUT "LOW" VOLTAGE O.4S 

(ALL OUTPUTS) 

V ,L INPUT "LOW" VOLTAGE (ALL INPUTS) O.BS 

V ,H INPUT "HIGH" VOLTAGE (ALL INPUTS) 2.0 

ICC POWEH SUPPLY CURRENT 12S 

C1N** INPUT CAPACITANCE S 

COUT 
.. OUTPUT CAPACITANCE B 

**This parameter is periodically sampled and is not 100% tested. 

Typical D.C. Characteristics 

INPUT CURRENT VS. 
INPUT VOLTAGE 

INPUT THRESHOLD VOLTAGE 
VS. TEMPERATURE 

-20 

t-Vcc =5.0V rtr , 
~ooc 75 C C .,-

I~ ~ ---25°C 

2.0 

~ 
w 

" 1.5 
" ':; 
0 

Vee'" 5.0V 

r-- ----> 
0 

6 1.0 

~ 
l: ... .5 ... 
;;: 
~ 

I 

-80 

-100 o 
-1 1.0 2.0 3.0 4.0 o 25 50 75 

INPUT VOLTAGE (V) AMBIENT TEMPERATURE (OC) 

TEST 
UNIT CONOITIONS 

mA VCC = 5.25V VA =.45V 

mA VCC = S.2SV V E = .45V 

mA VCC - S.25V Vw - .4SV 

mA VCC - S.2SV V D - .45V 

IlA VCC - S.25V V A - S.2SV 

IlA VCC = 5.25V V E = S.2SV 

IlA VCC - S.2SV Vw - S.2SV 

IlA VCC = S.2SV V D = S.25V 

IlA VCC = S.2SV V CEX = S.25V 

V VCC = 4.7SV IOL = 1SmA 

V VCC = SV 

V VCC = SV 

mA VCC = S.2SV OUTPUTS HIGH 

pF V ,N = +2.0V. VCC = O.OV 
f = 1 MHz 

pF VOUT = +2.0V. VCC = O.OV 
f = 1 MHz 

OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 

~ 40r----+----t---~~--t---~ 

.s ... 
~ 30r----r----r-R.r-r----r---~ 
CC 
CC 
::J 
u 
~ 20~--~--_.0L--~----~--~ 

... 
::J 

o 10r----r~~~---+----~--~ 

oL...._...LIL.._'-_-'-__ '-_....J 
o .2 .4 .6 .8 1.0 

OUTPUT "LOW" VOLTAGE (V) 



Switching Characteristics 
Conditions of Test: 

Input Pulse amplitudes· . 2.5V 

Input pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

3104 

15mA Test Load 

Speed measurements are made at 1.5 volt levels 

Output loading is 15 mA and 30 pF 

30pF 

BIT ENABLE 
INPUT 

MATCH 
OUTPUT 

DATA 
INPUT 

MATCH 
OUTPUT 

ADDRESS 
INPUT 

DATA 
OUTPUT 

ADDRESS AND 
BIT ENABLE 
INPUT 

~DM~I Y 
I l~tDM-1 

~-------------------~ 
-------"" I 1 '---

VCC 

300n 

600n 

MATCH 
DATA 
MODE 

READ 
DATA 
MODE 

WRITE 
ENABLE 
INPUT 

DATA 
INPUT 

~It#ons t#onsl~ 

-t-twp-t . ____ ,..1-'s--'R -1,,. _____ _ 
WRITE 
DATA 
MODE 

DATA 
OUTPUT 

------""'1 ---

A.C. Characteristics TA = O°C to +75°C, VCC = 5.0V ±5%; unless otherwise specified. 

SYMBOL PARAMETER 
LIMITS 

MIN. Typ.(1) MAX. 

tEM BIT ENABLE INPUTTO MATCH OUTPUT DELAY 15 30 

tOM DATA INPUT TO MATCH OUTPUT DELAY 16 30 

tAO ADDRESS INPUT TO OUTPUT DELAY 14 30 

twp WRITE ENABLE PULSE WIDTH 40 25 

two WRITE ENABLE TO OUTPUT DELAY - 40 

ts SET·UP TIME ON DATA INPUT - 40 

tR RELEASE TIME ON DATA INPUT 0 -

Note 1. Typical values are at nomTnal voltages and T A = 2SoC. 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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3104 

Typical A.C. Characteristics 

BIT ENABLE INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 

30r------------,-------------r------------, 

Vee = S.ov 
]. C l =30pF 

>-

~ 
o ... 
ir ... 
" a 
I 
u ... 
" " a ... 

20~----------4-----------_+----------~ 

~ 
;;; 10~------_+------+------~ 
w 
-' 
CD 

" rE ... 
a; 

c 

>-

~ 
0 ... 
ir ... 
" a 

" ... 
" 0 
0 ... ... 
ir 
;;; 

~ 
a: 
0 
0 

" 

25 50 

AMBIENT TEMPERATURE (DC) 

ADDRESS INPUT TO DATA OUTPUT 
DELAY VS. TEMPERATURE 

75 

30r----------~------------,-------------, 

to 

10 

Vee'" 5.0V 
C L =30pF 

~ 

oL-__________ L-__________ L-________ ~ 

o 25 50 75 

AMBIENT TEMPERATURE (DC) 

c 

>-

~ 
0 ... 
ir ... 
" 0 
I 
U ... 
" " a ... ... 
ir 
;;; 

" ... 
" 0 

c 

I ... 
0 
1: 
w 
~ 
ir 
w 
-' 
CD 

" rE 
w ... 
a: 
;: 

30 

20 

10 

0 

t -. 

DATA INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 

Vee = 5.0V 
c l co 30 pF 

~ t. _ 

t" 

0 

-

25 50 

AMBIENT TEMPERATURE (DC) 

WRITE ENABLE PULSE WIDTH 
VS. TEMPERATURE 

-

75 

30r------------.-------------r----------~ 
Vee = 5.0V 
C L =30pF 

20~------4---------_+----------~ 

10~-----~------~-----~ 

oL-__________ l-__________ L-________ ~ 

o 25 50 75 

AMBIENT TEMPERATURE (DC) 



infel° 3106A,3106,3106-8,3107A,3107,3107-8 

HIGH SPEED FULLY DECODED 256 BIT RAM 
• Fast Access Tim~-60 nsec max. 

over ()O to 75° C Temperature 
Range and ±5% Supply Voltage 
Tolerance- -3106A and 3107A 

• Fully Decoded-On Chip Address 
Decode and Buffer 

• DTL and TTL Compatible-Low 
Input Load Current: O.25mA max. 

• Open Collector 
(3107A,3107, 3107-8) or Three 
State (3106A, 3106, 3106-8) Output 

• Simple Memory Expansion 
through 3 Chip Select Inputs 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp 

• Standard Packaging--16 Pin DIP 
@ . 

The Intel 3106A and 3107A family are high speed, fully decoded, 256 bit read/write random access memories. Their organi-
zation is 256 words by 1-bit. These devices are designed for high speed scratch pad, buffer, and distributed main memory 
applications. The 3106A and 3107A are higher speed versions of the 3106 and 3107. The 3106-8 and 3107-8 are ideal for 
slower performance systems where low system cost is a prime factor. 

All devices feature three chip-select inputs. The 3106A, 3106, and 3106-8 have a three-state output and the 3107A, 3107, 
and 3107-8 provide the user with the popular open collector output. On-chip address decoding and the high speed chip
select facilitate easy memory expansion. 

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher performance than 
equivalent devices made with a gold diffusion process. The performance of these devices is specified over a temperature range 
from O°C to +75°C. 

The 3106 and 3107 families are compatible with TTL and DTL logic circuits. 

PIN CONFIGURATION LOGIC 
SYMBOL 

ADDRESS INPUT A, Vee SUPPl.VVDlTAGE 

ADDRESS INPUT A, A, ADDRESS INPUT 

CHIP SELeCT cs, A, ADDRESS INPUT A, 

CH1P SELECT CS2 DIN DATA INPUT A, 

A, 
CHIP SELECT CS, WE WRITE ENABLE 

A, 

OAT A OUTPUT DOUl A, ADDRESS INPUT A. 

ADDRESS INPUT .. A, ADDRESS INPUT As 

As 
GROUND GND As ADDRESS INPUT A, 

PIN NAMES 

DIN DATA INPUT 

AO A7 ADDRESS INPUTS 

WE WRITE ENABLE 
INPUT 

es,-cSs CHIP SELECT 

[JOUT DATA OUTPUT 

DOUl 

Dour 

CHIP 
SELECT 

ALL 
LOW 

ALL 
LOW 

ONEOR 
MORE 
HIGH 

BLOCK DIAGRAM 

·WRITE AND 
SENSE AMPLIFIERS 

16 x 16 
MEMORY ARRAY 

TRUTH TABLE 

WRITE 
ENABLE OPERATION 

LOW WRITE 

HIGH READ 

DON'T HOLD 
CARE 

@=Vee 

® =GND 

0= PIN NUMBER 

0 A, 

,:9) As 

@A, 

(jJ) A, 

OUTPUT 

COMPLEMENT OF 
DATA INPUT 

COMPLEMENT OF 
WRITTEN DATA 

310SA,310S,310S-8 
HIGH 
IMPEDANCE 
STATE 
3107A,3107,3107-8 
HIGH 
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3106A, 3106, 3106-8, 3107A, 3107, 3107-8 

Absolute Maximum Ratings* 

Temperature Under Bias 

Storage Temperature 

-55°C to +125"C 

-65°C to +160"C 

All Output or Supply Voltages 

All Input Voltages 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

Output Currents 100mA 

D. C. Characteristics 

SYMBOL PARAMETER 

IF INPUT LOAD CURRENT 
ALL INPLiTS 

IR INPUT LEAKAGE 
CURRENT,ALLINPUTS 

Ve INPUT CLAMP 
VOLTAGE,ALLINPUTS 

VOL OUTPUT LOW 
VOLTAGE 

leEx OUTPUT LEAKAGE 
CURRENT 

lee POWER SUPPLY 
CURRENT 

VIL INPUT LOW VOLTAGE 

VIH INPUT HIGH VOLTAGE 

'COMMENT: 

Stresses above those listed under" Absolute Maximum 
Ratings" may cause permanent damage to the devi(:e. 
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. 

LIMITS TEST 
MIN. Typ.(1) MAX. UNIT CONDITIONS 

-0.25 mA Vee = 5.25V 
V IN = 0.45V 

10 p.A Vee = 4.75V 
VR = 5.25V 

-1.0 V Vce =4.75V 

'iN = -5.0 mA 

0.45 V Vee = 4.75V 
10L = 15 mA 

100 p.A Vce = VCEX = 5.25V 

90 130 mA Vee = 5.25V 
ALL INPUTS OPEN 

0.85 V 

2.0 I V 
Vee = 5.0V 

3106A, 3106, 3106-8 ONLY 

1'0 I OUTPUT LEAKAGE FOR 100 p.A Vee = 5.25V 
HIGH IMPEDANCE STATE Vo = 0.45V/5.25V 

Ise OUTPUT SHORT -15 -65 mA Vo =OV 
CIRCUIT CURRENT Vee = 5V 

VOH OUTPUT HIGH VOLTAGE 2.4 V 10 =3.2 mA 
Vee ~ 4.75V 

(1) Typical values are for T A = 25° C and nominal supply voltages. 



3106A, 3106,3106-8, 3107A, 3107, 3107-8 

A.C. Characteristics TA = ooe to +75"e, VCC = 5.0V ±5% unless otherwise specified. 

READ CYCLE 
LIMITS (nsl 

SYMBOL TEST MIN. TYP. MAX. 
tA_, ADDRESS TO 3106A/3107A 15 40 60 

tA+ OUTPUT DELAY 3106,3107, 
15 50 80 

(ALL CHIP 3106·8,3107·8 
SELECTS LOWI 

ts_, CHIP SELECT 5 25 40 

ts+ TO OUTP.UT 
DELAY (ALL 
ADDRESS 
INPUTS STABLEI 

3106A, 3106, 3106·8 ONLY 

SYMBOL TEST MIN. MAX. 

tON TIME OUTPUT REACHES 0 
LOW IMPEDANCE STATE 
AFTER CHIP ENABLED 

tOFF TIME OUTPUT REACHES 20 
HIGH IMPEDANCE STATE 
AFTER CHIP DISABLED 

*This parameter is periodically sampled and is not 100% tested. Condition 
of measurement is f = 1 MHz, Vbias ~ 2V. Vee := OV, and T A := 25°C. 

Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times: 
5 nanoseconds between 1 volt 
and 2 volts 

Measurements made at 1.5 volt level 

Waveforms 
READ CYCLE 

AOOA ESS TO OUTPUT DE LAY 

CHIP 
SELECT 
INPUT 

DOUT 

CHIP SELECT TO OUTPUT DELAY 

WRITE CYCLE 
LIMITS (nsl 

SYMBOL TEST MIN. TYP. MAX. 

twp WRITE ENABLE 3106A,3107A 50 35 
PULSE WIDTH 3106,3107 60 45 

3106·8,3107·8 80 70 

tSR TIME INPUT DATA APPEARS AT 
THE OUTPUT FOLLOWING A 

10 25 
WRITE COMMAND. 
twp:>MIN. LIMIT 

CAPACITANCE, TA = 25°C 

LIMITS (pFI 

SYMBOL TEST PACKAGE TYP. 

CIN ' INPUT CAPACITANCE PLASTIC 6 
(ALL INPUT PINSI 
ALL DEVICES CERDIP -7 

COUT ' OUTPUT PLASTIC 8 
CAPACITANCE 
ALL DEVICES CERDIP 9 

Test Load 

I 50 pF 

CL * INCL JIG. 
+-_---.-__ -.1.... & PROBE 

WRITE CYCLE 

MAX. 

8 

10 

11 

13 
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3106A, 3106, 3106-8, 3107A, 3107, 3107-8 

Typical A. C. Characteristics 

. 

ADDRESS INPUT TO OUTPUT DELAY 
VS TEMPERATURE 

13106, 3106A, 3107, 3107AI 
eo 

vcc·s.oY .l D~lDAO'''mA 
cl "SOPj 

! 
"- ADDRESS INPUTS Ac. As. A •• A7 

~ ----
tA;--- S 

S 
0 

~ 
.. 

.~ ADDRESS INPUTS "0. A,. A2 • A3 

~ 
-----r-- m tA:--- i 20 

. 
25 &0 " AMBIENT TEMPERATURE rCI 

WRITE ENABLE PULSE WIDTH 
VS TEMPERATURE 

13106, 3106A, 3107, 3107AI 

&0 

ADDRESS INPUT TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
VS LOAD CAPACITANCE VS TEMPERATURE 

13106, 3106A, 3107, 3107AI 13106, 3106A, 3107, 3107AI 

vee" s.ot 
D.C. LDAD" 15 mil: 
TA " 25"C ..- ',-..-"-

,,01.,,01,!.." A A!i,AI,A1 
20 t,. .. ...,.-l"£,SS""~ ..., ,.,001' 

.... -"'*' 'A+ ,'06,3106A 

~-- ---3106.,,06A.· ".., 
tA- 3101,3107A :r r----I .,...,. "'2'"'' 

"o1 Po ....... ..- p\,I1S AO'''''' 
\,.;....'~:-1"AOD"£,SS\N.~ 

1D 

....... t,,_ 3~=-.~~=' t". 
Vcc"s.ov 
D.C. LOAD" 15 mA 

• 

c, ... '[ 

100 1&0 '" 2&0 . 25 !60 

LOAD CAPACITANCE ,pFI AMBIENT TEMPERATURE lOCI 

Typical D. C. Characteristics 

INPUT CURRENT vs' 
INPUT VOLTAGE 

13106, 3106A, 3107.':1107AI 

"r---------r---------r---------, 
I f-/f/ v",1ov-

! 

i 
<w. 

~ 
E 

I 
i 

20 

vcc .. s.ov 

. 
AODRESS CHANGED lOrn 
PO.DO TO Wi PULSE • 

• &0 

AMBIENT TEMPERATURE ,oCI 

OUTPUT "H'IGH" VOLTAGE VS 
OUTPUT CURRENT 

1310680 3106A ONLYI 

VccJ1.DV ''1''-. W1 .. 'C 

~ ~~oc 
) 

'0 

OUTPUT "LOW" VOLTAGE VS 
OUTPUT CURRENT 

13106, 3106A, 3107, 3107AI 

. 
• 

-120 

-1" I.' -

vccJ Ii.OV ~ V 
/; V 

75'0 

r'i ~ 
~ 

~ 

'5"C 

25"C;::s: ~ ~C .-

2.' 

1.' 

I.' 2 •• 3.' 
INPUT VOLTAGE IVI 

INPUT THRESHOLD VOLTAGE V' 
TEMPERATURE 

13106, 3106A, 3107, 3107AI 

VCc· 6.OV 

---/ 
'f' 

~ 25'0 

Ih V'-- I 
r--:---

~ 

A~ 
/.~ 
~ .... • I.' 2.' 

OUTPUT VOLTAGE IV, 

• ,. 4.0 

''0 

h~ 
W 

~ 
100 200 300 

OUTPUT "LOW" VOLTAGE ImVI 

i 

40D 

I.' 

... 
• 50 " AMBIENT TEMPERATURE lOCI 
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inler 5101, 5101L 

1024 BIT (256 x 4) STATIC CMOS RAM 

PIN Typ. Current @ 2V 
(IIA) 

5101L 0.14 
5101L-1 0.9 
5101L-3 0.7 
5101-1 
5101 
5101-3 
5101-8 

• Single +5V Power Supply 
• Ideal for Battery 

Operation (5101L) 

Typ. Standby Max Access 
Current (II A) (ns) 

0.2 650 
1.5 450 
1.0 650 
1.5 450 
0.2 650 
1.0 650 

10.0 800 

• Directly TTL Compatible: 
All Inputs and Outputs 

• Three-State Output 

The Intel® 5101 and 5101L are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion
implanted silicon gate CMOS technology. The devices have two chip enable inputs. Minimum standby current is drawn by 
these devices when CE2 is at a low level. When deselected the 5101 draws from the Single 5 volt supply only 15 microamps. 
These devices are ideally suited for low power applications where battery operation or battery backup for non-volatility are 
required. 

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is 
read out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 
5101 has separate data input and data output terminals. An output disable function is provided so that the data inputs and 
outputs may be wire OR-ed for use in common data 1/0 systems. 

The 5101 L is identical to the 5101 with the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 
volts. 

A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a 256 x 4 
organization is needed. 

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power, high 
performance memories. 

PIN CONFIGURATION LOGIC SYMBOL 

A, Vee Ao 
A, A, A, 

A, AIW A, 

A, 

Ao CEl A, 

A, 00 A, 

A. CE2 
... 
A, 

A, DO, 
DI, DO 

GNO 01, DI, DO 

01, DO, DI, DO 

DI, DO 
DO, DI, 

00 
01, DO, 

TRUTH TABLE 

eE, CE, 00 AJW D,N Output Mode 

H X X X X High Z N~t Selected 
X L X X X High Z Not Selected 

X X H X High Z Output Disabled 

H L X HighZ Write 

H X DIN Write 
H H X DOUT A .. d 

AIW 
0, 

0, 

0, 

0, 

BLOCK DIAGRAM 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

@ 
~VCC 
~GND 

r:~=':-::!'1-__ D~DO, 

'-+11>"'<> DO, 

Y-C~'oOO, 

o = PIN NUMBEAS 

2-101 



5101, 5101L FAMILY 

Absolute Maximum Ratings * 
Ambient Temperature Under Bias ..... _1Oo C to 80°C 

Storage Temperature .......... _65°C to +150oC 

Voltage On Any Pin 
With Respect to Ground .... -0.3V to Vee +0.3V 

Maximum Power Supply Voltage ......... +7.OV 

Power Dissipation ................... 1 Watt 

D. C. and Operating Characteristics 
TA = o°c to 70°C, Vee = 5V ±5% unless otherwise specified. 

5101 (Except 5101-81 
and 5101l Family 

limits 
Symbol Parameter Min. Typ.[l) Max. 

III [2) Input Current 5 

PLOI[2) Output leakage 1 
Current 

ICCl Operating Current 9 22 

ICC2 Operating Current 13 27 

ICCL1[2) 5101 and 5101-1 15 
Standby Current 

ICCL2[2) 5101-3 Standby 1 200 
Current 

ICCL3[2) 5101-8 Standby -
Current 

ICCL4[2) 5101-8 Standby -
Current 

V,L Input low Voltage -0.3 0.65 

V,H Input High Voltage 2.2 Vcc 

VOL Output Low Voltage 0.4 

VOH Output High Voltage 2.4 

'COMMENT: 

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

5101-8 limits 
Min. Typ.[l) Max. Units Test Conditions 

5 nA 

2 /lA CEI = 2.2V, 

VOUT = 0 to Vee 

11 25 mA V,N = Vce, Except 
CEl <;;;0.65V, 
Outputs Open 

15 30 mA V,N = 2.2V, Except 
CEI <;;; 0.65V, 
Outputs Open 

- /lA CE2<;;;0.2V, 
Vec = 5V ±5% 

- /lA CE2<;;;0.2V, 

VCC = 5V ±5% 

10 50 /lA CE2 <;;; 0.2V, 
Vcc = 5V ±5%, 
TA = 25°C 

500 /lA CE2<;;;0.2V, 
Vcc = 5V±5%, 
TA = 70°C 

-0.3 0.65 V 

2.2 Vcc V 

0.4 V IOL = 2.0mA 

2.4 V IOH = 1.0mA 

Low Vee Data Retention Characteristics (For 5101 L, 5101 L-1, and 5101 L-3) TA= o°c to 70°C 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

VOR VCC for Data Retention 2.0 V 

ICCORl 5101lor 5101l-1 0.14 15 /lA VOR=2.0V 
Data Retention Current CE2 <;;;0.2V 

ICCOR2 
5101 l-3 Data Retention 

0.7 
Current 

200 /lA VOR =2.0V 

tcoR 
Chip Deselect to Data Retention 

0 ns 
Time 

tR Operation Recovery Time tRC[3) ns 

NOTES: 1. Typical values are TA = 25°C and nominal supply Voltage. 2. Current through all inputs and outputs included in ICCL 
measurement. 3. tRC = Read Cycle Time. 



5101, 5101L FAMILY 

Low Vcc Data Retention Waveform Typical ICCDR Vs. Temperature 

CD 4.7SV 
SUPPLY 

VOLTAGE (Vee) 
@ VOR 

@) ® 
CHIP ENABLE ICE21 0 0 0 

w----------------

V,H 

O.2V 

1.00 

0.10 

D.D , 

v 1.5) 
/ cc 

CE 2 os O.2V 

- V1N - 2V 
/ TA .. 25°C V 

/ 
/ 

/ 
VV 

a 10 20 30 40 50 60 70 

TEMPERATURE (OC) 

A.C. Characteristics TA = o°c to 70°C, Vee = 5V ±5%, unless otherwise specified. 

READ CYCLE 

5101,5101·3, 
5101·1,5101L·1 5101 Land 5101 L·3 5101·8 

Limits (ns) Limits (ns) Limits (ns) 
Symbol Parameter Min. Max. Min. Max. Min. Max. 

tRe Read Cycle 450 650 800 

tA Access Time 450 650 800 

teal Chip Enable (CE 1) to Output 400 600 800 

teo 2 Chip Enable (CE 2) to Output 500 700 850 

too Output Disable to Output 250 350 450 

tOF Data Output to High Z State 0 130 0 150 0 200 

tOHl Previous Read Data Valid with 0 0 0 
Respect to Address Change 

tOH2 Previous Read Data Valid with 0 0 0 
Respect to Chip Enable 

WRITE CYCLE 

twe Write Cycle 450 650 800 

tAW Write Delay 130 150 200 

tCWl Chip Enable (CE 1) to Write 350 550 650 

tew2 Chip Enable (CE 2) to Write 350 550 650 

tow Data Setup 250 400 450 

tOH Data Hold 50 100 100 

twp Write Pulse 250 400 450 

tWR Write Recovery 50 50 100 

tos Output Disable Setup 130 150 200 

A. C. CONDITIONS OF TEST C ·ta [21 apaci nce TA = 25°C. f = 1 MHz 
Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Symbol Test 
Limits (pF) 

Input Pulse Rise and Fall Times: 20nsec Typ. Max. 
Timing Measurement Reference Level: CIN Input Capacitance 

4 8 
(All Input Pins) VIN = OV 

1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

GoUT Output Capacitance VOUT = OV 8 12 

2·103 



5101, 5101L FAMILY 

Waveforms 

2-104 

READ CYCLE WRITE CYCLE 

~-------------'RC --------------.1 
ADDRESS 

tOHl 

CE2 CE2 

00--+----.. 
(COMMON 1101 [31 

00 
(COMMON 1/01 :4: 

DATA 
OUT 

f ill 
-OF 

DATA OUT 
VALID 

NOTES: 1. Typical values are for TA = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. 00 may be tied low for separate 1/0 operation. 
4. During the write cycle. 00 is "high" for common 1/0 and 

"don't care" for separate liD operation. 

DATA 
IN 

RW 

14-_____________ 'wc--------------~ 

-tcw1-----i 

14-+-------- tCW2 -------1 

DATA IN 
STABLE 

14--------'wp ____ -1- tWR -
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MaS ROM AND PROM FAMILY 
Maximum Maximum Power Operating Power 

Type No Of Organization Output[l] Access Dissipation Temperature Range Supply Page 
Bits (ns) (mW) (OC) (V) No. 

1&1 1302 204B 256 xB T.S. 1 us 8B5 Oto 70 5V ±5% 3-5 
!C~ -9V ± 5% 
ClO 

230B B192 1024 x 8 T.S. 450 775 o to 70 5V ±5% 3-16 Za: 
00 12V ± 5% 
(.)0 -5V ±5% 
::::i~ 

2316A 16384 204B x8 T.S. 850 515 Oto 70 5V ±5% 3-20 en 
1702A 2048 256 xB T.S. 1 us 885 o to 70 5V ±5% 3-9 

-9V ± 5% 

1702AL 2048 256 xB T.S. 1 us 221 Oto 70 5V±5% 3-13 

1&1 
-9V ± 5% 

I-~ 1702A-2 2048 256 x8 T.S. 650 959 o to 70 5V ±5% 3-9 Co -9V ±5% CIa: 
ZQ. 1702AL-2 2048 256 x8 T.S. 650 221 o to 70 5V±5% 3-13 
00 
(.)0 -9V ± 5% 

~~ 1702A-6 2048 256 xB T.S. 1.5 us B85 o to 70 5V ±5% 3-9 
0 -9V ±5% 

2704 4096 512 x 8 T.S. 450 BOO o to 70 5V 5% 3-23 
12V 5% 
-5V 5% 

2708 8192 1024 x 8 T.S. 450 BOO o to 70 5V 5% 3-23 
12V 5% 
-5V 5% 

Note 1: O.C. and T.S. are open collector and three-state output respectively. 

ROM and PROM Programming Instructions 
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BIPOLAR ROM AND PROM FAMILY 

Type No. Of Organization Output [1] 
Bits 

3301A 1024 256 x4 D.C. 

M3301A 1024 256 x4 D.C. .. 
:E 3302A 
0 

2048 512 x 4 D.C. 

a: 3302A-4 2048 512 x 4 D.C. 
a: 

3302AL6 2048 512 x 4 D.C. c( 
..J 
0 3322A 2048 512 x 4 T.S. 
D.. 
tEl 3322A-4 2048 512 x 4 T.S. 

>- 3322AL6 2048 512 x 4 T.S. 
~ 
I- 3304A 4096 512 x 8 D.C. I-
0 3304A-4 4096 512 x 8 D.C. ::t 
() 3304AL6 4096 512 x 8 D.C. 
U) 

3324A 4096 512 x 8 T.S. 

3324A-4 4096 512 x 8 T.S. 

3601 1024 256 x4 D.C. 

3601-1 1024 256 x4 D.C. 

M3601 1024 256 x4 D.C. 

3621 1024 256 x4 T.S. 

3621-1 1024 256 x4 T.S. 

3602 2048 512 x 4 D.C. 

3602-4 .. 2048 512 x 4 D.C. 

:E 3602L-6 2048 512 x 4 D.C. 
0 
a: 3622 2048 512 x 4 T.S. 
D.. 
a: 3622-4 2048 512 x 4 T.S. 
c( 
..J 
0 

3622L-6 2048 512 x 4 T.S. 

D.. 3604 4096 512 x 8 D.C. 
tEl 

3604-4 4096 512 x 8 D.C. > 
~ 3604L-6 4096 512 x 8 D.C. l-
I- 3624 4096 512 x 8 T.S. 0 
::t 3624-4 4096 512 x 8 T.S. () 
U) 

M3604 4096 512 x 8 D.C. 

M3604-6 4096 512 x 8 D.C. 

3605 4096 1024 x 4 D.C. 

3605-1 4096 1024 x 4 D.C. 

M3624 4096 512 x 8 T.S. 

3625. 4096 1024 x 4 T.S. 

3625-1 4096 1024 x 4 T.S. 

Note 1: a.c. and T.S. are open collector and three-state output respectively. 
Note 2: The "L" series devices have a low power dissipation option. 

Maximum Maximum Power Operating Power 
Access Dissipation [2] Temperature Range Supply 

(ns) (mW) (OC) (V) 

45 657 o to 75 5V ± 5% 

60 657 -55 to 125 5V ± 5% 

70 735 o to 75 5V ± 5% 

90 735 o to 75 5V ± 5% 

90 580/240 o to 75 5V ± 5% 

70 735 o to 75 5V ± 5% 

90 735 o to 75 5V ± 5% 

90 580/240 o to 75 5V ± 5% 

70 998 o to 75 5V ± 5% 

90 998 o to 75 5V ± 5% 

90 735/240 o to 75 5V ± 5% 

70 998 o to 75 5V ± 5% 

90 998 o to 75 5V ± 5% 

70 685 o to 75 5V ±. 5% 

50 685 o to 75 5V ± 5% 

90 685 -55 to 125 5V ±. 5% 

70 685 o to 75 5V ±5% 

50 685 o to 75 5V ± 5% 

70 735 o to 75 5V ± 5% 

90 735 o to 75 5V ± 5% 

90 580/240 o to 75 5V ±5'10 

70 735 o to 75 5V ± 5% 

90 735 o to 75 5V ± 5% 

90 580/240 o to 75 5V ± 5% 

70 998 o to 75 5V ± 5% 

90 998 o to 75 5V ± 5% 

90 735/240 o to 75 5V ± 5% 

70 998 o to 75 5V ± 5% 

90 998 o to 75 5V ± 5% 

90 1045 -55 to 125 5V ± 10% 

120 770/250 -30 to 125 5V ± 5% 

50 787 o to 75 5V ± 5% 

70 787 o to 75 5V ±5'10 

90 1045 -55 to 125 5V ± 10% 

70 787 o to 75 5V ± 5% 

50 787 o to 75 5V ± 5% 

RDM and PRDM Programming Instructions 

Page 
No. 

3-26 

3-29 

3-31 

3-31 

3-31 

3-31 

3-31 

3-31 

3-34 

3-34 

3-34 

3-34 

3-34 

3-37 

3-37 

3-41 

3-37 

3-37 

3-43 

3-43 

3-43 

3-43 

3-43 

3-43 

3-46 

3-46 

3-46 

3-46 

3-46 

3-49 

3-49 

3-52 

3-52 

3-49 

3-52 

3-52 
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Part Prefix and 
Number Manufacturer 

1024-5 HPROM-Harris 
1024A-2 HPROM-Harris 
1024A-5 HPR 0 M-Harris 

27S10C AMO 
27S10M AMO 
27S11C AMO 
27S11M AMD 

5300 MMI 
5300-1 MMI 
5340 MMI 
5341-1 MMI 

54S387 SN-TI 
54S387 OM-National 

5603AC IM-Intersil 
5603AM IM-Intersil 
5604C IM-Intersil 
5605C IM-Intersil 
5623C IM-Intersil 
5624C IM-Intersil 
5625C IM-Intersil 

6300 MMI 
6300-1 MMI 
6301 MMI 
6301-1 MMI 
6305 MMI 
6305-1 MMI 
6306 MMI 
6306-1 MMI 
6340 MMI 
6341-1 MMI 
6350 MMI 
6351 MMI 
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BIPOLAR PROM CROSS REFERENCE 
Intel Part Number 
Direct For New 

Organization Replacement Designs[!] 

256x 4 3621 
256 x 4 M3601 
256 x 4 3601 

256 x 4 3601 
256 x 4 M3601 
256x 4 3621 
256 x 4 M3621 

256 x 4 M3601 
256 x 4 M3601 
512 x 8 M3604 
512 x 8 M3624 

256 x 4 M3601 
256 x 4 M3601 

256x 4 3601 
256x 4 M3601 
512 x 4 3602 
512 x 8 3604 
256 x 4 , 3621 
512 x 4 3622 
512 x 8 3624 

256 x 4 3601 
256 x 4 3601-1 
256 x 4 3621 
256 x 4 3621 
512 x 4 3602 
512 x 4 3602 
512 x 4 3622 
512 x 4 3622 
512 x 8 3604 
512 x 8 3624 

1024 x 4 3605 
1024 x 4 3625 

Intel Part Number 
Part Prefix and Direct For New 

Number Manufacturer Organization Replacement Designs[!] 

74S287 SN-TI 256 x4 3621-1 
74S287 OM-National 256 x 4 3621-1 
74S387 SN-TI 256 x 4 3601-1 
74S387 OM-National 256 x4 3601-1 

7573 OM-National 256 x4 M3601 

7610-2 HM-Harris 256 x 4 M3601 
7610-5 HM-Harris 256 x 4 3601-1 
7611-5 HM-Harris 256 x 4 3621-1 
7620-5 HM-Harris 512 x 4 3602 
7621-5 HM-Harris 512 x 4 3622 
7640-2 HM-Harris 512 x 8 M3604 
7640-5 HM-Harris 512 x 8 3604 
7641-2 HM-Harris 512 x 8 M3624 
7641-5 HM-Harris 512 x 8 3624 
7642-5 HM-Harris 1024 x 4 3605 
7643-5 HM-Harris 1024 x 4 3625 

82S115 N-Signetics 512 x 8 3624 
82S115 S-Signetics 512 x 8 M3624 
82S126 N-Signetics 256 x 4 3601-1 
82S126 S-Signetics 256 x 4 M3601 
82S129 N-Signetics 256 x 4 3621-1 
82S130 N-Signetics 512 x 4 3602 
828131 N-8ignetcis 512 x 4 3622 

8573 OM-National 256 x 4 3601 
8574 OM-National 256 x 4 3621 

93416C Fairchild 256 x 4 3601 
93416M Fairchild 256 x 4 M3601 
93426C Fairchild 256 x 4 3621 
93436C Fairchild 512 x 4 3602 
93438C Fairchild 512 x 8 3604 
93438M Fairchild 512 x 8 M3604 
93446C Fairchild 512 x 4 3622 
93448C Fairchild 512 x 8 3624 
93448M Fairchild 512 x 8 M3624 

Note 1. The Intel® PROMs have the same pin configuration and 
differ only in access time from the PROMs in the first column. 
The exceptions are the 6350, 6351 and 828115 which have 
different pin configurations. 



inter 1302 

2048 BIT MASK PROGRAMMABLE 
READ ONLY MEMORY 

• Fully Decoded, 256x8 
Organization 

• Inputs and Outputs DTL and 
TTL Compatible 

• Three-state Output-
OR-tie Capability 

• Static MOS -- No Clocks 
Required 

• Simple Memory Expansion-
Chip Select Input Lead 

• 24-pin Dual-In-Line Hermetically 
Sealed Ceramic Package 

The Intel@1302 is a fully decoded 256 word by 8-bit metal mask ROM. It is ideal for large volume production 
runs of systems initially using the 1702A erasable and electrically programmable ROM. The 1302 has the same 
pinning as the 1602A/1702A. 

The 1302 is entirely static - no clocks are required. Inputs and outputs of the 1302 are DTL and TTL compat
ible. The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion. 
The 1302 is packaged in a 24 pin dual-in-Iine hermetically sealed ceramic package. 

The 1302 is fabricated with p-channel silicon gate technology. This low threshold allows the design and produc
tion of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 

PIN CONFIGURATION 

A, 24 Voo 

A, 23 Vee 

Ao 22 Vee 

DATA OUT 1 4 (LSB) 21 AJ 

DATA OUT 2 20 A, 

DATA OUT 3 19 As 

1302 
DATA OUT 4 18 A6 

DATA OUT 5 17 A7 

DATA OUT 6 I. Vee 

DATA OUT 7 10 15 N.C. 

DATA OUT 8 11 (MSB) 14 E 

Vee 12 13 N.C; 

PIN NAMES 

Address I "puts 
Chip Select Input 

Data Outputs 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT' 8 

NOTE: LOGIC 1 AT INPUT AND OUTPUT IS 
A HIGH AND LOGIC 0 IS LOW. 
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1302 

Absolute Maximum Ratings II 
Ambient Temperature Under Bias ....•... OoC to +70oC 
Storage Temperature .......•..... -66°C to +125 0 C 
Soldering Temperature of Leads (10 sec) . . . . . . .. +300oC 
Power Dissipation .............•....••... 2 Watts 
Input Voltages and Supply 

Voltages with respect to Vee .•......•. +0.6V to -20V 

READ OPERATION 
D.C. and Operating Characteristics 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rat· 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex· 
tended periods may affect device reliability. 

T A = O°C to 70°C, Vee = +5V±5%, Voo = -9V±5%, V~~ = -9V±5%, unless otherwise noted. 

SYMBOL TEST MIN. Typ!2) MAX. UNIT CONDITIONS 

III Address and Chip Select 1 flA Y,N = O.OV 
Input Load Current 

ILO Output Leakage Current 1 flA VOUT = O.OV, CS = Vee -2 

1000 Power Supply Current 5 10 mA VGG=Vee' CS=Vee -2 
10L = O.OmA, J A = 25°C 

1001 Power Supply Current 35 50 mA CS=Vee -2 
10L =O.OmA, TA = 25°C 

1002 Power Supply Current 32 46 mA CS=O.O 
10L =O.OmA, TA =,25°C 

Continuous 
1003 Power Supply Current 38.5 60 mA CS-Vee -2 Operation 

10L =O.OmA , T A = ooC 

leFl Output Clamp Current 8 14 mA VOUT - -1.0V, TA -ooC 

leF2 Output Clamp Current 13 mA VOUT = -1.0V, 'rA = 25°C 

'GG Gate Supply Current 1 flA 

V,L1 Input Low Voltage for -1.0 0,65 V 
TT L Interface 

V,L2 Input Low Voltage for Voo Vee -6 V 
MOS Interface 

V,H Address and Chip Select Vee -2 Vee +0.3 V 
Input High Voltage 

10L Output Sink Current 1.6 4 mA VOUT = 0.45V 

10H Output Source Current -2.0 mA VOUT - O.OV 

VOL Output Low Voltage -.7 0.45 V 10L = 1.6mA 

VOH Output High Voltage 3.5 4.5 V 10H = -100flA 

Note 1. VGG may be clocked to reduce power dissipation. In this mode average 'DO increases in pr~portion to VGG duty cycle. 
Note 2. Typical values are at nominal voltages and TA = 25°C. 



1302 

A.C. Characteristics 
T A = (J' e to + 700 e, Vee = +5V ±5%, VDD = -9V ±5%, VGG = -.9V ±5% unless otherwise noted 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT 

Freq. Repetition Rate 1 MHz 

tOH Previous read data valid 100 ns 

t Aee Address to output delay .700 1 I.Is 

tDVGG Clocked VGG set up 1 I.Is 

tes Chip select delay 200 ns 

teo Output delay from CS 500 ns 

tOD Output deselect 300 ns 

t oHe Data out hold in clocked VGG mode (Note 1) 5 I.Is 

Note 1. The output will remain valid for tOHC as long as clocked VaG is at Vee. An address change may occur as soon 8S the output Is sensed 

(clocked VGG may stili be at Vee). Data becomes Invalid for the old address when clocked VaG Is returned to VGG. 

Capacitance" TA = 25°e 

SYMBOL TEST MINIMUM TYPICAL 

CIN I nput Capacitance 

COUT Output Capacitance 

CVGG VGG Capacitance 
(Clocked VGG Mode) 

-This parameter IS periodically sampled and IS not 100% tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes: 0 to 4V; t R , tF ::;50 ns 
Output load is 1 TTL gate; measurements made 

at output of TTL gate (tpo ::; 15 ns) 

A) Constant VGG Operation 

OATA OUT 
INVALID 

DESELECTION OF DATA OUTPUT IN OR·TlE OPERATION 

ADD:~SX: x'----
, 

VIH----T~10% 
cs :: 

v 90% I 
IL I I I 

I -J too r-: 
Vo"----f~' 

DATA I I 
OUT I 

VOL J I I 
--l teo I--

5 

5 

MAXIMUM UNIT CONDITIONS 

10 pF ~,- V" } 
All 

10 pF CS = Vee unused pins 

30 pF 
VOUT = Vee are at A.C. 
VGG = Vee ground 

B) Clocked V GG Operation 
L.--CYCLE TIME ~ l'FREO-..-l 

v" -V 10% . V--
ADDRESS A 90"10 "---

V'l I I 

I 

C-S V"~" ' I---~O"5---.J 
, ' V1L I~------t----------

--: ~tDVGG 
Vcc I I 

CLOCKED I I 

VGG ~' _____ J 

DATA 
OUT 

v" V, DESELECTION OF DATA OUTPUT IN OR·TIE OPERATION 

ADDRESS fi 
V1l 1----------------

: NOTE 2 ~ ~~ons 
cs ViH "\: r--~----J ... r-+:,---

'\ " I 
V1l I • I: I 

v"~ :-'OV
GG f tOO-'\LI::-

Cl~G~KED {!', I 1 : 

VGG 1'+·I------'·1-4--~50n$_: : 

: ~" '{:,' DATA OUT I I :---tACC '-________ -J 

NOTE 1: The output will remain valid for tOHe as long as clocked VGG 
is at Vee. An address change may occur as soon as the output is sensed 
(clocked VGG may still be at Vee!. Data becomes, invalid for the old 
address when clocked VGG is returned to VGG' 

NOTE 2: It ES makes a transition from VIL to VIH while clocked VGG 
is at VGG. then deselection of OUtput occurs at too as shown in static 
operation with constant VGG' 
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Typical Characteristics 
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ACCESS TIME VS. 
LOAD CAPACITANCE 

900 

800 

700 ... 
ODD 

400 1 TTL LOAD -
Vee .. +5V -
voo .. -9V 

200 voo .. -9V -
T. 0< 250C -

'1 I 1 
100 

• o 10 20 ~ ~ ~ ~ ro ~ 00 100 

1 

LOAO CAPACITANCE (pF) 

OUTPUT CURRENT VS. 
VDDSUPPLY VOLTAGE 

Vee ., +5V 

vaG" -9V 

VOL -+.45V/ T. '",25°C 

- Specified 

Qpertng Raige- ;--

.., -. -6 -7 -8 -. -I. 
Voo SUPPLY VOLTAGE (VI 

;- I I 
Vee .. +5V 

VOO ~ -9V 

VOH ., O.OV T. .. 25°C 

........ 

AVERAGE CURRENT VS. DUTY 
CYCLE FOR CLOCKED VGG 

1 1 I 1 I 
CLOCKED VaG '" -gv 

VDD .. -9V 

tli .. V 1H 

T. .. 25°C 
I--" -r0-

c.---:--

20 3. .0 50 .. 7. 
DUTY CYCLE I") 

-
80 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

I" .• 
;; 

I I I 

! 12.0 r-~~~: ~~~-I-

ffi VOG '" -9V 
~ 10.0 r--- TA "25Oc7 ::> 

" " 8 .• 8---z 
in CS"- o.ov/ 
I-
::> 6.0 

V 5 ./ 0 4 •• 

.9~ 

.-/ 
V 1

2
.
0 

-4 -3 -2 -1 +' +2 tJ +4 

OUTPUT VOLTAGE (VOLTS) 

OUTPUT CURRENT VS. 
TEMPERATURE 

;; 
oS 

ffi 
a: 
a: 
::> 
u 

" 
"'\ 

Iv)..1 
VOO - -9V 

"'\ VGO - -9V 
z .. 
~ 
::> 
0 

.!' 

VOL" +.45V r-
r----~ 

........ IT "-

I I 
;; 
oS 
I-

15 
~ 
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~ -3 
::> 
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~ 
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Vee" +5V 
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- VGG - -9V 

~T ------rr 

I..----
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inter 1702A 

2K (256 x 8) UVERASABLE PROM 

1702A-2 
1702A 
1702A-S 

• Fast Access Time: Max. 650 ns 
(1702A-2) 

• Fast Programming: 2 Minutes 
for all 2048 Bits 

• All 2048 Bits Guaranteed* 
Programmable: 100% Factory 
Tested 

0.S5 us Max. 
1.0 us Max. 
1.5 us Max. 

• Static MOS: No Clocks Required 
• Inputs and Outputs DTL and 

TTL Compatible 
• Three-State Output: OR-tie 

Capability 

The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn
around and pattern experimentation are important. The 1702A undergoes complete programming and function
al testing prior to shipment, thus insuring 100% programmability. 

Initially all 2048 bits of the 1702A are in the "0" state (output low). Information is introduced by selectively 
programming "1 "s (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line 
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to 
erase the bit pattern. A new pattern can then be written into the device. 

The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to 1.5~s are 
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring 
lower power dissipation than the 1702A. 

A pin-for-pin metal mask programmed ROM, the Intel 1302, is also available for large volume production runs 
of systems initially using the 1702A. 

The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro
duction of higher performance MaS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 
'Intel's liability shall be limited to replacing any unit which fails to program as desired. 

PIN CONFIGURATION PIN NAMES 

A2 roo;-.....r--'i4 Voo 

'DATA OUT 1 4 (lSB) 21 A3 

-DATA OUT 2 5 20 A4 

'DATA OUT 3 6 

'OATA OUT 4" 18 A6 

'DATA OUT 5 6 17 A7 

-OATA OUT 6 9 16 VGG 

-DATA OUT 7 10 15 VBI! 

-OATADUTB '1 (MSB) 14 cs 

Vee 12 13 PROGRAM 

'THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 

BLOCK DIAGRAM 

OATA OUT 1 DATA OUT 8 

NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic 0 is a low. 

U.S. Patent No. 3660819 
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1702A FAMILY 

PIN CONNECTIONS 
The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1·8 are pins 4·11 respectively. The programming voltages and tim· 
ing are shown in the ROM and PROM Programming instructions section, pages 3·57. 

~ 
12 13 14 

MODE (Vee) (Program) (eS) 

Read Vee Vee GND 

Programming GND Program Pulse GND 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias ....... -10°C to +80°C 
Storage Temperature ............. -65°C to +125°C 
Soldering Temperature of Leads (10 sec) ........ +300 oC 
Power Dissipation ....................... 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Vee .......... +O.5V to -20V 
Program Operation: I nput Voltages and Supply 

Voltages with respect to Vee ................ -48V 

15 16 22 23 24 
(Vaa) (VGG) {Vecl (Vecl (Voo) 

Vee VGG Vee Vee Voo 

VBB Pulsed VGG GND GND Pulsed Voo 

'COMMENT 

Stresses above those listed under" Absolute Maximum Rat· 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex· 
tended periods may affect device reliability. 

D.C. and Operating Characteristics TA = oOe to 7oOe, Vee = +5V ±5%, Voo = -9V ±5%, VGG = -9V ±5%, 
READ OPERATION unless otherwise noted. 

1702A, 1702A-6 Limits 1702A-2 Limits 
Symbol Test Min. Typ.!1] Max. Min. Typ.[1] Max. Unit Conditions 

III Address and Chip Select 1 1 pA VIN = O.OV 
Input Load Current 

ILO Output Leakage Current 1 1 pA VOUT = O.OV, CS = VIH2: 

1001[1] Power Supply Current 35 50 40 60 rnA CS = VIH2, IOL = O.OmA, 
T A = 25°C, Continuous 

1002 Power Supply Current 32 46 37 55 rnA CS = O.OV, IOL = O.OmA, 
T A = 25°C, Continuous 

1003 Power Supply Current 38 60 43 65 rnA CS =VIH2, IOL = O.OmA, 
T A = DoC, Continuous 

leFl Output Clamp Current 8 14 7 13 rnA VOUT = -1.0V, 
T A = DoC, Continuous 

leF2 Output Clamp Current 7 13 6 12 rnA VOUT = -1.0V, 
T A = 25°C, Continuous 

IGG Gate Supply Current 1 1 pA 

VIL1 I nput Low Voltage -1 0.65 -1 0.65 V 
for TT L Interface 

VIL2 Input Low Voltage Voo Vee-6 Voo Vee-6 V 
for MOS Interface 

VIH1 Addr .Input High Voltage Vee-2 Vee+0.3 Vee-2 Vec+0.3 V 

VIH2 Chip SeLl nput High Volt. Vce-2 Vcc+0.3 Vec-1.5 Vcc+0.3 V 

IOL Output Sink Current 1.6 4 1.6 4 rnA VOUT= 0.45V 

IOH Output Source Current -2.0 -2.0 rnA VOUT= O.OV 

VOL Output Low Voltage -3 0.45 -3 0.45 V IOL = 1.6mA 

VOH Output High Voltage 3.5 4.5 3.5 4.5 V IOH = -200pA 

Note 1: Typical values are at nominal voltages and TA = 25°e. 
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1702A FAMILY 

A.C. Characteristics 
T A = 0" e to + 70o e, Vee = +5V ±5%, Voo = -9V ±5%, VGG = -9V ±5% unless otherwise noted 

1702A 1702A·2 1702A·6 
Limits Limits Limits 

Symbol Test Min. Max. Min. Max. Min. Max. 

Freq. Repetition Rate 

tOH Previous Read Data Valid 

tAee Address to Output Delay 

tes Chip Select Delay 

teo Output Delay From CS 

too Output Deselect 

Capacitance" TA = 25°C 

SYMBOL TEST TYPICAL MAXIMUM 

CIN Input Capacitance 8 15 

COUT Output Capacitance 10 15 

'This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 
I nput pulse amplitudes: 0 to 4V; tR ,tF ::; 50 ns 
Output load is 1 TTL gate; measurements made 

at output of TTL gate (tpo';;;15 ns), CL = 15pF 

1 1.6 0.66 

0.1 0.1 0.1 

1 0.65 1.5 

0.1 0.3 0.6 , 
0.9 0.35 0.9 

0.3 0.3 0.3 

UNIT CONDITIONS 

pF V,," V" }All 
CS = V~e unused pins 

pF 
VOUT - Vee are at A.C. 

VGG = Vee ground 

A) READ OPERATION B) DESELECTION OF DATA OUTPUT IN OR·TIE 
OPERATION 

~·--CYCLE TIME 1fFREO_ 

I" tAcc----..;·1 

Unit 

MHz 

f./s 

f./s 

f./s 

f./s 

f./s 
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Typical Characteristics 
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inter 1702AL, 1702AL2 

2K (256 x 8) UV ERASABLE LOW POWER PROM 

MAXIMUM 
Part No. ACCESS (I-Is) tOVGG (I-Is) 
1702AL 1.0 0.4 

1702AL-2 0.65 0.3 

• Clocked VGG Mode for Low 
Power Dissipation 

• Inputs and Outputs DTL and TTL 
Compatible 

• Fast Programming: 2 Minutes 
for all 2048 Bits 

• All 2048 Bits Guaranteed* 
Programmable: 100% Factory 
Tested 

• Three-State Output: OR-tie 
Capability 

The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The 
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the VGG clocked to reduce the 
power dissipation. 

Initially all 2048 bits of the 1702AL are in the "0" state (output low). Information is introduced by selectively programming 
"1"s (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in·line package with a transparent lid. The 
transparent lid allows the user to expose the 1702AL to ultraviolet . light to erase the bit pattern. A new pattern can then be 
written into the device. 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 

*Intel's liability shall be limited to replacing any unit which fails to program as desired. 

PIN CONFIGURATION 

A2.,-----...~ Voo 

AD 3 22 Vcr. 

"DATA OUT 1 4 ~lSB) 21 A3 

'CATA OUT 2 5 

'CATA OUT 3 6 

"DATA OUT 4 

"DATA OUT 5 B 

'OATA OUT 6 9 

-DATA OUT 7 10 

"DATA OUT 8 11 IMSB) 14 cs 

V" L';:;.' ___ "", PROGRAM 

PIN NAMES 

Gdress Inputs 
~--- Chip Select Input 

Data Outputs 

"THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

AO A1 A1 

NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic 0 is a low. 

U.S. Patent No. 3660819 
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1702AL, 1702AL2 

PIN CONNECTIONS 
The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and tim
ing are shown in the ROM and PROM Programming Instructions section, pages 3-57. 

~ 
12 13 

MODE (Vecl (Program) 

Read Vee Vee 

Programming GND Program Pu Ise 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias ....... -10°C to +80°C 
Storage Temperature ............. -65°C to +125 0 C 
Soldering Temperature of Leads (10 sec) .. ', , , , .' +300 0 C 
Power Dissipation ."",.".", .. ".", .. 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Vee .......... +0.5V to -20V 
Program Operation: I nput Voltages and Supply 

Voltages with respect to Vee ................ -48V 

14 
(CS) 

GND 

GND 

15 16 22 23 24 
(VBB) (VGG ) {Ved (Vecl (Voo) 

Vee Clocked VGG Vee Vee Voo 

VBB Pulsed VGG GND GND Pulsed Voo 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rat· 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex· 
tended periods may affect device reliability. 

D.C. and Operating Characteristics TA = oOeto 7oOe. Vee = +5V ±5%, Voo =-9V ±5%, VGG[l] = -9V ±5%. 

READ OPERATION unless otherwise noted. 

1702AL Limits 1702AL-2 Limits 
Symbol Test Min. Typ.!2) Max. Min. Typ.!2) Max. Unit Conditions 

III Address and Chip Select 1 1 pA VIN= O.OV 
Input Load Current 

ILO Output Leakage Current 1 1 pA VOUT = O.OV, CS = Vee-2 

10001[1) Power Supply Current 7 10 7 10 mA TA=25°C CS=VIH, VGG=VCC' 

10002 Power Supply Current 15 15 mA TA=O°C IOL=O.OmA 

1001 [1] Power Supply Current 35 50 35 50 rnA CS = Vee -2, IOL = O.OmA, 
TA = 25°C, Continuous 

1002 Power Supply Current 32 46 32 4S rnA CS = O.OV, IOL = O.OmA, 
T A = 25°C, Continuous 

1003 Power Supply Current 38 SO 38 60 rnA CS = Vee -2, IOL = O.OmA, 
T A = O°C, Continuous 

leFl Output Clamp Current 8 14 5.5 8 mA VOUT=-1.0V, 
T A = O°C, Continuous 

leF2 Output Clamp Current 7 13 5 7 rnA VOUT = -1.0V, 
T A = 25°C, Continuous 

IGG Gate Supply Current 1 1 pA 

VIL1 Input Low Voltage -1 0.65 -1 0.S5 V 
for TTL Interface 

VIL2 Input Low Voltage Voo Vee-S Voo Vee-6 V 
for MOS Interface 

VIH Address and Chip Select Vee-2 Vee+0.3 Vee-2 Vee+0.3 V 
Input High Voltage 

IOL Output Sink Current 1.6 4 I.S 4 rnA VOUT= 0.45V 

IOH Output Source Current -2.0 -2.0 rnA VOUT= O.OV 

VOL Output Low Voltage -3 0.45 -3 0.45 V IOL = I.SmA 

VOH Output High Voltage 3.5 4.5 3.5 4.5 V IOH = -200pA 

NOTES: 1. The 1702AL is operated with the VGG clocked to obtain low power dissipation. The average 10D will vary between I DOO and 1001 (at 
25°e) dependingon the VGG duty cycle (see curve opposite!. 2. Typical values are at nominal voltage and TA = 25°e. 
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1702AL, 1702AL2 

Typical Characteristics 

5 

40 

5 

30 

~ 
.§ 25 

Q 
Q 

'" 20 
~ 
ffi 15 
;; 

0 

5 

AVERAGE CURRENT VS. DUTY 
CYCLE FOR CLOCKED VGG 

eIJJE~ JGGI J -L I 
Voo = -9V 
cs "VIH 
TA ., 25·C 

V 
i"" 

V 

V 

~ w w ~ ~ ~ ~ ro ~ 00 ~ 
DUTY CYCLE (%) 

1000 

900 

BOO 

700 

600 

500 

400 

300 

200 

100 

r-

ACCESS TIME VS. 
TEMPERATURE 

-
1 TTL LOAD~20 pf-

Vee .. +5V -
Voo .. -9V 

VGG .. -9V -

o 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE lOCI 

I---

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

1 ".0 

1 12.0 

I I 
r--- Vee .. t5V,_ 

... Voo .. -9V 

ffi VGG .. -9V 
~ 10.0 I-- T .. 2SoC-

a b"/ I-- - ~ B.O 
in CS" o.ovV ... 
~ 6.0 

/V 
o 4.0 

-y 
/ 

/,1 2.0 

-4 -3 -2 -1 +1 -1-2 tJ +4 

OUTPUT VOLTAGE (VOLTS) 

A.C. Characteristics TA = o°c to +70°C, VCC = +5V ±5%, Voo = -9V ±5% unless otherwise noted 
.- - - - --- --

1702AL 1702AL·2 
Limits Limits 

Symbol Test Min. Max. Min. Max. Unit 

Freq. Repetition Rate 1 1.6 MHz 

tACC Address to output delay 1 0.65 J.ls 

tOVGG Clocked VGG set up 0.4 0.3 J.ls 

tes Chip select delay 0.1 0.3 J.ls 

teo Output delay from CS 0.9 0.35 J.ls 

too Output deselect 0.3 0.3 J.ls 

tOHC Data out hold in clocked VGG mode 5 5 J.ls 

SYMBOL TEST TYPICAL MAXIMUM UNIT CONDITIONS 

CIN I nput Capacitance 8 15 pF ~,- V", } 
All 

COUT Output Capacitance 10 15 pF CS = VCC unused pins 

CVGG VGG Capacitance 30 pF 
VOUT = VCC are at A.C. 

VGG = VCC ground 
(Note 1) 

'This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 

Input pulse amplitudes: 0 to 4V; tR, tF ";50 ns 
Output load is 1 TTL gate; measurements made at output of TTL gate (tpo";15 ns), CL = 15pF 

A. READ OPERATION B. DESELECTION OF DATA OUTPUT IN OR·TIE 
OPERATION 

V," V," 
ADDRESS ADDRESS 

V,L V,L 

V," V," 
cs cs 

V,L V,L 

Vee Vee 
CLOCKED CLOCKED 

VG. VGG 
VGG VGG 

VO" VO" DATA DATA 
OUT OUT 

VOL VOL 
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2308 

8192 BIT STATIC MOS READ ONLY MEMORY 

• Fast Access Time: 450 ns • Three-State Output: OR-Tie 

• Standard Power Supplies: Capability 
+12V,±5V • Fully Decoded: On Chip 

• TTL Compatible: All Inputs Address Decode 
and Outputs • Inputs Protected: All Inputs 

• Programmable Chip Select Have Protection Against Static 
Input for Easy Memory Charge 
Expansion • Pin Compatible to 2708 PROM 

The Intel 2308 is a 8192 bit static MOS read only memory organized as 1024 words by 8·bits. This ROM L designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 

The inputs and outputs are TTL compatible. The chip select input (CS2/CS2) is programmable. An active high or low level 
chip select input can be defined by the designer and the desired chip select logic level is fixed at Intel during the masking pro· 
cess. The programmable chip select input, as we" as OR·tie compatibility on the outputs, facilitates easy memory expansion. 
The pin compatible UV erasable 2708 PROM is available for initial system prototyping. 

The 2308 read only memory is fabricated with N·channel silicon gate technology. This technology provides the designer with 
high performance, easy·to·use MOS circuits. 

PIN CONFIGURATION 

A, Voe 

A, A, 

As A, 

A, Va, 

A, Cs1 
A, "bo 

A, CS2/C'S2tlJ 

Ao 0, 

0, 0, 

0, 0, 

0, Os 

"", 0, 

PIN NAMES 
AO-A 9 ADDRESS INPUTS 

OJ-OS DATA OUTPUTS 

CST CHIP SELECT INPUT 

CS2/CS211] PROGRAMMABLE CHIP SELECT INPUT 
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BLOCK DIAGRAM 

CHIP SELECT 
LOGIC 

Y 
DECODER 

Ao -Ag 
ADDRESS 
INPUTS A,_ 

A._ 
A,_ 
A,_ X 
A,_ DECODER 
Ao_ 

NOTE 1. The CS2/CS2 LOGIC lEVELS MUST BE SPECIFIED BY THE USER AS 
EITHER A LOGIC 1 IV,H I OR LOGIC 0 IVILI. A LOGIC 0 SHOULD 
BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 2708. 

DATA OUTPUT 
°1· 0 S 

I 

OUTPUT BUFFERS 

Y GATING 

64 X 128 
ADM ARRAY 



Absolute Maximum Ratings* 
Ambient Temperature Under Bias ...... -25°C to +B5°C 
Storage Temperature ............. _65°C to +150°C 
Voltage On Any Pin With Respect 

To VBB . . . . . . . . . . . . . . . . . . .. -0.3V to 20V 
Power Dissipation .................... 1.0 Watt 

D.C. and Operating Characteristics 

2308 

*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 condi
tions above those indicated in· the operational sections of this speci
fication is not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

TA ; O°C to +70°C, Vcc; 5V ±5%; Voo ; 12V ±5%, VBB ; -5V ±5%, Vss; OV Unless Otherwise Specified. 

Limits 
Symbol Parameter 

Min. Typ.l,l 

III I nput Load Current 1 
(All Input Pins Except Cs, ) 

ILCL Input Load Current on CS, 

ILPC Input Peak Load Current on CS, 

ILKC Input Leakage Current on CS, 

ILO Output Leakage Current 

VIL Input "Low" Voltage Vss-l 

VIH Input "High" Voltage 3.3 

VOL Output "Low" Voltage 

VOH' Output "High" Voltage 2.4 

VOH2 Output "High" Voltage 3.7 

Icc Power Supply Current VCC O.B 

100 Power Supply Current Voo 32 

IBB Power Supply Current VBB 0.01 

Po Power Dissipation 

NOTE': Typical values for TA ~ 25° C and nominal supply voltage 

D.C. OUTPUT CHARACTERISTICS 

tA -Oto700C 
, 

/ 

.I 
TYPICAL 

/' 

1/ V V 

~I-'"' 
~ V 

I'sTc 
~ V 

o 
o .1 .2 .3 .4 .5 .6 .7 ,8 .9 1.0 

VOL VOLTS 

Max. 

10 

1.6 

4 

10 

10 

O.BV 

Vcc+l.0 

0.45 

2 

60 

1 

775 

-10 

-9 

-8 

-7 

1-6 

j-5 

-3 

-2 

-1 

Unit Test Conditions 

f.lA VIN ; 0 to 5.25V 

mA VIN; 0.45V 

mA O.BV ,;;; VIN < 3.3V 

f.lA VIN ; 3.3V to 5.25V 

f.lA Chip Deselected 

V 

V 

V IOL = 2mA 

V IOH; -4mA 

V IOH; -lmA 

mA 

mA 

mA 

mIN 

D.C. OUTPUT CHARACTERISTICS 

t~ '01'70I -- r-, 
" , TYPICAL 

" , 
/ .......... r-..... 

SPEf r-..... 
:--.. 

!I 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 

VOH VOLTS 

3-17 

I 



I 

2308 

A.C. Characteristics 
TA = o°c to +70°C, VCC = +5V ±5%; VDD = +12V ±5%, VB B = -5V ±5%, Vss = OV, Unless Otherwise Specified. 

Limits[2] 
Symbol Parameter 

Typ. Max. 

tACC Address to Output Delay Time 200 450 

tC01 Chip Select 1 to Output Delay Time 85 160 

tC02 Chip Select 2 to Output Delay Time 125 220 

tDF Chip Deselect to Output Data Float Time 125 220 

NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst easel to specified values at 
VOH = 3.7V@ IOH = -1mA, CL = 100pF. 

Unit 

ns 

ns 

ns 

ns 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

CAPACITANCE* TA = 25°C, f = 1 MHz, VBB = -5V, VDD, 

Vcc and all other pins tied to Vss. 

Output Load. . . . . . .. 1 TTL Gate, and CLOAD = 100pF 
Input Pulse Levels. . . . . . . . . . . . . . . .. .65V to 3.3V 

Limits 

Input Pulse Rise and Fall Times ........... 20 nsec 
Timing Measurement Reference Level 

.................. 2.4V VIH, VO H; 0.8V VIL, VOL 

Symbol Test 
Typ. 

CIN Input Capacitance 

GoUT Output Capacitance 

'This parameter is periodically sampled and is not 100% tested. 

1--------tAcc ---------1 

ADDRESS 
"a·A. 

cs, 

----------'" 
--'\c-:>(-

----:::r-t.:' .. ,-------------------- ---- - - - - --

---------------'\ 

Max. 

6pF 

12pF 

DATAO,.OBllliliiiIJti •••••• {=~~=Jm~ 
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2308 

Typical Characteristics (Nominal supply voltages unless otherwise noted.) 

1.4 

1.3 

1.2 

1. 1 

1.0 

.9 

.8 

.7 

. 6 

2.5 

2.5 

2.0 

" oS 1.5 

1.0 

.5 

o 

100 VS. TEMPERATURE 
(NORMALIZED) 

.......... 
r---... 

'" 

........... 
.......... 

.......... 
I'-.. 

......... 

w w ~ ~ ~ ~ M W 00 

AMBIENT TEMPERATURE TA (OC) 

CS1 INPUT 
CHARACTERISTICS 

V1 
V 

V \ 
o .5 1.0 1.5 2.0 2.5 3.0 

V1N (VOLTS) 

+40 

~ +20 

5 
; 
~ 0 

I; 
:: 
" a 
<I -20 

-40 

ll. OUTPUT CAPACITANCE 
VS. ll. OUTPUT DELAY 

/ 
/ 

V "-
./ 

SPEC 

-100 -50 +50 +100 

1.4 

1.3 

1.2 

1.1 

1.0 

.9 

.8 

.7 

.6 

o ::: 

a CAPACITANCE (pFI 

TACC VS. TEMPERATURE 
(NORMALIZED) 

....... ~ -l.---!-""" 

o 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE TA (OC) 
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2316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 

• Single +5 Volts Power Supply • Three-State Output - OR-Tie 
Voltage Capability 

• Guaranteed 850ns Access Time • Fully Decoded - On Chip 

• Directly TTL Compatible-All Address Decode 
Inputs and Outputs • Inputs Protected-All Inputs 

• Three Programmable Chip Have Protection Against Static 
Select Inputs for Easy Memory Charge 
Expansion 

The Intel 2316A is a 16,384 bit static MaS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined by the designer and 
the desired chip select logic level is fixed during the masking process. These three programmable chip select inputs, as well as 
OR-tie compatibility on the outputs, facilitates easy memory expansion. 

The 2316A read only memory is fabricated with N·channel silicon gate technology. This technology provides the designer 
with high performance, easy-to-use MaS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 

PIN CONFIGURATION BLOCK DIAGRAM 

A, V" 

A. 0, 

A, 0, 

Aso 0, 
Ao 

A. 0, 
A, 

A, 0, 
A, 

A, 0, 

A, 0, 
A3 

A, A, 

A, CSr!CSl As 

A, CS2!CS2 A, 

CSJ /CS3 A7 

As 

Ag 

Aao 

PIN NAMES 

AO· A10 ADDRESS INPUTS 

0,- 08 DATA OUTPUTS 

CS1- CS3 PROGRAMMABLE CHIP SELECT INPUTS 
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2316A 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias ........ -10°Cto 80°C 
Storage Temperature . . . . . . . . . . _65°C to +150°C 

Voltage On Any Pin With Respect 

To Ground ...................... -0.5V to +7V 
Power Dissipation ....................... 1.0 Watt 

'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 
conditibns for extended periods may affect device reliability. 

D.C. and Operating Characteristics T A; O°C to + 70°C, V cc ; 5V ±5% unless otherwise specified 

SYMBOL PARAMETER 
MIN. 

III I nput Load Current 
(All Input Pins) 

ILOH Output Leakage Current 

ILOL Output Leakage Current 

Icc Power Supply Current 

VIL Input "Low" Voltage -0.5 

VIH Input "H igh" Voltage 2.0 

VOL Output "Low" Voltage 

VOH Output "H igh" Voltage 2.2 

(1) Typical values for T A = 25°C and nominal supply voltage. 

Typical D.C. Characteristics 

1.8 

1.6 

iii 
S 
0 

14 " z 
;; 

1.2 

1.0 

30 

25 

20 

1 15 

SO 

10 

o 

VIN LIMITS VS. TEMPERATURE 

LJ 
- - -n-- -
- V1l (MA)) 

I -
J 

vice = SoOt 

10 20 30 40 50 60 70 

TA ("C) 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 

v-I--I-

V TYPICAL 

/ 
V 

/ 
V T A = 25'C 

Vee MIN 

/ 
VOL (VOLTS) 

LIMITS 

Typ.(1) MAX. 

1 10 

10 

-20 

40 98 

0.8 

Vcc+l.0V 

0.45 

UNIT TEST CONDITIONS 

pA V IN ; 0 to 5.25V 

pA CS; 2.2V, VOUT; 4.0V 

I1A CS; 2.2V, VOUT; 0.45V 

mA All inputs 5.25V Data Out Open 

V 

V 

V IOL; 2.0 mA 

V IOH;~100pA 

STATIC ICC VS. AMBIENT TEMPERATURE 
WORST CASE 

100 ~--~--~---~--~ 

80~----4---~~------+-----~ 

60~----4------+------+-----~ 

-30 

-25 

-20 

-15 

-10 

-5 

20 

Vee'" 5.25V 

All ADDRESSES TIEO 
TO Vee 

60 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

1\ 
\ 

\ TYPICAL 

1\ 
\ TA'" 25Q C 

~VCCMIN 

.~ 

VOH (VOLTS) 

80 
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2316A 

A.C. Characteristics T A ~ o°c to +70°C, V cc ~ +5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. Typ. (1 ) MAX. 
UNIT 

tA Address to Output Delay Time 400 850 nS 

tco Chip Select to Output Enable Delay Time 300 nS 

tOF Chip Deselect to Output Data Float Delay Time 0 300 nS 

CAPACITANCE(2) TA = 25°C, f = 1 MHz CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

LIMITS 

Output Load ... 1 TTL Gate, and CLOAO ~ 100 pF 
Input Pulse Levels ............... 0.8 to 2.0V 
Input Pulse Rise and Fall Times. (10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input ........................ 1.5V 
Output ................ 0.45V to 2.2V 

A.C. Waveforms 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

Typical A.C. Characteristics 

900 

BOO 

600 

~ 
:! 

400 

200 

3-22 

ACCESS TIME VS. AMBIENT 
TEMPERATURE 

y 
~ 
~ WORST CASE ---

20 

-~ ~ICAL 
40 

TA ( C) 

60 BO 

SYMBOL TEST 
TYP. MAX. 

CIN All Pins Except Pin Under 4 pF 10 pF 
Test Tied to AC Ground 

COUT All Pins Except Pin Under 8 pF 15 pF 

Test Tied to AC Ground 

(2) This parameter is periodically sampled and is not 100"10 tested. 

(------'co----I 

!'---OUTP_UTVA_LlO ~.fl.J 

1000 

BOO 

600 

~ 
:! 

400 

200 

ACCESS TIME VS. LOAD 
CAPACITANCE 

~ ~ 

-- ~PICAL 

100 200 300 400 

ClOAD (pfd) 

500 



inter 2708,2704 

8K AND 4K UV ERASABLE PROM 

• 2708 1024x8 Organization 
• 2704 512x8 Organization 

• Fast Programming - • Static-No Clocks Required 
Typ. 100 sec. For All 8K Bits • Inputs and Outputs TTL 

• Low Power During Programming Compatible During Both Read 

• Access Time - 450 ns Max. and Program Modes 

• Standard Power Supplies- • Three-State Output - OR-Tie 

+12V, +5V, -5V Capability 

The Intel 2708/2704 are high speed 8192/4096 bit erasable and electrically reprogrammable ROM's (EPROM) ideally suited 
where fast turn around and pattern experimentation are important requirements. 

The 2708/2704 are packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to ex
pose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 

A pin for pin mask programmed ROM, the Intel 2308, is available for large volume production runs of systems initially using 
the 2708. 

The 2708/2704 is fabricated with the time proven N-channel silicon gate technology. 

PIN CONFIGURATIONS 

A, 

As 

As 

A, 

A, 

A, 2708/ 
2704 

NOTE 1. 2704: PIN 22 = Vss. 
2708: PI N 22 .. A9. 

PIN NAMES 

Ao·A9 ADDRESS INPUTS 

0,-08 DATA OUTPUTS 
CS/WE CHIPSELECT/Vv'RITE ENABLE INPUT 

BLOCK DIAGRAM 

CsIWE-
CHIP SELECT 
LOGIC 

Ao-
A,_ y 
A,_ DECODER 
A,-

ADDRESS 
INPUTS A, 

A5-~ 
As-

X A,-
DECODER A,--

~-

DATA OUTPUT 
0,.°8 

I 

OUTPUT BUFFERS 

Y GATING 

64 X 128 
AQMARRAY 

PIN CONNECTION DURING READ OR PROGRAM 

PIN NUMBER 

MODE 9-11.13-17 I '2 I 18 I 19 I 20 I 21 I 2. 

READ DOUT I Vss I Vss I Voo I V,L I v" I Vee 
PROGRAM D,N Vss p~:::: Voo VIHW Veo Vee 
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2708, 2704 
PROGRAMMING 
The programming specifications are in the ROM and PROM Programming Instructions (see page 3-59)_ 

Absolute Maximum Ratings II 
Temperature Under Bias ...................... . -25°C to +B5°C 'eOMMENT 

Storage Temperature ........................ . 
Voo With Respect to Vss ...................... . 

Vee and Vss With Respect to Vas ................ . 
All Input or Output Voltages With Respect 

-65°C to +125°C 

+20V to -0.3V 
+15V to -0.3V 

to Vas During Read. . . . . . . . . . . . . . . . . . . . . . . .. +15V to -0.3V 
CSIWE Input With Respect to Vss 

During Programming ........................ +20V to -0.3V 

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. 

Program Input With Respect to Vss ...... . . . . . . . . .. +35Vto -03V 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

READ OPERATION 
D.C. and Operating Characteristics 
TA = DoC to 70°C, Vee = +5V ±5%, Voo = +12V ±5%, Vas = -5V ±5%, Vss = ov, Unless Otherwise Noted. 

Symbol Parameter Min. Typ,£lJ Max. Unit Conditions 

III Address and Chip Select Input Sink Current 1 10 /lA VIN = 5.25 V or VIN = VIL 

ILO Output Leakage Current 1 10 /lA VOUT = 5.25V, CS/WE = 5V 

100[2J Voo Supply Current 50 65 mA Worst Case Supply Currents: 

lee[2J Vee Supply Current 6 10 mA All Inputs High 

IsS[2J Vsa Supply Current 30 45 mA CSIWE = 5V; TA = O°C 

VIL Input Low Voltage Vss 0.65 V 

VIH Input High Voltage 3.0 Vee+1 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VO H1 Output High Voltage 3.7 V IOH = -100/lA 

VOH2 Output High Voltage 2.4 V IOH = -lmA 

Po Power Dissipation BOO mW TA = 70°C 

0 NOTES: 1. TYPical values are for T A = 25 e and nominal supply voltages. 
2. The total power dissipation of the 2704/2708 is specified at 800 mW. It is not calculable by summing the various currents 

(100, ICC, and ISS) multiplied by their respective voltages since current paths exist between the various power supplies and 
VSS. The 100. ICC. and Isa currents should be used to determine power supply capacity only. 

Typical D.C. Characteristics 
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150 

100 

MAXIMUM JUNCTION TEMPERATURE 
VS. AMBIENT TEMPERATURE 

"JA" 80°CJ ......-vee" 5.25V V voo -,2.6V 
vaa "'-S.25V ..---

V 
50 

00 20 60 70 

RANGE OF SUPPL Y CURRENTS 
VS. TEMPERATURE 

80,----,----,----,----,----, 
ALL POSSIBLE OPERATING 
CONDITIONS: 

·Vee .. 5.25V 

voo "12.6V 
v Ba " -S.25V 

o~~~ o 20 40 60 80 100 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

VollVOLTSI 



2708, 2704 

A.C. Characteristics 
TA = o°c to 70°C, Vee = +5V ±5%, Voo = +12V ±5%, VBB = -5V ±5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter 

tAee Address to Output Delay 

teo Chip Select to Output Delay 

tOF Chip De·Select to Output Float 

tOH Address to Output Hold 

Capacitance[l) TA = 25°C, f = 1 MHz 

Symbol Parameter Typ. Max. Unit Conditions 

CIN I nput Capacitance 4 6 pF VIN=OV 

COUT Output Capacitance 8 12 pF VOUT=OV 

Note 1. This parameter is periodically sampled and not 100% tested. 

A.C. Test Conditions: 

Output Load: 1 TTL gate and CL = 100pF 
Input Rise and Fall Times: <;20ns 

Min. Typ. 

280 

60 

0 

0 

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs 
Input Pulse Levels: 0.65V to 3.0V 

Waveforms 

Max. Unit 

450 ns 

120 ns 

120 ns 

ns 

ADDRESS -x---x--i 
l~toH~1 

~ ~r---+:-----------
I'------------------....J I I 
f---- tCi)--1 ;_toF __ I 

I--~-~~ t AcC -I I 

CS./WE 

DATA __ IllEr< 
OUT ~------------~lli2hd2±2i2ili2lli 

Typical A.C. Characteristics 

ACCESS TIME 
ACCESS TIME vs. TEMPERATURE VS. LOAD CAPACITANCE 

50 0 

1 TTL LOAD + ,JpF 

400 

TA .. 2JOC 

40 0 

..,/ 

f-------~ 0 

---~ f---
300 

300 
"2 
~ 200 
~< 

20 

tOO 
tOO 

0 
-20 20 40 ,0 80 00 ,00 200 300 400 500 

'i.(pF) 

I 
I 

3-25 



inter 3301A 

HIGH SPEED FULLY DECODED 
1024 BIT READ ONLY MEMORY 

• Fast Access Time--45 nsec 
Maximum over Temperature 
and Supply Voltage Variation. 

• Low Power Dissipation--
0.5 mW Ibit typical. 

• Simple Memory Expansion--
2 Chip Select Input Leads. 

• Fully Decoded -- on Chip Address 
Decode and Buffer. 

• DTL and TTL Compatible --Input 
Loading is .25 rnA max.-
Outputs sink 15 rnA. 

• Minimum Line Reflection -- Low 
Voltage Diode Input Clamp. 

• Standard Packaging --16 Pin Dual 
In-Line Lead Configuration. 

• OR-Tie Capability--Open 
Collector Outputs 

The 3301A is a fully decoded 1024 bit read only memory organized as 256 words by 4 bits. It is a higher speed 
version of the 3301 and is a direct pin for pin replacement of the 3301. Its performance is specified over the 
complete ambient temperature range of oDe to 75DC and a Vee supply voltage range of 5V ± 5%. The 3301A 
is programmed at the final step of processing which allows fast turnaround. 

The OR tie capability and the 2 chip select inputs of the 3301A allow easy memory expansion into larger word 
and bit lengths. 

The 3301 A is mask programmed to customized patterns. Ideal applications are in microprogramming and table 
look up. 

The 3301A is manufactured using Schottky barrier diode clamped transistors which allows higher switching 
speeds than those devices made with conventional gold diffusion process. 

PIN CONFIGURATION 

ADDRESS INPUT A6 

ADDRESS INPUT As 

ADDRESS INPUT A4 

ADDRESS INPUT A3 

ADDRESS INPUT Ao 
(lSBI 

ADDRESS INPUT A, 

ADDRESS INPUT A2 

GND 

3·26 

16 

'5 

14 

13 

" 
" 
'0 

Vet 

A7 ADDRESS INPUT 
(MSBJ 

Cs 2 CHrpSELECT 2 

cs, CHIP SElECT 1 

0, DATA OUTPUT 
(LSB) 

0, DATA OUTPUT 

0, DATA OUTPUT 

0:, DATA OUTPUT 
(MSB) 

PIN NAMES 

AO-A7 ADDRESS INPUTS 

CS 1-CS2 CHIP SELECT INPUTS 

0 1-°4 DATA OUTPUTS 

LOGIC SYMBOL 

cs, 

cs, 0, 

Ao 

A, 
0, 

A, 

A, 

A, 
0, 

As 

As 0, 

A, 



3301A 

Absolute Maximum Ratings* 
Temperature Under Bias 
Storage Temperature 
Output or Supply Voltages 
All I nput Voltages 
Output Currents 

-65°to +125°C 
-65°to +160°C 

-0.5V to 7 Volts 
-1.1t05.5V 

100 mA 

*COMMENT 

Stresses above those listed under" Absolute 
Maximum Rating" may cause permanent dam· 
age 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. 

D. C. Characteristics: All Limits Apply for Vee= +5.0V ±5%, TA= O°C to +75°C 

LIMITS TEST 
SYMBOL PARAMETER MIN. TYP.(1) MAX. UNIT CONDITIONS 

IFA ADDRESS INPUT -0.25 mA Vec= 5.25V, 
LOAD CURRENT VA = 0.45V 

IFS CHIP SELECT INPUT -0.25 mA Vee= 5.25V, 
LOAD CURRENT Vs = 0.45V 

IRA ADDRESS INPUT 40 pA Vee= 5.25V, 
LEAKAGE CURRENT V A = 5.25V 

IRS CHIP SELECT INPUT 40 pA Vcc= 5.25V, 
LEAKAGE CURRENT Vs = 5.25V 

VCA ADDRESS INPUT -1.0 V Vce= 4.75V, 
CLAMP VOLTAGE IA = -5.0mA 

Vcs CHIP SELECT INPUT -1.0 V Vee= 4.75V, 
CLAMP VOLTAGE Is = -5.0mA 

VOL OUTPUT LOW 0.45 V Vee= 4.75V, 
VOLTAGE IOL = 15mA 

IcEX OUTPUT LEAKAGE 100 pA Vec= 5.25V, 
CURRENT VCE = 5.25V 

Icc POWE R SUPP L Y 90 125 mA Vce= 5.25V, 
CURRENT VAO-VA 7 =Ov 

VSO = Vs ,= OV 

V1L INPUT "LOW" 0.85 V Vee= 5.0V 
VOLTAGE 

V1H INPUT "HIGH" 2.0 V Vce= 5.0V 
VOLTAGE 

Note 1: Typical values are at 25°C and at nominal voltage. 
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3301A 

Switching Characteristics 
A. C. Characteristics Vee = +5V ±5%, TA = DoC to +75° C 

SYMBOL PARAMETER 
LIMIT 

TYP.(1) MAX. 
UNIT CONDITIONS 

-

tA++,tA __ Address to 
25 45 ns 

tA+_,t A_+ Output Delay 
Both C.S. lines must be at ground potential to activate 
the ROM. 

t s++ ,t s-- Chip Select 
13 20 ns 

to Output Delay 

NOTE 1: Typical values are at 250 C and at nominal voltage. 

Capacitance 12) T A = 25° C 

LIMIT 
SYMBOL PARAMETER PLASTIC CERDIP UNIT TEST CONDITIONS 

TYP. MAX. TYP. MAX. 

C INA Address Input 5 8 
Capacitance 

CINS Chip Select 5 8 
Input Capacitance 

COUT Output Capacitance 7 10 

NOTE 2: This parameter is only periodically sampled and is not 100% tested. 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 

-
6 10 pF Vee = 5V 

VINA = 2.5V 

5 10 pF Vce = 5V 
VINS = 2.5V 

8 12 pF Vee = 5V 
VOUT = 2.5V 

15 mA TEST LOAD Vce 

300D 

f 30pF 600D 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 
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inter M3301A 

HIGH SPEED 1024 BIT READ ONLY MEMORY 

• Military Temperature Range 
-55°C to +125°(: 

• Fast Access Time-60 nsec 
Maximum 

• OR-Tie Capability
Open Collector Outputs 

• Standard Packaging - 16 Pin 
Hermetic Dual In-Line 
Configuration 

The M3301A is a military temperature range ROM, organized as 256 words by 4-bits_ It is mask programmed to custom
ized patterns_ Initial circuit prototyping can be performed before going into volume production by using the pin compat
ible M3601 PROM_ 

PIN CONFIGURATION 

ADDRESS INPUT A6 

ADDRESS INPUT A5 

ADDRESS INPUT ~ 

ADDRESS INPUT AJ 

ADDRESS INPUT Ao 
ILSBI 

ADDRESS INPUT AI 

ADDRESS INPUT A2 

A1 ADDRESS INPUT 
IMSB1 

CS 2 CHIPSELECT2 

Cs, CHIP SELECT 1 

0, DATA OUTPUT 
(LSBI 

~2 DATA OUTPUT 

O. DATA OUTPUT 
(MSBI 

LOGIC SYMBOL 

cs, 

cs, 0, 

A. 

A, 
0, 

A, 

A, 

A. 
0, 

A, 

A, 0, 

A, 

D.C. and Operating Characteristics 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... _65° C to +150° C 
Storage Temperature ............. _65° C to +160° C 
Output or Supply Voltages ......... -0.5V to 7 Volts 
All Input Voltages ............... -1.3 to 5.5V 
Output Currents. . . . . . . . . . . . . . . . . . . .. 100mA 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating on.IV and functional operation of the device at these or 
at any other condition above those indicated in the opera
tional sections of this specification is not implied. 

All limits apply for Vec = +5.0V ±5%. TA = -55°C to +125°C. unless otherwise specified. 

Limits 
Symbol Parameter Min. Typ.lll Max. Unit Test Conditions 

IFA 
Address I nput Load 

-0.05 , -0.25 mA VCC = 5.25V. VA = 0.45V Current 

IFS 
Chip Select Input Load 

-0.05 -0.25 mA Vec = 5.25V, Vs = 0.45V Current 

IRA 
Address I nput Leakage 

40 p.A VCC = 5.25V, VA = 5.25V Current 

IRS 
Chip Select Input 

40 p.A VCC = 5.25V, Vs = 5.25V Leakage Current 

VCA 
Address Input Clamp 

-0.7 -1.2 V VCC=4.75V, IA =-5.0mA Voltage 

VCS 
Chip Select Input 

-0.7 -1.2 V VCC=4.75V,ls=-5.0mA Clamp Voltage 

VCS Output Low Voltage 0.3 0.45 V VCC=4.75V, IOL.= 10mA 

ICEX Output Leakage Current 100 p.A VCC - 5.25V, VCE - 5.25V 

VCC= 5.25V, 

ICC Power Supply Current 90 125 mA VAO-VA7 - OV. VCC- 5.25V. 

VSO = VSl = OV 

VIL Input "Low" Voltage 0.80 V VCC= 5.0V 

VIH Input "High" Voltage 2.1 V VCC= 5.0V 

NOTE 1: Typical values are at 25° C and at nominal voltage. 
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M3301A 

A. C. Characteristics VCC = +5V ± 5%, TA = -55°C to + 125°C 

MAX. 

SYMBOL PARAMETER LIMIT UNIT CONDITIONS 

tA++ , tl>. __ 
Address to Output Delay 60 ns 

tA+_, tA_+ Both C.S. lines must be at ground potential 

ts++· ts-- Chip Select to Output Delay 30 ns to activate the ROM. 

Capacitance 111 T A = 25°C 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF Vee = 5V V IN = 2.5V 

CINS Chip·Select Input Capacitance 6 10 pF Vee = 5V VIN = 2.5V 

COUT Output Capacitance 7 12 pF Vee = 5V VOUT = 2.5V 

NOTE1: This ~arameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 
Input pulse amplitudes· 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test· 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

t A++ tA __ 

OUTPUT 

tA+_ t A _+ 

'0 rnA TEST LOAD ~:"" 

- ~100011 

CHIP SELECT TO OUTPUT DELAY 

CHIP 
SELECT 
INPUT 

OUTPUT 

ts __ tSH 



inter 3302A, 3302A-4, 3302AL6, 
3322A,3322A-4,3322AL6 

HIGH SPEED 2048 BIT READ ONLY MEMORY 

• Fast Access Time-70ns 
(3302A, 3322A) Over Temperature 
and Supply Voltage Variation 

• Low Standby Power Dissipation 
(3302ALS) - 115 J.LW/bit 

• Fully Decoded - on Chip 
Address Decode and Buffer 

• DTL and TTL Compatible
Input Loading is 0.25 rnA max
Output Sink is 15 rnA 

• Open Collector (3302A, 3302A-4, 
3302ALS) and Three State (3322A, 
3322A-4, 3322ALS) Outputs 

• Simple Memory Expansion - Single 
Chip Select Input Lead 

• Standard Packaging -16 Pin 
Dual In-Line Lead Configuration 

The 3302A and 3322A device families are high density 2048 bit (512 words by 4-bit) ROMs_ Electrical performance is speci
fied over the complete ambient temperature range O°C to 75°C and Vee supply voltage range of 5V ±5%_ The 3302A and 
3322A ROM families are pin compatible with the Intel® 3602 and 3622 PROM families_ 'Consequently initial circuit proto
typing can be performed using the pin compatible PROMs_ 

The 3302A-4 and 3322A-4 are ideal for slower performance systems (>90 ns) where low system cost is a prime factor. For 
those systems requiring low power dissipation, one should consider the 3302AL6/3322AL6. Not only does the 3302AL6/ 
3322AL6 dissipate 20% less active power than the 3302/3322, but it also has an added low standby power dissipation feature. 
Whenever the 3302AL6/3322AL6 is deselected, power dissipation is reduced by 70%. 

The 3302A and 3322A device families are manufactured using Schottky barrier diode clamped transistors which results in 
higher speed performance than equivalent devices made with gold diffusion process. 

PIN CONFIGURATION LOGIC SYMBOL 

Afi 16 Vee CS 

A, 15 A, 
Ao 0, 

A, 
A, " A8 

A, 0, 

A] 13 OS A] 

Ao 12 0, (LSB) A, 0] 

A, 11 0, 
A5 

Afi 0, 

A, 10 0] A, 

GNo 04 (MSB) As 
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3302A, 3302A-4, 3302AL6, 3322A, 3322A-4, 3322AL6 

Absolute Maximum Ratings* 
Temperature Under Bias 
Storage Temperature 
Output or Supply Voltages 
All Input Voltages 
Output Currents .... 

-65°C to +125°C 
_65°C to +160°C 
-0.5V to 7 Volts 

... -1.6V to 5.5V 

100mA 

'COMMENT 

Stresses above those listed under ·'Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 

at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 

D. C. Characteristics: All Limits Apply for Vcc= +5.0V ±5%, T A= DoC to +75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

I FS Chip Select Input Load Current 

IRA Address Input Leakage Current 

IRS Chip Select I nput Leakage 
Current 

VCA Address I nput Clamp Voltage 

VCS Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

ICEX Output Leakage Current 

leel Power Supply Current (3302, 
3302·4,3322,3322·4) 

lec2 Power Supply Current 
(3302L-6,3322L-6) Active 

Standby 

V1L Input "Low" Voltage 

V 1H Input "High" Voltage 2.0 

3322A, 3322A·4, 3322AL6 ONLY 

Symbol Parameter Min. 

110 1 Output Leakage for High 

Impedance Stage 

Ise [2J Output Short Circuit Current -15 

VO H Output High Voltage 2.4 

NOTES: 1. TYPical values are at 25" C and at nommal voltaye. 
2. Unmeasured outputs are open during this test. 

Limits 

Typ.I'] 

-0.05 

-0.05 

-0,9 

-0.9 

0.3 

Typ.[1J 

-25 

Max. Unit Test Conoitions 

-0.25 mA Vcc = 5.25V, V A = 0.45V 

-0.25 mA Vcc = 5.25V, Vs = 0.45V 

40 1J.A Vcc = 5.25V, VA = 5.25V 

40 1J.A Vee = 5.25V, Vs = 5.25V 

-1.5 V Vce = 4.75V, IA = -10mA 

-1.5 V Vec = 4.75V, Is = -10mA 

0.45 V Vee = 4.75V,IOL = 15mA 

100 J.1.A Vce = 5.25V, VCE = 5.25V 

140 mA Vcc··5.25V, VAQ--VA8 0 OV 
CS" OV 

VcC 5.25V 

110 mA CS = 0.45V 
45 mA CS - 2.4V 

0.85 V VCC = 5.0V 

V Vec = 5.0V 

Max. Unit Test Conditions 

40 J.1.A VO=5.25V or O.45V, 

VeC5.25V, CS = 2.4V 

-60 mA Vee =5.00V, TA = 25"C, 

Vo = OV 

V 10H =-2.4mA, Vee = 4.75V 



3302A, 3302A-4, 3302AL6, 3322A, 3322A-4,3322AL6 

A. C. Characteristics Vee = +5V ±5%. TA = DoC to +75°C 

MAX. LIMIT 

SYMBOL PARAMETER 3302A 3302A-4 3302AL6 UNIT CONDITIONS 
3322A 3322A-4 3322AL6 

tA++. tA __ 
Address to Output Delay 70 90 90 ns 

tA+ _. tA_+ CS = V IL to Select the 

tS+ + Chip Select to Output Delay 30 30 30 ns ROM 

ts-_ Chip Select to Output Delay 30 30 120 ns 

Capacitance III TA = 25°C. f = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

C INA Address I nput Capacitance 4 10 pF Vee 0 5V V IN ,- 2.5V 

C INS Chip·Select Input Capacitance 6 10 pF Vee 0 5V VIN 0 2.5V 

COUT Output Capacitance 7 12 pF Vcc 0 5V VOUT o2.5V 

NOTE 1: This paramete~ is on:y per:od:ca:!y samp'ed and is not 1000 0 tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pu Ise rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

t A ++ lA __ 

OUTPUT 

tA+_ t A _+ 

15 rnA TEST LOAD ~'"o" 

.~ ~600l! 

CHIP SELECT TO OUTPUT DELAY 

eHIP 
SELECT 
INPUT 

OUTPUT 

15 __ .- ts+ ... 
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inter 3304A, 3304A-4, 
3304AL6, 3324A, 3324A-4 

HIGH SPEED 4096 BIT READ ONLY MEMORY 

• Fast Access Time-70ns 
(3304A, 3324A) Over Temperature 
and Supply Voltage Variation 

• Low Standby Power Dissipation 
(3304AL6)- 60 p.W/bit 

• Fully Decoded - on Chip 
Address Decode and Buffer 

• DTL and TTL Compatible
Input Loading is 0.25 mA max
Output Sink is 15 mA 

• Open Collector (3304A, 3304A-4, 
3304AL6) and Three State (3324AJ 
3324A-4) Outputs 

• Simple Memory Expansion - 4 
Chip Select Input Leads 

• Standard Packaging - 24 Pin 
Dual In-Line Lead Configuration 

The 3304A and 3324A device families are high density 4096 bit (512 words by 8·bit) ROMs. Electrical performance is specified 
over the complete ambient temperature range of oOe to 75°e and Vcc supply voltage range of 5V ±5%. The 3304A and 
3324A ROM families are pin compatible with the Intel 3604 and 3624 PROM families. Consequently initial circuit proto· 
typing can be performed using the pin compatible PROMs. 

The 3304A·4 and 3324A·4 are ideal for slower performance systems (> 90 ns)where low system cost is a prime factor. For 
those systems requiring low power dissipation, one should consider the 3304ALG. Not only does the 3304AL6 dissipate 20% 
less active power than the 3304A, but is also has an added low standby power dissipation feature.Whenever the 3304ALG is 
deselected, power dissipation is reduced by 70%. 

The 3304A and 3324A device families are manufactured using Schottky barrier diode clamped transistors which results in 
higher speed performance than equivalent devices made with gold diffusion process. 

3·34 

Mode/Pin Connection Pin 22 Pin 24 

Read: 
3304A,3304A·4, No Connect or 5V 5V 3324A,3324A-4 

3304AL6 +5V No Connect 

Standby 
Power: 

3304AL6 Power dissipation is automatically 
reduced whenever the 3304A L6 
is deselected. 

PIN CONFIGURATION BLOCK DIAGRAM 

n \IcC] (REOUIRED 
ON 3304AL6 

ONLY! 

DATAOUTl OATAQUTB 

AD A" A. 

PIN NAMES 

Ao··Aa ADDRESS INPUTS 

[,] CS,-CS2 } 
CS3-CS4 

CHIP SELECT INPUTS 

O,-Oil DATA OUTPUTS 

[,] To select the ROM CS, 0 CS2 0 0 

and CS3 : CS4 0 1. 

LOGIC SYMBOL 

os, 

os, 0, 

cs, 0, 

cs, 0, 

A. 0, 

A, 0, 

A, 0, 

A, 0, 

A, 0, 

A, 



3304A, 3304A-4, 3304AL6, 3324A, 3324A-4 

Absolute Maximum Ratings* 
Temperature Under Bias ........... _65°C to +125°C 
Storage Temperature ............. -65°C to +160°C 
Output or Supply Voltages . . . . . . . .. -O.5V to 7 Volts 
All Input Voltag~s .................. -1.6V to 5.5V 
Output Currents ....................... , OOmA 

'COMMENT 

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

D. C. Characteristics: All Limits Apply for Vcc= +5.0V ±5%, TA= O°C to +75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select I nput Load Current 

IRA Address Input Leakage Current 

IRS Chip Select Input Leakage 
Current 

VCA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

ICEX Output Leakage Current 

ICCl Power Supply Current (3304A, 
3304A-4) 

ICC2 Power Supply Current (3324A, 
3324A·4) 

Icc Power Supply Current 
(3304AL6) Active 

Standby 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.0 

3324A, 3324A·4 ONLY 

Symbol Parameter Min. 

1101 Output Leakage for High 
Impedance Stage 

Isc [2] Output Short Circuit Current -15 

VOH Output High Voltage 2,4 

NOTES: ,. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 

Limits 

TypJl] Max. Unit Test Conditions 

-0.05 -0.25 mA Vcc=5.25V, VA=0,45V 

-0.05 -0.25 mA Vcc=5.25V, Vs=0,45V 
--r------

40 !J.A VCC =5.25V, VA=5.25V 

40 !J.A VCC=5.25V, Vs= 5.25V 

-0.9 -1.5 V Vcc=4.75V, IA= -10mA 

-0.9 -1.5 V Vcc=4.75V, Is= -lOrnA 

0.3 0,45 V Vcc=4.75V,IOL = 15mA 

100 !J.A Vcc =5.25V, VCE=5.25V 

190 rnA VCCl =5.25V, VAO-+VAS=OV, 
CS, =CS2=OV,CS3=CS4=5.25V 

190 rnA VCC1=5.25V, VAO-+VAS=OV, 
CS, =CS2=OV, CS3=CS4=5.25V 

VCC2= 5.25V, VCC, =Open 
140 mA CSl =C~=O,45V,CS3=CS4=2,4V 

45 mA CS1 = CS2=2.5V 

0.85 V Vcc=5.0V 

V Vcc=5.0V 

Typ.[l] Max. Unit Test Conditions 

100 !J.A Vo=5.25V or 0,45V, 
Vcc =5.25V,CS1 =CS2=2,4V 

-25 -60 mA Vcc=5.00V, TA=25°C, 

Va = OV 

V 10H =-2,4mA, Vcc = 4.75V 
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3304A, 3304A-4, 3304AL6, 3324A, 3324A-4 

A. C. Characteristics Vcc; +5V ±5%, TA ; DoC to +75°C 

MAX. LIMIT 

SYMBOL PARAMETER 3304~ I 3304A-4 
3324A ·3324A-4 

3304AL6 UNIT CONDITIONS 

tA++, tA __ 
Address to Output Delay 70 90 90 ns 

tA+ _, tA_+ CS; V,L to Select the 

ts++ Chip Select to Output Delay 30 30 30 ns PROM 

ts __ Chip Select to Output Delay 30 I 30 120 ns 

Capacitance (11 T A ; 25°C, f; 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

C'NA Address I nput Capacitance 4 10 pF Vee" 5V V ,N = 2.5V 

C'NS Chip-Select Input Capacitance 6 10 pF Vee = 5V V,N = 2.5V 

COUT Output Capacitance 7 15 pF Vee = 5V VOUT ; 2.5V 

NOTE1: This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 
Input pulse amplitudes· 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 

'5 mA TEST LOAD ~,oo" 

Frequency of test· 2.5 MHz 

. - ~600l! 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
CHIP 

INPUT 
SELECT 
INPUT 

OUTPUT 
I 
I 

t A ++ . tA--i 

OUTPUT 
OUTPUT 

ts __ ts++ 
tA+_ tA_+ 



inter 3601, 3621 

256 x 4 HIGH SPEED RAM 
·3601-1,3621-1 
3601,3621 

• Low Power Dissipation: 
0.5 mW fBit Typical 

• Open Collector (3601) and 
Three-State Outputs (3621) 

50 ns Max. 
70 ns Max. 

• Fast Programming: 
1 msfBit Typically 

• Polycrystalline Silicon Fuse 
• 16 Pin Dual In-Line 

Hermetic Package 

The Intel® 3601/3621 is a 1024 bit PROM ideally suited for uses where fast turnaround and pattern experimentations are 
important, such as in prototypes or in small productions volume systems. The 3601 is manufactured with all outputs low, and 
logic high output levels can be electrically programmed in selected bit locations. The 3621 has its outputs initially high and logic 
low output levels are programmed. The same address inputs are used for both programming and reading. 

A higher system performance is achieved by using the 3601-1 or 3621-1. These PROMs give a 25% system speed improvement 
over the 3601 or 3621. 

The 3601/3621 is manufactured with the highly reliable polycrystalline silicon fuse and the fast switching Schottky barrier diode 
technology. 

PIN CONFIGURATION 

ADDRESS INPUT " 16 Vee 

ADDRESS INPUT A", 15 " ADDRESS INPUT 
(MSB) 

ADDRESS INPUT A4 14 CS 2 CHIP SELECT 2 

ADDRESS INPUT A) 13 Cs, CHIP SELECT 1 

ADDRESS INPUT Ao 12 0, OAT A OUTPUT 
(LSB) (lSB) 

ADDRESS INPUT " 11 0, OAT A OUTPUT 

ADDRESS INPUT A] '0 0, DATA OUTPUT 

GNo 0, DATA OUTPUT 
(MSBI 

NO'f.E 1. DURING PROGRAMMING. THE PROGRAM PULSE. 
MAY BE APPLIED TO EITHER CS1 OR CS2 FOR 
THE 3621 FAMILY. THE PROGRAM PULSE IS 
APPLIED TO CS2 FOR THE 3601 FAMILY. 

PIN NAMES 

Ao-A7 ADDRESS INPUTS 

CS,-CS2 CHIPSELECT INPUTS 

0,-°4 DATA OUTPUTS 

'" 

'" 

LOGIC SYMBOL LOGIC SYMBOL 

CS, CS, 

cs, 0, cs, 0, 

'0 Ao 

" " 0, 0, 

" A, 

3601 3621 

" " 
" 

0, 
A, 

0, 

" " 

" 0, A, 0, 

" " 
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3601, 3621 FAMILY 

Absolute Maximum Ratings* 
Temperature Under Bias 
Storage Temperature 
Output or Supply Voltages 
All Input Voltages 
Output Currents 
Programming Only: 

Output or Vcc Voltages 
CS2 Voltage 
CS2 Current 
Vcc Current 

-65°C to +125°C 
-65°C to +160°C 
-O.5V to 7 Volts 

-1.6V to 5.5V 

3601 
10.25V 

15.5V 
100mA 
500mA 

100mA 

3621 
13V 

15.5V 
150mA 
600mA 

*COMMENT 

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

D. C. Characteristics: All Limits Apply for Vec = +5.0V ±5%. TA = O°C to + 75°C Unless Otherwise Specified. 
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Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select Input Load Current 

IRA Address Input Leakage Current 

IRS Chip Select Input Leakage 
Current 

VeA Address Input Clamp Voltage 

VCS Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

Icc Power Supply Current 

V,L Input "Low" Voltage 

V,H Input "High" Voltage 2.0 

FOR 3621, 3621-1 ONLY 

Symbol Parameter Min. 

10 Output Leakage for High 
Impedance Stage 

ISC[2] Output Short Circuit Current 

VOH Output High Voltage 2.4 

NOTES: 1. Tvpical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 

Limits 
Typ.111 

-0.05 

-0.05 

-0.9 

-0.9 

0.3 

90 

Limits 
Typ,[ll 

Max. Unit Test Conditions 

-0.25 rnA Vee = 5.25V. VA = 0.45V 

-0.25 rnA Vee = 5.25V. Vs = 0.45V 

40 IJA Vee = 5.25V. VA = 5.25V 

40 IJA Vee = 5.25V. Vs = 5.25V 

-1.5 V Vee = 4.75V. 'A = -IOmA 

-1.5 V Vee = 4.75V. Is = -IOmA 

0.45 V Vee = 4.75V. IOL = 15mA 

130 rnA Vee=5.25V. VAO"" VA7 = OV 
CS 1 = CS;= OV 

0.85 V Vee = 5.0V 

V Vee = 5.0V 

Max. Unit Test Conditions 

40 /lA Vo =5.25V or 0.45V. 
Vec=5.25V,CS1 = CS2=2.4V 

-60 mA Vcc=5.00V,TA = 25°C. 
Vo =OV 

V 10H = -2.4mA. Vce=4.75V 



3601, 3621 

A. C. Characteristics Vcc= +5V ±5%, TA = DoC to + 75°C 

MAXIMUM LIMITS 
.SYMBOL PARAMETER 

o°c 25°C 75°C 
UNIT 

tA++, tA __ 3601-1 and 3621-1 Address 50 50 50 ns 
tA+_, tA_+ to Output Delay 

tA++, tA __ 3601 and 3621 Address 70 60 70 ns 
tA+_, tA_+ to Output Delay 

ts++, ts __ Ch ip Select to Output Delay 25 25 25 ns 

LIMITS 
SYMBOL PARAMETER UNIT 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF 

CINS Ch ip·Select I nput Capacitance 6 10 pF 

COUT Output Capacitance 7 12 pF 

NOTE1: This ~arameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 

Waveforms 

15 mA TEST LOAD 

CONDITIONS 

Both C.S. lines must be at 
ground potential to activate 
the PROM. 

TEST CONDITIONS 

Vee = 5V V IN = 2.5V 

Vee = 5V VIN = 2.5V 

Vee = 5V VOUT = 2.5V 

Vee 

300n 

30pF 600n 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

eHIP 
SELECT 
INPUTS 

OUTPUT 

t5 __ 
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3601, 3621 FAMILY 

Typical D. C. Characteristics 

VCC· I .DV 

0 

INPUT ClIHRENT 
VS, INPUT VOLTAGE 

(rr 
1I.V 

~ 
~ 

•• < 

J 
II 

OUTPUT CURRENT 
VS. OUTPUT "LOW" VOLTAOJ;: 

VOUT (VOLTS) 

Typical A. C. Characteristics 

T ... • 211"C 

SELECT TO OUTPUT DELAY 
VI. SUPPLY VOLTAGE 

DC LOAD .. 151roA 
CL" 309f 

> 
! 4D~--~--------+---------~--~ 
~ 

i 
g 30~--~--------+---------~--~ 
e 
~ 
~ • 5 

i 
I 
e 

IS __ 

°oL---~--------~,o~------~~-J 

VeclVOLTSI 

ADDRESS TO OUTPUT DELAY 

_r-__ ,-__ w~.~SU~~~lV~VO~l~T~A~G~E __ -r __ ~ 

rio-we 
DC LOAD .. 15mA 
Cl " 30pF 

.l. 

1 ... --

~ ~~--~--------+---------~--~ 
~ 

°o~--~--------~,.o~------~---J 
Vce (VOLTSI 

I 
e 

. 

. 
, 

0 

, 

vcc·lI.av 

INPUT CLAMP CURRENT 
VS. INPUT VOLTAGE 

~'r" 
PC I-- r,!---.". 

.~ ~+75'C 

"Uri IVOlTS) 

INPUT THRESHOLD 
VS. TEMPERATURE 

vcc"t5·OV 

-

°o~------~~------~------~· 

SELECT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vce" 5.0'" 
DC LOAD" I5mA 
Cl " 30pF 

~ 
~ ~~------~---------+--------~ 

~ 

°oL-------~------~~--------~ 

00 

AM81fNT TEMPERATURE (OCI 

ADDRESS TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vcc" 5.0V' 
DC LOAO" 15rtoA 
CL- lOpF 

" 50 AMBIENT TEMPERATURE (OCI 



inter M3601 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
1024 BIT READ ONLY MEMORY 

• Military Temperature Range 
-55°C to +125°C 

• Fast Access Time-gO nsec 
Maximum 

• Fast Programming-1 ms/bit 
Typically 

• Open Collector Outputs 
• Standard Packaging - 16 Pin 

Hermetic Dual In-Line Lead 
Configuration 

The M3601 is a military temperature range PROM, organized as 256 words by 4·bits. The PROM is manufactured with 
all outputs low and logic output high levels can be electrically programmed in selected bit locations. The M3601 is pin 
compatible with the Intel metal mask ROM M3301 A. 

PIN CONFIGURATION LOGIC SYMBOL 

ADDRESS INPUT A6 V" '" 
'" 0, 

ADDRESS INPUT A5 A7 ADDRESSINPL'T 
IMSBt A, 

ADDRESS INPUT A4 CS 1 CHIPSELECT2 
A, 

0, 

ADDRESS INPUT A) CS; CHIP SELECT 1 A, 

A, 

A, 
0, 

ADDRESS INPUT All 0, DATA OUTPUT 
ILSB) (LSD) 

ADORESS INPUT Al 0; OATA OUTPUT 

A, 

ADORESS INPUT A2 0; DATA OUTPUT 

A, 0, 

A, 
G,O 0. OATA OUTPUT 

IMSBI 

D.C. and Operating Characteristics 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... -65°C to +150°C 
Storage Temperature ............. _65" C to +160° C 
Output or Supply Voltages ......... -0.5V to 7 Volts 
All Input Voltages ............... -1.3 to 5.5V 
Output Currents. . . . . . . . . . . . . . . . . . . .. 100mA 
Programming Only: 

Output or VCC Voltages ............. 10.25V 
CS2 Voltage . . . . . . . . . . . . . . . 15.25V 
VCC Current. . . . . . . . . . . . . . . . . . . .. 500mA 
CS2 Current . . . . . . . . . . . . . . . . . . . .. 100mA 

'COMMENT 

Stresses above those listed under" Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera· 
tional sections of this specification is not implied. 

All limits apply for VCC = +5.0V ±5%, TA = -55°C to +125°C, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ,lll Max. Unit Test Conditions 

IFA 
Address Input Load 

-0.05 -0.25 mA VCC = 5.25V, VA = 0.45V Current 

IFS 
Chip Select I nput Load 

-0.05 -0.25 mA VCC = 5.25V, Vs = 0.45V Current 

IRA 
Address I nput Leakage 

40 lolA VCC = 5.25V, VA = 5.25V Current 

IRS 
Ch ip Select Input 

40 lolA VCC = 5.25V, Vs = 5.25V Leakage Current 

VCA 
Address Input Clamp 

-0.7 -1.2 V VCC =4.75V,IA =-5.0mA Voltage 

VCS 
Chip Select Input 

-0.7 -1.2 V VCC =4.75V,IS =-5.0mA Clamp Voltage 

VCS Output Low Voltage 0.3 0.45 V VCC=4.75V,IOL = 10mA 

ICEX Output Leakage Current 100 lolA VCC = 5.25V, VCE = 5.25V 

VCC = 5.25V, 

ICC Power Supply Current 90 130 rnA VAO ..... VA7 = OV, 

VSO~ VS1 = OV 

VIL Input "Low" Voltage 0.80 V VCC= 5.0V 

VIH Input "High" Voltage 2.1 V VCC = 5.0V 

NOTE 1: Typical values are at 25° C and at nominal voltage. 
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M3601 

A. C. Characteristics Vee = +5V ±5%. TA = _55°C to +125°C 

MAX. 

SYMBOL PARAMETER LIMIT UNIT CONDITIONS 

tA++ • tA __ 
Address to Output Delay 90 ns 

tA+_. tA_+ Both C.S. lines must be at ground potential 

ts++· ts __ Chip Select to Output Delay 35 ns to activate the PROM. 

Capacitance (1) T A = 2SoC 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vcc = SV VIN= 2.SV 

CINS Chip·Select Input Capacitance 6 10 pF Vcc= SV VIN = 2.SV 

COUT Output Capacitance 7 12 pF VCC= SV VOUT = 2.SV 

NOTE 1: This parameter is onlv periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 
Input pulse amplitudes· 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 rnA and 30 pF 

,. mA TEST LOAO ~."" 

Frequency of test· 2.5 MHz 

- ~1000n 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
CHIP INPUT 
SELECT 
INPUT 

OUTPUT 

tA++ 
t A __ 

OUTPUT 
OUTPUT 

t A+_ 
ts __ ts++ 

tA _+ 



3602, 3602-4, 3602L-6, 
3622,3622-4, 3622L-6 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
2048 BIT READ ONLY MEMORY 

• Fast Access Time-70ns 
(3602, 3622) 

• Low Standby Power Dissipation 
(3602L-6, 3622L-6) -115 jJ-W /bit 

• Open Collector (3602, 3602-4, 3602L-6) or 
Three-State (3622, 3622-4, 3622L-6) Outputs 

• Fast Programming-
1 ms/bit Typically 

• Polycrystalline Silicon Fuse 
• Standard Packaging -16 Pin 

Dual In-Line Configuration 

The 3602 and 3622 device families are high density 2048 bit (512 words by 4-bits) PROMs suitable for uses where fast turn
around and pattern experimentation are important such as in prototypes or in small production volume systems. For those 
systems requiring low power dissipation, one should consider the 3602L-6 or 3622L-6. Both the 3602L-6 and 3622L-6 have a 
low standby power dissipation feature. Whenever these two devices are deselected, power dissipation is reduced substantially 
over the active power dissipation. The 3602-4 and 3622-4 are ideal for slower performance systems C>90ns) where low system 
cost is a prime factor. 

The PROMs are pin compatible with the Intel metal mask ROMs 3302A, 3302A-4, 3302AL6, 3322A, 3322A-4 and 3322AL6. 
The ROMs offer system cost savings over the PROMs when in large volume production. 

The PROMs are manufactured with all outputs high and logic low levels can be electrically programmed in selected bit locations. 

The 3602 and 3622 device families are monolithic, high speed, Schottky clamped TTL arrays with polycrystalline silicon fuses. 
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional 
gold diffusion processes. 

PIN CONFIGURATION LOGIC SYMBOL 

AG 16 Vee CS 

Ac 15 A, 
Ao 0, 

A, 
A., 14 A~ 

A, 0, 

A3 13 Os A] 

Ao 12 01 (LSB) A, 0, 

11 0, 
As 

A, 
AG 0, 

A, 10 °3 A, 

GNO 04 (MSB) Ae 

I 
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3602,3602-4, 3602L-6, 3622,3622-4, 3622L-6 

Absolute Maximum Ratings* 
Temperature Under Bias ........... _65°C to +125°C 
Storage Temperature ............. _65°C to + Hio°c 
Output or Supply Voltages ....... ,. -0.5V to 7 Volts 
All I nput Voltages .................. -l.GV to 5.GV 
Output Currents ....................... 100mA 
Programming Only: 

Output or Vee Voltages. . . . . . . . . . . . . . . . 13V 
CS Voltage ......................... 15.5V 
Vee Current ........................ 600mA 
CS Current ........................ 150mA 

'COMMENT 

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

D. C. Characteristics: All Limits Apply for Vee= +5.DV ±5%, T A= DOC to +75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select Input Load Current 

IRA Address Input Le'akage Current 

IRS Chip Select Input Leakage 
Current 

VCA Address Input Clamp Voltage 

VCS Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

ICEX Output Leakage Current 

ICCl Power Supply Current (3602, 
3602-4.3622,3622·4) 

ICC2 Power Supply Current 
(3602L·6,3622L·6) Active 

Standby 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.0 

3622,3622·4, 3622L·6 ONL Y 

Symbol Parameter Min. 

1101 Output Leakage for High 
Impedance Stage 

Ise[2] Output Short Circuit Current -15 

VOH Output High Voltage 2.4 

NOTES: 1. Typical values are at 25° e and at nominal voltage. 
2. Unmeasured outputs are open during th is test. 

Limits 
Typ.!l] 

-0.05 

-0.05 

-0.9 

-0.9 

0.3 

Typ.ll] 

-25 

Max. Unit Test Conditions 

-0.25 mA Vee = 5.25V, VA = 0.45V 

-0.25 mA Vee = 5.25V, Vs = 0.45V 

40 J.IA Vee = 5.25V, VA = 5.25V 

40 J.IA Vee = 5.25V, Vs = 5.25V 

-1.5 V VCC = 4.75V, IA = -10mA 

-1.5 V VCC = 4.75V, Is = -10mA 

0.45 V Vce = 4.75V, IOL = 15mA 

100 JJ.A VCC = 5.25V, VCE = 5.25V 

140 mA Vee=5:25V, VAO""VA8 = OV 
CS= OV 

Vee=5.25V 
110 mA CS = 0.45V 
45 mA CS = 2.4V 

0.85 V VCC = 5.0V 

V VCC = 5.0V 

Max. Unit Test Conditions 

40 /lA Vo=5.25V or 0.45V, 
Vee=5.25V, CS=2.4V 

-60 rnA Vee =5.00V, TA=25°C, 

Va =OV 

V IOH = -2.4rnA, Vee = 4.75V 



3602, 3602-4, 3602L-6, 3622,3622-4, 3622L-6 

A. C. Characteristics Vee = +5V ±5%, TA = DoC to +75°C 

MAX. LIMIT 

PARAMETER 
3602 3602-4 3602L-6 

UNIT CONDITIONS SYMBOL 
3622 3622-4 3622L-6 

tA++, tA-_ Address to Output Delay 70 90 90 ns 
tA+ _, tA_ + -

CS = VIL to Select the 

ts+ + Chip Select to Output Delay 30 30 30 ns PROM 

ts- - Chip Select to Output Delay 30 30 120 ns 

Capacitance (11 TA = 25°C, f = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF Vee = 5V V IN = 2.5V 

CINS Ch ip·Select I nput Capacitance 6 10 pF Vee = 5V VIN = 2.5V 

COUT Output Capacitance 7 12 pF Vec = 5V VO UT = 2.5V 

NOTE 1: This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes· 2.5V 

Input pulse rise and fall times of 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 

Output loading is 15 mA and 30 pF 

Frequency of test - 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

t A++ tA __ ~ 

i 
OUTPUT 

tA +_ tA _+ 

15 rnA TESTLOAO ~:::: 

CHIP SELECT TO OUTPUT DELAY 

CHIP 
SELECT 
INPUT 

OUTPUT 

ts __ --J ts++ 

I 

3-45 



inter 3604, 3604-4, 3604L-6, 3624,3624-4 
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HIGH SPEED ELECTRICALLY PROGRAMMABLE 
4096 BIT READ ONLY MEMORY 

• Fast Access Time-70 ns 
(3604,3624) 

• Low Standby Power Dissipation 
(3604L-6) - 60 fJ-W fbit 

• Open Collector (3604, 3604-4, 
3604L-6) or Three-State (3624, 
3624-4) Outputs 

• Fast Programming-
1 msfbit Typically 

• Polycrystalline Silicon Fuse 
• Standard Packaging-24 Pin 

Dual In-Line Configuration 

The 3604 and 3624 device families are high density 4096 bit (512 words by 8-bits) PROMs suitable for uses where fast turn
around and pattern experimentation are important such as in prototypes or in small production volume systems. For those 
systems requiring low power dissipation, one should consider the 3604L-6. The 3604L-6 has a low standby power dissipation 
feature. Whenever the 3604L-6 is deselected, power dissipation is reduced substantially over the active power dissipation. The 
3604-4 and 3624-4 are ideal for slower performance systems (>90ns) where low system cost is a prime factor. 

The PROMs are pin compatible with the respective Intel metal mask ROMs 3304A, 3304A-4, 3304AL6, 3324, and 3324-4. 
The ROMs offer system cost savings over the PROMs when in large volume production. 

The PROMs are manufactured with all outputs high. Logic low levels can be electrically programmed in selected bit locations. 

The 3604 and 3624 device families are monolithic, high speed, Schottky clamped TTL arrays with polycrystalline silicon fuses. 
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional 
gold diffusion processes. 

Mode/Pin Connection Pin 22 Pin 24 

Read: 3604,3604-4, 
3624,3624-4 No Connect or 5V 5V 

3604L-6 +5V No Conl')ect 

Program: 3604,3604-4, 
3624,3624-4 Pulsed 12.5V Pulsed 12.5V 

3604L-6 Pulsed 12.5V Pulsed 12.5V 

Standby 
Power: Power dissipation is automatically re-

3604L-6 duced whenever the 3604L-6 is 
deselected. 

PIN CONFIGURATION BLOCK OIAGRAM 

",-r-"'-::"::';::"::';:J...-, 
c<,-
"'-", -L--T"'-.J 

PIN NAMES 

Ao-Aa ADDRESS INPUTS 

111 CS1-CS2 } 

CS3-CS4 
CHIP SELECT INPUTS 

Dl-Da DATA OUTPUTS 

[1 I To select the PROM CSl = CS2 = 0 

!!2!! CS3 = CS4 = 1. 

LOGIC SYMBOL 

a, 

a, 0, 

a, 0, 

", 0, .. 0, 

" 0. 

" 0. 

" 0, 

" o. .. .. 
" .. 



3604, 3604-4, 3604L-6, 3624, 3624-4 

Absolute Maximum Ratings* 
Temperature Under Bias ........... _65°C to +125°-<: 
Storage Temperature ............. _65°C to +160°C 
Output or Supply Voltages . . . . . . . .. -O.5V to 7 Volts 
All Input Voltages. . . . . . . . . . . . . . . . .. -1.6 to.'5.5V 
Output Currents ....................... 100mA 
Programming Only: 

~tput or Vee Voltages . . . . . . . .. 13V 
CS, Voltage ........................ 15.5V 
Vee Current ........................ 600mA 
CS, Current ....................... 150mA 

'COMMENT 

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

D. C. Characteristics: All Limits Apply for Vee= +5.DV ±5%, TA = DOG to + 75°C 

Symbol Parameter Min. 
-- . 

IFA Address Input Load Current 

IFS Chip Select I nput Load Current 
---,----_. 

IRA Address I nput Leakage Current 

IRS Chip Select Input Leakage 
Current 

VCA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 
.-

ICEX Output Leakage Current 

IcC, Power Supply Current (3604, 
3604-4) 

ICC2 Power Supply Current (3624, 
3624-4) 

Icc Power Supply Current 
(3604L·6) Active 

Standby 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.0 

3624, 3624·4 ON L Y 

Symbol Parameter Min. 

1101 Output Leakage for High 
I mpedance Stage 

Isc [21 Output Short Circuit Current -15 

VO H Output High Voltage 2.4 

NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 

Limits 

Typ,l11 Max. Unit Test Conditions 

-0.05 -0.25 mA Vc;c=5.25V, VA=0.45V 

-0.05 -0.25 mA Vcc=5.25V, Vs=0.45V 

40 J.l.A Vcc=5.25V, VA=5.25V 

40 J.l.A VCC=5.25V, VS=5.25V 

-0.9 -1.5 V VCC=4.75V,IA=-10mA 

-0.9 -1.5 V VCC=4.75V,IS= -lOrnA 

0.3 0.45 V Vcc=4.75V,IOL = 15rnA 

100 J.l.A Vcc=5.25V, VCE=5.25V 

190 rnA VCC, =5.25V, VAO-+VAS=OV, 
CS, =CS2=OV,CS3=CS4=5.25V 

190 mA Vcc, =5.25V, VAO-+VAS=OV, 
CS, =CS2=OV, CS3=CS4=5.25V 

VCC2=5.25V, Vcc, =Open 
140 mA CS, =C~=0.45V,CS3=CS4=2.4V 

45 mA CS,= CS2=2.5V 

0.85 V Vcc=5.0V 

V Vcc=5.0V 

Typ.l'1 Max. Unit Test Conditions 

100 J.l.A VO=5.25V or 0.45V, 
Vcc=5.25V,CS, =CS2=2.4V 

-25 -60 mA Vcc=5.00V, TA=25°C, 
Va = OV 

V 10H =-2.4mA, Vcc = 4.75V 
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3604, 3604-4, 3604L-6, 3624, 3624-4 

A. C. Characteristics Vee = +5V ±5%. TA = o°c to +75°C 

MAX. LIMIT 

SYMBOL PARAMETER 3604 3604-4 
3604L-6 UNIT CONDITIONS 

3624 3624-4 

tA++. tA __ 
Address to Output Delay 70 90 90 ns 

tA+ _. tA_+ CS,=CS2 =VIL and CS3= 

ts++ Chip Select to Output Delay 30 30 30 ns CS4 = VIH to Select the 

ts __ Chip Select to Output Delay 30 30 120 ns PROM. 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee = SV VIN = 2.SV 

CINS Chip·Select Input Capacitance 6 10 pF Vee = SV VIN = 2.SV 

COUT Output Capacitance 7 '5 pF Vee = 5V VOUT = 2.5V 

NOTE 1: This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 

Frequency of test - 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

t A ++ 

OUTPUT 

tA+_ tA _+ 

15mA TEST LOAD ~',,," 

~ ~600n 

CHIP SELECT TO OUTPUT DELAY 

cs,. CS2 

CS3• CS. 

OUTPUT 

ts __ ts++ 



M3604, M3604-6, M3624 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
4096 BIT READ ONLY MEMORY 

• Military Temperature Range 
• Fast Access Time-gO ns 

(M3604, M3624) 

• Fast Programming-
1 ms/bit Typically 

• Polycrystalline Silicon Fuse 
• Low Standby Power Dissipation 

(M3604-6)-60 fJ. W Ibit 
• Open Collector (M3604, M3604-6) 

or Three-State (M3624) Outputs 

• Standard Packaging - 24 Pin 
Hermetic Dual-In-Line Lead 
Configuration 

The M3604, M3604-6, and M3624 are high density 4096 bit (512 words by 8-bits) PROMs suitable for uses where fast 
turnaround and pattern experimentation are important such as in prototypes or in small production volume systems_ 
The M3604/M3624 are specified over the full temperature range of -55°C to +125°C and the M3604-6 over the extended 
temperature range of -30°C to +125°C_ For those systems requiring low power dissipation, one should consider the 
M3604-6_ The M3604-6 has a low standby power dissipation feature_ Whenever the M3604-6 is deselected, power dissipa
tion is reduced substantially over the active power dissipation_ 

The PROMs are manufactured with all outputs high_ Logic low levels can be electrically programmed in selected bit lo
cations_ The M3604 and M3624 device families are monolithic, high speed, Schottky clamped TTL arrays with poly
crystalline silicon fuses_ 

ORDERING INFORMATION: 

MD3604: Open Collector - 4K 

Mode/Pin Connection Pin 22 Pin 24 
MD3604-6: 
MD3624: 

Open Collector - Low Standby Power 4K 
Three State - 4K 

Read: M3604, 
M3624 No Connect or 5V 5V --
M3604-6 +5V No Conf)ect 

Program: M3604, 
M3624 Pulsed 12.5V Pulsed 12.5V 

M3604-6 Pulsed 12.5V Pulsed 12.5V 

Standby 
Power: Power dissipation is automatically re· 

M3604-6 duced whenever the M3604-6 is 
deselecled. 

PIN CONFIGURATION BLOCK DIAGRAM 

PIN NAMES 

AO-AS ADDRESS INPUTS 

111 CS,-CS2 } 
CS3-CS4 

CHIP SELECT INPUT~ 

OJ-OS DATA OUTPUTS 

['1 To select the PROM CS, = CS2 = 0 

and CS3 = CS4 = 1. 

LOGIC SYMBOL 

Q, 

Q, 0, 

a, 0, -
a. 0, -.. 0, -
A, .. -
A, 0, -
A, 0, -
A. 0, -.. .. 
A, .. 
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M3604, M3604-6, M3624 

Absolute Maximum Ratings* 
Temperature Under Bias ........... _65°C to<~135 C 
Storage Temperature ........... " _65°C to +160°C 
Output or Supply Voltages . . . . . . . .. -O.5V to 7 Volts 
All Input Voltages .................. -1.6V to 5.6V 
Output Currents ....................... 100mA 
Programming Only: 

~tput or Vee Voltages . . . . . . . . . . . . . . . .. 13V 
CS, Voltage ........................ 15.5V 
Vee Current ........................ 600mA 
CS, Current ....................... 150mA 

'COMMENT 

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

D.C. Characteristics Vee = +5.0V ±10%, T A = -55°C to +125°C for M3604, M3624 
Vee = +5.0V ± 5%, T A = -30°C to + 125° C for M3604-6 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select Input Load Current 

IRA Address Input Leakage Current 

IRS Chip Select Input Leakage 
Current 

VeA Address Input Clamp Voltage 

Ves Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

leEx Output Leakage Current 

lee 1 Power Supply Current (M3604) 

lee2 Power Supply Current (M3624) 

lee Power Supply Current 
(M3604-6) Active 

Standby 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.0 

M3624 ONLY 

Symbol Parameter Min. 

1101 Output Leakage for High 
Impedance Stage 

Ise [21 Output Short Circu it Current -15 

VOH Output High Voltage 2.4 

NOTES: I. Typical values are at 25° e and at nominal voltage. 
2. Unmeasured outputs are open during this test. 

Limits 

Typ.r1J Max. 

-0.05 -0.25 

-0.05 -0.25 

40 

40 

-0.9 -1.5 

-0.9 -1.5 

0.3 0.45 

100 

190 

190 

140 

45 

0.8 

Typ. [1] Max. 

100 

-25 -60 

Unit Test Conditions 

mA Vee= Max, VA=0.45V 

mA Vee = Max, VS=0.45V 

/1A Vee- Max, VA- Max 

/1A Vee = Max, Vs= Max 

V Vee = Min, IA=-10mA 

V Vee = Min, IS= -10mA 

V Vee = Min, 10L = 10mA 

/1A Vee = Max, VeE= Max 

mA Veel= Max, VAO-+VAS=OV, 
CS,=CS2=OV,CS3=CS4= 5.5V 

mA Veel = Max, VAO-+VAS=OV, 
CS, =CS2=OV, CS3=CS4= 5.5V 

Vee2= Max, Veel =Open 
mA CS , =C5:2=0.45V,CS3= CS4=2.4V 

mA CS, = CS2= 2.5V 

V Vee=5.0V, TA=25°C 

V Vee= 5.0V, TA=25°C 

Unit Test Conditions 

/1A Vo= Max or 0.45V, 
Vee= Max, CS, = CS2=2.4V 

mA Vee=5.00V, TA=25°C, 
Vo =OV 

V 10H =-2.4mA, Vee = 5V 



M3604, M3604-6, M3624 

A. C. Characteristics Vee ~ +5.0V ±10%, TA ~ _55°C to +125°C for M3604, M3624 
Vee ~ +5.0V ± 5%, TA ~ -30°C.to +125°C for M3604-6 

MAX. LIMIT 

SYMBOL PARAMETER 
M3604 

M3604-6 UNIT CONDITIONS 
M3624 

tA++,tA--
Address to Output Delay 90 120 ns 

tA+_,tA_+ CS1 ~ CS2 ~ VIL and 

ts++ Chip Select to Output Delay 45 45 ns CS3 ~ CS4 ~ VIH to 

ts __ Chip Select to Output Delay 45 160 ns Select the PROM 

Capacitance 111 TA ~ 25°C, f ~ 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF Vee ~ 5V VIN = 2.5V 

CINS Chip-Select Input Capacitance 6 10 pF Vec = 5V VIN = 2.5V 

COUT Output Capacitance 7 15 pF Vee = 5V VOUT ~ 2.5V 

NOTE 1: This I-larameter is only periodical!y sampled and;s not 100% tested. 

Switching Characteristics 
Conditions of Test: 
Input pulse amplitudes· 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 

Frequency of test· 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

t A ++ tA __ 

OUTPUT 

t A+_ t A _+ 

10 rnA TEST LOAD ~ _____ J"o" 
~ ~1000n 

CHIP SELECT TO OUTPUT DELAY 

cs,. CS2 

cs3 • eS4 

OUTPUT 

ts __ ts++ 
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inter 3605, 3625 

HIGH SPEED 1K x 4 PROM 

3605-1, 3625-1 

3605, 3625 

• Fast Access Time: 35ns 
Typically 

• Low Power Dissipation: 
0.14 mW /bit Typically 

• Fast Programming: 1 ms/bit 
Typically 

50 ns Max. 

70 ns Max. 

• Open Collector (3605) and 
Three-State (3625) Outputs 

• Hermetic 18 Pin DIP 

The 3605/3625 is a high density 4096 bit PROM suitable for uses where fast turnaround and pattern experimentation are 
important such as in prototypes or in small production volume systems. The PROMs are manufactured with all outputs high and 
logic low levels can be electrically programmed in selected bit locations. 

The 3605/3625 is a monolithic, high speed, Schottky clamped TTL memory array with polycrystalline silicon fuses. The 
Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional gold 
diffusion processes. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

CS1 
CS2 r-
Ao 
A, 0, ,-
A2 O2 
A, 
A, 0, 

-
'" " - 0 

A, 0, 
A, 
A, 
As 

~t- 64 x 64 ARRAY 
-

~ -
Ag - .... 

I I J J r-
,-

'" :!i 
PIN NAMES 

AO' Ag ADDRESS INPUTS 

CS CHIP SELECT INPUT 

" _x - 0 0'" 
:rlt- .... i 

- " ~~ 
'" => ,- '" 

A, 

0, - 04 OUTPUTS '"-
1 OUTPUT 

BUFFER 

I I I I 
0, °2 0, 

3-52 
Final Data Sheet Information Will Be Available In Second Quarter 1976_ 



3625 FAMILY 

Absolute Maximum Ratings * 
Temperature Under Bias ........... -65°C to +125°C 
Storage Temperature ............. _65°C to +160°C 
Output or Supply Voltages . . . . . . . .. -O.5V to 7 Volts 
All Input Voltages .................. -1V to 5.5V 
Output Currents ....................... 100mA 
Programming Only: 

Output or Vee Voltages . . . . . . . . . . . . . . . .. 13V 
Cs1 Voltage ........................ 15.5V 
Vee Current ........................ 600mA 
CS1 Current ....................... 150mA 

'COMMENT 

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

O. C. Characteristics: All Limits Apply for Vee= +5.0V ±5%, TA = OOC to + 75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select Input Load Current 

IRA Address Input Leakage Current 

IRS Chip Select I nput Leakage 
Current 

VeA Address Input Clamp Voltage 

VCS Chip Select Input Clamp 
Voltage 

VOL Output Low Voltage 

ICEX 3605 Output Leakage Current 

Icc Power Supply Current 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.0 

3625,3625·1 ONLY 

Symbol Parameter Min. 

1101 Output Leakage for High 
Impedance Stage 

Ise [2] Output Short Circuit Current -15 

-
VOH Output High Voltage 2.4 

NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 

Limits 

TypJ1] Max. Unit Test Conditions 

-0.05 -0.25 mA Vee=5.25V, VA=0.45V 

-0.05 -0.25 mA Vee=5.25V, Vs =0.45V 

40 JJ.A Vee=5.25V, VA=5.25V 

40 JJ.A Vee=5.25V, Vs=5.25V 

-0.9 -1.5 V VeC=4.75V,IA=-10mA 

-0.9 -1.5 V VcC=4.75V,ls=-10mA 

0.3 0.45 V Vec=4.75V, 10L = 15mA 

100 JJ.A VcC-5.25V, VCE-5.25V 

110 150 '!1A VeC1=5.25V, VAO-">VA9=OV, 
CS1 = CS2=OV 

0.85 V Vec=5.0V 

V Vcc=5.0V 

Typ.[1] Max. Unit Test Conditions 

100 JJ.A Vo=5.25V or 0.45V, 
Vc c=5.25V,CS1 =CS2=2.4V 

-25 -60 mA Vee =5.00V, TA =25°C, 
Vo = OV 

V 10H =-2.4mA, Vcc = 4.75V 
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3605,3625 FAMILY 

A. C. Characteristics Vcc = +5V ±5%, TA = o°c to +75°C 

Max. Limits 

3605·' 3605 
Symbol Parameter 3625·' 3625 Unit Conditions 

tA++, tA __ 
Address to Output Delay 50 70 ns CS, =CS2=VIL tA+_, tA_+ 

to select the 
ts++ Chip Select to Output Delay 25 30 ns PROM. 

ts-- Chip Select to Output Delay 25 30 ns 

Capacitance (1) TA = 25°C, f = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address I nput Capacitance 4 10 pF Vee = 5V V,N = 2.5V 

C'NS Chip·Select Input Capacitance 6 10 pF Vee = 5V Y,N = 2.5V 

COUT Output Capacitance 7 12 pF Vee = 5V VO UT = 2.5V 

NOTE1: This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 
Input pulse amplitudes· 2.5V 
I nput pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 

Frequency of test· 2.5 MHz 

15mA TEST LOAD~VCC 
300n 

30pF 600n 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

CHIP SELECT TO OUTPUT DELAY 



inter ROM and PROM Programming Instructions 

I. ROM and PROM Truth Table Format 
Programming information should be sent in the form of computer punched cards or punched paper tape. When using the 7600c 
or MCS programmers, punched paper tape should be used. In all cases, a printout of the truth table should be accompanied with 
the order. 

The following general format is applicable to the programming information sent to Intel: 
1. A data field should start with the most significant bit and end with the least significant bit. 
2. The data field should consist of P's and N's. A P is to indicate a high level output (most positive) and an N a low level output 

(most negative). If the programming information is sent on a punched paper tape, then a start character, B, and an end charac
ter, F, must be used in the data field. 

A, PUNCHED CARD FORMAT 
An 80 column Hollerith card (preferably interpreted) punched by an IBM 026 or 029 keypunch should be submitted. The 
first card will be a title card. The format is as follows: 

1. Title Card DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 

TITLE CARD 
DESIGNATION 

1 CUSTOMER'S 
COMPAN; NAME 

CUSTOMER'S 
DIVISION OR 
LOCATION 

NO. OF OUTPUTS 1 
cusTDME~~:i/~:lr 8 

PIN 
i ,........, 

... ;~ L~' 'f<·'(jC'> C~R~' 

I II II I 
III III 

: ,,'I1,~ ::::. ,'".~ ;::"1.. I· 
I I I I I II II 

II 

~ ~ ~ ~ ~!~, ~ ~ ~ ~~, ~ ~ ~ ~ ~ ,~! ~ ~,~ ~ ,~! ~!.~!,~!!!!! ~!! !.~ ~.~,~ !.~ ,D, !~\~,D ~, ~!~!~! '~!I~ ~,~!!!~' !.~! ~,~ ~~,~ ~~ ~n 
11111111111111111111111111\1111111111111111111111111"1\1111111111111111111111\1 

21111121111111111111111111111111121111111111111111211111111112211111l111211r1111 

Illl J 11: 1111111 J 111111 J] 1111111l 111111111111111111111111111 ]11] 11 J Jill J] lllllll] 

41HlucluHlluluuUUIIIUUtlIUI14HIU4UIUHIIU1441UHltll14U4HIU 

111111111111111)15115115111:1111111111111\51\51\11111111\11111111\1151\1111\\\11 

'"'''''' .,""" i 'I""" 616 6 6 i 6 iii Ii 616 6 6" 6 61i 6i 6'" Ii Ii" i ~ 16 61 i 611' 6 Ii' 6 6 6i 6i Ii 6 66' i 6 Ii 

l111111i111111111/11111111111111111111111111111111111111111111111111111111111111 

I u' 131 111I18111! 13111111111111 11111111 111111111111111111118 i 18 B 811 1111111111 II I 

! q ~: ,,~ ~. ~ t: ,! ~:~ ~ ~~ ~~,! ,j, 9,~~,~;! !.U,~ ~ ~ !!H!!!~ ~ .. ~,~,~,!! ~I~'~ 9 ~,~,~~,~~, ~ t~: ~,~,!.,' .L'pH~~ I, ,j", , ~!.~ !,~ 

2. For a N words x 4 bit organization only, cards 2 
and the following cards sh~uld be punched as shown: 
Each card specifies the 4 bit output of 14 words, 

DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 

,-L-, 

LSB-

tvlSBi 
14 DATA FIELDS I 

DECIMAL NUMBER 
INDICATING THE 

TRUTH TABLE NUMBER 

), 
,llldJU Hlf'!1 hNNN F'Ff'F' Nf1NF' PFtU1 !111F'P PF'P!, F'!1f'lt f'Fllll !1Ff"F' f'Wl!t FFH' !'triPF-' P/1Nf' 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

~,~!' ~ ~ ~ ~,~.O ~ ~,~ ~ ~,~ ,~,~!~ ~ ~ ~,,~ !~,!! ~~,!!!!!~! !!! .~~ ~ .. ~! ~!!!~ ~ ~!I~!~P !\~!~ I~'~!'~! ~"~! ~ ~ ~ ~II~ ,~~ ~!~! 
1111111111111111/11111111111111111111111111111111111111111111111111111/111111111 

Zl!11111111111111111Z!!1112111122l1Z1l111211Z1111111111111 111211111!111111211111 

11l1l11111111111JlllJlllljlI111l:UllllllIl11111111l11l111l1l1l11l1l1]1131llllll 

II II III III III 114 UHUIU: 1111 (= 1'4 II IIUII: HIH I'UIU 111111111111111111111111 

1 S S I I I I 111111111 ~ I!! 1111> j .,lIlli. ~ j) ~ II! 11115! jlljl~ II! 11111 j! i ~ SIIS I S SIISS I I ~ S 

i Hi' iii i Ii i' 6' Ii ~ 6' Ii i Ii H'! i E I ~ Ii b Et la Ii' ii'" Ii Ii'" i' i i 6 6 i i E i i Ii vi i' i; 6' Ii i i 6 6i Ii 6 Ii" Ii Ii 

1 / I / ~ 11/11;: ~!; :111111; :lllIi; 11 11111111111111111111111/11111111111 111111 11111: I 

1IIIII/IIIIIIIIIIIIIIIIHlllliiliUIIIIIIIIIIIIIIIIIIIIUIIIIUIIUIII1811111111 

Column 

1 
2·5 

6·30 
31-34 
35.04 
55-58 
59-63 
64·67 
6B-74 

75·7B 
79-80 

Column 

1-5 

6 
7-10 
11 

12-15 
16 

17·20 
21 

22-25 
26 

27·30 
31 

32·35 
36 

37-40 
41 

42-45 
46 

47·50 
51 

52·55 
56 

57-60 
61 

62-65 
66 

67·70 
71 

72-75 
76-7B 
79-80 

Data 

Punch a T 
Blank 
Customer Company Name 
Blank 
Customer's Company Division or location 
Blank 
Customer Part Number 
Blank 
Punch the Intel 4 digit basic part number and 
in 0 the number of output bits, e.g. 170218) 
330418), 3301 14), or 3601 14). 
Blank 
Punch a 2 digit decimal number to identify 

the truth table number. The first 
truth table will be 1111, second Ill, third 
113, etc. 

Data 

Punch the 5 digit decimal equivalent of the 
binary coded location which begins e8ch 
card. The address is right jUstified, I.e., 
111111l1li,I11III14,l1li1128, etc, 

Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Punch same 2 digit decimal number as In 

title card. ; 
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ROM/PROM PROGRAMMING INSTRUCTIONS 

3. For a N words x II-bit organization only, cards 2 and the following cards 
should be punched as shown. Each card specifies the a·bit output of a words. 

Column Data 

1·5 Punch the 5 dIgit decimal equivalent of the 

DECIMAL WORD 
ADDRESS BEG!NNING 
EACH CARD 

LSB DECIMAL NUMBER 
INDICATING THE 

TRUTH TABLE NuMBER 
n 

binary coded location which begIns each 
card. The address Is right justified, i.e .• 

110000.00""8. """ 16. etc. 
r..L, 

11111111 11111111 11111111 11111111 11111111 11111111 11111111 11111111 

~"!~ ~ ~ ~ ~ ~ D ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~. ~ •• ~.! ~, !!! ~ ~!!!!~! ~ !!, ~!~.~!~!~.~,~ ~~J! ~~! n~ ~~, ~'~,!~'!~ !~, ~ ~, ~. ~,~~,~.~. 0, ,,! 
1111111111111111111111111"'1!11111111!1]1111!llI1111111111111111111111111111111 

22111111111111112112112112!11112Zl2112Il11121121?22112122!2122111111111111111112 

lJJllJilllj]illllJJJllllllljJlll11J111111111lJJllllllJJll]]I)l]]I]]ll]]ll]]l]]]) 

••• t.l ••••••••••••••••••• , •• ,IIII'.' ••• I'I'.'I'.'."111II""'C""I"""""" 
~ s ~ \IS slslllllllllll .. : s; 11111 ; l. i illlllllliliS iii IlIlIi i I UIIIIIII ~ I III 1111 l\ S 

1//1111:1;::: ~ :1111;: :1:11:: 11111111111111111111111 I 1 I 111111: 1IIIIIIIIi ;11111:: I 
I i I H ~ i!!!: c! Ii i 11111 1II1 e 11111161' IIIII i II i i 811 i i! I!! j i a iii!! E j lie 6 i!!! I 06 t 16 i ~ 

'~,,,., '" \ ,i ;,,~ ·n"\hP~qQ'I'H"n !!nn,1 \~.,., 'f I (' .. 
,,' .' .. """''''''''''', 

6 Blank 
7·14 Data Field 
15 Blank 

1&.23 Data Field 
24 Blank 

25·32 Data Field 
33 Blank 

34-41 Data Field 
42 Blank 

43·50 Data Field 
51 Blank 

52·59 Data Field 
60 Blank 

61·68 Data Field 
69 Blank 

70·77 Data Field 
78 Blank 

79-80 Punch same 2 digit decimal number as in 
title card. 

B. PAPER TAPE FORMAT 

The paper tape which should be used is 1" wide paper tape using 7 or B bit ASCII code, 
such as a model 33 ASR teletype produces. 

BPNF Format 

The format requirements are as follows: 

1. All word fields are to be punched in consecutive order, starting with word field 0 (all addresses low). There must be exactly 
N word fields for the N x B or N x 4 ROM organization. 

2. Each word field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the Band F for the N x 8 or N x 4 organization respectively. 

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A WORD FIELD. If in preparing 
a tape, an error is made, the entire word field, including the Band F must be rubbed out. Within the word field, a P results 
in a high level output, and an N results in a low level output. 

3. Preceding the first word field and following the last word field, there must be a leader/trailer length of at least 25 characters. 
This should consist of rubout punches (letter key for Telex tapes) 

4. Between word fields, comments not containing B's or F's may be inserted. Carriage return and line feed characters should 
be inserted (as a "comment") just before each word field (or at least between every four word fields). When these carriage 
returns, etc. are inserted, the tape may be easily listed on the teletype for purposes of error checking. The customer may 
also find it helpful to insert the word number (as a comment) at least every four word fields. 

5. InclUded in the tape before the leader should be the customer's complete Telex or TWX number and if more than one pattern 
is being transmitted, the ROM pattern number. 

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 

Example of BPNF 256 x B format (N = 256): 

Start Character. Stop Character. I Data Field I M;B L+B 

~:~~~ :~~oLUe~t~;y B P P P N N N N N F B N N N N N N P P F ••• B N P N P P P N N F 
Key for Telex lat least I I I r I I I 

25 frames!. Word Field a Word Field 1 Word Field 255 

Example of 512 x 4 format IN = 512): 

Start Charact.r 1 Stop ctaract.r A 
:-::~~~ :~~O~~t~~V B P N P N F B N N N N F 
Key for Telex (at least t I ... 1 _-,_......JI L' ---'I--.....J 

MSB LSB , , 
•••••••• BPPPPF , , 

I 
25 frames). Word Field a Comment Word Field 1 Word field 1023 

(See Sect ion 
B-4) 

Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames!. 

Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 framesl. 



ROM/PROM PROGRAMMING INSTRUCTIONS 

II. MOS PROM ERASING PROCEDURE 

The 1702A, 1702AL, 2704, and 2708 is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 
2537 A. The recommended integrated dose (i.e., VV intensity x exposure time) is 6W-sec/cm2 for the 1702A/1702AL and 
10W-sec/cm2 for the 2704/2708. An example of an ultraviolet source which can erase the 1702A/1702AL in 10 to 20 minutes or 
the 2704/2708 in 20 to 30 minutes is the Model 552 short wave ultraviolet lamp. The lamp should be used without short wave 
filters and the PROM should be placed about one inch away from the lamp tubes. 

Two manufacturers of the 552 are Ultra-Violet Products, Inc. (San Gabriel, Calif.) and Product Specialties, Inc. (Issaquah, 
Washington). 

III. MOS PROM PROGRAMMING INSTRUCTIONS 

A. 1702A and 1702AL Family 

Initially, all 2048 bits of the PROM are in the "0" state (output low). Information is introduced by selectively programming "1 "s 
(output high) in the proper bit locations. 

Word address selection is done by the same decoding circuitry used in the READ mode. All 8 address bits must be in the binary 
complement state when pulsed Vee and VGG move to their negative levels. The addresses must be held in their binary complement 
state for a minimum of 25psec after VDD and VGG have moved to their negative levels. The addresses must then make the transi
tion to their true state a minimum of 10psec before the program pulse is applied. The addresses should be programmed in the 
sequence 0 through 255 for a minimum of 32 times. The eight output terminals are used as data inputs to determine the informa
tion pattern in the eight bits of each word. A low data input level (-48V) will program a "1" and a high data input level (ground) 
will leave a "0". All eight bits of one word are programmed simultaneously by setting the desired bit information patterns on the 
data input terminals. 

During the programming, VGG, VDD and the Program Pulse are pulsed signals. See page 2 of the data sheet for required pin con
nections during programming. 

1702A, 1702AL 

D.C. and Operating Characteristics for Programming Operation 

TA = 25°C, Vee = ov, VBB = + 12V ±1 0%, cs = OV unless otherwise noted 

Symbol Test Min. Typ. Max. Unit Conditions 

ILl1P Address and Data I nput Load Current 10 mA VIN = -48V 

ILI2P Program and VGG Load Current 10 mA VIN = -48V 

IBB[l] VBB Supply Load Current 10 mA 

IDDP[2] Peak I DD Supply Load Current 200 mA Voo = VPROG = -48V, 
VGG = -35V 

VIHP Input High Voltage 0.3 V 

VIL1P Pulsed Data Input Low Voltage -46 -48 V 

VIL2P Address Input Low Voltage -40 -48 V 

VIL3P Pulsed Input Low Voo and -46 -48 V 
Program Voltage 

VIL4P Pulsed Input Low VGG Voltage -35 -40 V 

Notes: 1. The VBB supply must be limited to 100mA max. current to prevent damage to the device. 
2. lOOp flows only during VDO, VGG on time. lOOp should not be allowed to exceed 300mA for greater than 1 OOl'sec. Average 

power supply current lOOp is typically 40mA at 20% duty cycle. 
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ROM/PROM PROGRAMMING INSTRUCTIONS 

1702A, 1702AL 
A.C. Characteristics for Programming Operation 
TAMBIENT = 25°C, Vcc = OV, VBB = + 12V ±10%, CS = OV unless otherwise noted 

Symbol Test Min. Typ. Max. Unit Conditions 

Duty Cycle (VDD, VGGI 20 % 

t,pPW Program Pulse Width 2 3 ms VGG =-35V, 
.' 

VDD = VPROG = -48V 

tow Data Set-Up Time 25 /J.S 

tOH Data Hold Time 10 I.Is ,.-",' 
,'. 

tvw VDD, VGG Set-Up 100 I.Is 

tVD VDD, VGG Hold 10 100 I.Is 

tACW Address Complement Set-Up 25 /J.S 

tACH Address Complement Hold 25 J.!s 

tATW Address True Set-Up 10 J.!s 

tATH Address True Hold 10 J.!s 

PROGRAM WAVEFORMS 
Conditions of Test: 

3-58 

Input pulse rise and fall times:::; 1J,Lsec 
CS = OV 

o 

ADDRESS 

-40 to -48 

----i tACH :--

!-----tAcw------J' I i 
I r'-------------------,~ 

BINARY COMPLEMENT 
ADDRESS OF WORD 

TO BE PROGRAMMED 

I 

BINARY ADDRESS 
OF WORD TO BE 

PROGRAMMED 

, I' 

, ----+j tvo :--

o----------------------~ -:~tATW 
PULSEDVOO 

POWER SUPPLY 

-46 to-48 

I I , 
I I I 
II I 
I I I 
I I 
I I 
I : 

0----------------------- I I .,..., ____ -'-~---

\ 1 1:1/1, PULSED VGG I " 
POWER SUPPLY 

-35 to -40 :'-, ----tl--------t'l 
I I I 

I I , . I 
o _______ -'--:--~-,--t_,vw~l ~I I 

PROGRAMMING ,---t¢PW-1 I I 
PULSE : i itATH---J 

I 
--46to-48 I I I I 

i-tow-i .l.....j tOH:--

-46 to 

I I 

DATA STABLE 
TIME 



ROM/PROM PROGRAMMING INSTRUCTIONS 

B. 2708/2704. Family 

Initially, and after each erasure, all bits of the 2708/2704 are in the "1" state (Output High). Information is introduced by select· 
ively programming "0" into the desired bit locations. A programmed "0" can only be changed to a ."1" by UV erasure. 

The circuit is set up for programming operation by raising the CS/WE input (Pin 20) to +12V. The word address is selected in the 
same manner as in the read mode. Data to be programmed are presented, 8-bits in parallel, to the data output lines (01-0a). 
Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and data set up 
one program pulse per address is applied to the program input (Pin 18). One pass through all addresses is defined as a program 
loop. The number of loops (N) required is a function of the program pulse width (tpw) according to N x tPW ~ 100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpw = 1 ms) to greater. 
than 1000 (tpw = 0.1 ms). There must be N successive loops through all 1024 addresses. It is not permitted to apply N program 
pulses to an address and then change to the next address to be programmed. Caution should be observed regarding the end of a 
program sequence. The CS/WE falling edge transition must occur before the first address transition when changing from a program 
to a read cycle. The program pin should also be pulled down to VILP with an active instead of a passive device. This pin will source 
a small amount of current (lIPd when CS/wE is at VIHW (12V) and the program pulse is at VILP. 

Programming Examples (Using N x tpw ~ 100 ms) 

Example 1: All 8096 bits are to be programmed with a 0.5 ms program pulse width. 

The minimum number of program loops is 200. One program loop consists of words 0 to 1023. 

Example 2: Words 0 to 100 and 500 to 600 are to be programmed. All other bits are "don't care". The program pulse width 
is 0.75 ms. 

The minimum number of program loops is 133. One program loop consists of words 0 to 1023. The data entered 
into the "don't care" bits should be all 1's. 

Example 3: Same requirements as example 2 but the PROM is now to be updated to include data for words 750 to no. 
The minimum number of program loops is 133. One program loop cQnsists of words 0 to 1023. The data entered 
into the "don't care" bits should be all 1's. Addresses Oto 100 and 500 to 600 must be re·programmed with their 
original data pattern. 
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2704, 2708 
PROGRAM CHARACTERISTICS 
TA = 25°C. VCC = 5V ±5%. Voo = +12V ±5%. Vss = ~5V ±5%. Vss = OV. Unless Otherwise Noted. 

D.C. Programming Characteristics 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

ILl Address and CS/WE Input Sink Current 10 /lA VIN = 5.25V 

IIPL Program Pulse Source Current 3 mA 

IIPH Program Pulse Sink Current 20 mA 

100 Voo Supply Current 50 65 mA Worst Case Supply Currents: 

ICC VCC Supply Current 6 10 mA All Inputs High 

Iss Vss Supply Current 30 45 mA CS/WE = 5V;TA = DoC 

VIL Input Low Level (except Program) Vss 0.65 V 

VIH Input High Level for all Addresses and Data 3.0 Vcc+1 V 

VIHW CS/WE Input High Level 11.4 12.6 V Referenced to Vss 

VIHP Program Pulse High Level 25 27 V Referenced to Vss 

VILP Program Pulse Low Level Vss 1 V VIHP - VILP = 25V min. 

A.C. Programming Characteristics 

Symbol Parameter Min. Typ. Max. Units 

tAS Address Setup Time 10 /lS 

tcss CS/WE Setup Time 10 /lS 

tos Data Setup Time 10 /lS 

tAH Address Hold Time 1 /ls 

tCH CS/WE Hold Time .5 /ls 

tOH Data Hold Time 1 /lS 

tOF Chip Deselect to Output Float Delay 0 120 ns 

tOPR Program To Read Delay 10 /lS 

tpw Program Pulse Width .1 1.0 ms 

tpR Program Pulse Rise Time .5 2.0 /lS 

tpF Program Pulse Fall Time .5 2.0 /ls 

NOTE: Intel. standard product warranty applies only to devices programmed to specifications described herein. 
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2704, 2708 
Programming Waveforms 

1------------1 OF N PROGRAM LOOPS----------+~-READ

CSIWE 

ADDRESS 

DATA 

PROGRAM 
PULSE 

V1HW 

V'l 

V,H 

V'l 

V,H 

V'l 

V1HP 

V,l------"I 

ADDRESS 0 

(.lmSM1N) 
tpw (l.OmS MAX)-

NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 
AND BEFORE THE ADDRESS TRANSITION. 

NOTE 2. NUMBERS IN ( ) INDICATE MINIMUM TIMING IN j-IS UNLESS OTHERWISE SPECIFIED. 

\ 

(AFTER N 
PROG. lOOPS) 

ADDRESS 0 

I---- tAce 450ns MAX 

DATA OUT DATA OUT 
INVALID VALID 
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IV. BIPOLAR PROM PROGRAMMING INSTRUCTIONS 

A. Programming the 3601 (or 3601-1) 

The 3601 may be programmed using the basic circuit of Figure 1. Address inputs are at standard TTL levels. Only one output 
may be programmed at a time. The output to be programmed must be connected to Vee through a 300n resistor. This will force 
the proper programming current (3·6mA) into the output when the Vee supply is later raised to 10V. All other outputs must be 
held at a TTL low level (O.4V). 

The programming pulse generator produces a series of pulses to the 3601 Vee and CS2 leads. Vee is pulsed from a lowof 
4.5 ± .25V to a high of 10 ± .25V, while CS2 is pulsed from a low of ground (TTL logic 0) to a high of 15 ± 0.5V. It is important 
to accuractly maintain these voltage levels, otherwise, improper programming may result. The pulses applied must maintain a duty 
cycle of 50 ± 10% and start with an initial width of 1 (± 10%) Ils, and increase linearly over a period of approximately lOOms to a 
maximum width of 8 (± 10%) IlS. Typical devices have their fuse blown within lms, but occasionally a fuse may take up to 400ms. 
During the application of the program pulse, current to CS2 must be limited to 1 OOmA. The output of the 3601 is sensed when 
CS2 is at a TTL low level output. A programmed bit will have a TTL high output. After a fuse is blown, the Vee and CS2 pulse 
trains must be applied for another 5001ls. The characteristics of the pulse train are shown in Figure 2. 

PROGRAMMING 
PULSE GENERATOR 

Vee 
16 

" 
0, 

t 
3601/3601·' 

AO Joon 
A, 

A, 
WORD A, Joon 

SELECTION 
A4 
A, 
A, 

A, 

CSt 

Figure 1. 3601 Programming. 

lQ±O.2SV 

8. vee (PIN 16) 

45 ±'O.2SV 

lS:!.O.5V 
100 rnA MAX 

b. Cs2 (PIN 141 

c. SENSED OUTPUT 
WAVEFORM 

d. PROGRAMMING 

-OV 

UNPROGRAMMED BIT 

"W 

MAXIMUM B 

PULSE WIDTH PROGRAMMING 
-3X 10-5< lJ.~w <10-4 (Vee AND Cs2i ws PULSE WIDTH (/151 

PROGRAMMING 
TIME 

(MINIMUM) 1 

~--~lO~O--~~--~---40~O-m'---

PROGRAMMING ELAPSED TIME 

TTL . 

NOTES 

\ I 

\,-_~I 
/ 

PROGRAMMED BIT 

1 DUTY CYCLE 50110% 
2 RISE AND FAll TIMES (MEASURED 

FROM 10 90% POINTS) 100 nS MIN 
300,,5 MAX 

3 leo (CHIP DISABLE HOLD TlMEI 
100 nS MIN. 

4 "-!"lAse SHIFT BETWEEN Vee AND 
CS2 SO nS MAX [, 7.5V 

Figure 2. Pulses During Programming. 

B. Programming the 3621, 2K, and 4K Bipolar PROM Families 

The Intel® 3621, 2K and 4K bipolar PROMs families are programmed using the basic circuit of Figure 1. Initially all bits are in 
a logic 1 (high) state. Only one output may be programmed at a time. The programming current (5mA ± 10%) is forced into the 
output to be programmed by a current source. The current should be clamped to Vee by a silicon diode. All other outputs must 
be allowed to float such that the outputs are allowed to rise one diode above Vee (12.5V). 

For simplicity of the programming description, reference will be made only to Vee, however, this term includes both the 
Vee1 and Vee2 of the 4K PROM. There is only one Vee for the 3621 and 2K PROMs. Programming pulses must be applied to 
both Vee and CS. A series of pulses is applied to the Vee and CS1 (or CS2 for the 3621) leads as shown in Figure 2a and 2b reo 
spectively. The pulse applied must maintain a duty cycle of 50 ± 10% and start with an initial width of 1 (±10%) Ils, and increase 
linearly over a period of approximately lOOms to a maximum of 8 (±10%) IlS. Typical devices have their fuse blown within 1 ms, 
but occasionally a fuse may take up to 400ms. During the application of the program pulse, the Vee current must be limited to 
600mA and the CS1 current to 150mA. A programmed bit will have a TTL low level. After a fuse is blown, the Vee and CS1 pulse 
trains must be applied (the pulse width still linearly increasing to a maximum of 81ls) for another 5001ls. 
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ADDRESS 
SELECTION· 

a. Vee l3621. 2K) or 
v eel _ VCC1 
(4K) 

C. SENSED OUTPUT 

12.S·O.SV 8.5V r----\. I ~
.~'. 

4.S·O.2SV I .-1 L--J 
lS'O.SV ~ -- Teo 

(150mAMAXJ~J\J 
B.SV .'p\v-

OV 1.SV 

-~~~~~ ,-
- OV " .--- "----1 TTL 0 

UNPROGRAMMED BIT I' 
PROGRAMMED BIT 

MAXIMUM 8 NOTES 

'0 Duty cycle: 50' 10%. d. cs, AND Vee/IVee!. 

·5 

NOTES; 

NOTE 
The example show, 0, being 
programmed and the un
pfogr .. rnmed outpulS !lolting. 

1. FOR THE 3621 FAMILV ONLY, THE PROGRAM PULSE 
MAY BE APPLIED TO EITHER CSt OR CS2: 

2. CS3. CS4 ARE ONL V FOR THE 4K PROM. 

Figure 1. 3621, 2K, and 4K Bipolar PROM 
Family Programmer. 

IV. UNIVERSAL PROM PROGRAMMER 
Available from Intel MCS Department. 

• PROM Programming peripheral capable of 
programming the following Intel PROMs: 
1702A,2704,2708,3601,3604,3624, 
8702A, 8704A, and 8708 families. 

Vcc2 1 PROGRAMMING PROGRAMMING 
PULSE WIDTH VERSUS PULSE WIDTH II'S) ~~~w 104 

PROGRAMMING TIMING 

MINIMUM 1 

o 100 400 

PROGRAMMING TIME (msec) 

Figure 2. Pulses During Programming. 

2. Rile and lalilime (mea~lIre 
from 10% to 90% pomU)' 
100n1 min .. JOOns malt, 

3. teo (chIp dluble hold time): 

lOOns min 
4. Pha$e shift between the rISing 

edge of CSI and Vce • 

(VCCI and VCC2! 

SOns max. @8.SV 

• Flexible power source for system logic and 
programming pulse generation. 

• PROM programming verification facility. 

• Personality cards used for specific Intel PROM 
programming requirements. 

• Stand alone or rack mountable . 

• Fully compatible with the Intellec® MDS 
Microcomputer Development System. 

• Zero insertion force sockets for both 16·pin 
and 24·pin PROMs. 

The Universal PROM Programmer is· capable of programming and verifying the following Intel® PROMs: 1702A, 2704, 
2708,3601,3604,3624, 8702A, B704, and B70B families. It is a peripheral device which interfaces with a suitable control de· 
vice such as the Intellec® MDS microcomputer development system. The control device transfers commands, memory ad· 
dresses, control information and data to the PROM Programmer enabling it to program or read a particular PROM. 

The Universal PROM Programmer consists of a controller module, two personality card sockets, front panel, power supplies, 
chassis, and when used with the Intellec MDS a suitable interconnection cable. 

An Intel® 4040 based intelligent controller monitors the interface to the control device and supervises the command genera· 
tion and data transfer interface between the selected PROM personality card and the control device. The 4040 CPU operates 
in conjunction with a fixed central control program residing in an Intel® 4001 ROM. Each Intel® PROM to be,programmed is 
driven by a unique personality card which contains the appropriate pulse generation functions and driver circuitry. Hence, 
programming and verifying any Intel® PROM may be accomplished by selecting and plugging in the appropriate personality 
card option. The front panel contains a power·on switch and indicator, reset switch, and two zero·force insertion sockets 
(one 16·pin and one 24·pin or two 24·pin). A central power supply provides regulated power for system logic and ±40 and 
+70 volts for PROM programming pulse generation. 

When used with the Intellec® MDS PROM programming commands are initiated from the Intellec® MDS system console and 
are implemented by programs in the Intellec® MDS. The desired PROM image is loaded into Intellec® MDS RAM through a 
user selected input medium (e.g., TTY, diskette drive, high speed paper tape reader). Next, the PROM programming command 
is issued specifying the location of the programming data, the socket option, the "nibble" option (upper or lower four bits of 
an 8·bit RAM data byte), and PROM starting address. The PROM programming algorithm programs each specified PROM 10· 
cation, compares the resulting PROM word with the source data, and regenerates program pulses when necessary. The Intellec® 
MDS system monitor contains a compare feature which allows specified sections of programmed PROM to be compared with 
MDS resident RAM. A transfer feature which can be used to copy the contents of a PROM to MDS RAM for PROM duplica' 
tion is also included. 

The Universal PROM Programmer may be used as a.table top unit or mounted in a standard 19" RETMA cabinet. 
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SERIAL MEMORIES 

Electrical Characterl811c8 Over Temperature 

No. Data Rep. Rate Power Input. Clock Page 
Type Of De8crlpllon Dlsslpallon Output Level8 Supplle8[V] No. 

BlIs Min. Max. Max.[1] Levels 

0 1402A 1024 Quad 256-81t Dynamic 10kHz 5MHz 500mW TTL MOSITTL 5, -5 or 5,-9 4-3 
0 

1403A 1024 Dual 512-81t Dynamic 10kHz 5MHz 500mW TTL MOSITTL 5, -5 or 5, c9 4-3 :i 
W 1404A 1024 1024-81t Dynamic 10kHz 5MHz 500mW TTL MOSITTL 5, -5 or 5,-9 4-3 
t-ee 140SA 512 Dynamic Recirculating 10kHz 2M Hz 400mW TTL MOSITTL 5, -5, or 5, -9 4-7 
CJ 
Z 2401 2048 Dual 1024-81t Dynamic 25kHz 1MHz 350mW TTL TTL +5 4-11 
0 Recirculating 
(J 

2405 1024 1024-81t Dynamic Recirculating 25kHz 1MHz 350mW TTL TTL +5 4-11 ::; 
0 2416 16,384 ceo Serial Memory 125kHz 2M Hz 300mW TTL MOS. +12, -5 4-15 

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



inter 1402A, 1403A, 1404A 

1024 BIT DYNAMIC SHIFT REGISTER 

• Guaranteed 5 MHz Operation 
over Temperature Range 

• Low Power Dissipation--.1 mW/bit 
at1 MHz 

• DTL, TTL Compatible 

• Low Clock Capacitance -- 140 pF 

• Low Clock Leakage -- ~ 1 J-IA 

• Inputs Protected Against Static 
Charge 

• Standard Packaging -- 8 Lead 
Metal Can,16 Pin Ceramic 
Dual In-Line 

• Three Standard Configurations -
Quad 256 Bit -- 1402A, Dual 512 
Bit --1403A, Single 1024 Bit --
1404A 

The 1402A/1403A/1404A are direct pin for pin replacements for the 1402/1403/1404. Due to "on chip" 
multiplexing the data rate is twice the clock rate. Data is shifted one bit on each clock pulse (both \ill and 162). 

The 1402A/1403A/1404A family is ideally suited for usage in low cost serial memories or delay line appli
cations. A high speed data rate of 5 MHz is easily obtained at the power supplies of +5V and -5V. The 
1402A/3A/4A are capable of operating at the power supply voltages of +5V, -9V as well as +5V, -5V. 

The input to the shift register can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.l. 
The design of the output stage provides driving capability for both MOS and bipolar Ie's. 

Use of low threshold silicon gate technology allows high speed (5 MHz guaranteed I while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three compared to equivalent 
products manufactured by conventional technologies. 

PIN CONFIGURATION 

IN 4 

voo 

OUT 4 

NC 

voo 

$2 

IN 3 
vee Vee 

OUT 3 M1403A M1404A 

C1402A/P1402A 
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1402A, 1403A, 1404A 

Absolute Maximum Ratings (1 ) 

Temperature Under Bias 

Storage Temperature 

Power Dissipation (2) 

O°C to 70°C 

-65°C to +160°C 

1 Watt 

Data and Clock Input Voltages 
and Supply Voltages with 
respect to VCC . +O.5V to -20V 

D.C. Characteristics T A = O°C to 70°C, V cc = +5V ±5%, unless otherwise specified 

Voo = -5V ±5% or -9V ±5% 

SYMBOL TEST MIN. Typ(3) MAX. UNIT CONDITIONS 

III I nput Load Current <10 500 nA TA =25O C 

ILO Output Leakage Cu rrent <10 1000 nA VOUT=O.OV, TA =25 OC 

ILC Clock Leakage Current 10 1000 nA Max. VI LC' T A =25OC 

VIL Input "Low" Voltage Vcc -l0 Vcc -4.2 V 

VIH Input "High" Voltage Vcc-1.5 Vcc +·3 V 

Voo =-5V ±5% 

1001 Power Supply Current 40 50 rnA TA ~250} 0"",",", Lo," "0", 
5 MHz Data Rate, 
33% Duty Cycle, 
Continuous Operation, 

IOD2 Power Supply Current 56 rnA Tc=OoC VILC=VCC -17V 

VILC Clock Input Low Voltage Vcc -17 Vcc-15 V 

VIHC Clock Input High Voltage Vcc -l Vcc +·3 V 

VOL Output Low Voltage -.3 0.5 V RL1 =3K to Voo ' 10L = 1.6 rnA 

VOH1 Output High Voltage 2.4 3.5 V RL1 =3K to Voo ' IOH= -100 flA 
Driving TTL 

VOH2 Output High Voltage Vcc-l.4 Vcc-l V RL2 =4. 7K to V 00 
Driving MOS (See p. 6 for connection) 

Voo = -9V±5% 

1003 Power Supply Current 30 40 rnA T A -250J 0"',", " L"" "0", 
3 MHz Data Rate, 
26% Duty Cycle, 
Continuous Operation, 

1004 Power Supply Current 45 rnA Tc =OoC VILc=Vcc-14.7V 

VILC Clock Input Low Voltage Vcc -14.7 Vcc -12.6 V 

VIHC Clock Input High Voltage Vcc-l Vcc+·3 V 

VOL Output Low Voltage -.3 0.5 V RL1 =4.7K to Voo ' IOL = 1.6 rnA 

VOH1 Output High Voltage 2.4 3.5 V RL1 =4.7K to Voo' 10H=-lOOflA 
Driving TTL 

VOH2 Output High Voltage Vcc-l.4 Vcc-l V RL2 =6.2K to Voo} (See p. 6 for 
Driving MOS RL3 =3.9K to VCC connection) 

Note 1: 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 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: The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures the device must 
be derated based as shown on page 3. When operating at VDD = -5V±.5% the maximum duty cycle is 33% and at VOD =-9V+5%the 
maximum duty cycle is 26%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = It¢pw 
+ ~(tR + tF)]x clock rate. 

Note 3: Typical values are at T A = 250 C and at nominal voltages. 



1402A,1403A,1404A 

A. C. Characteristics T A = O°C to 70°C; Vcc = +5V ±5% 

VOO=-5V ±5% Voo =-9V ±5% 

SYMBOL TEST (Test Load 1) (Test Load 2) UNIT 

MIN. MAX. MIN. MAX. 

Frequency Clock Rep Rate 2.5 1.5 MHz 

Frequency Data Rep Rate Note 1 5.0 Note 1 3.0 MHz 

t¢pw Clock Pulse Width .130 10 .170 10 ~sec 

t¢o Clock Pulse Delay 10 Note 1 10 Note 1 nsec 

~, tF Clock Pulse Transition 1000 1000 . nsec 

taw Data Write Time (Set Up) 30 60 nsec 

tOH Data To Clock Hold Time 20 20 nsec 

tA+,tA_ Clock To Data Out Delay 90 110 nsec 

CAPACITANCEI21 V CC= +5V ±5%, Voo= --5V ±5% or -9V ±5%, T A = 25°C 

SYMBOL TEST TYP. MAX. CONDITIONS 

CIN I nput Capacitance 5 pF 10 pF 
V" ~ V" J 

COUT Output Capacitance 5 pF 10 pF VOUT-VCC i~HZ 
CI/J Clock Capacitance 110 pF 140 pF VI/J = Vcc 

CI/J11/J2 Clock to Clock Capacitance 11 pF 16 pF VI/J - Vcc 

Note 1: See page 5 for guaranteed curve. Note 2: This parameter is periodically sampled and 15 not 100% tested. 

Switching Characteristics 

Conditions of Test 
Input rise and fall times: 10 nsec 
Output load is 1 TTL gate 

TEST LOAD 1 

3k 

Timing Diagram Voo~ -5V±5% 

01 
CLOCK 

I 
BIT 1 BIT 2 

I 
: t00-l_1 
1- I I 

-orl t00 1-: I 
I I ~ I CLOCK RATE --I 

tC/J1 PW ---1---: ! :: I 

II 10% I 
"'2 II I 
YJ II I 

BIT N 

TEST LOAD 2 

4.7k 

Voo~ -9V±5% 

BIT N+1" BIT N+2 
BIT 1 BIT 2 

-r------- VIHC 
I 
I 
I 
I 
+--------- VILC 
II 
II 

--11-tR 

CLOCK tow' -I 110- I 
I I I 90% 
I I I I I I 

tOH '--,-.-1 I- I I I I 
I : -ltC/J2Pwl-+OATA RATE-I I 
I .. -------------------n----------;.--- ________ . __ ..1 _________ VIH 

OATAIN : 
•• ---.. 1 V1L IN BIT 1 IN BIT 2 _ l __ tA+ __ I !..-tA_ 

OA;;-O-U~----------------------------1r-------------l--j( I ~r----- VOH 

----------------....,l/ ... _________ 01"-.- VOL 
OUT BIT 1 OUT BIT 2 

*tDW and tOH same for t~2 "N ~ 256 lor 1402A, N ~ 51210r 1403A. N ~ 102410r 1404A 
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1402A, 1403A, 1404A 

Typical Characteristics 
POWER DISSIPATION IBIT VS SUPPLY VOLTAGE POWER DISSIPATION IBIT VS CLOCK AMPLITUDE 

.7r---~-r--r--~-.--._-._-, 

.6 .6 

.5 .5 f---I-

.4 .4 

.3 .3 f---I-

., ., f---I-

o '-', <,----'-

SPECIFIED 
CLOCK AMPLITUDE RANGE 

DATA RATE OF 5 MHz 
33% DUTY CYCLE 

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

Voo-Vee (VOL lS) 

o -12 -13 -14 -15 -16 -17 -18 -19 

Vile - Vee (VOL IS) 

IOO CURRENT VS DATA RATE 

100 r------,----,------,--r-r-, 

MAXIMUM DATA RATE VS 
CLOCK AMPLITUDE 

'O~--t--t---t~~+---t 
40 
30 

'O~----r----r----~~-+-+~ 

1 KHz 10KHz 100KHz 

DATA RATE 

DTL/TTL MOS Interfaces 

3K 

IN 

DTlITTl 

v 

'Heli UV'He 

OLe Vile 

V 

lOMHz -10 

MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 

10K 

J .. ~"I".~~---G\lp..f\P'..-

---_r .I k ¢\.~ 

-------
.----

0.' Voo· -5V OR_ 

V'I- -'VI 
10 20 25 30 ·40 50 60 70 

AMBIENT TEMPERATURE (Oe) 

.1 

I 
~ 
~ RL3 

Vee f Vee 

1402A13A/4A OUT IN 1402A/3A/4A OUT 

1111 (112 Vee ~, 111, Vee 

I 
RL2 

1 
Vee 

111, 111, 

-12 -14 -16 -18 

Vile -Vee (VOL IS) 

DTLITTL 

RU 

AL Load Resistor Values 

for Different VOO Supplies 

VCC=5V Vcc=SV 

VOO=-5V Voo=-9V 

~1 3.0K 4,7K 

4.7K 6.2K RL, 

RL3 No' 3.9K 
required 

-20 -22 



inter 1405A 

512 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTER 

• High Frequency Operation --
2 MHz Guaranteed over 
Temperature. 

• DTL, TTL Compatible 
• Write/Recirculate and Read 

Controls Incorporated on the Chip 
• Low Power Dissipation--.3 mW/bit 

at1 MHz 
• Low Clock Capacitance--85 pF 

• Low Clock Leakage-
::;1 uA at -17 V 

• Simple Two Dimensional Memory 
Matrix Organization -- 2 Chip 
Select Controls 

• Inputs Protected Against Static 
Charge 

• Standard Packaging --10 Lead 
Low Profile TO-99 

The 1405A is a 512 bit dynamic recirculating shift register and is a direct pin replacement for the 1405. The 
1405A is capable of operating at power supply voltages of +5V, -9V as well as +5V, -5V. A high speed 
recirculating data rate of 2 MHz over the temperature is easily obtained at the +5, -5 power supplies. 

Write/recirculate and read controls eliminate the need for external logic elements when recirculating data. In 
addition, any number of devices can be combined to form a multi-dimensional memory array. For this purpose 
two chip select controls have been provided. 

These registers can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.) or by MOS 
circuits. The design of the output stage provides driving capability for both MOS and bipolar Ie's as well as OR· 
tieing of shift registers. The 1405A is ideally suited for usage in low cost memories or delay line applications. 

Use of low threshold silicon gate technology allows high speed (2 MHz guaranteed) while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three over equivalent products manu
factured by conventional technologies. 

PIN CONFIGURATION LOGIC DIAGRAM 

W/A READ 

CS1 CS 2 

~ 
W/R CS1 CS2 READ 

MODE (2) (, ) (9) (8) 

WRITE , , , , or 0 
RECIRCULATE(') , or 0 , or 0 , or 0 , or 0 
READ , or 0 , , , 

Note 1: Either W/R, CS1, or CS2 must be a. "0" during Recirculation. 

A logic 1 is defined as a high input and a logic 0 as a low input. 
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140SA 

Maximum Guaranteed Ratings '" 
Temperature Under Bias 

Storage Temperature 

Power Dissipation!l) 

ooC to +70oC 

-65°C to +1600C 

600mW 

* COMMENT: 

Data and Clock Input Voltages 
and Supply Voltages with 
respect to Vee +.3V to -20V 

Stresses above those listed under "Maximum Guaranteed 
Ratin9" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 

the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex· 
tended periods may affect device reliability. 

D.C. Characteristics TA = O°C to +70°C, VCC = +5V ±5%, unless otherwise specified 

VDD = -5V ± 5% 

SYMBOL TEST MIN. TYP.(2) MAX. UNIT CONDITIONS 

III INPUT LOAD CURRENT 10 1000 nA VI N = VI H 10 VI L 

ILO OUTPUT LEAKAGE CURRENT 10 1000 nA VOUT=O.OV 

ILe CLOCK LEAKAGE CURRENT 10 1000 nA VILe Vec 17V 

1001 POWER SUPPLY CURRENT 25 40 mA ".'~'} '"'~,. Co,,, "". 
2 MHz Data Rat., 

40% Duty Cycl., 

Continuous OperatIon, 

1002 POWER SUPPL Y CURRENT 45 mA Te=OOC VILe=Vee-17V 

VILel CLOCK INPUT LOW VOLTAGE Vee 17 Vee 14.5 V 

VI He CLOCK INPUT HIGH VOLTAGE Vee-1 Vee +.3 V 

VIL INPUT "LOW" VOLTAGE Vee 10 Vee 4.2 V 

VIHl INPUT "HIGH" VOLTAGE VCC-l.5 Vee +.3 V 

VOL OUTPUT LOW VOLTAGE -.3 0.5 V RL 1=3K to Voo. IOL = 1.6 mA 

VOH OUTPUT HIGH VOLTAGE 2.4 3.5 V RL1=3K to Voo ,IOH= -100/LA 

DRIVING TTL 

VOHl OUTPUT HIGH VOLTAGE VCc-l.4 Vee-1 V RL2=5.6K to Voo 

DRIVING MOS (see p. 6 for connection) 

VDD = -9V ± 5% 

III INPUT LOAD CURRENT 10 1000 nA VIN = VIH to VIL 

ILO OUTPUT LEAKAGE CURRENT 10 1000 nA VOUT = O.OV 

ILe CLOCK LEAKAGE CURRENT 10 1000 nA VILe=Vee-14.7V 

1003 POWER SUPPLY CURRENT 20 31 mA " .,.. '} '""",., C~;, "". 
1.5 M Hz Data Rat., 

36% Duty Cycl., 

Continuous Operation, 

1004 POWER SUPPLY CURRENT 36 mA Te =OOC VILe =Vee-14.7V 

VILe2 CLOCK INPUT LOW VOLTAGE Vee 14.7 Vee 12.6 V 

VIHe CLOCK INPUT HIGH VOLTAGE Vee-1 Vee +.3 V 

VIL INPUT "LOW" VOLTAGE Vee -l0 Vee -4.2 V 

VIH2 INPUT "HIGH" VOLTAGE Vee-l.5 Vee +.3 V 

VOL OUTPUT LOW VOLTAGE -.3 0.5 V RL1=5.6K to Voo IOL = 1.6 mA 

VOH OUTPUT HIGH VOLTAGE 2.4 3.5 V RL 1=5.6K to Voo, IOH=-100 /LA 

DRIVING TTL 

VOH1 OUTPUT HIGH VOLTAGE VCC-l.4 Vee-1 V R L2=6.2K to Voo (S •• p. 6 for 

DRIVING MOS R L3=3.9K to Vee connection) 

Note 1: For operating at elevated temperatures the device must be derated based 8S shown on page 3, In applications the duty cycle should 
be a minimum to reduca power dissipation. Dutv cycle = [tq\PW + % (tR + 'FI J x clock rate. 

NOle 2: TVplcal velue. are at T A = 25°C and al nominal voltages. 



140SA 

A.C. Characteristics TA = O°C to +70°C; Vee = +5V ±5%; CL = 20pF; 1 TTL Load 

VDD = -5V:t 5% VDD = -9V :t 5% 
SYMBOL TEST VILC=VCC-14.5 to VCC-17 VILC=VCC-12.6 to VCC-14.7 UNIT 

RL = 3 K RL = 5.6 K 
MIN. MAX. MIN. MAX. 

Frequency CLOCK DATA REP RATE 200 Hz@250 C(1) 2 200Hz @ 250 C(1) 1.5 MHz 

trbPw CLOCK PULSE WIDTH 0.200 10 .240 10 luac 

'rbD CLOCK PULSE DELAY 30 Not. 1 30 Note 1 nsec 

Duty Cycle(2) CLOCK DUTY CYCLE 40 36 % 

tR;tF CLOCK PULSE TRANSITION 1 1 j.Lsec 

tow DATA WRITE (SETUP) TIME 100 100 nsec 

tDH DATA TO CLOCK HOLD TIME 20 20 nsec 

tA+; tA_ CLOCK TO DATA OUT DELAY 250 250 nsec 

tR_; tcs-; CLOCK TO "'READ"' OR "'CHIP 0 0 nsec 

tWR_ 
SELECT"' OR "'WRITE! 
RECIRCULATE" TIMING 

tR+; 'CS+; CLOCK TO "'READ"' OR "CHIP 0 0 nsec 

t WR+ 
SELECT" OR "WRITE! 
RECI RCULATE" TIMING 

CAPACITANCE(3) VCC = 5V ± 5%, VDD = -5V ± 5% or -9V ± 5%, TA = 25°C 

SYMBOL TEST TVP. MAX. CONDITIONS 

CIN INPUT CAPACITANCE 3 5 pF 

COUT OUTPUT CAPACITANCE 2 5pF V =V 
OUT CC f = 1 MHz 

,,,.,~ } 
Crb CLOCK CAPACITANCE 75 85 pF Vrb=VCC 

C¢,¢2 CLOCK TO CLOCK CAPACITANCE 6 10pF Vrb= VCC 

Note 1: See curve of Min Data Rate, and Max Clock Delay vs. Temp. on page 5. Note 2: DutY Cycle :::1 (tcppw + %(t A + t F» x clock rate. 
Note 3: This parameter is periodically sampled and is not 1 00% tested. 

Switching Characteristics 
Conditions of Test 
I nput rise and fall times; 10 nsec 
Output load is 1 TTL gate 

Timing Diagram 

BIT N 

~2 INPUT CLOCK 

", OUTPUT CLOCK 

DATA IN 

DATA OUT 

CHIP SELECT 1 
CHIP SELECT 2 

READ 

'R 

I I \----f 2~ 

::~: il'DW~ w- Q~~ v:-
I ..! I-'D~ 'u,PW t--- CLOCK REP RATE--f+--I I I 

V,H -=-tt:tt... - - - - - - - - - -2~ -I'" - -1- - - - - - - - r - - - _. I 1 II I 
v '- I 22 ! ! 

IL I IN BiT 1 I r 1.-.1 l.- ---I 
I 1 1 ,~tAt i -, I t A-- 1 

VaH - i - - i - - - - - - - - - - - ~~ of 1- - I ...~ . 
I 1 22 l _________ ... L 
I II 1 OUT BIT 1 
~ ---.I~tWR- I 

:1 :1' : ~------------~22~~1--~-------------------
~ ~ f--t cs- tcs. --1 14- -1 r--tcs-

, 2)! ,'-------
1 I 
~ ...., r-'R-

\ 
tR+--i 

~:---------------------------------(2~ 
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Typical Characteristics 

POWER DISSIPATION/BIT VS. SUPPLY VOLTAGE 

VDD - Vee (VOLTS) 

MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 

'OK 

,K 

400 

100 
95 

'0 

0.' 

L'1~~---G\lp.t\P'..-

--_ .... 
.1 

----~ 
~ 

:...------
Voo"" -5V OR_ Vr -9VI 

'0 20 25 30 40 50 60 70 

AMBIENT TEMPERATURE lOCI 

I DO CURRENT VS. DATA RATE 

'00 r----,-----,----,----.., 

1 
J 

,o~---~~-----+------~f_------~ 
CONSTANT PULSE WIDTH: t¢pw" 240 n$7 
VILe -Vee· -14.5 V " 

,/ CONSTANT PULSE WIDTH: 

~---+------~<---_,__-toPW = 200 n$ 
VILe -Vee" -17 V 

.,L-____ ~~ _____ ~ _______ ~ ______ ~ 

1 KHz 10 KHz 100 KHz , MHz 10 MHl 

DATA RATE 

1405A 

" ~ g 
~ 

i§ 
z 
0 

~ 
i1i 
Q 
~ 
w 
~ 

It 

POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE 

.14 

.12 

.10 

.S 

.6 

.2 

0 
0 

VILe -Vee (VOLTS) 

MAXIMUM DATA RATE 
VS. CLOCK AMPLITUDE 

SPECIFIED OPERATING 
CLOCK AMPLITUDE 
RANGE FOR Voo • -9Y 

SPECIFIED OPERATING 
CLOCK AMPLITUDE 
RANGE FOR Yoo • -5V 

o y)-.l.--' ...... 
o -12 -13 -14 -15 -16 -17 -18 -19 

VILe -Vee (VOL lS) 

DTL/TTL!MOS Interfaces 

~R" 

}>--!---""-+-+-+.!j' cS2 

I 
I 
I 
I 
I 
I 

9 cs, 

, CSz , 
V" 

}>--!-____ -+--+-+-"I' IN 1405" OUT 7 3 IN 1405A OUT 7 

(RECIRCULATING (USED AS 512 BIT 

}>--!-_____ -+.-+"IB ~HIFT REGISTER) 9 ~HIFT REGISTER) 

)o--t--------~-'l2 WIR 2 W/R 

~, \100 ~2 RLl II, VOO f2 

10 • 

VOO~~~t 
RL LOAD RESISTOR VALUES 
FOR DjFFERENT Voo SUPPLIES 

Vee "5V Vcc "'5V 
Vuo .. _5V "bo" -9\1 

6.11< 

required 

5.61< 
6.2 K 

3.91< 

OUT 



inter 2401,2405 

2048/1024 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTERS 

• Single Supply Voltage -- +5 Volts 
• Fully TTL Compatible --Inputs, 

Outputs and Clock 

• Single Phase Clock 

• Guaranteed 1 MHz Operation 
with 100 pF Load, over 
Temperature Range 

• Low Power Dissipation--
120 IJw/bit typically at 1 MHz 

• Low Clock Capacitance -- 7 pF 
• Write/Recirculate and Chip 

Select Logic Incorporated on Chip 

• Standard Configurations-
Dual 1024 Bit -- 2401 
Single 1024 Bit-- 2405 

The 2401/2405 are 2048/1024 bit dynamic recirculating shift registers. They are directly TTL compatible in all 
respects: inputs, outputs, clock and a single +5 volt power supply. 

Write/recirculate controls are provided to eliminate the need for external logic elements when recirculating data. 

Two chip select inputs have been provided to allow easy selection of an individual package when outputs of several 
devices have been "0 R-tied". A separate internal "pullup" resistor (R L) is provided which can be externally con
nected to the output pin to achieve full signal swing. 

This Intel shift register family is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy to use MOS circuits. Only a single +5V power supply is needed and all devices 
are directly TTL compatible, including clocks. 

PIN CONFIGURATIONS 

OUT, V" OUT Vee 

Ru IN, RI NC 

IN, OUT 2 lOUT) 

W!R1 Ru NC 
IN 

CS X W/R 2 Cs x IW'R) WIR 

cs, CLOCK cs, CLOCK 

N,C. N.C N.C N.C 

GND N.C Gr~D N.C 
CS X 

CS y 

• DASH LINES INDICATE NECESSARY EXTERNAL 
PRINTED CIRCUIT BOARD CONNECTIONS FOR 
PROPER OPERATION OF THE 2405. 
(SEE APPLICATION SECTION) 

PIN NAMES 

IN DATA INPUT OUT DATA OUTPUT 

W/R WRITE/RECIRCULATE RL INTERNAL LOAD 

CONTROL RESISTOR 

CSX,CSy CHIP SELECT INPUT N.C. NO CONNECTION 

LOGIC DIAGRAM 

INTERNAlL 
LOAD 
RESISTOR 

RI 

~OUTPUT 

NOTE: This represents one half of the 2401, The chip 
~elect inputs and clock Input are common 

TRUTH TABLE 

PIN SYMBOL 

FUNCTION W/R CSX 

WRITE MODE H L 

RECIRCULATE L X 
X H 
X X 

READ MODE X L 

H = Logic High Level L = Logic Low Level 

x '" Don't Care Condition 

CSy 

L 
X 
X 
H 

L 

I 

4·" 
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2401,2405 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias: 0° C to 70° C 

Storage Temperature: -65° C to +150° C 

Power Dissipation: 1W 

Voltage on Any Pin with Respect 
to Ground: -0.5V to +7V 

D. C. Characteristics 

'COMMENT: 

Stresses above those listed under "Absolute Max· 
imum Rating" may cause permanent damage to 
the device. This is a stress rating only and function· 
al operation of the device at these or at any other 
condition above those indicated in the operation
al sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

TA = OOto 70°C, Vcc = +5V ±5%, unless otherwise specified. 

SYMBOL PARAMETER MIN. 

III INPUT LEAKAGE 

ILO OUTPUT LEAKAGE 

Icc POWER SUPPLY CURRENT 

V,H INPUT HIGH LEVEL 2.2 
VOLTAGE (ALL INPUTSI 

V,L INPUT LOW LEVEL -0.3 
VOLTAGE (ALL INPUTSI 

VO H OUTPUT HIGH LEVEL 2.4 
VOLTAGE 

VOL OUTPUT LOW LEVEL 0 
VOLTAGE 

NOTES: 1. Typical values are at 2SoC and at nominal voltage. 
2. The following was used to calculate IOL. 

LIMITS 

TYP.lll MAX. UNITS 

10 pA 

100 pA 

45 70 rnA 
50 80 rnA 

5.25 V 

0.65 V 

Vee V 

0.45 V 
, 

Vee {max.} - VOL {max.} 525 - 045 
IOl '" RL (min.! + III (TTL device) '" ~ + 1.6'" 4.97mA. 

TEST CONDITIONS 

V,N = 5.25V 

VOUT = 5.25V 

TA = 250C} Vee = 5.25V; 
TA = O°C 80% DUTY 

CYCLE 

10H =-lrnA, 
RL = 1.5K ± 5% ohms, 

external 

10L = 5.0rnA, 
RL = 1.5K ± 5% ohms, 

external [2J 

Also note that the internal load resistor, A LI. has a value ranging from 500 ohms minimum to 2.200 ohms maximum. The internal 
load resistor can be used when driving from one 2401/2405 to another 2401/2405 or to other MOS inputs. 

POWER SUPPLY CURRENT (ICC) 
VS. DATA REP RATE 

60r--------,---------,--------~--------, 
__ DATA'" "0" 

___ DATA'" "'" 

50r-------~,!--,------~------~C=0~NS=T~A~N=T=D~U=TY~ 
CONSTANT PULSE ....----CYCLE", 80% 
WIDTH'" 10iJs //"1--=-.......:: ..... 

40r-------~~--~~_+--------_3~~------~ 

130~~----~_+~-=~Z~~~4~------'-,~~~--~ 
........ /' __ ............ ;ONST~ PULSE 

20 I--~~-=-_+_====-:+__-----WIDTH '" 800 ns 

1°r-------~--------_+--------_r--------1 

EFFECTIVE INPUT CHARACTERISTIC 

0 3 4 

1KHz 10KHz 100KHz 

DATA REP RATE 

1MHz lOMH 200 mV-

V&EVICE INPu~mm -200mV V1N (VOLTS) 

SPEC 

VOl_. 
WORST CASE 

VOHmln 

TTL OUTPUT 



2401,2405 

A. C. Characteristics TA = OOC to 70°C, Vee = +5V ±5%,unless otherwise specified. 

SYMBOL PARAMETER 

FREO. MAX. MAX. DATA 
REP. RATE 

FREO. MIN. MIN. DATA 
REP. RATE 

trppw CLOCK PULSE 
WIDTH 

trpD CLOCK PULSE 
DELAY 

t, , t f CLOCK RISE 
AND FALL TIME 

tw WRITE TIME 

~ HOLD TIME 

tA ACCESS TIME 
FROM CLOCK 
OR CHIP 
SELECT 

NOTE: 1. 100 kHz in plastic (P) package. 

Capacitance T A = 25° C 

SYMBOL PARAMETER 

CIN DATA, W/R & CS INPUT 
CAPACITANCE 

COUT OUTPUT CAPACITANCE 

Crp CLOCK CAPACITANCE 

Waveforms BIT 1 

toPW 

V,H 

CLOCK 1.5V 

VIL 

DATA, 
V,H 

WIR, 
CS VIL 

LIMITS 

MIN. TYP. MAX. UNITS TEST CONDITIONS 

1 MHz 

1 KHz TA = 25° C 
25[1] KHz TA = 70° C 

0.80 10 /15 

0.20 1000 /15 TA = 25° C 
0.20 40 /15 TA = 70° C 

50 ns 

200 n5 

150 ns 

250 500 ns RL = 1.5K ± 5% ohm, 
EXTERNAL 

CL = 100pF 
ONE TTL LOAD 

LIMITS 

MIN. TYP. MAX. UNITS TEST CONDITIONS 

4 7 pF 
ALL PINS AT AC 
GROUND; 250 mV 

10 14 pF PEAK TO PEAK, 

4 7 pF 1 MHz 

BIT 2 BIT n+1 BIT n+2 

CONTINUOUSLY 1.5V 
"1"QUT ~

A 

OUTPUT IF CHIP { 

SELECTED. ~-~"O~"-::DU~T---' 

OUTPUT IF CS IS 1 CS 
PULSED (OUTPUT 
IS HIGH WHEN 
UNSELECTEDI O_UT_PU_T ___ .... 

"0" OUT 

4·13 
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D. C. Characteristics 

13 

TEMPERATURE DEPENDENCE OF 
OUTPUT LOW LEVEL SINK CAPABILITY 

I="-r-- I --l@voe .1045v 
r- r- fTc;;: --r--~r---Cc ".,} r---.. 

·5. -I---. 

1-- --- WiRST elsE llMr - -- ---
10 20 30 40 50 70 80 

AMBIENT TEMPERATURE (OC) 

A. C. Characteristics 

2401,2405 

POWER SUPPLY CURRENT (Icc) VS. AMBIENT TEMPERATURE (OC) 

I ~ 1 MHz 

55 I--------- t"pw '" 800 ns 

Vee'" 5.25V I 
;; 50 
! 

~ 
-~ -------'-

J5 

-r---I-- -
JO 

o 20 JO 50 60 70 

AMBIENT TEMPERATURE I~CI 

MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY 
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE 

MINIMUM CLOCK PULSE WIDTH AND 
EFFECTIVE MAXIMUM DATA RATE AT 80% 

DUTY CYCLE VS. 
100 KHz 10f'S 

POWER SUPPLY VOLTAGE (Vee) 

','r-----~------~----~r-----~----__, 

25 KHz --1----- ---- -- [7 
401'$ 

~ 

~ 
w 
~ 
u 

MINIMUM 
DATA RATE 

60 0 

so 0 

400 

/ 
/' 

~ .. ~"" 
~ 

V 
V V 

/ / 
V 

r,.t>:"/ 

V 
/'/ 

10 KHz 

1 KHz 

l00H:r 

10Hz 
o 10 20 30 40 50 60 

AMBIENT TEMPERATURE (OC) 

ACCESS TIME VS. LOAD CAPACITANCE 

SPEC LNr RL = 1.5Kn ± 5% ohms, 
external 

.-

V V--
../" tA 300 

Ins) ............ 

200 

100 

0 
50 100 150 200 250 300 

LOAD CAPACITANCE (pF) 

1001'S 

1 ms MAXIMUM 
CLOCK 

DELAY (t001 

10 ms 

100 ms 
70 

800 ~--+_+----.. 
1:; 

5 
·0 

600~----~-----4------~----_+----~ ~ 

~ ~ 
i i 
J400~----_+----~~----~~----_+----~ 

2 ~ 

" 3 :Ii 
200 ~----_+------~----~~----_+----~ 4 ~ 

~ 
o~ ____ -L ______ ~ ____ ~~ ____ -L ____ ~ 

3 

Vee (VOLTS) 

Typical Application Of TTL Compatible Shift Registers 
Vee· +5 VOLTS 

NOTE (1): The 2401/2405 is directly compatible device to device. 
An external 1.5Kn ± 5% load resistor is recommended for driving 
one TTL load with the 2401/2405 output. 



inter 2416 

16,384 BIT CCO SERIAL MEMORY 

• Organization: 64 Recirculating Shift Registers 
of 256 Bits Each 

• Avg. Latency Time Under 100 p,s • Open Drain Output 
• Max. Serial Data Transfer Rate 

- 2 mega bits/ sec. 
• Combined Read/Write Cycles 

Allowed 
• Address Registers Incorporated 

on Chip 
• Standard Power Supplies

+12V, -5V 

• Compatible to Intel® 5244 
CCD Driver 

The.lntel@2416 is a 16,384 bit eeo serial memory designed for low-cost memory applications requiring average latency times 
to under 1001lS. To achieve low latency time the memory was organized in the form of 64 independent recirculating shift reg
isters of 256 bits each. Anyone of the 64 shift registers can be accessed by applying an appropriate 6·bit address input. 

The shift registers recirculate data automatically as long as the four-phase eeo clocks (cfJ, •.• cfJ4) are continuously applied 
and no write command is given. A one-bit shift is initiated in all 64 registers following a low-to-high transition of either ¢2 or 
¢4. After the shift operation the contents o.f the 64 registers at the bit location involved are available for non·destructive read· 
ing, and/or for modification. I/O functions are accomplished in a manner similar to that of a 64-bit dynamic RAM. At the next 
shift cycle, the contents of the 64 accessible bits (whether modified or not) are transferred forward into the respective regis· 
ters and the contents of the next bit of each register become accessible. No I/O function can be performed during the shift 
operation itself. 

The Intel 2416 generates and uses an internal reference voltage which requires some time to stabilize after the power supplies 
and four phase clocks have been turned on. No I/O functions should be performed until the four-phase eeo clocks have ex
ecuted at least 4000 shift cycles with power supplies at operating voltages. After this start-up period, no special action is 
needed to keep the internal reference voltage stable. 

The 2416 is fabricated using Intel's advanced high voltage N-channel Silicon Gate MOS process. 

PIN CONFIGURATIONS BLOCK DIAGRAM 
P2416 C2416 

REFRESH 256·81T RECIRCULATING REFRESH 
AMP ceo AEGISTER NO.1 AMP-

v" CE CE 

Dour cs v" 
REFRESH 256-81T RECIRCULATING REFRESH 

AMP ceo REGISTER NO.2 AMP 

As •• Dour 

As ., Ao 

A, v •• As 
A, ., A, 

A, " A, 

A. WE A, 

voo o,N A. 

voo 

o,N 

PIN NAMES 

Ao·As ADDRESS INPUTS CE CHIP ENABLE INPUT 

D,N DATA INPUT 9,'94 CCD CLOCK INPUTS 
¢ll 4>21/13 ¢4 

'-----r-----' 
WE WRITE ENABLE INPUT VOD ' VSS " VBa POWER SUPPLIES FOUR·PHASE ceo 
CS CHIP SELECT INPUT Dour fiA'fA OUTPUT 

CLOCK INPUTS 

5A'TA OUTPUT 

_DATA INPUT 

- WRITE ENABLE 

4-15 



2416 

Absolute Maximum Ratings* 
Temperature Under Bias .•••.•.•.•••.••.•.•.•.•..••••••.•••..•••.••.•..•••••.... _100 e to BoOe 

Storage Temperature •.•.••••••••.•....•.•.••••.•.••••..•.•••.•..•.•.•.•••••• -65°e to +150oe 

All Input or Output Voltages with Respect to the most Negative Supply Voltage, VBB • . . • . . • • . • . . . •. +25V to -O.3V 

Supply Voltages Voo and Vss with Respect to V BB .•...•....•.•.•.•..•.•....•.••....••• +20V to -O.3V 

Power Dissipation •••.•••....••.•.•.. . • . . . • . . . . . . • • • . • . • • . . . • . • . . . • • . . . . • . . • • • • . • • •• 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 = oOe to 700 e, Voo = +12V ±5%, VBB[l] = -5V ±5%, Vss = OV, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

III I nput Leakage Current 1 10 /lA VIN =OV 

ILO Output Leakage Current 1 10 /lA CE = OV, VOUT = OV 

10L Output Low Current 3 rnA VOL = .45V 

10H Output High Current 10 /lA VOH = +5V 

IOOAVl Average VOO Supply Current for Shift Note 2 rnA 
Cycles Only 

IOOAV2[3] Average VOO Supply Current 15 25 rnA 

IBB Average VBB Supply Current 100 200 /lA 

VIL Input Low Voltage, All Inputs Except -1.0 0.8 V 

<1>1·· ·<1>4 

VIHl Input High Voltage, All Inputs Except VOO-l VOO+l V 
DIN and <1>1 ... <1>4 

VIHO DIN Input High Voltage 3.5 VOO+l V 

VILC[4] <1>1 ... <1>4 Input Low Voltage dc -2.0 0.6 V 

VILCT <1>1 ... <1>4 Input Low Voltage wlCoupling -2.0[5] 1.2[6] V 

VIHCl <1>1 and <1>3 I nput High Voltage dc VOO-l VOO+2 V 

VIHCTl <1>1 and <1>3 Input High Voltage w/Coupling VOO-1.6[6] VOO+2[5] V 

VIHC2 <1>2 and <1>4 Input High Voltage dc VOO-0.6 VOO+2 V 

VIHCT2 <1>2 and <1>4 I nput High Voltage wlCoupling VOO-1.2[6] VOO+2[5] V 

tPWT Cross Coupling Voltage Pulse Width Note 7 ns Pulse width measured at O.8V and 
VOO-l.2V 1<1>1 and <1>3) or 
VOO-0.8V 1<1>2 and <1>4) 

Notes: 1. The only requirement for the sequence of applYing voltage to the davlce IS that VOO and VSS should never be 0.3V more negative 
than VBB. 

15mA 
2. For shift only mode 100 = 2.0mA + -----

t<l>/2 lin /ls) 
3. IOOAV2 is for combined shift and data I/O cycles. 
4. The difference in the low level reference voltages between all four clock phases must not exceed 0.5 volts. 
5. These voltage levels with coupling are within the specified dc range and are not, therefore, subject to tpWT restrictions. 
6. These voltage levels with coupling are outside specified dc ranges and must be restricted to tpWT pulse widths. 
7. The maximum clock cross coupled pulse width is the sum of the clock transition time lIT) plus 20ns. 

4-16 



4>, ••• 4>4 CROSS·COUPLING 

V,HC1 --------------

V'Hcn IMIN)-------------

V,lcr(MAXl 

VILe Q-tPWT -----J! 

2416 

V,HCT2/MAXI ------------ I\. 
V,HC' ----- r-----.J· .... ---:L.J: 

4>2 VIHCT2IMIN) __ -/ H,., 

V,LC---...J· 

K PWT Ht-----..PWT 
V,lcr(MAX) --- --

¢3 V"C ----- '--I 
v"cTIMIN)-------------------

V,HCT2IMAX)--- 1\ I\. 
V'HC,---J. ..... _____ .J. ..... ___ "'\ 

V"C-_---------------\~ __ """""\ ,.-------

V'LCT(MIN) '--.I 
A.C. Characteristics TA; o°C to 70°C, VOO ; 12V ±5%, VBB ; -5V ±5%, Vss; OV, unless otherwise specified. 

SHIFT ONLY CYCLES 

Symbol Parameter Min. Max. Unit Conditions 

t<l>/2 Half Clock Period for <1>1 ••• <1>4 750[1] 10,000 ns tT = 40nsec 

<1>2 On to <1>1 On Time, <1>4 On to <1>3 On Time 200 
DOUT TEST LOAD 

tpT ns 
6V 

tTo <1>1 to <1>4 Overlap, <1>3 to <1>2 Overlap 30 ns ~5K 
tOT <1>4 to <1>1 Hold Time, <1>2 to <1>3 Hold Time 40 ns DEVICE 

UNDER 

tTP <1>1 Off to <1>4 On, <1>3 Off to <1>2 On 320 ns TEST SOpF 

I 
tT Transition Times for <1>1 ••• <1>4 30 200 ns vss -= 

Note: 1. The 750ns Half Clock Period will be met for 30ns .; tT'; 40ns. Values of tT > 40ns lengthen t<l>/2' 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

.4 

1_ SHIFT I r--- EXECUTe ---t 
TIME I (¢, SHIFT TIME) I 

I I® 

t 01 (40) 

I SHIFT I r--- EXECUTE-l 
TIME I I (¢l3 SHIFT TIME) 

I 

1------+--cI;~;'I-+---------+If--____ t---'--++ __ _ 

tTP(320) 

tTP (320) 

I SHIFT I r--- EXECUTe ~ 
TIME I I f¢, SHIFT TIME) 

I 

tpT12001 

tlO(30) 

tOT(401 

Note: 2. +2.0V and VOO-2.0V are the reference low and high level respectively for measuring the timing of <1>1, <1>2, <1>3 and <1>4. 
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2416 

A.C. Characteristics 
SH I FT -R EAD-R EAD-... -R EAD-SH I FT CYCLE 

Symbol Parameter Min. Max. Unit Conditions 

tRCY R EAO Cycle Time 460 ns 

tpT 1>2 On to 1>1 On Time, 1>4 On to 1>3 On Time 200 ns tT = 40ns 

!To 1>1 to 1>4 Overlap, 1>3 to 1>2 Overlap 30 ns tTl = 20ns 

tOT 1>4 to 1>1 Hold Time, 1>2 to 1>3 Hold Time. 40 ns 

t1>/2 Half Clock Period for 1>1 ... 1>4 10,000 ns DOUT TEST LOAD 

!T Transition Times for 1>1 ... 1>4 30 200 ns 
sv 

tTl Transition Times for I nputs Other Than 1>1 ... 1>4 100 ns 

tTC 1>1 or 1>3 Off to CE On 280 ns 5" 

tsc CS to CE Set-Up Time 0 ns 
DEVICE 

tAC Address to CO Set· Up Time 0 ns UNDER 
TEST 

tAH Address Hold Time 240 ns 

tes CE to CS Hold Time 0 ns I SOPF 

tec CE Off Time 140 ns 
-=-

tcp CE Off to 1>2 or 1>4 On 40 ns vss 

tCER CE On Time. 280 ns 

tCF CE Off to Output High Impedance State 0 ns 

tco CE to 00UT Valid 250 'ns 

WAVE FORMS[I] (Numbers in parentheses are for minimum cycle timing in ns) 

" --...... '--=--f 

., ------=--~t-+---------~--------------------------~~--~--~ ., 

NOTES:· 1. WE must be continuously low during the R EAO cycle. 
2. When CE is off, the 2416 output level is determined by the external output termination. 
3. +2.0V and VOO-2.0V are the reference low and high level respectively for measuring the timing of 1>1 ... 1>4, CEo es and addresses. 
4. +0.8V-is the reference level for measuring the timing of DOUT. 
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A.C. Characteristics 
SH I FT -WR ITE-WR ITE-... -WR ITE-SH I FT CYCLE 

Symbol Parameter Min. Max. Unit Conditions 

tWCY WR ITE Cycle Time 460 ns 

tpT <P2 On to <Plan Time, <P4 On to <P3 On Time 200 ns tT ~ 40n, 

tTO <Pl to <P4 Overlap, <P3 to <P2 Overlap 30 ns tTl ~ 20ns 

tDT <P4 to <Pl Hold Time, <P2 to <P3 Hold Time 40 ns 

t<p/2 Half Clock Period for <Pl ••• <P4 10,000 ns 

tT Transition Times for <Pl ••• <P4 30 200 ns 

tTl Transition Times for Inputs Other Than 100 n, DOUT TEST LOAD 

<Pl·· ·<P4 

tTC <Pl or <P3 Off to CE On 280 ns 

tsc CS to CE Set-Up Time a ns 

tAC Address to CE Set-Up Time a ns 

tAH Address Hold Time 240 ns DEVICE 
UNDER 

tcs CE to CS Hold Time a ns TEST 

tcc CE Off Time 140 ns 

tcp CE Off to <P2 or <P4 On 40 ns 

tCEW CE On Time 280[1] ns 

tcw CE to WE Set-Up Time 100[1] n, 

tDW DIN to WE Set-Up a n, 

twp WE Pulse Width 100[1] ns 

!Wc WE Off to CE Off 0[1] ns 

tDH DIN Hold Time a ns 

Note: 1. The minimum tCW. 'tWP and twc times with appropriate transitions do not necessarily add up to the minimum tCEW' This allows the 
user flexibility in setting the WE Pulse Width edges without affecting either tCEW or the WR ITE Cycle Time, tWCY. 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

5V 

5K 

r50PF 

-=-
Vss 

I SHIFT I __ EXECUTE __ 

TIME 
I SHIFT I 
-EXECUTE-

I TIME 
01 (IP, SHIFT TIME) (¢3 SHIFT TIME) I 

., 
¢, 

r------+-t-+------+__ t<.Y2 ----------------t-~ 

'TD 
(3D) 

@I 0, 

cs 

ADDRESS 

WE 

D'N 

Notes: 2. +2.0V and VDD-2.DV are the reference low and high level respectively for measuring the timing of 411 ... tP4, CE, CS, WE, and addresses. 
3. +1.5V and +3.0V are the reference low and high level respectively for measuring the timing of DIN. 
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A.C. Characteristics SHIFT -RMW-RMW- ... -RMW-SHIFT CYCLE 
Symbol Parameter Min. Max. Unit 

tRWC REAO·MOOIFY·WR ITE Cycle Time 620 ns 

tpT <1>2 On to <1>1 On Time. <1>4 On to <1>3 On Time 200 ns tT ~ 40ns 

tTO <1>1 to <1>4 Overlap, <1>3 to <1>2 Overlap 30 ns 1T1 ~ 20ns 

tOT <1>4 to <1>1 Hold Time, <1>2 to <1>3 Hold Time 40 ns 

t<l>/2 Half Clock Per iod for <1>1 ... <1>4 10,000 ns 

tT Transition Times for <1>1 ... <1>4 30 200 ns 

tTl Transition Times for Inputs Other Than 100 ns 

<1>1··· <1>4 

ITc <1>1 or <1>3 Off to CE On 280 ns 

tsc CS to CE Set-Up Time a ns 

tAC Address to CE Set-Up Time a ns 

tAH Address Hold Time 240 ns 

tcs CE to CS Hold Time a ns DEVICE 

tcc CE Off Time 140 
UNDER 

ns TEST 

·tcp CE Off to <1>2 or <1>4 On 40 ns 

tCRW CE On Time 440[lJ ns 

tco CE On to 00UT Valid 250 ns 

tow OIN to WE Set-Up Time a ns 

twp WE Pulse Width 100[lJ ns 

twc WE Off to CE Off a ns 

tOH 0IN Hold Time a ns 

two CE On to WE On 300[lJ ns 

tWF WE to 00UT Undefined a ns 

Note: 1. The minimum twD and twp times with appropriate transitions do not necessaflly add up to the minimum tCRW. ThiS allows the user 
flexibility in setting the WE Pulse Width edges without affecting either tCRW or the R EAD-MOOIFY·WRITE Cycle Time, tRWe. 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

'. 
I-- E~~g"tiTE -------1 MUL rlPLE RMW CYCLES --------->{ 

(91 SHIFT TIME) @ 

Conditions 

DOUT TEST LOAD 

5V 

5K 

r50PF 

Vss 

~~---r------------------------_++_--~--~-
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(Numbers in parentheses are for minimum cycle timing in ns.l 

DATA 
VALID 

Notes: 2. When CE is off, the 2416 output level is determined by the external output termination. 
3. The parameter tCF is the same as in the Shift·Read-Shift Cycle on page 4. 
4. +2.0V and VDD-2.0V are the reference low and high level respectively for measuring the timing of ¢1 ... 1>4. CEo CS, WE, and addresses. 
5. +1.5V and +3.0V are the reference low and high level respectively for measuring the timing of DIN. 
6. +O.SV is the reference level for measuring the timing of DOUT. . 



A.C. Characteristics 
CAPACITANCE[1l TA = 25°C 

Symbol Parameter 

CIN Address, DIN, CS, CE, WE Capacitance 

COUT DOUT Capacitance 
C<1>111l,C<1>312l 1>1,1>3 Input Capacitance 
C<1>2[1l,C<1>4[2l 1>2,1>4 I nput Capacitance 

C<1>1-<1>2 Clock 1>1 To Clock 1>2 Capacitance 

C<1>1-<1>4 Clock 1>1 To Clock 1>4 Capacitance 

C<t>3-<1>2 Clock ¢3 To Clock <1>2 Capacitance 

C<1>3-<t>4 Clock 1>3 To Clock 1>4 Capacitance 

2416 

Notes: 1. This parameter is periodically sampled and is not 100% tested. 

Typ. Max. Unit 

4 6 pF 

3 5 pF 

350 500 pF 

480 700 pF 

120 175 pF 

150 200 pF 

150 200 pF 

120 175 pF 

2. The C<1>1 .... C<t>4 input clock capacitance includes the clock to clock capacitance. The equivalent input 
capacitance is given below. 

Four·Phase Clock Inputs 

Conditions 

VIN = Vss 

VOUT=VSS 

V<1> = Vss 

V<1> = VSS 

V<1> = VSS 

V<1>= VSS 

V<1>= VSS 

V<1> = VSS 

The four-phase clock inputs are internally connected to long 
electrodes used for several thin-oxide gates, resulting in high 
capacitance to the substrate on the clock inputs. In addition, 
considerable cross-coupling between adjacent clock exists due 
to the overlapping structure of the electrodes. The figure to 
the right shows the circuit equivalent of the clock inputs, 
indicating maximum capacitance values. 

¢'-----It---~-----))<--, 10<;C<;300pF 
OATA DEPENDENT 

I'25PF 

·2 --~Iit-3-25P-F ----<E-'Z-PF -~--;I A 200pF 
The equivalent circuit suggests two opposed clock driver reo 
quirements: 

1. Ability to drive high-capacitance loads quickly. 
2. Ability to suppress cross-coupled current transients. 

The first requirement could ordinarily be met rather easily, 
if it weren't for the fact that the cross-coupled current, I, is 
proportional to the rate of change-of the voltage, i.e., I = C ~~ . 

For the quiescent driver to hold the coupled voltage to a mini· 
mum, the driver must have very low output impedance. How
ever, when this driver becomes active the low output 
impedance increases the slope of the transitions which in turn 
increases coupling currents to the other drivers. This suggests 
that a driver have a controlled output transition time and a low 
output impedance characteristic in the quiescent state (high 
or low level). The Intel® 5244 meets these requirements. 

5244 - -CCD Clock Driver 

-::- 200PF_ J 175pF 

¢3-----][t---------------" 
I'25PF 

·4-----t--------------~ 

I 325pF 

EFFECTIVE INPUT CAPACITANCE 
., &.3 = 500pF .2 & "4 = 700pF 

The Intel@ 5244 is a CMOS implemented fully TTL input compatible high voltage MOS driver, designed especially for the four 
phase clock inputs of the 2416. The device features very low DC power dissipation from a single +12V supply with output 
characteristics directly compatible with the 2416 clock input requirements. 

The 5244 uses internal circuitry to control the cross·coupled voltage transients between the clock phases generated by the 
2416. This internal circuitry limits the transition time to a specified range so that excessively fast transitions «30ns) do not 
occur on the clock line. The ,entire operation is transparent to the user. 

The 5244 is designed to drive four 2416s, but can drive fewer devices when loaded with additional capacitance to prevent a 
speedup in the transition times. Additional information on this and other aspects of the 5244 can be found on the 5244 data 
sheet. 
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Application Information 
The Intel@ 2416 is a charge coupled device (CCD) containing 16,384 bits of dynamic shift register storage available in a 
standard 18 pin plastic package. To minimize latency time (access time to any given bit in the device), the 2416 has been 
organized as 64 registers containing 256 bits each and, therefore, any bit can be accessed with a maximum of 255 shift opera· 
tions. Since the minimum shift cycle requires 750 ns, the maximum latency time for the 2416 is less than 200psec. 

Access to the 64 recirculating registers is performed in a random access mode. A six bit address selects one of the 64 registers 
for read, write, or read/modify/write operations. These random access operations are performed between shift operations, 
and can be performed in any number or sequence as long as the basic shift frequency is maintained. 

Because of substrate leakage currents the charge coupled storage mechanism is dynamic in nature. To satisfy the refresh re
quirements of the 2416, one shift operation must be performed every ten microseconds. A shift operation is completed on 
the falling edge of clock phase 1>1 or 1>3 and random access cycles may occur only between (1) the falling edge of 1>1 and the 
rising edge of 1>4 or (2) the falling edge of 1>3 and the rising edge of 1>2' This refresh requirement limits the number of random 
access cycles between successive shift operations to a maximum of 16. 

Random access operations are performed in a manner which is very similar to any random access memory (RAM). All random 
access cycles are initiated with the rising edge and terminated with the falling edge of CE (Chip Enable). Read operations are 
performed when WE (Write Enable) remains low throughout a CE cycle. Data is strobed into the memory whenever WE is 
strobed high during a CE cycle as illustrated in the appropriate timing diagrams. CS (Chip Select) controls only the input and 
output circuits and is only effective when CE is high. 

Typical Current Transients vs. Time 

The oscilloscope photos in Figures 1 and 2 show typical 100 current transients during shift and I/O cycles. The typical Iss 
current during a shift cycle is shown in Figure 3. 
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Figure 1. 100 transient current during 

shift cycles. 

100 scale: 10mA/div. 

OmA 

Figure 2. I DO transient current during 

1/0 cycles. 

100 scale: 10mA/div. 

Figure 3. IBB transient current 
during a shift cycle. 

I SS scale: 50mA/div. 
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MEMORY SUPPORT CIRCUITS 

Electrical Characterlsllcs Over 
Temperature 

Type Description Input to Output Power Dlsslpallon[1] Supplies [V] Page No. 
Delay Maximum Maximum 

3205 1 of 8 Binary Decoder 18ns 350mW +5 5-3 

3207A Quad Bipolar to MOS Level Shifter and Driver 25ns 900mW +5,+16,+19 5-7 

a: 3207A-1 Quad Bipolar to MOS Level Shifter and Driver 25ns 1040mW +5,+19,+22 5-11 
« 3208A Hex Sense Amp for MOS Memories 20ns 600mW +5 5-13 ..J 
0 3222 4K Dynamic RAM Refresh Controller -- 600mW +5 5-19 Q. 

CO 3232 4K Dynamic RAM Address Multiplexer and 20ns 675mW +5 5-25 

> Refresh Counter 
~ 3242 16K Dynamic RAM Address Multiplexer and 20ns -- +5 5-29 l-
I- Refresh Counter 
0 

3245 Quad TTL to MOS Driver for 4K RAMs 32ns 388mW +12,+5 5-30 J: 
0 3246 Quad ECL to MOS Driver for 4K RAMs 30ns 186mW -5.2, +5, +12 5-34 
Ul 

3404 High Speed 6-Bit Latch 12ns 375mW +5 5-3 

3408A Hex Sense Amp and Latch for MOS 25ns 625mW +5 5-13 
Memories 

5234 Quad CMOS to MOS Driver for 4K RAMs 20ns 120mW 12 5-38 

Ul 5235 Quad Low Power TTL to MOS Driver for 125ns 240mW 12 5-42 
0 4K RAMs 

::E 5235·1 High Speed Quad Low Power TTL to 95ns 240mW 12 5-42 
0 MOS Driver for 4K RAMs 

5244 Quad CGD Driver 90ns 1260mW 12 5-46 

Note 1: Power Dissipation calculated with maximum power supply currenl and nominal supply voltages. 
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in1er 3205,3404 

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 

• 18ns Max. Delay Over 0° C to 
75° C Temperature: 3205 

• 12ns Max. Data to Output 
Delay Over 0° C to 75° C 
Temperature: 3404 

• Directly Compatible With DTL 
and TTL Logic Circuits 

3205 

• Low Input Load Current: .25mA 
Max., 1/6 Standard TTL Input 
Load 

• Minimum Line Reflection: Low 
Voltage Diode Input Clamp 

• Outputs Sink 10mA Min. 

• 16-Pin Dual In-Line Package 

• Simple Expansion: Enable 
Inputs 

The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes "low", thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo
ry expansions. 

3404 
The ,Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the "Write" input is "low". 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0° C to +75° C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 

3205 

1·8 BINARY 
DECODER 

PIN CONFIGURATION 

Vee 0, 

0, 

0, 

0, 

0, 

0, 

W, 

GRD 

3404 

Vee 

0, 

0, 

0, 

D. 
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3205,3404 

Absolute Maximum Ratings* 
Temperature Under Bias: Ceramic -65°C to +125" C *COMMENT 

Plastic 

Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 

-65°C to +750 C 

-65°C to +1600C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

125mA 

Stresses above those listed under "Absolute Maximum Rat· 
ing" 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. 

D.C. Characteristics TA = ooc to +75°C, Vee = 5.0V ±5% 

3205,3404 

SYMBOL PARAMETER 
LIMIT 

MIN. MAX. 

'F INPUT LOAD CURRENT -0.25 

'R INPUT LEAKAGE CURRENT 10 

Vc INPUT FORWARD CLAMP VOLTAGE -1.0 

VOL OUTPUT "LOW" VOLTAGE 0.45 

VOH OUTPUT HIGH VOLTAGE 2.4 

VIL INPUT "LOW" VOLTAGE 0.85 

VIH INPUT "HIGH" VOLTAGE 2.0 

'sc OUTPUT HIGH SHORT -40 -120 
CIRCUIT CURRENT 

Vox OUTPUT "LOW" VOLTAGE 0.8 
@ HIGH CURRENT 

3205 ONLY 
I Icc I POWER SUPPLY CURRENT 70 

3404 ONLY 

lec POWER SUPPLY CURRENT 75 

' FW1 
WRITE ENABLE LOAD CURRENT -1.00 

PIN 7 

'FW2 
WRITE ENABLE LOAD CURRENT -0.50 

PIN 15 

'RW WRITE ENABLE LEAKAGE CURRENT 10 

Typical Characteristics 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 

OUTPUT "LOW" VOLTAGE OUTPUT "HIGH" VOLTAGE 
100 

TA ' 75'C _ ~ fI... 

UNIT 

mA 

flA 

V 

V 

V 

V 

V 

rnA 

V 

rnA 

mA 

rnA 

rnA 

IlA 

5.0 

TA =25"C_ 

"' ~ 80 -10 

I-~CC 25.0J 

I Uf. r;"'25O C 
4.0 

vee'" 5.0V ~ TA = DOC TA='O"C-"'1 TA = 750(: 

1# 
J 

60 /I , -20 3.0 

II 
40 I , -30 2.0 

TA = 75'C-.., ~ 
/. r... TA = DOC 

20 J 
II 

-40 1.0 

H r- TA = 25u C ~ -50 
.2 .4 .il .8 1.0' 1.0 2.0 3.0 4.0 5.0 
OUTPUT "LOW" VOLTAGE IV) OUTPUT "HIGH" VOLTAGE IV) 

TEST CONDITIONS 

Vee - 5.25V. VF ~ 0.45V 

Vee ~ 5.25V. VR ~ 5.25V 

Vee = 4.75V. Ie = -5.0 rnA 

Vee - 4.75V. 'OL - 10.0 rnA 

Vee - 4.75V. 'OH - -1.5 rnA 

Vee ~ 5.0V 

Vee ~ 5.0V 

Vee ~ 5.0V. VOUT ~ OV 

Vee = 5.0V. 'ox = 40 rnA 

Vee ~ 5.25V 

Vee =5.25V 

Vee~5.25V. Vw =0.45V 

Vee=5.25V. Vw~0.45V 

VR 5.25V 

DATA TRANSFER FUNCTION 

I .I. 
I--vee'" s.ov -

TA"'O"C 

r\ ~ 
TA '" 25°C f-t f...\ 
TA = 75'C_ H \ 

\ 
1\ \ 
\. ~ ~ 

o .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

INPUT VOLTAGE IV) 



3205,3404 

3205 - HIGH SPEED 1 OUT OF 8 BINARY DECODER 
Switching Characteristics 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsee 
between 1 V and 2V 

Measurements are made at 1.5V 

Vee 

TEST LOAD: 

3900 

All Transistors 2N2369 or Equivalent. CL =. 30 pF 

TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE --{'HI~ },-.t __ I __ -

______________ J~--------------------~ _______________ _ OUTPUT 

A.C. Characteristics TA = O°C to +75°C, Vee = 5.0V ±5% unless otherwise specified. 

SYMBOL PARAMETER MAX. LIMIT 

t++ 18 

t + ADDRESS OR ENABLE TO 18 

t+ 
OUTPUT DELAY 18 

t -- 18 c---
CIN 

(1, INPUT CAPACITANCE P3205 4(typ.) 
C3205 5(typ.) . 1 .. Thls parameter IS periodically sampled and IS not 100 Jb tested . 

Typical Characteristics 
ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 

20,----,-----,-----,-----, 
Vee;: 5.0V 

TA =2S"C 

15 ~---t-----+ 

50 100 150 

LOAD CAPACITANCE (pFI 

200 

UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns 

pF f = 1 MHz, Vee = OV 

pF VBIAS = 2.0V,T A = 25°C 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 

15~----_+------~------~ 

t. 

10~----~------_+------_1 

t .. 

oL-____ ~ ______ ~ ______ _J 

o 25 50 75 

AMBIENT TEMPERATURE (OCI 
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3404 - 6-BIT LATCH 
Switching Characteristics 
CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

I nput rise and fall times: 5 nsee 
between 1 V and 2V 

Measurements are made at 1.5V 

3205,3404 

TEST LOAD: 
Vee 
390n 

-:" All TransistOrs 2N2369 or Equivalent. C L"" 30pF 

MEASUREMENT FOR WRITE ENABLE DELAY MEASUREMENT FOR DATA DELAY 
TEST WAVEFORMS 

DATA 
INPUT 

WRITE 
ENABLE 

OUT 

---~ \ 

\ I 
~ __________________ J 

-:r,+-·t-+ ,'~-~;~;~-------------
________ ..1 

DATA 
INPUT 

WRITE 
ENABLE 

OUT 

NOTE 1: Output Data is valid after t+_. t_+ NOTE 2: Output Data is valid after t __ , t_+ 

A.C. Characteristics TA = O°C to +75°C, Vee = 5.0V ±5%; unless otherwise specified. 

SYMBOL PARAMETER 
LIMITS 

MIN. TYP. MAX. 

t+_,t_+ DATA TO OUTPUT DELAY 12 
t __ ,t_+ WRITE ENABLE TO OUTPUT DELAY 17 

'SET UP TIME DATA MUST BE PRESENT BEFORE 12 
RISING EDGE OF WRITE ENABLE 

'HOLD TIME DATA MUST REMAIN AFTER 8 
RISING EDGE OF WRITE ENABLE I 

'WP WRITE ENABLE PULSE WIDTH 15 

CINDI31 DATA INPUT CAPACITANCE P3404 4 

C3404 5 

CINWI31 WRITE ENABLE CAPACITANCE P3404 7 

C3404 8 

NOTE 3: This parameter is periodically sampled and is not 1-00% tested. 

Typical Characteristics 
DATA INPUT, WRITE ENABLE 

TO OUTPUT DElA Y VS. 
LOAD CAPACITANCE 

2or-----,-----~------r-~~, 

w 
~ 

'" 15 

w 
~ 

'" 

20 

15 

DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. 

AMBIENT TEMPERATURE 

Vee ~ 5.oV 
cl '" 30 pF 

I 

UNIT 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 

pF 

20 

TEST CONDITIONS 

f = 1 MHz. VCC - OV 

VSIAS = 2.0V.TA=250C 

f - 1 MHz. VCC - OV 

VBIAS = 2.0V. T A = 25°C 

WRITE ENABLE PULSE WIDTH 
VS. LOAD CAPACITANCE 

Vee :c: 5.0V 

TA '" 25"C 

'" '" ~ ~ WRITE ENABLE t 

w w 

~ 15 
c 
~ 
w 
~ 
~ ~ 

/ ... ... 
0: 0: 
;: 10 ;: 10 .... .... 
~ ~ 
~ ~ 

'" '" ... ... 
'" '" c c 

0 
0 100 200 300 400 

LOAD CAPACITANCE (pF) 

DATA JR WRITE ENABILE t_+ 

DATA t+ 

25 50 

AMBIENT TEMPERATURE lOCI 

75 

~ 10 
w 
~ 

'" '" ~ 
w 5 ... 
0: 
;: 

---
I 

100 200 300 400 

LOAD CAPACITANCE (pF) 



inter 3207A 

QUAD BIPOLAR-TO-MOS LEVEL SHIFTER 
AND DRIVER 

• High Speed, 45 nsec Max.-
Delay + Transition Time Over 
Temperature with 200 pF Load 

• TTL & DTL Compatible Inputs 

• 1103 and 1103A Memory 
Compatible at Output 

• Simplifies Design -- Replaces 
Discrete Components 

• Easy to Use -- Operates from 
Standard Bipolar and MOS 
Supplies 

• Minimum Line Reflection --Input 
and Output Clamp Diodes 

• High Input Breakdown Voltage--
19 Volts 

• CerDIP Package--16 Pin .DIP 

The 3207A is a Quad Bipolar-to-MOS level shifter and driver which accepts TTL and DTL input signals, and 
provides high output current and voltage suitable for driving MOS circuits. It is particularly suitable for driving 
the 1103 and.1103A memory chips. The circuit operates from a 5 volt TTL power supply, and Vss and VBB 
power supplies from the 1103 and 11 03A. 

The device features two common enable inputs per pair of devices which permits some logic to be done at their 
inputs, such as cenable and precharge decoding for the 1103 and 11 03A. 

For the TTL inputs a logic "1" is VIH and a logic "0" is VIL. The 3207A outputs correspond to a logic "1" as 
VOL and a logic "0" as VOH for driving MOS inputs. 

The 3207 A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device performance 
is specified over the same temperature range as the 1103 and 1103A, i.e. from ooe to +70oe. 

PIN CONFIGURATION 

OUTPUT 

DATA INPUT 

ENABLE INPUT 

ENABLE INPUT 

DATA INPUT 

OUTPUT 

OUTPUT 

DATA INPUT 

ENABLE INPUT 

ENABLE INPUT 

DATA INPUT 

OUTPUT 

LOGIC SYMBOL 

D1----f 

El 

E2--+--+ 
~----f 

5-7 
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Absolute Maximum Ratings * 
Temperature Under Bias ......... ooc to +70oC 
Storage Temperature ....... _ ... -65°C to +160oC 
All Input Voltages 3nd VSS" .. " .... -1.0 to +21V 
Supply Voltage Vcc ............... -1.0 to +7V 
All Outputs and Supply Voltage 
Vss with respect to GND ......... -1.0 to +25V 
Power Dissipation at 25°C ...•....... , 2 Watts (1) 

3207A 

'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 at any other con
dition 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. 

(1) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures. 

D. C. Characteristics T A = OOC to 70°C, Vcc= 5V ± 5%, Vss = 16V ± 5%, VBB- Vss= 3.0V to 4.0V 

SYMBOL TEST LIMIT UNIT CONDITIONS MIN. MAX. 

IFO DATA INPUT LOAD CURRENT -0.25 mA Vo = .45V, Vcc= 5.25V, All Other Inputs 

at 5.25V, VSS= 16V, Vaa= 19V 

IFE ENABLE INPUT LOAD CURRENT -0.50 mA VE = .45V, VCC= 5.25V, All Other Inputs 

at 5.25V, VSS= 16V, Vaa= 19V 

IRO DATA INPUT LEAKAGE 20 /lA V D = 19V, VCC= 5.0V, All Other Inputs 
CURRENT Grounded, VSS = leV, Vaa = 19V 

IRE ENABLE INPUT LEAKAGE 20 /lA V E = 19V, Vcc= 5.0V, All Other Inputs 
CURRENT Grounded, VSS = 16V, Vaa= 19V 

VOL OUTPUT "LOW" VOLTAGE .8 V (00 C) IOl =500pA, VCC= 4.75V 
.7 V(250C) VSS= 16V, Vaa= 19V 
.6 V(7(PC) All I nputs at 2.0V 

VOH (MIN.) OUTPUT "HIGH" VOLTAGE VSS -·7 V(O°C) 10H= -500/lA, VCC= 5.0V 

VSS -·6 V(25"C) VSS= 16V, Vaa= 19V 
VSS -·5 V(70oC) All Inputs at 0.85V 

VOH(MAX.) VSS + 1.0 V 10H = 5mA, VCC = 5.0V 
VSS = 16V, VSS = 19V 

IOl OUTPUT SINK CURRENT 100 mA Vo = 4V, Vcc= 5.0V,V SS= 16V, 

Vaa= 19V, VE= VO= 2.0V 

IOH OUTPUT SOURCE CURRENT -100 mA Vo = VSs-4V, VCC= 5.0V, VSS= 16V 
Vaa= 19V, VE = Vo = 0.85V 

".L INPUT "LOW" VOLTAGE 1.0 V VCC= 5.0V, VSS= 16V, Vaa= 19V 

VIH INPUT "HIGH" VOLTAGE 2.0 V Vcc= 5.0V, VSS= 16V, Vaa= 19V 

CIN INPUT CAPACITANCE 8(Typlcal) pF VaIAS= 2.0V, Vcc= OV 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 

Symbol Parameter Min. Max. Unit Conditions 

ICC Current from ·V cc 83 mA 

ISS Current from VSS 250 J.l.A 
VCC = 5.25V, VSS = 16.8V, VSS = 20.8V 

All I nputs Open 
ISS Current from V 88 21 mA 

PTOTAL Total Power Dissipation 900 mW 

All Outputs "High" 

ICC Current from V CC 33 mA 

ISS Current from VSS 250 J.l.A 
VCC = 5.25V, VSS = 16.aV, V8S = 20.aV 

All Inputs Grounded 
ISS Current from V SS 3 mA 

PTOTAL Total Power Dissipation 250 mW 

Standby Condition with VCC = OV, VSS = VSS 

ICC Current from Vee 0 mA 

ISS Current from V ss 250 J.l.A 
VCC = OV, VSS = 16.aV, VSS = 16.8V 

ISS Current from Ves 250 J.l.A 

PTOTAL Total Power Dissipation 10 mW 



Switching Characteristics 

A.C. Characteristics 

3207A 

TA = O°C to 70°C, Vcc = 5V ±5%, Vss = 16V ±5%, VBB = Vss +3 to 4V, f = 2 MHz, 50% Duty Cycle 

LIMITS (ns) 

SYMBOL TEST DELAY DIFFERENTIAL 111 
CL=100pF CL = 200 pF CL = 200 pF 

MIN. MAX. MIN. MAX. MAX. 

t+_ INPUT TO OUTPUT DELAY 5 15 5 15 5 

t-+ INPUT TO OUTPUT DELAY 5 25 5 25 10 

t, OUTPUT RISE TIME 5 20 5 30 10 

t f OUTPUT FALL TIME 5 20 10 30 10 

tD DELAY + RISE OR FALL TIME 10 35 20 45 10 

(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_+ parameter are within a maximum of 10 nsec of each other in the same package. 

Waveforms 

OUT 

IN 

GND 

Typical Characteristics 
SWITCHING TIME VS. 

AMBIENT TEMPERATURE 

40 

J Vee - 5.0V 

vss '" 16V 
30 -VBB = 19V 

cL '" 200 pF 

20 __ t_+ -I--" t, 

e-- -tf 

10 
-t+_ 

o 
o 20 40 60 

AMBIENT TEMPERATURE (OC) 

80 

*~-_1-t, 

SWITCHING TIME VS. 
LOAD CAPACITANCE 

40r---r--__ r---r---, 

30 

Vee = 5.0V 

Vss = 16V 
VBB = 19V --+----+-----1 
TA = 25°C 

O~----~-~~----~--~ 
o 100 200 300 400 

LOAD CAPACITANCE (pFI 

--I-
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5·10 

3207A 

Power and Switching Characteristics 

0 
« 
S 
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U 
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Ii' 
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~ 
u. 
0 
w 
a: => 
I-« 
a: w .. 
iii 
I-
Z 
0 
;:: 
U z 
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POWER CONSUMED IN CHARGING AND 
DISCHARGING LOAD CAPACITANCE 

OVER OV TO 16V INTERVAL 

.2r------------------r----~--~~--~~ 

.1 

.08 

06 

.04 

.02 

.01 

.008 

.004 

150 

100 

.2 .4 .6.8 1 

FREQUENCY OF SWITCHING (MHz) 
POWER'" CV 2 f 

JUNCTION TEMPERATURE VS. TOTAL 
POWER DISSIPATION OF THE CIRCUIT 

TOTAL POWER DISSIPATION OF THE CIRCUIT (WI 
TOTAL POWER'" D.C. POWER + POWER CONSUMeD IN 
CHARGING AND DISCHARGING LOAD CAPACITANCE. 

8 10 

~ 
z 
0 
;:: 
;t 
ill 
0 
a: 

~ 
Ii' 
cj 
cj 

w 
U z « 
5~ «-
~~ 
~I= «=> 
00 
..Jr 
WU 
"'« «w 
U z 
1;;0 
a: 

~ 

NO LOAD D.C. POWER DISSIPATION VS. 
OPERATING DUTY CYCLE 

1.0 r-----,------,-----,-------, 

.75 

.50 

.25 

Vee'" 5V 
Vss =16V± 5% 

VBB = Vss + 3 to 4 V 

oL-______ -L ________ L-______ -L ______ ~ 

o 

300 

200 

100 

50 75 

SWITCHING DUTY CYCLE (%1 

WORST CASELOAD CAPACITANCE 
ON EACH OUTPUT VS. 

FREQUENCY OF SWITCHING 

FREQUENCY OF SWITCHING (MHz) 

100 
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QUAD BIPOLAR-TO-MOS LEVEL SHIFTER 
AND DRIVER 

• Power Supply Voltage 
Compatible with the High 
Voltage 1103-1 

• 1103-1 Memory Compatible 
at Output 

The Intel 3207 A·1 is the high voltage version of the standard 3207 A, and is compatible with the 1103-1. The 
3207A·1 has all the same features as the standard 3207A. The absolute maximum ratings and pin configuration 
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page. 

PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATlNGS* 

OUTPUT 

DATA INPUT 

ENABLE INPUT 

ENABLE INPUT 

DATA INPUT 

OUTPUT 

OUTPUT 

DATA INPUT 

ENABlE INPUT 

ENABLE INPUT 

DATA INPUT 

OUTPUT 

Temperature Under Bias .......... rf'e to +550 e 
Storage Temperature ........... -65" e to +160oe 
AlllnputVoltaQlls ............ -1.0to+21 Volts 
Supply Voltage Vcc ........... -1.0 to +7.0 Volts 
All Outputs and Supply Voltages VB B and VSS 
with respect to GND ........... -1.0 to +25 Volts 
Power Dissipation at 25°e ............... 2 Watts 

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 at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi· 
mum rating conditions for extended periods may affect device 
reliability. 

D. C. Characteristics TA = oOC to 550 C, Vee = 5V ± 5%, Vss = 19V ± 5%, VaB -VSS = 3.0V to 4.0V 

SYMBOL TEST LIMIT UNIT CONDITIONS MIN. MAX. 

IFo DATA INPUT LOAD CURRENT -0.2S mA Vo = .4SV, VCC= S.2SV, All Olher Inputs 
al S.2SV, Vss = 19V, VBB= 23V 

IFE ENABLE INPUT LOAD CURRENT -O.SO mA VE = .4SV, VCC= S.2SV, All Olher Inpuls 

al S.2SV, VSS= 19V, VBB=·23V 

IRO DATA INPUT LEAKAGE 20 IlA Vo = 19V, VCC= S.OV, All Olher Inputs 
CURRENT Grounded, VSS = 19V. VBa = 23V 

IRE ENABLE INPUT LEAKAGE 20 IlA VE = 19V, Vcc= S.OV, All Olher Inputs 
CURRENT Grounded, V ss = 19V, VBa = 23V 

VOL OUTPUT "LOW" VOLTAGE 0.8 V(o"C) IOL = SOOJlA, VCC= 4.7SV 
0.7 V(2SoC) VSS= 19V, VBa= 23V 
0.6 V(SSoC) All Inputs al 2.0V 

VOH (MIN.) OUTPUT "HIGH" VOLTAGE Vss -0.7 V(o"C) IOH= -SOOIlA, VCC= S.OV 

Vss -0.6· V(2SoC) Vss= 19V, Vaa= 23V 

Vss -O.S V(SSOC) All Inputs al 0.8SV 

VOHIMAXJ VSS + 1.0 V 10H = SmA, VCC = S.OV 
VSS = 19V, V BB = 23V 

IOL OUTPUT SINK CURRENT 100 mA Vo = 4V, VCC= S.OV,VSS = 19V, 

Vaa= 23V, VE= VO= 2.0V 

IOH OUTPUT SOURCE CURRENT -100 mA Vo = Vss -4V, VCC~ S.OV, Vss= 19V 
VBa= 23V, VE = Vo = 0.8SV 

V'L INPUT "LOW" VOLTAGE 1.0 V Vcc= S.OV, Vss= 19V, VBa= 23V 

V,H INPUT "HIGH" VOLTAGE 2.0 V Vcc= S.OV, Vss= 19V, Vaa= 23V 

C'N INPUT CAPACITANCE 8(TypicaU pF ValAs= 2.0V, Vcc= OV 

5·11 
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3207A-1 

D.C. Characteristics (Continued) TA = oDe to +55oe, Vee = 5V ± 5%, Vss = 19V ± 5%, VBB -Vss = 3.0V to 4.0V 

POWER SUPPLY CURRENT ORAIN: 
All Outputs "Low" 

Symbol Parameter Min. Max. Unit Conditions 

ICC Current from Vee 83 rnA 
Vee = 5.25V. Vss = 20V, VBB = 24V 

ISS Current from VSS 250 J.l.A 
All Inputs Open 

IBB Current from VSS 25 rnA 

PTOTAL Total Power Dissipation 1040 rnW 

All Outputs "High" 

ICC Current from V CC 33 rnA 

ISS Current from VSS 250 J.l.A 
Vee = 5.25V. VSS = 20V, VBB = 24V 

All Inpuls Grounded 
IBB Current from Vas 5 rnA 

PTOTAL Total Power Dissipation 297 rnW 

Standby Condition with Vee = OV, VSS = V BB 

lee Current from V cc 0 rnA 

ISS Current from V 55 500 J.l.A 
Vee=OV.VSS= 20V, VBB = 20V 

IBB Current from VSS 500 J.l.A 

PTOTAL Total Power Dissipation 15 rnW 

A.C. Characteristics 
T A = OOC to 550 C, Vee = 5V ±5%, Vss = 19V±5%, VBB = Vss +3 to 4V, f = 2 MHz, 50% Dlfty Cycle 

LIMITS (ns) 

SYMBOL TEST DELAY DIFFERENTIAL(1) 
CL = 100 pF CL = 200 pF CL = 200 pF 

MIN. MAX. MIN. MAX. MAX. 

t+_ INPUT TO OUTPUT DELAY 5 15 5 15 5 

t-+ INPUT TO OUTPUT DELAY 5 25 5 25 10 

tr OUTPUT RISE TIME 5 20 5 30 10 

t, OUTPUT FALL TIME 5 25 10 35 10 

to DELAY + RISE OR FALL TIME 10 35 20 45 10 

(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_+ parameter are within a maximum of 10 nsec of each other in the same package. 

Waveforms 

OUT 

IN 

GND 



inter 3208A,3408A 

HEX BIPOLAR SENSE AMPLIFIERS 
FOR MOS CIRCUITS 

3208A HEX SENSE AMPLIFIER 
3408A HEX SENSE AMPLIFIER WITH LATCHES 

• High Speed-20 nsec. max. • Two Enable Inputs 
• Wire-OR Capability-

Open Collector Output •• 3208A 
Three-State Output ••••• 3408A 

• Minimum Line Reflection •••• Low 
Voltage Diode Input Clamp 

• Single 5 V Power Supply 
• Input Level Compatible with 

1103 Output 

• Plastic 18 Pin Dual In-Line 
Package 

• Schottky TTL 

The Intel 3208A is a high speed hex sense amplifier "designed to sense the output signals of the 1103 memory. 
The device features two separate enable inputs each controlling the output state of three sense amplifiers, and a 
common voltage reference input. OR-tie capability is available with the 3208A open collector TTL compatible 
output. 

The 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be 
stored in the latches through application of a write pulse. The 3408A has three-state TTL outputs, hence in the 
non-enabled state the outputs float allowing wire-OR memory 'expansion. The latches may be bypassed by 
grounding the write input pin. Under this condition, the 3408A functions as a hex sense amplifier. 

The 3208A and 3408A operate from a single +5 volt power supply. Device performance is specified over the 
complete ambient temperature range of O°C to 70°C and over a Vee supply voltage range of 5 volts ±5%. The 
3208A and 3408A are packaged in an 18 pin plastic dual in-line package. 

BLOCK DIAGRAMS 

3208A 

PIN NAMES 

5,. 52. 53.54.55. 5S SENSE AMP INPUTS 

E,. E2 ENABLE INPUTS 

REF REFERENCE INPUT 

0,.°2.°3.°4.°5. Os OUTPUTS (Non-inverting) 

iN WRITE INPUT (340BA only) 0" PLN NUMBER Om PIN NUMBER 
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3208A, 3408A 

Absolute Maximum Ratings* 

Temperature Under Bias 
Storage Temperature 
All Outputs or Supply Voltage 
All TTL Input Voltages 
All Sense Input Voltages 
Output Currents Total 
Input Current 

-55°C to +125°C 
-65°C to +160°C 

-0.5 to +7 Volts 
-1 to +5.5 Volts 

-1 to +1 Volt 
300mA 
125mA 

*COMMENT: 

Stresses al:iove 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 this or at 
any other condition above those indicated in the 
operational sections of this specification is not 
implied. 

D. C. Characteristics for 3208A TA = ooc to 70°C. VCC= 5V ±5% 

SYMBOL PARAMETER 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

'FE INPUT LOAD CURRENT ON -0.25 mA Vee = 5.25V 
ENABLE INPUT VF=0.45V 

'RE INPUT LEAKAGE CURRENT 20 /lA Vee =4.75V 
ON ENABLE INPUT VR= 5.25V 

V1H INPUT "HIGH" VOLTAGE 2.0 V Vee = 5.0V 
ON ENABLE INPUT 

V1L INPUT "LOW" VOLTAGE 0.85 V Vee = 5.0V 
ON ENABLE INPUT 

VOL OUTPUT "LOW" VOLTAGE 0.45 V Vee = 4.75V 
10L = 10mA 

'eEX OUTPUT LEAKAGE CURRENT 100 /lA Vee = 5.25V 
VeEX =5.25V 

'REF INPUT CURRENT ON -150 /lA Vee = 5.25V 
REFERENCE INPUT VREF = 100mV 

Is INPUT CURRENT ON -25 /lA Vee - 5.25V 
SENSE AMP INPUT Vs= 100mV 

VSH INPUT "HIGH" VOLTAGE FOR VREF mV Vee = 4.75 to 5.25V 
SENSE AMP INPUT VREF = 100 to 200mV 

VSL INPUT "LOW" VOLTAGE FOR VREF mV Vee = 4.75 to 5.25V 
SENSE AMP INPUT -50 VREF = 100 to 200m V 

VREF OPERATING RANGE OF 100 200 mV Vee - 4.75 to 5.25V 
REFERENCE VOLTAGE 

Icc POWER SUPPLY CURRENT 120 mA Vee = 5.25V 

Ve INPUT CLAMP VOLTAGE -1.0 V Vee = 4.75V 
ON ALL INPUTS le= -5.0mA 

Vso SENSE INPUT CLAMP 1.0 V Vee =5.0V 
DIODE VOLTAGE 10= 5.0mA 

320BA TRUTH TABLE 
INPUTS 

Sense Amp Enable OUTPUT 

<VREF -50mV L L 

>VREF L H 

X H H x = Don't care 



3208A, 3408A 

D. C. Characteristics for 3408A TA = oDe to +70°C, vcc = 5V ±5% 

SYMBOL PARAMETER 
MIN. 

IFE INPUT LOAD CURRENT 
ON ENABLE INPUT 

IRE INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 

IFW INPUT LOAD CURRENT 
ON WRITE INPUT 

IRW INPUT LEAKAGE CURRENT 
ON WRITE INPUT 

V1H INPUT "HIGH" VOLTAGE 2.0 
ON ENABLE AND WRITE INPUT 

V1L INPUT "LOW" VOLTAGE ON 
ENABLE AND WRITE INPUT 

VOL OUTPUT "LOW" VOL TAG E 

VOH OUTPUT "HIGH" VOLTAGE 2.4 

110 I OUTPUT LEAKAGE CURRENT 
FOR HIGH IMPEDANCE STATE 

Ise OUTPUT SHORT CIRCUIT -40 
CURRENT 

IREF INPUT CURRENT ON 
REFERENCE INPUT 

Is INPUT CURRENT ON 
SENSE INPUT 

VSH INPUT "HIGH" VOLTAGE VREF 
FOR SENSE AMP INPUT 

VSL INPUT "LOW" VOLTAGE 
FOR SENSE AMP INPUT 

VREF OPERATING RANGE OF 100 
REFERENCE VOLTAGE 

lee POWER SUPPLY CURRENT 

Ve INPUT CLAMP VOLTAGE 
ON ALL INPUTS 

Vso SENSE INPUT CLAMP 
DIODE VOLTAGE 

3408A TRUTH TABLE 

INPUTS 
Sense Amp Enable 

<VREF -60mV L 

>VREF L 

X L 

X H 

LIMITS 
TYP. 

Write 

L 

L 

H 

X 

MAX. 
UNIT TEST CONDITIONS 

-0.25 mA 

20 /JA 

-0.25 mA 

20 /JA 

V 

0.85 V 

0.45 V 

V 

100 /JA 

-100 mA 

-150 /JA 

-25 /JA 

mV 

VREF mV 
-60 

200 mV 

125 mA 

-1.0 V 

1.0 V 

OUTPUT 

L 

H 

Previous 
Data Stored 

High Z' 

Vee = 5.25V 
VF = 0.45V 

Vee = 4.75V 
VR = 5.25V 

Vee = 5.25V 
VF = 0.45V 

Vee - 4.75V 
VR = 5.25V 

Vee = 5.0V 

Vee = 5.0V 

Vee =4.75V 
10L = 10mA 

Vee =4.75V 
10H= -1.5mA 

Vee= 5.25V 
Vo = 0.45V /5.25V 

Vee = 5.0V 
Vo=OV 

Vee = 5.25V 
VREF = 100mV 

Vee = 5.25V 
Vs= 100mV 

Vee = 4.75 to 5.25V 
VREF = 100 to 200mV 

Vee = 4.75 to 5.25V 
VREF = 100 to 200mV 

Vee = 4.75 to 5.25V 

Vee = 5.25V 

Vee =4.75V 
le= -5.0V 

Vee = 5.0V 
10= 5.0mA 

x = Don't care 
*The output of the 3408A is three-state, 

hence when not enabled the output is a 
high impedance. 
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3208A, 3408A 

Typical D. C. Characteristics for 3208A/3408A 
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3208A, 3408A 

A.C. Characteristics T A = ooe to 7ooe, Vcc = 5V ±5% 

3208A 

SYMBOL PARAMETER 
MIN. 

ts_ SENSE AMP INPUT TO OUTPUT 
DELAY 

tE_ ENABLE INPUT TO OUTPUT 

t E+ DELAY 

3408A 

twp WRITE PULSE WIDTH 30 

ts_ SENSE AMP INPUT TO OUTPUT 
DELAY 

t E- ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES "LOW" 

tE+ ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES "HIGH" 

LIMITS 
SYMBOL TEST 

TYP. MAX. 

Co Vee = OV, VBIAS = 2.0V 

CINE ENABLE INPUT 
Vee = OV, VBIAS = 2.0V 

CINS SENSE INPUT 
Vee = OV, VBIAS = OV 

(1) This parameter is periodically sampled and is 
not 100% tested. 

Waveforms 
320BA/340BA 

OUTPUT 

PULSE 
INPUT 

SENSE 
INPUT 

OUTPUT 

B 12 

6 10 

6 10 

LIMITS 
UNIT TEST CONDITIONS 

TYP. MAX. 

20 ns D.C. LOAD = 10mA 
C L = 30pF 

20 D.C. LOAD = 10mA ns 
25 C L =30pF 

ns D.C. LOAD = 10mA 
CL = 30pF 

25 ns D.C. LOAD = 10mA 
CL = 30pF 

20 ns D.C. LOAD = 10mA 
CL = 30pF 

25 ns D.C. LOAD = 10mA 
CL = 30 pF 

Switching Characteristics 
CONDITIONS OF TEST 
• Input Pulse amplitude: 2.5V for all TTL compatible 

inputs and 2.5V through a resistor network as shown 
below for sense input. 

• Input Pulse rise and fall times: 5ns. 

• Speed measurements are made at 1.5V for all TTL 
compatible inputs and outputs, and for sense input, 
see network and waveforms below. VREF is set at 
150mV. 

SENSE INPUT 

PULSE 
INPUT 

2.4K D.U.T. 

INPUT 

240~! 

340BA ONLY 

lOrnA TEST LOAD 
Vee 

D. U.T. 

OUTPUT ~450" 

lK 
30pF 
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3208A, 3408A 

Typical A. C. Characteristics 
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VREF = 150mV 
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320BA t, -

25 50 70 75 

AMBIENT TEMPERATURE lOCI 

3408A WRITE PULSE WIDTH VS. 
AMBIENT TEMPERATURE 

Vee"" S.OV 

------------
25 50 70 75 

AMBIENT TEMPERATURE (OC) 
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;: 
w 10 
.... ., 
" ~ 

20 

15 

10 

ENABLE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vee = S.OV 
D.C. LOAD'" 10mA 
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3208A ;:.:. 

340BA tE+ 

320BA, 3408A tE_ 

25 50 70 75 

AMBIENT TEMPERATURE (OC) 

SENSE INPUT TO OUTPUT DELAY 
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inter 3222 

REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 

• Ideal for use in • Adjustable Refresh Timing 
2107 A, 2107B Systems Oscillator 

• Simplifies System Design • 6-Bit Address Multiplexer 

• Reduces Package Count • 6-Bit Refresh Address Counter 

• Standard 22-Pin DIP • Refresh Cycle Controller 

The Intel® 3222 is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and 1/0 circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the Intel® 2107B. The 3222 is well 
suited for asynchronous dynamic memory systems. 

The 3222 operates from a single +5 volt power supply and is specified for operation over a OOG to 75°G ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process. 

PIN CONFIGURATION 

PIN NAMES 

Ao-A5 ADDRESS INPUTS 00· as ADDRESS OUTPUTS 
ACK ACKNOWLEDGE a INTERNAL REFRESH 

OUTPUT REQUEST LATCH OUTPUT 
BUSY BUSY INPUT REFON REFRESH ON OUTPUT 
CYREQ CYCLE REQUEST AEFREQ REFRESH REQUEST INPUT 

INPUT RxCx Re TIE POIN~ 
STARTey START CYCLE OUTPUT 

Vee +5VSUPPLY 

ADDRESS 
INPUTS 

lAo .As ) 

BLOCK DIAGRAM 

G 

1:x 
2 INPUT 

6 CHANNEL 
ADDRESS 

MULTIPLEXER 
GDIT 

~ -I...,- cx:t REFRESH 
COUNTER 

CONTROL TIMER n 
lCLOCK 

SELECT ,-
I 
I 
I 
L_ 

CONTROL 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 

~ ADDRESS 
OUTPUTS 

(00 -0s) 
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Absolute Maximum Ratings* 

Temperature Under Bias . . . . . . . . • . . . _65° to +125° C 
Storage Temperature .•.•...•....•• _65° to +160°C 
All Input, Output or Supply Voltages ..•• -0.5V to +7V 
All Input Voltages ......•...•...•. -1.0V to +5.5V 
Output Currents . . . . . . • . . • . • . . . . . . . . •. 100 mA 
Power Dissipation ...•..•....•. . • . • . . • . • .. 1 W 

3222 

*COMMENT 

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

D.C. Characteristics All Limits Apply for Vcc = +5.DV ±5%, TA = DOC to +75°C. 

Limits 

Symbol Parameter Min. TypJl1 Max. Unit Test Conditions 

IFB Input Load Current BUSY 0.40 1 mA VIN = 0.45V 

IFO Input Load Current All Other Inputs 0.05 0.25 mA VIN = 0.45V 

IRB Input Leakage Current BUSY <1 50 J..IA VIN = Vee 

IRa Input Leakage Current All Other Inputs <1 20 J..IA VIN = 5.25V 

VelAMP Input Clamp Voltage -0.76 -1 V Ie = -5.0mA 

VIL Input "Low" Voltage 0.8 V 

VIH Input "High" Voltage 2.0 V 

lee Power Supply Current 91 120 mA Vee = 5.25V 

Ise Output High Short Circuit Current -48 -70 mA VOUT = OV 
Vee = 5.25V 

VOL Output Low Voltage 0.32 0.45 V IOL = 5mA 

VOH Output High Voltage (00.05) 2.6 3.1 V IOH =-1mA 
Vee = 4.75V 

VOHI Output High Voltage (All Other Outputs) 2.4 3.0 V IOH = -1mA 
Vee = 4.75V 

Note 1: Typical values are for TA = 25°e and nominal power supply voltages. 

Limits (pF) 
Symbol Test Typ. Max. Conditions 

CIN (Address) Input Capacitance 5 10 Vbia• = 2.0V 

CIN (CYREQ) Input Capacitance 6 10 Vee = OV 

CIN (BUSY) Input Capacitance 20 30 f = 1 MHz 

Note 2: This parameter is periodically sampled and is not 100% tested. 
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3222 

A.C. Characteristics All Limits Apply for Vee = +5.0V ±5%, TA = o°c to +75°C. 

Conditions of Test: Input pulse amplitude: 3V, Input rise and fall times: 5ns between 1 V and 2V. Measurements are made at 1 

Symbol Parameter Min. Typ.1 Max. Unit Conditions 

tAA Address In to Address Out 7 12 ns BUSY= VIH 

tSAM BUSY In to Address Out 21 28 ns 

tSAR BUSY In to Counter Out 18 27 ns 

tSK BUSY In to ACK Out 14 20 ns REFREQ= VIH, CYREQ= VIL 

tSR BUSY In to REFON Out 15 24 ns 

tss BUSY In to STARTCY Out 4 7 14 ns CYREQ- VIL 

tHOLD BUSY Hold Time 50 ns External Delay between STARTCY and 
BUSY 

tRH CYREQor REFREQ Hold Time 0 ns External Delay after BUSY 

tRR REFREQ to REFON 18 26 ns CYR EQ and BUSY = VIH, No priority 
contention between REFREQ and 
CYREQ 

tRRe REFREQ to REFON 33 45 ns BUSY= VIH 

tRS CYREQor REFREQlnto 9 14 21 ns BUSY = VIH 
STARTCY Out 

tSetup BUSY Setup Time 120 ns BUSY = VIL During Refresh 

Note 1: Typical values are for TA = 25°e and nominal power supply voltages. 

A. SYSTEM MEMORY CYCLE 
WITH MEMORY NOT BUSY· 

B. SYSTEM MEMORY CYCLEWITH MEMORY 
BUSY (FOLLOWING REFRESH CYCLE) 

(Numbers in parentheses are minimum values in ns unless otherwise specified.) 

::::'0 ::~r---+----i 
VIH-J--..,..----+---..l,~-----

REFREQ JI 
(IN) V1l - t;S -

v,H __ ....y.~19) -

STARTCY 

(OUT) V1L 

V,H-------+-+-------+_ 
REFON 
(DUn V1L -

ACK 
(OUT) 

0 0.05 

V,H-------+....l,-. 

VIH-ic:-

V,L-=1~ .... \------------
v,H __ .......;(.;.;12.;.;M.;.;AX~)1 ~ _________ _ 

ADDRESS ADDRESS 

(OUT) v,L-----'I'------------

CYREQ 

(IN) 

REFREQ 

(IN) 

STARTCY 
(OUT) 

BUSY 
(IN) 

REFON 
(OUTI 

ACK 
(OUT) 

A,-A, 

(IN) 

0 0.05 
(Oun 

V,H 
V,L 
V,H 

V,H 
V,L 
V1H 

V'L 
V,H 
V,L 
V,H 

V1L - -

V,H 
V,L 
V,H 

V'L 

- - - - - -+ .... _--' 

tBAM 
(28 MAX) 

ADDRESS 

--I· 
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C. REFRESH MEMORY CYCLE WITH 
MEMORY NOT BUSY 

3222 

(Numbers in parentheses are minimum values in ns unless otherwise specified.) 

VOH 

CYREO 
(IN) 

V 1L - - -- - - -----

VOH 

REFREO 
(IN) 

VOH 

STARTCY 
(OUT) 

VOH 

BUSY 
(IN) VOL 

VOH 

REFON 
lOUT) 

VOH 

ACK 
(OUT) 

VOH 

Ao·A5 
(IN) VOL 

VOH 

°0·°5 COUNTER 
ADDRESS OUTPUT ADDRESS 

(OUT) VOL 

NOTE 1, tRR (26n. MAX) IF PRIORITY CONTENTION IS ELIMINATED; t RRC 

E. TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 2107B SYSTEM 

5·22 

ADDRESS 
INPUTS 
TO 21078 
ARRAY 

r'-...I.--J...J'---, ONLY ONE 322215 REQUIRED PER SYSTEM. 

L-____ ""O 

ADeQUATE BUFFERING SHOULD BE PROVIDED 
BETWEEN THE 3222 ADDRESSES 100-Os) 
OUTPUTS AND THE MEMORY INPUTS. 

VOH 

CYREO 
(IN) 

V 1L - ---- -- --- ---

VOH 

REFREO 
(IN) 

VOH 

STARTcV 
(OUT) V1L---

VOH 

BUSY 
(IN) VOL 

VOH 

AEi'ON 
(OUT) V1l -

VOH 

ACK 
(OUT) VOL 

VOH 

Ao'A,; 
(IN) VOL 

tSAR 

VOH 
(27 MAX) 

°0'°5 ADDRESS 
(OUT) VOL 

F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROL IN A 2104 SYSTEM 

2104 
MEMORY 
DEVICES 

L... ____ ....... ~~~~ TIMING 

,---- RAS ENABLE 
LATCH 
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PIN NAMES AND FUNCTIONS 
Pin 
No. 

Pin 
Name 

Q 

2 REFREQ 

3 CYREQ 

4 STARTCY 

5-7 Ao-A5 
15-17 

8-10 00-05 

11 GROUND 

18 BUSY 

19 REFON 

20 ACK 

Function 

Output of the internal Refresh Re
quest latch. This pin may be con
nected to the Refresh Request input 
(REFREQ) directly for asynchro
nous sequential mode refresh or 
indirectly through control logic for 
burst mode or synchronous mode 
refresh (see text). 

Refresh Request input (active when 
low). The request is honored only if 
the memory is not presently execut
ing a cycle (BUSY high) and if a 
system cycle request did not occur 
first. 

System Memory Cycle Request in
put (active when low). The request 
is honored only if the memory is not 
presently executing a cycle (BUSY 
high) and if a refresh request did not 
occur first. 

Output signal indicating to external 
circuitry that a memory cycle 
(system or refresh) is to begin. See 
text for timing considerations for a 
refresh cycle. 

Low order system address inputs. 
These addresses are multiplexed to 
the address output pins (00-05) 
during a system cycle. 

Low order memory address outputs. 
During a system cycle these outputs 
give the low order (Ao-A5) address 
of a memory access. During a 
refresh cycle these outputs give the 
refresh address (generated internal 
to the 3222). 

Ground. 

An externally generated signal 
which the 3222 monitors to determ
ine memory system status. If BUSY 
is high the memory is not busy and a 
system or refresh cycle may begin. 
If BUSY is low the memory is being 
accessed for a data I/O or refresh 
cycle and no other cycle may begin. 

The 3222 output which when low in
dicates the memory system is either 
ready to begin or is in a refresh cycle 
(Refresh On). 

The 3222 output which when low in
dicates the memory system is 
either ready to begin or is in a 
system cycle (system cycle request 
accepted and acknowledged). 

Pin 
No. 

Pin 
Name Function 

21 RX/CX Connection point for the RC net
work which determines the refresh 
period for sequential refresh mode. 
(See Refresh Control section). 

22 Vee +5 volt supply. 

FUNCTIONAL DESCRIPTION 
The Intel® 3222 performs the four basie functions of a 
refresh controller by: 

1. Providing a refresh timing oscillator. 
2. Generating six bit refresh addresses. 
3. Multiplexing refresh and system addresses to the six 

low order address inputs (00-05). 
4. Providing control signals for both refresh and mem-

ory cycle accesses. 

As shown in the pin configuration figure, the 3222 has as 
inputs the six low order (Ao-A5) system addresses. These 
addresses are internally multiplexed with six internally 
generated refresh addresses. The output of these 
multiplexers provide the six low order addresses to the 
memory array. 

The block diagram shows the four main circuit categories of 
the 3222. An explanation of the workings of each of these 
categories is given in the Device Operation section from a 
users point of view. 

DEVICE OPERATION 

Operation of the Intel® 3222 Refresh Controller is most 
easily explained by considering five conditions presented 
by the three input control lines Cycle Request (CYREQ), 
Refresh Request (REFREQ), and System Busy (BUSY). 
These conditions are: 

1. System memory cycle request - memory not busy 
(BUSY = High) 

2. System memory cycle request - memory busy 
(BUSY =Low) 

3. Refresh cycle request - memory not busy 
(BUSY = High) 

4. Refresh cycle request - memory busy 
(BUSY =Low) 

5. Simultaneous system memory cycle and refresh cycle 
requests. 

Condition 5 is actually a subset of the four previous 
conditions and is included for completeness. 

As is implied in the five conditions, the response olthe 3222 
to both refresh and memory cycles is dependent on the 
state of the BUSY input. The BUSY signal is generated 
externally to the 3222 and, when low, defines the time when 
the memory is performing a cycle (refresh or memory 
access). It is important to assure that BUSY is low for the 
entire memory cycle time. Interference may occur in 
asynchronous memory systems if the BUSY input goes 
high prematurely. (An asynchronous memory system is 
one in which the refresh and memory cycle requests occur 
independent of each other.) 
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System Memory Cycle Request - Memory Not Busy 

This section details operation of the 3222 when the memory 
is not busy and a request fora system memory cycle is 
made (See Figure A for timing sequences). The request for 
a memory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at tRS after CYREQ. 
STARTCY is used for two purposes: 

1. To set the external BUSY latch. (See Figure E.) 

2. To initiate memory system timing (after appropriate 
delay). 

The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 

The low gOing BUSY input causes the internally generated 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after tSK time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cycle request input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer's discretion, the cycle request line 
may remain low until "just prior" to BUSY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 

When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is tAA nsec. When the 3222 is not busy, the low order system 
addresses (Ao·A5) are gated through to the output (00.05) 
independent of any other input. 

System Memory Cycle Request - Memory Busy 

The major differences between a system memory cycle 
request when the system is busy and when it is not busy (as 
previously described) are: 

1. The Start Cycle output STARTCY does not go low until 
tss after the rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

2. Output addresses 00.05 change at or before tAA time if 
the previous cycle was a system cycle request and 
change at or before tSAM if the previous cycle was a 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. 

Note that for a system memory cycle following a refresh 
cycle, the refresh on output REFON goes high at or before 
tSR relative to BUSY going high. Since the Acknowledge 
output ACK can not go low until after tHOLD there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or 
no cycle. 

Refresh Cycle - Memory Not Busy 

Operation of the 3222 for a refresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A refresh cycle is initiated 
by the Refresh Request input (REFREQ) going low. 
This low going input causes both the Start Cycle output, 
STARTCY, and Refresh On output, REFON, to go low at t 
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'r'rt;,;if," _ 
and tRRC (or tRR) time respectively. The"lbw"§ 
STARTCY is used to set the external BUSY latch low. n 
the previous two cases, the BDSVinput must remain low for 
the entire cycle required by the memory. As in the previous 
two cases, the low going BUSY drives the STARTCYoutput 
high. 

Refresh Cycle - Memory Busy 
For this condition, it is assumed that the previous cycle was 
a system access cycle. Timing conditions forthis operation 
are shown in Figure D. Here, the STARTCY input goes low 
tss after BUSY returns high from the previous cycle. As 
before, REFON goes low tSR after BUSY goes high. After 
tHOLD, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (00-05) after tSAR time. Internal refresh timing is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 

Simultaneous Refresh and Memory System Cycle Request 

The simultaneous request for a refresh and memory system 
access is almost a certainty in asynchronous systems. It is, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresh 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume that a refresh 
and memory system request can occur at the same time.) A 
latch internal to the 3222 decides which signal (CYREQ or 
REFREQ) it will accept if both occur simultaneously, and 
conditions the other control circuits appropriately. If a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If a memory system access was accepted 
then ACK will go low at the appropriate time. 

Refresh Control 
The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREQ be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycles every 2ms. A system requiring distrib
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output IT is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval is determined by: 

1. tREF = .63 RxCx 
r 

Where: 
tREF = the total time between refreshes (e.g. 2msec) in 

msec. 
r = the number of rows to be refreshed on the memory 

device Ifor the 2107B r = 64). 
Rx = external timing resistance in Kfl (3K to 10K) 
C, = external timing capacitance in Ilf. (0.005Ilf to 

0.021lf) 
The 3222's oscillator stability is guaranteed to be ±2% for a 
given part and ±6% from part to part, both over the ranges 
O°C ~ TA ~ 75°C and Vee = 5.0V ±5%. 

Figure F shows how the 3222 may be used to control refresh 
in a 2104 system. 



inter 3232 

ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 

• Ideal For 2104 

• Simplifies System Design 

• Reduces Package Count 

• Standard 24-Pin DIP 

• Address Input to Output Delay: 
9ns Maximum Driving 15pF, 
25ns Maximum Driving 250pF 

• Suitable For Either Distributed 
Or Burst Refresh 

• Single Power Supply: 
+5 Volts ±10% 

The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6 input addresses (or 4K bits for 64 x 64 organization). It multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which is externally controlled so that either distributed or burst 
refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104. 

The 3232 operates from a single +5 volt power supply and is specified for operation over a 0 to +75°C ambient temperature 
range. 

PIN CONFIGURATION 

COUNT Vee 

REFRESH ENABLE ROW ENABLE 

A, As 

A, Al1 

A, A4 

As 3232 AlO 

Ao A, 

As A, 

°0 0, 

0, 0. 
0, 0; 

GND ZERO DETECT 

NOTE: Ao THROUGH As ARE ROW ADDRESSES. 

Ae THROUGH All ARE COLUMN ADDRESSES. 

TRUTH TABLE AND DEFINITIONS: 

REFRESH ROW 
OUTPUT ENABLE ENABLE 

H X REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 

l H 
ROW ADDRESS 
(AD THROUGH As) 

l l COLUMN ADDRESS 
(As THROUGH All) 

COUNT - ADVANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT -INDICATESA ZERO IN THE REfRESH ADDRESS 
(USED IN BURST REFRESH MODEJ. 

LOGIC DIAGRAM 

Al1 o---r===;::======t:::J 

12 I 
TOTAL I 

I 
I 

REFRESH 
ENABLE 

ROW 
ENABLE 

CODNTo-------' 

I 6 
I TOTAL 

GTOTAl STOTAl 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 

05 

I 
I 
I 

6 I 
TOTAL I 

00 

5-25 



3232 

Absolute Maximum Ratings* 

Temperature Under Bias .............. -65° to +125°C 
Storage Temperature ................. -65° to +160°C 
All Input, Output, or 

Supply Voltages .................... -0.5V to +7 Volts 
Output Currents .............................. 100mA 
Power Dissipation ................................ 1W 

D.C. and Operating Characteristics 
All Limits Apply for Vee = 5.0V ±10%, TA = COC to + 75°C 

SYMBOL PARAMETER MIN. 

IF Input Load Current 

IR I n put Leakage Cu rrent 

VIH Input High Voltage 2.0 

VIL Input Low Voltage 

VOL Output Low Voltage 

VOH Output High Voltage (00-0,) 2.8 

VOHI Output High Voltage 2.4 
(LerO Detect) 

Ice Power Supply Current 

Note 1. Typical values are for T A = 25°e and Vee = 5.0V. 
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'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. 

LIMITS UNIT TEST CONDITIONS TYP.(l) MAX. 
-0.04 -0.25 mA VIN - 0.45V 

0 10 p.A VIN - 5.5V 

V 

0.8 V 

0.25 0.40 V 10L 5mA 

4.0 V 10H 1mA 

3.3 V 10H = -1mA 

100 150 mA Vee 5.5V 



3232 

A.C. Characteristics 
All Limits Apply for Vee = +5.0V ±10%, TA = O°C to 75°C, Load = 1 TTL, CL = 250pF, Unless Otherwise Specified. 

SYMBOL PARAMETER MIN. Typ!l) MAX. UNIT CONDITIONS 

tAO Address Input to Output Delay 6 9 ns Refresh Enable = LOwll) (2) 

tAO 1 Address Input to Output Delay 16 25 ns Refresh Enable = Low 

too Row Enable to Output Delay 7 12 18 ns Refresh Enable = Low l!) (2) 

tOOl Row Enable to Output Delay 12 28 41 ns Refresh Enable = Low 

tEO Refresh Enable to Output Delay 7 14 20 ns Note 1, 2 

tEOl Refresh Enable to Output Delay 12 30 45 ns 

teo Count to Output 15 40 60 ns Refresh Enable = High(l) (2) 

teOl Count to Output 20 55 80 ns Refresh Enable = High 

fe Counting Frequency 5 MHz 

tepw Count Pulse Width 35 ns 

tez Count to Zero Detect 70 ns Note 2 

Note 1: Vee = 5.0V, T A = 25°e 
2: eL = 15pF 

A.C. TIMING WAVEFORMS (Typically used with 2104) 

NORMAL CYCLE 

ROW ENABLE 

---I 
1.SV 

1\ 

/\,.5V 

- tAO - f.--'oO~ 
~too------

~H----------------~ ~2.~4V~--------------------~ ~-----------------
DON'T CARE ROvV ADDRESS COLUMN ADDRESS 

~L------------------J ~O._8V ______________________ --, ~ ______________ ___ 

REFRESH V1H - - - - - - - - - - - - - - - - - - - - - - - - - - -

ENABLE 
V,L 

REFRESH CYCLE 

V,H 
REFRESH 1.SV 
ENABLE 

V'L 

V,H 
COUNT 

VIL--- ........ 

VOH 2.4V 
00.0. 

O.8V 
VOL 

REFRESH ADDRESS REFRESH ADDRESS 

~nmCT V:~: ______________________ J _--1~'--____________________ ___ 
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PIN NAMES AND FUNCTIONS 
Pin. Pin 
No. Name 

Count Input 

2 Refresh Enable 
Input 

7,3,5,18, AD-A, Inputs 
20,22 

8.4,6,17, A,-A" Inputs 
19,21 

9,11,10, 00-0, Outputs 
16,15,14 

12 GND 

13 Zero Detect 
Output 

23 

24 

Row Enable 
Input 

Vee 

DEVICE OPERATION 

Function 

Active low input increments 
internal six bit counter by 
one for each count pulse in. 

Active high input which 
determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 

Row Address inputs. 

Column address inputs. 

Address outputs to mem
ories. Inverted with respect 
to address inputs. 

Power supply ground. 

Active low output which 
senses that all six bits of 
refresh address in the count
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 

High input selects row, low 
input selects column addres
ses of the driven memories. 

+5V power supply input. 

The Intel@ 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 

1. Row, Column and Refresh Address multiplexing 
2. Address counting for burst or distributed refresh. 

These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 

All 

I 
I 
I 
I 

Ao 

REFRESH 
ENABLE 

ROW 
ENABLE 

r-

r-

0" A, 

I 

3232 
I 
I 

Oo I Ao 

ZERO tOETECT 

inputs. The truth table on page 1 
to multiplex to the output: 

1. Refresh addresses (from internal counter) 
2. Row addresses (AD through A,) 
3. Column addresses (A, through All) 

Burst Refresh Mode 

When refresh is requested, the refresh enable input is high. 
This input is ANDed with the 6 outputs of the internal 6 bit 
counter. At each· Count pulse the counter increments by 
one, sequencing the outputs (00-0,) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the refresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is va'lid only after tez following the low going edge cif 
Count. 

Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for 
refresh each (tREFRESH/n) time where n = number of rows in 
the device and tREFRESH is the specified refresh rate for the 
device. For the 2104, tREFRESH = 2msec and n = 64, therefore 
one row is refreshed each 31 p.sec. Following the refresh 
cycle at row n" the Count input is pulsed, advancing the 
refresh address by one row so thatthe next refresh cycle will 
be performed on row n,+,. The Count input may be pulsed 
following each refresh cycle or within the refresh cycle 
after the specified memory device address hold time. 

Rowand Column Address 

All twelve system address lines are applied to the inputs of 
the 3232. When Refresh Enable is low and Row Enable is 
high, input addresses Ao-A, are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low). input 
addresses A,-A" are gated to the outputs and applied to the 
driven memories. 

Figure 1 shows a typical connection between the 3232 and 
the 2104 4K dynamic RAM .. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 

A, lis r---r- ~ 
2104 

I 
2104 I 2104 I I 

~ ~ 

Figure 1. Typical Connection of 3232 and 2104 Memories. 
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inter 3242 

ADDRESS MULTIPLEXER AND REFRE:SfA 
COUNTER FOR 16K DYNAMIC RAMs 

• Ideal For 2116 

• Simplifies System Design 

• Reduces Package Count 

• Standard 28-Pin DIP 

• Suitable For Either Distributed 
Or Burst Refresh 

• Single Power Supply: 
+5 Volts ±10% 

• Address Input to Output Delay: 
9ns Maximum Driving 15 pF, 
25ns Maximum Driving 250pF 

The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 640r 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 

The 3242 operates from a single +5 volt power supply and is specified for operation over a 0 to +75°C ambient temperature 
range. 

PIN CONFIGURATION LOGIC DIAGRAM 

COUNT Vee 

REFRESH ENABLE A, 

ROW ENABLE A13 
A13 o---r====;::======I=:) 

N.C, A,; 

A, A12 
~,o---~==~==========~c:) 
I 

A, A4 I 

A, All ,. 
I 
I 
I 

A, A, 

Ao AlO 

0;, 

TOTAL I 

I I 7 
I TOTAL 

I 

7 I 
TOTAL I 

A, 

00 0; 

0, 0. 
0; 0, 

GND ZERO DETECT 

NOTE: Ao THROUGH A6 ARE ROW ADDRESSES. 
A7 THROUGH A13 ARE COLUMN ADDRESSES. 

TRUTH TABLE AND DEFINITIONS: 

REFRESH ROW 
OUTPUT ENABLE ENABLE 

H X REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 

L H 
ROW ADDRESS 
(Ao THROUGH Asl 

L L 
COLUMN ADDRESS 
(A7 THROUGH A13l 

CODNf - ADVANCES INTERNAL REFRESH COUNTER. 
ZERO DETECT INDICATES ZERO IN THE FIRST 6 

SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 

REFRESH 
ENABLE 

~Z~BLE o---....,I>~ 

COUNT 0-------' 

I 
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inter 3245 

5-30 

QUAD TTL-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 

• Fully Compatible With 4K RAMs 
Without Requiring Extra Supply 
Or External Devices 

• High Speed, 32 nsec Max. -
Delay + Transition Time 

• Low Power - 75mW Typical 
Per Channel 

• High Density - Four Drivers in 
One Package 

• TTL & DTL Compatible Inputs 
• CerDIP Package -16 Pin DIP 
• Only +5 and +12 Volt Supplies 

Required 

The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals_ It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as 
the 2107 B. The circuit operates from two power supplies which are 5 and 12 volts. I nput and output clamp 
diodes minimize line reflections. 

The device features two common enable inputs, a refresh select input, and a clock control input for 
simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini
mizes package count. 

The 3245 is fabricated by means of Intel's highly reliable Schottky bipolar process and is specified for 
operation over a 0 to +75°C ambient temperature range. 

PIN CONFIGURATION LOGIC DIAGRAM 

e; --------, 
Voo vee E;-------, 

0, 0, 

~ r; 0, 

e; 
R e, 0, 

r; G 
0, 0, 

0, 

GND NC 
0, 

PIN NAMES 
1,-14 SELECT INPUTS 0,.°4 DRIVER OUTPUTS c ----------' 
E1·E2 ENABLE INPUTS Vee +5V POWER SUPPLY 

R REFRESH SELECT INPUT Voo +12V POWER SUPPLY 

C CLOCK CONTROL INPUT NC NOT CONNECTED 



Absolute Maximum Ratings* 

Temperature Under Bias ........•.. -10°C to B5°C 
Storage Temperature ..•......•.• _65°C to +150°C 
Supply Voltage, Vee .............. -0.5 to +7V 
Supply Voltage, Voo ..•........•.. -0.5 to +14V 
All Input Voltages ................ -1.0toVoo 
Outputs for Clock Driver ......... -1.0 to Voo +1 V 
Power Dissipation at 25°C •..........•... " 2W 

3245 

·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. Characteristics 
TA =o°c to 75°C, Vee=5.0V ±5%, Voo = 12V ±5% 

Symbol Parameter Min. Max. Unit Test Conditions 

IFO Input Load Current,l,,12,13,14 -0.25 mA VF = 0.45V 

IFE Input Load Current, R, C, E" E2 -1.0 mA VF = 0.45V 

IRO Data Input Leakage Current 10 pA VR = 5.0V 

IRE Enable Input Leakage Current 40 pA VR = 5.0V 

VOL Output Low Voltage 
0.45 V IOL = 5mA, VIH = 2V 

-1.0 V IOL --5mA 

VOH Output High Voltage 
Voo-0.50 V IOH = -lmA, VIL = O.BV 

Voo+l.0 V IOH - 5mA 

VIL Input Low Voltage, All Inputs O.B V 

VIH Input High Voltage, All Inputs 2 V 

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 

Symbol Parameter Typ. Max. Unit 
Test Conditions - I nput states to Additional Test 

ensure the following output states: Conditions 

Icc Current from Vee 23 30 mA 

100 Current from Voo 19 26 mA 

Po, Power Dissipation 365 4B5 mW 
High 

Power Per Channel 91 121 mW Vee = 5.25V 

Icc Current from Vee 29 39 mA Voo = 12.6V 

100 Current from Voo 12 15 mA 
Low 

P02 Power Dissipation 300 3BB mW 

Power Per Channel 75 97 mW 
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A.C. Characteristics TA = 0° to 75°C, V cc = 5.0V ±5%, V 00 = 12V ±5% 

Symbol Parameter Min.!1) Typ.12.4) Max.l3) Unit Test Conditions 

L+ Input to Output Delay 5 11 ns RSERIES = 0 

tOR Delay Plus Rise Time 20 32 ns RSERIES = 0 

t+_ I nput to Output Delay 3 7 ns RSERIES = 0 

tDF Delay Plus Fall Time 18 32· ns RSERIES = 0 

tT Output Transition Time 10 17 25 ns RSERIES = 20n 

tOR Delay Plus Rise Time 27 38 ns RSERIES = 20n 

tOF Delay Plus Fall Time 25 38 ns RSERIES = 20n 

NOTES: 1. CL = 150pF } These values represent a range of 
2. CL = 200pF total stray plus clock capacitance 
3. CL = 250pF for nine 4K RAMs. A.C. CONDITIONS OF TEST 
4. Typical values are measured at 25° C. 

Capacitance* T A = 25°C 
Input Pulse Amplitudes: 3.0V 

Symbol Test Typ. Max_ Unit 

I nput Pulse Rise and Fall Times: 5 ns between 

1 volt and 2 volts 

CIN Input Capacitance, I; ,12,13,14 5 8 

CIN Input Capacitance, R,C,E1,E2 8 12 

*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, Vbias = 2V, VCC=OV, 
and TA = 25°C. 

pF 
Measurement Points: See Waveforms 

pF 
LR!E."~S ___ _ 

3245 !VV~ 
1....-_---1 I CL 

Waveforms ~----------l----------------------

INPUT ___ __ 

Typical Characteristics 

40 

30 

zo 

10 

INPUT TO OUTPUT DELAY 

VS. LOAD CAPACITANCE 

..... 

---~y t._ 

I 
100 200 300 400 500 600 

LOAD CAPACITANCE (pF) 

2.0V 

40 

30 

1 20 

10 

DELAY PLUS TRANSITION TIME 

VS. LOAD CAPACITANCE 

~ 
/ 

- tOR --=:: 

:::. ~ 

100 200 300 400 500 

LOAD CAPACITANCE (pFI 
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Typical System 

Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 
driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Ao through A" are 2107B addresses. 

- (9 21078's)
(ROW 4L) 

CHIP ENABLE 

(ROW 3L) 

CHIP ENABLE 

(ROW 2L) 

CHIP ENABLE 

CARD 0 

CARD C 

CARD B 

CARD A -(921078'5)
(ROW 4R) 

CHIP ENABLE 

(ROW 3R) 

CHIP ENABLE 

(ROW 2R) 

CHIP ENABLE 

(ROW 1L) 

CHIP ENABLE 

(ROW1R) n 
CHIP ENABL.,-u 

SEETA8LE,~----------------_E~-,~, 
E, 

SEETABLE1~----------------~~ 

DRIVER 1 RS(1) R CHIP ENABLE 
DRIVER 2 [RS(3)) ~----""'-'<'C""'>-__ +++-t_":--'V'I"""'--'" (ROW 2L) 

DRIVER 1 RS(2) "-r.~~:J:>--~H9:::)l..JJ---"IV'r---? CHIP ENABLE DRIVER 2 [RS(411 (ROW 1L) 

REFRESH >-__ -f===1~Jt--"\Mr---i f:6~ E2~~BLE 
ENABLE 0---...... --"-<:........ DRIVER #2 

A12 RS(1) 

RS(2) 
A'3 RS(3) 

GND RS(4) 

R:::: 20n 

A'4 

A15 

REFRESH 
ENABLE 

OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

CARD 

A 

B 

c 
0 

TABLE 1. 

INPUTS 

E, E, 
ENABLE M ENABLE P 

ENABLE M ENABLE a 
ENABLE N ENABLE P 

ENABLE N ENABLE a 

7408 

ENABLE M 

ENABLE N 

ENABLE P 

ENABLE a 

REFRESH 
ENABLE 
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QUAD Eel-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 

• Fully Compatible With 4K RAMs 
Without Requiring Extra Supply 
Or External Devices. 

• High Speed, 30 nsec Max. 
Delay + Rise Time 

• 10K ECl Compatible Inputs 

• High Density - Four Drivers 
In One Package 

• CerDIP Package - 16 Pin DIP 

The Intel® 3246 is a Quad Bipolar-to-MOS driver which accepts ECl input signals. It provides high output current and voltage 
suitable for driving the clock inputs of N-channel MOS memories such as the 2107 or 2105. The circuit operates from three 
power supplies which are 5, -5.2, and 12 volts. Input and output clamp diodes minimize line reflections. 

The device features a common enable input, a refresh select input, and a clock control input for simplified system designs. The 
internal gating structure of the 3246 eliminates gating delays and minimizes package count. 

The 3246 is fabricated by means of Intel's Schottky Bipolar technology to assure high performance over the DoC to +75°C 
ambient temperature range. 

PIN CONFIGURATION LOGIC DIAGRAM 

Voo Vee c--------------, 
0, 0, E ----------, 

~ r; 
E 

R r, r;- ----<lI"'-~--_t==!==t.j------O, 

r; 03 
0, G 12 ---l--<lI"'-~--_t==!==~..J------D, 

GND VeE 

r,---l-~~~ __ ~~=~-'------03 
PIN NAMES 

'1·'4 SELECT INPUTS ---~ci~----DRIVER OUTPUTS 

E ENABLE INPUT Vee +5V POWER SUPPLY 

R REFRESH SELECT INPUT Voo +12V POWER SUPPLY 
r; --t-=~[=)~---'==~L./---O' 

C CLOCK CONTROL INPUT VEE -5.2V POWER SUPPLY 

G GROUND REFERENCE 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings* 

Temperature Under Bias. . . . . . . . .. -10°C to 85°C 
Storage Temperature ........... _65°C to +150°C 
Supply Voltage, Vee. . . . . . . . . . . . . .. -0.5 to +7V 
Supply Voltage, Voo . . . . . . . . . . . .. -0.5 to +14V 
Supply Voltage, VEE .............. -7.0 to +0.5V 
All Input Voltages. . . . . . . . . . . . • .. VEE to +0.5V 
Outputs for Clock Driver ....... -1.0 to Voo +1 V 
Power Dissipation at 25°C .................. 2W 

3246 

·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. Characteristics 
TA = O°C to 75°C, Vee = 5.0V ±5%, VOO = 12V ±5%, VEE = -5.2V ±5% 

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

IFO Input Load Current, 11,1 2 ,13, 14 0.3 0.5 mA VF = -0.8V 

IFE Input Load Current, R,C,E 1.0 2.0 mA VF = -0.8V 

VOL Output Low Voltage 
0.2 0.45 V IOL =5mA, VIH=-1.025V 

-0.5 V IOL - -lmA 

VOH Output High Voltage 
Voo-0.5 Voo-0.2 V IOH =-lmA, VIL =-1.520V 

Voo Voo+0.5 V IOH - 5mA 

VIL Input Low Voltage, All Inputs -1.520 V 

VIH Input High Voltage, All Inputs -1.025 V 

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 

Symbol Parameter Typ.ll1 Max. Unit 
Test Conditions - Input states to Additional Test 

ensure the following output states: Conditions 

lee Cu rrent from Vee 20 27 mA 

100 Current from Voo 23 31 mA 
High 

lEE Current from VEE -35 -42 mA 

POl Power Dissipation 586 762 mW 

Power Per Channel 146 190 mW 
Vee = 5.25V 

lee Cu rrent from Vee mA 
Voo = 12.6V 

17 24 
VEE = -5.46V 

100 Current from Voo 14 22 mA 
Low 

lEE Current from VEE -29 -36 mA 

P02 Power Dissipation 424 600 mW 

Power Per Channel 106 150 mW 

Note: 1. Typical values are for TA ~ 25" e and nominal power supply voltages. 

-: I-
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A.C. Characteristics TA = 0° to 75°C, Vcc = 5.0V ±5%, Voo = 12V ±5%, VEE = -5.2V ±5% 

Symbol Parameter Min)l] Typ)2,4] Max.[3] Unit Test Conditions 

L+ Input to Output Delay 8 12 ns RSERIES = 0 

tOR Delay Plus Rise Time 18 30 ns RSERIES = 0 

t+_ Input to Output Delay 8 13 ns RSERIES = 0 

tOF Delay Plus Fall Time 25 35 ns RSERIES = 0 

tT Output Rise Time 10 13 23 ns RSERIES - 20n 

tOR Delay Plus Rise Time 23 34 ns RSERIES - 20n 

tOF Delay Plus Fall Time 30 40 ns RSERIES - 20n 

NOTES: 1. CL = 150PF}- These values represent a range of 
2. CL = 200pF total stray plus clock capacitance 
3. CL = 250pF for nine 4K RAMs. 

A.C. CONDITIONS OF TEST 4. Typical values are measured at 25° C. 

Symbol Test Typ. 

CIN Input Capacitance, 11, 12, 13, 14,R 4 

CIN Input Capacitance, C,E 8 

Max. Unit 

7 pF 

12 pF 

Input Pulse Amplitudes: 0.8V 

Input Pulse Rise and Fall Times: 5 ns (between 

10% and 90% Points) 

Measurement Points: See Waveforms 

I. R:,.'!... _ _ 
"This parameter is periodically sampled and is not 100% tested. 3246 IVV~ 

..... __ ... I C' Condition of measurement is f = 1 MHz, Vbias = -lV, VCC = OV, 
and TA = 25°C. 

Waveforms ~-----------r---------------------
2.0V , 

2.0V 

GND --------- -,-- - - -------

INPUT f"-
====:- -tOR--O,89V ~ 

-1.29V 
-1.69V 

Typical Characteristics 

50 

40 

INPUT TO OUTPUT DELAY 
VS LOAO CAPACITANCE 

I l 
RSERIES = 0 

50 

40 

DELA Y PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 

RS;RIES' b 

I'DF V 
40~---r----r----r----~~9 

,;:::;-

------CJ.;;-f--I 30 

t._ - I--- -f-"": r--: ' ... ----20 

10 10 

o 
o 100 200 300 400 500 600 00 100 200 300 400 500 600 

LOAD CAPACITANCE (pFI LOAD CAPACITANCE IpF) RSERIES tn) 
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Typical System 

Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3246 quad high voltage 
driver for the chip enable inputs. A single 3246 package drives 16K x 9 bits. AO through A11 are 21078 addresses. 

- (9 21078'$)
(ROW 4LJ 

CHIP ENABLE 

(ROW 3L) 

CHIP ENABLE 

(ROW 2L) 

CHIP ENABLE 

(ROW lL) 

CHIP ENABLE 

SEETABLE1D-------------------E,~~ 

CARD D 

CARD C 

CARD B 

CARD A -(9 21078'5)
(ROW 4R) 

CHIP ENABLE 

(ROW 3R) 

CHIP ENABLE 

(ROW 2R) 

CHIP ENABLE 

(ROW1R) n 
CHIP ENABLeU 

DRIVER 1 RS(l) CHIP ENABLE 
DRIVER 2 [RS(3)] D-----~-'-<"'"-~---+--+__"L...Jl-"""M~-< (ROW 2LI 

DRIVER 1 RSl21 o.-~++-"-<l'l'"""""" ~"""M~-< CHIP ENABLE 
TABLE 1 

INPUTS 
DRIVER 2 [RS[4il >---+--+"'I_J (ROW lL) 

CARD E, 

R 

___ J-~~l.~)---IF~==~-Jl-"""M~-<f:6~~~~BLE 
REFRESH c>-
ENABLE DRIVER #2 

R "" 20n 

CHIP ENABLE o-__ ~ __________ "",::C:..J 

OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

10104 

A ENABLE M 

B ENABLE N 

C ENABLE P 
D ENABLE a 

10101 

A'4_--I1--... - ... -_-_-_-_-_-_-:..-_-_-:..-_-_-_-_-_~ .. --.. ---_I_J---_I-r"'""~-I------+~~~-I-- ENABLE M 
A,s 

10171 

:12DRS(l) 
13 Rs72J 

RS(3) 

RS(41 

10101 

REFRESH ENABLE 
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intel~ 5234 

QUAD CMOS-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 

• CMOS Technology for Very 
Low Power: Suitable for 
Battery Backup 

• High Density: Four Drivers 
in One Package 

• Internal Gating Structure 
Minimizes Package Count 

• CMOS Compatible Inputs 
• CerDIP Package: 16 Pin DIP 
• Only One Power Supply 

Required, +12V (±10%) 

The Intel@! 5234 is a Quad CMOS-to-MOS driver which accepts CMOS input signals. It provides high output current and voltage 
suitable for driving the clock inputs of N-channel MOS memories such as the 21 07 A or 21 07B. The circuit operates from a single 
12 volt power supply. 

The device features two common enable inputs, a refresh select input, and a clock control input for simplified system design. 

The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 

I 1,.14 

I E,. E2 

I R 
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PIN CONFIGURATION 

5234 

voo NC 

0, 0. 

il i4 
c e; 
R e, 
i2 ij 

0, 0, 

GND NC 

PIN NAMES 
SELECT INPUTS C CLOCK CONTROL INPUT 

ENABLE INPUTS o,..(). DRIVER OUTPUTS 

REFRESH SELECT INPUT Voo +12V POWER SUPPLY 

NC NOT CONNECTED 

LOGIC DIAGRAM 

e;-------, 
e,-------, 

c ---------' 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 

0, 

0, 

0, 

0. 
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Absolute Maximum Ratings* 
Temperature Under Bias ........... -10°C to BO°C 
Storage Temperature ..•........ _65°C to +150°C 
Supply Voltage, Voo .............. -0.5 to +14V 
All Input Voltages ........... -0.5to (Voo+0.5V) 
Outputs for Clock Driver •..... -0.5 to (Voo+0.5V) 
Power Dissipation at 25°C. . . . . . . . . . . • . . . .. lW 

5234 

'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. Characteristics 
TA = o°c to 70°C, Voo = 12V ±10%. 

Symbol Parameter 

Ilul Input Load Current 

VOL Output Low Voltage 

VOH Output High Voltage 

VIL Input Low Voltage, All Inputs 

VIH Input High Voltage, All Inputs 

100 Supply Current 

1001 Supply Current 

Note 1: Typical values are at 25° C and nominal voltage. 

Typical Characteristics 

FIGURE 1 

POWER SUPPLY CURR ENT VS. FREQUENCY 

(ALL 4 CHANNELS SWITCHING) 

40 

36 f--c, ., 0 pF I 1 
60 

Min. Typ.l11 Max. 

0.1 

0.15 004 
-1.0 -0.15 

Voo-Oo4 Voo-0.15 

Voo+·15 Voo+O·5 

2.0 

VoO-2.0 

0.1 100 

13 20 

INPUT TO OUTPUT DELAY 

VS. LOAD CAPACITANCE 

Unit 

J.l.A 

V 

V 

V 

V 

J.I.A 
mA 

90 

Test Conditions 

VIN =Oto Voo 

IOL = 5mA 
IOL =-5mA 

IOH =-5mA 
IOH = 5mA 

Voo = 13.2V, f = 0 

Voo = 13.2V, f = lMHz, 
CL = 0, (See Figure 1) 

DELAY PLUS TRANSITION TIME 

VS. LOAD CAPACITANCE 

32 
V'DJ 

V 
OR-

GUARANTEED II 
80 

28 

24 

20 

16 

12 

1+-
V /~VPICAL_ 

J / (25'CI 

/ v 
/ 

./""..-
~ o 

0.1 0.2 0.5 1.0 2.0 5.0 

f(MHz) 

50 

40 

30 
o 

'-, 'DR 
OR-

/ 
V 

~ 
',-

/' 
70 

] 
60 

50 

100 200 300 400 500 100 200 300 400 500 

LOAD CAPACITANCE (pFI LOAD CAPACITANCE IpFI 
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5234 

A.C. Characteristics TA = 0° to 70°C, Voo = 12V ±10%. 

Symbol Parameter MinJ1J 

L+ Input to Output Delay 

tOR Delay Plus Rise Time 

t+_ I nput to Output Delay 

tOF Delay Plus Fall Time 

tT Output Transition Time 
-NOTES. 1. CL - 150pF } These values represent a range of 

2. CL = 200pF total stray plus clock capacitance 
3. CL = 250pF for nine 4K RAMs. 
4. Typical values are measured at 250 c. 

Capacitance * T A = 25° C 

Symbol I Test I Typ. Max. 

CIN I I nput Capacitance I 8 14 
*Th,s parameter IS periodically sampled and IS not 100% tested. 

Condition 01 measurement is 1 = 1 MHz, Vbias = 2V, VCC = OV, 
and TA = 25°C. 

Waveforms 

20 

20 

10 

Unit 

pF 

Typ.!2,4J 

45 

70 

45 

70 

25 

Max.!3J Unit 

ns 

100 ns 

ns 

100 ns 

40 ns 

A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 0 to Voo 
Input Pulse Rise and Fall Times: 40 ns between 

10% and 90% points 
Measurement Points: See Waveforms 
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5234 

Typical System 

A,. 

A" 

Below is an example of a 64K x 18 bit memory system (each card is 16K x 1S) employing the 5234 quad high voltage 
driver for the chip enable inputs. A single 5234 package drives 16K x 9 bits. Ao through A11 are 2107B addresses. 

..--- (9 21078's)----' 
(ROW 4LI 

SEE TABLE, 

SEE TABLE' 

DRIVER, RS(lI 
DRIVER 2 IRS(311 

DRIVER, RS(2) 
DRIVER 2 1RSl4l) 

iiEi'llESH 
ENABLE 

CHIP ENABLE 

3205 

CHIP ENABLE 

(ROW 3LI 

CHIP ENABLE 

(ROW 2LI 

CHIP ENABLE 

(ROW'LI 

CHIP ENABLE 

7407 

C 

E, 

•• 

CARD 0 

CARDC 

CARD B 

CARD A 

R 

R 

R 

R·20n 

Voo 

RS('I 

RS(21 

RS(3) 

RS(41 

-(921078'5)
(ROW 4R) 

CHIP ENABLE 

(ROW 3RI 

CHIP ENABLE 

(ROW 2RI 

CHIP ENABLE 

(ROW'RI 

CHIP ENABLE 

CHIP ENABLE 
(ROW 2LI 

CHIP ENABLE 
(ROW'LI 

CHIP ENABLE 
(ROW'RI 

CHIP ENABLE 
(ROW 2RI 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

A'4 

A,s 

REFRESH 
ENABLE 

TABLE ,. 

INPUTS 

CARD E, E. 
A ENABLE M ENABLE P 

B ENABLE M ENABLE a 

C ENABLEN ENABLE P 

0 ENABLE N ENABLE a 

408, 

ENABLE M 

ENABLE N 

'ENABLE P 

ENABLE a 

REFRESH ENABLE 
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inter 5235, 5235-1 

QUAD TTL-TO-MOS DRIVER 
For 4K N-Channel MOS RAMs 

• CMOS Technology for Very 
Low Power: Suitable for 
Battery Backup 

• High Density: Four Drivers 
in One Package 

• Internal Gating Structure 
Minimizes Package Count 

• TTL & DTL Compatible Inputs 
• CerDIP Package: 16 Pin DIP 
• Only One Power Supply 

Required, +12V (±10%) 

The Intel® 5235 and 5235-1 are Low Power Quad TTL-to-MOS drivers which accept TTL and DTL input levels. They provide 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as the 2107A or 21078. 
The circuit operates from a single 12 volt power supply. 

The device features two common enable inputs, a refresh select input, and a clock control input for simplified system design. 

The 5235-1 is a selection of the 5235 and is guaranteed for 95ns maximum delay plus transition time while driving a 250pF load. 

The Intel ion-implanted, silicon gate Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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5235, 5235-1 

Absolute Maximum Ratings* 
Temperature Under Bias ........... -10°Cto 80°C 
Storage Temperature ........... -65°C to +150°C 
Supply Voltage, Voo . . . . . . . . . . . .. -0.5 to +14V 

All Input Voltages. . . . . . . . . .. -0.5 to (Voo+0.5V) 
Outputs for Clock Driver ...... -0.5 to (Voo+0.5V) 
Power Dissipation at 25°C ................ lW 

'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. Characteristics TA = o°c to 70°C, Voo = 12V ±10%. 

Symbol Parameter Min. 

Ilul Input Load Current 

VOL Output Low Voltage 
-1.0 

VOH Output High Voltage Voo-O.4 

VIL Input Low Voltage, All Inputs 

VIH Input High Voltage, All Inputs 2.0 

1000 Supply Current 

1001 Supply Current 

Note 1: Typical values are at 25°C and nominal voltage. 

Typical Characteristics 
Figure 1. 

POWER SUPPLY CURRENT VS. FREQUENCY 
(ALL 4 CHANNELS SWITCHING) 

I . 
.9 

40 

GUA~ANTE~i 
32 

cL "Opf. / 
6 

VJ 
~ VTYPICAL 

./ (25" C) 

~ ~ 
o 
0.1 0.2 0.6 1.0 2.0 5.0 10.0 

90 

80 

70 

• (MHz) 

Figure 3. 
DELAY PLUS TRANSITION TIME 

VS.INPUTVOLTAGE 

/ 
~ 

V 

0.2 0.' 
V1L IV) 

0.6 0 .• 

Typ.!1] 

0.1 

0.15 
-0.15 

Voo-0.15 
Voo+O·15 

1.0 

12 

1 

I 
~ 

_0 

Max. Unit Test Conditions 

10 /lA VIN = «J.4V or ;;;'2.4 V 

0.4 V ioL=5mA 
V IOL - -5mA 

V IOH =-5mA 
VootO.5 V IOH - 5mA 

100 

90 

80 

70 

GO 

50 
o 

90 

0.8 V 

V 

2.0 mA f = OM Hz 

20 mA f = lMHz 
(See 
Figure 1) 

Figure 2. 
OELAY PLUS TRANSITION TIME 

VS. LOAO CAPACITANCE 

./' 

Voo=13.2V 
VIN«J.4Vor 
VIN;;;'2.4V, 
CL = Opf. 

/..ORtDF_ 
...-V 

100 200 300 400 

LOAD CAPACITANCE (pF) 

Figure 4. 
DELA Y PLUS TRANSITION TIME 

VS. INPUT VOLTAGE 

I---80 

70 

502~.0----~2.2~---2~A~--~2~.G----~2.8 

5-43 



5235, 5235-1 

A.C. Characteristics TA = 0° to 70°C, Voo = 12V ±10%. 

5235-1 

Symbol Parameter Min.[ll Typ.!2AI Max.!3l 

L+ Input to Output Delay 20 55 

tOR Delay Plus Rise Time 75 95 
-

t+_ Input to Output Delay 20 55 

tOF Delay Plus Fall Time 75 95 

tT Transition Time 10 20 40 

NOTES: 1. CL = 150PF} These values represent a range of 
2. CL = 200pF total stray plus clock capacitance 
3. CL = 250pF for nine 4K RAMs. 
4. Typical values are measured at 25°C, and nominal voltage. 

Test 

I nput Capacitance 

*This parameter is periodically sampled and is not 100% tested. 
Condition 01 measurement is 1 = 1 MHz, Vbias = 2V, VCC=OV, 
and TA = 25°C. 

Waveforms 

Voo - - - - - - - - --! - -r-------. 
2.0V 

I 

INPUT 

2.4V 

O.4V ==-==-=-:::-~~=f.:±-::::=:-=I==-=:-==:;!. GNO-- -1-
1.5V 
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___ t_+_ 

_tOR-! -tDF--. 

Min.!ll 

20 

20 

10 

5235 

Typ.!2.4l Max.!3l Unit 

70 ns 

95 125 ns 

70 ns 

95 125 ns 

25 40 ns 

A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 2.0V 
Input Pulse Rise and Fall Times: 5 ns between 

0.9 volt and 1.9 volts 
Measurement Points: See Waveforms 

5235 



5235, 5235-1 

Typical System 

Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 5235 quad high voltage 
driver for the chip enable inputs. A single 5235 package drives 16K x 9 bits. Ao through Al1 are 2107B addresses. 

.--- (9 21078's)
(ROW 4LI 

SEE TABLE 1 

SEE TABLE 1 

DRIVER 1 RSl11 
DRIVER 2 IRS(311 

DRIVER 1 RS(21 
DRIVER 2 1RSi4l1 

REFRESH 
ENABLE 

CHIP ENABLE 

A12 

Au 

GNO 

CHIP ENABLE 

(ROW3LI 

CHIP ENABLE 

(ROW 2LI 

CHIP ENABLE 

(ROW ILl 

CHIP ENABLE 

RS(11 

RS(21 

RS(31 

RS(41 

E, 

E, 

C 

CARD D 

CARD C 

CARD B 

CARD A 

R 

R 

R 

R ·2011 

A,. 

A15 

REFRESH 
ENABLE 

-19 21078'5)
(ROW 4RI 

CHIP ENABLE 

(ROW 3RI 

CHIP ENABLE 

(ROW 2RI 

CHIP ENABLE 

(ROWIRI n 
CHIPENABL~ 

CHIP ENABLE 
(ROW 2LI 

CHIP ENABLE 
(ROW ILl CARD 

A 

CHIP ENABLE B 
(ROW lRI C 

D 

CHIP ENABLE 
(ROW 2RI 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

7408 

TABLE 1. 

INPUTS ., 
" ENABLE M ENABLE P 

ENABLE M ENABLE a 

ENABLE N ENABLE P 
ENABLE N ENABLE a 

ENABLE M 

ENABLE N 

ENABLE P 

ENABLE a 

REFRESH 
ENABLE 
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inter 5244 

QUAD CCD CLOCK DRIVER 

• Internal Circuitry Minimizes 
CCD Clock Cross-Coupling 
Voltage Transients 

• Drives Four 2416s 

• Low Standby Power Dissipation: 
24mW Typically 

• TTL Inputs 

• Single +12V Supply 

• Standard 16 Pin Dual In-Line 
Package 

The 5244 is a quad clock driver which provides high capacitive drive suitable for driving charge coupled memories. The 5244 
features very low D.C. power dissipation from a single 12V supply with output characteristics directly compatible with the 2416 
clock input requirements. Internal circuitry controls the cross-coupled voltage transients between the clock phases generated 
by the 2416 and limits the transition time so that excessively fast transitions do not occur on the clock line. 

The 5244 is fabricated using an advanced ion-implanted, silicon gate, CMOS process. 

PIN CONFIGURATION BLOCK DIAGRAM 

0, 
I, 0, 

VssllJ 

NOTES: 1. BOTH PIN 1 AND 8 MUST BE CONNECTED TO Vss. 

2. BOTH PIN 9 AND 16 MUST BE CONNECTED TO Voo' 

I, 0.. 
PIN NAMES 

1,-14 TTL INPUT 

0,-04 DRIVER OUTPUT 

VDD +12V POWER SUPPLY 

NC NOT CONNECTED 
Vss GROUND 

Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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5244 

Absolute Maximum Ratings* 

TemperatureUnderBias .................... -10°Ct080°C 
Storage Temperature . . . . . . . . . . . . . . . . . . .. -65° C to +150° C 
Supply Voltage with Respect to Vss ............. -0.5to +14V 
All Input Voltages ......................... -0.5 to (Voo+1 V) 
Outputs ................................... -1Vto(Voo+1) 
Power Dissipation .................................. 1.35W 

D.C. and Operating Characteristics 
TA = o°c to 70°C, VOD = +12V ±5%, VSS = OV 

Symbol Parameter Min. 

IlL Low Level Input Current -10 

IIH High Level Input Current -10 

VIL Input Low Voltage 

VIH Input High Voltage +2.0 

VOL Output Low Voltage 0 

Limits 
Typ. 

±0.1 

±0.1 

+1.2 

+1.5 

0.03 

'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. 

Max. Unit Test Conditions 

10 pA VIN ";;;VIL 

10 pA VIN ;;. VIH 

+0.85 V 

V 

+0.2 V IOL = 5mA 

VOH Output High Voltage VDD-0.2 VOD-·03 VDD V IOH = -5mA 

IDDO Standby Current 2.0 4.0 mA VIN ;;. VIH, VIN .,;;; VIL , f = 0 MHz 

IDD1 Operating Current 75 105 mA VIN;;'VIH or VIN ";;;VIL, f=0.67MHz [2] 

A.C. Characteristics 
TA = o°c to 70°C, VDD = +12V ±5%, Vss = OV, Note 2 

Symbol Parameter Min. 

VOLT Transient Cross·Coupled Output Low Voltage -0.8 

VOHT Transient Cross-Coupled Output High Voltage VDD-0.8 

tPWT Transient Cross-Coupled Output Pulse Width 

.::ltD Differential Delay of tDLH and tDHL for Drivers 
in the Same Package 

tDLH1 Input Low to Output High Delay Time, 1>1 or 1>3 30 

tDHL1 Input High to Output Low Delay Time, 1>1 or 1>3 30 

tTLH1 Output Rise Time, 1>1 or 1>3 30 

tTHL1 Output Fall Time, 1>1 or 1>3 30 

tpLH1 Input to Output Delay Plus Rise Time, 1>1 or 1>3 

tpHL1 Input to Output Delay Plus Fall Time, 1>1 or 1>3 

tDLH2 Input Low to Output High Delay Time, 1>2 or 1>4 30 

tDHL2 Input High to Output Low Delay Time, 1>2 or 1>4 30 

tTLH2 Output Rise Time, 1>2 or 1>4 30 

tTHL2 Output Fall Time, 1>2 or 1>4 30 

tPLH2 Input to Output Delay Plus Rise Time, 1>2 or 1>4 

tpHL2 Input to Output Delay Plus Fall Time, 1>2 or 1>4 

Notes: 1. The maximum tpWT is the sum of the output transition time Irise or falll plus 5ns. 
2. Output Load = four 2416 clock inputs or equivalent per Figure 2. 

Limits Driving 42416's 
Typ. Max. Units 

±0.5 +0.8 V 

VDD±0.5 VDD+0.8 V 

Note 1 ns 

15 ns 

50 ns 

50 ns 

50 75 ns 

50 75 ns 

100 160 ns 

100 150 ns 

55 ns 

55 ns 

55 85 ns 

55 90 ns 

110 175 ns 

110 170 ns 
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5244 

CAPACITANCE* TA = 25°C 

Symbol Test Typ. Max. Conditions 

Input Capacitance 8 14 f = 1 MHz, Vbias = 2V, Voo = OV 

+This parameter is periodically sampled and is not 100% tested. 

A.C. Test Conditions 
1. TTL Input Levels = O.4V to 2.4V 
2. Output Load = Four 2416 clock inputs or equivalent per Figure 2 

3. Cross Coupled Voltage Pulse Width measured at ± O.4V 
and Voo ± O.4V 

Waveforms 
A. INPUT TO OUTPUT DELAY 

INPUT 1.5V 

OUTPUT 

1.5V 

B. 5244 OUTPUT CROSS-COUPLED VOLTAGE (DRIVI",G FOUR 2416'S) 

5244 OUTPUT DRIVING 2416 ¢1 

VOH----------~ 
VOHT(MIN.) --~ . 

'ewT 
VOLTIMAX.) --- ~-+ewT f \ 

VOL ~ '--------

5244 OUTPUT DRIVING 2416 ¢2 

5244 OUTPUT DRIVING 2416 rf>3 

("\ 

UewT '-I K ewT VOLT (MAK) ~~-

VOL ------' 

VoLT(MIN,I---------------

5244 OUTPUT DRIVING 2416 rf>4 

("\ 

\ 
VOHT(MAX.)~~- r--i~ewT 

VOH ~-----' 

\ 
BewT 
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5244 

Typical Characteristics 
OUTPUT RISE AND FALL TIME VS. CAPACITANCE 

'40 

'20 

! 10 0 

w 

" >= ... ... 
~ 
0: 
o 
w 

60 

60 

~ 40 

20 

~ ~ 
V/l"" 

, 

I 
t TLH / 

~ V 
tTHL 

l# ~ 

TA :: 25°C 
-

Voo:O 12V 

00 1000 2000 3000 4000 5000 6000 7000 8000 

OUTPUT LOAD CAPACITANCE (pf) 

Application Information 

The 5244 is a TTL to MOS level converter designed to drive 
very high capacitive loads with no required additional 
external components. Its primary application is to drive the 
clock phase inputs of the Intel ® 2416, a 16,384word x 1 bit 
charge coupled device. 

DRIVING THE 2416 

The 5244 is designed to drive the clock phase inputs of four 
2416s and meet or exceed the electrical specifications of 
these inputs. The 2416 clock specifications of special 
interest to the system designs are: 

1. Clock transition ti me. 
2. Clock to clock voltage coupling. 

Clock Transition Control 

The 5244 will meet the min/max clock transition time 
requirement of the 2416 when driving four 2416s. However, 
when driving less than four 2416s an external capacitor 
(Ce,,) must be added to assure that the minimum clock 
transition time (30ns) is adhered to. The maximum clock 
transition time for the 5244 will not be exceeded if Cex! is 
chosen according to the recommendations in Figure 1. 

---8 5244 

---8 
WHERE g~xt: ~4y~:clL 2416 INPUT CLOCK CAPACITANCE. 

A VALUE FOR C¢ WITHIN THE RANGE OF 300pF 
TO 400pF WilL WORK FOR ALL CLOCKS. 41" .. 94. 

N =NUMBER OF 24165 PER 5244 OUTPUT. 

Figure 1. External Loading Requirements When Driving 
Fewer Than Four 2416s. 

100 VS. FREQUENCY 

'00 
0 

II 1111 

0 II 1111 

Ol-L~ADI. ~OIU~12~;~S 
TA '" 25Q C 

60 I-- Voo = 12V 

0 

0 

0 
/ 

0 / 

0 .-
0 

10kHz 100kHz 1MHz 

FREQUENCY 

Clock to Clock Voltage Coupling 
The equivalent circuit of the 2416 clock phase inputs is 
shown in Figure 2. The magnitude and duration of the 
cross-coupling are graphically presented in Waveform B 
and specified in the A.C. Characteristics. Figure 3, on the 
next page, shows the noise margin between these 
specifications and the 2416 input requirements. 

., ----I~--------~ 10~C~300pF 
kAjDEPENDENT 

I'25PF -;{ ft-
., -----f~3-25-P-F----::·~'-":-y---l1 :: 
.3-----J:~--~---------~ 

. J 125pF 

·4----~-------------~ 

I 325pF 

EFFECTIVE INPUT CAPACITANCE 
91 & ¢3::> 500pF 
¢2 & 94 '" 700pF 

Figure 2. 2416 Equivalent Capacitance Circuit. (Maximum 
values shown.) 
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DRIVING CLOCK 
(NOT TO SCALE) 

2416 SPECS 

V1HC,(MAX) V1Hc2(MAXl 
V1HCn (MAX) V'HCT2 IMAX) 

V1HC1 

V1HCT,fMI 

tPWT 

2416 SPEC 

¢1· ·¢4 

V1lCT(MAXl 

V'LC(MIN) 

V1LCT(MINI 

5244 

5244 SPECS 

tPWT 

VOH(MAX) 

VoH{MIN) 

VOHTfMIN) 

tPWT 

5244 SPEC 

Figure 3_ Noise Margins Between 5244 Output Specs and 2416 <Pl .•. <P4 Input Requirements. 

5-50 

CLOCK 
HIGH 
LEVELS 
EXPANDED 
SCALE OF 
CLOCK 
HIGH 
LEVELS 

Vaa 
SHOWN 
WITH 
CROSS-
COUPLING 
TO THE 

t/J2 & 94 DRIVING 
CLOCK 

¢l· '¢4 CLOCK 
LOW 
LEVELS 
EXPANDED 

Vss SCALE OF 
CLOCK 
LOW 
LEVELS 
SHOWN 
WITH 
CROSS-
COUPLING 
TO THE 
DRIVING 
CLOCK 

411 .. 414 



6 

MEMORY SYSTEMS 



MEMORY SYSTEMS 

No. of Words Word Access Cycle Supplies Type Description length Page (Per Card) (Bits) Time Time (V) 

+23.2 
in·l0 RAM System BK B-1B 275 ns 450 ns +19.7 6-4 

+5 

in·26 RAM System 4K 4-10 375 ns 375 ns +5 6·6 

in·40 RAM System 32K B-1B 330 ns 500 ns +5 
6·B -5 

in·50 RAM System lK 2-10 100 ns 100 ns +5 6·10 

in·60 Serial Memory System 20K B-l0 500 ns N/A +5 6·12 

in·64 Serial Memory System BBK 1-2 60 ns N/A +5 6·14 

+17 

in·65 Serial Memory System 131K B-9 550 ns N/A +12 
6·16 +5 

-5 

in·4711 PDP·ll Add·in 16K 16-1B 150 ns 520 ns From 
6-18 PDP-1! 

I nterdata 7/16 and +15 
in-4716 

7/32 Add-in 16K 17 300 ns 1000 ns +5 6-20 
-15 

+12 
in-477 CRT Refresh Memory 16K 16 600 ns 850 ns +5 6-22 

-5 

+12 
in-481 8008,8080 RAM Memory 16K 8 450 ns 600 ns +5 6-24 

-9 

Custom Boards 6-26 
Cabinets 6-27 
Chassis 6-2B 
Power Supplies 6-29 
Accessories 6-30 
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MEMORY SYSTEMS 

Intel Memory Systems Division offers standard and custom memory systems 
ranging from single board assemblies to mUlti-mega byte systems. Advanced 1 K, 
4K RAMS along with 16K CCD Serial memory components are utilized for 
highest performance and lowest cost. 

6·3 



intel 

6·4 

in-10 

RANDOM ACCESS MEMORY SYSTEM 

The in-10 represents the most economi
cal approach to moderate size, high 
speed memory systems. The in-10 ser
ies of RAM systems is designed to pro
vide high reliability and low price. This 
series features a basic 4K x 18 or 8K x 9 

in-10 FEATURES: 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Module Interchangeability 
• Automatic Refresh 
• TTL Compatible 
• Byte Control (2 Zones Maximum) 
• Module Select 

configuration consisting of two plug-in 
boards: A memory board (MU) and a 
control board (CU). The control board is 
capable of operating up to 32K words 
x 18 bits or 65K words x 9 bits (8 cards). 

• Fast Cycle Time 
• Low Power Requirements 
• Compact Size 
• Field Expandable 
• Address Register 
• Data Register (Optional) 
• Basic System Available As 

4K x 18 or 8K x 9 



SPECIFICATIONS 

Capacity: 

1024, 2048, 4096, 8192 words expandable in 
cards to 32,768 x 18 or 65,536 x 9 capacity. 

Word Length: 

8, 9, 10, 12, 16 or 18 bits in a single memory 
card. Longer word lengths can be accommo
dated by combining memory cards. 

Cycle Time: (Read, Write) 

in-10A 
in-10 
in-12 
in-14 

Access Time: (Read) 

in-10A 
in-10 
in-12 
in-14 

Dimensions: 

Memory Board: 
(4Kx180r8Kx9) 

450 nanoseconds 
450 nanoseconds 
675 nanoseconds 
850 nanoseconds 

275 nanoseconds 
325 nanoseconds 
450 nanoseconds 
SOO nanoseconds 

8.175 Inches High 
10.5 Inches Deep 

O.S Inches-
Mounting Centers 

To expand to 32K x 18 add 0.5 inches per 
memory card. Only one control card (CU) is 
needed for systems up to 32K x 18 or 64K x 9. 

Memory System: 8.175 Inches High 
(32K x 18) 10.S Inches Deep 

5.0 Inches Wide 

Mating Connector: See page 6-30. 

Operational Modes: 

Read, Write 
Read/Modify/Write (Optional) 

Interface Characteristics: 

TTL Compatible 

Standard Input Lines: 

CyclE). Initiate 
Byte Control 
Read/Write 

Standard Output Lines: 

Data Available 
Memory Busy 

UT-10!40 

in-10 

Series Interface Board 

D.C. Power Requirements: 

in-10: Voltage Regulation 

±10% + 3.5V 
(Stacked on + 19. 7V) 

+19.7V ±S% 
±S% + 5.0V 

57 Watts (operating 4K x 18), 25 Watts stand
by power (per each additional 4K) 

in-10A: 

57 Watts (operating 4K x 18), 7.5 Watts stand
by power (per each additional 4K) 

in-12 & 14: Voltage Regulation 

+ 3.SV ±10% 
(Stacked on + 16. 7V) 

+16.7V ±5% 
+ S.OV ±S% 

46 Watts (operating 4K x 18). 16 Watts stand
by power (per each additional 4K) 

Environment: 

Temperature: O°C to + SO°C operating 
ambient 

-40°C to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 0 to 10,000 feet operating. 

Special Options: 

Up to SO,OOO feet non
operating. 

Intel offers this system mounted in a card 
chassis, or complete system. Options seen 
below, and others, can be found on pages 
26 to 29. 

in-Minichassis 
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in-26 

RANDOM ACCESS MEMORY SYSTEM 

The in-26 is an extremely easy memory 
system to use. The in-26 is a static mem
ory system designed to meet the high 
reliability and low cost requirements of 
random access buffer storage applica
tions. Featuring a complete memory sys
tem on a single PC board, this memory 
board has a maximum capacity of 4K x 
10 and multiple cards can be used to 
configure systems up to a maximum 

in-26 FEATURES: 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Module Interchangeability 
• Fast Cycle Time 
• Low Power Requirements 
• TTL Compatible 

capacity of 65K x 10. It can also be 
provided in smaller capacities by de
populating the memory boards. The 
compact size of this system makes it 
ideal for use as buffer storage for vari
ous computer peripheral applications. 
This memory system can be easily mod
ified to interface with the Intel 4 and 8 
bit micro processors, 4004, 4040, 8008 
and 8080. 

• Compact Size 
• Field Expandable 
• One Power Supply Voltage 
• Address Registers 
• Single Board System 
• Board Select 



SPECIFICATIONS 

Capacity: 

1024, 2048, and 4096 words expandable to 
65K words by the addition of memory cards. 

Word Length: 

4, 6,8,9, 10 bits per card. Longer words can 
be made by adding additional memory cards. 

Cycle Time: 

in-26 
in-26-1 
in-26-2 
in-26-3 

Access Time: 

in-26 
in-26-1 
in-26-2 
in-26-3 

Dimensions: 

Memory Board: 
(4K x 10) 

900 nanoseconds 
650 nanoseconds 
475 nanoseconds 
375 nanoseconds 

900 nanoseconds 
650 nanoseconds 
475 nanoseconds 
375 nanoseconds 

8.175 Inches High 
6.0 Inches Deep 
0.5 Inches-
Mounting Centers 

Mating Connector: See page 6-30. 

Operational Modes: 

Read,Write 

Interface Characteristics: 

TTL Compatible-Open collector or 
terminated three-state 

Standard Input Lines: 
Cycle Initiate 
Board Select 
Read/Write 
Byte Control 

EX-26/S0 Extender Board 

in-26 

D.C. Power Requirements: 

in-26: + 5.0V ± 5%; 1.25 Amps 
3.0 Amps 

Typical 
Max. 

Environment: 

Temperature: O°C to + 50°C operating 
ambient 

-40°C to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 0 to 10,000 feet operating. 

Up to 50,000 feet non
operating. 

Special Options: 

Intel also offers the in-26 mounted in a card 
chassis. This chassis is available in a variety 
of sizes and can be set up for future expan
sion of the memory without changing the 
basic chassis. Options seen below, and 
others, can be found on pages 26 to 29. 

in-Minichassis 

UT-26/S0 
Series Interface Board 
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in-40 

RANDOM ACCESS MEMORY SYSTEM 

The in-40 is one of the highest density 
memory systems now available. The 
system uses high performance Intel 
2107B, a 4K RAM Memory component. 
Fast cycle and access times are pro
vided along with this high density. The 

in-40 FEATURES: 
• Low Cost Memory 
• High Reliability 
• High Density 
• Modular Expandability 
• Module Interchangeability 
• Automatic Refresh 
• Fast Cycle Time 
• TTL Compatible 

interchangeable memory unit (MU) 
allows expansion in increments of 16K 
x 18 or 32K x 9 with no adjustments. A 
single control unit (CU) handles up to 
128K x 18 or 256K x 9 making this our 
lowest cost-per-bit storage available. 

• Low Power Requirements 
• Compact Size 
• Field Expandable 
• Byte Control (2 Zones Maximum) 
• Module Select 
• Address Register 
• Data Register (Optional) 
• Basic System Available As 

16K x 18 or 32K x 9 



SPECIFICATIONS 

Capacity: 

4096, 8192, 16,384, 32,768 words expand
able in cards to 131,072 x 18 or 262,144 x 9 
capacity. 

Word Length: 

8,9, 10, 12, 16, or 18 bits in a single memory 
card. Longer word lengths can be accommo
dated by combining memory cards. 

Cycle Time: 

in-40 
in-42 
in-44 

Access Time: 

in-40 
in-42 
in-44 

Dimensions: 

Memory Board: 
(16K x 18 or 32K x 9) 

500 nanoseconds 
550 nanoseconds 
875 nanoseconds 

330 nanoseconds 
400 nanoseconds 
480 nanoseconds 

8.175 Inches High 
10.5 Inches Deep 
0.5 Inches-
Mounting Centers 

Mating Connector: See page 6-30. 

Operational Mode: Read (NDRO), Write 

Interface Chq,racteristics: 

TTL Compatible 

Standard Input Lines: 
Cycle Initiate 
Byte Control 
Read/Write 

Standard Output Lines: 
Data Available 
Memory Busy 

D.C. Power Requirements: 

MU-40: Selected 

Voltage Current (Max.) 

+12.0V 1.9 Amps 
+ 5.0V 1.2 Amps 
- 5.0V <10.0 Milliamps 

Unselected 

Voltage Current (Max.) 

+12.0V 0.142Amps 
+ 5.0V 1.2 Amps 
- 5.0V <10.0 Milliamps 

Regulation 

±5% 
±5% 
±5% 

Regulation 

±5% 
±5% 
±5% 

in-40 

D.C. Power Requirements (cont.): 

CU-40: 

Voltage 

+5.0V 
-5.0V 

Environment: 

Current (Max.) 

2.8 Amps 
0.32 Amps 

Regulation 

±5% 
±5% 

Temperature: 0° C to + 50°C operating 
ambient 
- 40°C to + 125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 

Refresh: 

o to 10,000 feet operating. 
Up to 50,000 feet non
operating. 

The need for refresh cycles is self deter
mined by the CU-40. For normally con
figured CU's, at the end of the refresh time 
out interval the CU either initiates a special 
refresh cycle or steals the next cycle for 
refresh if a regular memory cycle is in prog
ress. An optional CU-40 configuration allows 
external control of refreshing to the extent 
that automatic cycle stealing is inhibited. At 
the end of the refresh time out, the CU as
serts a refresh request signal that indicates 
a refresh cycle is required. At the user's dis
cretion, a refresh grant signal is issued 
which then initiates a refresh cycle. 

Special Options: 

Intel offers the in- 40 in a card chassis de
signed for mounting in 19" and 24" relay 
racks. UT-40 socket cards allow easy wire 
wrapping of custom interfaces in the card 
chassis. See pages 26 to 29 for more acces
sory information. 
Another option is the in-41 E Euroboard. 
Intel's Euroboard dimensions are 160mm 
high x 233.4 mm deep x 12.7 mm wide. 
See your local Intel representative for add
itiona� specifications. 
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in-50 

RANDOM ACCESS MEMORY SYSTEM 

The in-50 is designed to meet the needs 
of control memory, disk controllers, 
scratch pad and signal processing appli
cations. The in-50 provides the fastest 
access and cycle times possible in a 
TTL compatible memory system. Utiliz
ing Bipolar technology and solid-state 
integrated circuitry, this memory pro-

in-50 FEATURES: 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Module Interchangeability 
• Fast Cycle Time 
• Low Power Requirements 
• Compact Size 
• Field Expandable 

vides high reliability and performance at 
low costs. This memory system features 
a basic size of 1024 words by 10 bits per 
memory card. It can be expanded to any 
word or bit length by the use of addi
tional memory cards. Each system in
cludes all address and data registers. 

• One Power Supply Voltage 
• Fully Buffered System 
• Module Select 
• Address Registers 
• Data Registers 
• Single Board System 
• Open Collector Outputs 
• TTL Compatible 



SPECIFICATIONS 

Capacity: 

256, 512 and 1024 words per memory card. 
Larger sizes are feasible by the addition of 
memory cards. 

Word Length: 

2,4,6,7,8,9, 10 bits per card. Longer words 
can be accomplished by the use of addi
tional memory cards. 

Cycle Time: 

in-50 
in-52 

Access Time: 

in-50 
in-52 

Dimensions: 

Memory Board: 
(1K x 10) 

100 nanoseconds 
150 nanoseconds 

100 nanoseconds 
150 nanoseconds 

8.175 Inches High 
6.0 Inches Deep 
0.5 Inches-
Mounting Centers 

Mating Connector: See page 6-30. 

Operational Modes: 

Read (NDRO), Write 

Interface Characteristics: 

TTL Compatible 

Standard Input Lines: 

Cycle Request 
Read/Write 

Standard Output Lines: 

Data Available 

EX-26/S0 Extender Board 

in-50 

UT-26/S0 

D.C. Power Requirement: 

+ 5.0V ± 5% 5.5 Amps per memory card 

Environment: 

Temperature: O°C to + 50°C operating 
ambient 

-40°C to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: o to 10,000 feet operating. 

Up to 50,000 feet non
operating. 

Special Options; 

The in-50 is available in various word and bit 
lengths. The card chassis is completely wire 
wrapped with 1/0 connectors for mounting 
in 19/1 relay racks. It can also be equipped 
with a power supply that is also mountable 
in a 19/1 relay rack. Options seen below, and 
others, can be found on pages 26 to 29. 

in-Unichassis 

Series Interface Board 
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in-50 

SERIAL MEMORY SYSTEM 

The in-60 is designed to meet the high 
reliability and low cost requirements of 
large volume storage and CRT refresh 
applications. The in-60 features the use 
of a single voltage power supply and 
MOS N-channel silicon gate technology. 
This system is available as a self-con-

in-SO FEATURES: 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Module Interchangeability 
• Field Expandable 
• One Power Supply Voltage 

tained 20,000 words by 10 bits memory 
unit, or is expandable to virtually any 
size in either word or bit length by the 
use of additional memory cards. The 
in-60 is designed for replacement of 
small fixed head disks and for CRT re
fresh applications. 

• Compact Size 
• Adjustable Clocking 
• Fully Buffered 
• Single Phase Clocking 
• TTL Compatible 
• Single Board System 



SPECIFICATIONS 
Capacity: 

Up to 20,000 words per memory card. Larger 
sizes are capable by the addition of memory 
cards. 

Word Length: 

6, 7, 8, 9, 10 bits per memory card. Longer 
words are made by combining memory cards. 

Clock Rate: 

Access Time: 

1 megaHertz to 25 kiloHertz 

500 Nanoseconds 

Dimensions: 8.175 Inches High 
10.5 Inches Deep 

0.5 Inches-
Mounting Centers 

Mating Connector: See page 6-30. 

Interface Characteristics: 

TTL Compatible 

Data Input: 

Up to 10 lines, single ended 

Data Output: 

Up to 10 lines, single ended 

Data Input Control: 

1 line (clock), single ended 

D.C. Power Requirement: 

+5.0V ±5% at7.0Amps (Max.) 

in-CHS-II 

in-50 

UT-10/40 

Environment: 

Temperature: ODC to + 50°C operating 
ambient 

-40DC to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 0 to 10,000 feet operating. 

Special Options: 

Up to 50,000 feet non
operating. 

Intel also offers the in-60 mounted in a card 
chassis wire-wrapped to the size ordered. 
This chassis can be mounted in a 19" relay 
rack. A power supply is also available for 
this system that will mount below the memory 
chassis. The power unit is modular and can 
supply up to a full card chassis of memory. 
A blower assembly is also available for this 
system. This blower assembly draws air from 
the front, back, or below to properly cool the 
memory card chassis. Options seen below, 
and others, can be found on pages 26 to 29. 

in-Unichassis 

Series Interface Board 

6-/3 

I 



I 

inter in-64 

SERIAL MEMORY SYSTEM 

The in-54 is designed to meet the high 
reliability and low cost requirements of 
large volume storage and CRT refresh 
applications. The in-54 features the use 
of a single power supply and MOS 
N-channel silicon gate technology. This 
system is available as a self-contained 

in-64 FEATURES: 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Field Expandable 
• One Power Supply Voltage 
• Compact Size 

88K words, with 1 bit or 2 bits per word 
depending on your requirements. It can 
be expanded to virtually any size, in 
either word or bit length, by the use of 
additional memory cards. The in-54 fea
tures a compact size, high reliability 
and ease of expansion. 

• Adjustable Clocking 
• Fully Buffered 
• TTL Compatible 
• Single Board System 
• Single Phase Clocking 



SPECIFICATIONS 

Capacity: 

Up to 88,000 words per memory card. Larger 
sizes are feasible by the addition of memory 
cards. 

Word Length: 

in-64 1 or 2 bits per 
memory card 

Longer words are made possible by combin
ing memory cards. 

Clock Rate: 

in-64: 

Access Time: 

in-64 

10 MHz to 200 KHz 

60 nanoseconds 

Dimensions: 8.175 Inches High 
10.5 Inches Deep 
0.5 Inches-
Mounting Centers 

Mating Connector: See page 6-30. 

Interface Characteristics: 

TTL Compatible 
Data Input: 

in-64 

Data Output: 

in-64 

2 lines, single ended 

4 lines, single ended 
(2 Data Out, + 2 Data Out) 

Data Input Control: 
21ines (clock), single ended 
(Collect/Recirculate, Clock) 

in-Unichassis 

in-64 

UT-10!40 

D.C. Power Requirement: 

+ 5.0V ± 5% at 6.0 Amps (Max.) 

Environment: 

Temperature: O°C to + 50°C operating 
ambient 
-40°C to + 125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 

Special Options: 

a to 10,000 feet operating. 
Up to 50,000 feet non
operating. 

Intel also offers the in-64 mounted in a 
card chassis wire-wrapped to the size or
dered. This chassis can be mounted in a 
19" relay rack. A power supply is also avail
able for this system that will mount below the 
memory chassis. The power unit is modular 
and can supply up to a full card chassis of 
memory. A blower assembly is also available 
for this system. This blower assembly draws 
air from the front, back, or below to properly 
cool the memory card chassis. Options seen 
below, and others, can be found on pages 
26 to 29. 

in-CHS-II 

Series Interface Board 
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in-65 

CCO MEMORY SYSTEM 

The in-65 is a very economical CCD 
memory system designed around the 
Intel 2416. This product is best de
scribed and utilized as a Block-Oriented 
Random Access Memory. The system 
can be used to randomly address blocks 
of data and then transfer data sequen
tially within the data block at a very 
high data rate. 

The system consists of three board 
types: The memory unit (MU-65), the 
control unit (CU-65), and the buffer unit 
(BU-65). The memory unit has a maxi
mum capacity of 1,179,648 bits and is 

in-65 FEATURES: 
• Low Cost 
• Short Latency Time (125 p.sec. ave.) 
• High Data Rate (550 nano sec. per word) 
• Randomly Accessible Data Blocks 
• High Reliability 

• High Density 
• Simple Asynchronous Interface 
• Fully Buffered 
• Modular Expandability 
• Module Interchangeability 
• Options: 

Byte Parity 
Address Monitor Outputs 

configured as 128K x 8 or 128K x 9 
bits. The 9th bit can be either a data 
or parity bit. The CU-65 provides all 
interface, timing and control logic for 
up to 8 MU-65's. The BU-65 is syn
chronized to the CU-65 and provides 
for word length expansion. 

The large capacity, high performance 
characteristics and economy of the 
in-65 make it ideally suited for disc and 
drum replacement, magnetic tape loop 
replacement and large CRT refresh ap
plications. 

-------------------------------------------+-----------------------------
CU-6~ I "U·6~ (I) 

1",-65 ~YSTt~ FUNCTIONAL BLOCK D'AGRA'" 



SPECIFICATIONS 

Capacity: 

Basic MU-65 capacity is 131,072 words. The 
system is expandable in cards to 1,048,576 
words while using only one CU-65. 

Word Length: 

Basic word length is 8 or 9 bits, and is ex
pandable in multiples of 8 or 9 bits by addi
tion of BU-65's to a maximum of 72 bits. 

Shift Rate: 
825 ns when seeking new random address 
10 ?lsec when in standby for data retention 

Data Transfer Rate: 

10 Ilsec to 550 nsec (per 9 bit byte or word) 
1'6.4 megahertz (serial transfer) for one 
MU-65 

Dimensions: 

All cards (MU-65, 
CU-65, BU-65) 

15.0 inches high 
12.0 inches deep 
0.625 Inches
Mounting Centers 

Operational Modes: 

Read (NDRO) 

Write 

Serial bits, paralleled bytes 
or words 

Serial bits, paralleled bytes 
or words 

Interface Characteristics: 

TTL Compatible, Asynchronous 

in-65 

D.C. Power Requirements: 

MU-65 (max) Operating Standby 
or min. (max 

+17V DC 
+12V DC 

5VDC 
+ 5V DC 

shift rate) 
±5% at 2.8 amps 
±5% at 2.8 amps 

shift rate 
0.4 amps 
0.4 amps 
0.4 amps 
0.75 amps 

±5% at 2.8 amps 
±5% at 0.75 amps 

CU-65 (max) 
+5V DC ±5% 
~5V DC ±5% 

BU-65 (max) 
+5VDC ±5% 
-5V DC ±5% 

Environment: 
Temperature: 

Relative Humidity: 

Special Options: 

at 5.0 amps 
at 0.4 amps 

at 3.0 amps 
at 0.3 amps 

O°C to + 50°C operating 
ambient 
-40°C to +125°C non
operating 

Up to 90% with no con
densation 

o to 10,000 feet operating 

Up to 50,000 feet non-op
erating 

Intel offers a broad line of accessories de
signed specifically for use with the in-65. 
This includes backplanes, custom interface 
card, chassis, power supplies and cooling 
units. These units are available for 19" and 
24" standard racks. 
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in-4711 

PDP-11 ADD-IN SEMICONDUCTOR MEMORY 

The Intel in-4711 is designed for use in 
all models and configurations of the 
DEC PDP-11'~ computer family able to 
accommodate a "Hex Height" memory 
card and its associated options. It uti
lizes the Intel 2107B 4K dynamic RAM 
component. The 16K x 16 (18 bit op
tional) memory and all refresh and con
trol circuitry are contained on a single 
PC card. Power conversion can be done 
either with a separate "Quad Height" 
DC to DC PC regulator card that pro
vides power for up to four in-4711 's or 
with an on-board DC to DC converter 
for each in-4711-1. The in-4711 and in-
4711-1 can be used in a system with 
8K core modules, with compatability 
with 16K core modules available for 
volume requirements. 

in-4711 FEATURES: 
• Low Cost Memory 
• Fast Cycle Time 
• Low Power Requirements 
• High Reliability 
• Module Interchangeability 
• Modular Expandability 
• Compact Size 

Active power consumption at 30 watts 
is less than half that of the core memory 
it replaces. This allows wider operating 
margin on the power supply as well as 
a cooler running overall system. The 
system is 3-5 times more dense than 
core. 

Read and write cycle times of 520 nano
seconds allow significant speed im
provement. Interleave operation with 
two memories is possible for maximum 
throughput. 

Quick address select changes are pos
sible through the use of on-board DIP 
switches. 

Write access time of 150 nanoseconds 
frees up the unibus at least 50 nanosec
onds faster. Byte operation is also stan
dard. 

• Byte Operation 
• Address Select Switches 
• Two Way Interleave 

(16K Boundaries) 
• Compatible with both DEC PDP-11l!l 

Memory Management and Byte Parity 
Options 



in-4711 

SPECIFICATIONS 

Capacity: 

8K and 16K words per board 

Word Length: 

16 or 18 bits 

Cycle Time: 

Read 
Write 

Access Time: 

Read 
Write 

Dimensions: 

520 nanoseconds 
520 nanoseconds 

450 nanoseconds 
150 nanoseconds 

Memory Board (Hex) 15.4 Inches High 
8.4 Inches Deep 
0.375 Inches Wide 

*DC/DC Converter Board (Quad) 

Operational Modes: 

Read Word 
Write Word 
Read Byte 
Write Byte 

*Converts BK core voltages 
to the required in-4711 voltages. 

10.875 Inches High 
0.84 Inches Deep 
0.375 Inches Wide 

Interface Characteristics: (Unibus Compatible) 

TTL Compatible 
Standard Input Controls: 

Cycle Initiate (MSYN) 
Byte Select (CO) 
Read/Write (CI) 
Address Lines (AO-A 17) 
Data Lines (DO-D15) 
Slave Sync (SSYN) 
Initialize (INIT) 

D.C. Power Requirements: 

17.5 Watts Typical 
29.4 Watts Max. 

Environment: 

Temperature: DOC to + 50°C operating 
ambient 
-40°C to + 125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 0 to 10,000 feet operating. 

Special Options: 

Up to 50,000 feet non
operating. 

16K core compatibility available on a cus
tom basis for volume requirements. 

DC/DC CONVERTER BOARD (R/11) 
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in-4716 

7/16 ADD-IN SEMICONDUCTOR MEMORY 

The Intel in-4716 is designed to be plug
to-plug compatible with the Interdata® 
MODEL 7/16 BASIC Minicomputer. The 
in-4716 consists of one printed circuit 
card which contains a 16K word by 17 
bit memory storage area, plus all con
trol, refresh and interface logic needed 
to operate the memory unit. 

The Intel 2107B 4K dynamic RAM is uti
lized in the in-4716, thereby providing 

in-4716 FEATURES: 

.. Low Cost Memory 
• Fast Cycle Time 
• Low Power Requirements 
• High Reliability 
• Module Interchangeability 

non-destructive data read out, high den
sity and high reliability all at a very 
attractive price. 

The worst case active power consump
tion for the in-4716 is 36 watts which is 
less than half that of the core memory 
it replaces. This allows wider operating 
margins on the power supply, as well as 
a cooler running overall system. 

• Modular Expandability 
• Compact Size 
• Single Board System 
• Byte Operation 
• Address Select Switches 



in-4716 

SPECIFICATIONS 

Capacity: 

8192, 12288 & 16384 words. Expandable to 
32768 words by addition of a second mem
ory card. 

Word Length: 

17 bits (including parity) 

Cycle Time: 

Access Time: 

Dimensions: 

Memory Board 
(16Kx17) 

Operational Mode: 

Clear/Write 
Read/ Restore 
Refresh 

Interface Characteristics: 

TTL Compatible 
Data Input: 

One Microsecond 

300 nanoseconds 

14.88 Inches High 
15.38 Inches Deep 

0.40 Inches Wide 

Memory Data 00-16 (MDOOO-160) 171ines 
16 lines data, 1 line (16) parity 

Data Output: 
Memory Strobe 00-16 (MSOOO-160) 17 lines 

16 lines data, 1 line (16) parity 
Address Input: 

Memory address 00-14 (MAOOO-140) 151ines 
Control Signals: 

All control lines are single-ended 
Standard Input Lines: 

Enable '" 
Access Control 'I) 
Early Read '" 
Temperature Sensing A 

Standard Output Lines: 
Request '" 
Access Control", 

(to other devices) 
Temperature Sensing B 

D.C. Power Requirement: 

Voltage 

+ 15.0V 
+ 5.0V 
-15.0V 

Regulation 

±5% 
±5% 
±5% 

Environment: 

Selected 
Current (Max.) 

1.3 Amps 
3.0 Amps 

85.0 Milliamps 

Unselected 
Current (Max.) 

0.2 Amps 
3.0 Amps 

85.0 Milliamps 

Temperature: O°C to +50°C operating 
ambient 
-40°C to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: 0 to 10,000 feet operating 
Up to 50,000 feet non
operating 

Refresh: 

Refresh cycles are requested by the memory 
which time out intervals of 30 microseconds, 
± 1 0% (i.e., 1 /64th of the memory retention 
time). 

The Refresh cycle is initiated after the mem
ory sends a Request signal to the processor. 
The next enable pulse is used to initiate a 
Refresh cycle, and the following ERO (Early 
Read signal) generates the cycle. A Refresh 
cycle is identical to a bus cycle, except that 
all memory chips on the memory card are 
enabled at the same time. 
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inter in-477 

6-22 

CRT DISPLAY RANDOM ACCESS MEMORY SYSTEM 

The in-477 memory card is designed 
for storage and retrieval of digital video 
image data, Each card has a capacity 
of 256K (K = 1024) bits, which will 
drive a 512 x 512 CRT display, Cards 
may be, operated in parallel to create a 
gray scale or multi-color displays, The 
card may be operated in a single bit per 
cycle serial mode, or a sixteen bit paral
lel mode, The card contains a sixteen 
bit parallel-to-serial register with exter
nal clocking and loading, to permit a 
serial bit read out at higher speeds than 
the normal card cycle time, Refreshing 
of the data in the n-channel MOS RAM's 

in-477 FEATURES: 

• Low cost 2107 4K RAM utilized 
• Customer controlled refresh 
• Paralleled and serial word and 

single bit modes of operation 
• Allows RANDOM INSTANTANEOUS 

up dating of data 
• Single boards can be used for 

character / graphic displays 

is normally achieved by sequential scan
ning of the memory for display refresh 
purposes, For special applications, the 
card can be refreshed externally at a 
rate of 64 times every 2 millisec, rather 
than 256 times every 2 millisec during 
the normal display refresh scan, This 
is accomplished by refreshing one row 
in all 64 RAM's on the card at once, A 
clear memory mode allows setting all 
memory locations to either a one or 
zero state in a simplified manner, if 
desired for initialize, reset, erase or 
other purposes, 

• Multiple boards can be used for 
Gray scale and color displays 

• Designed for use with 
512 x 512 CRT MATRIX 

• Simplified clear/erase memory mode 
• Multiple speeds available by 

selecting 2107 components 
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SPECIFICATIONS 

Capacity: 

256K bits, organized as 16K x 16, or 256K 
x 1 

Cycle Time: 850 nanoseconds 

Access Time: 600 nanoseconds 

Retention Time: Two milliseconds 

Dimensions: 

Memory Board 

Mating Connectors: 

Contact Factory 

Operational Mode: 

15.0 Inches High 
15.0 Inches Deep 

0.5 Inches
Mounting Centers 

Write Word (Parallel16 bit data word transfer) 
Read Word (Parallel16 bit data word transfer) 
Write Bit (Single bit data transfer) 
Read Bit (Single bit data transfer) 
Read Word (Serial 16 bit data word transfer) 
Clear Set 

Interface Characteristics: 

Address Input: 18 lines (TTL) 
Data Input/ Output: 

16 lines for parallel word modes, 1 line for 
serial word mode, plus 1 line for single bit 
modes, all open collector, bidirectional lines 

Serial Output (High Speed): 
1 line, TTL active pull up/pull down 

Control Input Lines: 
Clock enable 
Write enable 
Word/Bit select 
Mode enable 
Card select 
Write time gate 
Clear memory enable 
Shift register load 
Serial shift clock 

D.C. Power Requirement: 

Selected 
Voltage Current (Max.) Regulation 
+ 5.0V 3.00 Amps ±5% 
+ 12.0V 1.50 Amps ± 5% 
- 5.0V 0.05 Amps ±5% 

Environment: 

Temperature: O°C to + 50°C operating 
ambient 
-40°C to +125°C non
operating 

Relative Humidity: Up to 90% with no con
densation 

Altitude: Up to 1 0,000 feet operating 
Up to 50,000 feet non
operating 

Interface Voltages: 

TTL Levels for all inputs and outputs 

Special Options: 

Access and cycle times of 280 nanoseconds 
and 450 nanoseconds respectively can be 
provided on a custom basis for volume re
quirements. (Note: these times allow 25 
nanoseconds address settling time prior to 
starting a memory cycle.) 
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16K )( 8 MICROPROCESSOR 
COMPATIBLE MEMORY SYSTEM 

The in-4S1 is a 16K x S Random Access 
Memory that utilizes the Intel 2107B 4K 
Dynamic RAM chip. The memory and all 
refresh and control circuitry are on one 
PC board. The in-4S1 is expandable to a 
maximum of 64K x S by the use of four 
memory cards. The in-4S1 card is de
signed to interface directly with the 
IMMS-S2 and the IMMS-S3 CPU cards. 
Since the characteristics of these two 
cards are governed by either the SOOS 
or the 80S0 microprocessors, it is also 
possible to use the in-481 with any CPU 
using these devices. The physical size 
of the in-4S1 is the same as the IMM 
Series. The address, data I/O, and 
power pin-outs are the same as the 
IMM6-28. 

Applications * 

SOOS 
When using the in-481 in an SOOS or 

in-481 FEATURES: 
• IMMS-82 and IMM8-S3 

Compatible 
• Automatic Refresh 
• Modular Expandability 
• Module Interchangeability 
• Very High Density 
• Board Select 
• On Board 4K Address Select 
• On Board 4K Enable/Disable 
• Input and Output Data Registers 
• Low Standby Power 

6-24 

SOOS-1 microprocessor based system, 
the access and cycle times are such 
that WAIT states need not be entered. 
All refresh, write and read cycle re
quests are synchronized to specific CPU 
states and requests. This means that the 
in-481 is totally transparent to the CPU. 
During normal CPU operation all re
freshing is done during the T, state of 
the SOOS; during a HALT or HOLD state 
the memory refresh is synchronized to 
the <P' clock and occurs every 7.5 I'.sec. 
It should be noted, that a power-up 
reset circuit initializes all control circuit
ry on the in-481. 

8080 
When using the in-4S1 in an 8080 micro
processor based system, the memory 
components used are faster in both 
cycle and access times in order to mini
mize the total number of WAIT cycle re
quests. All refresh, read and write cycle 
requests are again synchronized to spe
cific CPU states or requests. Because of 
the 2.0 "sec instruction cycle time of the 
SOSO, a single WAIT state or a possible 
double WAIT state is required during 
memory refresh. A memory refresh is 
initiated once every 31 "sec and it is 
synchronized to the positive edge of 
SYNC during the T, state. Normally a 
single WAIT state between T, and T3 
states is required if the memory is in the 

'While the in-481 and in-481-1 are designed 
to work with the IMM8-82 and IMM8-83, they 
are not intended for use in the INTELLEC 
8/MOD8 or INTELLEC 8/MOD80 since the 
current requirements of the in-481 and in-481-1 
exceed the 60mA capacity of the INTELLEC 
+ 12V power supply. 
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Applications (Continued) 

process of performing a read operation. 
If, however, a write cycle had been initi
ated during Tl of the previous subcycle 
a double WAIT state is requested by the 
in-481. During the HOLD and HALT 
states, the refresh requests are syn
chronized to the </>, clock and they occur 
with a period of 25 Ilsec. It should be 
noted again that the power-up reset cir
cuit initializes all control circuitry. 

DMA 
A DMA option is made possible in both 
8008 and 8080 systems by means of the 
HOLD features. The HOLD ACK signal 
in both the IMM8-82 and IMM8-83 frees 
the control lines of the in-481 and the 
in-481-1. This signal is also used by the 
in-481 to disable the MEM READ CYCLE 
control input thereby enabling DMA con
trol of the memory. Since refresh is syn
chronized to the </>, clock, and since 
additional state lines are brought out 
from the in-481, an access control cir
cuit can be implemented to perform 
DMA. After completion of DMA, the 
HOLD and WAIT requests to the CPU 
card are disabled, and memory opera
tion proceds as normal. 

SPECIFICATIONS 
Dimensions: 

8.00 inches x 6.18 inches with 0.5 
inch mounting centers. 

Capacity: 

PIN NO, 
1 
2 
3 
4 

• 6 
7 

• 
9 
10 

" 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 ,. 
26 
27 
2. 
29 
30 
31 
32 
33 
34 

16K x 8 expandable to 64K x 8 by 
use of four memory cards 

.008 8080 PIN NO. 
3. 
36 

GND GND 37 
GND GND 3. 
WAIT ACK WAiTAcK 39 
TT eLK B 40 
DMA READ OMA READ 41 
PWA RESET PWR RESET 42 
-WE "WE 43 
NC ¢2 44 
MADQ MAD 0 4' 
MAD 1 MAD 1 46 
MAO 2 MAD 2 47 
MAD 3 MAD 3 4. 
MAO 4 MAD4 49 
MAD 5 MAD 5 50 
MAD 6 MAD6 51 
MAO 7 MA07 52 
MAD B MADS 53 
MAD 9 MA09 54 
WAIT REO WAIT REO 55 

56 
MOIO MOIO 67 
DB 0 DB 0 5. 
MOil MOil 59 
DB 1 DB 1 60 
MDI 3 MOl3 61 
D. 3 DB 3 62 
MOl2 MOl2 63 
DB 2 DB 2 64 
MDI5 MDl5 65 
DB. DB. 66 
MOl4 MDI4 67 
0.4 DB4 6. 

69 

8008 
MDI7 
DB7 
MOl 6 
DB6 
SVS ENe 

A5DEN"A 
ADD ENS 
-9V 
-9V 
OMA READ ENABLE 
RLITJJACR 

+12V 
+12V 

MAD 13 
MAD 12 

MAi4 

MAD 15 
MAD 14 
DB IN 
MA 15 

Cycle Time: 
in-481 
in-481-1 

1100 nanoseconds 
600 nanoseconds 

Access Time: 
in-481 
in-481-1 

650 nanoseconds 
450 nanoseconds 

8080 
MDI7 
DB7 
MOl6 
DB6 

Power: 
+5V 
+12V 
-9V* 

1.0A 
0.9A 
30mA 

* (-9V is zenered to -5V; optional -5VDC at SmA) 

Operational Modes: 
Read (NORa) 
Write 

Environment: 
Temperature: O°C to + 50°C oper

ating ambient 
-40°Cto +125°C 
non-operating 

Relative 
Humidity: 

Altitude: 

Up to 90% with no 
condensation 
o to 10,000 feet 
operating 
Up to 50,000 feet 
non-operating 

Connector Type: 
Amp 1-67878-0 
Winchester HW50D0111 
Viking 3VH50/ICN5 
Sylvania 7900-0281-X 

PIN NO. 8008 8080 
0 

71 "READ "READ 
72 
73 HALT ACK HALT ACK 

SYS ENe 74 SYNCA DMA ~2 DISABLE ,. 
ADD ENA 76 
ADD ENe 77 
-9V 7. 
-9V 79 
OMA READ ENABLE .0 
HOLD ACK ., 

.2 

.3 
"12V 84 
+12V .5 -REF *REF 

86 
87 -BUSY -BUSV 

•• *ENREF -ml1U 
.9 
90 
91 GND GND 
92 GND GND 
93 

MAD 13 
MAD 12 

94 MAD 11 MAD 11 
95 RtW RtW 
96 MAD 10 MAD 10 
97 

MA 14 9. .' .' 99 .5 .5 

MAD 15 100 .. '5 
MAD 14 
MEM REAO eYe 
MA 15 *Statul signals from in-481. 
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CUSTOM MEMORY CARDS 

The following are examples of custom memory 
systems that have been designed exclusively for vari
ous OEM customers. These cards vary greatly in size, 
configuration and usage. Each card was designed to 
meet the individual needs of an OEM customer. In 
each case, our staff met the particular electrical, 
mechanical and environmental constraints placed on 
the card. In each case our staff's background and 
knowledge of semiconductor memories produced 
smooth production flow, reliable products and on
time deliveries that met the specifications. 

Intel's custom board capabilities are not limited to 
4K RAM components. Custom boards have been de
signed around almost every serial, RAM, ROM and 
PROM component manufactured by Intel. When Intel 
plans'a new component, Memory Systems is enlisted 
to design a system and evaluate the prototypes long 
before the component is announced. A custom board 
customer can beat his competition to the delivery of 
a new system by using the first experienced systems 
designers with that component: Intel Memory Systems. 

16K x 16 RAM 
Memory System. Another cost 
effective use of our 4K chip design 
for a CRT type application. 
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16K x 8 Two Card Microprocessor 

8K x 18 Memory System with on-board byte 
control logic and external timing and refresh 
control. Card is designed to replace an ex
pensive core memory used with a custom
designed processor. 

(Intel 8080) Compatible Memory System. 
A single timing and control card 
operates up to four memory 
cards thus reducing overall 
memory systems cost. 

16K x 17 RAM Memory System used by a 
major industrial giant with stringent reliability 
requirements in the demanding environment 
of a numerical control application. This system 
includes a power save feature. 

65K x 8 Memory System with a 32 bit parallel 
load input and an 8 bit wide serial output. The 

card is used for CRT refresh in an intelligent 
terminal. 

4K x 12 to 4K x 16 RAM Memory System with 
external timing and control. Used to replace 
an expensive core memory in an intelligent 
terminal CRT display. 



intel MEMORY CABINETS 

The in-Series Memory Cards are avail
able as individual units or in complete 
systems. Intel features a number of mem
ory cabinets that can accommodate a 
variety of memory capacities. Cabinets 
are designed to allow customers maxi-

mum freedom in specifying memory con
figurations. These cabinets contain 
power supplies, cooling and interface 
connections. The following photographs 
show the various types that are available 
for off-the-shelf delivery. 

in-CAB-BHB Memory 
Cabinet features a 
capacity of up to 262K x 27 
bits. It has ample space for power 
supplies, and has optional battery 
back- up capability, including bat
teries, for a 1 hour back-up support. 
This cabinet is 80" high by 30" deep 
and is 19" wide. Accessible from 
both the front and rear, it contains 
its own cooling fans and is mounted 
with casters for easy movement. 

in-CAB-HB Memory Cabinet can 
accommodate up to 96 MU-10/MU-
40 series cards. This memory cab
inet is 72" high, 19" wide and 30" 
deep. It is designed to be free
standing and contains room for 
cooling fans, power supplies and 
interface cabling. The memory size 
can vary from 32K x 144 to 256Kx 18 
bits. All power supplies are mounted 
on slides for easy access. 

in-CAB-SHB Memory Cabinet fea
tures a capacity of up to 96K x 63 
bits or 388K x 16 bits, including 
power supplies and cooling. This 
cabinet is 70" high by 36" deep and 
is 19" wide. It is accessible from 
both front and rear and is mounted 
on casters. It has room in the rear 
for additional interface logic chassis. 

in-CAB-LB Memory Cabinet fea
tures a low profile with space for 
up to 32K x 128 bits of in-10, or 4 
times that of in-40 memory, includ
ing power supplies and cooling. 
It is only 48" high x 30" deep and is 
19" wide. It is free-standing and 
comes with casters for easy move
ment. 
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inter CARD CHASSIS 
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The in-Series Memory Systems are 
designed in modular form for ease of 
conversion into a variety of sizes and 
configurations. These standard chassis 
were designed to accommodate spe-

cific customer applications. These are 
shown in the following photographs. Our 
Intel sales representative can help you 
with your particular application. 

The in-Minichassis Memory Chassis 
is designed to accommodate up to 
8 memory cards. The memory cards 
are mounted horizontally with room 
for a control card and 1 UT-10/40 
interface card. This mini-chassis is 
7" high and includes power supplies 
and cooling fans. It is mounted on 
slides for ease of movement in and 
out. All connections are made from 
the rear of the unit and it can be 
mounted in a 19" relay rack. A front 
panel is optional and includes a cir
cuit breaker and indicator lights. 
This unit features the use of a PC 
back plane for all power and ground 
connections. 

The in-Unichassis Memory Chassis 
is designed to accommodate up to 
33 memory and control cards for 
mounting in a 19" relay rack. This 
chassis features the use of a full 
PC back plane with internal power 
and ground. The chassis can be 
wired for a number of memory sizes 
and configurations, and also be used 
in multiples for even larger memory 
configurations. It is 10.5" high, 12" 
deep, and can be used with in-CAB 
memory cabinet. 

The in-CHS-I/ Memory Chassis 
is designed to accommodate up to 
66 memory and control cards. It fea
tures the use of segmented PC back 
planes for use in configuring large 
memory systems. This chassis is de
signed for use in making large word 
length memory systems. It is 20" 
high, 12" deep, mountable in a 19'; 
relay rack, and can be used with 
in-CAB memory cabinets. 

The in-Jumbochassis is designed 
for memory systems that may be 
mounted in a 24" cabinet. With 
integral power supplies and fan 
assemblies, it measures only 14" H 
x 24" W x 24" D. Forty-three card 
slots are available to house thou
sands of combinations of standard
sized Intel memory cards. For exam
ple, a 128K x 18 or 256K x 9 in-10 
system, or a 512K x 18 or 1024K x 9 
in-40 system can be housed with 
seven I/O slots left over for address 
and data buffers or for other custom 
logic. 



intel POWER SUPPLIES 

The in-Series Memory Systems are de
signed in modular form allowing conver
sion into a variety of sizes and config
urations. To accommodate these various 
memory sizes, Intel has designed stan
dard power supply modules for use in 

The in-SPS Power Supply. This power 
system is designed to supply both large 
and small amounts of +5.0 Volts. This 
power system is especially suited for 
use with the in-26/in-50/in-60/in-62 
Memory Cards. It is a rack mountable 
chassis, and includes an on/off switch 
on the front panel. 

The in-MPS Power Supply. This system 
is designed to operate up to 8 MU-10's 
or 8 MU-40's, along with one C.U. card, 
and also have enough +5.0Volts avail
able to power up one interface card 
containing interface logic. This power 
supply fits into the mini-chassis and is 
rack mountable. 

configuring these systems. The following 
photographs show standard power sup
ply modules that are available. Contact 
your Intel Memory Systems representa
tive for the one that fits your particular 
application. 

I 
The in-OPS-3 Power Supply is designed 
to provide power to 190K x 9 or 96K x 
18, using individual supplies for each 
voltage level. This supply is 7" high 
and is 19" rack mountable. It features 
a circuit breaker and has individual 
indicator lights mounted on the front. 
It has its own internal cooling, and is 
recommended for use with the in-10 
Series Memory System. 

The in-LPS Power Supply. This system 
is designed to power up small or large 
increments of in-40 Memory Cards. This 
system is available in both 110 Volt and 
208 Volt versions. It is a rack mounted 
chassis and includes an on/off switch 
on the front panel. 
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ACCESSORIES 

The in-Series is available in card 
chassis, and with modular power 
supplies that can be mounted along
side, below, or behind the memory 

cards. Other accessories like ex
tender boards, interface boards and 
fan assemblies are also available 
and listed below. 

in-Series Fan Assembly 
This fan assembly is designed for 
mounting in a 19" relay rack. Used 
for blowing air, or drawing air, up
ward through the in-series card 
chassis, this unit can receive air 
from the front, rear or underneath, 
and send adequate air flow through 
up to 4 card chassis stacked upon 
each other. 

UT 10/40 
Series Interface Board 
This board is designed for use in 
assembling custom interfaces to use 
with in-l 0/40 series memory sys
tems. The interface board can be 
used with I.e. sockets, with up to 
18 pins, and can be wirewrapped 
for quick interface connections. This 
I/O board plugs directly into the 
in-l 0/40 series connector slots. 2 
slots are available to accommodate 
up to 40 pin sockets. 

in-Series 
MT-10/40 System Exercisor 
This system exercisor is designed 
to test up to 36 bits of information 
and address up to 262 thousand 
words of memory. The tester is 
mountable on the front of the mem
ory unit by use of self-contained 
magnetic devices and is set up to 
be pluggable into the backplane of 
the memory system. 

in-Series 
Interface Connector 
This unique connector scheme is 
designed to provide inexpensive, yet 
reliable, interconnections to the in
Series memory systems. It fits over 
the in-Series back panel wire wrap 
pins and forms a tight interconnec
tion. The connector is then fitted 
with flat cable for connection to 
other parts of the system in which 
it is being used. 

in-Series Extender Board 
This extender board is designed to 
provide the user with full access to 
any in-series memory card. The ex
tender board plugs directly into the 
back panel connector and allows full 
view of any of the in-series cards. 

Memory Board Mating 
Connectors Are: 

Amp 

Winchester 
Viking 
Sylvania 

1-67878-0 
HW50D0111 
3VH50/ICN5 
7900-0281-X 
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MCS-40™ MICROCOMPUTER SYSTEM 

Type Group Description Page No. 

4040 CPU Central Processor Unit 7-4 

4004 CPU Central Processor Unit 7·11 

4003 I/O lO·Bit Shift Register 7·18 

4265 I/O Programmable General Purpose I/O 7·22 

4269 I/O Programmable Keyboard/Display Device 7·39 

4201 Peripherals Clock Generator 7·53 

4008/4009 Peripherals Standard Memory Interface Component Pair 7·59 

4289 Peripherals Standard Memory Interface 7·65 

4002 RAMs 320·Bit RAM/4 Output Lines 7·76 

4101 RAMs 256 x 4 NMOS RAM 7·82 

4001 ROMs 256 x 8 R 0 M/4 I/O Lines 7·85 

4308 ROMs 1024x 8 ROM/16I/O Lines 7·94 

4316A ROMs 2048 x 8 ROM 7·104 

I 
4702A PROMs 256 x 8 Erasable PROM 7·107 

MCS·4/40 Kits Prototype Systems 7·110 

7·2 



MCS-40™ MICROCOMPUTER SYSTEM 

The MCS-40 microcomputer family (the expanded MCS-4 family) is the world's largest 
selling family of microcomputers. This family of components has been in use for a wide 
variety of computer and control applications since 1971. The MCS-40 is a system which 
provides its users with an advanced generation of components geared for random logic 
replacement and all designs which require the unique advantage of a general purpose 
computer. The MCS-40 comes with a comprehensive product development program 
consisting of hardware and software development aids and a large network of regional 
application engineers to draw upon. 
The 4004 and 4040 are complete 4-bit parallel central processing units (CPUs). The 4040 
has a complete instruction set of 60 instructions, including Arithmetic, Interrupt, Logical 
Operations, I/O Instructions, Register Instructions, ROM Bank Switching, Register Bank 
Switching, Interrupt Disable and Enable. The 4004 has a total of 46 instructions all of which 
are part of the 4040 instruction set and are mutually compatible. 

ROMs 
4308 
4001 

PROGRAMMABLE 
KEYBOARD/DISPLAY 

DEVICE 

4269 

CLOCK GENERATOR 
4201 

CPU 

4040 
4004 

RAM 

4002 

OUTPUT EXPANDER 

4003 

I/O 
INPUT 

GENERAL PURPOSE 
I/O 

4265 

DATA BUS 4 

STANDARD MEMORY 
INTERFACE 

4289 
4008/4009 

4702A 
4316A 

2101 
5101 

5101L 

GENERAL PURPOSE 
1/0 

4265 

I/O 
8251 
8253 
3214 

GENERAL PURPOSE 
I/O 
4265 

RAM 
2101 
5101 

5101L 
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SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 

• Functionally and Electrically 
Upward Compatible to 4004 CPU 

.14 Additional Instructions 
(60 total) Including Logical 
Operations and Read Program 
Memory 

• Interrupt Capability 
• Single Step Operation 

• 8K Byte Memory Addressing 
Capability 

• 24 Index Registers 
• Subroutine Nesting to 7 Levels 
• Standard Operating 

Temperature Range of 
OOto 70°C 

• Also Available With -40° 
to +85° C Operating Range 

The Intel® 4040 is a complete 4-bit parallel central processing unit (CPU). The CPU can directly address 4K eight bit instruction 
words or 8K with a bank switch. Seven levels of subroutine nesting, including interrupt, and 24 randomly access able index 
registers (24x4) are provided as convenient facilities for the designer. The index registers may be used for addressing or for 
scratch pad memory for storing computation results. The interrupt feature permits a normal program sequence to be 
interrupted, with normal program execution continuing after the interrupt service routine is completed. Provisions have also 
been made to permit single-stepping the CPU using the STOP and ACKNOWLEDGE signals. 

The 4040 is an enhanced version of the 4004 and as such retains all the functional capability of that device. It will execute all the 
4004 instructions, and is also electrically compatible with all components used with a 4004 CPU. 

BLOCK DIAGRAM 

11 
DATA BUS 

I DATABUS ~ 
BUFFER 

(4 BIT) 

U 
(4 BIT) 

INTERNAL DATA BUS INTERNAL DATA BUS 

IT 1 n 
IACCUMULAT~~I I TEMP. REG'I411 I INSTRUCTION I MULS:r:E:XER I ~ REGISTER 18) MPX 

~""'I J PROGRAM COUNTER 0(4) 
1 (W 

FL~P.FLOPS 
LeveL NO.1 2 3 

ARITHMETIC 
INSTRUCTION 

DECODER LEVel NO.2 • 5 LOGIC AND .- ~ 
UNIT MACHINE ~ IALU) F- CYCLE z LEVEL NO, 3 .... 6 7 

ENCODING 2 
~ " LEVEL NO.4 B 9 

u 

i t 4 
~ 

t; LeVEL NO.5 10 11 

I °AE~J~:TL ~ LEVEL NO.6 12 13 

LEVEL NO.7 
" 

15 

POWER I TIMING J ADDRESS 
0(4) 

1 
SUPPLIES I AND STACK 

CONTROL 2 3 ~ __ 1DVI' SINGLE 
_ +5V CARRY ROM RAM STEP • 5 

OUT CONTROL CONTROL TEST CONTROL SYNC CLOCKS 

J il 1~~~:NT;ldJL Jg: sL ,t )2 

6 7 

RESET SCRATCH 
CM ROM PAD 

0·1 
INT ACK 
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Pin Description 

Do Cy 

D, eM-ROMO 

D, eM·ROM, 

D3 VOD1 

STP ACK eM·RAMo 

STP eM·RAM, 

INT 

INT ACK eM·RAMJ 

SYNC 

VDD 

RESET TEST 

00-0 3 

BIDIRECTIONAL DATA BUS. All address and 
data communication between the processor and 
the RAM and ROM chips occurs on these 4 lines. 

STP 

STOP input. A logic "1" level on this input causes 
the processor to enter the STOP mode. 

STPA 

STOP ACKNOWLEDGE output. This signal is 
present when the processor is in the stopped state. 
Output is "open drain" requiring pull-down 
resistor to VOO. 

INT 

INTERRUPT input. A logic "1" level at this input 
causes the processor to enter the I NTE R R UPT 
mode. 

INTA 

I NTE RRUPT ACKNOWLEDGE output. This 
signal acknowledges receipt of an INTERRUPT 
signal and prevents additional INTERRUPTS from 
entering the processor. It remains active until 
cleared by the execution of the new BRANCH 
BACK and SRC (BBS) instruction. The output is 
"open drain" requiring a pull-down resistor 
to VOO. 

4040 

RESET 

RESET input. A logic "1" level at this input clears 
all flag and status registers and forces the program 
counter to zero. To completely clear all address 
and index registers, RESET must be applied for 96 
clock cycles (12 machine cycles). 

TEST 

TEST input. The logical state of this signal may be 
tested with the JCN instruction. 

SYNC 

SYNC output. Synchronization signal generated by 
the processor and sent to ROM and RAM chips. It 
indicates the beginning of an instruction cycle. 

CM-RAMO - CM-RAM3 

CM-RAM outputs. These are bank selection signals 
for the 4002 RAM chips in the system. 

CM-ROMO - CM-ROM, 

CM-ROM outputs. These are bank selection signals 
for program ROM chips in the system. 

CY 

CAR RY output. The state of the carry flip-flop is 
present on this output and updated each X, time. 
Output is "open-drain" requiring pull down 
resistor to Voo. 

ifJ"ifJ2 
Vss 
Voo 

*Voo, 
**V002 

Two phase clock inputs 

Most positive voltage 
Vss-15V ±5% - Main supply voltage 
VSS-15V ±5% - Timing supply voltage 

- Output buffer supply 
voltage 

*For low power operation 
**May vary depending on system interface 

7-5 
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4040 

Instruction Set Format 

A. Machine Instructions 

0 3 

• 1 word instruction - 8-bits requiring 8 clock periods (1 instruction cycle) 
• 2 word instruction - 16-bits requiring 16 clock periods (2 instruction cycles) 

Each instruction is divided into two 4-bit fields_ The upper 4-bits is the aPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word 
instructions, the second word contains address information or data. 

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during M1 and M2 
times respectively. 

ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS 

1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 

DJ 02 0, Do D3 02 0, 00 D3 02 0, Do D3 02 0, Do 

I x I x I x I x I x I x I x I x I I xl x I xl xl xl x I xl xl 
0, 0, Do 0 3 0, 0, Do OPR OPA OPR OPA 

X I x I x I x I x I x I x I X 
OP CODe MODIFIER OP CODe MODIFIER 

OPR OPA 

OP CODE MODIFIER 

I I INDEX REGISTER 
X X X X ADDRESS 

R R 

OR 

INDEX REGISTER PAIR 
ADDRESS 

R R X 

DR 

I X I x I x I x I DATA 

0 0 0 0 

Table I. Machine Instruction Format. 

x x 

UPPER ADDRESS I 
A J A3 A3 A3 

CONDITION 
Cz C 3 

X I INDEX REGISTER I 
ADDRESS 

R R R R 

I'NDEX REGISTER PAIRI 
X ADDRESS 

R R R X 

OR 

OR 

OR 

MIDDLE ADDRESS LOWER ADDRESS 
Az A2 Az Az A, A, A, A, 

MIDDLE ADDRESS 
A2 Az A z A2 

LOWER ADDRESS 
A, A, A, A, 

MIDDLE ADDRESS LOWER ADDRESS 
Az Az Az Az A, A, A, A, 

UPPER DATA LOWER DATA 
02 02 02 02 0, 0, D, D, 

B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the aPR contains a 4-bit code which identifies 
either the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit 
code which identifies the operation to be performed. Table II illustrates the contents of each 
4-bit field. 

0 3 0, 0, Do 0 3 0, 0, Do 

I x x I x I x I x I x I x I x I 
OPR OPA 

INPUT/OUTPUT & , 
I 
, I 1 o I x I x I x I x I RAM INSTRUCTIONS 

ACCUMULATOR GROUP 1 I 1 I 1 I 1 I x x I x I x I INSTRUCTIONS 

WHERE X = EITHER A "0" OR A "1". 

Table II. I/O and Accumulator Group Instruction Formats. 



4040 

4040 Instruction Set 
Summary of Processor Instructions 

*Two Cycle Instructions 

Instruction Code InstructioQ Code 
Mnemonic Description OPR OPA Mnemonic Description OPR OPA 

OJ 0, 0, 00 OJ 0, 0, 00 OJ 0, 0, 00 OJ 0, 0, 00 

MACHINE GROUP 1/0 and RAM GROUP 

NOP No Operation WRM Accumulator to Selected RAM Main 

HlT Halt Memory Character 

BBS Branch Back and SAC 
WMP Accumulator to Selected RAM 

Output Port 
lCR Command Register to Accumulator WRR Accumulator to Selected ROM 
OR4 Logical 0 R, Index Register 4 and Output Port 

Accumulator WPM Accumulator to Selected Half·Byte 

OR5 Logical 0 R, Index Register 5 and in Aead/Write Program Memory 

Accumulator 
WRO Accumulator to Selected RAM 

Status Character 0 
AN6 Logical AND, Index Register 6 and WRI Accumulator to Selected RAM 

Accumulator Status Character 1 
AN7 Logical AND, Index Register 7 and WR1 Accumulator to Selected RAM 

Accumulator Status Character 2 

OBO Designate ADM Bank 0 WR3 Accumulator to Selected RAM 
Status Character 3 

OBI Designate ROM Bank 1 SBM Subtract Selected RAM Main 
SBO Select Index Register Bank 0 Memory Character from 
SBI Select I ndex Register Bank 1 Accumulator with Borrow 

EIN Enable Interrupt ROM Selected RAM Main Memory 

DIN Disable Interrupt 
Character to Accumulator 

RDR Selected ROM Input Port 
RPM Read Program Memory, to Accumulator 

Half-Byte per Instruction ADM Add Selected RAM Main Memory 
• JCN Jump Conditional to Address C, C, CJ C4 Character to Accumulator with Carry 

A,A2A,A2A,A,A)A, A2 A2 A, A, A, A, A, A, ROO Selected RAM Status Character 0 
to Accumulator 

Condition Code, C1 C2C3C4 RDl Selected RAM Status Character 1 
'FIM FetCh Immediate, ROM Data 0201 to Accumulator 

to Index Register Pair RRR O2 0, 0, 02 0, 0, 0, 0, R01 Selected RAM Status Character 2 
SRC Send Register Control 0 0 I 0 R R R I to Accumulator 

FIN Fetch Indirect, Data from ADM to I R03 Selected RAM Status Character 3 

Index Register Pair RRR 
to Accumulator 

I JIN Jump Indirect to Address in Register ACCUMULATOR GROUP 
Pair RRR 

ClB Clear Accumulator and Carry 
'JUN Jump Unconditional to Address . 0 AJ AJ AJ AJ ClC Clear Carry 

A3A2A, A2 A2 A2 A2 A, A, A, A, lAC Increment Accumulator 
• JMS Jump to Subroutine at Address 0 I 0 I AJ AJ AJ AJ CMC Complement Carry 

A3A2A, A, A, A2 A, A, A, A, A, CMA Complement Accumulator 

INC Increment Register RRRR 0 I I 0 R R R R RAl Rotate Left, Accumulator and Carry 
RAR Rotate Right, Accumulator and Carry 

'ISZ Increment Register RRRA. Go to 0 R TCC Transmit Carry to Accumulator, 
Address A2A, it result is not zero, A2 A2 A, A, A, A, A, A, Clear Carry 
otherwise go to next instruction OAC Decrement Accumulator 

ADO Add Register RRRR to Accumulator TCS Transfer Carry Subtract and 

with Carry 
Clear Carry 

STC Set Carry 
SUB Subtract Register R R R A from DAA Decimal Adjust Accumulator 

Accumulator with Borrow KBP Keyboard Process 
lD load Contents of Register RRRA to DCl Designal Command Line 

Accumulator 
XCH Exchange Contents of Register NOTES: 

R R R R and Accumulator (1) The condition code is assigned as follows: 
BBl Branch Back and load Data DODD 0 0 C, =, Invert jump condition 

to Accumulator C, = 0 Not invert jump condition 
lDM load Data DODD to Accumulator C2 =, Jump if accumulator is zero 

C3 =, Jump if carry/link is a 1 
C4 =, Jump if test signal is a a 

(2) AAA is the address of 1 of 8 index register pairs in the 
CPU. 

(3) RARR is the address of 1 of 16 index registers in the 
CPU. 

(4) Each RAM chip has 4 registers. each with twenty 4-bit 
characters subdivided into 16 main memory characters 
and 4 status characters. Chip number, RAM register 
and main memory character are addressed by an SAC 
instruction. For the selected chip and register, how-
ever, status character locations are selected by the 
instruction code {OPAL 

7-7 



I 

4040 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. ooe to 70°C 
Storage Temperature ........................ -55° e to + 125° e 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

D.C. and Operating Characteristics 

·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. 

TA = O°C to 70°C; Vss -VOO = 15V ±5%; t¢pw = t¢Ol = 400 nsec; t<l>02 = 150 nsec; 4040 V00 1 = V002 = VOO; Logic "0" is 

defined as the more positive voltage (VIH, VO H); Logic "1" is defined as the more negative voltage (VIL, VoLl: Unless Other

wise specified. 

SUPPLY CURRENT 

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

Iss Standby Supply Current (V001 + V002) 3 5 mA TA = 25°C, Voo = Vss 

100 Supply Current (Voo + VOOl + V002) 40 60 mA TA = 25°C 
(total) 

INPUT CHARACTERISTICS 

III Input Leakage Current 10 /lA VIL = VOO 

VIH Input High Voltage (Except Clocks) Vss-l.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) VOO Vss-5.5 V 

VILO Input Low Voltage VOO Vss-4.2 V 4040 TEST and 
INT inputs 

VIHC Input High Voltage Clocks Vss-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo VSS-13.4 V 

OUTPUT CHARACTERISTICS 

ILO Data Bus Output Leakage Current 10 /lA VOUT=-12V 

VOH Output High Voltage Vss-·5V Vss V Capacitive Load 

IOL Data Lines Sinking Current 8 15 mA VOUT=VSS 

IOL CM-ROM Sinking Current 6.5 12 mA VOUT=VSS 

IOL CM-RAM Sinking Current 2.5 6 mA VOUT=VSS 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 V IOL=0.5mA 

ROH Output Resistance, Data Line "0" Level 150 250 n VOUT=Vss-·5V 

ROH CM-ROM Output Resistance, Data Line "0" Level 320 600 n VOUT=Vss-·5V 

ROH CM-RAM Output Resistance, Data Line "0" Level 1.1 1.8 kn VOUT=Vss-·5V 

ROH INTA, CY, STPA Output Resistance "0" Level 1.1 1.8 kn VouT=Vss-·5V 

CAPACITANCE 

Ccp Clock Capacitance 17 25 pF VIN=VSS 

Cos Data Bus Capacitance 7 10 pF VIN=VSS 

CIN Input Capacitance 10 pF VIN=VSS 

COUT Output Capacitance 10 pF VIN=VSS 
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4040 

Typical D.C. Characteristics 

4040100 VS. TEMPERATURE 
5or---,----,----,---,----,---., 

2~~O---.~20~--~--~2~O--~40~~6~O--~.O~.5 

TA (OC) 

A.C. Characteristics TA =o°c to 70D C, VSS -VOD = 15V ±5% 

Limit 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tCY Clock Period 1.35 2.0 Ilsec 

t<l>R Clock Rise Time 50 ns 

t<l>F Clock Fall Times 50 ns 

t</>pw Clock Width 380 480 ns 

t<l>Dl Clock Delay <1>1 to <1>2 400 550 ns 

t<l>D2 Clock Delay <1>2 to <1>1 150 ns 

tw Data·ln, eM, SYNC Write Time 350 100 ns 

tWRPM Data·ln Write Time·RPM Instruction 350 100 ns 

tH[l,3] Data·ln, CM, SYNC Hold Time 40 20 ns 

tHRPM Data·[n Hold Time·RPM Instruction 40 20 ns 

tH [3] Data Bus Hold Time During 150 ns 
X2·X3 Transition. 

tOS[2] Set Time (Reference) 0 ns 

tAcc[5] Data·Out Access Time COUT = 

Data Lines 930 ns 500pF Data Lines 

Data Lines 700 ns 200pF Data Lines[4] 

SYNC 930 ns 500pF SYNC 

CM·ROM 930 ns 160pF CM·ROM 

CM·RAM 930 ns 50pF CM·RAM 

tOH Data·Out Hold Time 50 150 ns CO UT=20pF 

tDEL CY, STPACK, INTACK Delay 2.0 Ilsec 

NOTES: 1. tH measured with t<l>R = 10nsee. 
2. fAcc is Data Bus, SYNC and CM·line output access time referred to the <1>2 trailing edge which clocks these lines out. 

tos is the same output access time referred to the leading edge of the next 4>2 clock pulse. 
3. All MCS·40 components which may transmit instruction or data to the 4040 at X2 always enter a float state until the 4040 

takes over the data bus at X::t time. Therefore the tlo4 requirement is always insured since each component contributes 10pA 
of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1 V IllS. 

4. CDATA BUS = 200pF if 4008 and 4009 or 4289 is used. 
5. The 4040 accumulator is gated out at Xl time at <1>1 leading edge, and the tACC is 930 nsec + t<l>02. 

I 
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DATA BUS 

., 

SYNC 

CM·RAM, ROM 

STP,INT 

STPACK 

INTACK 

CV 

Figure 1. Timing Diagram. 

I 

Figure 2. Timing Detail. 
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A, A, A, M, M, X, 

ACC 
CPU CPU CPU ROM ROM CPU 

ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 

ACKNOWLEDGE NEXT INSTRUCTION 

DATA BUS, eM 
(INPUTS) 

+-==~-~10% 

+--,ljr-----:-hF="'-- -w 
-t-.-.:...._~L=+lt~ __ --5V 

DATA BUS, CM'-+----+-d,----1---t--~'----lV 
(OUTPUTSl -5V 

DATA BUS 
INPUT 

X, X, 

IF lOR 
PORT/RAM 
ELSE CPU CPU 
ENABLED ENABLED 



inter 4004 
SINGLE CHIP 4-BIT 

P-CHANNEL MICROPROCESSOR 
• 4-Bit Parallel CPU With 46 

Instructions 

• Instruction Set Includes 
Conditional Branching, 
Jump to Subroutine and 
hidirect Fetching 

• Binary and Decimal 
Arithmetic Modes 

• 10.8 Microsecond 
Instruction Cycle 

• CPU Directly Compatible 
With MCS-40 ROMs and 
RAMs 

• Easy Expansion - One CPU 
can Directly Drive up to 
32,768 Bits of ROM and up 
to 5120 Bits of RAM 

• Standard Operating 
Temperature Range of 
0° to 70°C 

• Also Available With -40° 
to +85° C Operating Range 

The Intel@> 4004 is a complete 4-bit parallel central processing unit (CPU). The 4004easily interfaces with keyboards, 
switches, displays, A-D converters, printers and other peripheral equipment. 

The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be 
directly addressed. 

The 4004 is fabricated with P-channel silicon gate MOS technology. 

. 

L ACCUMULAT~~J I 

II 

SU 
POWER { _ -10V 
PPLIES _ +5V 

(4 BITI 
INTERNAL DATA BUS 

I 
TEMP. REG. II 

141 

I FLAG 
FLlP·FlOPS 

t ~ 
_~AR~~G~~TIC 

I ROM 
CONTROL 

! 
CM ROM 

UNIT 
IAlUI =--141 

I t 
I DECIMAL 1-...--

ADJUST 

RAM 
CONTROL 

.t ! ll, 
~ 

CM RAM 
0·3 

TEST 

I 
TEST 

BI·DIRECTIONAL 

~ 
DATA BUS 

DATABUS 1j 
BUFFER 

H 

1 
INSTRUCTION I 

REGISTER IB) 

~ 
INSTRUCTION 

DECODER 
AND 

l-MACHINE 
CYCLE 

ENCODING 

~ 
1 

I TIMING 

I AND 
CONTROL 

Syt ctlS l 
SYNC .,,1 ¢2 RESET 

14 BITI 
INTERNAL DATA BUS 

11 1 
J STACK I 

MULTIPLEXER 
I REGISTER I 

MPX 

PROGRAM COUNTER 141 141 
(12) 0 1 

LEVEL NO.1 
(12) 

2 (4\ 3 (4) 

LEVEL NO.2 
(12) 

4 (41 5 (4} 

LEVEL NO.3 (12) 
6 (4\ 7 (4) 

ADDRESS 8 (4) 9 (4) 

STACK 
10(41 11(41 

12(41 13141 

14(4) 15141 

t SCRATCH 
PAD 
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Pin Description 

00-0 3 

DATA 
BUS 
110 

CLOCK}"-
PHASE 1 '1" 

4004 

CM.RAMO} 

CM.RAM, MEMORY 

CONTROL 
CM·RAM, OUTPUT 

CM·RAM3 

VDD 

{
MEMORY 

CM·ROM CONTROL 
OUTPUTS 

TEST 

RESET 

BIDIRECTIONAL DATA BUS. All address and data 
communication between the processor and the RAM 
and ROM chips occurs on these 4 lines. 

RESET 

RESET input. A logic "1" level at this input clears 
all flags and status registers and forces the program 
counter. to zero. To completely clear all address 
and index registers, RESET must be applied for 64 
clock cycles (8 machine cycles). 

TEST 

TEST input. The logical state of this signal may be 
tested with the JCN instruction. 

SYNC 

SYNC output. Synchronization signal generated by 
the processor and set to the ROM and RAM chips. 
It indicates the beginning of an instruction cycle. 

7-12 

CM-ROM 

CM-ROM output. This is the ROM selection signal 
sent out by the processor when data is required 
from program memory. 

CM-RAMO - CM-RAM3 

CM-RAM outputs. These are the bank selection sig
nals for the 4002 RAM chips in the system. 

4>,,4>2 
Two phase clock inputs. 

Vss 
Most positive voltage. 

Voo 
Vss -15±5% main supply voltage. 
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Instruction Set Format 

A. Machine Instructions 

• 1 word instruction - 8-bits requiring 8 clock periods (instruction cycle). 
• 2 word instruction - 16-bits requiring 16 clock periods (2 instruction cycles). 

Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word instructions, 
the second word contains address information or data. 

The upper 4-bits(OPR) will always be fetched before the lower 4-bits (OPA) during M 1 and M2 
times respectively. 

ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS 

1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 

0 3 02 0, Do 0 3 02 0, Do 0 3 02 0, 00 0 3 02 0, Do 

I x 1 x 1 x 1 x I x 1 x 1 x 1 x I I x 1 x 1 x 1 x I x 1 x·1 x 1 x I 
0 3 02 0, Do D3 02 0, Do OPR OPA OPR OPA 

I x I x I x I x I x I x I x I x 
QP conE MODIFIER OP CODE MOOIFIER 

OPR OPA 

DP CODe MODIFIER 

I x x 1 
INDEX REGISTER 

X X ADDRESS 
R R 

OR 

INDEX REGISTER PAIR 
ADDRESS 

R R X 

OR 

I X 1 x x 1 x I 
DATA 

0 0 ·0 0 

CONDITION 
C2 C3 

INDEX REGISTER I 
ADDRESS 

R R R R 

!'NDEX REGISTER PAIR I 
X ADDRESS 

R R R X 

OR 

OR 

OR 

MIDDLE ADDRESS LOWER ADDRESS 

A:z Az Az A2 A, At At At 

MIDDLE ADDRESS 
A:z Az Az A:z 

LOWER ADDRESS 
At At At At 

MIDDLE ADDRESS LOWER ADDRESS 

Al A2 A'1. At At At At At 

UPPER DATA LOWER DATA 

02 02 02 02 D, at 0, D, 

Table I. Machine Instruction Format 

B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the OP R contains a 4-bit code which identifies either 
the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit code which 
identifies the operation to be performed. Table II illustrates the contents of each 4-bit field. 

OJ 0, 0, Do OJ 0, 0, Do 

I x 1 x I x I x I x I x I x I x I 
aPR aPA 

INPUT {OUTPUT & , 
I 

1 
1 

1 o I x 1 x 1 x 1 x I RAM INSTRUCTIONS 

ACCUMULATOR GROUP , 
1 

1 
1 
, , I x x 1 x 1 x I INSTRUCTIONS 

WHERE X = EITHER A "0" OR A "1" 

Table II. I/O and Accumulator Group Instruction Formats 
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:t;: -4004 Instruction Set 

[Those instructions preceded by an asterisk (*)are 2 word instructions that occupy 2 successive locations in ROM} INPUT/OUTPUT AND RAM INSTRUCTIONS for the following devices: 4001,4002,4008,4009, and 4289* 
MACHINE INSTRUCTIONS (Logic 1 '" LowVoltage= Negative Voltage (Voo); Logic 0= High Voltage = (Vss) (The RAM's and ROM's operated on in the I/O and RAM Instructions have been previously selected by the last SRC instruction e;o;ecuted.l 

MNEMONIC I 03 g:~l Do 0,0,0,"0 DESCRIPTION OF OPERATION 

I 

NOP o 0 0 0 

*JCN ! 0 0 0 1 

A2 A2 A2 A2 

~FIM o 0 t 0 

°2 °2 °2 °2 
SRe o 0 1 0 

FIN o 0 

JIN n 0 

·JUN o 1 0 0 
A2 A2 A2 A2 

-JMS o 1 0 1 

A2 A2 A2 A2 

INC o 1 1 0 

-ISZ o 1 1 1 

A2A2A2~ 

ADD 1 0 0 0 

SUB 1 0 0 1 

lD 1 0 1 0 

xeH 1 0 1 1 

BBl 1 1 0 0 

lOM 1 1 0 1 

o 0 0 0 

C, C2 C3 C4 

At At At At 

A R A 0 0,0,0,0, 
R R A 1 

R R A 0 

R R R 1 

A3 A3 A J A3 

At At At At 

A3 A3 A3 A3 
At A, A, At 

R R A R 

A R R A 

At At At At 

A R R R 

R R A R 

A R R R 

R R A R 

o 0 0 0 

o 0 0 0 

No operation. 

Jump to ROM address A2 A2 A2 A2, At At At At (within the $<1m!! 
ROM thaI contains this JCN Instructlon},f condition C, C2 C3 C4 f1J 
is true, otherwise skip {go to the next instruction in sequence!. 

Fetch immediate (direct} from ROM Data 02. 0, to index register pair 
location RRR.121 

Send register control. Send the address (contents of Index register pair RAA) 
to ROM and RAM at X2 and X3 time in the Instruction Cycle. 

Fetch indirect from ROM. Send contents of inde;o; register pair location 0 
out as an address. Data fetched is placed into register pair location RRR. 

Jump indirect. Send contents of register pair RRR out as an address 
at A, and A2 time in the Instruction Cycle. 

Jump unconditional to ROM address A3, A2, Al. 

Jump to subrouttne ROM address A3, A2, A" save old address. (Up, level 
in stack.) 

Increment contents of register RRRR. (3) 

Increment contents of register RRRR. Go to ROM address A2, A, 
(within the same ROM that conlains this IS2 instructionl if result I- 0, 
otherwise skip (go to the ne;o;t instruction in sequence/. 

Add contents of reginer RRRR to accumulator with carry. 

Subtract contents of register RRRR to accumulator with borrow. 

Load contents of register RRRR to accumulator. 

E;o;change contents of inde;o; register R R R R and accumulator. 

Branch back Idown 1 level in stack) and load data DODO to accumulator. 

Load data 0000 to accumulator. 

NOTES: (1 )The condition code is assigned as follows· 

C, =, Invert jump condition C:2 = 1 Jump if accumulator is zero 

C, = 0 Not invert Jump condition C:3 =, Jump if carry/link isa' 

(2)ARR is the address of 1 of 8 inde>: register pairs in the CPU. 

(3I RARR is the address of 1 of '6 inde>: registers in the CPU. 

C4 =, Jump if test signal is a 0 

(4lEach RAM chip has 4 registers, each with twenty 4-bit ('haracters subdivided into 16 main memory characters and 4 status characters. 
Chip number, RAM register and main memory character are addressed by an SRCinstruction. For the selected chip and register, however, 
5tatus character locations are selected by the instruction code (OPAL 

OPR OPA 
MNEMONIC 0,0,0,"0 D3 D2 0 , Do DESCRIPTION OF OPERATION 

WRM 1 1 1 0 o 0 0 0 
Write the contents of the accumulator onto the previously selected 
RAM maon memory character. 

WMP , , 1 O· o 0 0 I 
Wnte the contents of the accumulator onto the previously selected 
RAM output port. 

WRR 1 1 1 0 o 0 
Wrtte the contents of the accumulator Into theprevlOus!y selected 
ROM output port. /I/O Llfles) 

WPM 1 1 1 0 o 0 , 1 Write the contents of the accumulator Into the previously selected 
hall byte of read/write program memory liar use With 4008/4009 or 4289) 

WRq,(4) 1 1 1 0 o 1 0 0 
Wrtte the contents of the accumulator IfltO the preViously selected 
RAM status character O. 

WRl(4) 1 ItO o 1 0 1 
Wnte the contents of the accumulator into the previously selected 
RAM status character 1. 

WR2(4) I , , 0 o 1 1 0 
Wnte the contents 01 the accumulalOr into the preVIOusly selected 
RAMstatuscharacrer 2. 

WR3f41 , 1 1 0 o , , t Wflle the contents of the accumulator Into the previously selected 
RAM status character 3. 

SBM , 1 , 0 1 0 0 0 
Subtract the previously selected RAM main memory character from 
accumulator with borrow. 

ROM 1 , 1 0 1 0 0 1 
Read the previously selected RAM main memory character 
Into the accumulator. 

ROR , 1 , 0 , 0 , 0 Read the contents 01 the previously selected AOM input port 
into the accumulator. {I/O Linesl 

ADM 1 1 1 0 1 0 1 1 
Add the previously selected RAM main memory character to 
accumulator with carry. 

RD¢141 T 1 , 0 1 , 0 0 Read the previously selectl!d RAM $latus character 0 into accumulator. 

R01(4) , 1 1 0 Read the preViously selected RAM status character 1 Iflto accumulator. 

RD2(4 ) , I 1 0 1 , , 0 Read the preVIOusly setected RAM status character 2 Into accumulator 

RD3(4 ) 1 1 1 0 Read the preViously selected RAM status character 3 Into accumulator 

"For explanation of 4265 and 4269 I/O Instructions, see the 4265 and 4269 data sheets. 

ACCUMULATOR GROUP INSTRUCTIONS 

elB l' , , o 0 0 0 Clear both. (Accumulator and carry) 

ele 11'1 o 0 0 1 Clear carry. 

lAC , , 1 1 o 0 1 0 Increment accumulator. 

eMe 11' , o 0 1 1 Complement carry. 

eMA l' , , o , 0 0 Complement accumulator. 

RAl o 1 0 1 Rotate lell. fAccumulator and carry} 

RAR 111 t o , 1 0 Rotate right. (Accumulator and carryl 

Tee 11'1 o 1 1 1 Transmit carry to accumulator and clear carry. 

DAe '111 , 0 0 0 Decrement accumulator. 

TeS , , , 0 0 , Transfer carry subtract and clear carry. 

STe , , , , , 0 , 0 Set carry. 

OAA I 0 1 I Decimal adjust accumulator. 

KBP 1111 1 1 0 0 
Keyboard process. Converts the contents 01 the accumulator from a 
one out of four code to a binary code. 

Del '1' I 1 1 0 1 Designate command line. 

~ o o 
~ 



4004 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias ................. ooe to 70°C 'COMMENT: 

Storage Temperature ........................ -55°C to + 125°C 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

Stresses above those listed under "Absolute Maximum Ratings" 
may CBusa permanent damage to the device. This is a stress rating 
onfy 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. 

D.C. and Operating Characteristics 
TA = O°C to 70°C; VSS -Voo = 15V ± 5%; ttj>PW = ttj>Ol = 400 nsec; logic "0" is defined as the more positive voltage 

(VIH, VOH); logic "1" is defined as the more negative voltage (VIL, VoLl; Unless Otherwise Specified. 

SUPPLY CURRENT 

Symbol Parameter Limit Unit Test Conditions· Min. Typ. Max. 

100 Average Supply Current 30 40 rnA TA=25°C 

INPUT CHARACTERISTICS 

III Input Leakage Current 10 pA VIL=VOO 

VIH Input High Voltage (Except Clocks) Vss-l.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) Voo Vss-5.5 V 

VILO Input Low Voltage Voo Vss-4.2 V 4004 TEST Input 

VIHC Input High Voltage Clocks Vss-l.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

OUTPUT CHARACTERISTICS 

ILO Data Bus Output Leakage Current 10 pA VOUT=-12V 

VOH Output High Voltage Vss-·5V Vss V Capacitance Load 

IOL Data Lines Sinking Current 8 15 mA VOUT=VSS 

IOL CM-ROM Sinking Current 6.5 12 mA VOUT=VSS 

IOL CM-RAM Sinking Current 2.5 .6 mA VOUT=VSS 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 V IOL=0.5mA 

RoH Output Resistance, Data Line "0" Level 150 250 n VOUT=Vss-·5V 

ROH CM·ROM Output Resistance, Data Line "0" Level 320 600 n VOUT=Vss-·5V 

ROH CM-RAM Output Resistance, Data Line "0" Level 1.1 1.8 kn VouT=Vss-·5V 

CAPACITANCE 

C.p Clock Capacitance 14 20 pF VIN=VSS 

COB Data Bus Capacitance 7 10 pF VIN=VSS 

CIN Input Capacitance 10 pF VIN=VSS 

COUT Output Capacitance 10 pF VIN=VSS 
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4004 

Typical D.C. Characteristics 

o 
9 
I 

POWER SUPPLY CURRENT 
VS. TEMPERATUR E 
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tcpPW = trpOl = 400 nsec 

t¢02 == 150 nsec 
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g 
!;: 
W 
0: a 28 1--------f=_:..:-15.0V ----+-=~_i 
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-14.25V 
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o 20 40 60 80 

AMBIENT TEMPERATURE rCI 

A.C. Characteristics 
TA =ODC to 70DC, VSS-VDD = 15V ±5% 

Symbol Parameter Limit 
Unit Test Conditions 

Min. Typ. Max. 

tCY Clock Period 1.35 2.0 Ilsec 

t,pR Clock Rise Time 50 ns 

t¢F Clock Fall Times 50 ns 

t¢pw Clock Width 380 480 ns 

t¢Dl Clock Delay </11 to </12 400 550 ns 

t¢D2 Clock Delay </12 to </11 150 ns 

tw Data·ln, CM, SYNC Write Time 350 100 ns 
tH[l,3J Data·ln, CM, SYNC Hold Time 40 20 ns 

tH[3J Data Bus Hold Time During M2·Xl and 150 ns 
and X2-X3 Transition. 

tOS[2J Set Time (Reference) 0 ns 

tACC Data-Out Access Time COUT = 
Data Lines 930 ns 500pF Data Lines 
Data Lines 700 ns 200pF Data Lines[4J 
SYNC 930 ns 500pF SYNC 
CM-ROM 930 ns 160pF CM-ROM 
CM·RAM 930 ns 50pF CM·RAM 

tOH Data-Out Hold Time 50 150 ns CouT=20pF 

Notes: 1. tH measured with t¢R = 1 On sec. 
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2. TACC is Data Bus, SYNC and CM-line output access time referred to the ¢2 trailing edge which clocks these lines out. tos is the 
same output access time referred to the leading edge of the next ¢2 clock pulse. 

3. All MCs.40 components which may transmit instruction or data to the 4004 at M2 and X2 always enter a float state until the 
4004 takes over the data bus at Xl and X3 time. Therefore the tH requirement is always insured since each component 
contributes 1OI'A of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1 VII'S. 

4. CDATA BUS = 200pF if 400B and 4009 or 4289 is used. 
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intel~ 4003 

10 BIT SHIFT REGISTER/OUTPUT EXPANDER 

• 10 Bit Serial-In/Parallel Out 
• Serial-Out Capability for 

Additional I/O Expansion 
• 16 Pin Dual-In-Line Package 

• Easy Expansion of I/O Output 
Capability 

• Enable Output Control 
• Standard Operating Temperature 

Range of 0° to 70° C 

The 4003 is a 10 bit serial-in, parallel-out, serial-out shift register with enable logic. The 4003 is used to expand the number of 
ROM and RAM liD ports to communicate with peripheral devices such as keyboards, printers, displays, readers, 
teletypewriters, etc. 

The 4003 is a single phase static shift register; however, the clock pulse (CP) maximum width is limited to 10msec. Data-in and 
CP can be Simultaneous. To avoid race conditions, CP is internally delayed. 

PIN CONFIGURATION 

CLOCK} 
PULSE INPUT CP E ENABLE INPUT 

OATA IN SERIAL OUT 

PARAllEl{1lo 
Voo 

OUTPUTS 
0 1 0 9 

Vss 08 

r 0 7 
PARALLEl 
OUTPUTS 

PARALLEl ° 06 OUTPUTS 3 

04 05 

7·18 

Voo Vcs 

o!--~ 
(ENABLEI~ 

BLOCK DIAGRAM 

. I I I I 
10 BIT PARALLEL 
OUTPUT BUFFER 
, I ' I I 
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Pin Description 
Pin No. Designation Description of Function 

CP The clock pulse input. A "0" 
(Vss) to "1" (VDD) transition 
will shift data in. 

2 DATA IN Serial data input line. 

3 00 Parallel data output lines, when 
enabled. Each pin may be made 
TTL compatible with a 5.6K 
pull-down resistor to VDD. 

4 01 

6 02 

7 03 

8 04 

9 05 

10 06 

11 07 

12 08 

13 09 

5 Vss Most positive supply voltage. 

14 VDD Main supply voltage value must 
be Vss - 15.0V ± 5% (-10v 
for TTL operation) 

15 Serial out Serial data output. 

16 E Enable, when E = "1" (VDD) 
the output lines contain valid 
data. When E = "0" (Vss) the 
output lines are at Vss. 

Absolute Maximum Ratings* 

Functional Description 
The 4003 is designed to be typically appended to an 

MC5-40 I/O port. This can be the I/O port of a 4001, 4002, 
4289, 4308, or a 4265. One I/O line is assigned to be the 
Enable (E), another the Clock (CP), and still another the 
Serial Data·lnput. For example, to access the 4003 a sub· 
routine of sequential outputs consisting of Data, clock pulse 
on, Enable - followed by an output of clock pulse off and 
Enable, will serially load the 4003. 

Data is loaded serially and is available in parallel on 10 
output lines which are accessed through enable logic. When 
enabled (E = 1 .- VDD), the shift register contents are read out; 
when not enabled (E = 0 -- Vss), the parallel-out lines are at 
Logic "0" (Vss). The serial-out line is not affected by the en
able logic to allow longer word cascading. 

Data is also available serially permitting an indefinite 
number of similar devices to be cascaded together to provide 
shift register length multiples of 10. 

The data shifting is controlled by the CP signal. An inter· 
nal power-on·clear circuit will clear the shift register 
(outputs = 0 or Vss) between the application of the supply 
voltage and the first CP signal. 

The 4003 output buffers are useful for multiple key 
depression rejection when a 4003 is used in conjunction with 
a keyboard. I n this mode if up to three output lines are 
connected together, the state of the output is high (Logic 
"0" or Vss) if at least one line is high. 

Another typical application of the 4003 is for Keyboard 
or Display Scanning where a single bit of Logic "1" is shifted 
through the 4003 and is used to activate the various digits, 
keyboard rows, etc. 

Ambient Temperature Under Bias ................. O°C to 70°C 'COMMENT: 

Storage Temperature ........................ -55°C to + 125°C 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

Stresses above those listed under "Abso/ute 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. 
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D.C. Characteristics 
TA = o°c to +70°C; Vss -Voo = 15V ±5%; t¢pw = t¢OI = 400 nsec, t¢02 = 150 nsec, unless otherwise specified. 

Logic "0" is defined as the more positive voltage (VIH, VOH), Logic "1" is defined as the more negative voltage (VIL, VoLl. 

SUPPL Y CURRENT 

Limit 
Symbol Parameter Min. Typ,[I) Max. Unit Test Conditions 

100 Average Supply Current 5.0 B.5 mA tWL = tWH = Bpsec; 
TA = 25°C 

I/O INPUT CHARACTERISTICS 

III Input Leakage Current 10 pA VIL = Voo 

VIH I nput High Voltage Vss-1.5 Vss+·3 

VIL Input Low Voltage VOD Vss-4.2 V 

I/O OUTPUT CHARACTERISTICS 

10L Parallel Out Pins 0.6 1.0 mA VOUT = OV. For TTL 
Sinking Current, "1" Level compatibility a 5.6Kn 

(±10%) resistor between 
output and VOD should 
be added. [2J 

10L Serial Out Sinking Current. "1" Level 1.0 2.0 mA VOUT = OV 

VOL Output Low Voltage Vss-11 Vss-7.5 Vss-6.5 V 10L = 10pA 

ROH Parallel-Out Pins Output 400 750 n VOUT = -0.5V 
Resistance "0" Level 

ROH Serial Out Output Resistance "0" Level 650 1200 n VOUT = -0.5V 

Notes: 1. Typical values are to T A = 25° C and Nominal Supply Voltages. 
2. For TTL compatibility on the 1/0 lines the supply voltages should be VOO = -10V ±5%; VSS = +5V ±5%. 

CAPACITANCE 

f = 1 MHz; VIN = OV; TA = 25°C; Unmeasured Pins Grounded. 

Symbol Test Typ. Unit 

CIN I nput Capacitance 5 pF 

Typical D.C. Characteristics 

Q 

E 
I 

~ 
S 
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Z 
w 
a: 
a: 5 
:J 
u 
> 
..J .. .. 
:J 

'" a: 4 
w 
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POWER SUPPLY CURRENT 
VS. TEMPERATURE 

twL .. tWH "" 8,usec 
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A.C. Characteristics 
TA = o°c to +70°C; VDD = -15 ±5%, Vss = GND 

Symbol Parameter 

tWL CP Low Width 

tWH[ll CP High Width 

teD Clock·On to Data·Off Time 

tDd[2] CP to Data Set Delay 

td1 CP to Data Out Delay 

td2 Enable to Data Out Delay 

td3 CP to Serial Out Delay 

td4 Enable to Data Out Delay 

Notes: 1. tWH can be any time greater than 6lJ.sec. 
2. Data can occur prior to CPo 

Timing Diagram 

SERIAL OUT 

4003 

Min. 

6 

6 

3 

250 

200 

Limit 
Typ. Max. Unit Test Conditions 

10,000 psec 

psec 

psec 

250 nsec 

1750 nsec 

350 nsec COUT = 20pF 

1250 nsec COUT = 20pF 

1.0 /lsec COUT = 20pF 

I 
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inter 4265 

PROGRAMMABLE GENERAL PURPOSE I/O DEVICE 

• Multi-Mode 14 Operating Modes 

• 16 Lines of I/O Capability 

• Bit Set/Reset 
• Multiplexable Outputs 
• Eight Bit Transfer Mode 
• Interfaces to 8080 Peripherals 
• Synchronous and 

Asynchronous Interface 
• Strobed Buffer Inputs and Outputs 

• TTL Interface 
• Up to Eight 4265s Per System 
• Interface to Standard RAMs 
• 28 Pin Dual-In-Line Package 
• Standard Operating Temperature 

Range of 0° to 70° C 
(-40° to +85° C Operating 
Range to be Available First 
Quarter 1976) 

The 4265 is a general purpose I/O device designed to interface with the MCS-40'· microcomputer family. This device provides 
four software programmable 4-bit I/O ports which can be configured to allow anyone of fourteen unique operating modes for 
interfacing to data memory or a variety of user peripheral devices. 

A single MCS-40 system can accomodate up to four 4265s (one per CM-RAM) without external logic or up to eight 4265s with 
one external decoder. 

The 4265 resides on the MCS-40 data bus and uses the same selection procedure as 4002 RAM device. A valid compare selects 
the 4265 forMCS-40 I/O commands. As in the case of the 4002 or any MCS-40 peripheral circuit, selection occurs only when the 
proper SRC code and the CM signal are present simultaneously. 

The 4265 provides an extremely flexible, general purpose I/O system capable of handling 4- or a-bit input or output data. One of 
fourteen basic operating modes can be selected (software programmable) as described below. 

Port Z is TTL compatible with any TTL device. Ports W, X, and Yare low-power TTL compatible. 

PIN CONFIGURATION 

V" Voo 

Do Wo 

0, W, 

0, W, 

0 3 W3 

RESET Xo 

eM· RAM x, 

SYNC X, ., 
X3 ., 
Yo 

2, Y, 

2, Y, 

2, Y3 

" 20 VOD1 
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Pin Description 
Pin No. 

2·5 

6 

7 

9-10 

DO 
01 
02 
03 

SYNC 

eM 
RESET 

Designation 

DO·03 

RESET 

CM 

r/>1·r/>2 

DATA 
BUS 
I/O 

j 

0---

TIMING 
REGISTER 

4265 

Function 

Bi·directional data bus. All ad· 
dress, instruction and data com· 
munication between processor 
and 1/0 ports are transferred 
on this port. 

A negative level (VDD) applied 
to this pin clears all storage ele
ments, places the 4265 in the 
Reset Mode and deselects the 
device. 

Command input driven by a CM
RAM output of the processor. 
Used for decoding SRC, ROM, 
WRM, WMP,SBM, AOM, WRO-3 
and ROO-3. 

Pin No. 

8 

24-27 
20·23 
16-19 
11-14 

28 

15 

Designation 

SYNC 

W3-WO 
X3-XO 
Y3-YO 
Z3-Z0 

VDD 

VDD1 

VSS 

Non-overlapping clock signals 
which determine timing. 

28 = TOTAL PINS 

4265 HARDWARE BLOCK DIAGRAM 

4 

JJ 
~ MODE REGISTER 

!l!lll!! 
I 

MODE DECODER I -- 4 -
- U I , 

I 
I 
I 
I 
I 

INSTRUCTION 
...... 

I 
I DECODER I/O PORT 
I 

-y 
CONTROL I 

LOGIC 
~ 

f---
f-

'--
'--

fl I I 
vss VOD voo, (I/OPORTSONlV) 

Function 

Synchronization signal generat
ed by the processor; indicates 
the beginning of an instruction, 
Four programmable 1/0 ports 
having different functional des· 
ignation depending on 4265 
mode of operation. A data bus 
"1" negative true (VDD) will 
appear on a port as a "1" posi
tive true (Vss). These ports are 
TTL compatible. 

Main power supply pin. Value 
must be Vss -15V ±5%. 
Supply voltage for 1/0 ports. 

Most positive supply voltage 
(VDD1 = OV, Vss = 5V for TTL 
1/0 ports). 

~ 
I/O 

WO 
Wl 
W2 

W3 

PORT 

4 W 

7f 
~ 

~ 
I/O 

PORT 
4 X 

" <r 
...... 

I/O 

A 
-V PORT 

~ 
V 

<r 
-" IF ~, 4 Z 

{j 

XO 
Xl 
X2 
X3 

VO 
Vl 
V2 
V3 

ZO 
Zl 
Z2 
Z3 
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4265 PROGRAMMABLE MODES 

OPERATING MODES 

• Mode 1 

• Mode 2 

8-Bit Asynchronous I/O Port (Bidirec
tional) 
4-Bit Input Port (Unbuffered) 

8-Bit Asynchronous I/O Port (Bidirec
tional) 
4-Bit Output Port 

• Mode 3 - 8-Bit Synchronous I/O Port (Bidirec
tional) 
4-Bit Synchronous Output Port 

• Mode 4 Four 4-Bit Output Ports 

• Mode 5 Three 4-Bit Output Ports 
One 4-Bit Input Port (Unbuffered) 

• Mode 6 Two 4-Bit Output Ports 
Two 4-Bit Input . Ports (Unbuffered) 

• Mode 7 - One 4-Bit Output Port 
Three 4-Bit Input Ports (Unbuffered) 

• Mode 8 - Three 4-Bit Synchronous Output Ports 

• Mode 9 Two 4-Bit Synchronous Output Ports 
One 4-Bit Asynchronous Input Port 

OPERATING MODES 

• Mode 10 

• Mode 11 

• Mode 12 

One 4-Bit Synchronous Output Port 
Two 4-Bit Asynchronous Input Ports 

Three 4-Bit Asynchronous Input Ports 

8-Bit Address Port 
4-Bit Synchronous I/O Port (Bidirec
tional) 
2 Device Selection Control Signals 

• Mode 13 - 8-Bit Address Port 
4-Bit Asynchronous I/O Port (Bidirec
tional) 

CONTROL AND OPERATING MODE 

• Mode 0 - Four 4-Bit Input Ports (Unbuffered) 

Resets I/O Buffers 

CONTROL MODES 

• Mode 14 - Disables all output buffers, allowing 
another 4265 to be multiplexed at the 
port level. 

• Mode 15 - Enables output buffers, previous mode 
restored. 

4265 MODE DIAGRAM 

]
.--i-

X' --i
Y' --i
Z·.....L-

MODEO 

W' --;r-
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Y" 
4 
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MODE5 

W~ 
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8 
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Y" 
4 Z·· 4 
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Y 
Z**~ 

=-~-I SYNC 
MODE 11 CONTROL 

W,X ...J!.-
Y" 
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4 

MODE 2 

Z·· 
4 

MODE7 

SRC 8 
W,X 

DATA 4 
Y 

Z •• SYNC. 
4 

MODE 12 CONTROL 
+ ADDRESS 

W,X W 
4 

4 X 
Y" 4 

3 Y" 
4 

Z·· z·· 4 SYNC 
MODE3 CONTROL MODE4 

4 W 4 
W --X 4 X 4 

4 4 
Y" Y" 

3 3 Z·· Z·· ---SYNC SYNC 
MODE 8 CONTROL MODE9 CONTROL 

W,X 

MO.DE 13 

SRC 8 

DATA 4 

• UNBUFFERED INPUT PORTS. 

"THE LINES ON THESE PORTS 
ARE SUBJECT TO THE BIT 
SET COMMAND. . 



4265 

Functional Description 
Control Functions: Two types of operations are possible 

with the 4265. The device (once selected) can be programmed 
to one of fourteen basic operating modes. This is accomp· 
lished by executing a WMP instruction which sends the 4-bit 
content of the CPU's Accumulator to the 4265 where it is 
decoded and used to logically configure the device. A second 
Control operation makes use of the WR M instruction to select 
~ne of eight output lines (Port Y or Z) and ,Perform a SET or 
RESET operation on that line. This is accomplished by inter· 
preting the 4-bit Accumulator value as follows: The upper 
three bits select one of eight output latches; the least signifi
cant bit determines whether a SET or RESET operation is to 
be performed. 

Data Transfer Functions: The remaining eleven instruc· 
tions provide four WRITE operations (WRO, WR1, WR2, 
WR3) and seven READ operations (RDO, RD1, RD2, RD3, 
ADM, SBM, RDM). These allow data in 4-bit or 8-bit format 
to be transmitted between the 4265 and external I/O devices 
or memory devices (all transfers between processor and 4265 
are 4-bit transfers). 

The sixteen lines of the 4265 are grouped into four ports, 
four bits each referred to as W, X, Y and Z. The ports can be 
interrogated by a R DO-3 corresponding to ports W . Z re
spectively. This means that even when a port is designated as 
a control port or an output port, the state of the port can be 
inputted by a R D0-3 instruction (except in modes 12 and 
13). The WR0-3 instruction will load the ports W - Z desig
nated outputs. When a port is specifically designated as an 
input port, it will not respond to an output type instruction 
(WR0-3, WRM, etc.). See specific mode selection for details. 

When port Y or Z is designated an output, regardless of 
the mode, then it will respond to the Bit Set command. The 
Bit Set Command allows the user to set the polarity of a sin
gle bit without affecting any other bit. This is particularly 
useful when the output port of interest drives control lines 

tied to the user system. The user can selectively alter the bit 
polarity. To alter a bit, the MC5-40 WRM command is utilized. 

The 4265 is selected via the CM-RAM line and an appro
priate MCS-4dMSRC command. The upper two bits of data at 
X2 of an SRC instruction with the CM-RAM signal are com
pared with an address code internal to the 4265. One stand
ard code is available, a code of 2. This allows one 4265 per 
CM-RAM or up to four per system without additional logic. 
By using one external decoder and the ability of the DCl 
(Designate Command Line) instruction to code the CM-RAM 
lines, up to eight 4265s can be used in a system. Other peri
pheral devices can share a CM-RAM line with the 4265 
(except Mode 12 and 13). For example, a CM-RAM line can 
contain three 4002 RAMs and one 4265. 

The operating modes of the 4265 are selected under pro
gram control by the processor. When a 4265 is designed into 
a specific application, one functional mode is selected. With 
the possible exception of RESET, ENABLE, and DISABLE, 
a functional change in mode should not be initiated by the 
software once the part is designed into a specific application. 
Since mode selection is done with software, the system's 
"power up" software routine should sequentially establish 
the mode of each 4265 prior to "main body" program initi
ation. The mode selection is accomplished with the accumu
lator operand of the WMP command. 

MODE DEFINITION AND TIMING 

Detailed Description of Operating Modes 

Table 1 provides a listing of the basic operating modes and 
the appropriate port configuration as determined by the 
Accumulator value sent to the 4265 during execution of the 
WMP instruction. A description of each mode is found in the 
following sections. 

7-25 



4265 

Table 1. Detailed Description of 4265 Operating Modes. 

Mode PortW Port X PortY Port Z 

0 Input port. unbuffered Input port, unbuffered Input port, unbuffered Input port, unbuffered 

1 Bi-directional; Outputs Bi-directional; Outputs Unbuffered input port Bit 0 I Bit 1 I Bit 2 I 
Bit 3 

enabled by signal ZO; enabled by signal 20; Asynchronous input I Asynchronous input Output signal which I Output signal which 
When enabled output When enabled output used to enable data I used to load data to is normally at Vss. is normally at VSS. 
assumes value loaded assumes value loaded out on Ports W. X. Port W, X input Goes to VOD1 on I Goes to V001 on 
by WRO. byWR1. I buffers. execution of WR 1. I trailing edge of Zl 

2 Hi·directional; Output Bi-directional; Outputs Buffered output port I Returns to Vss on I and remains at VOOl 
enabled by signal ZO; enabled by signal ZO; I tr.iling edge of ZOo I until execution of 
When enabled output When enabled output 

I I R01. 
assumes value loaded assumes value loaded 
byWRO. byWR1. I I 

3 Bi-directional; Outputs Bi-directional; Outputs Buffered output port Synchronous output ! Synchronous output. Synchronous output. I Unassigned. line is 
enabled during WR 1 enabled during WR 1 Normally at Vss; I Normally at Vss; goes Normally at Vss; goes an output and can 
cycle. Output cycle. Output goes to VOD' during I to V0 0 1 during ROl to VOOt during WR2 I be set with WR M. 
assumes value loaded assumes value loaded execution of WR 1. : instructions. instructions. I Normally at VSS 
by WRO. byWR1. I after mode 3 set 

4 Buffered output port Buffered output port Buffered output port Buffere output port 

5 Unbuffered input port Buffered output port Buffered output port Buffered output port 

6 Unbuffered input port Unbuffered input port Buffered output port Buffered output port 

7 Unbuffered input port Unbuffered input port Unbuffered input port Buffered output port 

8 Buffered output port Buffered output port Buffered output port Output signal nor· I Output signal nor· I Output signal nor· Unassigned output. 
mally at VSS; goes mally at Vss; goes I mally at Vss: goes Normally at V ss 
to Vee. during I to Vee, during I to Voo. dU!'ing after mode 8 set. 
WRO. WR 1. WR2. 

9 Buffered input port, Buffered output port Buffered output port J nput signal used Output signal nor· I Output signal nor- U~assigned output. 
loaded by signal ZOo to lo.d Port W mally at Vss; goes I mally at Vss: goes Normally at V 5S 

asynchronously. to Voo, during to Voe. during after mode 9 set. 
WR1. I WR2. 

10 Buffered input port, Buffered input port, Buffered output port Input signal used Input signal used I Output signal nor· Unassigned output. 
lo.ded by signal ZOo loaded by signal Zl. to load Port W load Port X I many at Vss; goes Normally at Vss 

asynchronously. asynchronously. to Voo. during after mode lQ set. 
I WR2. 

11 Buffered input port, Buffered input port, Buffered input port, Input signal used Input signal used I Input signal used Unassigned output. 
loaded by signal ZOo loaded by signal Z 1. loeded by signal Z2. to load Port W to load Port X to load Port Y Norm.lly at V ss 

asynchronously. asynchronously. asynchronously. aher mode 11 set. 

12 Buffered output port, Suffered output port, Bi-directional; Outputs Output signal nor- Output signal nor- I Output signal Output signal 
loaded by SRC in. loaded by SAC in· enabled at any WR mally at Vss; goes mally at Vss; goes which is loaded Wlich is loaded 
strUctions-cOntains structions-contains instruction; input to Voo, during any to VOD1 during any with address bit with address bit 
upper 4-bits of SRC lower 4-bits of port unbuffered. WR instruction. R 0 instruction. corresponding to corresponding to 
d.ta. SRC data. WR or RO WR or RO 

operation. operation. 

13 Buffered output'port, Buffered output port, Si-directional; Outputs Asynchronous Asynchronous Output signal nor· Output signal nor· 
loaded by SR C in- loaded by SRC in· enabled by signal ZO; input used to input used to mally at VSS; goes 

I 
mally at Vss: goes 

structions-contains structions-contains Inputs load.d by enable data out load data to to Veo, on to Voo1 on trailing 
upper 4-bits of SR C lower 4-bits of signalZ1. on Port Y. Port Y input execution of WR I edge of Z 1 and reo 
data. SRC data. buffers. instruction. Returns I mains at Voo. 

to VSS on trailing I until execution of 
edge of ZOo RD instruction. 

14 All outputs dilsabl.d, All output, disabled. All outputs disabled, ~:.o::.~., disabled, I All outputs di .. bled, All outputs disabl.d, I All outputs disabled, 
data saved. data saved. data saved. date saved. data .. ved. data saved. 

15 Previous inform.- Previous informa- Previous informa- Previous informa- I Previous inform. Previous informa- I Previous informa-
tion restored. tion restored. tion restored. tion restored. I tion restored. tion restored. tion restored. 
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a. Reset Mode - Mode 0 

WMP Operand - 0000 

Mode Description: The Reset Mode provides for a program- . 
mabie reset. Reset will clear all I/O buffers; however, reset 
will not clear the chip select flip-flop. Hence, the 4265 
will remain selected and enabled after a programmable re
set. A negative' level (Voo) on the RESET pin will cause 
a response similar to the Reset Mode. The only difference 
is that the 4265 will be enabled but deselected. 

Port Description: Ports W, X, Y, and Z are unbuffered in
put. Hence, they can be read with R DO-3, transferring the 
state of the port lines into the accumulator. A positive "'" 
(Vss) will appear in the accumulator as a negative true "'" 
(Voo). Port Y will also respond to the RDM, SBM and 
ADM instructions. 

b. 8-Bit Asynchronous I/O Mode with Input - Mode' 

WMP Operand - 000' 

Mode Description: The B-bit I/O mode is used to transfer 
bi-directional data bytes between the MCSAO'Mand the 
peripheral circuits. Four control lines (Port Z) allow an 
asynchronous information transfer. Two signals are asso
ciated with the input function and two with the output 
function. Port Y is defined as an unbuffered input. 

Port Description 

Port W, X 

Vss 

VDD 
~, 

These two ports are combined to transfer 
8-bits of I/O under asynchronous con
trol of Port Z. Port W will be loaded 

M, M2 x, 

~2 U U U 
READ PORT \ WITH ROx 

DATA BUS FLOATING OUTPUT BUFFER 

Figure 1. 4265 Mode 0 Timing. 

I 

Port Y 

Port Z 

ZO OA 

Z2 01 

x2 

U 

ENABLE IF 
RO 

with.a WRO and Port X will be loaded 
with WR'. The WR' will initiate the 
write "handshake" on Port Z. When the 
two ports are interrogated, a sequential 
ROO and RD1 will cause the IA line to 
be deactivated. 

This port is an unbuffered input, inter
rogated with an RD2, ROM, ADM or 
SBM instruction. 

Output acknowledge to the 4265 from 
the users logic. This signal is activated 
by the users logic (made negative) in 
response to the 0 I signal. The OA signal 
will enable the 4265 output buffer onto 
Ports Wand X. It should be sufficiently 
long to allow the transfer. 

Output initiate from the 4265. 
This signal will be generated when Port 
X has been loaded via a WR'. Port W 
and Port X should be loaded in the WRO
WR' sequence. When the 0 I signal is 
active, the external device will request 
data with the OA. The trailing edge of 
OA will cause the 4265 to remove the 
01. If no OA response is received, 01 
will be active until the next WRO, where 
it will be removed until the next WR'. 

X3 A, 

U U 

FLOATING 
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Z1 " 

Z3 IA 

SYNC 

Input initiate to the 4265 from the users 
logic. The signal will be used as a strobe 
signal to latch the B-bit contents of the 
Port W, X lines into the respective buf
fers. Data is transferred on the negative 
to the positive transition. This transition 
will cause the I A signal to be set. 

Output from the 4265. 
The IAsignal will transition to the posi
tive state when an RD1 command is ex
ecuted. This indicates that the processor 
has interrogated Port W, X buffer. The 
processor should read the data in the se
quence of RDO followed by an RD1. 

I 
\Iss 

INST.ll WRo 

U EXECUTED U 
3 

DATA LATCHED IN PORT W X WRO'X2'~2 

DATA LATCHED IN PORT X 

01 (4286 GENERAT,ED). Zz 

OA (USER GENERATED),20 

W. X OUTPUTS 

INPUT STROBE. 
II (USER GENERATED), Z, 

IA (4286 GENERATED). Z3 

W BUFFER TRANSFERRED 
TOO BUS 

X BUFFER TRANSFERRED 
TO D BUS 

FLOATING 

DATA LOADED 

c. 8-Bit Asynchronous I/O Mode with Output - Mode 2 

WMP Operand - 0010 

Mode Description: Same as for Mode 1, except Port Y is a 
buffered output port. 
Port Description: Port W, X, Z; same as for Mode 1. Port 
Y: This port isa buffered output port which can be loaded 
with a WR2 instruction and can be read by an RD2, RDM, 
ADM, and S8M. 

RDO 
WR, RD, 

U EXECUTED U EXECUTED U 

NEW DATA LATCHED 

WR1'X2'~2 

~ 
NEW DATA LATCHED 

~ \ 
ENABLED FLOATING 

DATABUSOU~UT~ ______________________ F_L_O_A_TI_N~G ________________ ~~~~~~LO~A~T~I~NG~~ __ ~L-____ ~F~LO~A~T~IN~G~ __ ___ 

ENABLED 

Figure 2. 4265 Modes 1 and 2 Timing. 

7-28 



4265 

d. 8-Bit Synchronous I/O Mode with Output - Mode 3 

WMP Operand - 0011 

Mode Description: This mode is functionally similar to 
Modes 1 and 2 in terms of its byte transfer feature. How
ever, the transfer control is synchronous. Port W, X are 
buffered outputs or unbuffered inputs, depending on the 
direction of transfer. Port Z provides the synchronous 
strobe control. Port Y is a buffered output port. 

Port Description 

PortW, X 

Port Y 

These two ports are combined to trans
fer bi-directionaIB-bit information under 
synchronous control. Output data shou Id 
be loaded into Ports W, X with the WRO
WR 1 sequence. The input of informa
tion should be sequentially read with an 
RDO followed by an RD1. 

This port is a 4-bit output port. Infor
mation is valid during the output strobe 
of a WR2 command. The output strobe 
is the Z2 line of the Z port. This port 
may also be read with an RD2, RDM, 
ADM and SSM. 

X, ., 

PORT X LOADED 

Port Z 
ZO OS 

Z1 IS 

Z2 YS 

Z3 

x, 

u u 
WRI·X2·rjl2 U 

Output strobe from 4265. 
This line is valid during a WR 1 com
mand. Information from the output buf
fers of Ports Wand X is present at Ports 
Wand X output lines only during the 
signal. 

Input strobe from 4265. 
This line is valid during an RDO com
mand. Information is taken off the Port 
W, X lines and is latched in the Port W, 
X buffers. The RDO will read the infor
mation pertaining to Port W. RD1 will 
input information pertaining to Port X. 
The ports must be read by RDO followed 
by an RD1. Data will be latched in the 
Wand X Ports with the RDO. Informa
tion should be valid at the trailing edge 
of IS. 

Port Y strobe from the 4265. 
This line is valid during a WR2 com
mand. Information will be valid at the 
Port Y output buffer during this strobe. 

This line is not used. It can be bit set/ 
reset under program control. 

X, A, 

u U 

ENABLED FLOATING 
W. xaUTPUTS 
(PROVIDED BY 42651 __________ F_L_OA_T_'N_G _________ --'--______ ......JL-_____ _ 

OUTPUT STROBE. z" 

W BUFFER TRANSFERRED 
TO 0 BUS ~ 

XBUFFER TRANSFERREO----------------...., 

~ TO 0 BUS 

INPUT STROBE, Z1 ROO 

OAT A BUS OUTPUT FLOATING ENABLED 

PORT Y LOADED U 
OUTPUT STROBE. Z2 

OUTPUT PORT Y ANY 

Figure 3. 4265 Mode 3 Timing. 

WRI'X3 

FLOATING 

WR2·X2·¢2 

WR2·X3 

X TRUE 

I 
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e. Four Port Programmable I/O Modes - Modes 4·7 

WMP Operand - 0100·0111 

Mode Description: These modes consist of four combina· 
tions of static buffered outputs and unbuffered inputs. 
When combined with the Reset Mode, all combinations of 
inputs and outputs on four ports are possible. 

Port Description: The following five modes have static 
buffered outputs (0) or unbuffered inputs (I). 

WMP Port: W X Y Z 

0100 0 0 0 0 
0101 0 0 0 
0110 0 0 
0111 0 
0000 (reset mode) 

Those ports of Y and Z designated outputs are subject to 
bit set/reset capability. All output buffers may be read 
with the respective RDx (RDO·RD3). Port Y will respond 
to RDM, ADM and SSM in addition to RD2. 

vss 
M, M2 X, 

voo 
., 
·2 U U U 

LOAD PORT 
WITH WRx 

PORT OUTPUT 

READ PORT \ WITH ROx 

DATA BUS FLOATING 
OUTPUT BUFFER 

Figure 4. 4265 Modes 4-7 Timing. 

I 

X2 X, A, 

U U U 
X2'~2 

U 
ANY X TRUE 

X 2'¢2 

ENABLE IF FLOATING 
RD 
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f. Three Port Programmable I/O Mode with Synchronous 
Output and Asynchronous Input Port - Modes 8-11 

WMP Operand - 1000-1011 

Mode Description: Each 4·bit port can be configured as a 
buffered input or buffered output port and each has its 
own control line for synchronizing data transfers. As an 
example, if in Mode 8, when the processor executes a WRO 
instruction, 4·bits of data are transferred to the Port W 
output buffer and subsequently to the Port W output 
lines. Output Strobe ZO serves as a data valid signal which 
can be used by external logic to latch the data. In Mode 
11, I nput Strobe ZO is used to latch the 4-bit data appear
ing on the Port W lines into the Port W input buffer. The 
Input Strobe is user generated. 

v" ., 

DATA LATCHED 
IN OUTPUT BUFFERS 

OUTPUT STROBE 
FROM 4265 

x, 

u u u 

Port Description: The following five modes have syn
chronous outputs (0) or asynchronous inputs (1): 

WMP Port: W X Y ZO Z1 Z2 Z3 

1000 0 0 0 W W W X 
1001 0 0 R W W X 
1010 0 R R W X 
1011 R R R X 

Where: R; input strobe independent of instruction 
executed 

W ; output strobe (WRO·2) from 4265 
X; not used 

Port Y will respond to ROM, SBM and ADM in the same 
way as an RD2. Z3 is unused and may be bit set/reset. All 
output huffers may also be read with the respective R Ox. 

x2 

u u u 
u X2"2WRX 

DuTPuTDATA _________________________ A_N_V ____________________ ~)(~ ____ T_R_U_E ____________________ _ 

INPUT STROBE 
TO 4265 l~ 

~~~~R:======::~~r---D-A-T-A-LA-T-C-H-ED----------------------------------------------

READ PORT 
WITH RDX 

X2,¢j! 

DATA OUTPUT FLOATING I ENABRLDED IF I FLOATING BUFFERENABLE __________________________________ ~,~~~ __ ~, ________________________________ _ 

Figure 5. 4265 Modes 8-11 Timing. 
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g. 4-Bit 1/0 with 8-Bit SRC Address and 4-Bit Synchronous 
Control Port - Mode 12 

WMP Operand - 1100 

Mode Description: In this mode, the most recent 8-bit 
SRC operand is displayed on Port Wand X. The 4265 
will treat all SR C instructions as being valid as long as the 
CM-RAM line for this 4265 has been selected by an appro
priate DCL (Designate Command line) instruction. Ports 
Wand X will change each time they receive an SRC and 
CM-RAM. The 4-bit data port (Port Y) will perform bi
directional synchronous 1/0. The port output buffer may 
be loaded with a WRO-3 and the port input buffer will be 
read with RDO-RD3, RDM, SBM or ADM. The control 
port will provide mutually exclusive input or output strobes 
depending on the current instruction. Two of the control 
lines may be used for device selection. This mode can be 
used to interface up to 1 K of external storage (RAM-2111, 
4101,5101) or a multitude of external 1/0 devices. Once 
this mode is programmed, all SRC values will not be 
treated as 4265 selection or deselection instructions. 

Port Description 

Port W, X This port will display the most recent 
SRC and will be altered with each 
SRC when selected. Otherwise, the out
put is static. 

Port Y This is a bi-directional data port that 
will latch data with a RDO-RD3, RDM, 
ADM, and SBM. The port will output 
data with a WRO-WR3. 

Vss 

Voo 

., 
SRC DATA VALID 

Port 2 
20 OS 

21 IS 

22,23 

Output strobe from 4265. 
Active during WRO-WR3. Data will be 
valid during this strobe. 

Input strobe from 4265. 
Active during RDO-RD3, RDM, SBM, 
and ADM. The leading edge of this strobe 
will cause the user to provide valid data 
to be latched by Port Y by the trailing 
edge of IS. 

2-bit address port used for memory or 
device selection. 
Both lines will be preset to 00 by selec
tion of this mode. They will retain the 
value of the previous RDx or WRx in
struction so that each selection can re
spond to RDM, SBM and ADM. If, for 
example an 1/0 sequence consists of an 
RD3 followed by an ADM, 23 and 22 
will be at 11 state by the R D3 and re
main in that state for the ADM com
mand. If the third 1/0 command is a 
WRO, the 23 and 22 will be placed to 
the 00 state. 

Effect of RDx and WRx Instructions: 

23 22 

o 0 
o 1 

o 

No Change 
(Positive True) 

RDO, WRO 
RD1, WR1 
RD2, WR2 
RD3, WR3 
RDM, ADM, SBM 

AND LATCHED PORTW _________________ ---' 

SRC DATA VALID 
AND LATCHED PORT X ______________________ --' 

MEMORY EXPANSION 

ADDRESS - 23, 22 

WRITE TO 
PORT Y 

OUTPUT STROBE 

as, 20 

PORT Y OUTPUT BUFFER-------------------,--------r------

rFROM 4265) 

INPUT STROBE 

IS,21 

DATA BUS OUTPUT 
BUFFER 

Figure 6. 4265 Mode 12 Timing. 
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h. 4-Bit I/O Mode with a-Bit Address Port and 4-Bit 
Asynchronous Control Port - Mode 13 

WMP Operand - 1101 

Mode Description: This mode is functionally similar to 
Mode 12. Port W; X are loaded with the SRC value. Port Y 
is a bi-directional data port. Port Z is a 4-bit asynchronous 
control port similar to Mode 1 and 2. 

Port Description 

Port W, X Same as Mode 12. 

Port Y Bi-directional port similar to Port Wand 
Port X in mode 1. 

Port Z 

ZO OA* 

Z2 01* 

Zl 11* 

Z3 IA* 

Output acknowledge to 4265. 

Output initiate from 4265, active during 
WRx. 

Input initiate to 4265. 

Input acknowledge from 4265 active 
during RDx, RDM, ADM or SBM. 

"Refer to Mode 1, Port Z. Note that in mode 13, Port Z controls 
data transmission in Port Y, not Ports Wand X. 

M, M, 
Vss ·,LJ U U VDD ., U U 

SRC DATA VALID 

x, 

i. Disable/Enable 

U 

WMP Operands 1110 and 1111 do not cause mode change; 
they disable or enable the 4265 GP I/O. 

WMP 1110 - chip disable: 
a. All output buffers are disabled - I/O lines are in float

ing conditions. 
b. The 4265's status (mode, chip select FF, data buffers) 

is not changed. Hence: 
1. Previous buffered inputs can be read by the CPU 

from designated ports (a disabled 4265 cannot have 
its input buffers loaded). 

2. Data on unbuffered inputs can be read directly from 
external lines. 

3. Previous buffered outputs can be changed on desig-
nated ports. 

4. Bit setlreset can be initiated. 
5. Any mode change can be initiated. 
6. The chip can be deselected by an SR C or by a 

RESET signal. 

WMP 1111 - chip enable: 
Restoration 'Of normal operation, according to existing 
mode. 

Note: When the 4265 is transferred from reset mode to 
any other mode, the chip is automatically enabled, so that 
no programmed enabling is required after reset. 

x, X3 A, 

U U U Lr 
U U U-
X SRC·X2·~2 AND LATCHED PORTW ____________________ ---' ANY TRUE 

SAC DATA VALID ANY v SRC.X3'413 
AND LATCHED PORT X __________________________ -',A. 

WRITE TO 
PORTY 

01 {4265 GENERATEDI. Z2 

OA (USER GENERATED), Zo 

WAX·X2-1J2 u 
TRUE 

W. X OUTPUTS ___________ F,;;,LO,;".A_T,;".IN,;".G ___________ .1-__ --''-__ F_LO_A_T_'N_G __ _ 

INPUT STROBE. (~ 
II (USER GENERATED), Z, ) ............ 

-------':l DATA LOADED 

IA (4286 GENERATEDI. Z3 - d 
X BUFFER TRANSFERRED RD1'X2'~ p":~--------------
TOO BUS ____________ ~~~---;~~~;:~--------~~:;,~---

DATA BUS OUTPUT ___________ F,;:L::O;,.:AT;,.:';,.:NG=--__ .L-.:E;,.:NA,;:B,;".L,;;,ED;,.....L-_________ F_L_O_AT_'_NG __ _ 

Figure 7. 4265 Mode 13 Timing. 
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An unselected 4265 can have its input buffers loaded by a 
user generated strobe if it is in a buffered input mode. A dis· 

abled 4265 cannot have its input buffers loaded. Execution 
of a RDx instruction will result in transfer of the contents 
of the appropriate input or output buffer for a previously 
buffered port regardless of whether the 4265 is enabled. If 
the input was previously unbuffered and the 4265 is dis
abled, the contents of the port I/O lines will be transferred to 
the CPU with an RDx. DISABLE and ENABLE do not cause 
a change from a previously designated mode. 

4265 States After Reset and Mode Change 

A reset 4265 is automatically enabled and is in Mode O. If 
reset occurs by means of external RESET signal, the 4265 
will also be deselected. Any mode change which changes Port 
Z to a control port will reset the Port Z output buffers to 
their "off" state (VSS). Z2 and Z3 in mode 12 are an excep
tion in that these lines go to an inactive state of VDD1. Note 
that Port Z is a control port in all modes except modes 4-7 
and RESET mode. Any mode change which leaves Port Z in 
a non-control port will leave Port Z output buffers in their 
previous state. 

M, M2 x, 
vss 

~, 

voo 

~2 U U U 
BIT SET/RESET BIT SET/RESET; BIT DESIGNATED BY WRM OPERAND 

BIT CHANGED 

Figure 8. Bit Set/Reset Operation Timing. 
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Bit Set/Reset Operation 

This function is performed by decoding the accumulator 
operand of the WR M instruction. This function can be 
used in any output port of the programmed configura
tions and allows individual bit control on Ports Y and Z. 
Decoding of the WRM operand is as follows: 

Care should be taken when bit setting and resetting con
trol bits of Port Z as these bits will also be changing as a 
function of their synchronous or asynchronous control 
functions. 

4265 I/O Instructions 

Table 2 provides a summary of MCS-40 I/O instructions 
used with the 4265. 

x2 x, A, 

U U U 
WRM·X2·~2 
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Table 2. 4265 I/O Instruction. 

Hex OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC 03 O2 0, Do 03 O2 0, Do 

Mode Independent Operallons 

EO WRM 0 000 0 The port Y or port Z bit designated by 03 O2 0, of the accumulator 
is set or reset according to Do (1 = set. 0= reset). [1] 

E1 WMP 0 000 Sets the mode of the 4265 to the value contained in the accumulator. [2] 

Mode Dependent Operations 

Mode Mode Mode 
1-3 0,4-11 12 and 13 

2- SRC 001 0 R R R 1 For modes 0-11, the contents of register pair ( RRRe.en)-
RRR are used to select the 4265 chip (first two PortW 
bits of first register will contain 10 or 11, ( RRRodd )--> 
dependi ng on chip address) Port X 

E4 WRD 0 0 o 0 (ACC)--> (ACC)--> (ACC)--> 
PortW PortW[1] PartY 

E5 WR1 0 0 o 1 (ACC)--> (ACC)--> (ACC)--> 
Port X Port X[1] PartY 

E6 WR2 0 o 1 0 (ACC)--> (ACC)--> (ACC)--> 
Port Y [1] PortY[1] Port Y 

E7 WR3 0 0 (ACC)--> (ACC)--> 
Port Z[1,3] Port Y 

EC ROO 0 o 0 (Port W)--> (Port W)--> (Port Y)--> 
ACC ACC ACC 

ED RD1 0 0 (Port X)--> (Port X)--> (Port Y)--> 
ACC ACC ACC 

EE RD2 0 0 (Port Y)--> (Port Y)--> (Port Y)--> 
ACC ACC ACC 

EF RD3 0 (Port Z)--> (Port Z)--> (Port Y)--> 
ACC ACC ACC 

E9 ROM 0 o 0 1 (Port Y)--> (Port Y)--> (Port Y)--> 
ACC ACC ACC 

EB ADM 0 o 1 1 (Port Y)+(ACC) (Port Y) +ACC (Port Y)+ACC 
+CY-->ACC +CY-->ACC +CY-->ACC 

EB SBM 0 000 (ACC)-(Port Y) (ACC)-(Port Y) (ACC)-(Port Y) 
-CY-->ACC -CY-->ACC -CY-->ACC 

NOTES: 
1, Action if Port is designated as Output Port; otherwise, no action, 
2, WMP 1110 disables all I/O ports. WMP 1111 enables all I/O ports. In both cases, the mode is not changed. 

3. No attion in Modes 8-11. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. ooe to 70°C 
Storage Temperature ........................ -55° e to + 125° e 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

D.C. and Operating Characteristics 

'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. 

TA = o°c to 70°C; Vss -Voo = 15V ±5%; t¢pw = t¢Ol = 400nsec; t¢02 = 150nsec; VOOl = Vss -5V; Logic "0" is defined 
as the more positive voltage (VIH, VOH); Logic "1" is defined as the more negative voltage (Vll, VOH); Unless Otherwise 
Specified. 

SUPPLY CURR ENT 

Limits 
Symbol Parameter Min. I Typ. I Max. Unit Test Conditions 

100 Supply Current I 35 I mA TA = 25°C 

INPUT CHARACTERISTICS 

III Input Leakage Current 10 )l.A 

VIHO Data Bus Inputs Vss-l.5 VsS+·3 V 

VIHIO I/O Port Inputs VsS-l.5 Vss+·3 V 

VllO Data Bus Inputs Voo Vss-5.5 V 

VILIO I/O Port Inputs Voo VSS-4.2 V 

VILR Reset Input Voo Vss-4.2 V 

VIHR Reset Input Vss-1.5 Vss+.3 V 

OUTPUT CHARACTERISTICS 

VOHO Data Bus Outputs VsS-·5 Vss V 

VOHIO I/O Port Outputs Vss-·5 V IOH ,; -100)l.A 

VOlO Data Bus Outputs Vss-12 VsS-6.5 

VOLIO I/O Port W,X, Y Outputs VOD1+.45 IOl = 400)l.A 

VOlZ I/O Port Z Outputs Vool+.45 IOl = 1.6mA 
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A.C. Characteristics 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tCY Clock Period 1.35 2.0 Ilsec 

t<l>R Clock Rise Time 50 ns 

t<l>F Clock Fall Time 50 ns 

t<l>pw Clock Width 380 480 ns 

t<l>Dl Clock Delay <1>1 to <1>2 400 550 ns 

t<l>D2 Clock Delay <1>2 to <1>1 150 ns 

tw Data·ln, CM, SYNC Write Time 350 100 ns 

tH[l,3J Data·ln, CM, SYNC Hold Time 40 20 ns 

tOS[2J Set Ti me (Reference) 0 ns 

tACC Data-Out Access Ti me COUT = 

Data Lines 930 ns 500pF Data Lines 
SYNC 

I 

930 ns 500pF SYNC 
CM-ROM 930 ns 160pF CM-ROM 

CM-RAM 930 ns 50pF CM-RAM 

tOH Data-Out Hold Time 50 150 ns COUT = 20pF 

I/O Ports[4] 

tl Output Settling Time 350 ns Output Ports 

t2A Output Settling Time 400 ns Bidirectional 1/0 Ports (Asyn-
chronous) 

t2B OUtput Hold Time 400 ns Bidirectional 1/0 Ports 
(Asynchronous) 

t3A Output Settling Time 400 ns Bidirectional 1/0 Ports (Synchronous) 

t3B Output Hold Time 100 ns Bidirectional 1/0 Ports (Synchronous) 

t3C Output Strobe Write Time 300 ns Mode 12 

t3D Output Strobe Hold Time 300 ns Mode 12 

t4 I.S. Delay 200 ns 21, Modes 3, 12 

t5 "Page Select" Outputs Settling Time 600 ns 2 2, 23, Mode 12 

t6A Input Write Time 700 ns Unbufferred Input Ports(Ports W,X, Y) 

t6B Input Hold Time 0 ns Unbufferred Input Ports(PortsW,X,Y) 

Notes: 1. tH measured wIth t¢R = 10nsec. 
2. T ACe is Data Bus, SYNC and eM-line output access time referred to the ¢2 trailing edge which clocks these lines out. tos is 

the same output access time referred to the leading edge of the next (/>2 clock pulse. 
3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 

until the 4004/4040 takes over the data bus at Xl and X3 time. Therefore the tH requirement is always insured since each 
component contributes 1 Op.A of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V IllS. 

4. For CDAT A BUS = 500pF, CPORTS W,X, Y = 100pF; CPORT Z = 50pF. 
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inter 4269 

PROGRAMMABLE KEYBOARD DISPLAY DEVICE 
(Samples Available 1st Quarter, 1976) 

Keyboard Features: 

• Programmable to Interface to 
Encoded Keyboard (8-bit code), 
64-Key Scanned Keyboard 
(expandable to 128 keys) or 
Sensor Matrix (64 sensors) 

• 8 Character FIFO Character 
Buffer (or RAM in Sensor 
Mode) 

Display Features: 

• Programmable to Interface to 
Individually Scanned Displays 
or Burrough's Self-Scan* Drive 
(16, 18, or 20 Characters) 

• Two 16 x 4 Display Registers 
Recirculated Synchronously 
with Keyboard Scan Lines to 
Give Automatic Display Refresh 

• 2 Key Rollover and Key 
Debounce 

• Display Registers Loadable and 
Readable Selectively or Sequentially 

• External Interrupt Line to 
Indicate When a Character Has 
Been Entered in Character 
Buffer 

• 40 Pin Dual In-Line Package 
• Standard Operating Temperature 

Range of 0° to 70° C (-40° to +85° C 
Operating Range to be Available 
Second Quarter 1976) 

The 4269 has two separate and distinct sections: the keyboard section and the display section. The keyboard section can 
interface to a range of devices from a matrix of toggle or thumb switches such as found on an instrument panel up to a full 
typewriter style keyboard. The display section can interface to a range of devices from an array of individual LED indicators up 
to a gas discharge alphanumeric display. 

The 4269 Programmable Keyboard Display (PKD) relieves the 4004 or 4040 CPU from continuously scanning a switch array or 
refreshing a display under software control. This greatly expands the CPU throughput. The 4269 can scan up to an 8 x 8 
keyboard or sensor matrix (or a 2 x 8 x 8 keyboard with the use of the shift or control key input). The display portion can 
continuously refresh either asingle 16x 8 alphanumeric display; a single 8 x 8 alphanumeric display; a dual16 x 4 digit display; a 
single 32 x 4 digit display; a 16 x 6, 18 x 6 or 20 x 6 alphanumeric gas discharge display such as the Burroughs Self-Scan'; or an 
array of 128 indicators. 
·Self-Scan is a registered trademark of the Burroughs Corporation. 

PIN CONFIGURATION 
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Pin Description 
Pin No. Designation Function 

37-40 00-03 

5-6 <lW</>2 

2 RESET 

Vss 

26 Voo 

3 SYNC 

4 CM 

17-24 SO-S7 

25 RS 

12-15 AO-A3 
7-10 80-83 

34-28 RO-R7 

35 SHIFT 

16 INT 

7·40 

8i-directional data bus. All address, 
instruction and data communica
tion between the CPU and the PKD 
are transmitted on these 4 pins. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

RESET input. A low level (Voo) 
applied to this input resets the PKD. 

Most positive supply voltage. 

Main power supply pin. Value must 
be Vss - 15V ±5%. 

Synchronization input signal driven 
by SYNC output of the CPU. 

Command input driven by a CM
RAM output of processor. 

These pins are scan outputs which 
are used for driving either the key 
switch or sensor matrix and/or for 
strobing the display digits. Each line 
is mutually exclusive, active high 
(Vss), open drain. 

The RS pin is toggled for each 
complete scan of the S drive. This 
allows for the scan of 16 digits of 
display data. RS=Vss for the last 8 
digits. This line is open drain. 

These two ports provide two 16 x 4 
recirculating display register 
outputs which are synchronized to 
the S drive scan. In the gas 
discharge display mode, A3 is reset 
and A2 is the clock to the gas 
discharge display. The 16, 18, or 20 
recirculating data characters (6 bits 
wide) are not synchronized with the 
S drive scan in the gas discharge 
mode. 

These pins are the return sense in
puts which are connected to the 8 
drive lines via the scanned key or 
sensor matrix. They are pulled to a 
low state (Voo) in the sensor mode, 
pulsed low (Voo) in the scanned 
keyboard mode, and pulled high 
upon switch closure. They are float
ing in the encoded keyboard mode. 

This is the shift input. It is active 
high (Vss). This pin is functional 
only in the scanned keyboard mode. 

This output is used to indicate when 
a keyboard or sensor character has 
been entered into the buffer. It is 
active low (VODl), open-sourced 
and may be "OR" -ed with other 
4040 interrupt inputs. 

Pin No. Designation Function 

11 

36 

VOOI 

SIC 

Supply voltage for display register 
ports A and 8 and INT. 

This pin is the control key input from 
the keyboard in the scanned mode. 
In encoded keyboard mode, this pin 
can be used to input the strobe 
pulse from an external keyboard 
encoder. 

Functional Description 
General 
The 4269 Programmable Keyboard/Display (PKD) device 
provides an intelligent interface between an MCS-40 CPU 
and the keyboard and display portions of an MCS-40 
design. The 4269's functions thus allow the use of 
sophisticated keyboards and displays without placing a 
large load on the CPU. 

The MCS-40 data bus will provide the path for information 
transfer between the PKD and the 4040 or 4004 CPU. The 
PKD can be programmed to operate in one of three input 
modes and one of four output modes as· defined by an 
instruction from the CPU. The modes are: 
Input 

Sensor, Scanned 
Keyboard, Scanned 
Encoded Keyboard 

Output 
Individually Scanned Display Drive 
Self-Scan Drive: 16 Characters 

18 Characters 
20 Characters 

The 4269 resides on a CM-RAM line of an MCS-40 system 
and has a fixed RAM address, #1. Hence, there can be up to 
four PKD per system without additional logic, one per CM
RAM. The PKD can be accessed with the MCS-40 I/O 
instruction set to interrogate the keyboard buffer 
FIFO/sensor RAM and load or read the display registers. 
The following is a list of the major keyboard features of the 
4269: 
1. Switch matrix, organized as an 8 x 8 scanned matrix with 

shift or control inputs allowing for up to 128 key inputs. 

2. Two key roll over; N-key roll over capability if provided by 
encoded keyboards. 

3. Eight character first-in-first-out (FIFO) character buffer 
(or RAM in the Sensor Mode). 

4. External interrupt line to indicate when a character has 
been entered in the buffer. 

5. Fixed key bounce delay of approximately 11 msec in the 
scanned keyboard mode @ 740 kHz MCS-40 clocks. 

6. Status buffer to indicate the number of characters in the 
keyboard FIFO and keyboard character over-entry. 

7. Sensor matrix interface with up to 64 intersections. 
The 4269's major display features are: 

1. Two 16 x 4 display registers which are recirculated 
synchronously with keyboard scan lines (at a scan 
frequency of 180 Hz): This allows for a free standing, 
scanned readout composed of individual displays. 
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2. Capability to drive 16, 18, or 20 character gas discharge 
displays directly via a 20 x 6 display register. 

3. Registers are load able and readable selectively or 
sequentially. 

Mode Selection 

The CPU communicates with the 4269 PKD by first 
selecting it with an SRC (Send Register Control) 
instruction. The first two bits of the index register pair 
referenced by the SRC contain 01, the binary address of the 
4269 on the CM-RAM line. The 4269 is disabled until it is 
addressed by a first SRC. After the first SRC, a WRO 
instruction is used to set the keyboard and display modes of 
the 4269 PKD. The CPU's accumulator will contain the 
information used for setting the PKD modes. The definition 
of a WRO as used for a 4269 is given below: 

Mnemonic 
WRO 

Instruction Code 
1110 0100 

Set the input mode and output mode of the 4269 according 
to the value contained in the accumulator as follows: 

D3D2 

o 0 Individual, Scanned Displays 
o 1 Gas Discharge, 20 Characters 
1 0 Gas Discharge, 18 Characters 
1 1 Gas Discharge, 16 Characters 

DIDo 

o 0 Sensor, Scanned 
o 1 Scanned Keyboard 
1 0 Encoded Keyboard, Not Scanned 
1 1 Not Used 

After the 4269 has been reset by the external RESET signal, 
the keyboard input mode is set to scanned keyboard mode 
and the display output mode is set to gas discharge, 16 
character mode. Thus, if these modes are the desired input 
and output modes, it is not necessary to execute the WRO 
mode setting instruction. 

Internal Display Registers and Pointer 

The 4269 has two 16x4 display registers referred to as Dis
play Register A and Display Register B. Thesetwo registers 
can be operated in the individual, scanned display mode as: 

1. Two 16 x 4 hexadecimal displays; 
2. One 32 x 4 hexadecimal display; 
3. One 8 x 8 alphanumeric display; 
4. One 16 x 8 alphanumeric display; or 
5. An array of 128 indicators. 

In the gas discharge modes, the A and B registers are 
combined and operated as a 6 x 16, 6 x 18 or 6 x 20 register. 
For a given 6-bit character, the least significant 4-bits will be 
located in a 4-bit B register location and the two most 
significant bits in DI and Do of the corresponding A register 
location. 

For operations on the display registers, the 4269 PKD 
maintains an internal display register pointer which pOints 
to a 4-bit character in the A or B display register. 

For the individual, scanned display mode, CPU I/O 
instructions can be addressed to either Display Register A 

or Display Register B, according to the register selected by 
an SRC instruction preceding the I/O instruction. The 
internal display register pointer can then be set or 
incremented for addressing characters in either the A or B 
register. 

For gas discharge modes, the internal pointer can be 
automatically incremented, in an alternating pattern 
between registers A and B. The alternation pattern is Ao, Bo, 
AI, BI, etc. 

In the individual, scanned display mode, the 4-bit 
characters of Display Register A are outputted on the Ao-A3 
lines. The 4-bit characters of Display Register Bare 
outputted on the Bo-B3 lines. In the gas discharge modes, 
the Ao-AI and Bo-B3lines output the 6-bit character. The A2 
line serves as the clock to the gas discharge display and the 
A3 line as the reset to the display. 

Synchronization of Scan and Return Lines 

In the scanned keyboard and scanned sensor modes a 
logical one is shifted through a field of zeros in eight 
ScantS) lines. Each S Scan line can be usedtosourcea row 
of eight keys or sensors. All rows of the contact keyboard or 
sensor matrix will be OR-tied to the eight Return (R) lines. 
Thus, since only one row will be enabled due to the 
synchronized ones in the Scan lines, each row of the 
keyboard or sensor matrix can be read into the Return lines 
and stored in the Keyboard FIFO/Sensor RAM atthe proper 
RAM location. The 4269 will control all of these operations 
automatically once it is set to the appropriate keyboard 
mode. 

The Scan Lines are also used in the individual, scanned 
display mode to select one of eight display characters. The 
display character itself will be outputted on the Ao-A3 or Bo
B3 output lines. The RS output line, which is toggled for 
each complete scan of the S lines, allows one of sixteen A or 
B register display characters to be addressed. Again, the 
4269 will automatically control the operation of the Sand 
RS lines to continuously read out the characters in the 
4269's internal A and B Display Registers and thus 
continuously refresh the actual display devices. 

Note that the Scan lines can be used with both the keyboard 
and display interfaces since both functions require the 
same function, i.e., a synchronized shifting of a logical one 
through a field of zeros. 

Software Operation 
The WRO operates on the 4269 PKD completely independ
ent of mode as it actually sets the mode as has already 
been described. The WR3 is mode independent except for 
a blanking code and operates as shown below: 

WR3 

Clears the keyboard/display logic and fills the display RAM 
with all blanks. The display outputs are also blanked. (Blank 
code is all logical "1 "s for individual, scanned display mode 
and hex 20 for the gas discharge modes.) 
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MODE SPECIFIC OPERATIONS 
Individual, Scanned Display Mode 
The instructions which are used in the individual, scanned 
display mode are described below: 

Mnemonic 
SRC 

Instruction Code 
0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for individual, scanned display 
mode as follows: 

RRReven RRRodd 

D3D2DJDo D3D2DJDo 
o 1 0 0 n]n2nlnO Selects one of 16 display register 

characters of Display Register A 
with the A output lines outputting 
display characters synchronized 
with the S Scan lines. 

o 1 0 1 n3n2nJ nO Selects one of 16 display register 
characters of Display Register B 
with the B output lines outputting 
display characters synchronized 
with the S Scan lines. 

o 1 1 0 n3n2nJnO Selects one of 16 display register 
characters of Register A with Regis-
ter A output lines being placed at Vss 
level. 

011 1 n3n2nJnO Selects one of 16 display register 
characters of Register B with Regis-
ter B output lines being placed at Vss 
level. 

WR1 1110 0101 

Resets the internal display register pOinter to 0 and forces 
display memory to blank state. Upper two bits of ACC select 
length of display as follows: 

Ql.. 
o Display B is 16 nibbles deep. 
1 Display B is 8 nibbles deep. 

D2 

o Display A is 16 nibbles deep. 
1 Display A is 8 nibbles deep. 

WRM 1110 0000 

Loads the contents of the register addressed by the internal 
display register pOinter with the contents of ACC; then 
advances the displayed data by one digit in relation to the 
scan line timing and increments the display register 
pOinter. 

RDM 1110 1001 

Loads ACC with the contents of the register addressed by 
the display register pOinter and then increments the display 
register pOinter. 

WMP 1110 0001 

Loads the contents of the register addressed by the display 
register pointer with the contents of ACC. 

RD3 1110 1111 

Loads ACC with the contents of the display register pOinted 
to by the display register pOinter. 
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ADM 1110 1011 

Adds the contents of the display register pointed to by the 
display register pointer to the accumulator with carry. 

S8M 1110 1000 

Substracts the contents of the display register pOinted to by 
the display register pOinter from the accumulator with 
borrow. 

NOTES: 

1. If Display A or B is set to 8 nibbles deep, each digit of the display will have 
double the ON duty-cycle that it would have in the 16 nibble deep setting 
(360 Hz scan cycle vs. 180 Hz for 16 nibble deep). 

2. External resetting initializes the Display A and Display 8 configurations to 
16 nibbles deep. 

3. The displayed nibbles in the 8 deep configuration will be from the least 
significant 8 characters of the display register. The remaining eight words 
remain available for random data storage by the CPU. 

4. The internal display register pOinter will increment through all 16 register 
words, regardless of the display length (8 or 16) for WAM/ADM 
instructions unless the pointer is reset by an appropriate SAC instruction. 
In the WAM case, the Display Aegister A orB'sentire contents (used and 
unused portions) will be rotated. 

5. An interface to a 32 x 4 hexadecimal display requires only that software 
recognize the A and B Display registers as the upper and lowerhalvesof a 
single display. 

6. An interface to a 16 x 8 alphanumeric display requires that software load 
the upper and lower 4·bits in the A and B registers in an appropriate 
alternating pattern. SAC instructions will have to proceed each load or 
read instruction to select the A or B half of the character. 

7. If the LSD of a 16 character display is assigned to be the 15th character 
scanned (S7 = Vss and AS = Vss), and the MSD, the first character (#0) 
scanned (So = Vss and AS = VDD), and if loading is started at display 
register character 0, successive WRM instructions will shift the display 
data from the LSD to the MSD as in a calculator. Notethat data will then be 
read back MSD to LSD with the RDM instruction, starting at register O. 

Gas Discharge Modes 
The instructions which are used in the gas discharge 
display modes are described below. 

Mnemonic 
SRC 

Instruction Code 
0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for gas discharge modes as 
follows: 
RRReven 
D3D2D[Do 
o 1 0 0 

RRRodd 
D3D2DJDo 
n]n2n[nO Selects the nth display register 

character of Display Register A with 
display outputs continuing to out
put the contents of Display Reg
isters A and B. 

o 1 0 1 n3n2n]nO Selects the nth display register 
character of Display Register B with 
the display outputs continuing to 
output the contents of Display Reg
isters A and B. 

o 1 1 0 n3n2nJnO Selects the nth display register 
character of Display Register A and 
blanks the A and B display output 
(with hex 20). 

o 1 1 1 n3n2nJnO Selects the nth display register 
character of Display Register Band 
blanks the A and B display output 
(with hex 20). 



4269 

WR1 
Resets the internal display register pointer to Display 
Register A position 0 and forces the Display Registers to the 
blank code. 

Note: A WR1 should follow a WRO which changes the 
display mode. 

WRM 1110 0000 

Loads the contents of the display register location 
addressed by the internal display register pOinter with the 
contents of ACC; then advances the displayed data 'by one 
digit in relation to the scan line timing, and increments the 
display register pointer. The display register pOinter 
alternates between the A and B registers. 

ROM 1110 1001 
Loads ACC with the contents of the display register 
location addressed by the display register pOinter and then 
increments the display register pointer. The display register 
pOinter alternates between the A and B registers. 

WMP 1110 0001 
Loads the contents of the display register location 
addressed by the display register pOinter with the contents 
of ACC. 

RD3 1110 1111 
Loads ACC with the contents of the display register 
location pointed to by the display register pointer. 

ADM 1110 1011 

Adds the contents of the display register pointed to by the 
display register pOinter to the accumulator with carry. 

SBM 1110 1000 

Subtracts the contents of the display register pointed to by 
the display register pointer from the accumulator with 
borrow. 

NOTES: 

1. The alternation pattern 01 the display register pOinter is Display Register 
A position 0, Display Register B position 0, Display Register A position 1, 
etc. 

2. The upper two (four) gas discharge characters. 16-17 (15-19). can be 
addressed only by incrementing the internal display register pointer 
above 15 by a WRM or RDM instruction in 18 (20) character gas discharge 
mode. If the internal display register pointer has been incremented above 
15, then these characters can be read or written by a R03 or WMP 
instruction. 

3. Successive WRM commands will shift the output data (see gas discharge 
display output format below) one character forward in relation to the reset 
pulse. This will cause a wraparound shift left on the self-scan display. 
Hence, starting at register 0 and loading the display RAM will give a right· 
justified display - MSD first. 

Bl 

I RST I ClK Dl 

BLANK CODE: x X a a a a a 

Figure 1. Gas Discharge Display Output Format. 

4. RDM will not cause any display shifting. The read order is MSD to LSD 
with the MSD slored in display register O. 

Scanned Sensor Mode 

The instructions which are used in the scanned sensor 
mode are described below: 

Mnemonic 
SRC 

Instruction Code 
0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for scanned sensor mode as 
follows: 

RRReven RRRodd 

D3D2DIDo D3D2DIDo 

o 1 X X n3 n2 n I X n3-n I indicates an 8-bit sensor 
group to be read. 

WR2 1110 0110 
Clears the FIFO/RAM logic and the INT line. 

RD1 1110 1110 
Loads into ACC the upper 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 

RD2 1110 1110 

Loads into ACC the lower 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 

NOTES: 

1. In this mode, the 4269 PKD will continuously input the 64 matrix 
intersections of the sensor into the FIFO/Sensor RAM, which is organized 
as a 64-bit RAM. 

2. The INT line will become active (VODl) and remain active whenever at 
least one intersection remains a logi~al one in the Sensor RAM. 

3. The sensor group number set by the SRC is loaded into the internal 
display register pointer.' Display mode instructions which change the 
internal display register pOinter thus change the sensor group address. 

Scanned Keyboard and Encoded Keyboard Modes 
The instructions which are used in the scanned keyboard 
and encoded keyboard modes are described below: 

Mnemonic 
SRC 

Instruction Code 
0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted as follows for scanned and 
encoded key,board modes: 

RRReven RRRodd 

D3D2DIDo D3D2DIDo 

o 1 X X X X X X SRC used only to select 4269. 

WR2 1110 0110 
Clears FIFO/RAM logic, the status buffer, and the INT line. 

RD1 1110 1101 
Reads the first nibble of the current FIFO register position. 
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RD2 1110 1110 
Reads the second nibble of the current FIFO register 
position. FIFO register position is incremented to the next 
position. 

ROO 1110 1100 
Loads ACC with the FIFO status. 

NOTES: 

1. The 4-bit FIFO status contains the number of valid characters (0-8) in the 
keyboard FIFO. However, in the event of an overrun, Le., more than 8 
characters entered, the 4-bit status will be set to a value of 15. The first 
eight characters entered prior to the overrun character will remain in the 
FIFO until cleared. 

2. When a character is entered in the FIFO, the INT output pin will go to VDD]. 
When a character is read, the INT will change from VDn! to Vss (open) and 
back to VDDI until the FIFO has been emptied. If a ninth character is 
inputted to the PKD before one complete character has been removed, the 
overrun status will be set. This will cause the INT line to remain active 
(VJ)J)J) even after all characters have been accessed. Overrun status can 
only be cleared by a WR2 or WR3 command (although the first eight FIFO 
characters can be read). This condition allows the user to detect an 
overrun condit-ion if it occurs between the time the status buffer is 
checked and the time all characters have been read. It should be noted 
that an RD2 must be initiated after an RD1 to advance to the next FIFO 
word even if the s~cond nibble is not desired, 

3. For a 16-key Keyboard, suc;;cessive R02 instructions will be adequate for 
inputting the key code. 

DESIGN CONSIDERATIONS 
Display Modes 
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General Remarks 
Each Display A and Display 8 output is capable of 
driving one standard TTL load. This is done by using a 
Vss = +5, VDD =-10V and VDDI = GND. The VDDl pin 
allows the PKD to interface to a variety of commercially 
available display arrays via a specified circuit. Gas 
discharge, phosphorescent, LED, and incandescent 
displays can all be used with a 4269. The interface 
requirements are determined by the selected display 
device. Current into each of the Display A and Display 8 
output lines should not exceed 1.6mA. 

The two 16 x 4 Display Registers A and 8 provide 
information in hexadecimal positive logic conventions. 
Hence, a 0000, negative logic Vss on the data bus, will 
be 0000 (positive logic VDDl) at the A and 8 display 
output. (The above is equivalent to one level inversion 
between the data outputs of the PKD and the CPU 
accumulator.) 

Individual, Scanned Display Mode 
The digit selection is achieved by using the eight scan 
lines, SO-S7, and the display select line RS. The RS 
output is used to multiplex the eight scan strobes to give 
sixteen separate strobes for up to 16 digits of display. 
It should be noted that the LSD output position of both 
Display Registers A and 8 is gated out cOincidently with 
So time of the scan register. Following digit positions are 
also coincident. This feature allows an interface to 8 x 8 
or 16 x 8 displays. For the first eight display digit 
positions, the RS output is at open drain. The remaining 
eight of the 16 digit positions are output sequentially 
with RS at Vss. Sufficient active on-time (Vss) is allowed 
at the scan strobe line (SO-S7) to illuminate the displayed 
digit. Sufficient time is also allowed between segments 
to extinguish segment and prevent overlapped illumina
tion. If the 8 digit mode is selected with the WR1 
instruction, the LSD will be gated out every So time - not 
every other time. 

Gas Discharge Modes (Self-Scan) 
An approximate 100 ,",sec period, 50% duty cycle clock 
will be provided to the gas discharge display. A reset 
pulse - one clock period long - will be generated every 
111th clock period for the 16/18 digit displays or every 
139th clock period for 20 digit displays. Character 
periods are either seven clock periods long (for 16 or 20 
character displays) or six clock periods long (for 18 
character displays). For either case, character data is 
valid for the first five clock periods of the character 
period. Character 0 (left-most digit) starts upon the 
rising edge of the reset signal. The blank code is Al = Vss 
and Ao, 83 - 80 = VDDl, with A3and A2 providing reset and 
clock functions respectively. For the 18 character gas 
discharge display mode, the data outputs are blank for 
the 108th, 109th, and 110th clock periods. 

For an aesthetic display transistor, the display register 
outputs can be placed into the blank mode (all outputs to 
Vss) via an SRC during the loading of the display register. 
The outputs can then be unblanked via another SRC 
when the display register has been completely loaded. 
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Keyboard Modes 

Scanned Sensor Mode 

The sensor interface consists of two groups of eight lines, 
the scan strobe lines (SO-S7) and the return sense lines 
(Ro-R7). Each scan strobe is used to enable eight return 
lines, giving 64 total sense strobes for each complete scan. 
When in the sensor mode, the two key rollover and 
debounce logic is inhibited. This allows multiple valid 
intersection connections to be inputted. The SHIFT and 
CONTROL inputs are ignored in this mode. 

Each sensor intersection will have a RAM location reserved. 
The designer should group the sensors in common groups 
of 4. This mode is intended to be used to scan a matrix of 
electronic intersections or mechanical contacts. De
bouncing is to be performed under software control. The 
INT line will remain active (VOOI) whenever a valid 
intersection has been detected. The scan strobe cycle is the 
same pattern of a logical 1 (Vss) shifted in a field of zeros. 

The sense return lines are read out by RD1/RD2 
instructions as shown in Figure 2. 

Figure 2. Sense Return. 

Scanned Keyboard Mode 

a. Key Depression Detection 

These conditions can occur during the keyboard 
interrogation by the PKD (see timing diagram below). 

1. Simultaneous Key Depression 

Two or more keys depressed within one complete 
single depression scan (approximately 11 ms) is 
defined as a simultaneous key depression. If this 
condition occurs, the PKD continues to scan the 
keyboard and waits until one key remains depressed. 
It then treats the remaining key as a single key 
depression, as described below. 

2. Single Key Depression 

When any single key (non-simultaneous) is de
pressed, an internal counter is started. The key code 
is also stored internally in a PKD temporary register 
with a code given by the values of the Scan and Return 
Lines. The PKD will then make four more complete 
scans of all keys. If no other keys are depressed 
during the fourth complete scan and the original key 
detected is still depressed at the end of the fourth 
scan, the key code is defined as a single key 
depression. The key code is then entered into the 
FIFO along with the value of the SHIFT and Control 
(SIC) input signals. If eight characters are already in 
the FIFO, the character will not be entered and the 
overrun will be set. When a character is entered in the 
FIFO, the INT line is activated to a logical "1" (VooI).lf 
on the fourth complete scan the original key 
depressed is no longer depressed, the key is ignored 
as if it had never been depressed. This delay of four 
scan times, or approximately 11 ms, thus provides the 
debounce function for the keyboard. 

SEARCH FOR ORIGINAL 
DEPRESSION AND OTHER 
DEPRESSIONS; 

ORIGINAL 
DEPRESSION 

CODE ALL RETURN LINE 
RECORDED INPUTS IGNORED 

I 
ORIGINAL 

DEPRESSION 
ONA 

RETURN 
LINE 

ONE 
KEYBOARD 

SCAN CYCLE 

CYCLE 1 CYCLE 2 CYCLE 3 

IF MULTIPLE (SIMULTANEOUS) 
DEPRESSIONS DETECTED OR 
ORIGINAL DEPRESSION NOT 
FOUND (DEBOUNCE) 
GOTO- I 
___ I 

OTHERWISE 
GO TO- - "TEST FOR 

RELEASE OF ORIGINAL 

DEPRESSI0!'l. (~K~ ~~o~~ ---1 

CYCLE 4 CYCLE 5 CYCLE 6 CYCLE 7 

ORIGINAL BEGIN 
DEPRESSION SEARCH 

- - RELEASED FOR NEW 
AND SINGLE 

STORED IN DEPRESSION 
KEYBOARD 

RAM 

CYCLE N CYCLE N +1 

Figure 3. Keyboard Debounce and 2·Key Rollover Timing. 
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3. Two Key Rollover 

The two key rollover operates as follows: 

If a second key is depressed after a first key has been 
accepted by the PKD as a single key depression but 
the first key has not been released, then the second 
key will be treated as a new original depression after 
the first key has been released. 

If a second key is depressed after a first key has been 
accepted by the PKD as a single key depression and 
the second key is released before the first key is 
released, the second key will be ignored. 

b. Key Matrix Encoding 

The keyboard matrix hardware configuration and 
associated matrix encoding is shown in Figures 4, 5, and 
6. 

RO R, R2 R3 R4 R5 R6 R7 

4269 

S/c-----I 
4269 
PKD 

SHFT----..... so .....,..--r--

RO 

Figure 4. Hardware Configuration. 

000 001 ala all lOa 101 110 III SHIFT 5/C 

So 000 a 1 2 3 4 5 6 7 X X 

5, 001 8 9 10 11 12 13 14 15 X X 

S2 ala 16 17 18 19 20 21 22 23 X X 

S3 all 24 25 26 27 28 29 30 31 X X 

S4 100 32 33 34 35 36 37 38 39 X X 

S5 101 40 41 42 43 44 45 46 47 X X 

56 110 48 49 50 51 52 53 54 55 X X I 5/C I 5HFT I 
I 

57 111 56 57 58 59 60 61 62 63 X X 

Figure 5. Matrix Configuration. Figure 6. Key Encoding. 
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c. Expansion to 128 Key Scan 

The basic mechanism of the PKD for scanning a 64 key 
matrix can be expanded to interface to a 128 key matrix. 
Note that the CONTROL (SIC) and SHIFT inputs cannot 
be used to directly encode 256 keys since the single key 
depression logic operates with the 6-bit matrix position 

DISPLAY 

INT 

4269 

4269 

R,~----------~K~------+--+ 

code only. However, if full debounce and 2 key rollover 
control between two 64 key matrices is not necessary, 
then a configuration such as shown in Figure 7 may be 
used to add a seventh bit to the 6-bit matrix via the SHI FT 
or SIC input of the PKD. Alternately, two 4269 PKDs can 
be used for interfacing to the 128 keys. 

64 
KEY MATRIX 

Me 14016 
CD 4016 

64 
KEY MATRIX 

R7~----------~K~------~4---------------~ 

MCS40 
INTERFACE 

SHIFT 

Figure 7. 128 Scanned Input Keys. 
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4269 

Encoded Keyboard Mode 

Data Format 

In the encoded keyboard mode, the eight return lines are 
directly loaded into the PKD's keyboard FIFO. For encoded 
keyboards using less than eight encoded bits, the 
remaining bits can be any desired signal, such as a 
multiplex signal between two keyboards or a special key 
flag. 

HARDWARE DESCRIPTION 
The following is a description of the major hardware 
elements of the 4269. Refer to the hardware block diagram 
shown in Figure 8. 

MCS-40 Data Bus/Control Line Interface 

The 4269 PKD resides on the MCS-40 data and timing bus. 
As such it derives its basic timing from the <In and ci>2 clock 
signals. Synchronization and chip select information are 
provided by the SYNC and CM-RAM lines respectively. The 
Data Bus provides the 4269 with control commands and 
routes KeyboardlDisplay data between the 4269 and CPU 
Accumulator. 

Display Registers 
The 4269 is provided with RAM storage which is utilized to 
implement an automatically refreshed display, The display 
RAM (Display Registers A and B) can be configured in 
several different organizations under program control, 
including two 16 x 4 hexadecimal displays, one 32 x 4 
hexadecimal display, a single 8 or 16 alphanumeric display, 
a single 16, 18, or 20 character gas discharge alphanumeric 
display, or a 128 matrix array of indicators. The display RAM 
output is available on Ao-A3 for Display Register A outputs 
and Bo-B3 lines for Display Register B outputs. The VDDl 

line provides a separate negative supply reference forthe A 
and B outputs (and INT). 

.NT 

00·03 

.' .2 
SYNC 

eM-RAM 

RESET 

< 4 

\.. 
MCS·40 
DATA 

4 BUS 
INTERFACE 

COMMAND 
DECODE 

~ . 
CONTROL 

LOGIC . 

4 

TIMING RECIRCULATING 
4X 16 

DISPLAY 
REG. 

A 

0 
AO-A3 

Figure 8. 4269 Hardware Block Diagram. 
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SIR Counters and Debounce Logic 

The SIR counters are two modulo 8 counters used to 
provide a unique 6-bit code for each of the 64 intersections 
provided by a matrix of eight Scan (S) Driver and eight 
Return (R) sense lines. The R counter is counted eighttimes 
for each S count. When keys, contacts, or controls are 
arranged in the matrix, each matrix intersection is 
examined for closure between the corresponding Sand R 
line. If the 4269 is in the Scanned Keyboard Mode, an 
approximate 11 msec debounce time will be used to 
ascertain the validity of the connection. The valid 6-bit 
code, along with the SHIFT and SIC (control) line, is placed 
in the FIFO for retrieval by the CPU. 

Scan Counter and Scan F/F 
For each increment of the modulo 8 S counter, the Scan 
Counter is advanced. The register shifts a logical 1 (Vss) in a 
field of logical zeros (open drain). The non-overlapping one 
is successively moved from So through S7 and around 
again. For each complete sequence of shifts, the scan flip
flop is toggled. This flip-flop's initial value, after RESET, is 
open drain. 

Key Return Multiplexer 
The return multiplexer selects one of the 8 return lines 
coming from the key array. The selection code is provided 
by the modulo 8 R counter. When in the Scanned Sensor 
Mode, all 8 R lines are entered for each scan line, and pass 
directly to the Sensor RAM (FIFO). 

FIFO and Sensor RAM 
This block is a dual function RAM of 64 bits. The RAM can 
serve as a keyboard character FIFO for eight 8-bit 
characters or as a sensor RAM to store the status of 64 
intersections. 

1 t 

P DEBOUNCE 
AND SIR 
COUNTER 

l-

t~ 
axa 2:1 FIFO! MUX RAM 

'--

4 r' 

j 
I- RECIRCULATING 

4 X 16 

I- DISPLAY 
REG. 

1- B . 
0 
80-83 

S/ 

SH FT 

RO , 
KEY , 

RETURN 
, 

MUX , 
I 

R7 

t 
SCAN F/F I RS 

t 
so , 

SCAN 
, , 

COUNTER I , 
S7 

GAS DISCHARGE, I 
TIMING CIRCUITRY 

V 

-v 
001 

DO 

VSS -



4269 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. ooe to 700 e 
Storage Temperature .................•...... -55° e to + 125° e 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

D.C. and Operating Characteristics 

'COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is 8 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. 

TA = 0° to 70°C; VSS -Voo= 15V ±5%; t</>pw = t</>Ol = 400nsec; t</>02 = 150nsec; Logic "a" is defined as the more positive 

voltage (VIH. VOH); Logic "1" is defined as the more negative voltage (VIL. VoLl; Unless Otherwise Specified. 

Limits 
Symbol Parameter Min. Typ. Max. Unit Test Condition 

III Input Leakage Current 10 /lA VIL = VOO 

VIH Input High Voltage (Except Clocks) Vss-1.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) VOO Vss-5.5 V 

VIHC Input High Voltage Clocks Vss-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

ILO Data Bus Output Leakage Current 10 /lA VOUT = -12V 

IOL Data Bus Sinking Current 8 15 mA VOUT = Vss 

IOL AO-3/Bo-3 Sinking Current 2.5 mA VOOl = Vss -5V. 
VOUT = VOOl +.4V 

IOL Interrupt Sinking Current 150 /lA VOUT = VOOl +.5V 

ROH Data Bus Output Resistance 150 250 n VOUT = Vss -.5V 

ROH AO.3/Bo.3 Output Resistance 4 kn VOUT = Vss -2.6V 

ROH 50-7 Output Resistance 250 n VOUT = VSS -lV 

ROH R5 Output Resistance 350 n VOUT = Vss -lV 
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4269 

A.C. Characteristics 

Limits 

Symbol Parameter Min. TYp. Max. Unit Test Condition 

tCY Clock Period 1.3 2 f.lsec 

t</>R Clock Rise Time 50 nsec 

t</>F Clock Fall Time 50 nsec 

t</>pw Clock Width 380 480 nsec 

t</>D1 Clock Delay 4>1 to 4>2 400 550 nsec 

t</>D2 Clock Delay 4>2 to 4>1 150 nsec 

tw Data-In, CM, SYNC Write Time 350 100 nsec 

tH[1,2J Data-In, CM, SYNC Hold Time 40 20 nsec 

tOS[3J Set Time (Reference) 0 nsec 

tACC Data Bus Access Time 930 nsec 

tOH Data Bus Hold Time 50 nsec 

tRTSK Return Line Pull-Down Time 5 f.ls C = 1 OOpF; Scanned 

Keyboard Mode 

tRTSN Return Line Pull-Down Time 30 f.ls C= 100pF; 

Sensor Mode 

Capacitance 

limits 

Symbol Parameter Min. Typ. Max. Unit Test Condition 

C</> Clock Capacitance 8 pF VIN = VSS 

COB Data Bus Capacitance 14 20 pF VIN = VSS 

CIN Input Capacitance 10 pF VIN = Vss 

COUT Output Capacitance 10 pF VIN = VSS 

Notes: 1. tH measured with t</>R = 10nsec. 
2. All MCS-40 components which may transmit instruction 011 data to a 4004 or 4040 at M2 and X2 always enter a float state until the 

4004/4040 takes over the data bus at X1 and X3 time. Therefore the tH requirement is always insured since each component contributes 
10IlA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1 V IllS. 
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OISPLAVA 
OUTPUT 

DISPLAV B 
OUTPUT 

OPEN 

I MCS-40 
INSTR. 
CYCLE 

Figure 11. Data Blanking Detail-Individual Display Mode. 

SELF·SCAN 
RESET ~ 

(A31 

SELF·SCAN 
CLOCK 

(Aol 

4269 

111.h (16 CHAR. I I t 
OR ~ 

139.h (20 CHAR. I 

!---DATAVALID---1 I_DATAVALID-! 

~ CHARACTER 0 ---_. • CHARACTER 1---_ 

Figure 12. Gas Discharge (Self-Scan) Mode Timing - 16 or 20 Character Mode. 

SELF-SCAN 

OPEN 

R::~T ~r------------------------------------------------------------------------

SELF·SCAN 
CLOCK 

(Ao) 

I t=ATAVALID -I t=DATAVALID ---I I~ DATA VALID -~ 
111th 

CLOCK CHARACTER a _ - CHARACTER 1 __ CHARACTER 2 

Figure 13. Gas Discharge (Self-Scan) Mode Timing -18 Character Mode. 
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S. 
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S7 

4269 

LSD MSD 
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Figure 9. Individually Scanned Display Mode Timing. 
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Figure 10. Detailed Timing of Strobe and Return Lines for Keyboard, Sensor, and Individual Scanned Displa~, Modes. 
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inter 4201 
CLOCK GENERATOR 

• Complete Clock Requirements 
for MCS-40TM Systems 

• Crystal Controlled Oscillator 
(XT AL External) 

• MOS and TTL Level Clock 
Outputs 

• Provides MCS-40 Reset 
Function Signal 

• Standard Operating 
Temperature Range of 
00 to 70°C 

• Also Available with -400 to 
+850 C Operating Range 

The 4201 is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 4201 
contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level clock driver 
circuits. 

The 4201 also performs the power on reset function required by MCS-40 components and provides the logic necessary to imple
ment the single-step function of the 4040 central processor unit. 

PIN CONFIGURATION 

4201 

BLOCK DIAGRAM 

"" j = 11----8-:: 
MODE o>--________ .. l ___ ~.,..t-r-r-' 

P-o} MOS 
... ,-========~ °2 DRIVER r------

9, ,DRIVER 

'--_O_R_'V_ER_....I~ } TTL 
'-------'~ DRIVER ! ____ 

RESETOUTO:======J~~--'=:[~~~J:=;~~=========:::: ~'.~: g _ STEP S~~:~iF g ~~~ 

111 
Vss Voo GROUND 
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Pin Description Pin No. Destgnation 

GND 

<l>H -

<1>2 

4 VDD 

MODE 

6 N. OPEN 

Xl 

X2 

Functional Description 
The 4201 consists of the following functional blocks: 

CRYSTAL OSCILLATOR 

4201 

Description of Function 

Circuit ground potential. This 
pin can be left floating for low 

power application. MOS clock 
output will be operative, TTL 
clock outputs will not. 

Phase 1 TTL level clock out· 

put. Positive true. 

Phase 2 MOS level clock out· 
put. Directly drives all MCS-
40 components. 

Main Power Supply Pin. 

VDD= Vee -15V ±5%. 

Counter mode control pin. 

Determines whether counter 
divides basic frequency by 8 
or 7. 
Mode 1 = Vee"'" 77 
Mode 2 = VOD =>-;-8 

Input of single step circuitry 
to which normally open con· 

tact of SPDT switch is con· 
nected. 

External Crystal Connection. 
This pin may be driven by an 

external frequency source. X2 
should be left unconnected. 

External Crystal Connection. 

Pin No, Designation 

9 N.CLOSED 

10 ACK 

11 STOP 

12 RESET IN 

13 RESET 

14 <1>1 

15 Vee 

16 ¢2T 

Description of Function 

Input of single step circuitry 

to which normally closed con
tact of SPOT switch is con

nected. 

Acknowledge input to single 
step circuitry normally con

nected to stop acknowledge 
output of 4040. 

Stop output of single step cir
cuitry normally connected to 
stop input of 4040. A SPDT 
toggle switch may be inserted 
in this line for RUN/HALT 
control. 

Input to which RC network is 
connected to provide power

on reset timing. 

Reset signal output which di
rectly connects to all MeSAO 
reset inputs. This signal is act

ive low. 

Phase 1 MOS level clock out· 
put. Directly drives all MCS-
40 clock inputs. 

Circuit reference potential -
most positive supply voltage. 

Phase 2 TTL level clock out
put. Positive true. 

4 bit device. When in the 4 bit mode the clock is divided by 2 
and then by 4 to provide a divide by 8 function. The rela
tionship between the phases is equal; that is, 1>1 pulse width, 
1>2 pulse width, 1>1 to 1>2 and 1>2 to 1>1 times are all equal. 

The oscillator is a simple series mode crystal-type circuit 
consisting of two inverters biased in the active region, and a 
series crystal element_ 

PHASE DECODER 

A simple gate complex is used to decode the shift register 
outputs to provide phase 1 and phase 2 clock waveforms. 
This circuitry is controlled by the mode input to achieve the 
two sets of timing discussed in the previous section. 

PROGRAMMABLE SHIFT REGISTER 

The shift register in the 4201 divides the master clock and 
generates the proper states for generating the desired two
phase clock_ The cirru it is a seven bit dynamic device which 
circulates a logical "1" through a field of zeroes_ The output 
of the various states are then combined to provide the proper 
clock waveforms. This provides a divide by 7 function. 

In order to maintain the proper clock timing over the full 
operating frequency range of the MCS-40'" system, the shift 
register is programmable (using mode pin) as either a 7 bit or 

-;- 7 COUNTER LI _t~L-2=--LI ...:,.3 ....J..1_4~L-5=--1...1 _6=--LI _7;,...,J1 
", 1 .... __ ---' L-. ,-------------------, 

MODEl 

-;- 8COUNTEA 

"'1 ... ___ -, L 
.,-------------------, 

MODE2 

4201 Shift Register Modes. 
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OUTPUT BUFFERS 

There are two sets of output buffers for the 2 phase clock. 
One set is the MaS level drivers designed to directly drive a 
full complement of MSC-40 components. The second set pro
vides TTL compatible outputs which can drive one standard 
TTL load. 

RESET CIRCUIT 
The reset circuit is simply a level detector and driver stage. 
An external RC network connected between Voo and Vss 
at the reset input pin of the 4201 provides the required 
power-on delay. 

To generate a reset, the Voo supply must reach its full 
voltage level before the Vss supply turns on . 

SINGLE STEP CONTROL 
The 4201 contains the necessary circuitry for allowing the 
4040 CPU to execute instructions one at a time. Using the 
stop input and stop acknowledge output of the 4040, the 
4201 generates a pulse that allows the 4040 to perform only 
one instruction. The stop command can be provided by a 
SPOT pushbutton directly since debouncing'is provided by 
the 4201. A SPSTtoggleswitch, in series with the STOP line, 
provides the Run/Halt feature. 



4201 

Absolute Maximum Ratings* 

Storage Temperature ......... -55°C to 150°C Ambient 
Operating Temperature ........... O°C to 70°C Ambient 
Maximum Positive Voltage ................ Vcc +.5V 
Maximum Negative Voltage ................ VDD -.3V 
Maximum Power Dissipation . . . . . . . . . . . . . . . . .. 1.0W 
Maximum Supply Voltage Vcc -VDD .......... 17V[1] 
Maximum Supply Voltage Vcc -VDD .......... 17V[2] 

Notes: 1. CLOAD, <1>1 and <1>2 ;;>100pF. 
2. CLOAD, <1>1 and <1>2 = 0; R = 6an, VDD Pin to VDD; Bypass 

Capacitor at VDD Pin. 

'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 
at any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to Abso
lute Maximum Rating conditions for extended periods may 
affect device reliability. 

D.C. Characteristics TA = o°c to 70°C; VCC-VDD = 15V ±5%; GND = Vce -5V ±5%. 

Symbol Parameter 
Limit 

Units Conditions 
Min. Max. 

III I nput Leakage Current 10 JlA VIL = VDD All inputs except X1 , X2, 
N. Open, N. Closed 

VIH Input High Voltage Vee - 1.5 Vee+·5 V All inputs except Xl, X2, Reset 

VIL Input Low Voltage VDD Vee-13 V All inputs except X1, X2, Reset 

VOL Output Low Voltage VDD Vee-13.4 V Capacitance load only 

VOH Output High Voltage Vce-1.5 Vee V Capacitance load only 

VOL 4>1T,4>2T GND+.5 V IOL = 1.6mA 

VOH 4>1T,4>2T Vee-·75 V IOH = -400JlA 

IOL 4>1 ' 4>2 Si n k Current 400 mA VOUT = Vee; Pulse Width ';;lJlsec 

IOL 4>1T,4>2T Sink Current 15 mA VOUT = Vee 

IOL Reset Sink Current 6 mA VOUT = Vee 

IOL Stop Sink Current 1 mA VOUT = Vee 

IOH 4>1,4>2 Source Current 180 mA VOUT = VDD 

IOH 4>1T, </i2T Source Current 8 mA VOUT = VDD 

IOH Reset Source Current 6 mA VOUT = VDD 

IOH Stop Source Current 1 mA VOUT = VDD 

IDD Average Supply Current 20 mA 5.185MHz Crystal, CLOAD 4>1 and 4>2 = 20pF 

VIL Reset Input Low Voltage VDD Vee- 11 V 

VIH Reset Input High Voltage Vee-6.5 Vee+· 5 V 

R1 Pull Up Resistance on 20 120 K!1 VIN = VDD 
N. Open, N. Closed 

Capacitance f = 1 MHz; T A = 25° C 

Symbol Parameter 
Limit 

Units Conditions 
Min. Max. 

CIN Input Capacitance 5 pF All Inputs except X1, X2 

GoUT 4>1,4>2 Output Capacitance 40 pF 

GoUT 4>1T, 4>2T Output Capacitance 10 pF 

GoUT Stop Reset Output Capacitance 5 pF 
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XT AL Specifications 

Range: 3.5 - 5.185 MHz 

Mode: Series or Parallel Resonant 

Recommended: Oystek 5.185 MHz 

Spec. No. CY8A or CTS 

4201 

CTS Knights 
XTAL Equivalent Circuit 

~p~ 
~----11~ 

eM LM RM 

Knights 4201-5.185 or Equivalent 

XTAL Capacitance Requirements: 20·30 pF 

A.C. Characteristics TA = o°C to 70°C; Vcc -Voo = 15V ±5%; G = Vcc -5V ±5% 

Symbol Parameter 
Limit 

Units 
Min. Typ. Max. 

tCY Clock Period tXTAL *7 ns 

t</>pw Clock Pulse Width (2/7ltcy-10 (2/7)tCY (2/7)tcy+10 ns 

t</>o 1 Clock Delay from <P1 to <P2 (2/7)tCy-10 (2/7)tCY (2/7)tcy+10 ns 

t</>o 2 Clock Delay from <P2 to <P1 (1 /7)tcy-1 0 (ll7ltcY (1/7)tCy+10 ns 

tCY Clock Period tXTAL *8 ns 

tq,pw Clock Pulse Width (1 /4)tcy-1 0 (1/4)tcy (1/4)tCy+10 ns 

t</>o 1 Clock Delay from <P1 to <P2 (1 /4ltcy-1 0 (1/4)tCY (1/4)tCy+10 ns 

t</>02 Clock Delay from ¢2 to ¢1 (1/4ltcy-10 (1/4)tCY (1/4)tCy+10 ns 

t</>o 3 TTL Clk to MOS Clk Skew[1] 0 40 ns 

tq,,-.t</>f Clock Rise and Fall Time 50 ns 

to Delay from Acknowledge to 1 J.lS 
Stop 

Note: 1. See waveforms section for phase relationships between </>1. </>1T. </>2. and </>2T. 

Co "" 3-5pF 

CM "" lOfF 
RM "" 50n 
LM "" 1 

(2rrf)2 ~ 

Conditions 

} Mode = Vcc 

} Mod,'Voo 

CL =300pF=¢1.¢2; 
CL =50pF on ¢n .¢2T 

CL =20pF 

2. Proper system operation of all members of the MCS·40' "component family is guaranteed with the 4201 Clock Generator 
at 1.35 I'sec ';tCY ';2I'sec. 

Typical Characteristics 
100 CURRENT VS. LOAD CAPACITANCE 

25 

20 

10 

.,...... V 
/ -

15 

-

o 
o 50 100 150 200 250. 300 350 
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4201 

CLOCK GENERATOR 
IMPLEMENTATION 

~v------,---------------------------~ 

-10V---'.,¥v----+----;--------------r------/-:-:---\ 

IDLE 14 0, 0, 

(,:.7) Vee 

1----<>02 
MODE 

4201 10 FROM 4040 
ACK ~CC' STOP ACK 

lOKS'"! 
~ '1 HALT 4040 U RESET STOP RUN STOP INPUT 

B ----=":"N'""2 RESET 
~ ~ 

CR ~--~ ... 

Power Supply Voltages 

The purpose of RDD is both to limit <1>1 and <1>2 rise times and 
to drop VDD at the 4201 pin. Values for RDD as a function 
of <1>1, <1>2 load capacitance are: 

For CLOAD <50pF; use RDD = lOOn. 
For 50pF <CLOAD <100pF; use RDD = 68n. 

For 100pF <CLOAD <300pF; use RDD = 27n. 
For CLOAD >300pF; use RDD = 10n. 

All 4201 functions requiring the VDD voltage should use the 
pin VDD or node @ on the 4201 side of resistor RDD. 

Operation is guaranteed with Vee-VDD = 15V ±5%. During 
system power-up or during power supply glitching, the maxi
mum magnitude of (Vee-VDD) must be limited to 17 volts. 

With Vee = +5V, VDD = -10V, bypass capacitor Cl of 1 IlF 
and C2 of .1 IlF in parallel from Vee to GND and VDD to 
GND provide excellent bypassing. 

Single-Supply Systems (+15V or -15V) 

Recommended 4201 circuit modifications for single supply 
systems are: 

1. The 1 IlF capacitor Cl should be between VDD and Vee. 

2. Other capacitors shown as being grounded should be con
nected to Vee. 

3. Reset R - C should be connected to Vee. 

4. The current limiting resistor RDD is still needed in the 
VDD line. 

Crystals 

Either +7 or +8 Modes may be used. Mode equals Vee for 
+7, Mode equals VDD for +8. The XTAL range should be be
tween 500 kHz (4 MHz XTAL, +8 MODE) and 740 kHz 
(5.185 MHz XTAL, +7 MODE). These XTAL may be found 
as standard products from CTS Knights or Crystek. 

-= 
C3"' C4 = 20pF 

The XTAL terminals, Xl and X2, should each be tied to 20pF 
capacitors C3 and C4 to GND. Exact values of C3 and C4 
should be selected such that total capacitance values seen at 
X1 and X2 inputs, including lead and board capacitance, are 
20 - 30pF allowing proper oscillation start up following a Re
set. 

Reset Network 

The Reset input has VIL = Vee -11 Volts and VIH = Vee 
-6.5 Volts, with about 1 Volt of hysteresis (Schmitt circuit). 

Node ® must be tied to GND or Vee = +5V; and RR and 
CR selected, such that the negative VDD transition moves the 
Reset input below VIL. 

Tying node ® to GND and making CR very large, i.e. >l1lF, 
will allow the greatest freedom in Vee and VDD rise times 
during turn-on. Tying node ® to GND will also cause Reset 
after a VDD glitch to GND. 

The purpose of Rs at 510n or 1 kn, is to limit Reset input 
fall time on manual Reset, so that the Reset input does not 
fall below VDD. 

TTL Clock Outputs 

If <l>1T and <I>:rr are used, GND pin should be tied to logic 
ground. <l>1T and <I>:rr levels will be equal to Vee and the 
GND pin level. 

Unused Functions 

If any of the 4201 functions listed below are not used, it is 
recommended that the pins be connected as described below: 

1. <l>1T' <I>:rr - Tie GND, <l>1T' <I>:rr to Vee· 

2. Single Step - Tie NO to Vee 
NC to Node @ (VDD pin of 4201) 
STOP ACK to Vee 
STOP left open 

3. Reset - Tie RESET I N to Vee 
RESET OUT to Vee 
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4201 

Waveforms 
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inter 4008/4009 

STANDARD MEMORY AND I/O INTERFACE SET 

• Direct Interface to Standard 
Memories 

• Allows Write Program Memory 

• 24 Pin Dual In-Line Packages 
• Standard Operating 

Temperature Range of 
0° to 70°C 

The standard memory and 1/0 interface set (4008/4009) provides the complete control functions performed by the 4001 or 4308 
in MCS-40'· systems. The 4008/4009 are completely compatible with other members of the MCS-40 family. All activity is still 
under control of the CPU. One set of 4008/4009 and several TTL decoders is sufficient to interface to 4K words of program 
memory, sixteen four-bit input ports and sixteen four-bit output ports. 

0, 

0, 

0, 

4008 BLOCK DIAGRAM 

0, ~--""" __ JT'rrr-. 

W F/l 

PIN CONFIGURATIONS 

Ao 4009 BLOCK DIAGRAM 
A, 

A, 

A, .. .. 0', .. 0, 
A, 0, 

"0, 
110, 

SYNC 1'°2 
" '10, ., 

I/O BUS 

~ 

Co " C, SYNC. 

C, 

C, 
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4008/4009 

Pin Description 
4008 

Designation/ 
Pin. No. Type of Logic Description of Function 

1-4 Do-Da/Neg. Bidirectional data bus. All ad
dress, instruction and data 
communication between proc
essor and the PROGRAM 
MEMORY or I/O ports is trans
mitted on these 4 pins. 

7-8 

6 

5 

¢1-¢2/Neg. Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

SYNC/Neg. Synchronization input signal 
driven by SYNC output of 
processor. 

CM-ROM/Neg. Command input driven by 
CM-ROM output of processor. 
Used for decoding SRC and I/O 
instructions. 

Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at Al and A2. 

15-13, 11 CO-C3/PoS. Chip select output buffers. The 
address data generated by the 
processor at A3, or during an 
SRC are transferred here. 

9 F/L/Neg. 

10 W/Pos. 

12 

24 

7-60 

Vss 

Voo 

Output signal generated by the 
4008 to indicate which half
byte of PROGRAM MEMORY 
is to be operated on. 

Output signal, active low, gen
erated by the 4008 when the 
processor executes a WPM in
struction. 

Most positive supply voltage. 

Main power supply pin. Value 
must be VSS -15V ±5%. 

Pin No. 

23-20 

5-8,1-4 

14-13 

11 

15 

9 

10 

19·16 

23 

12 

4009 
Designation/ 
Type of Logic Description of Function 

Do-Da/Neg. 

D'l-D'S/POS. 

SYNC/Neg. 

Bidirectional data bus. All ad
dress, instruction and data 
communication between proc
essor and the PROGRAM 
MEMORY or I/O ports is trans· 
mitted on these 4 pins. 

The eight bits of instruction 
from the program memory are 
transferred on these 4009 pins 
(most sign ificant bit is 08). 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization input signal 
driven ,by SYNC output of 
processor. 

CM-ROM/Neg. Command input driven by 
CM-ROM output of Processor. 

IN/Neg. Output signal, active low, gen
erated by the 4289 when the 
processor executes an RDR in
struction. 

OUT/Neg. Output signal, active low 
(Voo), generated by the 4009 
when the processor executes a 
WR R instruction. 

I/Oo-I/Oa/Pos. Bidirectional I/O data bus. Data 
to and from I/O ports or data 
to write PROGRAM MEMORY 
are transferred via these pins. 

Voo Main power supply pin. Value 
must be VSS -15V ±5%. 

Vss Most positive supply voltage. 



4008/4009 

Functional Description 

The 4008 is the address latch chip which interfaces the 4004 
or 4040 to standard PROMs, ROMs arid RAMs used for 
program memory. The 4008 latches the low order eight bits 
of the program address sent out by the CPU during A 1 and 
A2 time. During A3 time it latcnes the high order four bits of 
the program address from the CPU. The low-order eight 
bits of the program address are then presented at pins AO 
through A7 and the high-order four bit (also referred to as 
page number) are presented at pins CO through C3. These 
four bits must be decoded externally and one page of 
program memory is selected. 

The 4009 then transfers the eight bit instruction from 
program memory to the CPU four bits at a time at M:1 and 
M2. The command signal sent by the CPU activates the 4009 
and initiates this transfer. 

When the CPU executes an SRC (Send Register Control) 
instruction, the 4008 responds by storing the I/O address in 
its eight bit SRC register. The content ofthis SRC register is 
always transferred to the address lines (AO through A7) and 
the chip select lines (CO through C3) at X1 time. The 
appropriate I/O port is then selected by decoding the chip 
select lines. The IN and OUT lines of the 4009 indicate 
whether an input or output operation will occur. 

The 4009 is primarily an iristruction and I/O transfer device. 
When the CPU executes an RDR (Read ROM Port) 
instruction, the 4009 will send an input strobe (pin 9) to 
enable the selected input port. It also enables I/O input 
buffers to transfer the input data from the I/O bus to thedata 

Absolute Maximum Ratings* 

bus. When the 4009 interprets a WRR (Write ROM Port) 
instruction, it transfers output data from the CPU to the I/O 
bus and sends an output strobe (pin 10) to enable the 
selected output port. 

The WPM (Write Program Memory) instruction is used in 
conjunction with the 4008/4009 to write data into the RAM 
program memory. When an instruction is to be stored in 
RAM program memory, it is written in two four-bit 
segments. The F/L signal from the 4008 keeps track of 
which half is being written. When the CPU executes a WPM 
instruction, the chip select lines of the 4008 are jammed with 
"1111 ". In the system design this should be designated as 
the RAM channel. The W line on the 4008 is also activated by 
the WPM instruction. The previously selected SRC address 
on line AO through A7 of the 4008 becomes the address of 
the RAM word being written. By appropriately decoding the 
chip select lines, the W line, and F/L, the write strobes can 
be generated for the memory. 

The F/L line is initially high (Vss) when power comes on. It 
then pulses low (Voo) when every second WPM is executed. 
A high (Vss) on the F/L lines means that the first four bits 
(OPR) are being written, and a low means that the last four 
bits (OPA) are being written. The 4009 transfers the 
segment of the instruction to the I/O bus at X2 of the WPM 
instruction. The SRC address sent to RAM is only 8 bits. 
When more than one page of RAM (256 bytes) is being 
written, an output port must be used to supply additional· 
address lines for higher order addresses. 

Ambient Temperature Under Bias ............... :. O°C to 70°C 'COMMENT: 

Storage Temperature ........................ -55°C to + 125°C 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

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. 

7·61 

I 



4008/4009 

D.C. and Operating Characteristics 
TA = o°c to 70°C; Vss -Voo = 15V ±5%; t.ppw = t1>01 = 400 nsec; t.p02 = 150 nsec; Logic "0" is defined as the more positive 
voltage (VIH, VOH); Logic "1" is defined as the mor~ negative voltage (VIL, Vod; Unless Otherwise Specified. 

SUPPLY CURRENT 

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

100 Average Supply Current (4008 only) 10 20 mA TA = 25°C 

100 Average Supply Current (4009 only) 13 30 mA TA = 25°C 

INPUT CHARACTERISTICS-ALL INPUTS EXCEPT I/O PINS 

III Input Leakage Current 10 IlA VIL = Voo 

VIH Input High Voltage (Except Clocks) Vss-l.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) Voo VSS-5.5 V 

VIHC Input High Voltage Clocks Vss-l.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT I/O PINS 

ILO Data Bus Output Leakage Current 10 IlA VOUT = -12V 

VOH Output High Voltage Vss-·5V VSS V Capacitance Load 

IOL Data Lines Sinking Current 8 15 mA VOUT = VSS 

IOL[1) Address Line Sinking Current (4008 only) 7 13 mA VOUT = Vss 

IOL In, Out, F /L, Chip Select 1.6 4 mA VOUT = Vss -4.85 

IOL[2) W Output, Sinking Current (4008 only) 2.5 5 mA VOUT = Vss 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 V IOL = 0.5mA 

ROH Output Resistance, Data Line "0" Level (4008 only) 150 250 n VOUT = Vss -.5V 

ROH Address, Chip Select Output Resistance, .6 1.2 kn VOUT = Vss -.5V 
"0" Level (4008 only) 

ROH Output Resistance, Data Line "0" Level (4009 only) 130 250 n VOUT = Vss -2V 

ICF[3) Address, CIS Output "1" Clamp Current (4008 only) 16 mA VOUT = Vss -6V 

ICF[3) In, Out "1" Clamp Current (4009 only) 16 mA VOUT = Vss -6V 

I/O INPUT CHARACTERISTICS 

III I nput Leakage Current 10 J1A 
VIH[4) Input High Voltage VsS-l.5 VSS+·3 V 

VIL Input Low Voltage (4009 only) Voo VSS-4.2 V 

I/O OUTPUT CHARACTERISTICS 

VOH Output High Voltage VSS-·5V V lOUT = 0 

ROH I/O Output "0" Resistance (4009 only) .25 1.0 kn VOUT = Vss -.5 

IOL 1/00utput "1" Sink Current (4009 only) 5 12 mA VOUT = Vss -.5V 

IOL I/O Output "1" Sink Current (4009 only) 1.6 4 mA VOUT = Vss -4.85V 

ICF I/O Output "1" Clamp Current (4009 only) 16 mA VOUT = Vss -6V 

CAPAC IT ANCE 

C¢ Clock Capacitance 8 15 pF VIN = Vss 

COB Data Bus Capacitance 7 10 pF VIN = Vss 

4N Input Capacitance (4008 only) 10 pF VIN = Vss 

CIN Input Capacitance (4009 only) 15 pF VIN = Vss 

GoUT Output Capacitance 10 pF VIN = Vss 

Notes: 1. The address lines will drive a TTL load if a 470!? resistor is connected in series between the address output and the TTL input. 
2. A 6.Bk!? resistor must be connected between Pin Wand VOO for TTL capability. 
3. Resistors in series with TTL inputs may be required to limit current into VOO or VSS from TTL input clamp diodes. 
4. TTL VOH = 2.4V will ensure 4009 VIH = VSS -1.5 via the 4009 latch. Refer to Figure 3. 
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4008/4009 

A.C. Characteristics 

Limit 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tCY Clock Period 1.35 2.0 /lsec 

tl/>R Clock Rise Time 50 ns 

tl/>F Clock Fall Times 50 ns 

tl/>pw Clock Width 380 480 ns 

tl/>01 Clock Delay 1/>1 to 1/>2 400 500 ns 

tl/>02 Clock Delay 1>2 to 1/>1 150 ·ns 

tw Data-In, CM, SYNC Write Time 350 100 ns 

tH[1,3] Data-In, CM, SYNC Hold Time 40 20 ns 

tOS[2] Set Time (Reference) 0 ns 

tACC Data-Out Access Time COUT = 
Data Lines 930 ns 500 pF Data Lines 

SYNC 930 ns 500pF SYNC 

CM-ROM 930 ns 160pF CM-ROM 

CM-RAM 930 ns 50pF CM-RAM 

tOH Data-Out Hold Time 50 150 ns COUT = 20pF 

tA1 Address to Output Delay at A1, X1 (4008) 580 ns CL = 250pF 

tA2 Address to Output Delay A2 (4008) 580 ns CL = 250pF 

tcs Chip Select Output Delay at A3 (4008) 300 ns CL = 50pF 

two W Output Delay (4008) 600 ns CL = 100pF 

tFo F /L Output Delay (4008) 0.1 1 /lS CL = 100pF 

tWI Data In Write Time (4009) 470 ns CL = 200pF on data bus 

to I/O Output Delay (4009) 1.0 /ls CL = 300pF 

tS1 IN Strobe Delay (4009) 450 ns CL = 50pF 

tS2 OUT Strobe Delay (4009) 1.0 /lS CL = 50pF 

Notes: 1. tH measured with tq,R = 10nsec. 
2. tACC is Oata Bus, SYNC and CM-Iine output access time referred to the <1>2 trailing edge which clocks these lines out. tos is 

the same output access time referred to the leading edge of the next <1>2 clock pulse. 
3. All MCS-4O components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state until 

the 4004/4040 takes over the data bus at X1 and X3 time. Therefore the tH requirement is always insured since each 
component contributes 1OI'A of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster tha n 1 V,,"<s. 
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Timing Diagram 
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Figure 1. 4008 and 4009 Timing Diagram. 
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Figure 2. MCS-40 Timing Detail. 
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~ 
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-

J 'H 

X ANY 

X 
tOH 

10% 

90% 

-1V 

-5V 

-1V 

-5V 

I/O 

I-

I/O INTERNAL 

EXPLANATION: 

WITH Vss "" +5Vand Voo '" -10V, AN EXTERNAL TTL INPUTTING TO 
THE 4289 ON THE I/O LINE, RAISES THE I/O LINE TO 2,4V. THE Q1-RA 
INVERTER TURNS "OFF" AND 02 PU"LLS THE I/O LINE TO VSS. A LOW 
TIL SIGNAL OVERRIDES Q2. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE, THE EXTERNAL I/O LINES REMAIN HIGH THROUGH 02. 
THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vce::: VSS ON TTL OUTPUTS, AS RI DOES ON 4001/4308 INPUT PORTS. 

Figure 3. 4009 I/O Latch. 



inter 4289 

STANDARD MEMORY INTERFACE 

• Direct Interface to all Standard 
Memories 

• Allows Read and Write Program 
Memory 

• Single Package Equivalent of 
4008/4009 

• TTL Compatible Address, Chip 
Select, Program Memory Data 
Lines 

• 40 Pin Dual In-Line Package 

• Standard Operating 
Temperature Range of 
0° to 70°C 

• Also Available With 
-40° to +85° C Operating 
Range 

The 4289 standard memory interface and I/O interface enables the CPU devices to utilize standard memory components as 
program data memory. Notably, PROMs (4702A), RAMs (2102) and ROMs can be arranged in a memory array to facilitate 
system development. Programs generated using the 4289 interface can be committed to MCS-40'· ROMs (4308 and 4001) with 
no change to software. 

The 4289 also contains a 4 bit bi-directionall/O port and necessary steering logic to multiplex a host of I/O sources to the CPU. 
The Read and Write Program Memory instruction allows the user to store data and modify program memory. The device directly 
addresses 4K of program memory. The address is obtained sequentially during A1-A3states of an instruction cycle. The eight 
bit instruction is presented to the CPU during M1 and M2 states of the instruction cycle via the four bit data bus. 

The 4289 stores the SRC instruction operand as an I/O address and responds to the ROM I/O instructions (WRR and RDR) by 
reading or writing data to and from the processor and 4289 I/O bus. 

BLOCK DIAGRAM 

C3 

SRC 
REG. 

(UPPER) 

SRC 
Ao REG. 

(LOWER) OA, 

MEMORY ADDRESS A2 
ADDRESS BUFFERS A3 

MPX A, 
I/O DATA 

As BUS 
BUFFERS A. 

A, 

I 00, .. 002 .. o SYNC 

1 1 1 
.. OCM .. o RESET 

1/00 1/01 1/02 1/0 3 FIL Vss Voo Voo, 
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4289 
PIN CONFIGURATION 

O. 

0, 

0, 

0, 

OPRl 

OPAO 

OPA3 

e, 

" 

OUT 

v" 

Pin Description 

Designation/ 
Pin No. Type of Logic Description of Function 

1-4 Do-D3/Ne9. Bidirectional data bus. All ad
dress, instruction and data 
communication between proc
essor and the PROGRAM 
MEMORY or I/O ports is trans
mitted on these 4 pins. 

5-8 OPRO-OPR3/POS. The high order 4 bits (OPR) of 

9-12 

13-14 

15 

7-66 

the instruction or data (RPM) 
from the PROGRAM MEM
ORY are transferred to the 
4289 on these pins. 

OPAo-OPA3/Pos. The low order 4 bits (OPA) of 

SYNC/Neg. 

the instruction or data (RPM) 
are transferred to the 4289 on 
these pins. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization input signal 
driven by SYNC output of 
processor. 

16 

17 

18 

19 

20 

21 

22 

23-30 

31-34 

35 

36-39 

40 

CM/Neg. 

RESET/Neg. 

IN/Neg. 

OUT/Neg. 

Vss 

PM/Neg. 

F/l/Neg. 

V DD1 

Command input driven by 
CM-ROM output of processor. 
Used for decoding SRC and 
I/O instructions. 

RESET input. A negative logic 
"1" level (VDD) applied to this 
input resets the FIRST/LAST 
flip-flop. 

Output signal, active low (VDD). 
generated by the 4289 when 
the processor executes an R D R 
or RPM instruction. 

Output signal, active low (VDD). 
generated by the 4289 when 
the processor executes a WR R 
or WPM instruction. 

Most positive supply voltage. 

Output signal, active low (VDD), 
generated by the 4289 when 
the processor executes an RPM 
or WPM instruction. 

Output signal generated. by the 
4289 to indicate which half
byte of PROGRAM MEMORY 
is to be operated on (VDD = 
OPR, Vss = OPAl. 

Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at Al and A2. 

Chip select output buffers. The 
address data generated by the 
processor at A3 or during an 
SRC are transferred here. 

Supply voltage for address and 
chip select buffers. 

1/03-I/Oo/Pos. Bidirectional I/O data port. 

VDD 

Data to and from I/O devices 
or data to write PROGRAM 
MEMORY are transferred via 
these pins. 

Main power supply pin. Value 
must be Vss - 15V ± 5%. 



4289 

Functional Description 

The 4289 enables the 4 bit CPU chip (4004 or 4040) to 
interface to standard memory components. This allows 
construction of prototype or small volume systems using 
electrically programmable ROMs or RAMs in place of 4001 
or 4308 mask programmable ROMs. Since 4001s or 4308s 
also contain up to 16 mask programmable I/O ports, the 
4289 has provisions for directly addressing 16 channels of 4 
bit I/O ports. In its role as a Memory and I/O interface 
device, the 4289 provides three different types of operation, 
namely: 

a. Interface to Program Memory for instruction fetch 
operations. 

b. Interface to Input/Output ports for storing or fetching 
data using WRR, RDR instruction. 

c. Interface to RIW Program Memory for program 
alteration using WPM, RPM instructions. This feature 
may also be used for storing or fetching data, thus 
allowing the use of standard RIW RAM for data 
storage via the 4289. 

These three basic operations will be discussed in detail in 
the following paragraphs. 

Instruction Execution 
The contents of the data bus at A1, A2, and A3are latched 

by the 4289 and transferred to the address and chip select 
output buffers. The low order address at A1 is transferred to 
Ao-A3 outputs, the middle order address at A2 is transferred 
to A4-A7 outputs and the high order address at A3 is 
transferred to CO-C3 outputs. These 12 output lines provide 
the necessary address and chip select signals to interface to 
a 4K x 8 bit Program Memory. 

The 8 bit word selected by Ao-A7 and CO-C3 is transferred 
to the processor via the OPR(}-3, OPA(}-3 input lines and the 
data output buffer. The high order bits (OPR) are 
transferred at M1 and the low order 4 bits (OPA) are 
transferred at M2. 

The 4289 has been designed to work equally well with 
either the 4004 or 4040 processor elements. Since the 4040 
is provided with two CM-ROM controls which allow it to 
directly address up to 8K x 8bitsof Program Memory (4Kx 8 
bits selected by each CM-ROM control), two 4289s would 
be required for full memory capability. In this case, one 4289 
would be controlled by CM-ROMo and the other by CM
ROM1. The 4289 which receives CM at A3 would be enabled 
to transfer data at M 1 and M2. 

It should be noted that the two CM-ROM controls permit 
the simultaneous use of 4001, 4308, and 4289 in the same 
system. The ROM's 4001 and 4308 can be mixed and 
assigned to one CM-ROM control line while a single 4289 
can be assigned to the other. However, within one CM-ROM 
control line, 4289, 4001, and 4308 cannot be mixed, since 
the 4289 does respond to a full 4K of memory by its design 
and thus would overlap program memory address with the 
4001 or 4308. 

I/O Port Operation 
When the processor executes an I/O port instruction 

(WRR or RDR), a previously selected I/O port (via an SRC 
instruction) is enabled to receive or transmit 4 bits of data. In 

the case of WRR, the selected output port receives the 4 bit 
contents of the processor accumulator, and in the case of 
RDR, the selected input port transmits 4 bits of data to the 
processor accumulator. The 4 bit value sent out at X2 time of 
the SRC instruction is used as the port address. Since the 
4289 is capable of addressing 16 4 bit I/O ports, it must 
therefore be capable of storing the SRC address sent by the 
processor and presenting that address to the external I/O 
port selection logic for WRR or RD.R instructions which 
follow. To accomplish this, the 4289 behaves as follows: 

a. When the processor executes an SRC instruction, the 
4289 stores the address sent out by the processor at X2 
and X3. The contents of the upper 4-bits of the SRC 
register are transferred during every X1 time to the 
chip select lines and are available for subsequent I/O 
instructions' port selection. 

b. When the processor then executes a WRR instruction, 
the 4289 latches the data sent out by the processor at 
X2 and transfers this data to the I/O output buffer. This 
buffer is enabled during X3 and transmits the data to 
the selected output port. So that external port logic 
may be enabled to receive the data, the 4289 
generates the OUT strobe signal. 

c. When the processor executes an RDR instruction, the 
4289 generates the IN strobe. This enables the 
selected input port to transmit its data to the I/O bus, 
where it is latched by the 4289 and transferred to the 
processor at X2. 

Note that in a system using ROMs, the 4 bit port number 
. is decoded by the ROM chip itself. Where a 4289 is used, the 
4 bit port number outputted at the chip select lines CO-C3 
must be externally decoded to select the appropriate I/O 
device. 

Read/Write Program Memory Operations 

If the 4289 is used in conjunction with the 4040, both the 
WRITE and READ PROGRAM MEMORY (WPM/RPM) 
functions are directly available (only the WPM is available 
for 4004 systems). To accomplish these operations, the 
following are required: 

a. A program memory address. 
b. The proper control signals. 
c. A means of transmitting the data to be stored or 

fetched. 

The 4289 provides all of these as described below. 

Program Memory Address 

The address for an RPM or WPM operation is provided by 
the 8 bit contents of the SRC register. Note that the RPM or 
WPM instruction must have been preceded by an SRC 
instruction which loaded an 8-bit address into the 4289'5 
SRC register. This 8-bit address isthefull address of an 8-bit 
word in one ReadIWrite Program Memory page (256 bytes). 
If more than one page of ReadIWrite Program Memory is 
desired, these pages must be selected by external logic 
controlled via other output ports of the system. At X1 of 
every instruction cycle the 8 bit value contained in the SRC 
register is transferred to the address output buffers Ao-A7. 
This address will select 1 out of 256 program memory words. 

During execution of WPM or RPM, the 4289 does not 
transfer the high order 4 bits of the SRC register to Co-C3. 
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Instead, it forces all4chip select output buffers to a logic "1" 
state (positive true logic or Vss). This forcing of CO-C3 to all 
"1s" can be used to indicate the execution of a WPM or RPM 
instruction. The PM output signal is also generated 
whenever a proper memory operation (WPM or RPM) is 
being performed. If only one page of RIW memory is 
required, the 1111 condition on CO-C3 or the PM signal can 
be used to enable that page. If more than one page is 
required, an additional output port of the system along with 
external logic will be necessary to provide the 1 out of 16 
page select function. 

Since the program memory' is organized as 8 bit words, 
and since RPM and WPM are tr~nsmitting only 4 bit words, it 
is also necessary to specify either the upper or lower half
byte of program memory. 

This is done automatically by a FIRST/LAST flip-flop and 
output signal in the 4289. The state of this flip-flop is used to 
generate the control signal F /L which determines the proper 
half-byte of program memory. If F/L is a logic "1" state 
(Voo), OPR is selected. When F/L is a logic "0" (Vss), OPA is 
selected. The user can directly reset the FIRST/LAST flip
flop to logic "0" (Vss) in the 4289 by applying a RESET 
signal. 

Starting from a "reset" condition the FIRST/LAST flip
flop automatically toggles after executing either an RPM or 
WPM instruction. Hence, odd numbered program memory 
operations select OPA and even numbered program 
memory operations select OPR (starting with #1 from reset). 
Alternate WPM and RPM instructions should be used with 
care since this can cause an out of sequence with the F/L 
line. 

The OUT strobe signal is generated only during WRR 
and WPM instructions. Hence, the combination of the PM 
signal (or CO-C3 = 1111) and the OUT signal can be used as 
a WRITE ENABLE for R/W program memory. 

Program Memory Data Paths 

When the processor executes the WPM instruction, the 
4289 . latches the data sent out at X2 by the processor and 
transfers it via the I/O output buffers to the I/O port. The I/O 
port must be connected to the data input pins of the RIW 
memory chips. (Refer to Figure 2 which follows.) 

If the processor (4040) executes the RPM instruction, 
then the entire 8 bit program memory word is transferred to 
the OPRo-OPR3 and OPAo-OPA3 inputs of the 4289. 
Depending on the state of the F/L signal, either the OPA or 
the OPR half-byte is automatically selected by the 4289. 

Data Storage 

If ReadlWrite Memory is interfaced to via a 4289 and is 
used for data storage only, the data is accessed via the WPM 
and RPM instructions just as ReadlWrite Program Memory 
would be accessed. The only difference that the chip select 
lines CO-C3 are never used to select the ReadlWrite Memory 
in an instruction fetch operation. The PM pulse would be 
used to select the ReadlWrite data memory. 

N6te that the RAM instructions RDM, WRM, WRO-WR3, 
RDO-RD3, SBM and ADM cannot be used to access this 
type of data ReadlWrite memory. 

7-68 

4008/4009 and 4289 Differences 

The functional differences between a 4289 and a 
4008/4009 Standard Memory Interface component pair are 
as follows: 

1. The PM pulse of the 4289 (negative logic) is inverted 
in comparison with the W pulse of the 4008 (positive 
logic). 

2. The W pulse of the 4008 begins in X2 and ends in X3. 
The 4289's PM pulse begins in X1 and ends in A 1. 

3. The OUT strobe of the 4289 goes to logical 1 (Voo) for 
the WRR instructions and the WPM instructions. The 
OUT strobe of the 4009 goes to logical 1 (Voo) for the 
WRR instruction only. 

4289 Applications 

The 4289 can be used to form systems of widely varying 
complexity. Simple systems containing only one page (256 
x 8) of PROGRAM MEMORY and few I/O ports, or more 
complex systems requiring as many as 32 pages (8K x 8) of 
.memory and 32 I/O ports can readily be implemented. 
Several examples will be described here. 

1. Basic PROM Microcomputer System (Figure 1). This 
system contains: 
a. 1 K x 8 bits of PROGRAM MEMORY (4702A PROM) 
b. 1280 bits of DATA MEMORY (4002 RAM) 

organized as 16 2D-character registers 
c. 4 RAM output ports (4002) 
d. 4 I/O ports. 

This system uses a 3205 1 out of 8 decoder to decode 
the input port addressed by the CPU. Two chip select 
signals (Co and C1) are combined with the IN signal, which 
is activated low to indicate an input operation, to select one 
of four input ports. The 3205 enables one DM 7098 three
state buffer. 

In a similar manner, one 3205 and the OUT signal, which 
is activated to indicate an output operation, are used to 
select one of four output ports. 

2. Standard PROM and RAM Memory System (Figure 2). 
This system again contains 4 pages of PROM storage 
but, in addition, has one page of RAM storage which 
can be used foreither PROGRAM or DATA storage by 
using the WPM/RPM instructions. (The RPM instruc
tion is valid only with the 4040.) The RAM storage has 
been implemented with two 4101's (256 x 4 static 
RAM). Notice that separate WRITE ENABLE signals 
must be generated for the upper and lower half-bytes 
of RAM. 

Note that the inputs to the 4101 RAMs are connected to 
the 42891/0 port while their outputs are connected directly 
to the OPR-OPA lines. 

The 4101 RAMs can be chipselected through their active 
low chip select lines in either of two cases: 

1. By an address decode of 4 when the RAMs are 
addressed as Program Memory for instruction fetch. 

2. By the PM signal when addressed as a RAM read or 
write via an RPM or WPM instruction. For write 
operations, the TTL logic shown selects one of the 
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4289 

two 4101 Read/Write lines according to the F/L signal 
of the 4289. 

4289, 4702A System Considerations 

The TTL buffers are placed on the data bus to facilitate 
the compatability between the NMOS RAMs and the PMOS 
PROMS. The inverters limit the negative excursion of the 
PROM outputs which may damage the RAMs. The TTL pull
up is required to ensure the V ,H threshold level. 

3. Two Memory Bank System (Figure 3). Two 4289s are 
used in this 4040 system giving addressability to a full 
8K bytes of PROM memory. In this case each 4289 is 
controlled from a separate CM-ROM control signal. 
The CM-ROMO and CM-ROM1 lines are generated by 
the 4040. This system cannot be implemented with 
the 4004. 

1. When utilizing the 4289 with more than six 4702As,a 
TTL buffer as shown in Figure 4 should be inserted in 
series with the aPR, OPA lines to achieve maximum 
clock rate. The buffer may be inverting or non
inverting. 

However, use of a 5.1 KO resistor on the 4702A output 
to Vss will allow up to 6 x 4702As to be used without 
TTL buffers and still achieve maximum clock rate. 

2. 4702A access times to meet MCS-40attcy= 1.351' sec 
are guaranteed with pure capacitive load of 75pF and 
with load of 240pF plus a TTL buffer on the 4702A 
output. 

To operate with more than 6 x 4702A without TTL 
buffer, the limiting specification is tco and this 
increases 5 nsec/pF for capacitance above 75pF; 
MCS-40 tCY must be increased 2.5ns/pF. 

FOR MAXIMUM SPEED IF UP TOG x 4702A 
USED WITHOUT TTL BUFFER. 

r------f------.-------------c=~,_---------------DATABUS 

r---
I 
I 
I 

FOR V001 = -10V I 
OMIT IF Voo, = OV I 

I 
I 
L ___ _ 

Figure 4. 4289 and 4702A Block Diagram. 

FOR MAXIMUM 'I 
SPEED IF MORE 
THAN 6 X 4702A I 

~H=~h 

Ao·A7 USED. L __________ J 

IF NECESSARY TO LIMIT TTL 
INPUT CLAMP CURRENT 

Vee'" +5V ;; Vss 
Voo "" -10V 
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Absolute Maximum Ratings* 
Ambient Temperature Under Bias ................. ooe to 70°C 'COMMENT: 

Storage Temperature ........................ -55°C to + 125°C 
Input Voltages and Supply Voltage 

with respect to vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

Stresses above those listed under "Absolute Maximum Ratings" 
may CBuse 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. 

D.C. and Operating Characteristics 
TA = O°C to 70°C; VSS -VOO = 15V ±5%; t</>PW = t<b01 = 400 nsec; t</>02 = 150 nsec; 4289 V001 = VSS -5V. Logic "0" is defined 
as the more positive voltage (VIH, VOH); Logic "1" is defined as the more negative voltage (VIL, VOL); Unless Otherwise Specified. 

SUPPLY CURRENT 

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

100 Average Supply Current 30 40 mA TA = 25°C 

INPUT CHARACTERISTICS-ALL INPUTS EXCEPT I/O PINS 

III Input Leakage Current 10 J..IA VIL = VOO 

VIH Input High Voltage (Except Clocks) VSS-l.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) Voo Vss-5.5 V 

VILO Input Low Voltage VOO Vss-4.2 V OPR/OPA 

VIHC Input High Voltage Clocks Vss-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks VOO Vss-13.4 V 

OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT I/O PINS 

ILO Data Bus Output Leakage Current 10 J..IA VOUT = -12V 

VOH Output High Voltage Vss-·5V Vss V Capacitive Load 

IOL Data Lines Sinking Current 8 15 rnA VOUT = Vss 

IOLI1 ] Address Line Sinking Current 7 13 rnA VOUT =Vss, 
Vo0 1 =Voo 

fOL In, Out, F/L, PM Sinking Current, Chip Select 1.6 4 rnA VOUT = Vss -4.85 
V001 = VOO 

VOLI2] Chip Select Output Low Voltage VOD1+·5 V IOL = .4mA 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 V IOL = 0.5mA 

ROH Output Resistance, Data Line "0" Level 150 250 il VOUT = Vss -.5V 

ROH Address, Chip Select Output Resistance, "0" Level .6 1.2 kil VOUT = Vss -.5V 

I/O INPUT CHARACTERISTICS 

III Input Leakage Current 10 J..IA 

VIH I3] Input High Voltage Vss-l.5 Vss+·3 V 

VIL Input Low Voltage VOO Vss-4.2 V 

I/O OUTPUT CHARACTERISTICS 

VOH Output High Voltage Vss-·5V V lOUT = 0 

ROH I/O Output "0" Resistance .25 1.0 kil VOUT = Vss-·5 

IOL I/O Output "1" Sink Current 5 12 rnA VOUT = Vss -.5 

IoL I/O Output "1" Sink Current 1.6 4 rnA VOUT = Vss -4.85V 

ICF I/O Output "1" Clamp Current 10 rnA VOUT = Vss -6V 

Notes: 1. The address lines will drive" TTL load if a 470.n resistor is connected in series between the address output and the TTL input. 
2. 4289 Address (Ao-A7) Outputs are also tied to V001 but are tested with capacitive load on IV. 
3. TTL VOH = 2.4V will ensure 4289 VIH = VSS -1.5V via the 4289 latch. Refer to Figure 5. 
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D.C. and Operating Characteristics (Continued) 

CAPACITANCE 

Symbol Parameter 

Cq, Clock Capacitance 

CDS Data Bus Capacitance 

CIN I nput Capacitance 

COUT Output Capacitance 

4289 10L VS. VOL (FOR I/O PINS) 
15 

"" 
I I 

""-
TA " 25"C 

voo "vss -15V 

"'" 10 

"" ""-""-
" 

00 ·1 ·2 -3 -4 -5 -6 ·7 ·B 

VOL (V) 

I-

Figure 5. 4289 I/O Latch. 

Min. 
Limit 
Typ. Max. Unit Test Conditions 

14 20 pF VIN = Vss 

7 10 pF VIN = VSS 

15 pF VIN = Vss 

10 pF VIN = Vss 

42891DD VS. TEMPERATURE 
24r---,----,----,----,----r----" 

1~~0--~.2~0----~--~2~0----~40~--~60~--7BO~B5 

TA j0C) 

EXPLANATION: 

WITH Vss :: +5V and Voo '" -lOY, AN EXTERNAL TTL INPUTTING TO 
THE 4289 ON THE I/O LINE, RAISES THE I/O LINE TO 2.4V. THE Q1-RA 
INVERTER TURNS "OFF" AND 02 PULLS THE I/O LINE TO Vss. A LOW 
TTL SIGNAL OVERRIDES 02. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE, THE EXTERNAL I/O LINES REMAIN HIGH THROUGH Q2. 

THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vee:: Vss ON TTL OUTPUTS, AS"RI DOES ON 4001/4308 INPUT PORTS. 
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A.C. Characteristics 

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

tCY Clock Period 1.35 2.0 J.lsec 

tif>R Clock Rise Time 50 ns 

tif>F Clock Fall Time 50 ns 

tif>PW Clock Width 380 480 ns 

tif>Dl Clock Delay if>1 to if>2 400 550 ns 

tif>D2 Clock Delay if>2 to if>1 150 ns 

tw Data-In, CM, SYNC Write Time 350 100 ns 

tH[l,3J Data-In, CM, SYNC Hold Time 40 20 ns 

tOS[2J Set Time (Reference) 0 ns 

tACC Data-Out Access Time COUT; 
Data Lines 930 ns 500pF Data Lines 
SYNC 930 ns 500pF SYNC 
CM-ROM 930 ns 160pF CM-ROM 
CM-RAM 930 ns 50pF CM-RAM 

tOH Data-Out Hold Time 50 150 ns COUT; 20pF 

tAl[4J if>1 to Output Delay Al 400 1000 ns CL ; 250pF; AO-A3 

tTA1[4J Data Bus to Output Delay Al 500 700 ns CL ; 250pF; AO-A3 

tA2[4J if>1 to Output Delay A2 400 580 ns CL ; 250pF; A/rA7 

tTA2[4J Data Bus to Output Delay A2 500 700 ns CL ; 250pF; A4-A7 

tCS[4,5J if>1 to Chip Select Output Delay A3 150 350 ns CL; 50pF 

tTC[4,5J Data Bus to Chip Select Output Delay A3 250 350 ns CL; 50pF 

tWID OPR to Data Bus Delay 250 350 ns COUT ; 20pF, Data Bus 

tSRC Output Delay at Xl Time 400 700 ns CL; 250pF 

tSl IN Strobe Delay Time 500 ns CL; 50pF 

tS2 OUT Strobe Delay Time, Falling 500 ns CL; 50pF 

tFD F /L and PM Delay Time 300 500 ns CL; 100pF 

tW,II0 I/O Input Write Time 400 250 ns 

tH,1/0 I/O Input Hold Time 40 0 ns 

tD,110 I/O Output Delay Time 400 1000 ns CL; 300pF 

tWI Data In Write Time 350 ns COUT ; 200pF, Data Bus 

Notes: 1. tH measured with tq,R = 10nsec. 

7-74 

2. TACC is Data Bus, SYNC and CM-line output access time referred to the <1>2 trailing edge which clocks these lines out. tos is 
the same output access time referred to the leading edge of the next <1>2 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 400414040 takes over the data bus at Xl and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10"A of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V I"s. 

4. tAl, tA2, tcs apply if Data Bus is valid before <1>1 trailing edge. IT A, tTC apply if Data Bus becomes valid after <1>1 trailing edge. 
5. Measured at output of 3205 decoder. 



Figure 6. MCS-40 Timing Detail. 
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inter 4002 

320 BIT RAM AND 4 BIT OUTPUT PORT 

• Four Registers of 20 4 Bit 
Characters 

• Direct Interface to MCS-40TM 
4 Bit Bus 

• Output Port Low-Power TTL 
Compatible 

• 16 Pin Dual In-Line Package 

• Standard Operating 
Temperature Range of 
0° to 70°C 

• Also Available With -40° 
to +85° C Operating Range 

The 4002 performs two distinct functions. Asa RAM it stores 320 bits arranged in 4 registers of twenty 4 bit characters each (16 
main memory characters and 4 status characters). As a vehicle of communication with peripheral devices, it is provided with 4 
output lines and associated control logic to perform output operations. The 4002 is a PMOS device and is compatible with all 
MCS-40'· components. 

The 4002 is available in two options, the 4002-1 and 4002-2. Along with an external pin connected to either VDD or Vss, a two bit 
chip selection address is provided allowing a maximum of 1280 bits of 4002 RAM on a single MCS-40 CM-RAM line. Thus, the 
four CM-RAM lines give a maximum of 5120 bits of 4002 RAM in an MCS-40 system. 

PIN CONFIGURATION BLOCK DIAGRAM 
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Pin Description 
Pin No. 

5 

6·7 

8 

9 

10 

Chip No. 

11 

12 

o 

2 
3 

13-16 

Designation 

SYNC 

RESET 

Po 

CM 

4002 Option 

4002-1 
4002-1 
4002-2 
4002-2 

VDD 

4002 

Description of Function 

Bidirectional data bus. All ad· 
dress, instruction and data 
communication between proc· 
essor and the RAM MEMORY 
or the output port is trans
mitted on these 4 pins. 

Most positive supply voltage. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization input signal 
driven by SYNC output of 
processor. 

RESET input. A logic negative 
level (Voo) applied to the chip 
will cause a clear of all output 
and control static flip-flops and 
will clear the RAM array. To 
completely dear the memory, 

RESET must be applied for at 
least 32 instruction cycles (256 
clock periods) to allow the in
ternal refresh counter to scan 
the memory. During RESET 
the data bus output buffers are 
inhibited (floating condition). 

The chip number for a 4002 is 
assigned as follows: 

SRC ADDRESS 
(RRR EVEN) 

Po D3 D2 

Vss 
Voo 
Vss 
Voo 

o 0 
o 1 

o 

Command input driven by 
CM-RAM output of processor. 
Used for enabling the device 
during the decoding SRC and 
i nstructi ons. 

Main power supply pin. Value 
must be VSS - 15V ± 5%. 

Four bit output port used for 
transferring data from the CPU 
to the users system. The out
puts are buffered and data re
mai ns stable after the port has 
been loaded. This port can be 
made low power TTL compat
ible by placing a 12K pull-down 
resistor to Voo on each pin. 

Functional Description 
The twenty 4 bit characters for each 4002 register are 

arranged as follows: 

1. 16 characters addressable by an SRC instruction. 
Four 16 character registers constitute the "main" 
memory. 

2. 4 characters addressable by specific RAM instruc
tions. Four 4 character registers constitute the "status 
character" memory. 

The status character location (0 through 3) as well as the 
operation to be performed on it are selected by the OPA 
portion of the I/O and RAM instructions. 

The RAM Registers locations, Status Characters, and 
Output Port are select and accessed with a corresponding 
RAM Instruction. 

There can be up to four RAMS per RAM Bank 
(CM-RAM). There can be four RAM banks per system with
out decoding or 8 with decoding. 

Bank switching is accomplished by the CPU after receiving 
a "DCl" (designated command line) instruction. Prior to 
execution of the DCl instruction the desired CM-RAM code 
has been stored in the accumulator (for example through an 
lDM instruction). During DCl the CM-RAM code is trans
ferred from the accumulator to the CM-RAM register. The 
RAM bank is then selected starting with the next instruction. 

If no DCl is executed prior to SRC, the CM-RAMo will 
automatically be activated at the X2 state of the instruction 
cycle provided that RESET was applied at least once to the 
system (most likely at the start-up time). 

Instruction Execution 

An SRC (Send Register Control) instruction is executed 
to select a RAM and a character within that RAM (for a RAM 
read or write instruction) prior to the succeeding RAM or 
I/O instruction's execution. 

The eight bits of the register pair addressed by the SRC 
instruction are interpreted as follows: 

a. The first four bits sent out at X2 time select one out of 
four chips and one out of four registers. The two higher 
order bits (D3, D2) select the chip and the two lower 
order bits (D" Do) select the register. 

b. The second 4-bits (X3 time) select one 4-bit character 
out of 16. The address is stored in the address register 
of the selected chip (second 4 bits are not used for 
status character reads or writes or for I/O output in
structions) . 

The following RAM and I/O output instructions are executed 
by the 4002. 

1. RDM Read RAM character 

The content of the previously selected RAM main 
memory character is transferred to the accumulator. 
The 4 bit data in memory is unaffected. 
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2. R 00·3 Read RAM status characters 0·3 

The 4 bits of status characters 0·3 for the previously 
selected RAM register are transferred to the 
accumulator. 

3. WRM Write accumulator into RAM character 

The accumulator content is written into the pre· 
viously selected RAM main memory character 
location. 

4. WRO·3 Write accumulator into RAM status charac· 
ters 0·3 

The content of the accumulator is written into the 
RAM status characters 0·3 of the previously selected 
RAM register. 

5. WMP Write memory port 

The content of the accumulator is transferred to the 
RAM output port of the previously selected RAM 
chip. The data is available on the output pins until a 
new WMP is executed on the same RAM chip. The 
content of the ACC and the carry/link are unaffected. 
(The LSB bit of the accumulator appears on 00, Pin 
16 of the 4002.) 

6. AOM Add from memory with carry 

The content of the previously selected RAM main 
memory character is added to the accumulator with 
carry. The RAM character is unaffected. 

7. SBM Subtract from memory with borrow 

The content of the previously selected RAM charac· 
ter is subtracted from the accumulator with borrow. 
The RAM character is unaffected. 

Timing Considerations 

Presence of CM·RAM during X2 tells 4002's that an SRC 
instruction was received. For a given combination of data at 
X2 on 02, 03, only the chip with the proper option 
and Po state will be ready for the I/O or RAM operation that 
follows. 

When an I/O or RAM instruction is received by the CPU, 
the CPU will activate one CM·RAM line during M2, in time 
for the 4002's to receive the OPA (2nd part of the instruc· 
tion), which will specify the I/O or RAM operation to be 
performed. 

In the I/O mode of operatiofl, the selected 4002 chip (by 
SRC), after receiving the OPA of an I/O instruction 
(CM·RAM activated at M2), will decode the instruction. 

If the instruction is WMP, the data present on the data bus 

during X2 • t/12 will set the output flip·flops associated with 
the I/O pins. That information will be available until next 
WMP for peripheral devices control. 

I n the RAM mode, the operation is as follows: When the 
CPU receives an SRC instruction, it wi II send out the content 

of the designated index register pair during X2 and X3 and 
will activate one CM-RAM line at ~2 for the previously 
selected RAM bank. . 

All RAM mode instructions will be executed during the 
X2 and X3. The instruction decoding is performed during the 
M2 time when the OPA portion of the instruction is 
decoded. The CM-RAM of the selected Bank is enabled at 
that time. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. O°C to 70°C ·COMMENT: 

Storage Temperature ........................ -55° C to + 125° C 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

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. 

D.C. Characteristics 
TA = o°c to 70°C; Vss-Voo = 15V ±5%; t</>pw = t</>o 1 = 400 nsec; t</>02 = 150 nsec. Logic "0" is defined as the more positive 
voltage (VIH, VOH); Logic "1" is defined as the more negative voltage (VIL, VOL); Unless otherwise specified. 

SUPPLY CURRENT 

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

100 Average Supply Current 17 33 mA TA = 25°C 

INPUT CHARACTERISTICS 

III Input Leakage Current 10 JlA VIL=VOO 

VIH Input High Voltage (Except Clocks) Vss-1.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) Voo VSS-5.5 V 

VIHC Input High Voltage Clocks VSS-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 

ILO Data Bus Output Leakage Current 10 JlA VOUT=-12V 

VOH Output High Voltage Vss-·5V Vss V Capacitive Load 

IOL Data Lines Sinking Current 8 15 rnA VOUT=VSS 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 VsS-6.5 V IOL=0.5mA 

ROH Output Resistance, Data Line "0" Level 150 250 n VouT=VsS-·5V 

I/O OUTPUT CHARACTERISTICS 

VOH Output High Voltage Vss-·5V V louT=O 

ROH I/O Output "0" Resistance 1.2 2 kn VouT=VsS-·5V 

IOL I/O Output "1" Sink Current 2.5 5 mA VOUT=Vss-·5V 

IOL I1 ] I/O Output "1" Sink Current 0.8 3 mA VOUT=VsS-4.85V 

VOL 1/0 Output Low Voltage Vss-12 Vss-6.5 V IOUT=50JlA 

CAPACITANCE 

C</> Clock Capacitance 8 15 pF VIN=VSS 

COB Data Bus Capacitance 7 10 pF VIN=VSS 

CIN Input Capacitance 10 pF VIN=VSS 

COUT Output Capacitance 10 pF VIN=VSS 

Note: 1. For TTL compatibility, use 12kn external resistor to VOO. 
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Typical D.C. Characteristics 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

Voo= -15.0V 

t~pw= 14101 '" 400nsec 

14102 = 150 nsec 

O~~ __ ~ __ ~ __ ~ __ ~ __ ~--J 

o -1 -2 -3 -4 ··5 -6 -7 

OUTPUT VOLTAGE (V) 

A.C. Characteristics 

TA = O°C to 70°C, VSS-VDD = 15V ±5%. 

Symbol Parameter 

tCY Clock Period 

t</>R Clock Rise Time 

t</>F Clock Fall Times 

t</>pw Clock Width 

t</>D1 Clock Delay <1>1 to <1>2 

t</>D2 Clock Delay <1>2 to <1>1 

tw Data-In, CM, SYNC Write Time 

tH[1,31 Data-In, CM, SYNC Hold Time 

tos[21 Set Time (Reference) 

tACC Data·Out Access Time 

Data Lines 

SYNC 

CM-ROM 

CM-RAM 

tOH Data-Out Hold Time 

tD I/O Output Delay 

Notes: 1. tH measured with tq,R = 1 On sec. 

4002 

Min. 

1.35 

380 

400 

150 

350 

40 

0 

50 

POWER SUPPL V CURRENT 
VS. TEMPERATURE 

21 

0 lq,PW '" t4lD1 = 400 nsec 

.9 t41D2'" 150 nsec 
I 

;;: 19. 

g 

ffi 
a: 
a: 

17 ::J 
U ,. 
-J 
i!: 
iil 
a: 15 

~ 
i2 

13 
20 40 60 80 

AMBIENT TEMPERATURE (be) 

Limit 
Unit Test Conditions 

Typ. Max. 

2.0 /lsec 

50 ns 

50 ns 

480 ns 

550 ns 

ns 

100 ns 

20 ns 

ns 

COUT = 

930 ns 500pF Data Lines 

930 ns 500pF SYNC 

930 ns 160pF CM-ROM 

930 ns 50pF CM-RAM 

150 ns CouT=20pF 

1500 ns COUT=100pF 

2. T ACC is Data Bus, SYNC and CM-line output access time referred to the </>2 trailing edge which clocks these lines out. tos is the 
same output access time referred to the leading edge of the next </>2 clock pulse. 
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3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state until the 
4004/4040 takes over the data bus at X 1 and X3 time. Therefore the tH requirement is always insured since each component 
contributes 10llA of leakage current and 1 OpF of capacitance which guarantees that the data bus cannot change faster than 1 V IllS. 



XJ 

DATA BUS 

SYNC 

eM·RAM, ROM 

Figure 1. Timing Diagram. 

Figure 2. Timing Detail. 

A, A, 

CPU CPU 
ENABLED ENABLED 

DATA BUS, eM 
(INPUTS) 

4002 

AJ 

CPU 
ENABLED 

M, M, X, 

OPA (4004! 
AC (4040! 

ROM ROM CPU 
ENABLED ENABLED ENABLED 

-F==~--10% 

\..._~+------ 90% 

---,Ir---tv==- -1V 

--_...J1}---+J\==.-- -5V 

DATA BUS.CM·-+----....".".-+--+-~I----W 
(OUTPUTS! -5V 

X, XJ 

IF lOR 
PORT/RAM 
ELSE CPU CPU 
ENABLED ENABLED 

I 

7·81 



inter 4101 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 

• 256 x 4 Organization to Meet 
Needs for Small System 
Memories 

• Access Time: 1 IJsec Max. 
• Single +5V Supply Voltage 

• Directly TTL Compatible: All 
Inputs and Outputs 

• Statis MOS: No Clocks or 
Refreshing Required 

• Simple Memory Expansion: 
Chip Enable Input 

• Compatible with the 4289 

• Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

• Low Cost Packaging: 22 Pin 
Plastic Dual-In-Line 
Configuration 

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

Capability 

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

. The Intel® 4101 is a 256 word by 4 bit static random access memory element using normally off 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 4101 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 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. Output disable is then used to eliminate any bi-directional logic. 

The Intel® 4101 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 

A, Vee 

A, A. 

A, RIW 

A, eEl 

A, 00 

A, CE2 

A, DO. 

GND 01. 

01, DO, 

00, 01, 

01, 00, 

PIN 

0" DATA INPUT 

A ., ADDRESS INPUTS 

RIW REAOIWRITE INPUT 

ffi.CE2 CHIP ENABLE 
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LOGIC SYMBOL 

A, 01, 

A, DO, 

A, 01, 

A, DO, 

A. 01, 

A, DO, 

A, 4101 01, 

A, DO. 

00 

NAMES 
00 OUTPUT DISABLE 

0 , DATA OUTPUT 

V POWER I+SVI 

BLOCK DIAGRAM 

CE2 
oo~.~_-

CELL ARRAY 
J2 ROWS 

32 COLUMNS 

~vcc 
~GNO 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias ...... O°C to 70° C 

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation ................. . .. 1 Watt 

D.C. and Operating Characteristics 
TA ; o°c to 70°C, Vcc ; 5V ±5% unless otherwise specified. 

'COMMENT: 

Stresses above those listed under ''Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the 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. 

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

ILl Input Current 

ILOH I/O Leakage Current[21 

ILO L I/O Leakage Currentl21 

ICCl Power Supply Current 

ICC2 Power Supply Current 

VIL Input "Low" Voltage -0.5 

VIH Input "High" Voltage 2.2 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 2.2 

Typical D.C. Characteristics 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 
~ ... \±=-.,.,ooc --/_---j_-+----j_-j 

25°C 
70°C 

-5\--+-,"""-

VOH (VOLTS) 

NOTES: 1. Typical values are for TA = 250 C and nominal supply voltage. 
2. Input and Output tied together. 

10 J.lA VIN ; 0 to 5.25V 

15 J.lA CE1 ;2.2V, VouT;4.0V 

-50 J.lA CE1 ; 2.2V. VOUT; 0.45V 

30 60 mA VIN = 5.25V, 10 ; OmA 
TA ; 25°C 

70 mA VIN ; 5.25V, 10 ; OmA 
TA ; O°C 

+0.65 V 

Vcc V 

+0.45 V 10L; 2.0mA 

V 10H ;-150J.lA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL (VOLTS) 

I 
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A.C. Characteristics 

READ CYCLE T A = o°c to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. TyJ.11 Max. Unit Test Conditions 

tRC Read Cycle 1,000 ns 

tA Access Time 1,000 ns t r, tf = 20ns 

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

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

tOF[31 Data Output to High Z State 0 200 ns Load = 1 TTL Gate 

tOH 
Previous Read Data Valid 

40 
and CL = 100pF. 

after change of Address 
ns 

WRITE CYCLE 

Symbol Parameter Min. T [11 yp. Max. Unit Test Conditions 

twc Write Cycle 1,000 ns 

tAW Write Delay 150 ns t r, tf = 20ns 

tcw Chip Enable To Write 900 ns VIN = +0.65V to +2.2V 

tow Data Setup 700 ns Timing Reference = 1.5V 

tOH Data Hold 100 ns Load = 1 TTL Gate 

twp Write Pulse 750 ns and CL = 100pF. 

tWR Write Recovery 50 ns 

tos Output Disable Setup 200 ns 

A. C. CONDITIONS OF TEST C 't [21 apaci ance T A = 25°C, f = 1 MHz 
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 CL = 100pF 

Waveforms 
READ CYCLE 

ADDRESS 

CE2 

(COMMON I?~ 14J 

DATA 
OUT 

1------- t RC ------+\ 

Symbol Test 
Limits (pF) 

TypJ11 Max. 

CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 

GoUT Output Capacitance VOUT = OV 8 12 

WRITE CYCLE 

I __ ------~C-----~ 

ADDRESS 

CE2 

00 
ICOMMON I/O) (4) 

DATA 
IN 

i----tcw---+i 

f+-----·cw---+\ 

DATA IN 
STABLE 

tow 

----,---,.I-----~p---+\ ,.""';;';';"'--1--
RIW 

NOTES: 1. Typical values are for TA = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tOF is with respect to the trailing edge of CE1, CE2, 

or 00, whichever occurs first. 

4. 00 should be tied low for separate 1/0 operation. 



4001 

256 x 8 MASK PROGRAMMABLE ROM 
AND 4 BIT 1/0 PORT 

• Direct Interface to MCS-40TM 
4 Bit Data Bus 

• 1/0 Port Low-Power TTL 
Compatible 

• 16 Pin Dual In-Line Package 

• Standard Operating 
Temperature Range of 
0° to 70°C 

• Also Available With -40° to 
+85° C Operating Range 

The 4001 performs two basic and distinct functions. As a ROM it stores 256 x 8 words of program or data tables; as a vehicle of 
communication with peripheral devices it is provided with 41/0 pins and associated control logiC to perform input and output 
operations. The 4001 is a PMOS device, compatible with all other MCS-40·· devices. 

PIN CONFIGURATION 

r '1 DATA D, 110, INPUTI 
BUS OUTPUT 
110 D:z liD, lIJilES ., I{OJ 

'Iss Voo 

ClOCK}~ { MEMORY 
eM CONTROL PHASE 1 1 

INPUT 
ClDCK} __ {CLEAR INPUT 

PHASE 2 2 Cl FOR I/O LINES 

I~;~~ }SYNC RESET 

BLOCK DIAGRAM 

:: ~>---------i:~Ir:R::O::-M:TI:-:M:'N:-G -,.1 .. _---: SYNC 
n~nn.. OVss 

do o--o .......... -r-::::-l 
0,0--0__-.1 

0,0--0---1 

0, o--o~-t_..,.,...-1 

CLEAR 
I/O 

INTERFACE 

..... 1-----<0 Voe 

+r-------~OCM 

,-"-l...>-------<> RST 

ADDRESS 

MEMORY 
DATA 
MUX 

REGISTER 1------"\ 
AND 

DECODER 
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Pin Description 

Pin No. 

1-4 

5 

6·7 

8 

g 

10 

11 

12 

13·16 

Designation/ 
Type of logic 

Vss 

¢1, ¢2/Neg. 

SYNC/Neg. 

RESET/Neg. 

CL!Neg. 

Description of Function 

Bidirectional data bus. All ad· 
dress and data communication 
between the processor and 
ROM is handled by these lines. 

Most positive supply voltage. 

Non·overlapped clock signals 
which determine device timing. 

System synchronization signal 
generated by processor. 

Reset input. A negative level 

(Voo) on this pin will clear in· 
ternal flip·flops and buffers. 
The input buffers are not 
cleared by th is signa I. 

Clear input for I/O lines. A neg· 
ative level on this pin will clear 
the I/O buffers. This pin may 
be driven by a TTL output and 

a 1 K pull·up to Vss. 

CM-ROM/Neg. Chip enable generated by the 
processor. 

Voo Main supply voltage value. Must 
be Vss - 15.0V ±5%. 

I/Oo-I/03/Ne9. A single I/O port consisting of 
4 bidirectional and selectable 
lines. 

Functional Description 

Address and data are transferred in and out by time multi
plexing on 4 data bus lines. Timing is internally generated 
using two clock signals, <1>1 and <1>2, and a SYNC signal sup
plied by the CPU. Addresses are received from the CPU on 
three time periods following SYNC, and select 1 out of 256 
words and 1 out of 16 ROM's. For that purpose, each ROM 
is identified as #D, 1, 2, through 15, by metal oPtion. A 
Command ROM Line (CM-ROM) is also provided and it 
is used to select a ROM bank (group of 16 ROM's). 

During the two time periods of the instruction cycle (Ml 
& M2 ) following the addressing time, information is trans
ferred from the ROM to the data bus lines. 

A second mode of operation of the ROM is as an Input/ 
Output control device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 I/O 
external lines. Each chip has the capability to identify itself 
for an I/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. An external signal (Cl) will asyn· 
chronously clear the output register during normal operation. 

All internal flip flops (including the output register) will 
be reset when the RESET line goes low (Voo). 
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I/O Options 

Each I/O pin on each ROM can be uniquely chosen to be 
either an input or output line by metal option. Also each 
input or output can either be inverted or direct. When the 
pin is chosen as an input it may have an on·chip resistor 
connected to either Voo or VSS. 

Instruction Execution 

The 4001 responds to the following instructions. 

1. SRC Instruction (Send address to ROM and RAM) 

When the CPU executes an SRC instruction it will send 
out 8 bits of data during X2 and X3 and will activate 
the CM·ROM and one CM·RAM line at X2. Data at X2, 

(representing the contents of the first register of the 
register pair addressed by the SRC instruction) with 
simultaneous presence of CM-ROM, is interpreted by 

the 4001 as the chip number of the unit that should 
later perform an I/O operation. Data at X3 is ignored. 

2. WRR - Write ROM Port 

The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is available on the output pins until a new 
WR R is executed on the same chip. The ACC content 
and carry/link are unaffected. (The lSB bit of the 
accumulator appears on 1/00.) No operation is per· 
formed on I/O lines coded as inputs. 

3. RDR - Read ROM Port 

The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 

If the I/O option has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either "0" 
or "1" transferred to the accumulator for those I/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the I/O lines coded 
with 2 inputs and 2 outputs, when RDR is executed, 
the transfer is as shown below: 

13 02 01 10 (ACC) 

1 X X 0-..1 , I 
Input Oata 

(1 or 0) (1 or 0) 0 
, I 

User can choose 

Timing Consideration 

In the ROM mode of operation the 4001 will receive an 8 

bit address during A, and A2 times of the instruction cycle 
and a chip number, together with CM·ROM, during A3 time. 
When CM-ROM is present, only the chip whose metal option 
code matches the chip number code sent during A3 is allowed 
to send data out during the following two cycles: M, and M2. 
The activity of the 4001 in the ROM mode ends at M2' 



4001 

The 4001 can have a chip number via the metal option 
from a - 15. 

In the I/O mode of operation, the selected 4001 (by SRC), 
after receiving RDR will transfer the information present at 
its I/O pins to the data bus at X2. If the instruction received 
was WRR, the data present on the data bus at X2'rp2 will be 
latched on the output flip-flops associated with the I/O lines. 

Ordering Information 

When ordering a 4001, the following information must be 
specified: 

1. Chip number 

2. All the metal options for each I/O pin. 

3. ROM pattern to be stored in each of the 256 
locations. 

A blank customer truth table is available upon request 
from Intel. A copy of this table is shown and blank copy can 
be found following the detailed 4001 characteristics. 

EXAMPLES - DESIRED OPTION/CONNECTIONS RE
QUIRED 

1. Non-inverting output (negative logic output) - 1 and 3 
are connected. 

2. Inverting output (positive logic output) - 1 and 4 are 
connected. 

3. Non-inverting input (no input resistor - negative logic 
input) - only 5 is connected. 

4. Inverting input (input resistor to Vss - positive logic in
put) - 2, 6, 7, and 9 are connected. 

5. Non-inverting input (input resistor to Voo - negative 
logic input) - 2, 7, 8, and 10 are connected. 

connection would be made as follows: 

Inputs - 2 and 6 are connected 
Outputs - 1, 3, 8 and 9 are connected or 
1, 3, 8 and 10 are connected 

If the pins on a port are all inputs or all outputs, the 
internal resistors do not have to be connected. 

It should be noted that all internal logic and processing is 
performed in negative logic, i.e., "1" equals VDD and "a" 
equals VSS. For positive logic conversion, the inverted 
options should be selected. 

TTL compatibility is obtained by Voo =,-10V ±5% and 
VSS = 5V ± 5%. An external 12K resistor should be used on 
all outputs to insure the logic "0" state (Vall. 

ROM 
PATTERN MUX 

SET 
LOGIC 

OUTPUT 
F/F 

M---<>Oo 
(PIN II 

31 14 

: ~ ~]-~i-~.....(): 1 T:~OI~1 
. 17 

8~~, VDD 

'1/0,. 110,. AND 1103 rL __ I 
FOLLOW THE SAME FORMAT. ':" Vss' GNO 10 

6. If inputs and outputs are mixed on the same port, the 
pins used as the outputs must have the internal resistor 
connected to either VDD or VSS (8 and 9 or 8 and 10 
must be connected). This is necessary for testing pur· 
poses. For example, if there are two inverting inputs 
(with no input resistor) and 2 non·inverting outputs the 4001 Available Metal Option for Each I/O Pin. 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias ................. O°C to 70°C 
Storage Temperature ........................ -55°C to + 125°C 
Input Voltages and Supply Voltage 

with respect to Vss ............................ +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

'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. 

I 
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D.C. and Operating Characteristics 
TA = O°C to 70°C; Vss -Voo = 15V ±5%; tl/>PW = tl/>Ol = 400 nsec; tl/>02 = 150 nsec; Logic "0" is defined as the more positive 
voltage (VIH. VOH); Logic "1" is defined as the more negative voltage (VIL. VoLl; Unless Otherwise Specified. 

SUPPL V CURRENT 

Limit 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

100 Average Supply Current 15 30 mA TA = 25°C 

INPUT CHARACTERISTICS - ALL INPUTS EXCEPT I/O PINS 

ILl Input Leakage Current 10 /lA VIL = Voo 

VIH Input High Voltage (Except Clocks) VSS-1.5 Vss+·3 V 

VIL Input Low Voltage (Except Clocks) Voo VSS-5.5 V 

VIHC Input High Voltage Clocks Vss-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 

ILO Data Bus Output Leakage Current 10 /lA VOUT = -12V 

VOH Output High Voltage VsS-·5V VSS V Capacitive Load 

IOL Data Lines Sinking Current 8 15 mA VOUT = Vss 

VOL Output Low Voltage. Data Bus. CM. SYNC VSS-12 Vss-6.5 V IOL = O.5mA 

ROH Output Resistance. Data Line "0" Level 150 250 U VOUT = Vss -.5V 

I/O INPUT CHARACTERISTICS 

ILl Input Leakage Current 10 /lA 

VIH Input High Voltage Vss-1.5 Vss+·3 V 

VIL Input LowVoltage. Inverting Input Voo VSS-4·2 V 

VIL Input Low Voltage. Non-inverting Input VOO VSS-6.5 V 

VIL CL Input Low Voltage VOO VSS-4.2 V 

RI Input Resistance. if Used 10 18 35 kU Rl tied to Vss; 
VIN = VSS -3V 

Rl 11 ] Input Resistance. if Used 15 25 40 kU Rl tied to Voo; 
VIN = Vss -3V 

I/O OUTPUT CHARACTERISTICS 

VOH Output High Voltage Vss-·5V V lOUT = 0 

ROH I/O Output "0" Resistance 1.2 2 kU VOUT = Vss -.5V 

IOL I/O Output "1" Sink Current 2.5 5 mA VOUT = VSS -.5V 

IOL[2] I/O Output "1" Sink Current 0.8 3 mA VOUT = Vss -4.B5V 

VOL 1/0 Output Low Voltage Vss-12 VSS-6.5 V lOUT = 501lA 

CAPACITANCE 

C</J Clock Capacitance B 15 pF VIN = VSS 

COB Data Bus Capacitance 9.5 15 pF VIN = VSS 

CIN Input Capacitance 10 pF VIN = Vss 

COUT Output Capacitance 10 pF VIN = Vss 

Notes: 1. RI is large signal equivalent resistance to (VSS-12) V. 
2. For TTL compatibility, use 12kn external resistor to VOO. 
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4001 

Typical D.C. Characteristics 
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A.C. Characteristics TA = o°c to 70°C. Vss -VOO = 15V ±5% 

\ 
Limit 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tCY Clock Period 1.35 2.0 Jlsec 

tt/JR Clock Rise Time 50 ns 

ttPF Clock Fall Times 50 ns 

ttPpw Clock Width 380 480 ns 

ttP01 Clock Delay tP1 to tP2 400 550 ns 

ttP02 Clock Delay ¢2 to tP1 150 ns 

tw Data-In. CM. SYNC Write Time 350 100 ns 

tH[1.31 Data-In. CM. SYNC Hold Time 40 20 ns 

tOS[21 Set Time (Reference) 0 ns 

tACC Data-Out Access Time COUT = 
Data Lines 930 ns 500pF Data Lines 

SYNC 930 ns 500pF SYNC 

CM-ROM 930 ns 160pF CM-ROM 

CM·RAM 930 ns 50pF CM-RAM 

tOH Data-Out Hold Time 50 150 ns COUT = 20pF 

tiS 1/0 Input Set-Time 50 ns 

tlH 1/0 Input Hold-Time 100 ns 

to 1/0 Output Delay 1500 ns COUT = 100pF 

tC[41 1/0 Output Lines Delay on Clear 1500 ns GoUT = 100pF 

Notes: 1. tH ineasured with t<l>R = 10nsec. 
2. T ACC is Data Bus. SYNC and CM-line output access time referred to the <1>2 trailing edge which clocks these lines out. tos is 

the same output access time referred to the leading edge of the next <1>2 clock pulse. 
3. All MC5-4O components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 

until the 4004/4040 takes over the data bus at Xl and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10".A of leakage current and 1 OpF of capacitance which guarantees that the data bus cannot change 
faster than 1 V /".s. 

4. CL on the 4001 is used to asynchronously clear the output flip-flops associated with the I/O lines. 
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Programming Instructions 

To insure optimum handling of ROM programs and avoid 
delays, programs should be specified in the following format. 

Paper Tape Format* 

A 1" wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 

A. Preamble 

1. Preceding the first word field and following the 
last word field, there should be a leader/trailer 
length of at least 25 characters. This should con
sist of rubout punches. 

2_ 

3. 

Included in the tape before the leader, and pre
ceded by another leader, should be the cus
tomer's complete telex or twx number and if 
more than one pattern is being transmitted, the 
ROM pattern number. 

The first ROM pattern preamble field is the 
device type number or ROM number_ The field 
should be framed by an "I" and "-" 

14001-

This should be followed by the chip select infor
mation encoded in decimal (two digits!. and 
enclosed by "C" and "S", as in 

"ChhS" 

The valid select digits for the 4001 are 0-15 

"COS" - "C15S" 

Finally, the I/O options would be specified on a 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

"(nl, n2, n3 _ .. )". 

where (nl, n2 . _ .) are the option numbers asso
ciated with one I/O line. Hence, for a 4001 there 
will be four bracketed collections of I/O options. 

Each I/O pin has a series of 10 possible connec
tions_ These connections are consecutively num
bered from 1-10. It is these numbers that should 
be in parentheses for each I/O pin. 

Example: "( )" indicates no connection 
"( 1 )" indicates only #1 
"(2,5,7)" indicates connections 
#2,5 and 7. 

I/O options should be placed on the tape sequen
tially for the 4001 from 1/00-1/03(4). Always 
avoid illegal combinations. 

"NOTE: Cards may also be submitted. 

4001 

B. ROM Code 

The format requirements are as follows: 

1. All word fields are to be punched in consecutive 
order, starting with word field 0 (all addresses 
low)_ There must be exactly N word fields for 
the N x 8 ROM organization_ 

2. Each word field must begin with the start charac
ter B and end with the stop character F. There 
must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 
level output (VSS or logic 0 for MCS-40 CPUs) 
and a N results in a low level output (VDD or logic 
1 for MCS-40 CPUs). 

Example of 256 x 8 format (N=256): 

! 5101> Ch""I" 1 D", Fi,I" Mr LI" 

BPPPNN N N N F BN N N N N NPP F ... B N PN PPPN N F 
'----.r--~---" '-------y------' '----------,---

3. 

4. 

WOI(I Fif!lcI 0 Word Fi~ld 1 Word Field ]55-

Between word fields, comments not containing 
S's or F's may be inserted. Carriage return and 
line feed characters should be inserted (as a 
"comment") just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes 
of error checking. It may be helpful to insert the 
word number (as a comment) at least every four 
word fields. 

Within the ROM pattern words a character, 
"X", may be used. Where "P" and UN" indicate a 
"0" and "1" setting respectively, an "X" will in
dicate a single bit - "Don't Care" setting. This 
allows the optimum default bit values to be se
lected by Intel. The bit value will be fixed to allow 
for testing. The values will be specified to the 
user on the Verification listing tape. 

In the place of a standard SPNF word, a "B*nF" 
word may be used. This indicates that the data in 
the last SPN F word encountered is to be 
repeated for the next n words (1 s::: n s::: 1023). 
Note that if a repeat count of 4 is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don't Care bits 
which might conceivably have different assigned 
values). 

To indicate that an entire block (such as the 
remainder of a ROM) is not used (i.e., Don't 
Care), a word of Don't Care data can be followed 
by the remaining word count in a repeat count 
form. 
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infer MCS® 4001 
CUSTOM ROM ROM 
ORDER FORM 

CUSTOMER 

P.O. NUMBER 

DATE 

For Intel use only 

s# PPPP 

STD ZZ 

DO 

APP DATE 

All custom 4001 ROM orders must be submitted on this form. Prograrnrning inforrnation should be sent in the forrn of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 

MARKING 
INTEL PATTERN NUMBER 

• P4001 PPPP 

The marking as shown at the right must contain the I ntel logo. the 
product type (P400l), the 4·digit Intel pattern number (PPPP), a date 
code (XXXXl. and the 2·digit chip number (001. An optional customer 
identification number may be substituted for the chip number (Z2). 
Optional Customer Number (maximum 6 characters or spaces). 

I xxxx 
'----r--' 

zz 

CUSTOMER NUMBER ______________ _ 

MASK OPTION SPECIFICATIONS 

A. CHIP NUMBER _____ _ 

(Must be specified-any number from 
o through 15-001. 

B. I/O OPTION - Specify the connec· 
tion numbers for each I/O pin (next 
page). Examples of some of the pas· 
sible I/O options are shown below: 
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EXAMPLES - DESIRED OPTION/CON· 
NECTIONS REQUIRED 

1. Non-inverting output - 1 and 3 are 
connected. 

2. Inverting output - 1 and 4 are con
nected. 

3. Non.inverting inpu.t (no input resis
tor) - only 5 is connected. 

4. Inverting input (input resistor to VSSI 
- 2, 6, 1, and 9 are connected. 

5. Non-inverting input (input resistor to 

VDDI - 2, 7. 8, and 10 are con· 
nected. 

6. I f inputs and outputs are mixed on 
the same port, the pins used as the 
outputs must have the internal re
sistor connected to either VOO or 
VSS (8 and 9 or 8 and 10 must be 
connected). This is necessary for test
ing purposes. For example, if there 
are two inverting inputs {with no in
put resistod and two non-inverting 

outputs, the connection would be 
made as follows: 

Inputs - 2 and 6 are connected 
Outputs - 1, 3, 8, and 9 are con

nected or 
I, 3, 8, and 10 are connected 

If the pins on a port are all inputs or 

all outputs, the internal resistors do 
not have to be connected. 

DATE CODE 
CHIP NUMBER OR 
CUSTOMER NUMBER 

C. 4001 CUSTOM ROM PATTERN
Programming information should be 
sent in the form of computer punched 
cards or punched paper tape. In either 
case, a printout of the truth table must 
accompany the order. Based on the 
particular customer pattern, the char· 
acters should be written as a "P" for 
a high level output = Vss (negative 
logic "0") or an "N" for a low level 

output = VDD (negative logic "1 "). 

Note that: 

NOP = BPPPP PPPPF = 0000 0000 



MCS® CUSTOM ROM ORDER FORM 

4001 I/O Options 

v .. 

1/00 (PIN 16) 
CONNECTIONS OESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T2L compatibility on the I/O lines the supply voltages should be 
Voo '" -lOV !5%, Vss ::= +5V !5% 

b, If non· inverting input option is used, V1L '" -6.5 Volts maximum (not TTL!. 

0, 
(PlN31 

31 I-
LJo :f"o, _S_ ,..... tll'tNMI 

~o -.-.;. , ,.... °1 7 ""-,-

2-~ Vf 
Y -,.-

o -.-
v .. 

1/02 (PIN 14) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T2L compatibility on the I/O lines the supply voltages should be 
Voo '" -lOV ~5%. Vss '" +5V ~5% 

b. If non·inverting Input option IS used, V1L '" -6.5 Volts maximum (not TTL) 

v" 

1/0, (PIN 15) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T:2L compatibility on the I/O lines the supply voltages should be 
VOO '" -10V !5%, VSS '" +5V :!"5% 

b. If non'lnvertlng Input option is used, V1L '" -6.5 Volts maximum (not TTL). 

0, 
I"'N4) 

31 I-
LJo :f"O, _s_ -,---- CP'IN 131 

~o 
-.-~ "°1' ~-,-

o ___ ~_--+'_ 

-. 2-0--1:, vf 
1 --;0 
v .. 

1/03 (PIN 13) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) ____ --'--_ 

a. For T 2l compatibility on the 1'0 Imes the supply voltages should be 
VOO =-10V-5°\'. VSS =+5V·5% 

b. If non·invertlng mput option IS used, V1L = -6.5 Volts maximum (not TTL\. 
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inter 4308 

1024 x 8 MASK PROGRAMMABLE ROM 
AND FOUR 4-BIT I/O PORTS 

• Direct Interface to MCS-40TM 
4-Bit Data Bus 

• I/O Pprts Low-Power TTL 
Compatible 

• Equivalent to Four 4001 ROMs • 28 Pin Dual In-Line Package 
• Four Independent 4-Bit I/O 

Ports 

• Input I/O Buffer Storage with 
an Optional Strobe 

• Standard Operating 
Temperature Range of 
OOto 70°C 

• Also Available With -40° 
to +85° C Operating Range 

The 4308 is a 1024 x 8 bit word ROM memory with four liD ports. It is deSigned for the MCS-40'· system and is operationally 
compatible with all existing MCS-40 elements. The 4308 is functionally identical to four 4001 chips. The 4308 has 16 liD lines 
arranged in four groups of four lines. 
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4308 

Pin Description 
Designation/ 

Pin No. Type of Logic Description of Function 

1 

2·5 
14·17 
18·21 
24·27 

6·9 

Vss Most positive supply voltage. 

1/01 3-1/010/Neg. Four I/O ports consisting of 4 
1/023-1/02o/Neg. bidirectional and selectable 
1/033-1/030/Neg. lines. 
1/003-1/00o/Neg. 

Do-D3/Neg. Bi-directional data bus. All in
formation between processor 
and device is transmitted to 
these four pins. 

10, 23 </>1, </>2/Neg. Non-overlapped clock signals 
which determine device timing. 

11 SYNC/Neg. 

12 CM-ROM/Neg. 

13 RESET/Neg. 

22 CLR/LD/Neg. 

28 Voo 

System synchronization signal 
generated by processor. 

Chip enable generated by the 
processor. 

Reset input. A negative level 
(Voo) on this pin will clear in
ternal flip-flops and buffers. 
The input buffers are not 
cleared by this signal. 

Clear/Load input. This pin is a 
dual function pin. It may be se
lected as a common Clear for 
those pins selected as output 
pins or as a Load for those pins 
selected as input pins. This pin 
should be designated for one 
purpose only per 4308, either 
Clear or Load. 

As a Load, a positive (VSS ) to 
negative (Voo) transition will 
cause the I/O data to be placed 
in the input latch. A negative 
to positive transition will cause 
the data to be latched. The I/O 
pin state may be altered with
out changing the contents of 
the latch when the line is posi
tive. 

As a Clear, a negative level 
(Voo) on this line will cause the 
designated output latches to 
clear and remain cleared until a 
positive level (Vss) is placed on 
the line. This line may be driven 
by a TTL output with a 1 K pull
up resistor to VSS. 

Main supply voltage. Value 
must be VSS -15V ±5%. 

Functional Description 
The 4308 ROM program memory is arrayed 1024 x 8 bit 

words. For the program memory mode of operation, the A 1 
-A3 time periods of the instruction cycle are used to address 
the ROM contents. The 4308 decodes the first ten bits of the 
address to select lout of the 1024 words, 8 bits wide. The 
remaining two bits select a particular 4308, which has one of 
four possible metal option chip select addresses. Instruction 
information is available in two 4-bit segments during Ml and 
M2 time periods. A 4004 system can accommodate up to 
four 4308's while a 4040 system can utilize up to eight de
vices. 

A second mode of operation of the ROM is as an Input/ 
Output control device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 I/O 
external lines. Each chip has the capability to identify itself 
for an I/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. 

All internal flip flops (including the output register) will 
be reset when the RESET line goes low (negative voltage). 

Each of the four I/O ports of a 4308 are program select
able. Each of thr) four lines can be specified as either inputs 
or outputs via 2 metal mask option. A complete description 
of the I/O option capabilities are given below. The 4308 has 
an input storage buffer for utilization with those I/O pins 
designated as inputs. A common strobe line (CLR/LD line) 
allows the asynchronous loading of data from the I/O lines. 
The same CLR/LD strobe line can also serve asa clear to the 
I/O output port buffers when designated. This CLR/LD line 
is common to all ports on a 4308 and when toggled, will ef
fect those I/O lines connected by the metal mask option. For 
an input line, if the CLR/LD strobe line is left unconnected, 
or if it is pulled to (Vool. then the output of the buffer will 
follow the input. 

NOTE: Since the 4308 is compatible with all components of 

the MCS-40 system, 4308 and 4001 can be mixed on one 

memory bank as long as the chip select addresses are mutually 

exclusive. 

The following table shows the chip number relationship 

between 4308 and 4001. 

Page No. 

0-3 

4-7 

8-11 

12-15 

4308 

Chip No. 

(0) 

(1 ) 

(2) 

(3) 

4001 

Page No. Chip No. 

0-15 0-15 
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INSTRUCTION EXECUTION 

The 4308 responds to the following instructions. 

1. SRC Instruction (Send address to ROM and RAM) 

When the CPU executes an SRC instruction it will send 
out 8 bits of data during X2 and X3 and will activate 
the CM-ROM and one CM·RAM line at X2. Data at X2 
(representing the contents of the first register of the reg· 
ister pair addressed by the SRC instruction). with simul
taneous presence of CM·ROM, is interpreted by the 4308 
as the chip number of the unit that should later perform 
an I/O operation. Data at X3 is ignored. After an SRC 
only one CM-ROM and CM-RAM device will be selected. 

2. WRR - Write ROM Port 

The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is avai lable on the output pins until a new 
WR R is executed on the same chip. The ACC content 
and carry/link are unaffected. (The LSB bit of the 
accumulator appears on 1/00.) No operation is per· 
formed on I/O lines coded as inputs. 

3. RDR - Read ROM Port 

The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 

If the I/O OPtion has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either "0" 
or "1" transferred to the accumulator for those I/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the I/O lines coded with 
2 inputs and 2 outputs, when R DR is executed the trans
fer is as shown below: 

13 02 0, 10 (ACC) 

1 X X 0--.1 , I 
Input Data 

(lorO) (lorO) 0 
, I 

User can choose 

4308 

Timing Considerations 

At the beginning of each instruction sequence, a SYNC 
pulse is generated externally to synchronize the processor 
with the various components of the system. This pulse, along 
with the clock inputs ¢, and ¢2, is used in the 4308 as an in· 
put to a timing register. 

During time A,. A2, and A3, the address is sequentially 
accepted from the data bus and decoded. During time A3, 
the CM-ROM line will be active, and if the 2 highest order 
bits of the address sent at A3 match the metal pre
programmed chip select option, the ROM will respond to the 
current address. 

At time M, and M2, the instruction OPR, OPA will be 
placed on the data bus for the processor. 

After the SRC or Send Register Control instruction, which 

is used to designate a set of 4 I/O lines (1 port) on a particular 
ROM which are to be used for subsequent ROM I/O opera-

tions, is executed by the processor, the processor sends a 4 
bit code to the ROM during X2, and CM·ROM goes to a "1" 
(VDD). The first two bits (D3, D2) of this code select a group 
of lout of 4 possible 4308, and the last two bits select a 
particular port (1 of 4 ports). This port remains selected un
til the next SRC instruction is executed. 

In both the RDR and WR R operations, the CM-ROM line 
will become active during time M2, and if the ROM has a pre· 
viously selected I/O port, it will respond to the I/O in two 
ways. For a WRR accumulator, data will be transferred to an 
internal ROM selected output port flip-flops during X2. Data 
will be available on the I/O line from time X3 • ¢2. The data 
will remain on the bus until a new WR R occurs, a reset occurs, 
or a clear (CLR/LD line) is generated. The RDR instruction 
will transfer information from the input port flip·flops of a 
previously selected port. Prior to RDR instruction, the user 
should insure that the input flip-flops have been loaded via 
the CLR/LD strobe if the load strobe is specified. If the load 
strobe is not specified, information on the input lines will be 
loaded into the accumulator at the time of the RDR. 



1/0 OPTIONS 

The 4308 offers the following options on its I/O pins: 

1. I nput or output. 

2. Inverted or direct (for input and output). 

3. On·chip resistor connected to either Vss or VDD for 
input pins. 

4. Asynchronous loading of input buffers via the CLR/LD 
signal. 

5. Clear signal for any or all output ports via the CLR/LD 
signal. 

Referring to the block diagram of the single I/O pin shown 
below which illustrates the various options available on a 
4308, it should be noted that certain pin combinations are 
mutually exclusive and should not be specified together. 
There are also certain invalid combinations. The following 
combinations should be avoided: 

8,9 
5,6 
3,4 
10,11 - Both on a single pin and within a single 4308. 

Examples of some common desired option/connections are: 

a. I/O pin inputs' 

non-i nverting 
inverting 

11, 2, 5, 7, 9 (TTL) - 2, 5, 7, 8 
11,2,6,7,9 (TTL) -2, 6, 7,8 

Figure 1. 4308 I/O Pin Options_ 

4308 

b. I/O pin outputs 

non·inverting 
inverting 

3,1 (10 optional) 
4, 1 (10 optional) 

Other combinations exist and should be used \fJith caution. 

'Op tion 11 need not be specified if an unbuffered input is 
desired. This is equivalent to a 4001 input. 

NOTE: The 4308 has the following enhancements over the 
4001 as far as I/O options are concerned: 

1. The capability of clearing any or all outputs with the 
CLR/LD signal. 

2. TTL compatibility of both the inverting and non
inverting input paths for input ports. 

3. The capability to select the LD option and have the in
put buffer become an input flip-flop and to have the 
CLR/LD signal become an asynchronous clock for load
ing data. 

For TTL compatibility on the I/O lines, the supply voltage 
should be VDD = -10V ±5%, Vss = +5V ±5%. External pull
up is required for outputs. 
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4308 

Absolute Maximum Ratings· 

'COMMENT: Ambient Temperature Under Bias .••....•......... ooe to 700 e 
Storage Temperature .....•.................. -55°e to + 125°e 
Input Voltages and Supply Voltage 

with respect to Vss •..........................• +0.5V to -20V 
Power Dissipation .................................... 1.0 Watt 

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. 

D.C. and Operating Characteristics 
TA ; OOC to 70°C; VSS -VOO ; 15V ±5%; t</>pw ; t</>OI ; 400 nsec; t</>02 ; 150 nsec; Logic "0" is defined as the more positive 
voltage (VIH, VOH); Logic "1" is defined as the more negative voltage (VIL, VaLl; Unless Otherwise Specified. 

SUPPLY CURR ENT 

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

100 Average Supply Current 20 40 mA TA ; 25°C 

INPUT CHARACTERISTICS (ALL INPUTS EXCEPT I/O PINS) 

III Input Leakage Current 10 /lA VIL; VOO 

VIH Input High Voltage (Except Clocks) Vss-1.5 VSS+·3 V 

VIL Input Low Voltage (Except Clocks) Voo Vss-5.5 V 

VILO Input Low Voltage Voo Vss-4.2 V CLR/LD pin 

VIHC Input High Voltage Clocks VsS-1.5 Vss+·3 V 

VILC Input Low Voltage Clocks Voo Vss-13.4 V 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 

ILO Data Bus Output Leakage Current 10 /lA VOUT; -12V 

VOH Output High Voltage Vss-·5V Vss V Capacitive Load 

IOL Data Lines Sinking Current 8 15 mA VOUT; Vss 

VOL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 V IOL; 0.5mA 

ROH Output Resistance, Data Line "0" Level 200 300 ,Q VOUT ; Vss -.5V 

I/O INPUT CHARACTERISTICS 

III Input Leakage Current 10 /lA 

VIH Input High Voltage Vss-1.5 Vss+·3 V 

VIL Input Low Voltage Voo Vss-4.2 V 

VIL CLR/LD Input Low Voltage Voo Vss-4.2 V 

RI Input Resistance, if Used 10 18 35 k,Q RI tied to Vss; 
VIN; Vss -3V 

RI[I] Input Resistance, if Used 15 25 40 k,Q RI tied to Voo; 
VIN; Vss -3V 

I/O OUTPUT CHARACTERISTICS 

VOH Output High Voltage Vss-·5V V lOUT; 0 

ROH I/O Output "0" Resistance 1.2 2 k,Q VOUT ; Vss -.5V 

IOL I/O Output "1" Sink Current 2.5 5 mA VOUT ; Vss -.5V 

IOL[2] I/O Output "1" Sink Current 0.8 3 mA VOUT ; Vss -4.85V 

ICF I/O Output "1" Clamp Current 4 mA VOUT; Vss -6V; 
TA; 70°C 

VOL I/O Output Low Voltage Vss-12 Vss-6,5 V lOUT; 50J1A 
Notes: 1. RIIS large sIgnal eqUivalent resIstance to (VSS -12) V. 

2. For TTL compatability, use 12k!} external resistor to VOO. 
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D.C. and Operating Characteristics 
CAPACITANCE 

Symbol Parameter 

C.p Clock Capacitance 

CDB Data Bus Capacitance 

CIN Input Capacitance 

CO UT Output Capacitance 

4308 OUTPUT PINS ("1" LEVEL) 

_0 

O~O--~-I~~-2~~-3----~4----~5----~6--~-7 

VOUT (VI 

4308 

Min. 
Limit 
Typ. Max. Unit Test Conditions 

14 20 pF VIN = Vss 

7 10 pF VIN = Vss 

10 pF VIN = Vss 

10 pF VIN = Vss 

4308 SUPPLY CURRENT VS. TEMPERATURE 

25r---------,---------,------, 

20~~~----~--------~-----4 

10~--------~--------~-----1 

°5~O--------~--------~5~O----~8·5 

4308 OUTPUT PINS ("0" LEVEL) 

Voo = ~'5.0V 

~ ~ 
~ 
~oc 

/. ~ 
/.~ 
~ 

" o V 
o -1 ., -5 -6 -7 

VOUT (VI 
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4308 

A.C. Characteristics 

Limit 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tCY Clock Period 1.35 2.0 psec 

t</>R Clock Rise Time 50 ns 

t</>F Clock Fall Time 50 ns 

t</>PW Clock Width 380 480 ns 

t¢Dl Clock Delay </>1 to </>2 400 550 ns 

t</>D2 Clock Delay </>2 to </>1 150 ns 

tw Data·ln, CM, SYNC Write Time 350 100 ns 

tH[1,3] Data·ln, CM, SYNC Hold Time 40 20 ns 

tos[2] Set Time (Reference) 0 ns 

tAcc Data·Out Access Time COUT -

Data Lines 930 ns 500pF Data lines[4] 
SYNC 930 ns 500pF SYNC 

CM·ROM 930 ns 160pF CM·ROM 

CM·RAM 930 ns 50pF CM·RAM 

tOH Data·Out Hold Time 50 150 ns COUT ~ 20pF 

tiS I/O Input Set·Time 50 ns 

tlH I/O Input Hold·Time 100 ns 

tpw 1/0 C/l Pulse·Width 1000 400 ns 

twc/l C/l Write Time 350 200 ns 

tH C/l C/l Hold Time 100 ns 

tD I/O Output Delay 1500 ns COUT ~ 100pF 

tC[5] I/O Output Delay on C/l 750 1500 ns COUT ~ 100pF 

tw </>2F [6] Data In Write Time with Respect to </>2 -30 -60 ns 

Notes: 1. tH measured with t</>R ~ 10nsee. 
2. TACC is Data Bus, SYNC and CM-line output access time referred to the </>2 trailing edge which clocks these lines out. tos is 

the same output access time referred to the leading edge of the next 1J2 clock pulse. 

7-100 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 4004/4040 takes over the data bus at Xl and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10,uA of leakage current and 1 OpF of capacitance which guarantees that the data bus cannot change 
faster than 1 V I/.Is. 

4. tACC. 4308 is guaranteed with t</>D2 ~ 200 nsee. 
5. C/l Clears output buffer when low. C/l enters data into input buffer when low. C/l rising edge latches input buffer. Port 

Option 10 and 11 are mutually exclusive on any 4308. 
6. Data Bus Inputs are guaranteed valid before </>2 falling edge by 4004. 4040 tACC' If tPW</>2 is widened. then tCY is increased 

and Data Bus Inputs remain valid before </>2 falling edge. Thus, tW</>2F is not a system constraint. 
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Figure 2. Timing Diagram. 

Figure 3. Timing Detail. 
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ROM 
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x, 
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-F!=='---10% 
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DATA BUS INPUTS 

X, 

IF lOR 
PORT/RAM 
ELSE CPU 
ENABLED 

X3 

CPU 
ENABLED 
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4308 

Programming Instruction 

To insure optimum handling of ROM programs and avoid 
delays, programs should be specified in the following format. 

Paper Tape Format* 

A 1" wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 

A. Preamble 

1. Preceding the first word field and following the 

last word field, there should be a leader/trailer 
length of at least 25 characters. This should con
sist of rubout punches. 

2. Included in the tape before the leader, and pre
ceded by another leader, should be the cus
tomer's complete telex or twx number and if 

more than one pattern is being transmitted, the 
ROM pattern number. 

3. The first ROM pattern preamble field is the 
device type number or ROM number. The field 
should be framed by an "I" and "-" 

14308-

This should be followed by the chip select infor
mation encoded in decimal (two digits), and 
enclosed by "C" and "S", as in 

"ChhS" 

The valid select digits for the 4308 are 0-3 

"COS" - "C3S" 

Finally, the I/O options would be specified on a 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

"(nl, n2, n3 ... )". 

where (nl, n2 ... ) are the option numbers asso
ciated with one I/O line. Hence, for the 4308 
there will be sixteen bracketed collections of I/O 
options. 

Each I/O pin has a series of 11 possible connec
tions. These connections are consecutively num
bered from 1-11. It is these numbers that should 
be in parentheses for each I/O pin. 

Example: "( )" indicates no connection 
"( 1 )" indicates only #1 
"(2,5,7)" indicates connections 

#2,5 and 7. 

I/O options should be placed on the tape sequen

tially for the 4308, from 1/000 - 1/033 (16). 
Always avoid illegal combinations. 

*NOTE.- Cards may also be submitted. 
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B. ROM Code 

The format requirements are as follows: 

1. 

2. 

St,ln Ch<Hilclt'r 

All word fields are to be punched in consecutive 
order, starting with word field 0 (all addresses 
low). There must be exactly N word fields for 
the N x 8 ROM organization. 

Each word field must begin with the start charac· 
ter B and end with the stop character F. There 

must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 

level output (VSS or logic 0 for MCS-40 CPUs) 
and a N results in a low level output (VDD or logic 
1 for MCS·40 CPUs). 

Example of 256 x 8 format (N=256): 

! SlOP Ch,"'I" 1 I Dol" F,,'d ITT 
BPPPN N N N N FBNNNNNNPPF ... BN PNPPPNN F 

Word Fipld 0 Word Field 1 Word Field 255 

3. 

4. 

Between word fields, comments not containing 
B's or F's may be inserted. Carriage return and 
line feed characters should be inserted (as a 
"comment") just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes 
of error checking. It may be helpful to insert the 
word number (as a comment) at least every four 
word fields. 

Within the ROM pattern words a character, 
"X", may be used. Where "P" and "N" indicate a 
"0" and "1" setting respectively, an "X" will in· 
dicate a single bit - "Don't Care" setting. This 

allows the optimum default bit values to be se· 
lected by Intel. The bit value will be fixed to allow 
for testing. The. values will be specified to the 
user on the Verification Listing tape. 

I n the place of a standard BPN F word, a "B * n F" 
word may be used. This indicates that the data in 
the last BPNF word encountered is to be 
repeated for the next n words (1 :5: n :5: 1023). 
Note that if a repeat count of 4 is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don't Care bits 
which might conceivably have different assigned 
values). 

To indicate that an entire block (such as the 
remainder ota ROM) is not used (i.e., Don't 
Care), a word of Don't Care data can be followed 
by the remaining word count in a repeat count 
form. 



MCS® 4308 intel CUSTOM ROM ROM 
ORDER FORM 

CUSTOMER 

P.O. NUMBER 

DATE 

For I ntel use only 

s# PPPP 

STD ZZ 

DO 

APP DATE 

All custom 4308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 

MARKING 

The marking as shown at the right must contain the I ntel logo, 
the product type (P4308), the 4-digit Intel pattern number 
(PPPPl. a date code (XXXXl. and the 2-digit chip number 
(DO). An optional customer identification number may be 
substituted for the chip number (ZZ). Optional Customer 
Number (maximum 6 characters or spaces). 

CUSTOMER NUMBER 

MASK OPTION SPECIFICATION 
A. CHIP NUMBER _______ (Must be specified). 

B. I/O OPTION - Specify the connection numbers for each 
I/O pin. See table below. 

C. 4308 CUSTOM ROM PATTERN - Programming informa
tion should be sent in the form of computer punched cards 

PIN OPTION 

I/O 00 27 1 2 3 4 5 6 7 8 9 10 11 
I/O 0, 26 1 2 3 4 5 6 7 8 9 10 11 

I/O 02 25 1 2 3 4 5 6 7 8 9 10 11 

I/O 03 24 1 2 3 4 5 6 7 8 9 10 11 
I/O 10 5 1 2 3 4 5 6 7 8 9 10 11 
I/O 1, 4 1 2 3 4 5 6 7 8 9 10 11 

I/O 12 3 1 2 3 4 5 6 7 8 9 10 11 

I/O 13 2 1 2 3 4 5 6 7 8 9 10 11 

I/O 20 17 1 2 3 4 5 6 7 8 9 10 11 
I/O 2, 16 1 2 3 4 5 6 7 8 9 10 11 

I/O 22 15 1 2 3 4 5 6 7 8 9 10 11 

I/O 23 14 1 2 3 4 5 6 7 8 9 10 11 

I/O 30 21 1 2 3 4 5 6 7 8 9 10 11 

I/O 3, 20 1 2 3 4 5 6 7 8 9 10 11 

I/O 32 19 1 2 3 4 5 6 7 8 9 10 11 

I/O 33 18 1 2 3 4 5 6 7 8 9 10 11 

NOTE: Options 10 and" cannot both be specified. 

• P4308 

I xxxx zz 

INTEL PATTERN NUMBER 

CHIP NUMBER OR 
CUSTOMER NUMBER 

or punched paper tape. In either case, a printout of the truth 
table must accompany the order. Based on the particular cus
tomer pattern, the characters should be written as a "P" for a 
high level output = Vss (negative logic "0") or an "N" for 
a low level output = VDD (negative logic "1"). 

Note that: Nap = BPPPP PPPPF = 0000 0000 

71 S 10----0 VDD 

Y 
I/O PORT LINE OPTION ~ Vss 
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inter 4316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 
Organization: 2048 Words x 8 Bits 

Access Time: 850 ns Max. 

• Single + 5 Volts Power Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Outputs 
• Low Power Dissipation of 31.4 pW/Bit 

Maximum 
• Three Programmable Chip Select. 

Inputs for Easy Memory Expansion 

• Three-State Output - OR-Tie 
Capability 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Interface to 4004/4040 CPU Via 
4008/4009 or 4289 Standard Memory 
Interface 

The Intel® 4316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
microcomputer memory applications where high performance, large bit storage, and simple interfacing are important design 
objectives. It can be used in MCS-40 systems via the 4008/4009 or 4289 Standard Memory Interface component. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined and the desired chip 
select code is fixed during the masking process. These three programmable chip select inputs, as well as OR-tie compatibility 
on the outputs, facilitate easy memory expansion. 

The 4316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 

PIN CONFIGURATION BLOCK DIAGRAM 

vee 
0, 

O2 A,a 
0, 

Ag 
0, 

0, A. 

o. A, 

A. 

CS, A, 

CS2 A, 

CS, 
A, 

A, 

A, 

Aa 

PIN NAMES 

ADDRESS INPUTS 

DATA OUTPUTS 

PROGRAMMABLE CHIP SELECT INPUTS 
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4316A 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias .......... O°C to 70°C 
Storage Temperature. . . . . . . . . . . . -65°C to +150°C 
Voltage On Any Pin With Respect 

To Ground ...................... -0.5V to +7V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . 1.0 Watt 

D.C. and Operating Characteristics 
T A = O°C to + 70°C, V cc = 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. Typ. (1 ) 

III I nput Load Current 
(All Input Pins) 

ILOH Output Leakage Current 

ILOL Output Leakage Current 

Icc Power Supply Current 40 

V IL Input" Low" Voltage -0.5 

VIH Input "High" Voltage 2.0 

VOL Output "Low" Voltage 

VOH Output "H igh" Voltage 2.2 

(1) Typical values for T A "25°C and nominal supply voltage. 

A.C. Characteristics 
TA = o°c to +70°C, Vee = +5V ±5% unless otherwise specified 

SYMBOL PARAMETER 

tA Address to Output Delay Time 

tco Chip Select to Output Enable Delay Time 

*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. 

MAX. 
UNIT TEST CONDITIONS 

10 J1A VIN = 0 to 5.25V 

10 J1A CS=2.2V, VOUT=4.0V 

-20 J1A CS = 2.2V, VOUT = 0.45V 

98 mA All inputs 5.25V Data Out Open 

0.8 V 

Vec+1.OV V 

0.45 V IOL = 2.0 mA 

V 10 H = - 1 00 J1A 

LIMITS 

MIN. Typ. (1 ) MAX. 
UNIT 

400 850 nS 

300 nS 

tDF Chip Deselect to Output Data Float Delay Time 0 300 nS 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and CLOAD = 100 pF 
I nput Pulse Levels ............... 0.8 to 2.0V 
Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input ........................ 1.5V 
Output .. , ............. 0.45V to 2.2V 

Capacitance (2) TA = 25°C, f = 1 MHz 

LIMITS 
SYMBOL TEST 

TYP. MAX. 

CIN All Pins Except Pin Under 4 pF 10 pF 
Test Tied to AC Ground 

COUT All Pins Except Pin Under 8 pF 15 pF 

Test Tied to AC Ground 

121 This parameter is periodically sampled and is not 100"10 tested. 
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Waveforms 

ADDRESS 

PROGRAMMABLE 
CHIPSElECTS 
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inter 4702A 

REPROGRAMMABLE 2K PROM 
• Access Time: 1.7 usec Max. 
• Fast Programming: 2 Minutes 

for all 2048 Bits 

• Ultraviolet Erasable and 
Electronically Reprogrammable 

• Fully Decoded, 256 x 8 
Organization 

• Static MOS: No Clocks Required 
• Inputs and Outputs TTL 

Compatible 

• Three-State Output: OR-Tie 
Capability 

• Simple Memory Expansion 
Chip Select Input Lead 

The 4702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system development where 
fast turn-around and pattern experimentation are important. The 4702A undergoes complete programming and functional 
testing on each bit position prior to shipment, thus insuring 100% programmability. 

The 4702A is packaged in a 24 pin dual-in-line package with a transparent quartz lid. The transparent quartz lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. This procedure 
can be repeated as many times as required. 

The circuitry of the 4702A is entirely static; no clocks are required. 

A pin-for pin metal mask programmed ROM, the Intel® 1302A, is ideal for large volume production runs of systems initially 
using the 4702A. 

The 4702A is fabricated with silicon gate technology. This low threshold technology allows the design and production of higher 
performance MaS circuits and provides a higher functional density on a monolithic chip than conventional MaS technologies. 

PIN CONFIGURATION BLOCK DIAGRAM 

A, 2. Voo 
DATA OUT 1 DATA OUT 8 

A, 23 Vee 

Ao 22 Vee 

'DATA OUT 1 • (LSSI 21 

'DATA OUT 2 20 A, 

-DATA OUT 3 19 As 
4702A 

'DATA OUT' 18 A, 

'DATA OUT 5 17 A, 

'DATA OUT 6 16 Vee 

'DATA OUT 7 10 15 V •• 

'DATA OUT 8 11 (MSSI 14 CS 

Vee 12 13 PROGRAM 

'THIS PIN IS THE DATA INPUT LEAD DUPING PROGRAMMING. 

PIN NAMES 

ADDRESS INPUTS 

CS CHIP SELECT INPUT 

DO,· 002 DATA OUTPUTS 

7-107 



I 

7-108 

4702A 

Pin Connections 
The external lead connections to the 47D2A differ, depending on whether the device is being programmed (1) or used in read 
mode. (See following table.) 

~ 12 13 
MODE (Vee) (Program) 

Read Vee Vee 

Programming GND Program Pulse 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias ........ OOC to +70 oC 
Storage Temperature ............. -65°C to +125 0 C 
Soldering Temperature of Leads (10 sec) ........ +300oC 
Power Dissipation ....................... 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Vee .......... +0.5V to -20V 
Program Operation: Input Voltages and Supply 

Voltages with respect to Vee ................ -48V 

READ OPERATION 
D.C. and Operating Characteristics 

14 15 16 22 23 
(CS) (VBB ) (VGG ) (Vee) (Vee) 

GND Vee VGG Vee Vee 

GND Vaa Pulsed VGG (VI l4P ) GND GND 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rat· 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex· 
tended periods may affect device reliability. 

T A = DOC to 70°C, Vee = +5V±5%, Voo =-1 OV±5%, VGG =-1 OV±5%, unless otherwise noted. 

SYMBOL TEST MIN. TYP.(2) MAX. UNIT CONDITIONS 

III Address and Chip Select 10 ~A Y'N = O.OV 
Input Load Current 

ILO Output Leakage Current 10 ~A VOUT = O.OV, CS = Vee-2 

1000 Power Supply Current 6 14 mA VGG=Vee,CS=Vee-2 
10l = O.OmA, T A = 25°C 

IDOl Power Supply Current 39 54 mA CS=Vee -2 
10l =O.OmA,TA = 25°C 

1002 Power Supply Current 36 50 mA CS=O.O 
10l =O.OmA, T A = 25°C 

1003 Power Supply Current 43 63 mA CS=Vee -2 
10l =O.OmA , T A = OOC 

leFt Output Clamp Current 8 14 rnA VOUT - -1.0V, TA = DOC 

ICF2 Output Clamp Current 13 mA VOUT - -1.0V, TA - 25°C 

IGG Gate Supply Current 10 ~A 

Vilt I nput Low Voltage for -1.0 0.65 V 
TTL Interface 

VIl2 Input Low Voltage for Voo Vec -6 V 
MOS Interface 

VIH Address and Chip Select Vee -2 Vee +0.3 V 
Inpul High Vollage 

10l Output Sink Current 1.6 4 mA VOUT = 0.45V 

"VOl Output Low Voltage -.7 0.45 V 10l = 1.6mA 

VOH Output High Voltage 3.5 V 10H = -lDOIlA 

Note 1: In the programming mode, the data inputs 1-8 are pins 4-11 respectively. CS = GND. 
Note 2: Typical values are at nominal voltages and T A = 25°C. 

Continuous 
Operation 



4702A 

A.C. Characteristics 
T A = 0" C to + 70°C, Vee = +5V ±5%, Voo = -1 OV ±5%, VGG =-1 OV ±5% unless otherwise noted 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT 

Freq. Repetition Rate 

tOH Previous read data valid 

tAee Address to output delay 

tcs Chip select delay 

teo Output delay from CS 

too Output deselect 

Capacitance * T A = 25 °C 

SYMBOL TEST MINIMUM TYPICAL 

CIN Input Capacitance 

COUT Output Capacitance 

'This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 

Input pulse amplitudes: 0 to 4V; tR, tF ';;;50 ns. 
a) For output load = 1 TTL·gate; measurements 

made at output of TTL gate (tPD ';;;15 ns) 
b) For pure capacitive load of 75pf. 

8 

10 

MAXIMUM 

15 

15 

I-----CYCLE TIME III'REO--l 

UNIT 

pF 

pF 

1 I 

v," V 10"'. Vr----
AOORESfi 90'1, X 

Vil I-='-------~, ....... ---
-1 'cs r- I 

cs v," ~ i'O"~ 
Vil ~ 

VO" 
DATA 
OUT 

I 

DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 

ADO:~~SX: x\---
V'"--i'~' ' 10", 

CS I ~ 
V 90'i\, I 

It.. I I 

-->~' -1'001--VOH --------c I I 
DATA I I 
OUT I 

VOL I I I 

~ leo I--

1 MHz 

100 ns 

1.7 lis 
800 ns 

900 ns 

300 ns 

CONDITIONS 

V,N-V", } A" 
CS = Vce unused pms 

VOUT = Vee are at A.C. 

VGG = Vee ground 

I 
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Mes 4/40'· PROTOTYPE SYSTEMS 

Intel distributors are now stocking two MCS-40 systems which may be used to 
prototype products and will make low volume manufacturing more 
economical. Additional prototype systems will be offered as newer 
microcomputer components are developed_ 

System Number 

MCS-4 System A 

MCS-40 System A 

System Composition 

Prototype system for 4-bit Microcomputer with C4004 CPU. 
Each system includes: 

Quantity 

1 
1 
1 
1 
1 
1 

Device 

P4002-1 
P4003 
C4004 
P4008 
P4009 
C4702A 

Prototype system for 4-bit Microcomputer with C4040 CPU. 
Each system includes: 

Quantity 

1 
1 
1 
1 
1 
1 

Device 

P4002-1 
P4003 
C4040 
P4201 
P4289 
C4702A 



MCS-80™ 
MICROCOMPUTER SYSTEM 
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TM 
MCS-80 MICROCOMPUTER SYSTEM 

Type Group Description Page No. 

8080A CPU Central Processor 8·5 

8080A-l CPU Central Processor (1.3/1s) 8-12 

8080A-2 CPU Central Processor (1.5/1s) 8-16 

M8080A CPU Central Processor (_55° to +125°C) 8-20 
8224 CPU clock Generator 8-25 

8228/8238 CPU System Controller 8-29 

8008, 8008-1 CPU Eight-Bit Microprocessor 8:33 

8702A ROMs Erasable PROM (256 x 8) 840 

8708 ROMs Erasable 1 K x 8 PROM 8-43 

8302 ROMs Mask ROM (256 x 8) 8-46 

8308 ROMs Mask ROM (1 K x 8) 8-49 

8316A ROMs Mask ROM (2K x 8) 8-52 

8101-2 RAMs Static RAM (256 x 4) 8-54 

8101A-4 RAMs Static RAM (256 x 4) 450 ns 8-57 

8111-2 RAMs Static RAM (256 x 4) 8,60 

8111A-4 RAMs Static RAM (256 x 4) 450 ns 8-63 

8102A-4 RAMs Static RAM (1 K xl) 450 ns 8-66 

8107B-4 RAMs Dynamic RAM (4K x 1) 8-69 

I 
8222 RAMs Dynamic RAM Refresh Controller 8-74 

8212 I/O 8-Bit I/O Port 8-75 

8255 I/O Programmable Peripheral Interface 8-79 

8251 I/O Programmable Communication Interface 8-85 

8205 Peripherals One of Eight Decoder 8-89 

8214 Peripherals Priority Interrupt Control Unit 8-92 

8216/8226 Peripherals 4-Bit Bi-Directional Bus Driver 8-96 

8253 Peripherals Programmable Interval Timer 8-100 

8257 Peripherals Programmable DMA Controller 8-102 

8259 Peripherals Programmable Interrupt Controller 8-104 
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MCS-80™ MICROCOMPUTER SYSTEM 

MCS-80™ components form complete systems with many optional configurations. 
They eliminate the problems of hardwired design by integrating control and process
ing functions in LSI blocks that interface with one another through a standard sys
tem bus. 

The systems building blocks include: 
• The basic CPU Group, which defines and drives the bus-the 8080A CPU, 

8224 Clock Generator and 8228 System Controller. 
• Three CPU options for higher speed and extended temperature range appli

cations. 
• Twelve I/O and peripherals options, five of which are programmable LSI 

devices that control and communicate with external equipment in software select
able modes. 

• Memory options, including 8K erasable PROMs, 16K ROMs, low power 1 K 
CMOS RAMs, and low cost 4K RAMs-ali with industry standard configurations for 
ease of use and economy. 

HOLD REQ 

_---:>UL..-__ ---L.O....L.L...l.1 1---,=.:=-=:-;::;-;::-;;;-;-----,1 ,--I _OI....L.-· -1-1 ~I _----'I 1--' --LO--'----..L...J.I 1---,_ 
CONTROL BUS 161 

____ ...l..1 -,--I ---,--I 1L..>{L-)7 -----,=:;;-;;;-;;:-=.---'-------,-I...L..I --,I ,--I _----'1-1-' _·...L..I .1...-1 ----,I <--I ----'--

I/O 
COMMUNICATION 

INTERFACE . 

I/O 
PERIPHERAL 
INTERFACE 

B212 
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inter 8080 A 

SINGLE CHIP a-BIT N-CHANNEL MICROPROCESSOR 
The 8080A is functionally and electrically compatible with the Intef® 8080. 

• TTL Drive Capability 

• 2 p's Instruction Cycle 

• Powerful Problem Solving 
Instruction Set 

• Six General Purpose Registers 
and an Accumulator 

• Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 

• Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal,Binary and Double 
Precision Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 512 Directly Addressed I/O Ports 

The Intel@ 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation_ 
The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro
vided directly by the B080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 

8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 

POWER 1- +12V SUPPLIES _ +5V 

_-5V 

-GND 

(8 BIT) 
INTERNAL DATA BUS 

ACK 

°7 -°0 
BI-DIRECTIONAL 

DATA BUS 

TIMING 
AND 

CONTROL 

STACK POINTER 

PROGRAM COUNTER 

A, •. "0 
ADDRESS BUS 

18' 
I •• 

181 REGISTER 
ARRAV 

1161 

1161 
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8080A 

8080A FUNCTIONAL PIN DEFINITION 

The following describes the function of all of the 8080A 1/0 pins. 
Several of the descriptions refer to internal timing periods. 

A15.AO (output three-state) 
ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the I/O device number for up 
to 256 input and 256 output devices. Ao is the least significant 
address bit. 

D7"Do (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de
scribes the current machine cycle. Do is the least significant bit. 

SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 

DBIN (output) 

DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus from memory 
or I/O. 

READY (input) 

READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or I/O 
devices. If after sending an address out the 8080A does not re
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 

WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 

WR (output) 
WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 

HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HO LD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A15-AO) and DATA BUS (DrDo) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC
KNOWLEDGE(HLDA)p~. 

HLDA (output) 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 

8-6 

RESET 
HOLD 

INT 
Oz 

INTE 0 
DBIN 0 

WR 
SYNC 

+5V 

Pin Configuration 

7 
8 INTE~ 
9 
10 8080A 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 A11 
39 A14 
38 A13 
37 A1Z 
36 o A,s 
35 o Ag 

34 As 
33 o A7 
32 As 
31 As 
30 o A4 
29 A3 
28 +12V 
27 Az 
26 A, 
25 Ao 
24 WAIT 

23 READY 

22 0, 

21 HLDA 

will go to the high impedance state. The HLDA signal begins at: 
• T3 for READ memory or input . 
• The Clock Period following T3 for WRITE memory or OUT· 

PUT operation. 

In either case, the H LDA signal appears after the rising edge of <1>1 
and high impedance occurs after the rising edge of <1>2. 

INTE (output) 
INTER RUPT ENAB LE; indicates the content of the internal inter
rupt enable flip/flop. This flip/flop may be set or reset by the En
able and Disable Interrupt instructions and inhibits interrupts 
from being accepted by the CPU when it is reset. It is auto
matically reset (disabling further interrupts) at time T1 of the in
struction fetch cycle (M1) when an interrupt is accepted and is 
also reset by the RESET signal. 

INT (input) 
INTERRUPT REQUEST; the CPU recognizes an interrupt re
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop is reset it will not honor the request. 

RESET (input)[l J 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 

Vss Ground Reference. 
VDO +12 ± 5% Volts. 
Vec +5 ± 5% Volts. 
Vee -5 ±5% Volts (substrate bias). 

<1>1, <1>2 2 externally supplied clock phases. (non TTL compatible) 



8080A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............... O°C to +70° C 
Storage Temperature ............... -65°C to +150°C 
All Input or Output Voltages 

With Respect to Vss .............. -0.3V to +20V 
Vcc. Voo and Vss With Respect to Vss -0.3V to +20V 
Power Dissipation ......................... 1.5W 

D.C. CHARACTERISTICS 

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

TA ; O°C to 70°C, Voo; +12V ± 5%, Vcc; +5V ± 5%, Vss; -5V ± 5%, Vss; OV, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILC Clock Input Low Voltage Vss-l 

VIHC Clock Input High Voltage 9.0 

VIL Input Low Voltage Vss-l 

VIH Input High Voltage 3.3 

VOL Output Low Voltage 

VOH Output High Voltage 3.7 

IOOIAV) Avg. Power Supply Current (Voo ) 

ICCIAV) Avg. Power Supply Current (Vcc ) 

Iss IAV) Avg. Power Supply Current (Vss ) 

IlL I nput Leakage 

ICL Clock Leakage 

IDL [2] Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
TA ; 25°C Vcc; VDD ; Vss; OV, Vss ;-5V 

Symbol Parameter Typ. Max. Unit 

Cq, Clock Capacitance 17 25 pf 

CIN I nput Capacitance 6 10 pf 

COUT Output Capacitance 10 20 pf 

NOTES: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When OSIN is high and VIN > VIH an internal active pull up will 

be switched onto the Data Sus. 
3. Al supply I AT A = -0.45%f c. 

Typ. Max. 

Vss+0.8 

Voo +l 

Vss+0.8 

Vcc+l 

0.45 

40 70 

60 80 

.01 1 

±10 

±10 

-100 
-2.0 

+10 
-100 

Test Condition 

fc; 1 MHz 

Unmeasured Pins 

Returned to Vss 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

pA 

pA 

pA 
mA 

pA 

Test Condition 

} IOL ; 1.9mA on all outputs, 
IOH; -150pA. 

} Op,,";oo 
T CY ; .48 psec 

1.S 

Vss .;; VIN .;; VCC 

Vss .;; VCLOCK .;; VDD 

VSS ';;VIN ';;VSS +0.8V 

VSS+0.8V';;VIN ';;VCC 

VADDR/OATA; Vcc 

V ADDR/OATA ; VSS + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. [3] 

0.5 O!:----,-:+2::,S----+:':SO,.----+-:!75 

AMBIENT TEMPERATURE (OCI 

DATA BUS CHARACTERISTIC 
DURING DSIN 

V,N 
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8080A 
A.C. CHARACTERISTICS 

TA ; OCC to 70c C, Voo ; +12V ± 5%, Vcc ; +5V ± 5%, VBB ; -5V ± 5%, VSS ; OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tCy[3J Clock Period 0.48 2.0 psec 

t" tl Clock Rise and Fall Time 0 50 nsec 

t</>1 </>1 Pulse Width 60 nsec 

t</>2 ¢2 Pulse Width 220 nsec 

t01 Delay </>1 to </>2 0 nsec 

t02 Delay </>2 to </>1 70 nsec 

t03 Delay </>1 to </>2 Leading Edges 80 nsec 

tOA [2J Address Output Delay From </>2 200 nsec 
} CL; 100pf 

too [2J Data Output Delay From </>2 220 nsec 

toc [2J Signal Output Delay From </>1, or </>2 (SYNC. WR.WAIT. HLOA) 120 nsec 
} CL; 50pf 

tOF [2J DB I N Delay From </>2 25 140 nsec 

tOI[1] Delay for Input Bus to Enter Input Mode tOF nsec 

tOS1 Data Setup Time During </>1 and DBIN 30 nsec 

TIMING WAVEFORMS [14J (Note: Timing measurements are made at the following reference voltages: CLOCK "1"; 8.0V 
"0"; 1.0V; INPUTS "1"; 3.3V, "0"; 0.8V; OUTPUTS "1"; 2.0V, "0"; 0.8V.) 

0, 

'---+--'1 
- \ 

..... t 03 __ __I t02 --

---v----t--i 
A 15.A. ------------.1--.1",. A.I"~ ._-

I-'OA-I 
-too-I -- tOI ]-- --I 

1-' I I-~:: DATA IN 
0,.0. ----------l--.... ,'F-.-.----- --.,..- .... F--t--

-- tos,l-
SYNC 

-~ -- --
toHI-

~ 

--- ---- --- ~ 
'AW 

~tDD-

~ DATA OUT --- - --- -I 

:--tow r----
1: .1 --- t OS2 ---" 

~ 'DC 1- ~ 'oe~I.'------+--++--+---I+--+-t-tt---H---i 
DBIN _________________ -+_--'71

1 

__ tDF~1 

READY .l @ --X.<iJ>JL I 

WAIT -_-_-_-_-_-_-_-_-_-_-_-_________________ -_:-~AS::r..-..~~:~:::-~--+J11_ 'AS 1--1 ' 'DC 1"'j;..!t-I---1iH 
toc----' I- _~ tH -::i ... 17-

HOlD ___________________________________________________________________ ~I@~II,X~--~~ 

'1--]12 
-I t HS I.!..-

HLDA 

------------------------------------------------------------~ 

--.r- t"" INT ___________________________________________ ~A@~3 

tl~~ 
tH_ ..... 

INTE 
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SYNC 

DalN 

READY 

WAIT 

HOLD 

HLDA 

INT 

INTE 

8080A 
A.C. CHARACTERISTICS (Continued) 
TA = O°C to 70°C, Voo = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%. Vss = OV, Unless Otherwise Noted 

Symbol 

tOS2 

tOH [1] 

tiE [2] 

tRS 

tHs 

tiS 

tH 

tFO 

tAW [2] 

tOW[2] 

tWO[2] 

tWA [2] 

tHF[2] 

tWF[2] 

tAH[2] 

}\ 

Parameter Min. Max. Unit Test Condition 

Data Setup Time to q,2 During DBIN 150 nsec 

Data Hold Time From q,2 During DBIN [1] nsec 

INTE Output Delay From q,2 200 nsec CL = 50pf 

READY Setup Time During q,2 120 nsec 

HOLD Setup Time to q,2 140 nsec 

INT Setup Time During q,2 (During <1>1 in Halt Model 120 nsec 

Hold Time From q,2 (READY, INT, HOLOI 0 nsec 

Delay to Float During Hold (Address and Data Bus) 120 nsec 
-Address Stable Prior to WR [5] nsec 

Output Data Stable Prior to WR [6] nsec 

Output Data Stable From WR [7] nsec 

Address Stable From WR [7] nsec f- CL = 100pf: Address, Data 
CL =50pf: WR, HLDA, DBIN 

HLDA to Float Delay [B] nsec 

WR to Float Delay [9] nsec 

Address Hold Time After DBIN During HLDA -20 nsec -
NOTES: 
1. Data input should be enabled with OBIN status. No bus conflict can then occur and data hold time is assured. 

tDH '" 50 ns or tOF. whichever is less. 

/\ 2. Load Circuit. 

+5V 

----. 
I-~ \ 

~ 

BOBOA 
OUTPUT 

, - 'FD I-
-"1-

--1---1-- r--. 
I-r---- -~ 

1--f---I 'wA 

------__ I -. 
fo - - ~-----I 'wD 

I 

~ ... tAH 

I \. 

t-W -- ~'wF-
~ 'DC 

!-'HF-

I-

- 'DC --
I 

3. 'CY = '03 + 'r~2 + t~2 + 'f~2 + '02 + 'r~1 .. 480n •. 

TYPICAL a OUTPUT DELAY VS. a CAPACITANCE 

! 
> 

" ... 
w 
0 ... 
~ ... 
::> 
0 
<1 

+20 

+10 / 
V 

-10 / ~SPEC 

-20 / 
-100 -50 

..\ CAPACITANCE (pfJ 

(CACTUAL - CSPEC ) 

+50 +100 

4. The following are relevant when interfacing the 8080A to devices having VIH = 3.3V: 
al Maximum output rise time from .8V to 3.3V = 1 DOns @ CL '" SPEC. 
b) Output delay when measured to 3.0V .. SPEC +60ns @ CL = SPEC. 
<I If CL '" SPEC,add .6n./pF if CL> CSPEc.sub"ae, .3n./pF (frommodifiaddelay) if CL < CSPEC. 

5. tAW = 2 tCY -t03 -trIP2 -140nsec. 
6. tow'" tcv -t03 -trct>2 -170nsec. 
7. If not HLoA, two'" twA = t03 + trct>2 +10ns. If HLOA, two'" tWA = tWF' 
8. tHF - '03 + tr~2 -50n •. 
9. twF = '03 + 'r~2 -IOn. 

10. Data in must be stable for this pariod during 081N 'T3. 80th tOS1 and t052 must be satisfied. 
11. Ready signal must be stable for this period during T 2 or T W. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T2 or TW when entering hold mode, and during T3. T 4. T5 

and TWH when in hold mode. (External synchronization is not required.) 
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 

recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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8080A 

INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 

Data and I nstruction Formats 

increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad
dresses as 1/0 ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di
rectly set, and the CMC instruction allows it to be comple
mented. CMA complements the contents of the accumu lator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
same format. 

8-10:, 

ID7 DS D5 D4 D3 D2 D, Dol 

DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 

One Byte Instructions 

Two Byte Instructions 

I D7 DS D5 D4 D3 D2 D, Do I OP CODE 

I D7 Ds D5 D4 D3 D2 D, Do I OPERAND 

Three Byte Instructions 

I D7 DS D5 D4 D3 D2 D, Do I OP CODE 

I D7 Ds D5 D4 D3 D2 D, Do I LOWADDRESSOR OPERAND 1 

I D7 DS D5 D4 D3 D2 D, Do I HIGH ADDRESS OR OPERAND 2 

TYPICAL INSTRUCTIONS 

Register to register, memory refer
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 

Immediate mode or 1/0 instructions 

Jump, call or direct load and store 
instructions 

For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 



8080A 

INSTRUCTION SET 

Summary of Processor Instructions 

Instruction Code III Clockl21 
Mnlmonic Dlscription 0., Os Os O. 03 02 0, Do Cycles Mnemonic Description 

MOV,I,r2 Move register 10 register 0 0 0 RZ Return on zero 
MOV M,' MOlle regis,ef 10 memory 0 I 0 RNZ Return on no zero 
MOV',M MOlle memory 10 register 0 0 0 RP Return on positive 
HLT Halt 0 I 0 RM Return on minus 
MVI, MOlle immediate register 0 0 0 7 RPE Return on parity evan 
MVIM Move immediate memory 0 I 0 10 RPO Return on parity odd 
INR, Increment register 0 0 0 5 RST Restart 
OCR, Decrement register 0 0 0 5 IN Input 
INR M Increment memory 0 1 0 10 OUT Output 
OCR M Decrement memory 0 0 10 LXI B Load Immediate register 
ADO, Add register to A 1 0 Pai, B & C 
AOC, Add ngister to A with carrv LXIO load immediu8 register 
SUB, Subtract register from A Pai,O & E 
SeB, Subtract register from A LXI H load immediate register 

with borrow Pair H & l 
ANA, And register with A S LXI SP load immediate Slack pointer 
XRA, Exclusive Or register with A S PUSH B Push reginer Pair B & C on 
ORA, Or register with A S stack 
CMP, Compare regiSier with A S PUSH 0 Push register Pair 0 & E on 
AOO M Add memory to A 0 stack 
AOCM Add memory to A with carry 0 PUSH H Push register Pair H & l on 
sue M Subtract memory from A 0 stack 
SBB M Subtract memory from A 0 PUSH PSW Push A and Flags 

with borrow on slack 
ANAM And memory with A POP B Pop regisler pair B & C off 
XRAM exclusive Or memory with A Slack 
ORAM Or memory with A POP 0 Pop register pair 0 & E off l 

CMPM Compare memory With A stack 
AOI Add immediate to A POP H Pop register pair H & l off 
ACI Add immediate to A with Slack 

carry POP PSW Pop A and Flags 
SUI Subtract immediate from A off stack 
SBI Subtract immediate from A STA Store A direct 

with borrow LOA load A direct 
ANI And immediate with A XCHG Exchange 0 & E, H & L 
XRI Exclusive Or immediate with Registers 

A XTHL Exchange top of stack, H & l 
ORI Or immediate with A SPHL H & l to stack poinler 
CPI Compare immediate with A PCHL H & Llo program counter 
RLC Ratite A left OAO B Add B & C 10 H & L 
RRC Rotlte A rioht OAO 0 Add 0 & E '0 H & L 
RAL Rotate A left through carry OAO H AddH&LloH&L 
RAR Rotate A right through OAO SP Add stack pointer to H & l 

carry STAX B Store A indirect 
JMP Jump unconditional 1 10 STAX 0 Store A indirect 
JC Jump on carry 0 10 LOAX B load A indirecl 
JNC Jump on no carry 1 1 0 10 LOAX 0 Load A indirect 
JZ Jump on zero 0 1 0 10 INX B Increment 8 & C registers 
JNZ Jump on no zero 0 , 0 10 INX 0 Increment 0 & E registers 
JP Jump on positive 1 1 0 10 INX H Increment H & l registers 
JM Jump on minus I 1 1 0 10 INX SP Increment stack pointer 
JPE Jump on parity even 1 0 1 0 10 OCX B Decrement 8 & C 
JPO Jump on parity odd 1 0 1 0 10 OCX 0 Decrement 0 & E 
CALL Call unconditional 0 0 0 1 17 OCX H Decrement H & l 
CC Call on carry 0 1 0 0 11117 OCX SP Decrement stack pointer 
CNC CaU on no carry 0 1 0 0 11117 CMA Complement A 
CZ CaU on zero 0 0 0 0 11117 STC Set carry 
CNZ Call on no zero 0 0 0 0 11117 CMC Complement carry 
CP Can on positive 1 1 0 0 11117 OAA Decimal adjust A 
CM Call on minus 1 0 0 11117 SHLO Store H 8. L direct 
CPE Call on parity eVln 0 0 0 11117 LHLO load H 8. l direct 
CPO Call on parity odd 0 0 0 11117 EI Enable Interrupts 
RET Return 0 0 1 10 01 Disable interrupt 
RC Return on carry 1 0 0 5/11 NOP No-operation 
RNC Return on no carry 1 0 0 5111 

NOTES: 1. 0000' SSS - 000 B - 001 C - 010 0 - 011 E - 100 H - 101 L - 110 Memory - 111 A, 
2, Two possible cvcle times, (5/11) indicate instruction cycles dependent on condition flags. 

Instruction Code 111 Clockl21 
07 Os Os O. 03 02 0, Do Cyclls 

0 0 I 5111 
0 0 0 5111 
I I 0 5111 
I I I 5111 
I 0 I 5/11 
1 0 0 5/11 
A A A 11 
0 1 1 10 
0 0 10 
0 0 10 

10 

10 

10 
11 

11 

11 

11 

10 

10 

10 

10 

13 
13 
4 

1 lB 
1 5 
1 5 
0 10 
0 10 
0 10 
0 10 
0 7 
0 7 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 4 
0 0 4 
0 0 4 
0 0 4 
0 0 16 
0 0 16 

4 
4 
4 
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inter 8080A-1 
SINGLE CHIP a-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functionally and electrically compatible with the Intef® 8080. 

• TTL Drive Capability 

• 1.3 JJ.s Instruction Cycle 

• Powerful Problem Solving 
Instruction Set 

• Six General Purpose Registers 
and an Accumulator 

• Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 

• Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal,Binary and Double 
Precision Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 512 Directly Addressed I/O Ports 

The Intel@ 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 
The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro
vided directly by the 8080A. Ultimate control of the address and data busses resides with the. HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation_ 
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8080A-1 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............... O°C to +70° C 
Storage Temperature ............... -65°C to +150°C 
All Input or Output Voltages 

With Respect to VBB .............. -0.3V to +20V 
VCC, VDD and Vss With Respect to VBB -0.3V to +20V 
Power Dissipation ........................ , 1.5W 

D.C. CHARACTERISTICS 

'COMMENT: Stresses above those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for ex.tended 
periods may affect device reliability. 

TA = O°C to 70°C, VDD = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILC Clock Input Low Voltage VsS-l 

VIHC Clock Input High Voltage 9.0 

VIL Input Low Voltage Vss-l 

VIH Input High Voltage 3.3 

VOL Output Low Voltage 

VOH Output High Voltage 3.7 

IDD (AV) Avg. Power Supply Current (VDD ) 

ICC (AV) Avg. Power Supply Current (VCC) 

IBB(AV) Avg. Power Supply Current (VBB ) 

IlL I nput Leakage 

ICL Clock Leakage 

IDL [2] Data Bus Leakage in I nput Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
T A = 25°C VCC = VDD = VSS = OV, VBB = -5V 

Symbol Parameter Typ. Max. Unit 

CcP Clock Capacitance J7 25 pf 

CIN I nput Capacitance 6 10 pf 

COUT Output Capacitance 10 20 pf 

NOTES: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When DBIN is high and VIN > VIH an internal active pull up will 

be switched onto the Data Bus. 
3. .0.1 supply / .0. T A = -O.45%t c. 

Typ. Max. 

Vss+O.B 

VDD+l 

Vss+O.B 

Vcc+l 

0.45 

40 70 

60 BO 

.01 1 

±10 

±10 

-100 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to VSS 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

IlA 

IlA 

IlA 
mA 

IlA 

Test Condition 

} 10 L = 1.9mA on all outputs, 
10H = 1501lA. 

} 0p'ffi';O" 
T Cy = .32llsec 

1.5 

Vss .;;; VIN .;;; VCC 

Vss .;;; VCLOCK .;;; VDD 

VsS';;;VIN';;;;Vss+O.BV 

Vss +O.BV ';;;VIN ';;;VCC 

VADDR/DATA = Vcc 

V ADDR/DATA = VSS + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. [3] 

0.5 O!----::+2~5----+7:50:------+~75 

AMBIENT TEMPERATURE 1°C) 

DATA BUS CHARACTERISTIC 
DURINGDBIN 
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8080A-1 

A.C. CHARACTERISTICS CAUTION: When operating the 8080A. t at or near ful/speed, care must be taken to assure preci. timing compatibility bttlMHln 8OBOA·,. 822411nd 822B. 

TA = O°C to 70°C, VOO = +12V ± 5%, VCC = +5V ± 5%, VBB = -5V ± 5%, VSS = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tCy[3] Clock Period .32 2.0 j.lsec 

t" tf Clock Rise and Fall Time 0 25 nsec 

t,p1 rfJ1 Pulse Width 50 nsec 

tl/>2 4? Pulse Width 145 nsec 

t01 Delay rfJ1 to rfJ2 0 nsec 

t02 Delay rfJ2 to q" 60 nsec 

t03 Delay q" to rfJ2 Lead ing Edges 60 nsec 

tOA[2] Address Output Delay From rfJ2 150 nsec 
} CL = 50pf 

too [2] Data Output Delay From rfJ2 180 nsec 

tOC[2] Signal Output Delay From q", or rfJ2 (SYNC, WR.WA.T,HLOAI 110 nsec 
}CL =50pf 

tOF [2] DBIN Delay From rfJ2 25 130 nsec 

tOI[1] Delay for Input Bus to Enter Input Mode tOF nsec 

tOS1 Data Setup Time During rfJ1 and DBIN 10 nsec 

TIMING WAVEFORMS [14] (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = B.OV 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = O.BV; OUTPUTS "1" = 2.0V, "0" = O.BV.) 

'2 
----------~~~ 

-=-1L"'-_--I----_-+--, - - - - - -
,...,.,- AW 

_too-

SYNC _________ __+--171 

- 'D~I- ~ tDcl--~------__+~ ___ . 
~ T 1 

----------------------------+_-"D-~JI 

WR 

READV .A® -X.~~L' 
-, "'R"'~r="'"" ...... ~- 1 'Rs~1 'DC ~I I 

WAIT tH - 4- "l 
--------------------------------------~~,~DC--+~r-"II-- __ 'H~~*:-J~-----~~ 

HOLD 1 @tt 11~~---++-04 
-I;;';~ 

HLDA 

----------------------------------------------~------------~ 
.NT 

INTE 
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8080A-1 
A.C. CHARACTERISTICS (Continued) 

TA = O°C to 70°C. VDD = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol 

tDS2 

tDH [1J 

tiE [2J 

tRS 

tHs 

tiS 

tH 

tFD 

tAW[2J 

tDW[2J 

tWD[2J 

tWA[2J 

tHF[2J 

tWF[2J 

tAH [2J 

Parameter Min. Max. Unit Test Condition 

Data Setup Time to ¢2 During DBIN 120 nsec 

Data Hold Time From ¢2 During DBIN [1J nsec 

INTE Output Delay From ¢2 200 nsec CL = 50pf 

READY Setup Time During ¢2 90 nsec 

HOLD Setup Time to ¢2 120 nsec 

I NT Setup Time During ¢2 (During <1>1 in Halt Mode) 100 nsec 

Hold Time From ¢2 (READY, INT, HOLD) 0 'nsec 

Delay to Float During Hold (Address and Data Bus) 120 nsec 
-

Address Stable Prior to WR [5J nsec 

Output Data Stable Prior to WR [6J nsec 

Output Data Stable From WR [7J nsec 

Address Stable From WR [7J nsec r-- CL = 5Opf: Address, Data 
CL =50pf: WR, HLDA, DBIN 

HLDA to Float Delay [8J nsec 

WR to Float Delay [9J nsec 

Address Hold Time After DBIN During HLDA -20 nsec 

-. 
~-------+----------~~-

-, 
.~----~~------~-~ 

two 

~ 

NOTES, 
1. Data input should be enabled with DB IN status. No bus conflict can then occur and data hold time;s assured. 

tDH"" 50 ns or tOF. whichever is less. 
2. Load Circuit. 

8080A 
OUTPUT 

+5V 

3. tey = t03 + trtP2 + t$2 + tftP2 + t02 + t r¢l ;;.. 320n5. 

4. 

5. 
6. 
7. 
8. 
9. 

'0, 
11. 
12. 

TYPICAL t; OUTPUT DELAY VS. t; CAPACITANCE 

" >-

~ 
0 
>-
~ 
>-

" 0 
'1 

/ 
/ 

+20 

+'0 

V "" SPEC 

-'0 

-20 L 
-100 -50 

~ CAPACITANCE (pH 

(CACTUAL - CsPEcl 

+50 

--

+100 

The following are relevant when interfacing the BOBOA to devices having VIH = 3.3V: 
al Maximum output rise time from .BV to 3.3V = 100ns@ CL = SPEC. 
bl Output delay when measured to 3.0V '" SPEC +60ns @ CL '" SPEC. 
cl If CL =t SPEC, add .6ns/pF if CL> CSPEC, subtract .3ns/pF (from modified delay) if CL < CSPEC. 
tAW'" 2 tCY -t03 -t r¢2 -110nsec. 
tow'" tCY -t03 -tr¢2 -150nsec. 
If not HLDA, two'" tWA'" 103 + t r¢2 +10ns. If HLDA, two'" tWA'" tWF· 
tHF = t03 + trcP2 -50ns. 
tWF ;; t03 + trcP2 -1 Dns 
Data in must be stable for this period during OBIN 'T3. Both tOS1 and tOS2 must be satisfied. 
Ready signal must be stable for this period during T2 or TW' (Must be externally synchronized,) 

1_]:-INTE ,1------------- 13. 

Hold signal must be stable for this period during T2 or TW when entering hold mode. and during T3. T 4. T5 
and TWH when 1n hold mode. (External synchronization is not required,) 
Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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inter 8080A-2 
SINGLE CHIP a-BIT N-CHANNEL MICROPROCESSOR 

• TTL Drive Capability 

• 1.5 p's Instruction Cycle 

• Powerful Problem Solving 
Instruction Set 

• Six General Purpose Registers 
and an Accumulator 

• Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 

• Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal,Binary and Double 
Precision Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 512 Directly Addressed 1/0 Ports 

The Intel@ 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 
The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 
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8080A-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... O°C to +70° C 
Storage Temperatu re .. . . . . . . . . . . . .. _65° C to + 150° C 

All Input or Output Voltages 
With Respect to Vss .............. -0.3V to +20V 

Vcc, VDD and VSS With Respect to Vss -0.3V to +20V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

D.C. CHARACTERISTICS 

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

TA = O°C to 70°C, VDD ~ +12V ± 5%, Vcc ~ +5V ± 5%, Vss ~ -5V ± 5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILC Clock I nput Low Voltage Vss-l 

VIHC Clock Input High Voltage 9.0 

VIL Input Low Voltage Vss-1 

VIH Input High Voltage 3.3 

VOL Output Low Voltage 

VOH Output High Voltage 3.7 

IDD IAV) Avg. Power Supply Current (VD D) 

ICCIAV) Avg. Power Supply Current (Vcc ) 

Iss IAV) Avg. Power Supply Current (Vss ) 

IlL Input Leakage 

ICL Clock Leakage 

IDL [2] Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
T A = 25°C Vcc = VDD = Vss = OV, VSB = -5V 

Symbol Parameter Typ. Max. Unit 

C'" Clock Capacitance 17 25 pf 

CIN I nput Capacitance 6 10 pf 

COUT Output Capacitance 10 20 pf 

NOTES: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When DSIN is high and VIN > VIH an internal active pull up will 

be switched onto the Data Bus. 
3. Ll.1 supply I Ll. T A = -0.45%1 c. 

Typ. Max. 

VSS+O.S 

VDD +1 

Vss+O.S 

Vcc+1 

0.45 

40 70 

60 SO 

.01 1 

±10 

±10 

-100 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

IlA 

IlA 

IlA 
mA 

IlA 

Test Condition 

} IOL ~ 1.9mA on all outputs, 
IOH = 1501lA. 

} Op",';oo 
T Cy ~ .3Sllsec 

VSS .,;; VIN .,;; VCC 

VSS .,;; VCLOCK .,;; VDD 

Vss ";;VIN ";;VSS +O.SV 

VSS + O.SV ";;VIN ";;VCC 

VADDR/DATA ~ VCC 

V ADDR/DATA ~ VSS + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZEO.(3) 

1.5 

0.5 O~---+~25'-----+5.LO------l+75 

AMBIENT TEMPERATURE reI 

DATA BUS CHARACTERISTIC 
DURING DBIN 
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8080A-2 
A.C. CHARACTERISTICS 

T A = ODC to 70DC, VOO = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tCy[3] Clock Period .38 2.0 }J.sec 

t" tj Clock Rise and Fall Time 0 50 nsec 

l,j,1 <PI Pulse Width 60 nsec 

l,j,2 ¢2 Pulse Width 175 nsec 

tOl Delay <PI to <P2 0 nsec 

t02 Delay <P2 to ¢, 70 nsec 

t03 • Delay ¢, to <P2 Lead ing Edges 70 nsec 

tOA [2] Address Output Delay From <P2 175 nsec 
}CL = 100pf 

too [2] Data Output Delay From <P2 200 nsec 

toc l2] Signal Output Delay From ¢" or <P2 (SYNC, WR,WAIT,HLOA) 120 nsec 
}CL = 50pf 

tOF [2] DBIN Delay From <P2 25 140 nsec 

tOI[I] Delay for Input Bus to Enter Input Mode tOF nsec 

tOSl Data Setup Time During <PI and DB IN 20 nsec 

TIMING WAVEFORMS [14] (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 

., _______ -.J~,cv 

·2 

--~------~--~ --
A,.'Ao ------+---~Ir;..--- ---1-- -- --- ---- --- -of 

i-'OA-+i I*--+--j-'AW--t+---t-·I 

r--too-! - tOI 1- - toHI- I---too-
1-' ! I ~ .... ::..... DATA IN :@I:.....,uH---+-+-+Oi-A-T-A-O-U-TI+--I 

0,,0. ---------f--~------ --t"~ ...JO;;:'-t-- ;-1- -" -- - - --- -I 

-r-------+-"'\ - t051 1- -tow r--
II ..\.. -+-t052 -SYNC 

READY ~@ -±!111~ I - ~'r;"'::'::~""- tRS - toe _I 

tRsl- ~I 
WAIT t H - _ T \I 

---------------------------------------------------~~'o~c----+-J11-- ._,:_, 14~ 
~ 1@11~ 

----------------------------------------------------------~.l~;#~~--~~ 
HLOA 

------------------------------------------------------------~ 
INT 

INTE 

8-18, 



¢, 

·2 
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°7-0 0 

SYNC 

DBIN 
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READY 

WAIT 

HOLD 
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INT 

INTE 

8080A-2 
A.C. CHARACTERISTICS (Continued) 

T A = DoC to 70°C. VDD = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol 

tDS2 

tDH [1] 

tiE [21 

tRS 

tHS 

tiS 

tH 

tFD 

tAW [2] 

tDW[2] 

tWD[2] 

tWA[2] 

tHF[2] 

tWF[2] 

tAH[2] 

I-

I-

Parameter Min. Max. Unit Test Condition 

Data Setup Time to "'2 During DB IN 130 nsec 

Data Hold Time From "'2 During DBIN [1] nsec 

INTE Output Delay From "'2 200 nsec CL = 50pf 

READY Setup Time During "'2 90 nsec 

HOLD Setup Time to "'2 120 nsec 

INT Setup Time During "'2 (During '1>1 in Halt Mode) 100 nsec 

Hold Time From "'2 (READY, INT, HOLD) 0 nsec 

Delay to Float D~ring Hold (Address and Data Bus) 120 nsec 
-Address Stable Prior to WR [5] nsec 

Output Data Stable Prior to WR [6] nsec 

Output Data Stable From WR [7] nsec 

Address Stable From WR [71 nsec _ CL = 100pf: Address, Data 
CL =50pf: WR, HLDA, DBIN 

HLDA to Float Delay [8] nsec 

WR to Float De]ay [9] nsec 

Address Hold Time After DBIN During HLDA -20 nsec -
NOTES, 
1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 

tDH '" 50 ns or tDF. whichever is less. 
2. Load Circuit. 

8080A 
OUTPUT 

3. 'CY = '03 + 'r</>2 + '</>2 + 'f</>2 + '02 + 'r</>1 .. 380n •. 

+5V 

2.1K 

TYPICAL t. OUTPUT DELAY VS. t. CAPACITANCE 

c 

>-

~ 
c 
.... 
~ .... 
:> 
0 

" 

+20 

+10 / 
V 

-10 / !"-.. SPEC 

V -20 
-100 -50 +50 

j, CAPACITANCE (pf) 

(CACTUAL - CSPEC ) 

+100 

4. The following are relevant when interfacing the SOSOA to devices having VIH '" 3.3V: 
a) Maximum output rise time from .BV to 3.3V = 1 OOns@ CL = SPEC. 
bl Output delay when measured to 3.0V;; SPEC +60n5 @ CL = SPEC. 
c) If CL '" SPEC, add .6ns/pF if CL> CSPEC •• ub'ract.3ns/pF (from modified delay) if CL < CSPEC. 

5. tAW"" 2 tCY -t03 -trcP2 -130nsec. 
6. tow'" tCY -t03 -trcP2 -170nsec. 
7, If not HLDA, tWO:; tWA = t03 + trcP2 +10n5. If HLDA, twO::: tWA'" tWF· 

8. 'HF = '03 + 'r</>2 -50n •• 
9. 'WF = '03 + 'r</>2 -IOn. 

10. Data in must be stable for this period during DBIN ·T3. Both tOS1 and t052 must be satisfied. 
11. Ready signal must be stable for this period during T2 or TWo (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T 2 or TW when entering hold mode, and during T 3. T 4. T5 

and TWH when in hold mode. (External synchronization is not required.) 
13. Interrup't signal must be stable during this period of the last clock cycle of any instruction in order to be 

recognized on the following instruction. (External synchronization is not required,) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine eye I •. 
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inter M8080A 

SINGLE CHIP a·BIT N·CHANNEL MICROPROCESSOR 

• Full Military Temperature Range 
-55°C to +125°C 

• ±10% Power Supply Tolerance 

• 2 I-Ls Instruction Cycle 
• Powerful Problem Solving 

Instruction Set 

• Six General Purpose Registers 
and an Accumulator 

• Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 

• Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal/Binary and Double 
Precision Arithmetic 

• Ability to Pr.ovide Priority Vectored 
Interrupts 

• 512 Directly Addressed I/O Ports 

• TTL Drive Capability 

The InterID M8080A is a complete 8-bit parallel central processing unit (CPU)_ It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The M8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 
The M8080A has an external stack feature wherein any portion of memory may be used as a last inlfirst out stack to storel 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers_ The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status_ It also provides almos\ unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and liD. Signals to control the interface to memory and liD are pro
vided directly by the M8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 
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M8080A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. -55°C to +125°C 
Storage Temperature ............... _65°C to +150°C 

All I nput or Output Voltages 
With Respect to VBB .............. -0.3V to +20V 

VCC. VDD and VSS With Respect to Vss -0.3V to +20V 
Power Dissipation ............ . . . . . . . . . . . .. 1.7W 

D.C. CHARACTERISTICS 

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

TA = -55°C to +125°C, VDD = +12V ±10%, Vcc = +5V ±10%, Vss = -5V ±10%, Vss = av, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILC Clock Input Low Voltage Vss-l 

VIHC Clock Input High Voltage 8.5 

VIL I Input Low Voltage Vss-l 

VIH Input High Voltage 3.0 

VOL Output Low Voltage 

VO H Output High Vol tage 3.7 

IDDIAVI Avg. Power Supply Current (VDD ) 

ICCIAV) Avg. Power Supply Current (VCC ) 

ISBIAV) Avg. Power Supply Current (VSS ) 

IlL I nput Leakage 

ICL Clock Leakage 

IDL [2] Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
T A = 25°C VCC = VDD = Vss = OV, Vss = -5V 

Symbol Parameter Typ. Max. Unit 

Crt> Clock Capacitance 17 25 pf 

CIN I hput Capacitance 6 10 pf 

COUT Output Capacitance 10 20 pf 

NOTES: 

1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When DSIN is high and VIN > VIH an internal active pull up will 

be switched onto the Data Bus. 
3. tll supply / tlTA = -0.45%I"C. 

Typ. Max. 

Vss+ 0. 8 

VD D+l 

Vss+0.8 

Vcc +l 

0.45 

50 80 

60 100 

.01 1 

±10 

±10 

-100 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

f.lA 

f.lA 

f.lA 
mA 

f.lA 

.... 

Test Condition 

} IOL = 1.9mA on all outputs, 
IOH = 150f.lA . 

} OP"";O" 
T CY = .48 f.lsec 

Vss .;; VIN .;; VCC 

Vss .;; VCLOCK .;; VDD 

VSS';;VIN ';;Vss +O.~V 

Vss +0.8V ';;VIN ';;Vcc 

VADDR/DATA = VCC 

VADOR/DATA = VSS + 0.45V 

TYPICAL SUPPL Y CURRENT VS. 
TEMPERATURE. NORMALIZED. [3] 

1.5 

~ 1.0 f-------"_d-------/ 
a: 

" u ,. 
~ 0.5 f--------l------....=J 
Ol 

-55 +50 

AMBIENT TEMPERATURE ("CI 

DATA BUS CHARACTERISTIC 
DURING DBIN 

+125 
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M8080A 
A.C. CHARACTERISTICS 

TA = -55°C to +125°C, VDD = +12V ±10%, Vcc = +5V ±10%, VBB = -5V ±10%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. Max. Unit Test Condition 

tCy[31 Clock Period 0.48 2.0 f.lsec 

t" tf Clock Rise and Fall Time 0 50 nsec 

t</>l </Jl Pulse Width 60 nsec 

t</>2 rfl2 Pulse Width 220 nsec 

tDl Delay ¢1 to </J2 0 nsec 

tD2 Delay </J2 to </Jl 80 nsec 

tD3 Delay </Jl to </J2 Leading Edges 80 nsec 

tDA [21 Address Output Delay From </J2 200 nsec 

Icc '50p1 

tDD [21 Data Output Delay From </J2 220 nsec 

tDC [21 Signal Output Delay From ¢1, or </J2 (SYNC, WR,WAIT, HLDA) 140 nsec 

tDF [2J DBIN Delay From </J2 25 150 nsec 

tDI[ll Delay for I nput Bus to Enter I nput Mode tDF nsec 

tDSl Data Setup Time During </Jl and DBIN 30 nsec 

TIMING WAVEFORMS [14J (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 7,OV, 
"0" = 1.0V; INPUTS "1" = 3,OV, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 

-rr t01 tev~~ 
-. tOl[-

r 1\ /~ 
0, ~9 I~ 

--., ..----. ~ 

f-; 
.... to] __ 1 -! 102 -

-- r -1 - -- -- --- ---- --- -i -toA-':'I' tAW 
-too-I - 101 ]- _ toHI- -.too-I' 'I I _. x: 

--F' {:.!' '~ ~ ~ DATA OUT 'r------ --- - --- -I - los,1=- -tow f-+ 
t -\ -tOS2 ----SYNC 

....... t oe - - toe 1---
71 1 

f.- toF-':'1 --toF-1 
DBIN 

----------- toe -.LtH,"!~-

------------ ~@ - -;j-~~I--:I I 
i 

-tR~~ 
I 

i 

tH- - 1_ __t:_.I._ toc-

REAOY 

WAIT 

HOLD I@II.l 
-I ~H~I'--

HlDA 

- I@ 
~ tl~r..-: 

tH_ 

INT 

INTE 
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. , 

., 

·'5· ... 

°7,°0 

SYNC 

OBIN 

Wli 

~EADY 

WAIT 

HOLD 

HLDA 

INT 

INTE 

M8080A 
A.C. CHARACTERISTICS (Continued) 

TA = -55°C to +125°C, VDD = +12V ±10%, VCC = +5V ±10%, VBB = -5V ±10%, VSS = OV, Unless Otherwise Noted. 

Symbol 

tDs2 

tDH [11 

tiE [21 

tRS 

tHS 

tiS 

tH 

tFD 

tAW[2J 

tDW[2J 

tWD[2J 

tWA[2J 

tHF[2J 

tWF[2J 

tAH [2J 

I-

I-

Parameter Min. Max. Unit Test Condition 

Data Setup Time to <1>2 During DBIN 130 nsec 

Data Hold Time From <1>2 During DBIN 50 nsec 

INTE Output Delay From <1>2 200 nsec CL = 50pf 

READY Setup Time During <1>2 120 nsec 

HOLD Setup Time to <1>2 140 nsec 

INT Setup Time During <1>2 IDuring <1>, in Halt Model 120 nsec 

Hold Time From <l>2IREADY, INT, HOLD) 0 nsec 

Delay to Float During Hold (Address and Data Bus) 130 nsec 
-

Address Stable Prior to WR [5J nsec 

Output Data Stable Prior to WR [6J nsec 

Output Data Stable From WR [7J nsec 

Address Stable From WR [7J nsec _ CL =50pf 

HLDA to Float Delay [8J nsec 

WR to Float Delay [9J nsec 

Address Hold Time After DBIN During HLDA -20 nsec 

----.10C _ 

.r--t---

-= 
NOTES, 

1. Data input should be enabled with DB IN status. No bus conflict can then occu. and data hold time is assured. 
tDH := 50 ns or tOF, whichever is less, 

2. Load Circuit . 

8080A 
OUTPUT 

3. ICY = t03 + tr~2 + t¢2 + tfff>2 + 102 + trtP1 > 480n5. 

+5V 

TYPICAL a OUTPUT DELAY VS. a CAPACITANCE 

c 

> 

~ 
0 
I-

~ 
I-
::> 
0 ., 

+20 

+10 / 
V 

-10 / '-... SPEC 

-20 / 
-100 -50 

J. CAPACITANCE (pO 

(CACTUAL - CSPEC ) 

+50 +100 

4. The following are relevant when interfacing the MB080A to devices having VIH = 3.3V: 

a) Maximum output r'ise time from .BV to 3,3V = 100ns@Cl = SPEC. 
bl Output delay when measured to 3.0V '" SPEC +60ns @CL '" SPEC. 
c) If CL '* SPEC, add .6ns/pF if CL> CSPEC. subtract .3ns/pF (from modified delay) if CL <' C5PEC. 

5. tAW'" 2 tCY -103 -t r¢2 -140ns~c. 
6. tow = tCY -t03 -t r¢2 -170nsec. 
7. If not HLOA, two = tWA = 103 + tr¢2 +10ns. If HLOA, two'" tWA'" tWF· 
8. IHF = t03 + t nP2 -SOns. 
9. tWF = t03 + tr4l2 -10ns 

10. Data in must be stable for this period during CBIN ·T3. Both IDS1 and tD52 must he satisfied. 
11. Ready signal must be stable for this period during T2 or TW' (Must be externally synchronized.l 
12. Hold signal must De stable for this period during T2 or TW when entering hold mode, and durmg T3. T 4. T5 

and TWH when in hold mode. (External synchronization is not required.) 
13. Interrupt signal must be stable during this period of the last clock cycle of any IOstructlon 10 order to he 

recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent ~ny specific machine cycle 
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inter 
OTHER INTEL MCS-80 

MILITARY TEMP PRODUCTS 

AVAILABLE NOW 
M8080A 
M8102A-4 
M5101 
M8216 
M8316A 

HOLD REQ 

COMING SOON 
M8224 
M8228 
M8212 
M8251 
M8255 
M8214 
M8702A 
M8708 

_---""{}c--__ --..Lu-LJ�'--.L� ----o-::=~~I L-I --LD--'--LLI 1_-----11 L..-I --..LD-L--Lli 1---1_ 
CONTROL BUS (6) 

________ ~I~I~I~I{~} __ ~==~===I~I-~-I~~I-----_--~I~I~IL..-I ~IIL-~ 
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• 
• 
• 
• 

8224 

CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 

Single Chip Clock Generator/Driver • Oscillator Output for External 
for 8080A CPU System Timing 
Power-Up Reset for CPU • Crystal Controlled for Stable System 
Ready Synchronizing Flip-Flop Operation 
Advanced Status Strobe • Reduces System Package Count 

The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by 
the designer, to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for 8080A. 

PIN CONFIGURATION BLOCK DIAGRAM 

1!9 XTALl 
osc @> 

IE> XTAl2 

RESET Vee 
@> TANK 

RESIN XTALl ., !!:!> 
RDYIN XTAL 2 ., §> 

READY TANK 
.,(TTLI~ 

SYNC osc 

.,(TTL) ., 
[> SYNC STSTB ~ 

STSTS ., 
[D RESIN 

GND VDD 

RESET IT> 

lD RDYIN READYl!> 

PIN NAMES 

RESIN RESET INPUT 

RESET RESET OUTPUT 

XTAL 1 I CONNECTIONS 
XTAl2 FOR CRYSTAL 

ROVIN READY INPUT TANK USED WITH OVERTONE XTAL 

READY READY OUTPUT OSC OSCILLATOR OUTPUT 

SYNC SYNC INPUT .,(TTL) ¢2 elK (TTL LEVEL) 

STSTS STATUSSTB Vee +5V 
(ACTIVE LOWI VDD +12V 

~ ~ 8080 ., 
CLOCKS 

GND OV 
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8224 

Absolute Maximum Ratings* 

Temperature Under Bias ............ - O°C to 70°C 
Storage Temperature .............. _65°C to 150°C 
Supply Voltage, Vee ................ -O.5V to +7V 
Supply Voltage, VDD .............. -O.5V to +13.5V 
I nput Voltage ..................... -1.5V to + 7V 
Output Current ......................... 100mA 

D.C. Characteristics 

TA = O°C to 70°C; Vee = +5.0V ±5%; VDD = +12V ±5%. 

Symbol Parameter Min. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

V1L Input "Low" Voltage 

VIH Input "High" Voltage 2.6 
2.0 

V1WVIL RESIN Input Hysteresis .25 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 
¢1 , ¢2 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

Ise[11 Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

lee Power Supply Current 

IDD Power Supply Current 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera· 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Limits 
Typ. Max. Units Test Conditions 

-.25 rnA VF = .45V 

10 J.i.A VR = 5.25V 

1.0 V Ie = -5mA 

.8 V Vee = 5.0V 

V Reset Input 
All Other Inputs 

V Vee = 5.0V 

.45 V (¢1,¢2), Ready, Reset,STSTB 
IOL =2.5mA 

.45 V All Other Outputs 
IOL = 15mA 

V IOH = -100J.i.A 
V IOH = -100J.i.A 
V IOH = -lmA 

-60 mA Vo = OV 
Vee = 5.0V 

115 rnA 

12 mA 

Note: 1. Caution, <1>1 and <1>2 output drivers do not have short circuit protection 

CRYSTAL REQUIREMENTS 

Tolerance: .005% at O°C -70°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20·35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overtone mode. 
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8224 

A.C. Characteristics 

vce = +5.0V ± 5%; Voo = +12.0V ± 5%; TA = O°C to 70°C 

Limits Test 
Symbol Parameter Min. Typ. Max. Units Conditions 

tq" tP, Pulse Width 2tcy _ 20ns 
9 

t</>2 tP2 Pulse Width 5tcy _ 35ns 
9 

to, tP, to tP2 Delay 0 ns 

t02 tP2 to tP, Delay 2tcy _ 14ns CL = 20pF to SOpF 
9 

t03 tP, to tP2 Delay 
2tcy 2tcy + 20ns 

9 9 

tR tP, and tP2 Rise Time 20 

tF tP, and tP2 Fall Time 20 

to</>2 tP2 to tP2 (TTL) Delay -5 +15 ns tP2TTl,Cl=30 
R,=300n 
R2=600n 

toss tP2 to STSTB Delay 6tcy _ 30ns 6tcy 
9 9 

tpw STSTB Pulse Width tcy _ 15ns STSTB,Cl=15pF 
9 R, = 2K 

tORS 
RDYI N Setup Time to SOns _ 4tcy R2 = 4K 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 
After STSTB 9 

tOR 
RDYIN or RESIN to 4tcy _ 25ns Ready & Reset 

tP2 Delay. 9 Cl=10pF 
R,=2K 
R2=4K 

tCLK ClK Period tcy 

9 

fmax 
Maximum Oscillating 

27 MHz 
Frequency 

Cin Input Capacitance 8 pF Vcc=+5.0V 
Voo=+12V 
VSIAs=2.5V 
f=1 MHz 

Vee 
TEST 

CIRCUIT 

R, 

INPUT 

C, R, 

1ND GNO 
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8224 
WAVEFORMS 

~-------------------------~Y---------------------------'I 

., 

i---------'~--------~ 

SYNC 
(F ROM BOBOAI 

~.----------------tDSS------------ 'PW 

f+----------tORH---------i 

"'\Ir---------""\I, - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RDYIN OR RESIN 

- - - - - - - - - - - - - - - - - - - '\~-----+--------------
READY OUT 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: </>1, </>2 Logic "0" = 1.0V, Logic "1" = S.OV. All other signals measured at 1.5V. 

EXAMPLE: 

A.C. Characteristics (For tCY = 488.28 ns) 

TA = O°C to 70°C; Voo = +!W ±5%; Voo = +12V ±5%. 

Limits 
Symbol Parameter Min. Typ. Max. Units Test Conditions 

1¢1 ¢1 Pulse Width 89 ns tcy=488.28ns 

t</>2 ¢2 Pulse Width 236 ns 

tOl Delay ¢1 to ¢2 0 ns 

t02 Delay ¢2 to ¢, 95 ns I- ¢1 & ¢2 Loaded to 

t03 Delay ¢, to ¢2 Leading Edges 109 129 ns 
CL = 20 to 50pF 

tr Output Rise Time 20 ns 

tl Output Fall Time 20 ns 

toss ¢2 to STSTB Delay 296 326 ns 

to</>2 ¢2 to ¢2 (TTL) Delay -5 +15 ns 

tpw Status Strobe Pulse Width 40 ns 
Ready & Reset Loaded 

tORS RDYIN SetupTimeto STSTB -167 ns to 2mA/10pF 

tORH RDYIN Hold Time after STSTB 217 ns All measurements 

tOR READYor RESET ·192 ns referenced to 1.5V 

to ¢2 Delay 
unless specified 
otherwise. 

fMAX Oscillator Frequency 18.432 MHz 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 

• Single Chip System Control for 
MCs'~80 Systems 

• Built-in Bi-Directional Bus Driver 
for Data Bus Isolation 

• User Selected Single Level Interrupt 
Vector (RST 7) 

• 28 Pin Dual In-Line Package. 
• Reduces System Package Count 

• Allows the use of Multiple Byte 
Instructions (e.g. CALL) for 
Interrupt Acknowledge 

• *8238 Has Advanced lOW IMEMW For 
Large System Timing Control 

The 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 

A bi-directional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 
8080 data bus from memory and I/O. This allows for the optimization of control signals, enabling the sys
tems deisgner to use slower memory and I/O. The isolation of the bus driver also provides for enhanced 
system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by the 8080A. This feature 
permits large, interrupt driven systems to have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable, design of the MCS-80 systems. 

PIN CONFIGURATION 

STsTe 28 Vee 

HLDA 27 I/OW 

WR MEMW 

CBIN I/OR 

DB4 24 MEMR 

04 INTA 

DB7 BUSEN 
8228/8238 

07 06 

DB3 DB6 

03 05 

DB2 11 DBS 

02 12 01 

DB~ DBl 

OND 14 D~ 

07-00 
DB7-DBO 

I/OR 

I/OW 

MEMR 

MEMW 
CBIN 

8228/8238 BLOCK DIAGRAM 

{ 

00_ 0,_ 
CPU °2-

DATA °3-
BUS °4 -0,-

0,-
0, 

-DBOI -OB, 
-082 

- DB3 SYSTEM DATA BUS DB, DB, 
-- DBG 
-DB, 

DRIVER CONTROL 

STSTB ~-----------' 
DBIN ~-------------; 

WA ~-------------<>I 
HLDA ~----,-----------; 

PIN NAMES 
DATA BUS 18080 SIDE) INTA INTERRUPT ACKNOWLEDGE 
DATA BUS (SYSTEM SIDE) HLDA HLDA IFROM 8080) 

I/O READ WR WR (FROM 8080) --
t!aWRITE aUSEN BUS ENABLE INPUT 

MEMORY READ STSTB STATUS STROBE (FROM 8224) 

MEMORY WRITE Vee +5V 

CBIN (FROM 8080) GND a VOLTS 
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8228,8238 

Absolute Maximum Ratings* 

Temperature Under Bias ............ _O°C to 70°C 
Storage Temperature .............. _65°C to 150°C 
Supply Voltage, Vee . ............... -0.5V to +7V 
I nput Voltage . .................... -1.5V to + 7V 
Output Current ......................... 100mA 

D.C. Characteristics TA = O°C to 70°C; Vee = 5V ±5%. 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera· 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Limits 
Symbol Parameter Min. Typ.!l] Max. Unit Test Conditi ons 

Ve Input Clamp Voltage, All Inputs .75 -1.0 V Vee=4.75V; le=-5mA 

IF Input Load Current, 
STSTB 500 J.lA Vee=5.25V 

02 & 06 750 J.lA VF=0.45V 

0 0,0,,04,05, J.lA 
& 0 7 250 

All Other Inputs 250 J.lA 

IR Input Leakage Current 
STSTB 100 J.lA Vee=5.25V 

DBo·DB7 20 J.lA VR =5.25V 

All Other Inputs 100 J.lA 

VTH Input Threshold Voltage, All Inputs 0.8 2.0 V Vee=5V 

Icc Power Supply Current 140 190 mA Vee=5.25V 

VOL Output Low Voltage, 

00.0 7 .45 V Vee=4.75V; 10L =2mA 

All Other Outputs .45 V 10L = 10mA 

VOH Output High Voltage, 
00.0 7 3.6 3.8 V Vee=4.75V; 10·W-1OJ.lA 

All Other Outputs 2.4 V 10H = -lmA 

los Short Circuit Current, All OutPJ.Jts 15 90 mA Vee=5V 

10 loft) Off State Output Current, 
All Control Outputs 100 J.lA Vee=5.25V; VO=5.25 

-100 IlA VO=.45V 

liNT I NT A Current 5 mA (See Figure below) 

Note': Typical values are for T A = 250 e and nominal supply voltages. 
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8228,8238 
WAVEFORMS 

", 
", ___ -..J 

STATUS STROBE 

8080 DATA BUS 

CBIN 

HlDA 

INT A. lOR, MEMR 
DURING HLOA 

-
)I( 

ts:4= 

'OC+ 

tpwl-

H 
* -- ·s;-1 

1-

'\ 
-1 'RR P-

~ 

. ~ 1:-- tHD 

\ ~ 

--------
___ klr'DS+-'0':.j,-- _____________ 

t---~I·- b~-------------
SYSTEM BUS DURING AEAD --------

8080 BUS DURING READ ._------- - -~~~ ~--------------

r "\.. 1 
''oc- 'wR-j .1- ~ c..'wR 

11--
___________ . .1 J IOWOR MEMW 

--------- -
t'w°l 

---------- -

--------- :L-~ 

8080 BUS DURING WRITE 

SYSTEM BUS DURING WRITE 

SYSTEM BUS ENABLE '\ . 1 
SYSTEM BUS OUTPUTS - - - - - - - ___ - __ :1_ t~ F=F-____________ _ 

VO L TAG E MEASUREMENT POI NTS: 00-07 (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 
at 1.5V. 

'ADVANCED IOW/MEMW FOR 8238 ONLY. 

A.C. Characteristics TA = O°C to 70°C; Vcc = 5V ±5%. 

Limits 
Symbol Parameter Min. Max. Units Condition 

tpw Width of Status Strobe 22 ns 

tss Setup Time, Status Inputs Do-D7 8 ns 

tSH Hold Time, Status Inputs DO-D7 5 ns 

toc Delay from STSTB to any Control Signal 20 60 ns CL = 100pF 

tRR Delay from DBIN to Control Outputs 30 ns CL = 100pF 

tRE Delay from DBI N to Enable/Disable 8080 Bus 45 ns CL = 25pF 

tRo Delay from System Bus to 8080 Bus during Read 30 ns CL = 25pF 

tWR Delay from WR to Control Outputs 5 45 ns CL = 100pF 

tWE Delay to Enable System Bus DBo·DB7 after STSTB 30 ns CL = 100pF 

two Delay from 8080 Bus Do-D7 to System Bus ns CL = 100pF 
DBo-DB7 during Write 5 40 

tE Delay from System Bus Enable to System Bus DBo-DB7 30 ns CL - 100pF 

tHO H LDA to Read Status Outputs 25 ns 

tos Setup Time, System Bus Inputs to HLDA 10 ns 

tOH Hold Time, System Bus Inputs to HLDA 20 ns CL = 100pF 

8-31 



8228,8238 

Capacitance This parameter is periodically sampled and not 100% tested. 

Limits 

Symbol Parameter Min. TypJl1 Max. Unit 

C'N Input Capacitance 8 12 pF 

COUT 
Output Capacitance 

7 15 pF 
Control Signals 

I/O 
I/O Capacitance 

8 15 pF 
(D or DB) 

TEST CONDITIONS: VBIAS = 2.5V, Vcc=5.0V, TA = 25°C, f = 1 MHz. 

Note 2: For DO-D7: R1 = 4Kn, R2 = ~n, 
CL = 25pF. For all other outputs: 
Rl = 500n,R2= 1Kn, CL = 100pF. 

+12V 

lKfI: :10% 

8228 

23 
INTA IJ---------' 

INTA Test Circuit (for RST 7) 

TANK 

OSC 

., (TTL) 

RDYIN 

8-32 

RESIN 

+12V 

+5V 

GND 

13 -.......E.. 
~ 

3 -
2 

-~ - 16 - 8 -

2 25 
GND.- As 20 26 

+5V A, 
11 27 

-5V A, 
28 29 

+12V_ A, 
30 

A, 
31 

As 
32 

8080A 
A, 

33 
CPU A, 

34 

13 
As 

35 
SYSTEM DMA REO.- HOLD A, 

1 
AlO 

40 
Al1 

37 
14 A12 SYSTEM INT. REO._ INT 38 

16 
A13 

39 
INT. ENABLE INTE A14 

36 
A15 18 
iVA 

2141 J DBIN 
17 

_~~~r 21 
HDLA 

14 15 

11 22 
0, Do.!."......-~ DB 10 15 
0, 9 17 

0, 
8 12 ~ WAIT 0, 8228/8238 

8224 4 23 7 10 
CLOCK REAnv 0, BI·DIRECTIONAL 

GENERATOR 3 6 BUS DRIVER 

DRIVER 1 12 0, 
RESET 4 19 

05 
5 21 

5 
0, 

19 6 8 
SYNC 0, 

28 -----

r +5V-
14 

GND-
STATUS STROBE 1 SYSTEM 

CONTROL 

22 
BUSEN . 

CPU Standard Interface 

13 . 
16 

11 

9 

5 . 
18 

20 

7 . 
23 

24 

26 

25 

27 

As 
A, 

A, 

A, 

A, 

As 
A, 

A, 

As 

A, 

AlO 

Al1 

A12 

A13 

A14 

A15 

ADDRESS BUS 

DB • 

DB, 

DB, 

DB, 

DB, 

Da,; 
DB, 

DB, 

DATA BUS 

~':: :} CONTROL BUS 

I/O R . 

I/OW 



8008/8008-1 

EIGHT-BIT MICROPROCESSOR 

• Instruction Cycle Time- • 48 Instructions, Data 
12.5 ItS with 8008-1 or 20 ItS Oriented 
with 8008 

• Address stack contains 
• Directly addresses 16K x 8 eight 14-bit registers 

bits of memory (RAM, ROM, (including program counter) 
or S.R.) which permit nesting of 

• Interrupt Capability 
subroutines up to seven 
levels 

The 8008 is a single chip MOS 8·bit parallel central processor unit for the MCS-8 microcomputer system. 

This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits (carry, zero, sign, 
parity). and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A memory 
stack containing a 14-bit program counter and seven 14-bit words is used internally to store. program and subroutine addresses. 
The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, ROM or S.R.I. 

The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub
routine. 

The normal program flow of the 8008 may be interrupted through the use of the INTERRUPT control line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory 
to be used. 

8008 CPU 
Block Diagram 

1 
(8 BIT) 

INTERNAL DATA BUS 

I TEMP. REG. II I 
iI. (8) 

TEMP. REG. II 
b. (8) 

I FLAG I-
FlIP·FlOPS -
f j 

L..- L..J...,IARITHMETIC 
LOGIC 
UNIT 

(ALU) f=-
'.'1-

SU 
PoWER{_-9V I STATUS 
PPLIES __ +5V 

INT 

j j j I 
SO S1 S2 INT 

ft 
DATA BUS 

BUFFER 

tJ 

1 

81·DlRECTIONAL 
DATA BUS 

~ 
INSTRUCTION I 

REGISTER 18) 

J 
INSTRUCTION 

DECODER 
AND 

MACHINE l-
CYCLE 

ENCODING 

.-J 
1 

I TIMING t I AND 
CONTROL 

READY SYNC CLOCKS 

I j i I 
READY SYNC ¢1 02 

(8 BIT) 
INTERNAL DATA BUS 

II IT 
STACK I ACCUMULATOR 

MULTIPLEXER lSi 

PROGRAM COUNTER B 
(14) REG. ,., 

C LEVEL NO.1 (14) REG. ,., 
D LEVEL NO.2 (14) REG. ,., 
E 

LEVEL NO.3 (14) REG. ,., 
H LEVEL NO.4 (14) REG. ,., 

LEVEL NO.5 
L 

(14) REG. ,., 
LEVEL NO.6 (14) SCRATCH 

PAD 
lEVEL NO.7 (14) 

ADDRESS 
STACK 
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8008, 8008-1 

8008 FUNCTIONAL PIN DESCRIPTION 

VDD INTERRUPT 

READY 

t', 
'·'2 

DATA 
BUS 

0 0 0-- 9 10 Vee 

00-0 7 

BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and I/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 

INT 

INTERRUPT input. A logic "1" level at this input 
causes the processor to enter the I NTE R R UPT 
mode. 

READY 

READY input. This command line is used to syn
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 

SYNC 

SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma
chine cycle. 

C/>"C/>2 

Two phase clock inputs. 

SO,S,.S2 

MACHINE STATE OUTPUTS. The processor con
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, S" and S2, along with SYNC inform the pe
ripheral circuitry of the state of the processor. 

Vee +5V ±5% 

Voo -9V ±5% 
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8008, 8008-1 

BASIC INSTRUCTION SET 

Data and Instruction Formats 

Data in the 8008 is stored in the form of 8-bit binary integers_ All data transfers to the system data bus will be 
in the same format. 

I 0 7 0 6 0 5 0 4 0 3 O2 0, DO 

DATA WORD 

The program instructions may be one, two, or three bytes in length_ Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 

One Bvte Instruct,ons 

Two Byte Instructions 

Three Byte I nstructtons 

MINIMUM INSTRUCTION CODE 
MNEMONIC STATES ~06 0 5 0 4 0 3 0 2 0, DO 

REOUIRED 

(llMOV",'2 (5) , , 
° ° ° S 5 S 

121 MOV '. M IS) , , 
° ° ° 

, , , 
MOV M,r (7) , , , , , S S S 

(3) MVI, IS) 0 0 ° ° ° 
, , 0 

B B B B B B B B 
MVI M (9) 0 0 , , , , , 0 

B B B B B B B B 
INA r (5) 0 0 ° ° ° 0 0 0 

OCR r (5) 0 0 ° ° ° 0 0 , 
Accumulator Group Instructions 

TYPICAL INSTRUCTIONS 

Register to re9ISI~r. memory relf!rence, 

I/O arithmetic or logical, rOHlle or 

return inSTructions 

Immediate mode InstructIons 

JUMP 01 CALL Instructions 

DESCRIPTION OF OPERATION 

Load index register (, with the content af index register (2. 

Load index register I' with the content of memory register M. 

Load memory register M with the content of index register r. 

Load inde~ register r with data B ... B. 

Load memory register M with data B ... 8. 

Increment the content of index register r (r I AL 

Decrement the content of index register r (r " A). 

The resll)t of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 

ADDr (5) 1 0 0 0 0 S 5 5 Add the content of index register r, memory register M, or data 

ADD M IS) , 0 0 0 0 , , , B ... B to the accumulator. An overflow (carry) sets the carry 

ADI IS) 0 0 0 0 0 , 0 0 flip·flop. 

B B B B B B B B 

ADC r IS) , 0 0 0 , S 5 5 Add the content of index register r, memory register M, or data 

Aoe M IS) , 0 0 0 , , , , B •.. B from the accumulator with carry. An overflow (carry) 

ACI IS) 0 0 0 0 , 1 0 0 sets the carry flip·flop. 

8 B B B 6 B B B 

SUB r (5) , 0 0 , 0 5 5 5 Subtract the content of index register r. memory register M, or 

SUB M IS) , 0 0 , 0 , , , data B ... 8 from the accumulator. An underflow (borrow) 

SUI IS) 0 0 0 , 0 , 0 0 sets the carry flip-flop. 

B B B B B B B B 

SBa r (5) , 0 0 , , 5 5 S Subtract the content of index register r, memory register M, or data 

5SB M IS) , 0 0 , , 1 , , data B ... B from the accumulator with borrow. An underflow 

S81 IS) 0 0 0 , , , 0 0 (borrow) sets the carry flip-flop. 

B B B B B B B B 



8008, 8008-1 

BASIC INSTRUCTION SET 

MINIMUM INSTRUCTION CODE 

MNEMONIC STATES 0 7 0 6 Os 0 4 D3 
REQUIRED 

ANAr (5) 1 0 1 0 0 
ANAM (8) 1 0 1 0 0 

ANI (8) 0 0 1 0 0 

8 8 8 8 8 
XRAr (5) 1 0 1 0 1 
XRAM (8) 1 0 1 0 , 
XRI (8) 0 0 1 0 , 

8 8 8 8 8 
ORAr (5) 1 0 1 1 0 
DRAM (8) 1 0 , , 0 
ORI (8) 0 0 , 1 0 

8 8 8 8 8 

CMP r (5) , 0 1 , , 
CMPM (8) , 0 , , 1 
CPI (8) 0 0 , 1 1 

8 8 8 8 8 
RLC (5) 0 0 0 0 0 
RRC (5) 0 0 0 0 1 
RAL 15) 0 0 0 1 0 
RAR 15) 0 0 0 1 1 

Program Counter and Stack Control Instructions 
(4)JMP 111) 

151 JNC, JNZ, 190r 11) 
JP, JPO 

JC, JZ 190r 11) 
JM, JPE 

CALL 111) 

CNC, CNZ. 19 or 11) 
CP, cpb 

CC, CZ, 190r 1') 
CM, CPE 

RET (5) 

ANC, ANZ, 13 or 5) 
RP, APO 

AC,RZ 13 or 5) 
AM, APE 

RST (5) 

I nput/Output Instructions 

IN (8) 

OUT (6) 

NOTES: 

0 1 

82 82 
X X 

0 1 

82 8 2 
X X 

0 1 

82 82 
X X 

0 , 
82 82 
X X 

0 1 

82 82 
X X 

0 1 

82 82 
X X 

0 0 

0 0' 

0 0 

0 0 

0 , 
0 1 

o 0 
1 1 

X X X 

82 8282 

83 8 3 8 3 

0 C4 C3 
82 8282 

83 8 3 83 , 
C4 C3 

82 ~ 82 
83 83 83 
X X X 

82 82 82 
83 83 83 

0 C4 C3 
82 82 82 
83 83 83 

1 C4 C3 
82 82 82 
83 83 83 

X X X 

0 C4 C3 

1 C4 C3 

A A A 

0 0 M 

R R M 

000 

1 1 

O2 D, ~ DESCRIPTION OF OPERATION 

5 5 5 Compute the logical AND of the ccntent of index register r. 

1 1 1 mf!mory register M, or data B . . B with the accumulator. 

1 0 0 

8 8 8 

5 5 5 Compute the EXCLUSIVE OR of the cantent of index register 

1 1 1 r. memory register M, or data B . . . B with the accumulator. , 0 0 

8 8 8 

5 5 5 Compute the INCLUSIVE OR of the content of index register 

1 , 1 r, memory register m, or data B ... B with the accumulator. 

1 0 0 

8 8 8 

5 5 5 Compare the content of index register r. memory register M, , 1 1 or data B ... B with the accumulator. The content of the , 0 0 accumulator is unchanged. 

8 8 8 

0 1 0 Rotate the content of the accumulator left. 

0 , 0 Rotate the content of the accumulator right. 

0 1 0 Rotate the content of the accumulator left through the carry. 

0 , 0 Rotate the content of the accumulator right through the carry. 

1 0 0 UnconditionallY jump to memory address 83 ... B382 ... B2. 

82 8 2 8 

83 83 83 

0 0 0 Jump t~ memory address 83 ... B3B2 ... B2 if the condition 

82 82 8 flip-flop is false. Otherwise, execute the next in-~I \.Iction in sequence. 

83 83 8 

0 0 0 Jump to memory address 83' .. B3B2 ... 82 Ir tt.e corditLon 

82 82 82 flip·flop is true. Otherwise, execute the next instructi(,..n in sequence. 

83 83 83 

1 1 0 Unconditionally call the subroutine at memory address B3 ... 

8282 82 B382 ... 82. Save the current address (up one level in the stack). 

83 83 83 

0 , 0 Call the subroutine at memory address B3 ... B382 ... 82 if the 

82 82 82 condition flip·flop is false, and save the current address (up one 

83 83 83 level in the stack,) Otherwise, execute the next ins-truction in sequence. 

0 , 0 Call the subroutine at memory address 83.' . 8382 ... 82 if the 

82 82 82 condition flip·flop is true, and save the current address (up one 

8383 83 level in the stack). Otherwise, execute the next instruction in sequence. , 1 1 Unconditionally return (down one level in the stack). 

0 , 1 Return (down one level in the stack) if the condition flip-flop is 

false. Otherwise, execute the next instruction in sequence. 

0 , 1 Return (down one level in the stack) if the condition flip-flop is 

true. Otherwise, execute the next instruction in sequence. 

1 0 1 Call the subroutine at memory address AAAOOO (up one level in the stack). 

M M 1 Read the content of the selected input port (MMMI into the 

accumulator. 

M M , Write the content of the accumulator into the selected output 

port IRRMMM, RR 1001. 

o 0 X Enter the STOPPED state and remain there until interrupted, 

1 1 

(1) SSS :: Sour~ Index Register } These registers, fL, are designated A(accumulator~OOOI. 
DOD 0 Oestonat;on Index Reg;ster 8(001), C(010), 010111, Ell00), Hll01l, Llll01. 

(2) Memory registers are addressed by the contents of registers H & L. 
(31 Additional b\,tes of instruction are designated by 8BBBBBBS. 
(4) X =; "Don't Care", 
(S) Flag flip-flops are defined by C4C3: carry (OO·overflow or underflow). zero (01-result is zero), sign (1 O-MSB of result is "1 "1. 

parity (11·parity is even). 
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8008, 8008-1 
ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature 
Under Bias 

Storage Temperature 

Input Voltages and Supply 
Voltage With Respect 
to Vee 

Power Dissipation 

O°C to +70°C 

-55°C to +150°C 

+0.5 to -20V 

1.0 W @ 25°C 

D,C', AND OPERATING CHARACTERISTICS 

'COMMENT 

Stresses above those listed under" Absolute Max
imum Ratings" may cause permanent damage to 
the device. This is a stress rating only and func
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specification is not implied. 

TA = ooc to 70°C. Vcc = +5V ±5%. Voo = -9V ±5% unless otherwise specified. Logic "1" is defined 
as the more positive level (V,H • VOH ). Logic "a" is defined as the more negative level (VIL • VOL ). 

SYMBOL PARAMETER 
MIN. 

'00 AVERAGE SUPPLY CURRENT-
OUTPUTS LOADED' 

'll INPUT LEAKAGE CURRENT 

V,L INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) Vao 

V,H INPUT HIGH VOLTAGE 
(INCLUDING CLOCKS) Vcc -1.5 

VOL OUTPUT LOW VOLTAGE 

VOH OUTPUT HIGH VOLTAGE Vcc -1.5 

A,C, CHARACTERISTICS 

LIMITS 
TYP. MAX. 

30 60 

10 

Vcc -4.2 

Vcc+0.3 

0.4 

UNIT 

rnA 

pA 

V 

V 

V 

V 

TEST 
CONDITIONS 

TA = 25°C 

VIN =OV 

'OL = 0.44mA 
CL = 200 pF 

10H = 0.2mA 

·Measurements are made while 
the 800S is executing a typical 
sequence of instructions. The 
test load is selected such that 
at VOL = 0.4V.l oL= 0.44mA 
on each output. 

TA = ODC to 70DC; VCC = +5V ±5%, VDD = -9V ±5%. All measurements are referenced to 1.5V levels. 

8008 8008-1 
LIMITS LIMITS 

SYMBOL PARAMETER UNIT TEST CONDITIONS 
MIN. MAX. MIN. MAX. 

tCY CLOCK PERIOD 2 3 1.25 3 J1S tR.t F = 50ns 

tR,t F CLOCK RISE AND FALL TIMES 50 50 ns 

t<l>1 PULSE WIDTH OF <1>, .70 .35 J1S 

t<l>2 PULSE IJIIIDTH OF <1>2 .55 .35 J1S 

to, CLOCK DELAY FROM FALLING .90 1.1 1.1 J1S 
EDGE OF <1>, TO FALLING EDGE 

OF <1>2 

t02 CLOCK DELAY FROM <1>2 TO <1>, .40 .35 J1S 

t03 CLOCK DELAY FROM <1>, TO <1>2 .20 .20 J1S 

too DATA OUT DELAY 1.0 1.0 J1s C L=100pF 

tOH HOLD TIME FOR DATA BUS OUT .10 .10 J1S 

t'H HOLD TIME FOR DATA IN [11 (1) J1S 

tso SYNC OUT DELAY .70 .70 J1S C L= 100pF 

t s, STATE OUT DELAY (ALL STATES 1.1 1.1 J1s C L = 100pF 
EXCEPT Tl AND Tl11 (2) 

tS2 STATE OUT DELAY (STATES 1.0 1.0 J1s C L= 100pF 

Tl AND Tlil 

tRW PULSE WIDTH OF READY DURING .35 .35 J1s 
<1>22 TO ENTER T3 STATE 

tRO READY DELAY TO ENTER WAIT .20 .20 J1S 
STATE 

t2J If the INTERRUPT is not used, all states have the same output delay. t51 . 



8008, 8008-1 
TIMING DIAGRAM 

_tC;y_1 

r.:;; -'D' 

~ P, 
~121 

"tt ·'2 "tt --I - '0' I-Q 'D2 I--
1'---' R 022 "22 02' 

- '02 - 1-"0_1 

SYNC \ I \ I 
f.- t 01---- .... t SO--! -----:-1 --- .. 0 r--"H~I --- ---'\ ____ J 
----------- --- DATA IN 1. --- ""------------ ... ------I~ 

DATA BU. S I LINES 
10, ... Dol ------------" ,.-oj; -----..." (---I ADDRESS OUT _J J. DATA OUT 

.... _-- --- "'--------- - -:.:: t;,H ~ r--:--too-I - tOHI- -'00---1 

STATE I LINES 

So 

5, 1--'51-

S2 

~I'RW l+-

"'''' { I \ 

1'1 - tRD t:::. ----...., 
I 

I ... .-
T, T, T, 

Notes: 1. READY line must be at "0" prior to <1>22 of T2 to guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200ns (max.! of falling edge of <1>1' 

TYPICAL D. C. CHARACTERISTICS 

POWER SUPPLY CURRENT 
vs. TEMPERATURE 

OUTPUT SINKING CURRENT 
VS. TEMPERATURE. , 

'---_t52 _ 

r--

s ---t 
T, 

OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 

v",l .... .' . , Vcc -6V -
TA ·7O"e 

, , 

-r--~ ~ r- ~cc -VOD • '4V -r---!~~~v 
, 

0 

, 
,b--. 

........ 
i'--~-VDD -14\1 , 

vo~.~.4V r---I-
'r--

· " · "'-3 

""-, 
"I\.. , 

, · I\.. 
'. ,. .. 

" 50 '" 3.' •.. 
AMBIENT TEMPERATURE I"C) AMBIENT TEMPERATURE I"C) OUTPUT VOLTAGE lVI, VOK 

TYPICAL A. C. CHARACTERISTICS 
DATA OUT DELAY VS. 

OUTPUT LOAD CAPACITANCE , 

, ./" 
V CAPACITANCE f = 1MHz; TA = 25°C; Unmeasured Pins Grounded 

, 
V SYMBOL TEST 

LIMIT IpFI 
TYP . MAX. . 

V C'N INPUT CAPACITANCE 5 10 

, COB DATA BUS I/O CAPACITANCE 5 10 

COUT OUTPUT CAPACITANCE 5 10 , 

, , 
" '" 

, 
'" 

,,, 
'" 

DATA 8US CAPACITANCE (pFI. CDS 
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inter 8702A 

2048 BIT ERASABLE AND ELECTRICALLY 
REPROGRAM MABLE READ ONLY MEMORY 

• Access Time - 1.3 f-tsec 
Max. 

• Fast Programming - 2 Minutes for 
All 2048 Bits 

• Fully Decoded, 256 x 8 Organization 
• Static MOS - No Clocks Required 

• Inputs and Outputs TTL Compatible 

• Three-State Output - OR-Tie 
Capability 

• Simple Memory Expansion Chip 
Select Input Lead 

The 8702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system 
development where fast turn-around and pattern experimentation are important. The 8702A undergoes 
complete programming and functional testing on each bit position prior to shipment, thus insuring 100% 
programmability. 

The 8702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz 
lid allows the user to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. This procedure can be repeated as many times as required. 

The circuitry of the 8702A is entirely static; no docks are required. 

A pin-for-pin metal mask programmed ROM, the Intel 8302, is ideal for large volume production runs of 
systems initially using the 8702A. 

The 8702A 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 BLOCK DIAGRAM 

A2 24 Voo 
DATA OUT 1 DATA OUT 8 

At 23 Vee 

"" 22 Vee CS 

·DATA OUT 1 4 (LSD) 21 A3 

"DATA OUT 2 20 A., 

-DATA OUT 3 19 As 
8702A 

"DATA OUT 4 18 A. 

"DATA OUT 5 17 A7 

·DATA OUT 6 16 VGG 

"DATA OUT 7 10 15 VB. 

"DATA OUT 8 11 (MSB) 14 CS 

Vee 12 13 PROGRAM 
Ao A, A7 

"THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING. 

PIN NAMES 

Ao·A? ADDRESS INPUTS 

CS CHIP SELECT INPUT 

DO,· D02 DATA OUTPUTS 
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8702A 
PIN CONNECTIONS 

The external lead connections to the 8702A differ, depending on whether the device is being programmed (1) or used in read 
mode. (See following table.) 

~ 12 13 
MODE (Vee) (Program) 

Read Vee Vee 

Programming GND Program Pulse 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ........ OOC to +70 0 C 
Storage Temperature ............. -65 0 C to +125°C 
Soldering Temperature of Leads (10 sec) .. . . . . .. +300 0 C 
Power Dissipation ....................... 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Vee .......... +0.5V to -20V 
Program Operation: I nput Voltages and Supply 

Voltages with respect to Vee ................ -48V 

READ OPERATION 

D.C. AND OPERATING CHARACTERISTICS 

14 15 16 22 23 
(CS) (Vss ) (VGG ) (Vee) (Vee) 

GND Vee VGG Vee Vee 

GND Vas Pulsed VGG (VI l4P ) GND GND 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex
tended periods may affect device reliability. 

T A = ooe to 700 e, Vee = +5V±5%, Voo = -9V±5%, V6~ = -9V±5%, unless otherwise noted. 

SYMBOL TEST MIN. TYP.(3) MAX. UNIT CONDITIONS 

III Address and Chip Select 10 flA VIN = O.OV 
Input Load Current 

ILO Output Leakage Current 10 flA Your = O.OV, CS ~ Vee -2 

1000 Power Supply Current 5 10 mA VGG=Vee,CS=Vec-2 
10l = O.OmA, T A = 25°C 

1001 Power Supply Current 35 50 mA CS=Vee -2 
10l =O.OmA, TA = 25°C 

1002 Power Supply Current 32 46 mA CS=O.O 

10l =O.OmA, T A = 25°C 
Continuous 

1003 Power Supply Current 38.5 60 mA CS=Vec -2 Operation 
10l =O.OmA , T A = OOC 

ICFl Output Clamp Current 8 14 mA VOUT - -1.0V, TA = ooC 

leF2 Output Clamp Current 13 mA VOUT ~ -1.0V, TA ~ 25°C 

IGG Gate Supply Current 10 flA 

VIl1 Input Low Voltage for -1.0 0_65 V 
TT L Interface 

VIl2 Input Low Voltage for Voo Vce -6 V 
MOS Interface 

VIH Address and Chip Select Vee -2 Vcc +0.3 V 
Input High Voltage 

10l Output Sink Current 1.6 4 mA Your = 0.45V 

VOL Output Low Voltage -.7 0.45 V 10l = 1.6mA 

VOH Output High Voltage 3.5 V 10H = -200/lA 

Note 1: In the programming mode, the data inputs 1-8 are pins 4-11 respectively. CS = GNO. 
Note 2: VGG may be clocked to reduce power dissipation. In this mode average IDO increases in proportion to VGG duty cycle. (See p. 5) 
Note 3: Typical values are at nominal voltages and T A = 25° C. 
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8702A 
A.C. CHARACTERISTICS 

T A = C1' e to + 70oe, Vee = +5V ±5%, Von = -9V ±5%, VGG = -9V ±5% unless otherwise noted 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT 

Freq. Repetition Rate 1 MHz 

tOH Previous read data val id 100 ns 

tAee Address to output delay 1.3 /lS 

tOVGG Clocked VGG set up 1.0 /ls 

tes Chip select delay 400 ns 

teo Output delay from CS 900 ns 

too Output deselect 400 ns 

t oHe Data out hold in clocked VGG mode (Note 1) 5 /lS 

Note 1. The output will remain valid for tOHC as long as clocked VGG is at V ce. An address change may occur as soon as the output Is sensed 

(clocked VGG may stili be 8t Vee). Data becomes invalid for the old address when clocked VGG is returned to VGG. 

CAPACITANCE* 

SYMBOL TEST MINIMUM TYPICAL 

CIN Input Capacitance 

COUT Output Capacitance 

C VGG VGG Capacitance 
(Clocked VGG Mode) 

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

SWITCHING CHARACTERISTICS 

842 

Conditions of Test: 
Input pulse amplitudes: 0 to 4V; t A , tF ::;50 ns 
Output load is 1 TTL gate; measurements made 

at output of TTL gat.e (tpD S 15 nsl 

A) Constant V GG Operation 

CYCLE TIME l/rRfO 

ADDRESS I 
v," )(' 10% X' 

V1L 1..;9;;.0".;.',----------'1 '-----

---I 'cs r--- ~" '0" ~I _ v," i\: ' -
cs : \ I I 

V1L : '-----------..... --

Vo" 
DATA 
OUT 

DATA OUT 
INVALID 

DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 

AD::SX: x,----, 

VIH---T~I 1 10% . 

CS I: 
~l 9~ I , 

I - '00 ~ 

vo"---f~ 
DATA 1 
OUT I 

VOL " 
-.I Ico f-

8 

10 

MAXIMUM UNIT CONDITIONS 

15 pF ~,- V~ } 
All 

15 pF CS = Vee unused pins 

30 pF 
VOUT = Vee are at A.C. 
VGG = Vee ground 

B) Clocked V GG Operation 
L.. CYCL~ TIME - 1 FRED -..! 

V'"-V~lO% --r-, 
ADDRESS .!\..;9;;.il":::.Y, ___________ 1'L-

V1l , , 

CS 

DATA 
OUT 

v," "\J DESELECroDN OF DATA OUTPUT <N aRTIE OPERAroON 

ADDRESS ..A 
V1l 1----------------

, 
, 

~ V'"~ 
Vll I 

V"'\--t l tOVGG I. 
CLOCKED :: 

VGG " 
VGG 1"'1-----..1 , 

100 -

2'50ns 

vo.-,..I __ ,,\ 

i-'m ~~ ______ --,r 
NOTE 1: The oulput will remain valid for tOHC as long as clocked VaG 
is at Vee- An address change may occur as soon as the output IS sensed 
(clocked VGG may still be at Veel. Data becomes invalid for the old 
address when clocked VGG is returf'led to VGG' 

NOTE 2: If CS makes a transition from V'l to V'H whole clocked Vaa 
IS at VGG. then deselectiof'l of oU1Put occurs at too as shown In statiC 
operation With constant Vaa-



8708 
8192/4096 BIT ERASABLE AND ELECTRICALLY 

REPROGRAM MABLE READ ONLY MEMORY 

• 8708 1024x8 Organization 

• Fast Programming -
Typ. 100 sec. For All 8K Bits 

• Low Power During Programming 
• Access Time - 450 ns 
• Standard Power Supplies

+12V, ±5V 

• Static - No Clocks Required 
• Inputs and Outputs TTL 

Compatible During Both Read 
and Program Modes 

• Three-State Output-OR-Tie 
Capability 

The Intel© 8708 is a high speed 8192 bit erasable and electrically reprogram mabie ROM's (EPROM) ideally suited where 
fast turn around and pattern experimentation are important requirements. 

The 8708 is packaged in a 24 pin dual·in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 

A pin for pin mask programmed ROM, the Intel© 8308, is available for large volume production runs of systems initially 
using the 8708. 

The 8708 is fabricated with the time proven N-channel silicon gate technology. 

PIN CONFIGURATIONS BLOCK DIAGRAM 

Cs/WE-_ 
CHIP SELECT 
LOGIC 

PROGRAM 

V 
DECODER 

Ao·Ag 

ADDRESS 
INPUTS 

IIss 
X 

DECODER 

PIN NAMES 

Ao·Ag ADDRESS INPUTS 

0,-08 DATA OUTPUTS 
alWE CHIPSELECT(WRITE ENABLE INPUT 

OATA OUTPUT 
0, 'Os 

I 

OUTPUT BUFFERS 

V GATING 

64 X 128 
ROM ARRAY 
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8708 

Absolute Maximum Ratings II 

Temperature Under Bias ......................... _25°C to +85°C 
Storage Temperature ......................... _65°C to +125°C 

All I nput or Ou·tput Voltages with Respect to VBB 
(except Program) . . . . . . . . . . . . . . . . . . . . . . . . . .. +15V to -0.3V 

Program Input to VBB . . . . . . . . . . . . . . . . . . . . . . . . .. +35V to -0.3V 
Supply Voltages Vcc and Vss with Respect to VBB. . . . . .. +15V to -0.3V 
Voo with Respect to VBB . . . . . . . . . . . . . . . . . . . . . .. +20V to -0.3V 
Power Dissipation .......... . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

READ OPERATION 
D.C. and Operating Characteristics 

'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. 

TA = O°C to 70°C, Vcc = +5V ±5%, Voo = +12V ±5%, VBB = -5V ±5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. Typ.f1] Max. Unit Conditions 

III Address and Chip Select Input Load Current 10 JlA VIN = 5.25V 

ILO Output Leakage Current 10 JlA VOUT = 5.25V, CS/WE = 5V 

100 Voo Supply Current 50 65 mA Worst Case Supply Currents: 

Icc Vcc Supply Current 6 10 mA All Inputs High 

IBB VBB Supply Current 30 45 mA CSIWE = 5V; TA = O°C 

V1L Input Low Voltage Vss 0.65 V 

VIH Input High Voltage 3.0 Vcc +1 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH1 Output High Voltage 3.7 V IOH = -100JlA 

VOH2 Output High Voltage 2.4 V IOH = -lmA 

Po Power Dissipation 800 mW TA = 70°C 

NOTES: 1. Typical values are for TA = 25°C and nominal supply voltages. 
2. The program input (Pin 18) may be tied to VSS or VCC during the read mode. 
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8708 

A.C. Characteristics 
TA = O°C to 70°C, Vee = +SV±S%, Voo = +12V ±S%, VBB = -SV ±S%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter 

tAee Address to Output Delay 

teo Chip Select to Output Delay 

tOF Chip De·Select to Output Float 

toH Address to Output Hold 

Capacitance[1) TA = 2SoC, f = 1 MHz 

Symbol Parameter Typ. Max. Unit Conditions 

CIN Input Capacitance 4 6 pF VIN=OV 

CO UT Output Capacitance 8 12 pF VOUT=OV 

Note 1. This parameter is periodically sampled and not 100% tested. 

A.C. Test Conditions: 

Output Load: 1 TTL gate and CL = 100pF 
Input Rise and Fall Times: <;;;20ns 

Min. Typ. 

280 

0 

0 

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; O.BV and 2.4V for outputs 
Input Pulse Levels: 0.6SV to 3.0V 

Waveforms 

Max. Unit 

4S0 ns 

120 ns 

120 ns 

ns 

ADDRESS --X----------'lX'------
I 
l-tOH_! 

~ ~~---+:-----------
I~. ________________________ __J I I 

t oo --..\ I 
t4- tOF_ 

1~-----tACC .. , \ 

<:.S.mE 
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inter 8302 

2048 BIT MASK PROGRAMMABLE 
READ ONLY MEMORY 

• Access Time -1 p,sec Max. 

• Fully Decoded, 256 x 8 Organization 

• Inputs and Outputs TTL Compatible 

• Three-State Output - OR-Tie 
Capability 

• Static MOS - No Clocks Required 
• Simple Memory Expansion - Chip 

Select Input Lead 
• 24-Pin Dual-In-Line Hermetically 

Sealed Ceramic Package 

The Intel@8302 is a fully decoded 256 word by 8 bit metal mask ROM. It is ideal for large volume produc
tion runs of microcomputer systems initiaUy using the 8702A erasable and electrically programmable ROM. 
The 8302 has the same pinning as the 8702A. 

The 8302 is entirely static - no clocks are required. I nputs and outputs of the 8302 are TTL compatible. 
The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion. 
The 8302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package. 

The 8302 is fabricated with p-channel silicon gate technology. This low threshold 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 BLOCK DIAGRAM 

Az 24 Vee DATA OUT 1 DATADUT8 

A, 23 Vee 

Ao 22 Vee CS 

DATA OUT 1 21 

DATA OUT 2 20 ~ 

DATA OUT 3 19 As 
8302 

DATA OUT 4 18 A. 

DATA OUT 5 8 17 A7 

DATA OUT 6 16 VGG 

DATA OUT 7 10 15 N.C. 

DATA OUT 8 11 (MSBI 14 CS 

Vee 12 13 N.C. 

PIN NAMES 

ADDRESS INPUTS 

CS CHIP SELECT INPUT 

DO,· DO. DATA OUTPUTS 
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8302 

Absolute Maximum Ratings if 

Ambient Temperature Under Bias ......... OOC to +70oC 
Storage Temperature ............. -65°C to +125 0 C 
Soldering Temperature of Leads (10 secl ........ +300 oC 
Power Dissipation ....................... 2 Watts 
Input Voltages and Supply 

Voltages with respect to Vee .......... +0.5V to -20V 

READ OPERATION 
D.C. and Operating Characteristics 

'COMMENT 

Stresses above those listed under "Absolute Maximum Rat· 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex· 
tended periods may affect device reliability. 

T A = aoe to 70°C, Vee = +5V±5%, Voo = -9V±5%, V6~ = -9V±5%, unless otherwise noted. 

SYMBOL TEST MIN. Typ!21 MAX. UNIT CONDIT'ONS 

III Address and Chip Select 1 ~A VIN ~ O.OV 
Input Load Current 

IlO Output Leakage Current 1 ~A VOUT ~ O.OV. CS ~ Vee -2 

'000 Power Supply Current 5 10 mA VGG~Vee. CS~Vec-2 
10l ~ O.OmA. T A ~ 25°C 

1001 Power Supply Current 35 50 mA CS-Vcc -2 
10l ~O.OmA.TA ~ 25°C 

1002 Power Supply Current 32 46 mA CS~O.O 

'Ol ~O.OmA. TA ~ 25°C 
Continuous 

'003 Power Supply Current 38.5 60 mA CS~Vcc -2 Operation 
'Ol ~O.OmA . T A ~ OOC 

'CFl Output Clamp'Current 8 14 mA VOUT - -1.0V. TA ~ OOC 

'CF2 Output Clamp Current 13 mA VOUT - -1.0V. TA - 25°C 

IGG Gate Supply Current 1 ~A 

VIl1 Input Low Voltage for -1.0 0.65 V 
TT L Interface 

VIl2 Input Low Voltage for VOO VCC -6 V 
MOS Interface 

VIH Address and Chip Select Vce-2 Vee +0.3 V 
Input High Voltage 

IOl Output Sink Current 1.6 4 mA VOUT ~ 0.45V 

10H Output Source Current -2.0 mA VOUT ~ O.OV 

VOL Output Low Voltage -.7 0.45 V IOl - 1.6mA 

VOH Output High Voltage 3.5 4.5 V IOH ~ -100~A 

Note 1. VGG may be clocked to reduce power diSSipation. In thiS mode average IDO Increases In proportion to VGG duty cycle 
Note 2. Typical values are at nominal VOltages and TA " 250 C. 
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8302 

A.C. Characteristics 
T A = rf' e to + 70oe, Vcc = +5V ±5%, Voo = -9V ±5%, VGG = -9V ±5% unless otherwise noted 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT 

Freq. Repetition Rate 1 MHz 

tOH Previous read data valid 100 ns 

t Ace Address to output delay .700 1 /.Is 

tovGG Clocked VGG set up 1 /.Is 

tes Chip select delay 200 ns 

teo Output delay from CS 500 ns 

too Output deselect 300 ns 

t oHe Data out hold in clocked VGG mode (Note 11 5 /.Is 

Note 1. The output will remain valid for tOHC as long as clocked VGG is at Vee. An address change may occur as soon 8S the output Is sensed 

(clocked VGG may stili be,at Vee), Data becomes Invalid for the old address when clocked VGG Is returned to VGG. 

Capacitance" TA = 25°C 

SYMBOL TEST MINIMUM TYPICAL 

CIN I nput Capacitance 

COUT Output Capacitance 

CVGG VGG Capacitance 
(Clocked VGG Model 

*Thls parameter IS periodically sampled and IS not 100010 tested. 

Switching Characteristics 

8-48 

Conditions of Test: 
Input pulse amplitudes: 0 to 4V; t A , tF :S50 ns 
Output load is 1 TTL gate; measurements made 

at output of TTL gate (tpD:S 15 ns) 

A) Constant V GG Operation 

---CYCLE TIME I/FREO-_ 

DATA OUT 
INVALID 

DESElECTION OF DATA OUTPUT IN OR·TlE OPERATION 

AD:'~SX: x'----
, 

VIH----r~1 10"'(' 

CS I: 
\I 90% I 
'I< I 

I - '00 r--
Vo'--f~. 

DATA I 
OUT I 

VOL I , I 
-1 Ico ~ 

5 

5 

MAXIMUM UNIT CONDITIONS 

10 pF ~,- V" } 
All 

10 pF CS = Vee unused pins 

30 pF 
VOUT = Vee are at A.C. 
VGG = Vee ground 

B) Clocked V GG Operation 

" '0% 

v ){~ CYCL~ TIME' 1 FREQ~x=,: 

ADDRESS ~ 90"10 

V1L I 

CS 

I 
, 

, ' 
f---~Ont-..-J 
, ' 

CLOCKED 
VGG 

DATA 
OUT 

VO,-----"\ 

DATA OUT 
INVALID 

DATA OUT 
INVALID 

~,------------~--~-----------------
v" V, DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 

ADDRESS A 
V1L )----------------------

: NOTE 2 ~ ~2:0nl 

I os v" ~ //---:...-----7 
V1L I I I 

V"~ :- 'oV
GG ! '00 \.,: : : 

CL~C:'D {i: ~ 
VeG 1":-----.I_2:50nS--_; 

I 

DA TA :~HT--ii-_--,.-c-c '~ ... __________________ ....Jr 
VOL 

NOTE 1 The output will remain valid for tOHC as long as clocked VGG 
is at VCC- An address change may occur as soon as the output is sensed 
(clocked VGG may still be at VCC). Data becomes invalid for the old 
address when clocked VGG is returned to VGG-

NOTE 2: II CS_makes a transition hom VIL to VIH while clocked VGG 
is at VGG. then deselec.lion of output occurs at too as shown in S1ltic 
operation With constant VGG-



inter 8308 

8192 BIT STATIC MOS READ ONLY MEMORY 
Organization --1024 Words x 8 Bits 

• Fast Access - 450 ns 

• Directly Compatible with 8080 CPU 
at Maximum Processor Speed 

• Two Chip Select Inputs for Easy 
Memory Expansion 

• Directly TTL Compatible - All Inputs 
and Outputs 

• Three State Output - 0 R-Tie 
Capability 

• Fully Decoded 

• Standard Power Supplies 
+12V DC, ±5V DC 

The Intel® 8308 is an 8,192 bit static MaS mask programmable Read Only Memory organized as 1024 words by 8-bits_ This 
ROM is designed for 8080 microcomputer system applications where high performance, large bit storage, and simple inter
facing are important design objectives_ The inputs and outputs are fully TTL compatible_ 

A pin for pin compatible electrically programmed erasable ROM, the Intel® 8708, is available for system development and 
small quantity production use_ 

Two Chip Selects are provided - CS1 which is negative true, and CS2 /CS2 which may be programmed either negative or 
positive true at the mask level. 

The 8308 read only memory is fabricated with N-channel silicon gate technology _ This technology provides the designer with 
high performance, easy-to-use MaS circuits_ 

PIN CONFIGURATION BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 
A7 24 vee 

A6 23 A. 

As 22 Ag 

A4 21 VB. 

A3 20 CS, 

A2 8308 19 \bD 

A, 18 CS2/CS2 

Ao 17 0. 

0, 16 07 

02 10 15 o. 

03 11 14 05 

vss 12 13 04 t t-----t 
Ao A, Ag 

PIN NAMES 

~O·A9 AODRESS INPUTS 

o,·Os DATA OUTPUTS 

CS,. CS2 CHIP SELECT INPUTS 
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,8308 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias ...... -25°C to +85°C 
Storage Temperature ............. -65°C to +150°C 

Voltage On Any Pin With Respect 
To Vss . . . . . . . . . . . . . . . . . . .. -0.3V to 20V 

Power Dissipation .................... 1.0 Watt 

D.C. and Operating Characteristics 

'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 condi
tions above those indicated in' the operational sections of this speci
fication is not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

TA = O°C to +70°C, VCC = 5V ±5%; VOO = 12V ±5%, VSS = -5V ±5%, VSS = OV Unless Otherwise Specified. 

Limits 
Symbol Parameter 

Min. Typ.!1] 

III Input Load Current 
(All ,Input Pins Except CS1) 

ILCL Input Load Current on CS1 

ILPC I nput Peak Load Cu rrent on CS 1 

ILKC Input Leakage Current on CS1 

ILO Output Leakage Current 

VIL Input "Low" Voltage VsS-l 

VIH Input "High" Voltage 33 

VOL Output "Low" Voltage 

VOH1 Output "High" Voltage 2.4 

VO H2 Output "High" Voltage 3.7 

Icc Power Supply Current VCC .8 

100 Power Supply Current Voo 32 

Iss Power Supply Current Vss 10/lA 

Po Power Dissipation 

NOTE 1: Typical values for TA = 25° C and nominal supply voltage 

D.C. OUTPUT CHARACTERISTICS 

tA =Oto70°C 
, 

1/ 
/ 

TYPICAL 

..9 4 
It' ,.. 

// ./' 
./" 

~ 5 

;- .......... f" 

II V 'sr l?-V 
o 

o .1 .2 .3 .4 .5 .6 .7 ,8 .9 1.0 

VOL VOLTS 

Max. 

10 

1.6 

4 

10 

10 

0.8V 

Vcc+l.0 

0.45 

2 

60 

1 

775 

-10 

-9 

-8 

-7 

1-6 
;-5 

-3 

-2 

-1 

Unit Test Conditions 

/lA VIN = 0 to 5.25V 

mA VIN = 0.45V 

mA VIN = 0.8V to 3.3V 

/lA VIN = 3.3V to 5.25V 

/lA Chip Deselected 

V 

V 

V IOL = 2mA 

V IOH = -4mA 

V IOH = -lmA 

mA 

mA 

mA 

mW 

O.C. OUTPUT CHARACTERISTICS 

I 
"~ .... r- _t~ '0;070JC _ - r---, 

1', I I , TYPICAL 

" I 

'J 
/ .......... .......... I 

SPEr ................ I 
~ 

II 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 

VOH VOLTS 



8308 

A.C. Characteristics 
TA; o°c to +70°C, VCC; +5V ±5%; Voo ;+12V ±5%, VBB ; -5V ±5%, Vss; OV, Unless Otherwise Specified. 

Limits[2] 
Symbol Parameter 

Min. Typ. Max. 

tACC Address to Output Delay Time 200 450 

tCOl Chip Select 1 to Output Delay Time 85 160 

tC02 Chip Select 2 to Output Delay Time 125 220 

tOF Chip Deselect to Output Data Float Time 125 220 

NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
VOH = 3.7V@ IOH = -lmA, CL = 100pF. 

Unit 

ns 

ns 

ns 

ns 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

CAPACITANCE TA;25°C, f; 1 MHz, VBB ;-5V, VOO, 

Vcc and all other pins tied to Vss. 

Output Load ........ 1 TTL Gate, and CLOAO ; 100pF 
Input Pulse Levels . . . . . . . . . . . . . . . .. .65V to 3.3V 
Input Pulse Rise and Fall Times ........... 20 nsec 
Timing Measurement Reference Level 
.................. 2.4V VIH, VOH; 0.8V VIL, VOL 

Symbol Test 

CIN Input Capacitance 

GoUT Output Capacitance 

1-------- 'ACC ----------<~I 

ADDRESS 
An·A, 

----------'" -... .. f-

Limits 

Typ. Max. 

6pF 

12pF 

---~~ ... -------------------- ----------

cs, 

---------------'\ 

DATAo,.07 ••••••••••• ll ••••• ~=-=~==ri; 



inter 8316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 
Organization-2048 Words x 8 Bits 

Access Time-8S0 ns max 

• Single + 5 Volts Power Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Outputs 
• Low Power Dissipation of 31.4 p,W IBit 

Maximum 
• Three Programmable Chip Select 

Inputs for Easy Memory Expansion 

® 

• Three-State Output - OR-Tie 
Capability 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

The Intel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is 
designed for microcomputer memory applications where high performance, large bit storage, and simple inter
facing are important design objectives. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V. power supply. The 
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be 
defined and the desired chip select code is fixed during the masking process. These three programmable chip 
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion. 

The 8316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all 
devices are directly TTL compatible. 

PIN CONFIGURATION BLOCK DIAGRAM 

--0 Vee 
--oGND 

+ ++ 
CHIP 

SELECT 
PROG. 

t t t 
4--C5, 

CHIP 

SE LECT 
INPUT 

.--C52 

A, BUFFERS 

""--CSJ 

PIN NAMES 

ADDRESS INPUTS 

DA TA OUTPUTS 

PROGRAMMABLE CHIP SELECT INPUTS 
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8316A 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature .. 

... O°C to 70°C 
-65°C to + 150°C 

Voltage On Any Pin With Respect 

To Ground ... . ... -0.5V to +7V 

Power Dissipation ... . ..... 1.0 Watt 

D.C. AND OPERATING CHARACTERISTICS 

T A = O°C to +70°C, VCC = 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. Typ.(1) 

ILl I nput Load Current 
(All Input Pins) 

ILOH Output Leakage Current 

ILO L Output Leakage Current 

Icc Power Supply Current 40 

VIL Input "Low" Voltage -0.5 

V IH Input "H igh" Voltage 2.0 

VOL Output "Low" Voltage 

VO H Output "H igh" Voltage 2.2 

(11 Typical values for T A = 25"e and nominal supply voltage. 

A.C. CHARACTERISTICS 

TA = O°C to +70°C, Vcc = +5V ±5% unless otherwise specified 

SYMBOL PARAMETER 

tA Address to Output Delay Time 

teo Chip Select to Output Enable Delay Time 

'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 maxim.urn r~ting 

conditions for extended periods may affect device reliability. 

MAX .. 
UNIT TEST CONDITIONS 

10 I /lA V IN = 0 to 5.25V 

10 /lA CS = 2.2V, VOUT = 4.0V 

-20 /lA CS = 2.2V, VOUT = 0.45V 

98 mA All inputs 5.25V Data Out Open 

0.8 V 

Vec+1.0V V 

0.45 V IOL = 2.0 mA 

V IOH = -100/lA 

LIMITS 

TYP.(1) MAX. 
UNIT 

MIN. 

400 850 nS 

300 nS 

tOF Chip Deselect to Output Data Float Delay Time 0 300 nS 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and CLOAO = 100 pF 
Input Pulse Levels ............... 0.8 to 2.0V 
Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input ........................ 1.5V 
Output ................ 0.45V to 2.2V 

CAPACITANCE(2) TA = 25°C, f = 1 MHz 

LIMITS 
SYMBOL TEST 

TYP. MAX. 

GIN All Pins Except Pin Under 4 pF 10 pF 
Test Tied to AC Ground 

COUT All Pins Except Pin Under 8 pF 15pF 

Test Tied to AC Ground 

(2) This parameter is periodically sampled and is not 100% tested. 
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inter) 8101-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 

• 256 x 4 Organization to Meet Needs 
for Small System Memories 

• Access Time - 850 nsec Max. 
• Single + 5V Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 
• Simple Memory Expansion - Chip 

Enable Input 

® 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging - 22 Pin Plastic 
Dual-In-Line Configuration 

• Low Power - Typically 150 mW 

• Three-State Output- OR-Tie 
Capability 

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

The Intel 8101-2 is a 256 word by 4 bit static random access memory element using normally off 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 8101-2 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 I/O systems. Output disable is then used to eliminate any 
bidirectional logic. 

® 
The Intel 8101-2 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 

A, Vee 

A, A, 

A, AiW 

"0 CE1 
A4 01 3 

As 00 

A, CE2 

As 003 
A, 8101·2 01, 

A7 004 
A, DO, 

GND DI, 00 

01, DO, 

DO, 01, 

01, DO, 

PIN NAMES 
0,. DATA INPUT 00 OUTPUT DISABLE 

A., ADDRESS INPUTS DoUT DATA OUTPUT 
AIW READ/WRITE INPUT V POWER (+5VI 

. eE2 CHIP ENAULE 
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AO 

A, 

A, 

A3 

A, 

R/W 

01, 

01, 

013 

DI, 

m 
eEl 
OD 

0 
G:J 
cI 
CD 
@ 

@ 

® 

BLOCK DIAGRAM 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

© 
-Vee 

~GND 

0" PIN NUMBERS 



8101-2 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias. . . . .. O°C to 70° C 

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation ....... . . . . . . . . . . . .. 1 Watt 

D.C. and Operating Characteristics 
T A = O°c to 70°C, Vcc = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. 

III I nput Current 

ILOH I/O Leakage Currentl21 

ILOL I/O Leakage Currentl2i 

ICCl Power Supply Current 

ICC2 Power Supply Current 

VIL Input "Low" Voltage -0.5 

VIH Input "High" Voltage 2.2 

VOL Output "Low" Voltage 

VOH Output "H igh" Voltage 2.2 

'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 indio 
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. 

Typ.[11 Max. Unit Test Conditions 

10 J1A VIN = 0 to 5.25V 

15 J1A CE = 2.2V, VOUT = 4.0V 

-50 J1A CE = 2.2V, VOUT = 0.45V 

30 60 mA VIN = 5.25V, 10 = OmA 
TA =25°C 

70 mA VIN = 5.25V, 10 = OmA 
. TA = O°C 

+0.65 V 

Vcc V 

+0.45 V 10L = 2.0mA 

V 10H = -150 J1A 

NOTE: 1. Typical values are for TA = 25°C and nominal supply voltage. 
2. Input and Output tied together. 

OUTPUT SOURCE CURRENT VS. 

-15 

\l~ 
-'0 

-5 

o , 

\ 

OUTPUT VOLTAGE 

AMBIENT TEIMPEA~TURE 
O"C 
25c,C 

70"C 

~ 
1\\ 
'\ l\. Vcc~475V 
1,\ ,UTPUr H'"! TVP(CAL 

~ 
VOK (VOL lSI 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL (VOL lSI 
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8101-2 

A.C. Characteristics 
READ CYCLE T A = o°c to 70°C, VCC = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tRCY Read Cycle 850 ns 

tA Access Time 850 ns 

tco Chip Enable To Output 650 ns (See below) 

too Output Disable To Output 550 ns 

tOF [1) Data Output to High Z State 0 200 ns 

tOH 
Previous Data Read Valid 0 ns 
after change of Address 

WRITE CYCLE 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tWCY Write Cycle 850 ns 

tAW Write Delay 150 ns 

tcw Chip Enable To Write 750 ns 
(See below) 

tow Data Setup 500 ns 

tOH Data Hold 100 ns 

twp Write Pulse 630 ns 

tWR Write Recovery 50 ns 

A. C. CONDITIONS OF TEST Capacitance TA = 25°C, f = 1 MHz 

I nput Pulse Levels: +0.65 Volt to 2.2 Volt Limits (pF) 
Symbol Test 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

Waveforms 
READ CYCLE 

Typ. Max. 

CIN Input Capacitance 
4 8 

(All Input Pins) VIN = OV 

CaUT Output Capacitance VOUT = OV 8 12 

WRITE CYCLE [2) 

1 __ --~--twCy-----......, 

ADDRESS 

CE2 

00 --l---"" 
ICOMMON I/O) 131 

DATA 
OUT 

ADDRESS 

eE2 

00 

DATA 
IN 

A/W 

f..---tcw---+I 

t-----tcw ---+1 

DATA IN 
STABLE 

tow 

'wp 

NOTES: 1. tOF is with respect to the trailing edge of CE1, CE2, or 00, whichever occurs first. 
2. During the write cvcle, 00 is a logical 1 for common I/O and "don't care" for separate I/O operation. 
3. 00 should be tied low for separate I/O operation. 
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8101A-4 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 

• 256 x 4 Organization to Meet Needs 
for Small System Memories 

• Access Time - 450 nsec Max. 
• Single + 5V Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 
• Simple Memory Expansion - Chip 

Enable Input 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging - 22 Pin Plastic 
Dual-In-Line Configuration 

• Low Power - Typically 150 mW 

• Three-State Output - OR-Tie 
Capability 

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

The Intel® 8101A-4 is a 256 word by 4 bit static random access memory element using normally off 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 8101A-4 is designed for memory applications where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single+5V supply. 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 I/O systems. Output 'disable is then used to eliminate 
any bidirectional logic. 

The Intel® 8101A-4 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 silicone packaging. 

PIN CONFIGURATION 

A3 vee 

A, A, 

A, RIW 

Ao CEl 

As 00 

As CE2 

A, DO, 

GND D', 

D', DO, 

DO, D', 

D', DO, 

PIN NAMES 

D'N CAlA INPUT 00 ... "., ADDRESS INPUTS 

R/W READ/WRITE INPUT V 

m,C'2 CHIP ENABLE 

LOGIC SYMBOL 

Ao 01, 

A, DO, 
Ao 

A, 01, 

A3 DO, A, 

A, 01, A, 

ASS101A.,f'°' 
A6 iJI4 

A3 

A, 0O, A, 

R/W 
00 

01, 

D', 

013 

D', 

rn 
eE2 

OUTPUT DISABLE 00 
DATA QUTPUT 

POWER (+5VI 

® 
@ 

@ 

CD 
@ 

® 
® 
@ 

@ 

BLOCK DIAGRAM 

INPUT 
DATA 

CONTROL 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

® 
-Vee 

~GND 

0" PIN NUMBERS 
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8101A-4 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ...... O°C to 70° C 

Storage Temperature ........... -65°C to +150°C 

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

Power Dissipation .. . . . . . . . . . . . . . . . . .. 1 Watt 

D.C. and Operating Characteristics 
T A = O°c to 70°C, Vcc = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. 

III I nput Current 

ILOH I/O Leakage Currend2) 

ILOL I/O Leakage Currend2) 

ICC1 Power Supply Current 

ICC2 Power Supply Current 

VIL Input "Low" Voltage -0.5 

VIH Input "High" Voltage 2.0 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 2.4 

'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. 

Typ.(1) Max. Unit Test Conditions 

10 pA VIN = 0 to 5.25V 

5 pA CE = 2.2V, VOUT = 4.0V 

-10 pA CE = 2.2V, VOUT = 0.45V 

30 55 mA VIN = 5.25V, 10 = OmA 
TA = 25°C 

60 mA VIN = 5.25V, 10 = OmA 
TA = O°C 

0.8 V 

VCC V 

+0.45 V 10L = 2.0mA 

V 10H = -150pA 

NOTE: 1. Typical values are for T A ~ 25'C and nominal supply voltage. 
2. Input and Output tied together. 
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8101A-4 
A.C. Characteristics 
READ CYCLE T A = o°c to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter 

tRCY Read Cycle 

tA Access Time 

teo Chip Enable To Output 

toD Output Disable To Output 

tr e [1] Data Output to High Z State 

Previous Data Read Val id 
toH after change of Address 

WRITE CYCLE 

Symbol Parameter 

tWCY Write Cycle 

tAW Write Delay 

tew Chip Enable To Write 

tDW Data Setup 

tDH Data Hold 

tVJP Write Pulse 

tWR Write Recovery 

tDS Output Disable Setup 

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 CL = 100pF 

Waveforms 
READ CYCLE 

ADDRESS 

CE2 

00 --r---", 
ICOMMON 1/01 [31 

DATA 
OUT 

Min. 

450 

0 

40 

Min. 

270 

20 

250 

250 

0 

250 

0 

20 

Typ. Max. Unit Test Conditions 

ns 

450 ns 

310 ns 

250 ns 
(See below) 

200 ns 

ns 

Typ. Max. Unit Test Conditions 

ns 

ns 

ns 

ns 
(See below) 

ns 

ns 

ns 

ns 

Capacitance TA = 25°C, f = 1 MHz 

Symbol Test 
Limits (pF) 

Typ. Max. 

CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 

GoUT Output Capacitance VOUT = OV 8 12 

WRITE CYCLE [2] 

ADDRESS 

CE2 

00 

DATA 
IN 

R/W 

----~---tWCy------~ 

}----tcw---

DATA IN 
STABLE 

tow 

----'wp---~ 1"--'::";;"--+--

NOTES: 1. tDF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 
2. During the write cycle, OD is a logical 1 for common I/O and "don't care" for separate 1/0 operation. 
3. OD should be tied low for separate 1/0 operation. 
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8111-2· 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 

• Organization 256 Words by 4 Bits 
• Access Time - 850 nsec Max. 
• Common Data Input and Output 
• Single + 5V Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 

• Simple Memory Expansion - Chip 
Enable Input 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging ":""18 Pin Plastic 
Dual-In-Line Configuration 

• Low Power - Typically 150 mW 

• Three-State Output - OR-Tie 
Capability 

The I ntel"'8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOSdevices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires 
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the 
input data. Common input/output pins are provided. 

The 8111-2 is designed for memory applications in small systems where high performance, low cost, large bit 
storage, and simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable 
(CE) leads allow easy selection of an individual package when outputs are 0 R-tied. 

The I ntel®S111-2 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. 

I ntel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 
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PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

AJ Vee 

A, A4 

A, RIW 

Ao tEl 

As 1/04 

A. liD) 

A, 1102 

GND 110, 

00 CE, 

PIN NAMES 

AO-A7 ADDRESS INPUTS 

OD OUTPUT DISABLE 

R/W ~:~DE~:~:~ I~PlJ~ ~, 
CE 2 CHIP ENABLE 2 
I/O,.I/O~--DATA INPUT/OUTPUT 

Ao 

A, liD, 

A, 1/°2 

AJ 1/03 

A4 1/°4 

As 8111·2 

INPUT 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

@ 
--Vee 

~GND 

A7 DATA 
CONTROL 

CEi: 2:10 CE,-

OD~-~ ------~~~~~ ---------v a PIN NUMBE RS 



8111-2 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias. . . . .. O°C to 70°C 

Storage Temperature ........... _65°C to +150°C 

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

Power Dissipation .................... 1 Watt 

D.C. and Operating Characteristics 
T A = O°C to 70°C, VCC = 5V ±5% , unless otherwise specified. 

Symbol Parameter Min. 

III Input Load Current 

ILOH I/O Leakage Current 

ILOL I/O Leakage Current 

ICCI Power Supply Current 

ICC2 Power Supply Current 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.2 

VOL Output Low Voltage 

VOH Output High Voltage 2.2 

*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. 

Typ.!ll Max. Unit Test Conditions 

10 /lA VIN = 0 to 5.25V 

15 /lA CE = 2.2V, VI/O = 4.0V 

-50 /lA CE = 2.2V, VI/O = 0.45V 

30 60 rnA VIN - 5.25V 

1110 = OmA, TA = 25°C 

70 rnA VIN = 5.25V 

11/0=OmA, TA = O°C 

+0.65 V 

Vcc V 

0.45 V 10L =2.0rnA 

V 10H = -150/lA 

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

OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 

AMBIIENT TE'MPER1TuAE 
\ o·c 

\~ f.--:: 25°C 
70a C 

-15 

\ ~ 
1\\ 

-10 

-5 
'\ t\ Vee = 4.75V 

j,\rUTPUj "H1Gr TYj~CAl 

0 ~ 
VOH (VOLTSj VOL (VOLTS) 

8·61 



I 

8111-2 

A.C. Characteristics 
READ CYCLE T A = o°c to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tRCY Read Cycle 850 ns 

tA Access Time 850 ns 

tco Chip Enable To Output 650 ns (See below) 

too Output Disable To Output 550 ns 

tOF [1] Data Output to High Z State 0 200 ns 

tOH 
Previous Data Read Valid 0 ns 
after change of Address 

WRITE CYCLE 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tWCY Write Cycle 850 ns 

tAW Write Delay 150 ns 

tcw Chip Enable To Write 750 ns 
(See below) 

tow Data Setup 500 ns 

tOH Data Hold 100 ns 

twP Write Pulse 630 ns 

tWR W ri te R ecove ry 50 ns 

A. C. CONDITIONS OF TEST Capacitance TA "; 25°C, f = 1 MHz 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 
Symbol Test 

limits (pF) 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

Waveforms 
READ CYCLE 

ADDRESS 

CHIP 
ENABLES 
Im.rn. 

OUTPUT 
DISABLE 

DATA I/O 

�-------1RCy------� 

tOH·-- ---

.tA-
_tOF -

-- - - ----~ I'......---D"..,A~TA~O,,-::UT:----I
VALID 

Typ. Max. 

CIN Input Capacitance 
4 8 

(All Input Pins) VIN = OV 

GoUT Output Cap~citance VOUT = OV 10 15 

WRITE CYCLE 

ADDRESS 

CHIP 
ENABLES 

OUTPUT 
DISABLE 

DATA I/O 

READI 
WRITE 

1-------twCy------' _.1 

_.....f_~'----tcw-~--I 

_tOF-_tow -

OATA IN 
STABLE 

\wp-_tWR -

NOTE: 1. tOF is with respect to the trailing edge of CE1, CE2, or 00, whichever occurs first. 
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inter 8111A-4 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 

• Organization 256 Words by 4 Bits 
• Access Time - 450 nsec Max. 
• Common Data Input and Output 
• Single + 5V Supply Voltage 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Directly TTL Compatible - All Inputs 
and Output 

• Low Cost Packaging -18 Pin Plastic 
Dual-In-Line Configuration 

• Static MOS - No Clocks or 
Refreshing Required 

• Simple Memory Expansion - Chip 
Enable Input 

• Low Power - Typically 150 mW 

• Three-State Output - OR-Tie 
Capability 

The Intel® 8111A-4 is a 256 word by 4 bit static random access memory element using normally off 
N-channel MaS 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 inJ)Ut data. Common input/output pins are provided. 

The 8111A-4 is designed for memory applications in small systems where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. 

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

The Intel® 8111A-4 is fabricated with N-channel silicon gate technology. This technology allows the design 
and production of high performance, easy-to-use MaS circuits and providesla higher functional density on a 
monolithic chip than either conventional MaS technology or P-channel silicon gate technology. 

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

PIN CONFIGURATION LOGIC SYMBOL 

A3 Vee AD 

A, A, A, liD, 

A, R/W A, 1/°2 

AD eEl A3 1/03 

As 1104 A, 1/°4 

A6 1/0 3 As 8111A·4 

A7 1/0 2 00 

GNO lID, 

00 eE, 

PIN NAMES 

Ao·A7 ADDRESS INPUTS 

00 OUTPUT DISABLE 

AIW AEAOIWAITE INPUT 

~-1 CHIP ENABLE' 

--~~~~~E~N~~~~JUTPuT 

BLOCK DIAGRAM 

AD 0 
A 1 ~0"---CL=:J 
A, ..,0~~:.:=:! SEAL~~T 
A 3 ..,G)"---CL=:J 

@ A,'=---o=:::] 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

@J 
~~Vee 

® GNO 

;:~ 250-----,.;-:c~==-' o PIN NUMBERS 
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8111A-4 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias. . . . .. O°C to 70°C 

Storage Temperature .. , ....... , -65°C to +150°C 

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

Power Dissipation .................... 1 Watt 

D.C. and Operating Characteristics 
T A = O°C to 70°C, Vee = 5V ±5% , unless otherwise specified. 

Symbol Parameter Min. 

III I nput Load Cu rrent 

ILOH I/O Leakage Current 

ILOL I/O Leakage Current 

lec1 Power Supply Current 

leC2 Power Supply Current 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

'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. 

Typ.[ll Max. Unit Test Conditions 

10 I1A VIN = 0 to 5.25V 

5 I1A CE = 2.2V, Vila = 4.0V 

-10 I1A CE = 2.2V, Vila = 0.45V 

30 55 mA VIN - 5.25V 

Ilia = OmA, TA = 25°C 

60 mA VIN = 5.25V 

Ilia = OmA, T A = O°C 

0.8 V 

Vce V 

0.45 V 10L = 2.0mA 

V 10H = -150 I1A 

NOTES: 1. Typical values are for T A = 2Soe and nominal supply voltage. 
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8111A-4 

A.C. Characteristics 
READ CYCLE T A = o°c to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

Read Cycle 450 
\ 

tRCY ns 

tA Access Time 450 ns 

teo Chip Enable To Output 310 ns 

too Output Disable To Output 250 ns (See below) 

tOF[l) Data Output to High Z State 0 200 ns 

toH 
Previous Data Read Val id 
after change of Address 

40 ns 

WRITE CYCLE 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tWCY Write Cycle 

tAW Write Delay 

tew Chip Enable To Write 

tow Data Setup 

tOH Data Hold 

twp Write Pulse 

tWR Write Recovery 

tos Output Disable Setup 

A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 

Timing Measurement Reference Level: 

20nsec 

1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

Waveforms 
READ CYCLE 

1-------tRCY---~ 

ADDRESS 

CHIP _-+_,"",I--tco 
ENABLES 
(CEl.m) 

_-+ ___ ~I--~D--
OUTPUT 
DISABLE 

-tA-
_tOF -

270 

20 

250 

250 

0 

250 

0 

20 

DATA liD 
--------~IJ--~D~AT~A7.0U~T---+

VALID 

ns 

ns 

ns 

ns 
(See below) 

ns 

ns 

ns 

ns 

Capacitance T A = 25°C, f = 1 MHz 

Symbol Test 
Limits (pF) 

Typ. Max. 

CIN I nput Capacitance 
4 8 

(All Input Pins) VIN = OV 

CoUT Output Capacitance VOUT = OV 10 15 

WRITE CYCLE 

1---------,--. 'wCy------.1 

ADDRESS 

CHIP 
ENABLES 

OUTPUT 
DISABLE 

DATA I/O 

READ/ 
WRITE 

_--t_""'I----tcw---·1 

_tOF-_tow -

DATA IN 
STABLE 

tWP-_tWR _ 

NOTE: 1. tOF is with respect to the trailing edge of CE1, CE2, or aD, whichever occurs first. 
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8102A-4 
1024 BIT STATIC MOS RAM 

• Access Time -450 ns Max. 
• Single + 5 Volts Supply Voltage 
• Directly TTL Compatible - All Inputs 

and Output 
• Static MOS - No Clocks or 

Refreshing Required 
• Low Power - Typically 150 mW 
• Three-State Output - OR-Tie 

Capability 

• Simple Memory Expansion - Chip 
Enable Input 

• Fully Decoded - On Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

• Low Cost Packaging -16 Pin Plastic 
Dual-In-Line Configuration 

The Intel@8102A-4 is a 1024 word by one bit stati"c random access memory element using normally off 
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there
fore requires no clocks or refreshing to operate. The data is read out nondestructively and has the same 
polarity as the input data. 

The 8102A-4 is designed for microcomputer memory applications where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, 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 81 02A-4 is fabricated with N-channel si licon 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 

A6 A, 

A5 As 
Ao 
A, 

R/W Ag A, D'N 
AJ 

A, CE A. 

A, DATA OUT 
A5 8102A-4 

A6 

A J DATA IN 
A, 

As DOUT 

A. Vee Ag 

Ao GND 
CE R/W 

PIN NAMES 

D'N DATA INPUT CE CHIP ENABLE 

A(tAg ADDRESS INPUTS Dour DATA OUTPUT 
R/w READ/WRITE INPUT Vee POWER (+5VI 
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8102A-4 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 

Storage Temperature 

Voltage On Any Pin 
With Respect To Ground 

Power Dissipation 

-O.5V to +7V 

1 Watt 

D.C. AND OPERATING CHARACTERISTICS 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

TA = OOC to +70°C, Vcc = 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

TYP.(1) 
UNIT TEST CONDITIONS 

MIN. MAX. 

ILl INPUT LOAD CURRENT 10 /lA VIN = 0 to 5.25V 
(ALL INPUT PINS) 

I LOH OUTPUT LEAKAGE CURRENT 5 /lA CE = 2.0V. vOUT = 2.4 to 

I LOL OUTPUT LEAKAGE CURRENT -10 /lA CE = 2.0V, VOUT - O.4V 

ICC! POWER SUPPLY CURRENT 30 50 rnA ALL INPUTS = 5.25V 
DATA OUT OPEN 
TA = 25°C 

I CC2 POWER SUPPLY CURRENT 55 rnA ALL INPUTS = 5.25V 
DATA OUT OPEN 
TA = OOC 

VIL INPUT "LOW" VOLTAGE -0.5 0.8 V 

VIH INPUT "HIGH" VOLTAGE 2.0 Vcc V 

VOL OUTPUT "LOW" VOLTAGE 0.4 V IOL -2.!mA 

VOH OUTPUT "HIGH" VOLTAGE 2.4 V low -100/lA 

11) Typical values are for T A = 250C and nominal supply voltage. 

TYPICAL D.C. CHARACTERISTICS 

POWER SUPPLY CURRENT VS. POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 
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8102A-4 

A. C. Characteristics TA = ooe to 7ooe, vee = 5V ±5% unless otherwise specified 

Limits 
Symbol Parameter 

Min. Typ.lll Max. 
Unit 

READ CYCLE 

tRe Read Cycle 450 ns 

tA Access Time 450 ns 

teo Chip Enable to Output Time 230 ns 

tOHl Previous Read Data Valid with Respect to Address 40 ns 

tOH2 Previous Read Data Valid with Respect to Chip Enable 0 ns 

WRITE CYCLE 

twc Write Cycle 450 ns 

tAW Address to Write Setup Time 20 ns 

twp Write Pulse Width 300 ns 

tWR Write Recovery Time 0 ns 

tow Data Setup Time 300 ns 

tOH Data Hold Time 0 ns 

tew Chip Enable to Write Setup Time 300 ns 

NOTE: 1. Typical values are for TA = 2S'e and nominal supply voltage. 

Capacitance l2 ] TA = 25oe, f = 1 MHz 

A. C. CONDITIONS OF TEST SYMBOL TEST 
LIMITS (pF) 

Input Pulse Levels: 

Input Rise and Fall Times: 

0.8 Volt to 2.0 Volt 

10nsec 

Timing .Measurement Inputs: 1.5 Volts 
Reference Levels Output: 0.8 and 2.0 Volts 

Output Load: 1 TTL Gat. and CL = 100 pF 

Waveforms 

READ CYCLE 

DATA 
OUT 

2.0 VOL TS 

0.8 VOL TS 

8·68 

Typ.ll] MAX. 

CIN INPUT CAPACITANCE 
3 5 

(ALL INPUT PINS) VIN = OV 

COUT OUTPUT CAPACITANCE 
7 10 

VOUT = OV 

NOTE: 2. This parameter is periodically sampled 
and is not 100% tested. 

WRITE CYCLE 

i-------'we--------t 

CHIP 'ew 
ENABLE 

'wP 

READ/ 
WRITE 

'ow 

OATA 
DATA STABlE IN 



intel® 81078-4 

FULLY DECODED RANDOM ACCESS 
4096 BIT DYNAMIC MEMORY 

* Access Time -- 270 ns max. 
* Read, Write Cycle Times--470 ns max. 

* Refresh Period -- 2 ms 
II Low Cost Per Bit 
II Low Standby Power 
II Easy System Interface 
II Only One High Voltage 

Input Signal-Chip Enable 
II TTL Compatible -- All Address, 

Data, Write Enable, 
Chip Select Inputs 

II Read-Modify-Write Cycle 
Time _. 590 ns 

II Address Registers 
Incorporated on the Chip 

II Simple Memory Expansion
Chip Select Input Lead 

II Fully Decoded - On Chip 
Address Decode 

II Output is Three State and 
TTL Compatible 

II Industry Standard 22-Pin 
Configuration 

The Intel 81078 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 81078 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 81078 is fabricated with n-channel silicon gate technology_ This technology allows the design and production of 
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other 
MOS technologies_ The 81078 uses a single transistor cell to achieve high speed and low cost_ It is a replacement for 
the 81078_ 

PIN CONFIGURATION 
81078 

v,, Vss 

Ag A, 

AIO A, 

A" Ag 

cs VDD 

OJ. CE 

"oUT NC 

Ao A, 

A, Ag 

A, A, 

Vee WE 

PIN NAMES 

Ao-A" ADDRESS INPUTS' VBB 

CE CHIP ENABLE Vcc 

cs CHIP SELECT Voo 

DIN DATA INPUT Vss 

DOUT DATA OUTPUT WE 

NC NOT CONNECTED 

"Refresh Address Ao-A5-

LOGIC SYMBOL 
81078 

Ao 
A, 
A2 DIN 

A, 
A, 
As 
A. 
A7 °OUT 

A, 
Ag 
AlO 

A" 

CS CE WE 

POWER (-5V) 

POWER (+5V) 

POWER (+12V) 

GROUND 

WRITE ENABLE 

ROW DECODe 
and BUFFER 
REGISTER 

BLOCK DIAGRAM 

64 MEMORY 
ARRAY 

64 x 64 
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81078-4 

Absolute Maximum Ratings* 
/ , 

Temperature Under Bias ............................................................ ooc to 70°C 

Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65° C to + 150°C 

All I nput or Output Voltages with Respect to the most Negative Supply Voltage, VBB . . . . . . . . . . . . . . . . .. +25V to -0.3V 

Supply Voltages Voo, Vcc, and Vss with Respect to VBB . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. +20V to -0.3V 

Power Dissipation ...................................................................... 1.25W 

'COMMENT: 
Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to tire 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 ra ting conditions for extended periods may affect device reliability.' 

D.C. and Operating Characteristics 
TA = o°c to 70°C, Voo = +12V ± 5%, VCC = +5V ± 5%, VBB [11 = -5V ± 5%, VSS = OV, unless otherwise noted. 

Symbol Parameter 
Min. 

Limits 

Typ.!21 Max. 
Unit Conditions 

III 
Input Load Current 

.01 10 /LA VIN = VIL MIN to VIH MAX 
(all inputs except CEI 

ILC Input Load Current .01 10 /LA VIN = VIL MIN to VIH MAX 

IlLOI Output Leakage Current .01 10 /LA CE = VILC or CS = VIH 
for high impedance state Vo = OV to 5.25V 

1001 
Voo Supply Current 

110 200 /LA CE = -IV to +.6V 
during CE off[31 

1002 
VOO Supply Current 

80 100 mA CE = VIHC, T A = 25°C 
during CE on 

100AVl Average Voo Current 55 80 mA C",,<1m,-410.,. } 
tCE = 300ns T A = 25°C 

100AV2 Average Voo Current 27 40 mA Cycle time= 1000ns, 
tCE = 300ns 

ICC1[41 
Vec Supply Current 

.01 10 IJA CE = VILC or Cs = VIH during CE off 

IBB VBB Supply Current 5 100 /LA 

VIL Input Low Voltage -1.0 0.6 V tT= 20ns - See Figure 4 

VIH Input High Voltage 2.4 VcC+l V 

VllC CE Input Low Voltage -1.0 +1.0 V 

VIHC CE Input High Voltage Voo-l Voo+l V 

VOL Output Low Voltage 0.0 0.45 V IOl = 2.0mA 

VO H Output High Voltage 2.4 Vcc V IOH = -2.0mA 

NOTES: 
1. The only requirement for the sequence of applying voltage to the device is that VOO, VCC, and VSS should never be .3V more 

negative than VBB. 
2. Typical values are for TA = 25°C and nominal power supply voltages. 
3. The 100 and ICC currents flow to VSS. The IBS current is the sum of all leakage currents. 
4. During CE on VCC supply current is dependent on output loading, VCC is connected to output buffer only. 
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81078-4 

Read and Refresh Cycle [1) (Numbers in parentheses are for minimum cycle timing in ns) 

VIH 

ADDRESS 
AND~ 

1---------------- 'cY(470)----------------+I 

I------------'c, (300) -----------1 
VIHC ---+---1-,..,. .... -----------------------.1 

CE 

VtLC 

V,H 
WE 

WE CAN 
CHANGE 

V,L 

1-----------'CO(250) --------~·I 

IIoH---

GOUT -IMP~6~HNCE VALID 

VOL - - -II~~-------'---------- ',cc(270) __________ --1 

Write Cycle . t Cy (470) 

f-@ 
ADDRESS 

ANDCS ~ ADDRESS STABLE X ADDRESS CAN CHANGE <V AobRESSST ABLE 

V,L 
0 

-tAH(SO)- - -tr l201 
tAc lOI - I--- . teE (300) -- _'TI 20) 

® 
r--

CE II \ II . tw,'501 
@ r 

t cw (150) 
-tcc(1301-

+-'wp (50) -

WE CAN CHANGE 1\ Vm CAN CHANGE 

f-

- -towIO) --., -'oHIO) 

DIN o.N CAN CHANGE ~ DIN STABLE ~~(. ~ 
-:i CANC~ANGE 

--- ----

~ 
------[l. HIGH f UNDEFINED ~ IMP~~a:NCE -- IMPEDANCE -

----- -- ------

'bH 

--- 1--,<:,10) 

NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 
2. VIL MAX is the reference level for measuring timing of the addresses, <:S, WE, and DIN. 
3. VIH MIN is the reference level for measuring timing of the addresses, <:S, WE, and DIN. 
4. VSS +2.0V is the reference level for measuring timing of CEo 
5. VDO -2V is the reference level for measuring timing of CEo 
6. VSS +2.ml/ is the reference level for measuring the timing of DOUT. 
7. During CE high typically O.5mA will be drawn from any address pin which is switched from low to high. 
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81078-4 

A. C. Characteristics TA = ooc to 70°C, Voo = 12V ± 5%, VCC = 5V ± 10%, VBB = -5V ± 5%, 

READ, WRITE, AND READ MODI FY /WRITE CYCLE Vss = OV, unless otherwise noted. 

Symbol Parameter Min. Max. Unit Conditions 

tREF Time Between Refresh 2 ms 

tAC Address to CE Set Up Time 0 ns tAC is measured from end of address transition 

tAH Address Hold Time 100 ns 

tcc CE Off Time 130 ns 

tT CE Transition Time 10 40 ns 

tCF CE Off to Output 0 ns 
High Impedance State 

READ CYCLE 

Symbol Parameter Min. Max. Unit Conditions 

tCY Cycle Time 470 ns tT - 20ns 

tCE CE On Time 300 4000 ns 

tco CE Output Delay 250 ns Cload = 50pF, Load = One TTL Gate, 

tACC Address to Output Access 270 ns Ref = 2.0V. 

tWL CE to WE 0 ns tACC = tAC + tco + ltT 

twc WE to CE on 0 ns 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit Conditions 

tCY Cycle Time 470 ns tT = 20ns 

tCE CE On Time 300 4000 ns 

tw WE to CE Off 150 ns 

tcw CE to WE 150 ns 

tow [2J DIN to WE Set Up 0 ns 

tOH DIN Hold Time 0 ns. 

twp WE Pulse Width 50 ns 

Read Modify Write Cycle 

Symbol Parameter Min. Max. Unit Conditions 

t Rwc Read Modify Write( RMWI 590 ns tT = 20ns 
Cycle Time 

tCRW CE Width During RMW 420 4000 ns 

!wc WE to CE on 0 ns 

tw WE to CE off 150 ns 
Cload = 50pF. Load = One TTL Gate, 

!wP WE Pulse Width 50 ns Ref = 2.0V 

tow DIN to WE Set Up 0 ns 

tOH DIN Hold Time 0 ns 

tco CE to Output Delay 250 ns 

tACC Access Time 270 ns tACC = tAC + tco + ltT 
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Read Modify Write Cycle [1] 

Symbol Parameter Min. Max. Unit Conditions 

t RWC Read Modify Write( RMW) 590 ns tT = 20ns 
Cycle Time 

tCRW CE Width During RMW 420 3000 ns 

1wc WE to CE on 0 ns 

tw WE to CE off 150 ns 
Cload = 50pF, Load = One TTL Gate, 

1wp WE Pulse Width 50 ns Ref = 2.0V 

tDW DIN to WE Set Up 0 ns 

tDH DIN Hold Time 0 ns 

tco CE to Output Delay 250 ns 

tACC Access Time 270 ns tACC = tAC + tco + ltT 

(Numbers in parentheses are for minimum cycle timing inns.) 

V,H 

ADDRESSES 
ANDCS 

I t Rwc (5901 CD ·1 

\{L =x cp 
ADDRESS STABLE K ADDRESS CAN CHANGE ® ® 

.~ !---tAc(Ol I t--'-tAHI501~ 
t CRW (420) - _tT (201 tT(20)--. -

® -" .1:--

II 1\ II 
~-~~~-tw(150)--- . 

@ 

CE 

VILe 

~ -I ~ ~twc(O) 4- twp(SOl--
_tccI1301_ 

CD 
t Gr' 1\ V \'/ECAN 

J CHANGE 
k-

- -towlOJ -r- l----tOH(O) 

DIN CAN CHANGE )( DIN STABLE K DIN CAN 
CHANGE 

--'--teo 12501 . 
---- --'\ -------P--_ HIGH 

®-,~ 
HIGH 

IMPEDANCE ) ~ VALID - ~:~:':E __ ---t I , 
t Acc (270) . tCFIOI-~ 

VOL 

NOTES: 
1. A.C. characteristics are guaranteed only if cumulative CE on time during tREF is <;65% of tREF. For continuous Read·Modify·Write 

operation, tcc and tRWC should be increased to at least 185ns and 645ns, respectively. ' 
2. V1L MAX is the reference level for measuring timing of the addresses. CS,~, and DIN. 
3. VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and DIN. 
4. VSS +2.0V is the reference level for measuring timing of CEo 
5. VDD -2V is the reference level for measuring timing of CEo 
6. VSS +2.0V is the reference level for measuring the timing of DOUT. 
7. WE must be at VIH until end of teo. 
8. During CE high typically O.5mA will be drawn from any address pin which is switched from low to high. 
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8222 

DYNAMIC MEMORY 
REFRESH CONTROLLER 

• Adjustable Refresh 
Request Oscillator 

• Ideal for 8107A, 81078 
4K RAM Refresh 

• I nternal Address 
Multiplexer 

• Up to 6 Row Input Addresses 
(64 x 64 Organization) 

The 8222 is a refresh controller for dynamic RAMs requiring row refresh of up to 6 row input addresses (or 4K bits for 64 x 
64 organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and ca
pacitor) plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the 81 07B. The 8222 is designed 
for large, asynchronously driven, dynamic memory systems. 

PIN CONFIGURATION 

Q 22 Vee SUPPLY VOLTAGE 

REFREQ 21 Rx/ex 

CYREQ ACK 

STARTCY REFON 

ADDRESS INPUT A2 BUSY 

ADDRESS INPUT A, 8222 A3 ADDRESS INPUT 

ADDRESS INPUT Ao 16 A4 ADDRESS INPUT 

ADDRESS OUTPUT 00 15 As ADDRESS INPUT 

ADDRESS OUTPUT 0, 0, ADDRESS OUTPUT 

ADDRESS OUTPUT 02 0, ADDRESS OUTPUT 

GROUND 0, ADDRESS OUTPUT 

8·74 

REF. REO. 

eye, REO, 

BUSY 

INPUT 

BLOCK DIAGRAM 

REFRESH 
REQUEST 

lOGIC 

CENTER 

MUX 

ADDRESSES '--,------./1 

START CYCLE 

ACK 

REF. ON 

OUTPUT 
ADDRESSES 
Ao'As 

REF. 
REO, 
ose. 

t------o 



8212 

EIGHT-BIT INPUT/OUTPUT PORT 
• Fully Parallel 8-Bit Data 

Register and Buffer 
• Service Request Flip-Flop 

for Interrupt Generation 
• Low Input Load Current

.25 mA Max. 
• Three State Outputs 
• Outputs Sink 15 mA 

• 3.65V Output High Voltage 
for Direct Interface to 8080 
CPU or 8008 CPU 

• Asynchronous Register 
Clear 

• Replaces Buffers, Latches 
and Multiplexers in Micro
computer Systems 

• Reduces System Package 
Count 

The 8212 input/output port consists of an 8·bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip·flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi· 
pal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

PIN CONFIGURATION 

DS, Vee 
MD INT 

DI, DIB 

DO, DOB 

Dl2 DI7 

D02 D07 

DI3 DI6 

D03 D06 

DI4 Dis 

D04 DOs 

STS CLR 

GND DS2 

PIN NAMES 

D1,.DIs OATA IN 

00,·00. DATA OUT 
ilSj.QSz DeVICE SELECT 

MO MODE 

STS STROBE 
INT INTERRUPT (ACTIVE lOW) 
CLR CLEAR (ACTIVE lOW) 

I!D 052 

\l>MO 

III> STS 

lli> Oil 

[[> 01 2 

[2> 01 3 

[1> 01 4 

[j§>015 

1!9016 

@>017 

§>OIS 

iE>CLR 

LOGIC DIAGRAM 
SERVICE REOUEST FF 

\ 

DATA LATCH 

IACTIVE LOWI 
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8212 

Absolute Maximum Ratings· 

Temperature Under Bias Plastic .. -65°C to + 75°C 

Storage Temperature .......... -65°C to + 160°C 

All Output or Supply Voltages .... - 0.5 to + 7 Volts 

All Input Voltages ............... -1.0 to 5.5 Volts 

Output Currents ......................... 125 mA 

D.C. Characteristics 
TA = O°C to + 75°C Vee = +5V ±5% 

Symbol Parameter 
Min. 

IF Input Load Current 
ACK, OS" CR, OI,-OI,lnputs 

IF Input Load Current 
MO Input 

IF Input Load Current 
OS, Input 

IR Input Leakage Current 
ACK, OS, CR, 01,-01, Inputs 

IR Input Leakage Current 
MO Input 

IR Input Leakage Current 
OS, Input 

Ve Input Forward Voltage Clamp 

V'l Input "Low" Voltage 

V'H Input "High" Voltage 2.0 

VOl Output "Low" Voltage 

VOH Output "High" Voltage 3.65 

Ise Short Circuit Output Current -15 
10 Output Leakage Current 

High Impedance State 

lee Power Supply Current 
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·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 at any other condition above 
those indicated in the operational sections 01 this specification is not implied. 

Limits 
Unit Test Conditions 

Typ. Max. 

-.25 mA VF = .45V 

-.75 mA VF = .45V 

-1.0 mA VF = .45V 

10 p.A VR = 5.25V 

30 p.A VR = 5.25V 

40 p.A VR = 5.25V 

-1 V Ie = -5 mA 

.85 V 

V 

.45 V 10l = 15 mA 

4.0 V 10H = -1 mA 

-75 mA Vo = OV 

20 p.A Vo = .45V/5.25V 

90 130 mA 



8212 
Timing Diagram 

------------- r-- -- -- -- - -- -- --~ ,----

Dm --------~ 1r=~~r'"1-.::----
STBo, Os, 0 DS, "5vI \'-,5V ______ _ 

_________ L_,wE _____ ~lr--------
OUTPUT ____________________ )('-'.5_V _______ _ 

Os,oDS, '5t \'5V 
l 'E 1 (SEE NOTE BELOW) L:=-'D-~-I---

OUTPUT --~-_-~~-~-~-_-~-__ ><----------;~~;;;;;;==~~ 

r-'PW, 
CLR -------------'----5V '\ l'5V 

I. 'e -I r-----
DO ____________________ J*('-1.5_V ____ _ 

DATA '5V )("--------""""'f15V 
_____________ + ________ ~E_'~r · -----------.lr 1'-----

~_~o~ ~~ 

------------'P-D=Jr------------
OUTPUT ___________ ~~'-'.5_V ____________ _ 

STB ____________ ~~~,.6-V---------------------

NOTE: At TERNATIVE TEST LOAD 

'OK 

OUT 0-4nr--..--"VIIY--O Vee 

eL y'K 

1.5V 

tR-I '--------~ 
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8212 

A.C. Characteristics 
TA = O°C to +75°C Vee = +5V ± 5% 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Typ. Max. 

tpw Pulse Width 30 ns 

tpd Data To Output Delay 30 ns 

twe Write Enable To Output Delay 40 ns 

t", Data Setup Time 15 ns 

tn Data Hold Time 20 ns 

t, Reset To Output Delay 40 ns 

ts . Sef To Output Delay 30 ns 

t. Output Enable/Disable Time 45 ns 

te Clear To Output Delay 55 ns 

CAPACITANCE' F = 1 MHz V"AS.= 2.5V Vee = +5V TA = 25°C 

-,. -
Symbol Test 

C,N OS, MD Input Capacitance 

C,N OS,. CK, ACK, 01 ,-01, 
Input Capacitance 

COUT DO ,-DO, Output Capacitance 

'This parameter is sampled and not 100% tested. 

Switching Characteristics 
CONDITIONS OF TEST 
Input Pulse Amplitude = 2.5 V 
Input Rise and Fall Times 5 ns 
Between 1V and 2V Measurements made at 1.5V 
with 15 mA & 30 pF Test Load 

8·78 

LIMITS 

Typ. 

9 pF 

5 pF 

8 pF 

Max. 

12 pF 

9 pF 

12 pF 

TEST LOAD 
1SmA & 30pF 

• INCLUDING JIG & PROBE CAPACITANCE 



8255 
PROGRAMMABLE PERIPHERAL INTERFACE 

• 24 Programmable I/O Pins 
• Completely TTL Compatible 

• Direct Bit Set/Reset Capability 
Easing Control Application Interface 

• Fully Compatible with MCS™_8 and 
MCS™_80 !",icroprocessor Families 

• 40 Pin Dual In-Line Package 
• Reduces System Package Count 

The 8255 is a general purpose programmable I/O device designed for use with both the 8008 and 8080 
microprocessors. It has 24 I/O pins which may be individually programmed in two groups of twelve and 
used in three major modes of operation. In the first mode (Mode 0), each group of twelve I/O pins may be 
programmed in sets of 4 to be input or output. I n Mode 1, the second mode, each group may be programmed 
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt 
control signals. The third mode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a 
bidirectional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the 8255 include bit set and reset capability and the ability to source 1 mA of current at 
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high 
voltage displays. 

PIN CONFIGURATION 

PIN NAMES 

°7-°0 DATA BUS (BI·DIRECTIONAll 

RESET RESET INPUT 

cs CHIP SELECT 

RD READ INPUT 

WR WRITE INPUT 

AO.A1 PORT ADDRESS 

PA7·PAC PORT A (BIT) 

PB7·PBC PORT B (BIT) 

pe7-peo PORT C (BIT) 

Vee +5 VOLTS 

GND Q'VOLTS 

\_.,v 
POWER 

SUPPLIES __ DND 

'0---0 
W1\-__ 

READ/ 
WRITE 

CONTROL 
',--- lOGIC 

'0---

ES--------' 

8255 BLOCK DIAGRAM 

881T 
INTERNAL 
DATA BUS 

GR~UP I/,-_~ 

CONTROL I/,--~,I 

GROUP , 
PORT , 
'" 

v~-~, "D 
Iv---~/ PA j PAn 

I/~~~, "0 
"'~~~/PB,-PB(I 



8255 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... ODC to 70DC 
Storage Temperature .............. _65DC to +150DC 
Voltage on Any Pin 

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

*COMMENT: Stresses above those.listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = ODC to 70DC; Vcc = +5V ±5%; Vss= OV 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

VIL Input Low Voltage .8 V 

VIH Input High Voltage 2.0 V 

VOL Output Low Voltage .4 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V IOH =-50JlA (-1 OOJlA for D.B. Port) 

IOH[l] Darlington Drive Current 2.0 rnA VOH=1.5V, REXT=390n 

Icc Power Supply Current 40 rnA 

NOTE: 
1. Available on 8 pins only. 

Capacitance 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF fc = lMHz 

CI/O I/O Capacitance 20 pF Unmeasured pins returned to Vss' 

8-(10,. 



·8255 
A.C. CHARACTERISTICS TA; o°c to 70°C; vcc; +5V ±5%; vss; OV 

Symbol Parameter Min. Typ. Max. Unit Test Condition 

twp Pulse Width of WR 430 ns 

tow Time D.B. Stable Before WR 10 ns 

two Time D.B. Stable After WR 65 ns 

tAW Time Address Stable Before WR 20 ns 

tWA Time Address Stable After WR 35 ns 

tcw Time CS Stable Before WR 20 ns 

twc Time CS Stable After WR 35 ns 

tWB Delay From WR To Output 500 ns 

tRP Pulse Width of RD 430 ns 

tlR RD Set-Up Time 50 ns 

tHR Input Hold Time 50 ns 

tRO Delay From RD ; 0 To System Bus 350 ns 

too Delay From RD; 1 To System Bus 150 ns 

tAR Time Address Stable Before RD 50 ns 

tCR Time CS Stable Before RD 50 ns 

tAK Width Of ACK Pulse 500 ns 

tST Width Of STB Pulse 350 ns 

tps Set-Up Time For Peripheral 150 ns 

tpH Hold Time For Peripheral 150 ns 

tRA Hold Time for Al, Ao After RD ; 1 379 ns 
-

1Rc Hold Time For CS After RD ; 1 5 ns 

tAD Time From ACK; 0 To Output(Mode 2} 500 ns 

tKD Time From ACK ; 1 To Output Floating 300 ns 

two Time From WR ; 1 To OBF ; 0 300 ns 

tAO Time From ACK; 0 To OBF ; 1 500 ns 
--

600 tSI Time From STB ; 0 To IBF ns 
-

300 tRI Time From RD ; 1 To IBF; 0 ns I 
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8255 

. 'RP . 
-'t\ , 'L 

I=tIR--- i.+-- tHR--"1 

INPUT 

=--tAR _ 
~ tRA------:-1 

Al.AO 

------ tCR ----. 'RC J 

1 
------- -

'Ro-----I 'DO . 

Mode 0 (Basic Input) 

'wP . 
~ r- 7 '--

f::=.tow---+ +-'wo--I 

. 'AW . twA . 
Al.AO ~ 

I" 'ew . ~- 'wC . 
cs 

OUTPUT 

. 'wB--------1 

Mode 0 (Basic Output) 
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8255 

!OF 

INTR 

INPUT FROM __ _ 
PERIPHERAL 

I~---------'~----------I 

Mode 1 (Strobed Input) 

WFi-

i-------·AO------.j 

INTR 

-tAK 

OUTPUT 

Mode 1 (Strobed Output) 



8255 

tAO -
,---------------

INTR 

~tsT-

--------------------~ r~~--~----~-----------------

ISF 

PERI:~~RAL- ________ _ 

Mode 2 (Bi-directionall 
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inter 8251 

PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous 
Operation 

• Synchronous: 
5-8 Bit Characters 
Internal or External Character 

Synchronization 
Automatic Sync Insertion 

• Asynchronous: 
5-8 Bit Characters 
Clock Rate -1,16 or 64 Times 

Baud Rate 
Break Character Generation 
1,1 1/2, or 2 Stop Bits 
False Start Bit Detection 

• Baud Rate -DC to 56 k Baud ( Sync Mode) 
DC to9.6k Baud (Async Mode) 

• Full Duplex, Double Buffered, 
Transmitter and Receiver 

• Error Detection - Parity, Overrun, 
and Framing 

• Fully Compatible with 8080 CPU 
• 28-Pin DIP Package 
• All Inputs and Outputs Are 

TTL Compatible 
• Single 5 Volt Supply 
• Single TTL Clock 

The 8251 is a Universal Synchronous/Asynchronous Receiver / Transmitter (USART) Chip designed for data 
communications in microcomputer systems. The USART is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept 
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such 
as SYNDET, TxEMPT. The chip is constructed using N·channel silicon gate technology. 

PIN CONFIGURATION 

O2 0, 

0 3 DO 

AxO Vee 

GNO Axe 

0, OTA 

0, ATS 

0 6 DsR 
0, RESET 

fiC eLK 

WR TxO 

Os TxEMPTY 

CID ill 
iW SYNDET 

RxRDY TxRDY 

Pin Name Pin Function 

07- 0 0 Data Bus (8 bits) 
e/o Control or Data is to be Written or Read 
AD Read Data Command 

i!R Write Data or Control Command 

es Chip Enable 
eLK Clock Pulse (TTL) 
RESET Reset 
Txe Transmitter Clock 
TxO Transmitter Data 
Axe Receiver Clock 
AxO Receiver Data 
RxRDV Receiver Ready (has character for 8080) 
TxRDV Transmitter Ready (ready for char. from 8080) 

Pin Name Pin Function 

OSA Data Set Ready 
OTA Data Terminal Ready 
SYNDET Sync Detect 
ATS Request to Send Data 
eTS Clear to Send Data 
TxE Transmitter Empty 

Vee +5 Volt Supply 
GNO Ground 

BLOCK DIAGRAM 

/ 
INTERNAL 
DATA BUS 

TxO 

TxRDY 

TxE 

_Txe 

AxO 

RxRDY 

RXc 

_SVNDET 

8-85 



8251 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O°C to 70°C 
Storage Temperature .............. _65°C to +150°C 
Voltage On Any Pin 

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

D.C. Characteristics: 

Symbol Parameter Min. Typ. 

VIL Input Low Voltage VsS-·5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage 2.2 

IDL Data Bus Leakage 

III I n put Load Current 

Icc Power Supply Current 45 

Capacitance 

TA = 25°C; Vee = vss = OV 

Symbol Parameter Min. Typ. 

CtN I nput Capacitance 

CliO I/O Capacitance 

8-86 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Max. Unit Test Conditions 

0.8 V 

Vee V 

0.45 V IOL = 1.6mA 

V IOH = -100/lA (DBo'7) 
IOH = -100/lA (Others) 

-50 /lA. VOUT = .45V 
10 /lA VOUT = VCC 

10 /lA @5.5V 

80 

Max. Unit Test Conditions 

10 pF fc = lMHz 

20 pF Unmeasured pins returned to Vss. 



8251 

A.C. Characteristics: 

TA = O°Cto 70°C; Vcc = 5.0V ±5%; Vss = OV 

Symbol Parameter Min. Typ. 

tCY Clock Period .420 

tCPW Clock Pulse Width 220 

tR,tF Clock Rise and Fall Time 0 

tWR WRITE Pulse Width 430 

tos Data Set-Up Time for WR ITE 200 

tOH Data Hold Time for WR ITE 65 

tAW Address Stable before WR ITE 20 

tWA Address Hold Time for WR ITE 35 

tRO READ Pulse Width 430 

too Data Delay from READ 

tOF READ to Data Floating 25 

tAR1 Address Stable before READ, CE (C/D) 50 

tRA1 Address Hold Time for READ, CE 5 

tRA2 Address Hold Time for READ, C/D 370 

tOTx TxD Delay from Falling Edge of TxC 1 

tSRx Rx Data Set-Up Time to Sampling Pulse 2 

tHRx Rx Data Hold Time to Sampling Pulse 2 

fTx Transmitter Input Clock Frequency 
1X Baud Rate DC 
16X and 64X Baud Rate DC 

fRx Receiver Input Clock Frequency 
1X Baud Rate DC 
16X and 64X Baud Rate DC 

tTx TxRDY Delay from Center of Data Bit 

tRx RxRDY Delay from Center of Data Bit 15 

tiS Internal Syndet Delay from Center of Data Bit 20 

tES External Syndet Set-Up Time before Falling 
Edge of RxC 

Note: The TxC and RxC frequencies have the following limitation with respect to ClK. 
For ASYNC Mode, tTx or tRx ;;. 4.5 tCY 
For SYNC Mode, tTx or tRx ;;. 30 tCY 

Max. Unit Test Conditions 

1.35 J.ls 

300 ns 

50 ns 

ns 

ns 

ns 

ns 

ns 

ns 

350 ns Cl=100pF 

200 ns Cl=100pF 

ns 

ns 

ns 

J.ls Cl =100pF 

J.lS Cl =100pF 

J.lS Cl=100pF 

56 KHz 

615 KHz 

56 KHz 
615 KHz 

16 ClK Period Cl =50pF 

20 ClK Period 

25 ClK Period 

15 ClK Period 
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8251 

READ AND WRITE TIMING 

ClK ~=- ,cw-~{~· __ ~1-------\'-_---J1r-----',----
CtD,CS. ____ -'1'---------------"'1'---------1'-

0,,0. -----+-"T"-

'AW 
.READ----~~-~-------------~~~-------Jf 

"WRITE AND READ PULSES HAVE NO TIMING LIMITATION WITH RESPECT TO elK. 

TRANSMITTER CLOCK AND DATA 

TXCllXBAUD}~ 
TxC (16)( BAUD) 41 

I ~ 
16 TxC PERIODS--------::;w.--~_i 

--~~TfX TxD _ _-_------------:::x.:...:...: 

RECEIVER CLOCK AND DATA 

RXD~ -.'SRX~--~+-
RxCllx BAUD} ~'-------------1 

INTERNAL 

~-----

~~~:~ING nl-________________ _ 
~r--i"'----STARTBIT ----

RxD -----=\-10. _______ -' 

Axe (16x BAUD) 

INTERNAL 
~~~~ING _______ ---' '-__________ ---' '-________ _ 

Tx ROY AND Rx ROY TIMING (ASYNC MODEl 

RxD --, START BIT I DATA BITS 

'RX RxRDY _______________________ ~_ 

READ-------~--------------------; 

Tx EMPTY 

Tx ROY 

WRITE 

WRITE 1st BYTE WRITE 2nd BYTe WRITE 3rd Byre 

Tx 0 M'iiAKiNG1 START BIT Ir---:D"'A"'T:-:A-:B~IT:-I':-----r-=PA.,.R"'I"'T"'Y-::B"'IT::T':S:::T"'O"'Pt-B"'I"'T"'1 START BIT 

I • 1st DATA BYTE .1- 2nd DATA BYTE 

INTERNAL SYNC DETECT 

·1 
RxD LAST BIT 

RESET BY 
SYNDET 'IS -~~ SOFTWARE IOUTPUT} ___________________________ ...:..~ COMMAND 

EXTERNAL SYNC DETECT 

RxC---'~ __ ~ ~ __ ~~~L_ __ Jr~---

SYNDET ____________________ -=tf--~'E~S--------~I'~----------------------
(INPUT) -1 

RxD: = = = = = = = = = = = ill.:==~=~::~~~=::!==3.11 1- htDATABYTE -



8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 

• 1/0 Port or Memory Selector 

• Simple Expansion - Enable Inputs 

• High Speed Schottky Bipolar 
Technology -18ns Max. Delay 

• Directly Compatible with TTL Logic 
Circuits 

• Low Input Load Current - .25 mA 
max., 116 Standard TTL Input Load 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp 

• Outputs Sink 10 mA min. 
• 16·Pin Dual·ln·Line Ceramic or 

Plastic Package 

The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes 
"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy 
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive 
eight other decoders for arbitrary memory expansions. 

The I ntel@8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 
the temperature range of O°C to + 75°C, ambient. The use of Schottky barrier diode clamped transistors to 
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu
sion process. 

PIN CONFIGURATION LOGIC SYMBOL 

Ao 16 V-CC Ao 

A, 15 0 0 A, 

A2 14 0, A, 

E, 4 13 O2 
8205 8205 

E2 12 0 3 

E3 6 " 0 4 E, 

0 7 7 10 0 5 E, 

GRO 8 9 0 6 E3 

ADDRESS ENABLE OUTPUTS 

PIN NAMES Ao A, A, " " '3 0 , 2 3 4 5 6 7 

l l l l l H l H H H H H H H 
H l l l l H H l H H H H H H 

AO- A, ADDRESS INPUTS L H l L l H H H l H H H H H 
H H l l l H H H H l H H H H 
l l H l l H H H H H l H H H 

E,- E3 ENABLE INPUTS 

00- 07 DECODED OUTPUTS H l H l l H H H H H H l H H 
l H H l l H H H H H H H l H 
H H H l l H H H H H H H H l 
X X X l l l H H H H H H H H 
X X X H l l H H H H H H H H 
X X X l H l H H H H H H H H 
X X X H H l H H H H H H H H 
X X X H l H H H H H H H H H 
X X X l H H H H H H H H H H 
X X X H H H H H H H H H H H 
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8205 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias: Ceramic 
Plastic 

Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 

-65°C to +125°C 
-65°C to +750 C 

-65°C to +160oC 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

125 rnA 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera· 
tion of the device at these or any other conditions abpve 
those indicated in the operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = OOC to +75°C, Vee = 5.0V ±5% 

8205 

SYMBOL PARAMETER 
LIMIT 

UNIT TEST CONDITIONS 
MIN. MAX. 

IF INPUT LOAD CURRENT -0.25 rnA Vee = 5.25V, V F = 0.45V 

IA INPUT LEAKAGE CURRENT 10 fJA Vee = 5.25V, VA = 5.25V 

Ve INPUT FORWARD CLAMP VOLTAGE -1.0 V Vee = 4.75V, Ie = -5.0 rnA 

VOL OUTPUT "LOW" VOLTAGE 0.45 V Vee = 4.75V, 10L = 10.0 rnA 

VOH OUTPUT HIGH VOLTAGE 2.4 V Vee = 4.75V, IOH = -1.5 rnA 

VIL INPUT "LOW" VOLTAGE 0.85 V Vee = 5.0V 

VIH INPUT "HIGH" VOLTAGE 2.0 V Vee = 5.0V 

Ise OUTPUT HIGH SHORT -40 -120 rnA Vee = 5.0V, VOUT = OV 
CIRCUIT CURRENT 

Vox OUTPUT "LOW" VOLTAGE 0.8 V Vee = 5.0V, lox = 40 rnA 
@ HIGH CURRENT 

lee POWER SUPPL Y CURRENT 70 rnA Vee = 5.25V 
-

TYPICAL CHARACTERISTICS 

OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE OUTPUT "HIGH" VOLTAGE DATA TRANSFER FUNCTION 

100 
TA = 7S"C _ ~ 
TA = 2S"C_ -... ~ 

vee" 5.0V (/ TA :: DOC 
80 -10 

-t JsoJ (1 .. / 
I VJ1. f;.=2S"C 

TA=O"C-nV TA :: 75"C 

5.0 
I ,I, 

Vee = 5.0V t---r-
4.0 

~ 
J 

60 II' , -20 

TA = DOC 

\ ~ 
3.0 

~ 
40 I , -30 

TA :: 25°C -t f.\ 
TA = 7S"C_ ---1 \ 

2.0 

TA = 75"C~ ~ 
/ IA t- TA = 0"C 

20 
j 

I[ 
-40 

\ 
1\ :\ 

1.0 

H - TA '" 2S"C 
-50 h \.. ~ ~ 

.2 .4 .6 .8 1.0 o 1.0 2.0 3.0 4.0 5.0 o .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

OUTPUT "LOW" VOLTAGE IVI OUTPUT "HIGH" VOLTAGE (V) INPUT VOLTAGE IVI 
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8205 SWITCHING CHARACTERISTICS 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

I nput rise and fall times: 5 nsec 
between 1 V and 2V 

Measurements are made at 1.5V 

8205 

TEST LOAD: 
390(1 

2K 

All Transistors 2N2369 or Equivalent. CL = 30 pF 

TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE ---1- 'H,~ ______________ l:""',~~--,~-. ----

_______ ~.; _____ ..iX . . )K~ _______________ _ OUTPUT 

A.C. CHARACTERISTICS TA = O°C to +75°C. VCC = 5.0V ±5% unless otherwise specified. 

SYMBOL PARAMETER MAX. LIMIT 

t++ 18 

C+ ADDRESS OR ENABLE TO 18 

t+ 
OUTPUT DELAY 18 

t -- 18 

CIN 
111 INPUT CAPACITANCE P8205 4(typ.) 

C8205 5(typ.) 

1. ThIs parameter IS periodically sampled and 1$ not 100% tested. 

TYPICAL CHARACTERISTICS 

0 ... 
~ .. 
" ffi 
a: 
0 

~ 
a: 
0 
0 

" 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 

20r-----,-~--,-----_r-----, 

'5 

'0 

Vee:;; S.OV 

TA '" 2S"C 

oL-____ L-____ ~ ____ -L ____ ~ 

o 50 '00 '50 200 
LOAD CAPACITANCE loFI 

-

UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns 

pF f ~ 1 MHz. Vcc = OV 

pF VBIAS = 2.0V. T A = 25°C 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 

20r-------,-------_r-------, 
vee .Is.ov 
cl .. 30 pF 

,5r------+------+1------~ 
-,!.-.:.~:.-+------

t_. : 

'0r-------4--------r------~ 

' .. 

oL-______ ~ ______ L_ ____ __J 

o 25 50 76 

AMBIENT TEMPERATURE lOCI 
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8214 

PRIORITY INTERRUPT CONTROL UNIT 

• Eight Priority Levels • Fully Expandable 
• Current Status ~egister • High Performance (50ns) 
• Priority Comparator • 24-Pin Dual In-Line Package 

The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer 
systems. 

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft
ware controlled current status register and issue an interrupt to the system along with vector information to 
identify the service routine. 

The 8214 is fully expandable by the use of open collector interrupt output and vector information. Control 
signals are also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count 
in interrupt ddven microcomputer systems. 

PIN CONFIGURATION 

6, Vee 

6, ECS 

6, R, 

SGS R. 

INT R, 

ClK R, 

8214 
R; INTE 

A;; R, 

A, R, 

A, 10 R. 

ElR 11 ENLG 

GND ETtG 

PIN NAMES 
INPUTS 

Ro·A7 ReaUEST LEVELS (A7 HIGHEST PRIORITVI 

80-82 CURRENT STATUS 

SGS STATUS GROUP SELECT 

ffi ENABLE CURRENT STA'TUS 

INTE INTERRUPT ENABLE 

CD<: CLOCK liNT F·FI 

Ei::"R ENABLE LEVEL READ 

EnG ENABLE THIS LEVEL GROUP 

OUTPUTS: 

REQUEST LEVELS } OPEN 
INTERRUPT (ACT. LOW) COLLECTOR 

ENLG ENABLE NEXT lEVEL GROUP 
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lIT> ElR 
@>ETLC 

I!D Ff~ 

[1D R, 
[IT> R, 
[1D A; 
lE> R-; 

IE> R, 

IE> R~ 

!B> If; 

IT> B~ 
ED B~ 
[D B, 

II> SGS 

~ ECS 

LOGIC DIAGRAM 

REQUEST ACTIVITY 

}B 
PRIORITY 

COMPARATOR 

CC> INTE----------------------~ 
DC> crK--------------------------~ 

(OPEN COLLECTOR) 

A, IT> 
A;!D 

A, @> 



8214 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .......................................................... O°C to 70°C 

Storage T em peratu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _65° C to + 150° C 
All Output and Supply Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to +7V 

All Input Voltages ............................................................ -1.0V to +5.5V 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or· at any other condition above those indicated in the operational sections of this specifi
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliabilitY. 

Symbol Parameter 
Limits 

Unit Conditions 
Min. Typ.l1] Max. 

Vc Input Clamp Voltage (all inputs) -1.0 V IC=-5mA 

IF Input Forward Current: ETLG input -.15 -0.5 mA VF=0.45V 
all other inputs -.08 -0.25 mA 

IR Input Reverse Current: ETLG input" 80 J..!A VR=5.25V 
all other inputs 40 J..!A 

Vil Input LOW Voltage: all inputs 0.8 V Vcc=5.0V 

VIH Input HIGH Voltage: all inputs 2.0 V Vcc=5.0V 

Icc Power Supply Current 90 130 mA See Note 2. 

Val Output LOW Voltage: all outputs .3 .45 V 10l =15mA 

VOH Output HIGH Voltage: ENLG output 2.4 3.0 V 10H=-lmA 

los Short Circuit Output Current: EN LG output -20 -35 -55 mA VOS=OV, Vcc=5.0V 

ICEX Output Leakage Current: INT and AO·A2 100 J..!A VCEx=5.25V 

NOTES: 
1. Typical values are for T A = 25° C, VCC = 5.0V. 
2. 80.82, SGS, ClK, RO·R4 grounded, all other inputs and all outputs open. 
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8214 
A.C. CHARACTERISTICS AND WAVEFORMS TA = O°c to +70°C, vcc = +5V ±5% 

Limits 
Symbol Parameter Min. Typ.!1J Max. Unit 

tCY ClK Cycle Time 80 50 ns 

tpw ClK, ECS, INT Pulse Width 25 15 ns 

t,SS INTE Setup Time to ClK 16 12 ns 

t'SH INTE Hold Time after ClK 20 10 ns 

tETCS[2] ETlG Setup Time to ClK 25 12 ns 

tETCH [2J ETlG Hold Time After ClK 20 10 ns 

tEccSl2J ECS Setup Time to ClK 80 50 ns 

tECCH[3J ECS Hold Time After ClK 0 ns 

tECRS[3J ECS Setup Time to ClK 110 70 ns 

tECRH[3) ECS Hold Time After ClK 0 

tECSS[2J ECS Setup Time to ClK 75 70 ns 

tECSH[2J ECS Hold Time After ClK 0 ns 

tDCS[2J SGS and Bo-B2 Setup Time to ClK 70 50 ns 

tDCH[2J SGS and BO-B2 Hold Time After ClK 0 ns 

tRCS[3) Ro-R7 Setup Time to ClK 90 55 ns 

tRCH[3) Ro-R7 Hold Time After ClK 0 ns 

tiCS INT Setup Time to ClK 55 35 ns 

tCI ClK to INT Propagation Delay 15 25 ns 

tRIS[4J Ro-R7 Setup Time to INT 10 0 ns 

tRIH[4) Ro-R7 Hold Time After INT 35 20 ns 

tRA RO-R7 to Ao-A2 Propagation Delay 80 100 ns 

tELA ElR to Ao-A2 Propagation Delay 40 55 ns 

I 
tECA ECS to Ao-A2 Propagation Delay 100 120 ns 

tETA ETlG to AO-A2 Propagation Delay 35 70 ns 

tDECS[4) SGS and BO-B2 Setup Time to ECS 15 10 ns 

tDECH [4) SGS and Bo-B2 Hold Time After ECS 15 10 ns 

tREN Ro-R7 to ENlG Propagation Delay 45 70 ns 

tETEN ETlG to ENlG Propagation Delay 20 25 ns 

tECRN ECS to ENlG Propagation Delay 85 90 ns 

tECSN ECS to ENlG Propagation Delay 35 55 ns 

CAPACITANCE [5) 

limits 

Symbol Parameter Min. Typ.!1J Max Unit 

C,N I nput Capac itance 5 10 pF 

COUT Output Capacitance 7 12 pF 

TEST CONDITIONS: VSIAS = 2.5V, VCC = 5V, TA = 25°C, f = 1 MHz 

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

8-94 



8214 

WAVEFORMS 

~-----------------)( x-------• ______ 1 

~I~-----~j tRCS IRCH IRIS IAIH 

ETLG 
-------

I 

---~---------"'\ r---t'-__________ J'( 
tETes - 1 IETCH 

-------~-- --------X 1](----------------
IISS 1 \. -"1 

'ISH 
I 

INTE 

-----------r---- "'\ -------JF r-=x J~ '- '1'---.1 
'OECS _~ECH toes tecss tecsH 

I 
lOCH 

1:1 ~ \ 
ECAS 1 tecRH , 

leeCH '<:v 

~l:;:j 
.I 

'<:1 ~ ,-----"'\ 
--1-----~-- ------

__________ J 
:1"---'PW 

- ---- --- ------1-------, '1,, __ -----------
'RA 

ETA -I tELA leCA 

r-~ ------- "'\ 

-- t----- --- t-----.I~ 1"' _______ 
tREN 

tETEN 

leCSN 

-----------------, ENLG ____________ JX ____________________ _ 

NOTES: 

(1) Typical values are for T A = 25°e ,Vee = 5.0V. 

(2) Required for proper operation if ISE is enabled during next clock pulse. 

(3) These times are not required for proper operation but for desired change in interrupt flip·flop. 

(4) Required for new request or status to be properly loaded. 

TEST CONDITIONS: 

Input pulse amplitude: 2.5 volts. 

I nput rise and fall ti mes: 5 ns between 1 and 2 vo Its. 

Output loading of 15 mA and 30 pf. 

TEST LOAD CIRCUIT Vcc 

lOOn 

Speed measurements taken at the 1.5V levels. 
OUTo---~------------~ 

30pf 600n 

I 
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inter 8216/8226 

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU 
• Low Input Load Current - .25 rnA 

Maximum 
• High Output Drive Capability for 

Driving System Data Bus 

The 8216/8226 is a 4-bit bi-directional bus driver/receiver. 

• 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

• Three State Outputs 

• Reduces System Package Count 

All inputs are low power TTL compatible_ For driving MOS, the DO outputs provide a high 3.65V VOH, and for high capaci
tance terminated bus structures, the DB outputs provide a high 50mA IOL capability. 

A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applications for buffering in micro
computer systems. 

PIN CONFIGURATION 

cs Vee 

DO. OlEN 

DB. DO, 

01. DB, 

DO, 01, 

DB, DO, 

01, DB, 

GND 01, 

PIN NAMES 

DBc·OBJ 
DATA BUS 
BI·DIRECTIONAl 1----. 

D~.OI, DATA INPUT 

000.0°3 DATA OUTPUT 

OlEN DATA IN ENABLE 
DIRECTION CONTROL 

cs CHIP SELECT 
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01. 

DO. 

01, 

DO, 

01, 

DO, 

01, 

LOGIC DIAGRAM 
8216 

DO,o-----I-___ C 1---+--' 

DB. 

DB, 

DB, 

DB, 

'-----+ ....... ----<lCS 
OlEN 0--_------' 

LOGIC DIAGRAM 
8226 

01. 

DB. 

DO. 

011. 

DB, 

DO, 

01, 

DB, 

DO, 

01, 

DB, 

DO, 

'-----+ ...... ----0 CS 
OlEN 0--_------" 



8216,8226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .......................................................... O°C to 70°C 

Storage Temperature ......................................................... _65°C to +150°C 

All Output and Supply Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to +7V 

All Input Voltages ............................................................ -1.0V to +5.5V 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125 mA 

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

Limits 
Symbol Parameter Min. Typ. Max. Unit Conditions 

IFI Input Load Current DIEN, CS -0.15 -.5 mA VF=0.45 

IF2 Input Load Current All Other Inputs -0.08 -.25 mA VF=0.45 

IRI Input Leakage Current DIEN, CS 20 /lA VR =5.25V 

IR2 Input Leakage Current DI Inputs 10 /lA VR =5.25V 

Vc Input Forward Voltage Clamp -1 V Ic= -5mA 

VIL Input "Low" Voltage .95 V 

VIH Input "High" Voltage 2.0 V 

1101 Output Leakage Cu rrent DO 20 /lA Vo = 0.45V /5.25V 

(3·State) DB 100 

8216 95 130 mA 
Icc Power Supply Current 

8226 85 120 mA 

VOLl Output "Low" Voltage 0.3 .45 V DO Outputs IOL=15mA 
DB Outputs 10L =25mA 

8216 0.5 .6 V DB Outputs IOL=55mA 
VO L2 Output "Low" Voltage 

8226 0.5 .6 V DB Outputs 10L =50mA 

VOHI Output "High" Voltage 3.65 4.0 V DO Outputs 10H = -lmA 

VOH2 Output "High" Voltage 2.4 3.0 V DB Outputs 10H.= -lOrnA 

los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo == OV, 
-30 -75 -120 mA DB Outputs Vcc=5.0V 

NOTE: Typical values are for TA = 2SoC, VCC = S.OV. 
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WAVEFORMS 
INPUTS 

OUTPUT 
ENABLE 

OUTPUTS 

A.C. CHARACTERISTICS 

Symbol Parameter 

8216,8226 

1'- I .5V r- to - t 
"5V~""'-'---~ VOH 

t VOL 

.5V 

Limits 

Min. TypJl1 Max. Unit Conditions 

TpDl Input to Output Delay DO Outputs 15 25 ns Cl=30pF,Rl=300.l1 
R2=600.l1 

TpD2 I nput to Output Delay DB Outputs 
8216 20 30 ns Cl =300pF, R 1 =90.11 

8226 
---

TE Output Enable Time 
8216 

8226 

TD Output Disable Time 

TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 
Speed measurements are made at 1.5 volt levels. 

Capacitance[Sl 

Symbol Parameter 

C,N Input Capacitance 

COUTl Output Capacitance 

COUT2 Output Capacitance 

16 25 ns R2 = 180.11 

45 65 ns INote 2) 

35 54 ns INote 3) 

20 35 ns (Note 4) 

TEST LOAD CIRCUIT 

OUT O----r------~ 

Limits 
Min. Typ.!11 Max. 

4 8 

6 10 

13 18 

TEST CONDITIONS: VBIAS = 2.5V, VCC = 5.0V, TA = 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for TA = 2SoC, VCC = S.OV. 

Unit 

pF 

pF 

pF 

2. 
3. 

DO Outputs, Cl = 30pF, Rl = 300/10 Kil, R2 = 180/1Kil; DB Outputs, Cl = 300pF, Rl = 90/10 Kil, R2 = 180/1 Kil. 
DO Outputs, Cl = 30pF, Rl = 300/10 Kil, R2 = 600/1 K; DB Outputs, Cl = 300pF, Rl = 90/10 Kil. R2 = 180/1 Kil. 

4. 
S. 

8-98 

DO Outputs, Cl = 5pF, Rl = 300/10 Kil, R2 = 60011 Kil; DB Outputs, Cl = 5pF, Rl = 90/10 Kil, R2 = 180/1 Kil. 
This parameter is periodically sampled and not 100% tested. 
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DMA CONTROLLER 

8253 
8257 
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8253 
PROGRAMMABLE INTERVAL TIMER 

• 3 Independent 16-Bit 
Counters 

• DC to 3 MHz 
• Programmable Counter 

Modes 

• Count Binary or BCD 
• Single +5V Supply 
• 24 Pin Dual-in-line Package 

The 8253 is a programmable counter/timer chip designed for use as an 8080 (or 8008) peripheral. It uses nMOS technology 
with a single +5V supply and is packaged in a 24·pin plastic DIP. 

It is organized as three independent l6·bit counters, each with a count rate from OHz to 3MHz. All modes of operation are 
software programmable by the 8080. 

1iD 
WR 

Ao 

A, 

cs 
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8253 

8253 PRELIMINARY 
FUNCTIONAL DESCRIPTION 

In Microcomputer-based systems the most common inter
face is to a mechanical device such as a printer head or step
per motor. All such devices have inherent delays that must 
be accounted for if accurate and reliable performance is to 
be achieved. The systems software allows for such delays by 
programmed timing loops. This type of programming re
quires significant overhead and maintenance of multiple 
loops gets extremely complicated. 

The 8253 Programmable Interval Timer is a single chip so
lution to system timing problems. In essence, it is a group of 
three 16-bit counters that are independent in nature but 
driven commonly as I/O peripheral ports. Instead of setting 
up timing loops in the system software, the programmer 
configures the 8253 to match his requirements. The pro
grammer initializes one of the three counters of the 8253 
with the quantity and mode desired then, upon command, 
the 8253 will count out the delay and interrupt the micro
computer when it has finished its task. It is easy to see that 
the software overhead is minimal and that multiple delays 
can be easily maintained by assigned interrupt levels to dif
ferent counters. Other functions that are non-delay in nature 
and require counters can also be implemented with the 8253. 

• Programmable Baud Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 

System Interface 

The 8253 is a component of the MCS-80 system and inter
faces in the same manner as all other peripherals of the 
family. It is treated by the systems software as an array of 
I/O ports; three are counters and the fourth is a control 
register for programming. The OUT lines of each counter 
would normally be tied to the interrupt request inputs of 
the 8259. 

The 8253 represents a significant improvement for solving 
one of the most common problems in system design and 
reducing software overhead. 

DATA 

°7·°0 BUS 
BUFFER 

Rli 
iNA READI 

WRITE 

A. lOGIC 

A, 

os 

8253 Block Diagram. 

8253 System Interface. 
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8257 

PROGRAMMABLE DMA CONTROLLER 

• Four Channel DMA Controller 

• Priority DMA Request Logic 

• Channel Inhibit Logic 

• Terminal and Modulo 256/128 
Outputs 

• Auto Load Mode 

• Single TTL Clock (Cj)21 TTL) 

• Single +5V Supply 

• Expandable 

• 40 Pin Dual-in-Line Package 

The 8257 is a Direct Memory Access (DMA) Chip which has four channels for use in 8080 microcomputer systems. Its pri· 
mary function is to generate, upon a peripheral request, a sequential memory address which will allow the peripheral to ac· 
cess or deposit data directly from or to memory. It uses the Hold feature of the 8080 to acquire the system bus. It also keeps 
count of the number of DMA cycles for each channel and notifies the peripheral when a programmable terminal count has 
been reached. Other features that it has are two mode priority logic to resolve the request among the four channels, program· 
mabie channel inhibit logic, an early write pulse option, a modulo 256/128 Mark output for sectored data transfers, an auto
matic load mode, a terminal count status register, and control signal timing generation during DMA cycles. There are three 
types of DMA cycles: Read DMA Cycle, Write DMA Cycle and Verify DMA Cycle. 

The 8257 is a 40-pin, N-channel MaS chip which uses a single +5V supply and the ¢2 (TTL) clock of the 8080 system. It is 
designed to work in conjunction with a single 8212 8-bit, three-state latch chip. Multiple DMA chips can be used to expand 
the number of channels with the aid of the 8214 Priority Interrupt Chip. 
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8257 

8257 PRELIMINARY FUNCTIONAL DESCRIPTION 

The transfer of data between a mass storage device such as 
a floppy disk or mag cassette and system RAM memory is 
often limited by the speed of the microprocessor. Removing 
the processor during such a transfer and letting an auxiliary 
device manage the transfer in a more efficient manner would 
greatly improve the speed and make mass storage devices 
more attractive, even to the small system designer. 

The transfer technique is called DMA (Direct Memory Ac· 
cess); in essence the CPU is idled so that it no longer has 
control of the system bus and a DMA controller takes over 
to manage the transfer. 

The 8257 Programmable DMA Controller is a single chip, 
four channel device that can efficiently manage D MA activ
ities. Each channel is assigned a priority level so that if 
multi·DMA activities are required each mass storage device 
can be serviced, based on its importance in the system. In 

operation, a request is made from a peripheral device for 
access to the system bus. After its priority is accepted a 
HOLD command is ussued to the CPU, the CPU issues 
a HLDA and that DMA channel has complete control of the 
system bus. Transfers can be made in blocks, suspending 
the processors operation during the entire transfer or, the 
transfer can be made a few bytes at a time, hidden in the 
execution states of each instruction cycle, (cycle·stealing). 

The modes and priority resolving are maintained by the 
system software as well as initializing each channel as to the 
starting address and length of transfer. 

The system interface is similar to the other peripherals of 
the MCS-80 but an additional 8212 is necessary to control 
the entire add~ess bus. A special control signal BUSEN is 
connected directly to the 8228 so that the data bus and 
control bus will be released at the proper time. 

ADDRESS BUS (16) \ 

CONTROL BUS 

i70W i70R HOLD REseT 

DATA BUS (8) 

As-A15 
MEMR MEMW READY 

a 
/ Ao·AJ A4-A7 

'---
8212 V<- a 

'---- ~-

I I HLDA ¢2!TTLI 

BUSEN 
8228 

I 1 
cs Ao·AJ A4-A1 ADSlB A'N °7-°0 

I/O MEM HOLD HLDA elK RaVIN RESET 
W R R W 
8257 

128/256 DACK ORO DACK ORO DACK ORO DACK ORa 
MOD TC 3 3 2 2 1 1 a a 

I ! I ! I ! ! ! I 

I 
DMA CHANNEL REQUESTS AND ACKNOWLEDGES 

System Interface 8257. 

OACK 3 

DMA CONTROLLER DUAL FLOPPY DISK CONTROLLER 

System Application of 8257. 
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8259 

PROGRAMMABLE INTERRUPT CONTROLLER 

• Eight Level Priority Controller 

• Expandable to 64 Levels 

• Programmable Interrupt 
Modes (Algorithms) 

• Individual Request Mask 
Capability 

• Single +5V Supply 
(No Clocks) 

• 28 Pin Dual-in-Line Package 

The 8259 handles up to eight vectored priority interrupts for the 8080A CPU. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires a 
single +5V supply. Circuitry is static, requiring no clock input. 

The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has several 
modes, permitting optimization for a variety of system requirements. 
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8259 PRELIMINARY 
FUNCTIONAL DESCRIPTION 

8259 

In microcomputer systems, the rate at which a peripheral 
device or devices can be serviced determines the total amount 
of system tasks that can be assigned to the control of the 
microprocessor. The higher the throughput the more jobs 
the microcomputer can do and the more cost effective it be
comes. Interrupts have long been accepted as a key to im
proving system throughput by servicing a peripheral device 
only when the device has requested it to do so_ Efficient 
managing of the interrupt requests to the CPU will have a 
significant effect on the overall cost effectiveness of the 
microcomputer system. 

SLAVE LI ____ T, ____ .... l, 
PROG. INTERRUPT 

REQUESTS 

The 8259 Programmable Interrupt Controller is a single-chip 
device that can manage eight levels of requests and has built
in features for expandability to other 8259s (up to 64 levels). 
It is programmed by the systems software as an I/O periphe
ral. A selection of priority algorithms is available to the pro
grammer so that the manner in which the requests are pro
cessed by the 8259 can be configured to match his system 
requirements. The priority assignments and algorithms can 
be changed or reconfigured dynamically at any time during 
the main program. This means that the complete interrupt 
structure can be defined as required, based on the total sys
tem environment. 8259 System Interface. 

The system interface is the same as other peripheral devices 
in the MC5-80. A special input is provided (SP) to program 
the 8259 as a slave or master device when expanding to 
more than eight levels. Basically the master accepts INT in
puts from the slaves and issues a composite request to the 
8080A; when it receives the INTA from the 8228 it puts 
the first byte on the CALL on the bus. On subsequent 
INTAs the interrupting slave puts out the address of the 
vector. 
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8080 
SYSTEM DESIGN KIT (SDK-SO) 

The 8080 System Design Kit (SDK-80) is a complete, single board, microcomputer system in kit form. It contains all neces
sary components, including resistors, caps, crystal and miscellaneous hardware to complete construction. Included is a pre
programmed ROM that contains the system monitor for general software utilities and system diagnostics. See page 10-29 
for the full details. 
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SERIES 3000 
BIPOLAR MICROCOMPUTER SYSTEM 

TYPE DESCRIPTION 

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 

Since its introduction, the Series 3000 family of computing elements has found 
acceptance in a wide range of high performance applications from disk controllers 
to airborne central processors. The Series 3000 offers the flexibility, performance, 
and system integration necessary for an effective system solution for both high 
speed controllers and central processors. 

The unique multiple bus structure of the 3002 Central Processing Element (CPE) 
eliminates the need for input data multiplexers or output latches. It also allows the 
designer to tailor the CPE's to suit his particular processing requirements. The 3001 
Microprogram Control Unit (MCU) addresses up to 512 words of microprogram 
memory and controls both conditional and unconditional jumps within micro
program memory_ 

The entire component family has been designed to interconnect directly, minimiz
ing the need for ancillary circuitry. It is available in commercial and military tem
perature range versions. I n addition to the components, I ntel has also developed a 
comprehensive support system to assist the user in writing microprograms, 
debugging hardware and microcode, and programming PROMs for both prototype 
and production systems. 

Thus, with a complete family of components and a powerful development system, 
Intel provides a Total System Solution, from development to production. 
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9-3 

9-10 

9-13 

9-18 

9-21 

9-24 

9-26 

9-31 

9-34 

9-40 

9-44 

9-47 



inter 3001 

MICROPROGRAM CONTROL UNIT 
The INTEL® 3001 Microprogram Con
trol Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory. Its 
functions include the following: 

Maintenance of the microprogram 
address register. 

Selection of the next microinstruction 
based on the contents of the micro
program address register. 

Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 

Saving and testing of carry output data 
from the central processor (CP) array. 

I 

Control of carry/shift input data to 
the CP array. 

Control of microprogram interrupts. 

High Performance - 85 ns Cycle 
Time 

TTL and DTL Compatible 

Fully Buffered Three-State and Open 
Collector Outputs 
Direct Addressing of Standard Bipolar 
PROM or ROM 

512 Microinstruction Addressability 

Advanced Organization 
9-Bit Microprogram Address Register 
and Bus 
4-Bit Program Latch 
Two FI!lg Registers 

Eleven Address Control Functions 
Three Jump and Test Latch 
Functions 
16-way Jump and Test Instruction 
Bus Function 

Eight Flag Control Functions 
Four Flag Input Functions 
Four Flag Output Functions 

40 Pin DIP 

PACKAGE CONFIGURATION 

px. vcc 
PX7 ACo 
pXs AC, 
pXs ACs 
SX3 LD 
SX2 ERA 
PR 2 MAs 
SX, 8 MA7 
PR, 

INTEL® ;~ MAs 
SXo-o 10 MAs 
PRo 11 3001 30 MA. 
FC3 12 29 MAo 
FC2 13 28 MA3 
FO 14 27 MA2 

FCo 15 26 MA, 
FC, 16 25 EN 

FI-o 17 24 ACs 
ISE 18 23 AC. 

ClK 19 22 AC3 
GND 20 21 AC2 
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PIN DESCRIPTION 

PIN 

1-4 

5,6,8,10 

7,9,11 

12, 13, 15, 
16 

14 

17 

18 

19 

20 

21-24 
37-39 

25 

26-29 

30-34 

35 

36 

40 

NOTE: 

SYMBOL 

SXO-SX3 

FCO- FC3 

FO 

FI 

ISE 

CLK 

GND 

ACo-ACe 

EN 

MAo-MA3 

M~-MA8 

ERA 

LD 

VCC 

3001 

NAME AND FUNCTION 

Primary Instruction Bus Inputs 

Data on the primary instruction bus is tested by the JPX function to 
determine the next microprogram address. 

Secondary I nstruction Bus Inputs 

Data on the secondary instruction bus is synchronously loaded into the 
PR-Iatch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-Iatch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 

PR-Latch Outputs 

The PR-Iatch outputs are asynchronously enabled by the JCE function. 
They can be used to modify microinstructions at the outputs of the 
microprogram memory or to provide additional control lines. 

Flag Logic Control Inputs 

The flag logic control inputs are used to cross-switch the flags (C and Z) 
with the flag logic input (FI) and the flag logic output (FO). 

Flag Logic Output 

The outputs of the flags (C and Z) are multiplexed internally to form the 
common flag logic output. The output may also be forced to a logical 0 
or logical 1. 

Flag Logic Input 

The flag logic input is demultiplexed internally and applied to the inputs 
of the flags (C and Z). Note: the flag input data is saved in the F-Iatch 
when the clock input (CLK) is low. 

I nterrupt Strobe Enable Output 

The interrupt strobe enable output goes to logical 1 when one of the JZR 
functions are selected (see Functional Description, page 6). It can be used 
to provide the strobe signal required by the INTEL 3214 Priority Interrupt 
Control Unit or other interrupt circuits. . 

Clock Input 

Ground 

Next Address Control Function Inputs 

All jump functions are selected by these control lines. 

Enable Input 

When in the HIGH state, the enable input enables the microprogram 
address, PR-Iatch and flag outputs. 

Microprogram Column Address Outputs 

Microprogram Row Address Outputs 

Enable Row Address Input 

When in the LOW state, the enable row address input independently 
disables the microprogram row address outputs. It can be used with the 
INTEL 3214 Priority Interrupt Control Unit or other interrupt circuits 
to facilitate the implementation of priority interrupt systems. 

Microprogram Address Load Input 

When in the active HIGH state, the microprogram address load input 
inhibits all jump functions and synchronously loads the data on the 
instruction busses into the microprogram registtlr. However, it does not 
inhibit the operation of the PR-Iatch or the generation of the interrupt 
strobe enable. 

+5 Volt Supply 

(11 Active HIGH unless otherwise specified_ 

active LOW 

active LOW 

open collector 

active LOW 
three-state 

active LOW 

three-state 

th ree-state 



LOGICAL DESCRIPTION 

The MCU performs two major control 
functions. First, it controls the sequence 
in which microinstructions are fetched 
from the microprogram memory. For 
this purpose, the MCU contains a micro· 
program address register and the 
associated logic for selecting the next 
microinstruction address. The second 
function of the MCU is the control of 
the two flag flip-flops that are included 
for interaction with the carry input and 
carry output logic of the CP array. 
The logical organization of the MCU 
is shown in Figure 2. 

NEXT ADDRESS LOGIC 

The next address logic of the MCU pro· 
vides a set of conditional and uncondi· 
tional address control functions. These 
address control functions are used to 
implement a jump or jump/test opera· 
tion as part of every microinstruction. 
That is to say, each microinstruction 
typically contains a jump operation field 
that specifies the address control 
function, and hence, the next micro
program address. 
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FLAG 
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3001 

In order to minimize the pin count of 
the MCU, and reduce the complexity of 
the next address logic, the microprogram 
address space is organized as a two 
dimensional array or matrix. Each 
microprogram address corresponds to 
a unit of the matrix at a particular 
row and column location. Thus, the 9-
bit microprogram address is treated as 
specifying not one, but two addresses
the row address in the \.IPper five bits 
and the column address in the lower 
four bits. The address matrix can there· 
fore contain, at most, 32 row addresses 
and 16 column addresses for a total of 
512 microinstructions. 

The next address logic of the MCU 
makes extensive use of this two com
ponent addressing scheme. For example, 
from a particular row or column 
address, it is possible to jump uncon
ditionally in one operation anywhere in 
that row or column. It is not possible, 
however, to jump anywhere in the 
address matrix. In fact, for a given loca
tion in the matrix, there is a fixed sub
set of microprogram addresses that may 
be selected as the next address. These 

ENABLE 
ROW 

ADDRESS 
MICROPROGRAM MEMORY 

ADDRESS 

possible jump target addresses are referred 
to as a jump set. Each type of MCU 
address control (jump) function has a 
jump set associated with it. Appendix 
C illustrates the jump set for each 
function. 

FLAG LOGIC 

The flag logic of the MCU provides a 
set of functions for saving the current 
value of the carry output of the CP 
array and for controlling the value of 
the carry input to the CP array. These 
two distinct flag control functions are 
called flag input functions and flag 
output functions. 

The flag logic is comprised of two 
flip-flops, designated the C-flag and the 
Z-flag, along with a simple latch, called 
the F-Iatch, that indicates the current 
state of the carry output line of the 
CP array. The flag logic is used in con
junction with the. carry and shift logic 
of the CP array to implement a variety 
of shift/rotate and arithmetic functions. 
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FUNCTIONAL DESCRIPTION 

ADDRESS CONTROL FUNCTIONS 

The address control functions of the 
MCU are selected by the seven input 
lines designated ACo-ACs . On the 
rising edge of the clock, the 9·bit micro· 
program address generated by the next 
address logic is loaded into the micro· 
program address register. The next 
microprogram address is delivered to the 
microprogram memory via the nine 
output lines designated MAo-MAs. The 
microprogram address outputs are or· 
ganized into row and column addresses 
as: 

MAS MA7 MAs MAs MA4 

row address 

MA3 MA2 MAl MAo 

column address 

Each address control function is speci· 
fied by a unique encoding of the data on 
the function input lines. From three to 
five bits of the data specify the par· 
ticular function while the remaining bits 
are used to select part of either the row 
or column address desired. Function 
code formats are given in Appendix A, 
"Address Control Function Summary." 

The following is a detailed description 
of each of the eleven address control 
functions. The symbols shown below 
are used throughout the description to 
specify row and column addresses. 

Symbol Meaning 

5·bit next row address 
where n is the decimal row 
address. 

coin 4·bit next column address 
where n is the decimal 
column address. 

UNCONDITIONAL ADDRESS CON· 
TROL (JUMP) FUNCTIONS 

The jump functions use the current 
microprogram address (i.e., the contents 
of the microprogram address register 
prior to the rising edge of the clock) and 
several bits from the address control in· 
puts to generate the next microprogram 
address. 

Mnemonic 

JCC 

9·6 

Function Description 

Jump in current column. 
ACO-AC4 are used to 
select 1 of 32 row ad· 
dresses in the current 
column, specified by 

3001 

MAO-MA3, as the next 
address 

JZR Jump to zero row. 
ACO-AC3 are used to 
select 1 of 16 column 
addresses in rowo, as the 
next address. 

JC R Jump in current row. 
ACO-AC3 are used to 
select 1 of 16 addresses 
in the current row, speci· 
fied by MA4-MAS, as 
the next address. 

JCE Jump in current column/ 
row grou p and enable 
PR·latch outputs. ACo
AC2 are used to select 1 
of 8 row addresses in the 
current row group, speci· 
fied by MArMAs, as 
the next row address. The 
current column is speci· 
fied by MAo-MA3. The 
PR·latch outputs are 
asynchronously enabled. 

FLAG CONDITIONAL ADDRESS 
CONTROL (JUMP/TEST) 
FUNCTIONS 

The jump/test flag functions use the 
current microprogram address, the con· 
tents of the selected flag or latch, and 
several bits from the address control 
function to generate the next micro· 
program address. 

Mnemonic 

JFL 

JCF 

Function Description 

Jump/test F·Latch. 
ACo-AC3 are used to 
select 1 of 16 rowad· 
dresses in the current 
row group, specified by 
MAs, as the next row 
address. If the current 
column group, specified 
by MA3, is colo-coI7, 
the F·latch is used to 
select col2 or col3 as the 
next column address. If 
MA3 specifies column 
group cols-collS, the 
F·latch is used to select 
col1O or colll as the 
next column address. 

Jump/test C·flag. 
ACo-AC2 are used to 
select 1 of 8 row ad· 
dresses in the current 

row group, specified by 
MA7 and MAS, as the 
next row address. If the 
current column group 
specified by MA3 is 
colo-coI7, the C·flag is 
used to select col2 or 
col3 as the next column 
address. If MA3 specifies 
column group cols-collS, 
the C·flag is used to select 
col1O or col11 as the next 
column address. 

JZF Jump/test Z·flag. Identical 
to the JCF function de· 
scribed above, except 
that the Z·flag, rather 
than the C·flag, is used to 
select the next column 
address. 

PX·BUS AND PR·LATCH CONDI
TIONAL ADDRESS CONTROL 
(JUMP!TEST) FUNCTIONS 

The PX·bus jump/test function uses the 
data on the primary instruction bus 
(PX4-PX71. the current mircoprogram 
address, and several selection bits from 
the address control function to generate 
the next microprogram address. The 
PR·latch jump/test functions use the 
data held in the PR·latch, the current 
microprogram address, and several selec· 
tion bits from the address control 
function to generate the next micro· 
program address. 

Mnemonic 

JPR 

Mnemonic 

JLL 

Function Description 

Jump/test PR·latch. 
ACO-AC2 are used to 
select 1 of 8 JOW ad· 
dresses in the current 
row group, specified by 
MA7 and MAS, as the 
next row address. The 
four PR·latch bits are 
used to select 1 of 16 
possible column ad· 
dresses as the next 
column address. 

Function Description 

Jump/test leftmost PRo 
latch bits. ACo-AC2 are 
used to select 1 of 8 row 
addresses in the current 
row group, specified by 
MA7 and MAS, as the 
next row address. PR2 
and PR3 are used to 
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FUNCTIONAL DESCRIPTION (con't) 

JRL 

JPX 

select 1 of 4 possible 
column addresses in col4 
through col7 as the next 
column address. 

Jump/test rightmost PRo 
latch bits. ACo and ACl 
are used to select 1 of 4 . 
high·order row addresses 
in the current row group, 
specified by MA7 and 
MAs, as the next row 
address. PRo and PRl are 
used to select 1 of 4 pos· 
sible column addresses in 
col12 through col15 as the 
next column address. 

Jump/test PX·bus and 
load PR·latch. ACo and 
ACl are used to select 1 
of 4 row addresses in the 
current row group, speci· 
fied by MAS-MAS, as the 
next row address. PX4-
PX7 are used to select 1 
of 16 possible column 
addresses as the next 
column address. SXo
SX3 data is locked in the 
PR·latch at the rising 
edge of the clock. 

FLAG CONTROL FUNCTIONS 

The flag control functions of the MCU 
are selected by the four input lines 
designated FCO-FC3. Function code 
formats are given in Appendix B, "Flag 
Control Function Summary." 

The following is a detailed description 
of each of the eight flag control 
functions. 

FLAG INPUT CONTROL FUNCTIONS 

The flag input control functions select 
which flag or flags will be set to the cur· 
rent value of the flag input (FI) line. 
Data on FI is stored in the F·latch when 
the clock is low. The content of the F· 
latch is loaded into the C and/or Z flag 
on the rising edge of the clock. 

Mnemonic 

SCZ 

STZ 

STC 

Function Description 

Set C·flag and Z·flag to 
Flo The C·flag and the Z· 
flag are both set to the 
value of Flo 

Set Z·flag to F I. The Z· 
flag is set to the value of 
Flo The C·flag is 
unaffected. 

Set C·flag to Flo The C· 
flag is set to the value of 
Flo The Z flag is 
unaffected. 

HCZ Hold C·flag and Z·flag. 
The values in the C·flag 
and Z·flag are unaffected. 

FLAG OUTPUT CONTROL 
FUNCTIONS 

The flag output control functions 
select the value to which the flag out· 
put (FO) line will be forced. 

Mnemonic Function Description 

FFO Force FO to O. FO is 
forced to the value of 
10gicalO. 

FFC Force FO to C. FO is 
forced to the value of 
the C·flag. 

FFZ Force FO to Z. FO is 
forced to the value of 
the Z·flag. 

FF1 Force FO to 1. FO is 
forced to the value of 
logical 1. 

LOAD AND INTERRUPT 
STROBE FUNCTIONS 

The load function of the MCU is con· 
trolled by the input line designated LD. 
If the LD line is active HIGH at the 
rising edge of the clock, the data on 
the primary and secondary instruction 
busses, PX4-PX7 and SXO-SX3, is 
loaded ·into the microprogram address 
register. PX4-PX7 are loaded into 
MAo-MA3 and SXO-SX3 are loaded 
into M~-MA7. The high·order bit of 
the microprogram address register MAs 
is set to a logical O. The bits from the 
primary instruction bus select 1 of 16 
possible column addresses. Likewise, 
the bits from the secondary instruction 
bus select 1 of the first 16 row addresses. 

The interrupt strobe enable of the MCU 
is available on the output line designated 
ISE. The line is placed in the active high 
state whenever a JZR to col15 is selected 
as the address control function. Cus· 
tomarily, the start of a macroinstruction 
fetch sequence is situated at rowo and 
COl15 so that the INTEL 3214 Priority 
Interrupt Control Unit may be enabled 
at the beginning of the fetch/execute 
cycle. The priority interrupt control 
unit may respond to the interrupt by 
pulling the enable row address (ERA) 
input line down to override the selected 
next row address from the MCU. Then 
by gating an alternative next row address 
on to the row address lines of the micro· 
program memory, the microprogram 
may be forced to enter an interrupt 
handling routine. The alternative row 
address placed on the microprogram 
memory address lines does not alter 
the contents of the microprogram 
address register. Therefore, subsequent 
jump functions will utilize the row 
address in the register, and not the 
alternative row address, to determine 
the next microprogram address. 

Note, the load function always overrides 
the address control function on ACo
ACs. It does not, however, override the 
latch enable or load sub·functions of the 
JCE or JPX instruction, respectively. In 
addition, it does not inhibit the interrupt 
strobe enable or any of the flag control 
functions. 

9·7 



3001 
D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 

Storage Temperatu re ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to + 1600 C 

All Output and Supply Voltages ....................................................... -o.5V to +7V 

All Input Voltages .............................................................. -1.0V to +5.5V 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 

'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 ratings for extended periods may affect device reliability. 

SYMBOL PARAMETER MIN Typ(1) MAX UNIT CONDITIONS 

Vc Input Clamp Voltage (All -0.8 -1.0 V Ie =-5 mA 
Input Pins) 

IF Input load Current: 
ClK Input -0.075 -0.75 mA VF = 0.45V 
EN Input -0.05 -0.50 mA 
All Other Inputs -0.025 -0.25 mA 

IR Input leakage Current: 
ClK 120 /J.A VR = 5.25V 
EN Input 80 /J.A 
All Other Inputs 40 /J.A 

VIL Input low Voltage 0.8 V VCC = 5.0V 

VIH Input High Voltage 2.0 V 

IcC Power Supply Current (2) 170 240 mA 

VOL Output low Voltage 0.35 0.45 V IOL=10mA 
(All Output Pins) 

VOH Output High Voltage 2.4 3.0 V IOH =-1 mA 
(MAO-MAS. ISE. Fa) 

los Output Short Circuit Current -15 -28 -60 mA Vce = 5.0V 
(MAo-MAS. ISE. Fa) 

10 (off) Off-State Output Current: 
MAo-MAS. Fa -100 /J.A Vo = 0.45V 
MAo-MAs. F.O. PRo-PR2 100 /J.A Va = 5.25V 

NOTES: 
(1) Typical values are for T A = 2SoC and nominal supply voltage. 
(2) EN input grounded. all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS TA = O°C to 70°C. VCC = 5.0V ±5% 

SYMBOL 

tey 

twp 

tSF 

tSK 
tsx 
tSI 

NOTE: 

Cycle Time (21 

Clock Pulse Width 

PARAMETER 

Control and Data I nput Set-Up Times: 
LD. ACo-ACs 
FCo. FCI 
SXO-SX3. PX4-PX7 
FI 

Control and Data Input Hold Times: 
lD. ACo-ACs 
FCo. FCI 
SXO-SX3. PX4-PX7 
FI 

Propagation Delay from Clock Input (ClK) to Outputs 
(MAo-MAS. Fa) 

Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (Fa) 

Propagation Delay from Control Inputs ACO-ACS to latch 
Outputs (PRO-PR2) 

Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAS. Fa. PRo-PR2) 

Propagation Delay from Control Inputs ACo-ACs to Interrupt 
Strobe Enable Output (ISE) 

(11 Typical values are for T A = 2SoC and nominal supply voltage. 

(21 tCY = twp + tSF + tco 

TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 
Input rise and fall times 'of 5 ns between 1 volt and 2 volts. 
Output load of 10 mA and 50 pF. 
Speed measurements are taken at the 1.5 volt level. 

CAPACITANCE(21 TA = 25°C 

SYMBOL PARAMETER 

CIN Input Capacitance: 
ClK.EN 
All Other Inputs 

COUT Output Capacitance 

NOTE: 

MIN 

85 

30 

10 
o 
35 
15 

5 
o 
20 
20 

10 

60 

20 

o 

25 
5 

o 

5 
8 

30 

16 

26 

21 

24 

TEST lOAD CIRCUIT: 

Vee 

500n 

OUT 0-_-""'" 
SO pF , Kn 

MIN TYP 

11 
5 

6 

MAX 

45 

30 

40 

32 

40 

MAX 

16 
10 

12 

UNIT 

ns 

ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 
pF 

pF 

(21 This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VBIAS = 2.SV, Vee = SV and 
TA=2Soe. 
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M3001 
D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATlNGS* 

Temperature Under Bias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _55°C to +125°C 

Storage Temperature ............................................................ -65°C to +160°C 

All Output and Supply Voltages ....................................................... -o.5V to +7V 

All Input Voltages .............................................................. -1.0V to +5.5V 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 

'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 ratings for extended periods may affect device reliability. 

SYMBOL PARAMETER MIN 

Vc Input Clamp Voltage (All 
Input Pins) 

IF Input load Current: 
ClK Input 
EN Input 
All Other Inputs 

IR Input leakage Current: 
ClK 
EN Input 
All Other Inputs 

VIL Input Low Voltage 

VIH Input High Voltage 2.0 

Icc Power Supply Current (21 

VOL Output Low Voltage 
(All Output Pins) 

VOH Output High Voltage 2.4 
(MAo-MAs, ISE, FO) 

lOS Output Short Circuit Current -15 
(MAo-MAs, ISE, FO) 

10 (off) Off·State Output Current: 
MAO-MAS, FO 
MAo-MAS, F.O, PRO-PR2 

NOTES: 
(11 Typical values are for T A = 2SoC and nominal supply voltage. 
(21 EN input grounded, all other inputs and outputs open. 

9-10 

Typl1l MAX 

-0.8 -1.2 

-75 -750 
-50 -500 
-25 -250 

120 
80 
40 

0.8 

170 250 

0.35 0.45 

3.0 

-28 -60 

-100 
100 

UNIT 

V 

p.A 
p.A 
p.A 

p.A 
p.A 
p.A 

V 

V 

mA 

V 

V 

mA 

p.A 
p.A 

CONDITIONS 

IC =-5 mA 

VF = 0.45V 

VR = 5.5V 

Vcc = 5.0V 

10L = 10 mA 

10H =-1 mA 

Vcc =.5.0V 

Vo = 0.45V 
Vo = 5.5V 
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A.C. CHARACTERISTICS AND WAVEFORMS TA = _55°C to +125°C. Vee = 5.0V ±10% 

SYMBOL 

tCY 

twp 

tSF 
tSK 

tsx 
tSI 

tEO 

NOTE: 

Cycle Time (2) 

Clock Pulse Width 

PARAMETER 

Control and Data Input Set·Up Times: 
lD. ACo-ACs 
FCo. FC, 
SXO-SX3. PX4-PX7 
FI 

Control and Data Input Hold Times: 
lD. ACo-ACS 
FCO. FC, 
SXO-SX3. PX4-PX7 
FI 

Propagation Delay from Clock Input (ClK) to Outputs 
(MAo-MAs. FO) 

Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (FO) 

Propagation Delay from Control Inputs ACo-ACs to latch 
Outputs (PRo-PR2) 

Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAs, FO. PRo-PR2) 

Propagation Delay from Control Inputs ACo-ACs to Interrupt 
Strobe Enable Output (lSE) 

I') Typical values are for T A = 25°C and nominal supply voltage. 

(2) tCY = twp + tSF + tco 

TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 
Input rise and fall times of 5 ns between 1 volt and 2 volts. 
Output load of 10 rnA and 50 pF. 
Speed measurements are taken at the 1.5 volt level. 

CAPACITANCE (2) TA = 25°C 

SYMBOL PARAMETER 

Input Capacitance: 
ClK,EN 
All Other Inputs 

COUT Output Capacitance 

NOTE: 

MIN 

95 

40 

10 
o 
35 
15 

5 
o 
25 
22 

10 

60 

20 

o 

25 
5 

o 

5 
8 

30 

16 

26 

21 

24 

TEST lOAD CIRCUIT: 

Vee 

OUT 0--..---. 
50 pF 

MIN TYP 

11 
5 

6 

soon 

1 Kfl 

MAX 

45 

50 

50 

35 

40 

MAX 

16 
10 

12 

UNIT 

ns 

ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 
pF 

pF 

(2) This parameter is periodically sampled and is not '00% tested. Condition of measurement is f = , MHz, VBIAS = 2.5V, Vcc = 5V and 
TA = 25°C. 
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3001 WAVEFORMS 
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CLOCK INPUT 
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ENABLE INPUTS 
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CONTROL MEMORY 
ADDRESS OUTPUTS 

ACO·ACS, LD 
ADDRESS CONTROL 

INPUTS 
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"PR" LATCH OUTPUTS 

9·12 

FCO·FC3 
FLAG CONTROL 

INPUTS 

FI 
FLAG INPUT 

FO 
FLAG OUTPUT 

ISE 
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BUS INPUTS 
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3002 

CENTRAL PROCESSING ELEMENT 

The INTEL"'3002 Central Processing High Performance - 1 00 ns Cycle Time PACKAGE CONFIGURATION 
Element contains all of the circuits that 

TTL and DTL Compatible represent a 2-bit wide slice through the 
data processing section of a digital com- N-Bit Word Expandable Multi-Bus 
puter_ To construct a complete central Organization 
processor for a given word width N, it 3 I nput Data Busses 10 vee 
is simply necessary to connect an array 2 Three-State Fully Buffered Output I, F2 
of N/2 CPE's together_ When wired Data Busses Ko 3 26 F, 
together in such an array, a set of CPE's 

11 General Purpose Registers K, 4 25 Fo 
provide the following capabilities: x 5 24 F3 

2's complement arithmetic 
Full Function Accumulator y 6 23 ED 

Logical AND, OR, NOT and Independent Memory Address Register co INTEl@ 22 Mo 

8 3002 21 M, exclusive-OR Cascade Outputs for Full Carry 
RO 

Look-Ahead II 9 20 0, 
Incrementing and decrementing 

CI 10 19 Do 
Shifting left or right Versatile Functional Capability EA 11 18 ClK 

Bit testing and zero detection 8 Function Groups 
A, 12 17 F4 

Over 40 Useful Functions 
Carry look-ahead generation Zero Detect and Bit Test Ao 13 16 Fs 

GND 14 15 F6 Multiple data and address busses Single Clock 

28 Pin DIP 

9-13 



PIN DESCRIPTION 

PIN SYMBOL 

1,2 

3,4 

5,6 X,Y 

7 CO 

8 RO 

9 LI 

10 CI 

11 EA 

12-13 AO-A, 

14 GND 

15-17, FO-FS 
24-27, 

18 CLK 

19-20 00-0, 

21-22 Mo-M, 

23 ED 

28 Vee 

NOTE: 

3002 

NAME AND FUNCTION 

External Bus Inputs 

The external bus inputs provide a separate input port for external input 
devices. 

Mask Bus Inputs 

The mask bus inputs provide a separate input port for the microprogram 
memory, to allow mask or constant entry. 

Standard Carry Look-Ahead Cascade Outputs 

The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the INTEL 3003 
Look-Ahead Carry Generator. 

Ripple Carry Output 

The ripple carry output is only disabled during shift right operations. 

Shift Right Output 

The shift right output is only enabled during shift right operations. 

Shift Right Input 

Carry Input 

Memory Address Enable Input 

When in the LOW state, the memory address enable input enables the 
memory address outputs (Ao-A,). 

Memory Address Bus Outputs 

The memory address bus outputs are the buffered outputs of the 
memory address register (MAR). 

Ground 

Micro-Function Bus Inputs 

The micro-function bus inputs control ALU function and register 
selection. 

Clock Input 

Memory Data Bus Outputs 

The memory data bus outputs are the buffered outputs of the full 
function accumulator register (AC). 

Memory Data Bus Inputs 

The memory data bus inputs provide a separate input port for 
memory data. 

Memory Data Enable Input 

When in the LOW state, the memory data enable input enables the 
memory data outputs (00-0,) 

+5 Volt Supply 

1. Active HI GH, unless otherwise specified. 

9-14 

TYPE!') 

Active LOW 

Active LOW 

Active LOW 
Three-state 

Active LOW 
Three-state 

Active LOW 

Active LOW 

Active LOW 

Active LOW 
Th ree-state 

Active LOW 
Three-state 

Active LOW 

Active LOW 



LOGICAL DESCRIPTION 

The CPE provides the arithmetic, logic 
and register functions of a 2-bit wide 
slice through a microprogrammed central 
processor_ Data from external sources 
such as main memory, is brought into 
the CPE on one of the three separate in
put busses_ Data bei ng sent out of the 
CPE to external devices is carried on 
either of the two output busses_ Within 
the CPE, data is stored in one of eleven 
scratch pad registers or in the accumula
tor. Data from the input busses, the 
registers, or the accumulator is available 
to the arithmetic/logic section (ALS) 
under the control of two internal multi
plexers_ Additional inputs and outputs 
are included for carry propagation, 
shifting, and micro-function selection. 
The complete logical organization of the 
CPE is shown below. 

MICRO-FUNCTION BUS AND 
DECODER 

The seven micro-function bus input 
lines of the CPE, designated Fo-F6' 
are decoded internally to select the 
ALS function, generate the scratch pad 
address, and control the A and B 
multiplexers. 

M-BUS AND I-BUS INPUTS 

The M-bus inputs are arranged to bring 
data from an external main memory 
into the CPE. Data on the M-bus is 
multiplexed internally for input to 
the ALS. 

The I-bus inputs are arranged to bring 
data from an external I/O system into 
the CPE. Data on the I-bus is also mul
tiplexed internally, although indepen
dently of the M-bus, for input to the 
ALS Separation of the two busses per
mits a relatively lightly loaded memory 
bus even though a large number of I/O 
devices are connected to the I-bus. 
Alternatively, the I-bus may be wired 
to perform a multiple bit shift (e.g_, a 
byte exchange) by connecting it to one 
of the output busses. In this case, I/O 
device data is gated externally onto the 
M-bus_ 

SCRATCHPAD 

The scratch pad contains eleven registers 
designated Ro through Rg and T_ The 
output of the scratchpad is multiplexed 
internally for input to ALS. The ALS 
output is returned for input into the 
scratch pad_ 

ACCUMULATOR AND D-BUS 

An independent register called the 
accumulator (AC) is available for storing 
the result of an ALS operation. The 
output of the accumulator is multi
plexed internally for input back to the 

3002 

ALS and is also available via a three
state output buffer on the D-bus 
outputs_ Conventional usage of the 
D-bus is for data being sent to the 
external main memory or to external 
I/O devices. 

A AND B MULTIPLEXERS 

The A and B multiplexers select the two 
inputs to the ALS specified on the 
micro-function bus. Inputs to the A
multiplexer include the M-bus, the 
scratchpad, and the accumulator. The 
B-multiplexer selects either the I-bus, 
the accumulator, or the K-bus. The 
selected B-multiplexer input is always 
logically ANDed with the data on the 
K-bus (see below) to provide a flexible 
masking and bit testing capability. 

ALS AND K-BUS 

The ALS is capable of a variety of 
arithmetic and logic operations, in
cluding 2's complement addition, in
crementing, and decrementing, plus 
logical AND, inclusive-OR, exclusive
NOR, and logical complement. The 
result of an ALS operation may be 
stored in the accumulator or one of the 
scratchpad registers. Separate left input 
and right output lines, designated L1 
and RO, are available for use in right 
shift operations. Carry input and carry 
output lines, designated CI and CO are 
provided for normal ripple carry propaga-

ENABLE EA 
ADDRESS 

MAIN MEMORY 
AODRESS 

A, Ao 

LOOK AHEAD {X 
CARAY OUTPUTS y --+ _____ -' 

CARRY OUT co-q.------' 
LEFT IN Ll ---<!------.I 

F, 

F, 

F. 

MICRO· FUNCTION F3 
BUS 

F, 

F, 

tion. CO and RO data are brought out via 
two alternately enabled tri-state buffers_ 
In addition, standard look ahead carry 
outputs, designated X and Y, are available 
for full carry look ahead across any word 
length. 

The ability of the K-bus to mask inputs 
to the ALS greatly increases the versa
tility of the CPE. During non-arithmetic 
operations in which carry propagation 
has no meaning, the carry circuits are 
used to perform a word-wise inclusive
OR of the bits, masked by the K-bus, 
from the register or bus selected by the 
function decoder_ Thus, the CPE pro
vides a flexible bit testing capability_ 
The K-bus is also used during arithmetic 
operations to mask portions of the field 
bei ng operated upon_ An additional 
function of the K-bus is that of supply
ing constants to the CPE from the 
microprogram. 

MEMORY ADDRESS REGISTER 
AND A-BUS 

A separate ALS output is also avail-
able to the memory address register 
(MAR) and to the A-bus via a three
state output buffer. Conventional usage 
of the MAR and A-bus is for sending ad
dresses to an external main memory. 
The MAR and A-bus may also be used 
to select an external device when 
executing I/O operations. 

DATA OUT 

0, Do 

ARITHMETIC/LOGIC 
SECTION 

H+t-r<>- Cl CARRY IN 

f-I-H-+-<~ RO -RIGHT OUT 

M, Mo I, 10 K, Ko 

MASK 
IN 

MEMORY 
DATA IN DEVICE IN 

Figure 2. 3002 Block Diagram 
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3002 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATlNGS* 

Temperature Under Bias. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 

Storage Temperature ............................................................ -65°C to +160°C 

All Output and Supply Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -o.5V to + 7V 

All I nput Voltages ............................................................... -1.0V to +5.5V 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 

'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 ratings for extended periods may effect device reliability. 

TA =·O°C to +70°C. VCC = 5.0V ±5% 

LIMITS 

SYMBOL PARAMETER MIN Typ(11 MAX UNIT CONDITIONS 

Vc Input Clamp Voltage (All -0.8 -1.0 V Ic =-5 mA 
Input Pins) 

IF Input Load Current: 
Fa-Fs,CLK,Ka,K"EA,ED -0.05 -0.25 mA VF = 0.45V 
10,11, Ma, M1, LI -0.85 -1.5 mA 
CI -2.3 -4.0 mA 

IR Input Leakage Current: 
Fa-Fs,CLK,Ka, K"EA,ED 40 f..lA VR = 5.25V 
10,11, Ma, M1, LI 60 f..lA 
CI 180 f..lA 

Vil Input Low Voltage 0.8 V Vcc = 5.0V 

VIH Input High Voltage 2.0 V 

Icc Power Supply Current (21 145 190 mA 

Val Output Low Voltage (All 0.3 0.45 V IOl=10mA 
Output Pins) 

VOH Output High Voltage (All 2.4 3.0 V 10H =-1 mA 
Output Pins) 

los Short Circuit Output Current -15 -25 -60 mA VCC = 5.0V 
(All Output Pins) 

10 (offl Off State Output Current -100 f..lA Va = 0.45V 
Aa, A1, Do, D" CO and RO 100 f..lA Va = 5.25V 

NOTES: 
(11 Typical values are for T A = 25° C and nominal supply voltage 
(21 ClK input grounded, other inputs open. 
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3002 
A.C. CHARACTERISTICS AND WAVEFORMS 

TA = O°C to 70°C. Vee = 5V ±5% 

SYMBOL PARAMETER MIN 

tCY Clock Cycle Time (2) 100 

twp Clock Pulse Width 33 

tFS Function Input Set-Up Time (Fa through Fs) 60 

Data Set-Up Time: 
tos 10. 11. Mo. MI. KO. Kl 
tss LI. CI 

Data and Function Hold Time: 
tFH Fa through Fs 
tOH 10. 110 Mo. MI. Ko. Kl 
tSH LI. CI 

Propagation De)ay to X. Y. RO from: 
tXF Any Function Input 
txo Any Data Input 
tXT Trailing Edge of ClK 
tXl leading Edge of ClK 

Propagation Delay to CO from: 
tCl leading Edge of ClK 
tCT Trailing Edge of ClK 
tCF Any Function Input 
tco Any Data Input 
tcc CI (Ripple Carry) 

Propagation Delay to Ao. AI. Do. Dl 
tOl leading Edge of ClK 
tOE Enable Input ED. EA 

NOTE: 
(1) Typical values are for T A = 2SoC and nominal supply voltage_ 
(2) tCY = tos + tOl-

TEST CONDITIONS: 

Input pulse amplitude: 2.5 V 
I nput rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 10 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

SYMBOL 

NOTE: 

Input Capacitance 

Output Capacitance 

PARAMETER 

50 
27 

5 
5 
15 

20 

20 

from: 
5 

TEST lOAD CIRCUIT: 
Vcc 

50011 

OUT 0-""""-" 
30 pF 1 KI1 

MIN 

TYpO) 

70 

20 

40 

30 
13 

-2 
-4 

2 

37 
29 
40 

48 
43 
30 
14 

32 
12 

TYP 

5 

6 

MAX 

52 
42 
60 

70 
65 
55 
25 

50 
25 

MAX 

10 

12 

UNIT 

ns 

ns 

ns 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 

UNIT 

pF 

pF 

(2) This parameter is periodically sampled and is not 100% tested. Condition 01 measurement is 1 = 1 MHz, VBIAS = 2.SV, Vcc = S.OV and 
TA = 2SoC_ 
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M3002 
D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATlNGS* 

Temperature Under Bias .......................................................... -55°C to +125°C 

Storage Temperature ............................................................ -65°Cto+160°C 

All Output and Supply Voltages ....................................................... -{J.5V to +7V 

All Input Voltages .. ' ............................................................. -1.0V to +5.SV 

Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 

'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 ratings for extended periods may effect device reliability. 

TA = _55°C to +125°C. Vec = 5.0V ±10%. 

SYMBOL PARAMETER MIN 

Vc Input Clamp Voltage (All 
Input Pins) 

IF Input load Current: 
Fa-Fe.ClK. Ka. Kl.EA.ED 
la. 11. Ma. Ml. LI 
CI 

IR Input leakage Current: 
Fa-Fe.ClK.Ka.Kl.EA. ED 
la. I,. Ma. M,. LI 
CI 

Vil Input low Voltage 

VIH Input High Voltage 2.0 

IcC Power Supply Current 

Val. Output low Voltage (All 
Output Pins) 

VOH Output High Voltage (All 2.4 
Output Pins) 

los Short Circuit Output Current -15 
(All Output Pins) 

10 (oft) Off State Output Current 
Aa. A,. Da. D,. CO and RO 

NOTES: 
(1) Typical values are for T A = 25°C and nominal supply voltage 
(2) ClK input grounded. other inputs open. 
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LIMITS 

Typ(l) MAX 

-{J.B -1.2 

-{J.05 -{J.25 
-{J.B5 -1.5 
-2.3 -4.0 

40 
100 
250 

O.B 

145 210 

0.3 0.45 

3.0 

-25 --60 

-100 
100 

UNIT 

V 

mA 
mA 
mA 

J.lA 
J.lA 
J.lA 

V 

V 

mA 

V 

V 

mA 

J.lA 
J.lA 

CONDITIONS 

Ic =-5 mA 

VF = 0.45V 

VR = 5.5V 

Vcc = 5.0V 

10l = 10 rnA 

10H =-1 mA 

Vcc = 5.0V 

Va = 0.45V 
Va = 5.5V 



M3002 
A.C. CHARACTERISTICS AND WAVEFORMS 

TA = -55°C to +125°C, VCC = 5.0V ±10%. 

SYMBOL 

tDS 
tss 

Clock Cycle Time [2] 

Clock Pulse Width 

PARAMETER 

Function Input Set·Up Time (Fo through F6 ) 

Data Set· Up Time: 
10, I,. Mo, M1, Ko, K1 
L1, CI 

Data and Function Hold Time: 
Fo through F6 
10,11, MO, M1, Ko, K1 
L1, CI 

Propagation Delay to X, Y, RO from: 
tXF Any Function Input 
tXD Any Data Input 
tXT Trailing Edge of ClK 
tXl leading Edge of ClK 

Propagation Delay to CO from: 
tCl leading Edge of ClK 
tCT Trailing Edge of ClK 
tCF Any Function Input 
tCD Any Data Input 
tcc CI (Ripple Carry) 

Propagation Delay to Ao, A1, Do, D1 from: 
tDl leading Edge of ClK 
tDE Enable Input ED, EA 

NOTE: 
(1) Typical values are for T A = 25°C and nominal supply voltage. 
(2) tCY = tDS + tDl 

MIN 

120 

42 

70 

60 
30 

5 
5 
15 

22 

22 

5 

TEST CONDITIONS: TEST lOAD CIRCUIT: 

Input pulse amplitude: 2.5 V 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 10 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

CAPACITANCE(2) T A = 25°C 

SYMBOL 

NOTE: 

I nput Capacitance 

Output Capacitance 

PARAMETER 

Vee 

50011 

OUTO-_-~ 

30 pF , KI1 

MIN 

TYP(1) 

70 

20 

40 

30 
13 

-2 
-4 

2 

37 
29 
40 

48 
43 
30 
14 

32 
12 

TYP 

5 

6 

MAX 

65 
55 
75 

85 
75 
65 
30 

60 
35 

MAX 

10 

12 

UNIT 

ns 

ns 

ns 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 

UNIT 

pF 

pF 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VBIAS = 2.5V, VCC = 5.0V and 
TA=25°C. 
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3002 
3002 WAVEFORMS 

CLOCK INPUT 
ClK 

FUNCTION INPUTS 
Fo-Fe 

DATA INPUTS 
io. 11• KO. K1. MO. M1 

CARRY AND SHIFT 
INPUTS ll. CI 

CARRY AND SHIFT 
OUTPUTS X. Y. RO 

9-20 

CO 

ENABLE INPUTS 
EA. ED 

tCY 

V 
'j 

tFS 

\ r----------

-------_.-~I\ 
tos 

\Ir t- t-----------
------'1\ 

~tss~ 

\r--

----- ____ --'1' 

tXT 

tXF 

txo ,r-
-----.- -r..--t-------.-f.Jr.... 

~ tCC'" 

leT 

tCF 

tco ,,r 
_ ____ __ ________ --1 '\. 

\ 
;----------

------ ---./ , 
<f--tOE 

f-- twp-----;' 

'j 

1\ / 

~ I<'-- tFH 

r-----'V 

/~----
tOH------? 

---''j 

'-------
E-tSH-:-cl 

--,V 

/ '---------

E--- tx l --.." 

----,V 

/~-----

~tCl~ 

----,1 

J\.. _____ 

-----------

IE r tOl 



in1:el 3003 

LOOK-AHEAD CARRY GENERATOR 

The INTEL ® 3003 Look-Ahead Carry 
Generator (LCG) is a high speed circuit 
capable of anticipating a carry across a 
full 16-bit 3002 Central Processing 
Array_ When used with a larger 3002 

High Performance - 10 ns typical 
propagation delay 

PACKAGE CONFIGURATION 

CP Array multiple 3003 carry generators 
provide high speed carry look-ahead 
capability for any word length_ 

The LCG accepts eight pairs of active 
high cascade inputs (X,Y) and an active 
low carry input and generates active 
low carries for up to eight groups of 
bi nary adders. 

Compatible with INTEL 3001 MCU 
and 3002 CPE 

DTL and TTL compatible 

Full look-ahead across 8 adders 

Low voltage diode input clamp 

Expandable 

28-pin DIP 

Y7 

X7 

ECn+ 8 

Cn + fJ 

Xs 

X. 

Ys 

Y. 

Cn + 5 

X3 

Y3 

Cn + 4 

Cn + 2 

GND 

Vee 

Y6 

26 X6 

Cn+ 7 

X2 

Y2 

INTEL® Cn + 6 
3003 

Y, 

X, 

Xo 

11 Yo 

en 

'3 '6 Cn + 3 ,. Cn + 1 
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3003 
LOGIC DIAGRAM 

EC n+ 8 
..... 
'" 

PIN DESCRIPTION 
Y 7 

X 7 Q-
PIN SYMBOL 

NAME AND 
TYPE 

FUNCTION 
;::::::; 
)-

1.7,8,11 Y O-Y7 Standard carry Active 
1B,21,23 look-ahead HIGH 
27 inputs 

-}- P-= 1. 

2,5,6,10 XO-X7 Standard carry Active T-
19,20,24 look-ahead HIGH 
26 inputs 

17 Cn Carry input Active 

LOW 

O-
lb 

4,9,12 Cn+l- Carry outputs Active 
Y6 

X6 
13,15,16 Cn+8 LOW Y 5 

3 ECn+8 Cn+8 carry Active 
X5 

Y. 

output enable HIGH x. 
Y 3 

28 Vee +5 volt supply X3 

Y 2 

14 GND Ground X 2 

Y, 

x, 
Yo J"'"""'o. 

Xo 

en 
r 

-" !=[)-r -
'" 

3003 LOGIC EQUATIONS 

The 3003 Look-Ahead Generator is implemented in a compatible form for direct connection to the 3001 MCU and 3002 CPE. 
Logic equations for the 3003 are: 

Cn + 3 ~ Y 2X 2 + Y 2Y 1X 1 + Y2Y 1 YOXO + Y2Y lYOCn 

Cn + 4 ~ Y 3X 3 + )'3 Y 2X2 + Y 3 Y 2 Y 1 X 1 + Y 3 Y 2 Y 1 Y OXO + Y 3 Y 2 Y 1 Y OCn 

Cn + 8 

Cn + 7 

Cn + 6 

Cn + 5 

Cn + 4 

en + 3 

Cn +:Z 

Cn + 1 

--------------~-------------------

Cn + 5 ~ Y 4X 4 + Y 4 Y 3X 3 + Y 4 Y 3 Y 2X 2 + Y 4 Y 3 Y2 Y1 Xl + Y 4 Y 3 Y 2 Y 1 Y OXO + Y 4 Y 3 Y 2 Y 1 Y OCn 

Cn + 6 ~ Y 5X 5 + Y 5Y 4X 4 + Y5Y 4Y 3X 3 + Y 5Y 4Y 3Y2X 2 + Y5Y 4Y 3Y2Y l X l + Y5Y 4Y 3Y2Y l Y OXO + Y 5Y 4 Y 3Y 2Y 1 YOCn 

Cn +.7 ~ Y 6X S + Y 6Y5X5 + Y 6Y5Y 4X4 + Y 6Y5Y 4Y 3X 3 + Y 6Y5Y 4Y 3Y2X2 + Y6Y5Y4Y3Y2Y1Xl + Y6Y5Y4Y3Y2Y lYOXO 

+Y6Y5Y4Y3Y2Y1YOCn 

Cn + 8 ~ High I mpedance State when EC n + 8 Low 

Cn + 8 ~ Y 7X 7 + Y 7Y 6X 6 + Y 7Y 6Y 5X5 + Y 7Y 6Y 5Y 4X4 + Y7~6Y5Y 4Y 3X 3 + Y7Y 6Y 5Y 4Y 3Y2X2 + Y 7Y 6Y 5Y 4Y3Y2Y1Xl 

+ Y 7 Y 6 Y 5 Y 4 Y 3 Y 2 Y 1 Y OXO + Y 7 Y 6 Y 5 Y 4 Y 3 Y 2 Y 1 Y OC n when ECn + 8 high 
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3003 
D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias 

Storage Temperature 

All Output and Supply Voltages. -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Current . 100mA 

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

TA = -55°C to +125°C, Vee = 5.0V ±10%. 

SYMBOL PARAMETER MIN. TYP.(1) MAX. UNIT CONDITIONS 

Vc Input Clamp Voltage (All -O.S -1.2 V IC = -5 mA 
Input Pins) 

IF Input Load Current: 
X6,X7,Cn,ECn+s -0.07 -0.25 mA VF=0.45V 
Y7,XO,X5, -0.200 -0.500 mA 
YO 'Y6 -0.6 -1.5 mA 

IR Input Leakage Current: 

Cn and ECn + 8 40 JlA V CC = 5.25V. VR = 5.5V 

All Other Inputs 100 JlA 

VIL Input Low Voltage 0.8 V VCC=5.0V 

VIH Input High Voltage 2.1 V VCC = 5.0V 

ICC Power Supply Current SO 130 mA All Yand ECn + 8 high, 

All X and Cn low 

VOL Output Low Voltage (All 0.35 0.45 V 10L = 4 mA 
Output Pins) 

VOH Output High Voltage (All 2.4 3 V 10H=-lmA 
Output Pins) 

lOS Short Circuit Output Current 
(All Output Pins) -15 -40 -65 mA VCC = 5V 

10(off) Off-State Output Current -100 JlA Vo = 0.45V 
(Cn + 8) +100 JlA Vo = 5.5V 

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

A.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. TYP.(1) MAX. UNIT 

txc X. Y to Outputs 3 10 25 ns 

tcc Carry I n to Outputs 13 40 ns 

Enable Time, Cn + S 20 50 ns 

NOTE: 
(1) Typical values are for T A "" 25°C and nominal supply voltage. 
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M3003 
D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias 

Storage Temperature 

All Output and Supply Voltages. 

All Input Voltages 

Output Current . 

-0.5V to +7V 

-1.0V to +5.5V 

100 mA 

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

T A = O°C to +70°C VCC = 5.0V ±5% 

SYMBOL PARAMETER MIN. TYP.(1) MAX. UNIT CONDITIONS 

Vc Input Clamp Voltage (All 
Input Pins) 

-0.8 -1.0 V IC = -5 mA 

IF Input Load Current: 

Xa,X7Cn,ECn + 8 -0.07 -0.25 mA VF = 0.45V 

Y7,XO·X5, -0.200 -0.500 mA 

YO·Y6 -0.6 -1.5 mA 

IR Input Leakage Current: 
Cn and ECn + 8 40 jJ.A VR = 5.25V 
All Other Inputs 100 /1A 

VIL Input Low Voltage 0.8 V VCC = 5.0V 

VIH Input High Voltage 2.0 V VCC = 5.0V 

ICC Power Supply Current 80 130 mA All Yand ECn + 8 high, 
All X and Cn low 

VOL Output Low Voltage (All 0.35 0.45 V IOL = 4 mA 
Output Pins) 

VOH Output High Voltage (All 2.4 3 V 10H = -1 mA 
Output Pins) 

lOS Short Circuit Output Current 
(All Output Pins) -15 -40 -65 mA VCC = 5V 

10(off) Off·State Output Current -100 /1A Vo = 0.45V 
(Cn + 8) +100 /1A Vo = 5.25V 

NOTE: 
(11 Typical values are for T A = 250 C and nominal supply voltage. 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. Typ.!l) MAX. UNIT 

txc X, Y to Outputs 3 10 20 ns 

tcc Carry I n to Outputs 13 30 ns 

Enable Time, Cn + 8 20 40 ns 

NOTE: 
(11 Typical values are for T A = 250 C and nominal supply voltage. 
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3003 

WAVEFORMS 

X,V INPUTS ~ 

-_~~~~~~~~~~~~~~~~~~~~~~_~~I_.""= __ ~~ __ = __ ' __ x-cg------~~~~~~~~~ __ Cn+l-Cn~BOUTPUTS __ 

________________ ~r~I:.==========--'-CC-----------:::=:-.~I __________ ___ 
en INPUT __________________ -'~ 

NOTE: ALTERNATE TEST LOAD: 

Vee 

_1='EN ~/----"'''o",h.::·-l-,~ ____ or VOH 
Cn+8 OUTPUT I -=~~~~~fd:1 

- - - - - - - - - - j = f VOL 110K 

Cn+8 OUT 

1K 

Q,SV 

SYMBOL PARAMETER MIN TYP MAX UNIT 

NOTE: 

Input Capacitance 

Output Capacitance 

All inputs 

Cn + 8 

12 20 

7 12 

(21 This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VSIAS = 5.0V, 
VCC = 5.0V and T A = 25°C. 

TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 
I nput rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

TEST LOAD CIRCUIT: Vee 

OUT o---~---, 

1K 

30 pF 2K 

pF 

pF 
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intel 3212 

MULTI-MODE LATCH BUFFER 
The INTE~3212 Multi-Mode Latch 
Buffer is a versati Ie S-bit latch with 
three-state output buffers and built-in 
device select logic_ It also contains an 

independent service request flip-flop 
for the generation of central processor 
interrupts_ Because of its multi-mode 
capabilities, one or more 3212's can 
be used to implement many types of 

interface and support systems for Series 
3000 computing elements including: 

Simple data latches 

Gated data buffers 

Multiplexers 

Bi-directional bus drivers 

I nterrupting input/output ports 

CQN"TROL '-0 
MEMORV I/O 

Figure 1_ Block Diagram of a Typical System 
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High Performance - 50 ns Write Cycle 
Time 

Low Input Load Current - 250 pA 
Maximum 

Three-State Fully Buffered Outputs 

High Output Drive Capability 

Independent Service Request Flip
Flop 

Asynchronous Data Latch Clear 

24 Pin DIP 

Mt.MOf\V 
""00""5'5 B\)S 

PACKAGE CONFIGURATION 

OS, • 24 Vcc 

MO 
23 

INT 

01, 22 
Ola 

00, 4 21 
OOa 

01 2 
INTEl@ 20 

01 7 3212 

002 19 
007 

013 
la 

Dl6 

003 
17 

006 

014 
16 

015 

004 
10 15 

005 

STB 
11 14 

CLR 
12 13 

GNO OS2 

~p..\ Jltr... ~~C)W\ ~~, ~ ~~C)~ 

""tW\C)~"'( '\:)t"J'C't"ii; 



PIN DESCRIPTION 

PIN 

2 

3,5,7,9, 
16, 18,20, 
22 

4,6,8,10, 
15,17,19, 
21 

11 

12 

13 

14 

23 

NOTE: 

SYMBOL 

DS, 

MD 

DO,- D08 

STB 

GND 

CLR 

INT 

3212 

NAME AND FUNCTION 

Device Select Input 1 

Mode Input 

When M D is high (output mode) the output buffers are enabled and the 

write signal to the data latches is obtained from the device select logic. 
When MD is low (input mode) the output buffer state is determined by 
the device select logic and the write signal is obtained from the strobe 
(STB) input. 

Data Inputs 

The data inputs are connected to the D·inputs of the data latches. 

Data Outputs 

The data outputs are the buffered outputs of the eight data latches. 

Strobe Input 

When MD is in the LOW state, the STB input provides the clock input 
to the data latch. 

Ground 

Device Select Input 2 

When DS, is low and DS2 is high, the device is selected. 

Clear 

I nterrupt Output 

The interrupt output will be active LOW (interrupting state) when 
either the service request flip·flop is low or the device is selected. 

(1) Active H IG H, unless otherwise specified. 

active LOW 

three·state 

active LOW 

active LOW 
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FUNCTIONAL DESCRIPTION 
The 3212 contains eight D-type data 
latches, eight three-state output buf

fers, a separate D-type service request 
flip-flop, and a flexible device select! 
mode control section. 

DATA LATCHES 

The Q-output of each data latch will 
follow the data on its corresponding 
date input line (DI,-DI 8 ) while its 
clock input is high. Data will be 
latched when the internal write line WR 
is brought low. The output of each 
data latch is connected to a three·state, 
non·inverting output buffer. The in
ternal enable line EN is bussed to each 
buffer. When the EN is high, the buf· 

fers are enabled and the data in each 
latch is available on its corresponding 
data output line (DO O-D08 ). 

DEVICE SELECT LOGIC 

Two input lines DS, and [JS2 are pro· 

vided for device selection. When DS, 
is low and DS 2 is high, the 3212 is 
selected. 

MODE CONTROL SECTION 

The 3212 may be operated in two 
modes. When the mode input line MD 

is low, the device is in the input mode. 
In this mode, the output buffers are 
enabled whenever the 3212 is selected; 

the internal WR line follows the STB 
input line. 

When M D is high, the device is in the 
output mode and, as a result, the out· 
put buffers are enabled. I n this mode, 
the write signal for the data latch is 
obtained from the device select logic. 

SERVICE REQUEST FLlp·FLOP 

AND STROBE 

The service request flip-flop SR is used 
to generate and control central proces
sor interrupt signals. For system reset, 

the SR flip-flop is placed in the non
interrupting state (i.e., SR is set) by 

bringing the CLR line low. This simul· 
taneously clears (resets) the 8-bit data 

latch. 
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The Q output of the SR flip-flop is 

logically ORed with the output of 
device select logic and then inverted 
to provide the interrupt output INT. 
The 3212 is considered to be in the in
terrupting state when the INT output 
is low. This allows direct connection 
to the active LOW priority request in
puts of the INTEL@3214 Interrupt 

Control Unit. 

When operated in the input mode (i.e., 
MD low) the strobe input STB is used 
to synchronously write data into the 
data latch and place the SR flip-flop in 
the interrupting (reset) state. The in
terrupt is removed by the central pro
cessor when the interrupting 3212 is 

selected. 

,---------------1 
I I 
I I 
I I 
I I 

STB......,. ___ ~---~~~ 

MD I 
~ I 
os, 

INT 

01, 00, 

01, DO, 

01 3 DDJ 

01, DO, 

015 DOS 

01. DO. 

01, DO, 

DI8-+--------------~ I-l----f>-+_ 008 

CLR......:.--------------<f:>c~~---.J L __________________ J 

M3212 Logic Diagram 



3212 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................................. , ................... O°C to 70°C 

Storage Temperature ...... . 

All Output and Supply Voltage, . 

All I nput Voltages 

Output Currents 

. -65°C to +160°C 

. .. -0.5V to +7V 

.-1.0V to+5.5V 

..... 100 mA 

*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 ratings for extended periods may affect device reliability. . 

T A = O°C to +75°C Vee = +5V ±5% 

Symbol Parameter Min. Typ. Max. Unit Conditions 

IF Input Load Current -.25 mA VF = .45V 
STB, OS2, CLR, 011-018 Inputs 

IF Input Load Current -.75 mA VF .45V 
MO Input 

IF I nput Load Current -1.0 mA VF .45V 

OS1 Input 

IR Input Leakage Current 10 iJ.A V R 5.25V 
STB, OS, CLR, 011-018 Inputs 

IR I nput Leakage Current 30 iJ.A V R 5.25V 
MO Input 

IR Input Leakage Current 40 /lA V R 5.25V 

OS1 Input 

Ve Input Forward Voltage Clamp -1 V Ie -5 mA 

VIL Input "Low" Voltage .85 V 

VIH Input "High" Voltage 2.0 V 

VOL Output "Low" Voltage .45 V 10L 15 mA 

V OH Output "H igh" Voltage 3.65 4.0 V 10H -1 mA 

Ise Short Circuit Output Current -15 -75 mA Vee = 5.0V 

\10\ Output Leakage Current 20 iJ. A Vo = .45V /5.25V 

High I mpedance State 

lee Power Supply Current 90 130 mA 
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3212 

A.C. CHARACTERISTICS TA = O°Cto 75°C, Vcc = +5.0V ± 5% 

Symbol Parameter Min. 

tpw Pulse Width 25 

tpD Data To Output Delay 

tWE Write Enable To Output Delay 

tSET Data Setup Time 15 

tH Data Hold Time 20 

tR Reset To Output Delay 

ts Set To Output Delay 

tE Outp'ut Enable Time 

tc Clear To Output Display 

TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 
Input rise and fall times of 5 ns between 1 volt and 2 volts. 
Output load of 15 mA and 30 pF. 
Speed measurements are taken at the 1.5 volt level. 

CAPACITANCE(1) 

Symbol Test 
Min. 

CIN DS1, MD Input Capacitance 

CIN DS2, CLR, STB, DI 1-Dl s 
I nput Capacitance 

COUT D01-DOS Output Capacitance 

NOTE: 

Typ. 

LIMITS 

Typ. 

9 

5 

8 

Max. Unit 

ns 

30 ns 

40 ns 

ns 

ns 

40 ns 

30 ns 

45 ns CL 30 pf 

45 ns 

TEST LOAD CIRCUIT: 

Vcc 

300n 

OUT 0---...--+ 
30 pF soon 

Max. Units 

12 pf 

9 pf 

12 pf 

(1) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz. VSIAS = 2.5V. VCC = 5V and 
T A = 25°C. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................................................. -55°C to +125°C 

Storage Temperature ...... . 

All Output and Supply Voltages. 

All Input Voltages 

Output Currents 

. -65°C to +160°C 

. .. -0.5V to +7V 

.-1.0V to+5.5V 

..... 100 mA 

*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 operatior:'al sections of this specification 

is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 

TA = _55°C to +125~C; Vee = 5.0V ±10% 

Symbol Parameter Min. Typ. Max. Unit Conditions 

IF Input Load Current -.25 mA VF ~ .45V. 

STB, OS2, CLR, 011-018 Inputs 

IF Input Load Current -.75 mA VF .45V 
MO Input 

IF Input Load Current -1.0 mA VF .45V 
OS1 Input 

IR Input Leakage Current 10 /1A VR 5.5V 
STB, OS, CLR, 011-018 Inputs 

IR I nput Leakage Current 30 /1A VR 5.5V 
MO Input 

IR Input Leakage Current 40 /1A VR 5.5V 

OS1 Input 

Ve Input Forward Voltage Clamp 1.2 V Ie -5 mA 

VIL Input "Low" Voltage .80 V 

VIH Input "High" Voltage 2.0 V 

VOL Output "Low" Voltage .45 V 10L ~ 10 mA 

VOH Output "High" Voltage 3.5 4.0 V 10H ~ .5mA 

Ise Short Circuit Output Current -15 -75 mA Vee = 5.0V 

1101 Output Leakage Current 20 /1A Va ~ .45V /5.5V 
High I mpedance State 

lee Power Supply Current 90 145 mA 
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M3212 

A.C. CHARACTERISTICS TA = -55°C to +125°C, Vee = 5.0V ± 10% 

Symbol Parameter Min. Typ. Max. Unit 

tpw Pulse Width 40 ns 

tpD Data To Output Delay 30 ns 

tWE Write Enable To Output Delay 50 ns 

tSET Data Setup Time 20 ns 

tH Data Hold Time 30 ns 

tR Reset To Output Delay 55 ns 

ts Set To Output Del ay 35 ns 

tE Output Enable Time 50 ns CL 

te Clear To Output Display 55 ns 

TEST CONDITIONS: TEST LOAD CIRCUIT: 

Input pulse amplitude of 2.5 volts. 
Input rise and fall times of 5 ns between 1 volt and 2 volts. 
Output load of 15 mA and 30 pF. 
Speed measurements are taken at the 1.5 volt level. 

CAPACITANCE(" 

Symbol Test 
Min. 

CIN DS" MD Input Capacitance 

CIN DS2, CLR, STB, DI,-DIS 
Input Capacitance 

COUT DO,-DOS Output Capacitance 

NOTE: 

LIMITS 

Typ. 

9 

5 

8 

Vcc 

300n 

OUT 0---.--. 
30 pF Goon 

Max. Units 

12 pf 

9 pf 

12 pf 

30 pf 

(,) This parameter is periodically sampled and is not '00% tested, Condition 01 measurement is 1 = , MHz, VSIAS = 2,5V, VCC = 5V and 
TA = 25°C, 
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3212 

WAVEFORMS 

DATA ,.5V,;("- - - -- - - - - -Y'5V 
-----~. r--tPW ./1'----

1 r-- "I' tH--I 
STB or OS, • DS2 1 5vl ---""'\1.5V 

LtWE:j ~---
OUTPUT ____________ .-/'('5::- - - - - - --

OS,.DS2 ,.5V! \1.5V 
________ l-_t_E ~ r _ ~E..!:!9~~WL _l':-I-D-~----

OUTPUT _______ )( . ~:-=::-=:---,.-
itpwi 

CLR 15V\ 1,5V 
I. IC "I 

DO ______________ J'\:"sV-----

--------, r---------, r-------

DATA ----.:...5:xf -y~5~ ___ 
_ tSET \'I IH ----l 

~_~.~ 1~\ 
~-------------------f-- tPDj 

OUTPUT _______ ..../'('5:;---- -- -- - -- ----

STB ____ ~~~1.5_V ______________ _ 
f--tpw 

0s,. DS2 

1.5V 
NOTE: ALTERNATIVE TEST LOAD 

~tR'~ ~-------------/ 

~
VCC'0K 

OUT 

CL -= lK 
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inter 3214 

INTERRUPT CONTROL UNIT 

The Intel@3214 Interrupt Control Unit 
(lCU) implements multi-level interrupt 
capability for systems designed with 
Series 3000 computing elements_ 

High Performance - ao ns Cycle Time 

Compatible with Intel 3001 MCU and 
3002 CPE 

PACKAGE CONFIGURATION 

The ICU accepts an asynchronous in
terrupt strobe from the 3001 Micro
program Control Unit or a bit in 
microprogram memory and generates 
a synchronous interrupt acknowledge 
and an interrupt vector which may be 
directed to the MCU or CP Array to 
uniquely identify the interrupt source_ 

The ICU is fully expandable in 8-level 
increments and provides the following 
system capabilities: 

9-34 

Eight unique priority levels per ICU 

Automatic Priority Determination 

Programmable Status 

N-Ievel expansion capability 

Automatic interrupt vector genera
tion 

a-Bit Priority Interrupt Request Latch 

4-Bit Priority Status Latch 

3-Bit Priority Encoder with Open 
Collector Outputs 

DTL and TTL Compatible 

a-Level Priority Comparator 

Fully Expandable 

24-Pin DIP 

•• ., 
·2 

SGS 

IA 

CLK 

ISE 

A. 

AI 

A2 

ELR 

GNO 

Vcc 
ECS 

R7 

R. 

R, 

INTEL® R. 
321. 

R3 

R2 

R, 

I. R. 

11 I. ENLG 

12 13 ETLG 



PIN DESCRIPTION 

PIN 

1-3 

4 

5 

6 

7 

8-10 

11 

12 

13 

14 

15-22 

23 

24 

NOTE: 

SYMBOL 

SGS 

IA 

ClK 

ISE 

ElR 

GND 

ETlG 

ENlG 

ECS 

Vee 

3214 

NAME AND FUNCTION 

Current Status Inputs 

The Current Status inputs carry the binary value modulo 8 of the current 
priority level to the current status latch. 

Status Group Select Input 

The Status Group Select input informs the ICU that the current priority 
level does belong to the group level assigned to the ICU. 

Interrupt ACknowledge 

The Interrupt Acknowledge Output will only be active from the ICU 
(multi·ICU system) which has received a priority request at a level 
superior to the current status. It signals the controlled device (usually 
the processor) and the other ICUs OR·tied on the Interrupt Acknowledge 
line that an interrupt request has been recognized. 

The IA signal also sets the Interrupt Disable flip·flop (it overrides the 
clear function of the ECS input). 

Clock Input 

The Clock input is used to synchronize the interrupt acknowledge with 
the operation of the device which it controls. 

I nterrupt Strobe Enable Input 

The I nterrupt Strobe Enable input informs the ICU that it is authorized 
to enter the interrupt mode. 

Request level Outputs 

When valid, the Request level outputs carry the binary value (modulo 8) 
of the highest priority request present at the priority request inputs or 
stored in the priority request latch. The request level outputs can be· 
come active only with the ICU. which has received the highest priority 
request with a level superior to the current status. 

Enable level Read Input 

When active, the Enable level Read input enables the Request Level 
output buffers (Ao-A2 ). 

Ground 

Enable This Level Group Input 

The Enable This Level Group input allows a higher priority ICU in multi· 
ICU systems to inhibit interrupts within the next lower priority ICU 
(and all the following ICUs). 

Enable Next Level Group Output 

The Enable Next Level Group output allows the ICU to inhibit inter· 
rupts within the lower priority ICU in a multi·ICU system. 

Priority Interrupt Request Inputs 

The Priority Interrupt Request inputs are the inputs of the priority 
Interrupt Request Latch. The lowest priority level interrupt request 
signal is attached to Ro and the highest is attached to R7 . 

Enable Current Status Input 

The Enable Current Status input controls the current status latch 
and the clear function of the Interrupt Inhibit flip·flop. 

+5 Volt Supply 

(1) Active H IG H, unless otherwise noted. 

Active LOW 

Active LOW 

Active LOW 
Open·Collector 
Output 

Active LOW 
Open·Collector 

Active LOW 

Active LOW 

Active lOW 
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3214 

FUNCTIONAL AND LOGICAL DESCRIPTION 

The ICU adds interrupt capability to 
su itably microprogrammed processors 
or controllers. One or more of these 
units allows external signals called 
interrupt requests to cause the pro· 
cessor/controller to suspend execution 
of the active process, save its status, 
and initiate execution of a new task 
as requested by the. interrupt signal. 

It is customary to strobe the ICU at 
the end of each instruction execution. 
At that time, if an interrupt request is 
acknowledged by the ICU, the MCU is 
forced to follow the interrupt micro· 
program sequence. 

Figure 1 shows the block diagram of 
the ICU. Interrupt requests pass 
through the interrupt request latch 
and priority encoder to the magnitude 
comparator. The output of the pri· 
ority encoder is the binary equivalent 
of the highest active priority request. 
At the comparator, this value is com· 
pared with the Current Status (cur· 
rently active priority level) contained 
in the current status latch. A request, 
if acknowledged at interrupt strobe 
time, will cause the interrupt flip·flop 
to enter the "interrupt active" state 
for one microinstruction cycle. This 
action causes the interrupt acknowl· 
edge (IA) signal to go low and sets the 
interrupt disable flip·flop. 

ElR 
ETlG 

" ., 
., 

SGS 

ecs 

: 
I 
I 

J 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 
I 
I 
I 
I 
I 
I 

I 

INTERRUPT 
REQUEST 

LATCH . 
PRIORITV 
ENCODER 

~ 

CURRENT 
STATUS 
LATCH 

Y 

~~ 
DIS 
FF 

-.:.1-

The IA signal constitutes the interrupt 
command to the processor. It can 
directly force entry into the interrupt 
service routine as demonstrated in the 
appendix. As part ohhis routine, the 
microprogram normally reads the reo 
questing level via the request level out· 
put bus. This information which is 
saved in the request latch can be en· 
abled onto one of the processor input 
data buses using the enable level read 
input. Once the interrupt handler has 
determined the requesting level, it 
normally writes this level back into the 
current status register of the ICU. This 
action resets the interrupt disable flip· 
flop and acts to block any further 
request at this level or lower levels. 

Entry into a macro level interrupt ser· 
vice routine may be vectored using the 
request level information to generate a 
subroutine address which corresponds 
to the level. Ex it from such a macro· 
program should normally restore the 
prior status in the current status latch. 

The Enable This Level Group (ETLG) 
input and the Enable Next Level Group 
(ENLG) output can be used in a daisy 
chain fashion, as each ICU is capable 
of inhibiting interrupts from all of the 
following ICUs in a multiple ICU 
configuration. 

--
REQUEST ACTIVITY -

f-~ c..:: -'---

The interrupt acknowledge flip·flop 
is set to the active LOW state on the 
rising edge of the clock when the 
following conditions are met: 

An active request level (Ro-R7) is 
greater than the current status 
Bo-B2 

The interrupt mode (ISE) is active 

ETLG is enabled 

The interrupt disable flip·flop is reset 

When active, the IA signal asynchron· 
ously sets the disable flip·flop and 
holds the requests in the request latch 
until new current status information 
(BO-B2' SGS) is enabled (ECS) into 
the current status latch. The disable 
flip-flop is reset at the completion of 
this load operation. 

During this process, EN LG will be en· 
abled only if the follOWing conditions 
are met: 

ETLG is enabled 

The current status (SGS) does not 
belong to this level group 

There is no active request at this level 

The request level outputs AO-A2 and 
the IA output are open·collector to 
permit bussing of these lines in multi· 
ICU configuration. 

I 
I 
I 
I 

...c- I 

" :r- I 

::= I 
" 
" .... I 

I 
I 

ENlG 

I 
PRIORITY f-FD ~r;;-;; ....... COMPARATOR 

I ~ tNT 
.... 

I " 
I-- 'CK 

FF I 
~..:..L- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I IS' 

eLK L ___________________________________ ~ 

Figure 1. 3214 Block Diagram. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATlNGS* 

Temperature Under Bias 
Ceramic. 
Plastic 

Storage Temperature 

All Output and Supply Voltages. 

All Input Voltages 

Output Currents . 

3214 

. _65°C to +75°C 
.0°Cto+75°C 

-65°C to +160°C 

. -0.5V to + 7V 

-1.0V to +5.5V 

.100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating'only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability, 

TA = O°C to +75°C. Vee = 5.0V ±5% 

SYMBOL PARAMETER 
LIMITS 

UNIT CONDITIONS 
MIN Typ(1) MAX 

Vc Input Clamp Voltage (all inputs) -1.0 V IC = -5 mA 

IF Input Forward Current: ETLG input -.15 -0.5 rnA VF = 0.45V 
all other inputs -.08 -0.25 rnA 

IR I nput Reverse Current: ETLG input 80 J.LA VR = 5.25V 
all other inputs 40 J.LA 

VIL Input LOW Voltage: all inputs 0.8 V VCC = 5.0V 

VIH Input HIGH Voltage: all inputs 2.0 V VCC = 5.0V 

ICC Power Supply Current (2) 90 130 mA 

VOL Output LOW Voltage: all outputs .3 .45 V 10L = 15 mA 

VOH Output HIGH Voltage: ENLG output 2.4 3.0 V 10H = -1 rnA 

lOS Short Circuit Output Current: ENLG output -20 -35 -55 rnA VCC= 5.0V 

ICEX Output Leakage Current: IA and 100 J.LA VCEX = 5.25V 
AD-A2 outputs 

NOTES: 

11 )Typical values are for T A = 25° e and nominal supply voltage. 

121 80- 82, SGS, eLK, R0-R4 grounded, all other inputs and all outputs open. 
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3214 

A.C: CHARACTERISTICS 

TA = oOe to +75°e, vee = +5V ± 5% 

SYMBOL PARAMETER 
LIMITS 

UNIT 
MIN TYP(1) MAX 

tcy ClK Cycle Time 80 ns 

tpw ClK, ECS, IA Pulse Width 25 15 ns 

Interrupt Flip·Flop Next State Determination: 

t,SS ISE Set·Up Time to ClK 16 12 ns 

t'SH ISE Hold Time After ClK 20 10 ns 

tETCS2 ETlG Set·Up Time to ClK 25 12 ns 

tETCH 2 ETlG Hold Time After ClK 20 10 ns 

tECCS3 ECS Set·Up Time to ClK (to clear interrupt inhibit prior to ClK) 80 25 ns 

tECCH 3 ECS Hold Time After ClK (to hold interrupt inhibit) 0 ns 

tECRS3 ECS Set·Up Time to ClK (to enable new requests through the request latch) 110 70 ns 

tECRH 
3 ECS Hold Time After ClK (to hold requests in request latch) 0 

tECSS2 ECS Set·Up Time to ClK (to enable new status through the status latch) 75 70 ns 

tECSH 2 ECS Hold Time After ClK (to hold status in status latch) 0 ns 

tDCS2 SGS and 80-82 Set·Up Time to ClK (current status latch enabled) 70 50 ns 

tDCH 2 SGS and 80-82 Hold Time After ClK (current status latch enabled) 0 ns 

tRCS3 R0-R7 Set·Up Time to ClK (request latch enabled) 90 55 ns 

tRCH 3 R0-R7 Hold Time After ClK (request latch enabled) 0 ns 

tiCS IA Set·Up Time to ClK (to set interrupt inhibit F.F. before ClK) 55 35 ns 

tCI ClK to IA Propagation Delay 15 25 ns 

Contents of Request Latch and Request Level Output Status Determination: 

tRIS4 R0-R7 Set·Up Time to IA 10 0 ns 

tRIH4 R0-R7 Hold Time After IA 35 20 ns 

tRA R0-R7 to A0-A2 Propagation Delay (request latch enabled) 80 100 ns 

tELA ElR to A0-A2 Propagation Delay 40 55 ns 

tECA ECS to A0-A2 Propagation Delay (to enable new requests through request latch) 100 120 ns 

tETA ETlG to A0-A2 Propagation Delay 35 70 ns 
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3214 

A.C. CHARACTERISTICS (CON'T) 

SYMBOL 

NOTES: 

PARAMETER 

Contents of Current Priority Status Latch Determination: 

SGS and 80-82 Set·Up Time to ECS 

SGS and 80-82 Hold Time After ECS 

Enable Next Level Group Determination: 

R0-R7 to ENLG Propagation Delay 

ETLG to EN LG Propagation Delay 

ECS to ENLG Propagation Delay (enabling new request through the 
request latch) 

ECS to ENLG Propagation Delay (enabling new SGS through status latch) 

(1) Typical values are for TA = 25°C and nominal supply Voltage. 

(2) Required for proper operation if ISE is enabled during next clock pulse. 

(3) The!.e times are not required for proper operation but for desired change in interrupt flip-flop. 

(4) Required for new request or status to be properly loaded. 

(S) tCY = "CS + tCI 

MIN 

15 

15 

TEST CONDITIONS: TEST LOAD CIRCUIT 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

LIMITS 
TYP(1) 

10 

10 

45 

20 

85 

35 

Vee 

300n 

Speed measurements taken at the 1.5V levels. 
OUT O----t-------+ 

CAPACITANCE(SI 

SYMBOL PARAMETER 

I nput Capacitance 

Output Capacitance 

TEST CONDITIONS: 
VBIAS = 2.5V, VCC = 5V, T A = 25°C, f = 1 MHz 

NOTE: 

(5)This parameter is periodically sampled and not 100% tested. 

30 pi 

MIN 

600n 

LIMITS 
TYP(1) 

5 

7 

MAX 
UNIT 

ns 

ns 

70 ns 

25 ns 

90 ns 

55 ns 

MAX 
UNIT 

10 pf 

12 pf 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 
CerDip . . . . . 

Storage Temperature 

All Output and Supply Voltages. 

All Input Voltages 

Output Currents . 

-55°C to +125°C 
-65°C to +160°C 

. -0.5V to + 7V 

-1.0V to +5.5V 

. .. 100mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability, 

TA = _55°C to +125°C; Vee = 5.0V ± 10% 

SYMBOL PARAMETER 
LIMITS 

UNIT CONDITIONS 
MIN Typ(l) MAX 

Vc Input Clamp Voltage (all inputs) -1.2 V IC = -5 mA 

IF Input Forward Current: ETLG input -.15 -0.5 mA VF = 0.45V 
all other inputs -.08 -0.25 mA 

IR Input Reverse Current: ETLG input 80 Jl.A V R = 5.5V 
all other inputs 40 Jl.A 

VIL Input LOW Voltage: all inputs 0.8 V VCC = 5.0V 

VIH Input HIGH Voltage: all inputs 2.0 V VCC = 5.0V 

ICC Power Supply Current(2) 90 130 mA 

VOL Output LOW Voltage: all outputs .3 .45 V IOL = 10 mA 

VOH Output HIGH Voltage: ENLG output 2.4 3.0 V IOH=-lmA 

lOS Short Circuit Output Current: EN LG output -15 -35 -55 mA VCC= 5.0V 

ICEX Output Leakage Current: IA and 100 Jl.A VCEX = 5.5V 
A0-A3 outputs 

NOTES: 

(1 )Typical values are for T A = 25'e and nominal supply voltage. 

(2)80-82' SGS. elK. R0-R4 grounded, ali other inputs and all outputs open. 
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A.C. CHARACTERISTICS 

TA = _55°C to +125°C; Vee = 5.0V ± 10% 

SYMBOL PARAMETER 
LIMITS 

UNIT 
MIN Typ(1) MAX 

tCY CLK Cycle Time(5) 85 ns 

tpw CLK, ECS, IA Pulse Width 25 15 ns 

Interrupt Flip-Flop Next State Determination: 

tlSS ISE Set-Up Time to CLK 16 12 ns 

tlSH ISE Hold Time After CLK 20 10 ns 

tETCS2 ETLG Set-Up Time to CLK 25 12 ns 

tETCH 2 ETLG Hold Time After ClK 20 10 ns 

tECCS3 ECS Set-Up Time to ClK (to clear interrupt inhibit prior to ClK) 85 25 ns 

tECCH 3 ECS Hold Time After ClK (to hold interrupt inhibit) 0 ns 

tECRS3 ECS Set-Up Time to ClK (to enable new requests through the request latch) 110 70 ns 

tECRH 
3 ECS Hold Time After ClK (to hold requests in request latch) 0 

tECSS2 ECS Set-Up Time to ClK (to enable new status through the status latch) 85 70 ns 

tECSH 2 ECS Hold Time After ClK (to hold status in status latch) 0 ns 

tDCS2 SGS and 80-82 Set-Up Time to ClK (current status latch enabled) 90 50 ns 

tDCH 2 SGS and B0-82 Hold Time After ClK (current status latch enabled) 0 ns 

tRCS3 R0-R7 Set-Up Time to CLK (request latch enabled) 100 55 ns 

tRCH 3 R0-R7 Hold Time After ClK (request latch enabled) 0 ns 

tiCS IA Set-Up Time to ClK (to set interrupt inhibit F.F. before CLK) 55 35 ns 

tel ClK to IA Propagation Delay 15 30 ns 

Contents of Request Latch and Request Level Output Status Determination: 

tRIS4 R0-R7 Set-Up Time to IA 10 0 ns 

tRIH4 R0-R7 Hold Time After IA 35 20 ns 

tRA R0-R7 to A0-A2 Propagation Delay (request latch enabled) 80 100 ns 

tELA ElR to A0-A2 Propagation Delay 40 55 ns 

tECA ECS to A0-A2 Propagation Delay (to enable new requests through request latch) 100 130 ns 

tETA ETlG to A0-A2 Propagation Delay 35 70 ns 
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M3214 

A.C. CHARACTERISTICS (CON'T) 

SYMBOL 

NOTES: 

PARAMETER 

Contents of Current Priority Status Latch Determination: 

SGS and 80-82 Set-Up Time to ECS 

SGS and 80-82 Hold Time After ECS 

Enable Next Level Group Determination: 

R0-R7 to EN LG Propagation Delay 

ETLG to ENLG Propagation Delay 

ECS to ENLG Propagation Delay (enabling new request through the 
request latch) 

ECS to ENLG Propagation Delay (enabling new SGS through status latch) 

(1) Typical values are for TA = 25°C and nominal supply voltage_ 

(2) Required for proper operation if ISE is enabled during next clock pulse. 

(3) These times are not required for proper operation but for desired change in interrupt flip-flop, 

(4) Required for new request or status to be properly loaded. 

(5) tCY = trcs + tCI 

MIN 

20 

20 

TEST CONDITIONS: TEST LOAD CIRCUIT 

I nput pulse ampl itude: 2.5 volts. 

I nput rise and fall ti mes: 5 ns between 1 and 2 volts_ 

Output loading of 15 mA and 30 pf. 

LIMITS 
TYPO) 

10 

10 

45 

20 

85 

35 

300n 

Speed measurements taken at the 1.5V levels. 
OUT 0---....__------+ 

CAPACITANCE(5) 

SYMBOL PARAMETER 

Input Capacitance 

Output Capacitance 

TEST CONDITIONS: 
V81AS = 2.5V. VCC = 5V. T A = 25°C. f = 1 MHz 

NOTE: 

(5)This parameter is periodically sampled and not 100% tested. 
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30pf 

MIN 

.oon 

LIMITS 
TYp(1) 

5 

7 

MAX 
UNIT 

ns 

ns 

70 ns 

30 ns 

110 ns 

55 ns 

MAX 
UNIT 

10 pf 

12 pf 



3214 

WAVEFORMS 
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3216/3226 

PARALLEL BIDIRECTIONAL BUS DRIVER 

The INTE~3216 is a high-speed 4-bit 
Parallel, Bidirectional Bus Driver_ Its 
three-state outputs enable it to isolate 
and drive external bus structures 
associated with Series 3000 systems 

High Performance- 25 ns typical 
propagation delay 

PACKAGE CONFIGURATION 

The INTEL 3226 is a high-speed 4-bit 
Parallel, I nverting Bidirectional Bus 
Driver. Its three-state outputs enable 
it to isolate and drive external bus 

structures associated with Series 3000 
systems_ 

The 3216/3226 driver and receiver gates 
have three state outputs with PNP 
inputs. When the drivers or receivers 
are tri-stated the inputs are disabled, 
presenting a low current load, typically 
less than 40/lamps, to the system bus 
structure. 

LOGIC DIAGRAM 3216 

01 0 

000 

01, 

DO, 

01, 

DO, 

01, 

DO, 

DCE 
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Low Input Load Current-O.25 mA 
maximum 
High Output Drive Capability for 
Driving System Data Busses 

Three-State Outputs 
TTL Compatible 

16-pin DIP 

es 

DOD 

DBD 

01 0 

001 

DBl 

01, 

GND 

es 

000 

DBa 

DID 

001 

GND 

INTEL@ 
3216 

3216 

INTEL@ 
3226 

3226 

LOGIC DIAGRAM 3226 

010 

DBa 

000 

01, 

DB, 

DO, 

01, 

DB, 

DO, 

01, 

DB, 

DO, 

CS 

DCE 

Vee 

DeE 

14 003 

13 DB3 

12 01 3 

11 002 

10 DB2 

01 2 

Vee 

DeE 

14 003 

DB3 

01 3 

002 

DB2 

01 2 

DBa 

DB, 

DB, 

DB, 

CS 



3216,3226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS' 

Temperature Under Bias 

Ceramic. 

Plastic 

Storage Temperature 

All Output and Supply Voltages. 

All Input Voltages 

Output Currents . 

-65°C to +75°C 

O°C to +75°C 

-0.5V to +7V 

-1.0V to +5.5V 

125 mA 

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

TA = O°Cto +75°C, Vee = +5.0V ±5% 

Limit 
Symbol Parameter Min. Typ. Max. Unit Condition 

IF Input Load Current 
DCE, CS Inputs -0.15 -0.5 mA VF = 0.45V 
All Other I n puts -0.08 -0.25 mA 

IR Input Leakage Current 
DCE, CS Inputs 80 /lA VR = 5.25V 
DI Inputs 40 /lA 

Ve Input Clamp Voltage -1 V Ie = -5mA 

VIL Input Low Voltage 0.95 V Vee = 5.0V 

VIH Input High Voltage 2.0 V Vee = 5.0V 

VOLl Output Low Voltage 0.3 0.45 V DO Outputs 10 L = 15mA 
DO, DB Outputs DB Outputs 10L =25mA 

VOL2 Output Low Voltage 0.5 0.6 V DB Outputs 10L = 50mA 
DB Outputs Only 

VOHl Output High Voltage 3.65 4.0 V IOH=-1mA 
DO Outputs Only 

VOH2 Output High Voltage 2.4 3.0 V IOH=-10mA 
DB Outputs Only 

Ise Output Short Circuit Current 
DO Outputs -15 -35 -65 mA VCC = 5.0V 
DB Outputs -30 -75 -120 mA 

1101 Output Leakage Current 
High Impedance State 

DO Outputs 20 /lA VO=0.45V /5.25V 
DB Outputs 100 /lA 

Icc Power Su pply Current 3216 95 130 mA 
3226 85 120 mA 

NOTE: TYPical values are for T A = 25°e 
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3216,3226 
A.C. CHARACTERISTICS TA = O°C to +75°C, VCC = +5.0V ±5% 

Symbol 

TpDl 

TpD2 

TE 

Parameter 

Input to Output Delay 

DO Outputs 

I nput to Output Delay 
DB Outputs 

Output Enable Time 
DCE,CS 

Output Disable Time 
DCE,CS 

Min. 

3216 
3226 

3216 

3226 

3216 

3226 

NOTE: (1) Typical values are for TA = 25°C and nominal supply voltage. 

Limit 
Typ. 

15 

14 

19 

16 

42 

36 

16 

Max. Unit 

25 ns 

25 

30 ns 

25 

65 ns(2) 

54 

35 ns(2) 

Condition 

CL =30pF, Rl =300Sl, 
R2=600Sl 

CL =300pF, R,=90Sl, 

R2=180Sl 

DO Outputs: CL =30pF, 

R 1 =300S1/1 OKSl, 

R2=600Sl/1 KSl 

DB Outputs: CL =300pF, 

R 1 =90S1/10KSl, 

R 2= 180S1/~ KSl 

DO Outputs: CL =5pF, 
R 1 =300Sl/1 OKSl, 

R 2=600Sl/1 KSl 

DB Outputs: CL =5pF, 

R 1 =90Sl/1 OKSl, 

R 2= 180Sll1 KSl 

(2) The test load circuit is set for worst case source and sink loading on the outputs. The two resistor values for Rl and R2 correspond to 
worst case sink and source loading, respectively. 

Limit 
Symbol Parameter Min. Typ. Max. Unit 

CIN I nput Capacitance 4 6 pF 

COUT Output Capacitance 

DO Outputs 6 10 pF 

DB Outputs 13 18 pF 

Note: 
(2) This parameter is periodically sampled and is not 100% tested. 

Condition of measurement is f = 1 MHz, VSIAS = 2.5V, 
VCC = 5.0V and T A = 25" C. 

WAVEFORMS 

INPUTS 

OUTPUT 
ENABLE 

OUTPUTS 1.5V 
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¥,v 
I 

¥ 
'pd ,[ 

1.5V 

" 

'j 
)( 

TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 
Speed measurements are made at 1.5 volt levels. 

TEST LOAD CIRCUIT: 

R, 

OUT <>--...-------4 

R, 

GNO 

O.5V 



M3216,M3226 
D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic. . . 

Storage Temperature 

All Output and Supply Voltages. 

All Input Voltages 

Output Currents . 

-65°C to +75°C 

-65°C to +160°C 

-0.5V to +7V 

-1.0V to +5.5V 

125mA. 

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

TA = -55°C to +125°C, Vee = +5.0V ±10% 

Symbol Parameter 

Input Load Current 
DCE, CS Inputs 
All Other Inputs 

Input Leakage Current 
DCE, CS Inputs 
01 Inputs 

Ve Input Clamp Voltage 

VIL Input Low Voltage M3216 

VOL2 

VOHl 

VOH2 

Ise 

Icc 

Input High Voltage 

Output ·Low Voltage 
DO, DB Outputs 

Output Low Voltage 
DB Outputs Only 

Output High Voltage 
DO Outputs Only 

Output High Voltage 
DB Outputs Only 

M3226 

Output Short Circuit Current 
DO Outputs 
DB Outputs 

Output Leakage Current 
High Impedance State 

DO Outputs 
DB Outputs 

Power Supply Current M3216 
M3226 

NOTE: Typical values are for T A = 25°C 

Limit 
Min. Typ. 

-0.15 
-0.08 

2.0 

0.3 

0.5 

3.4 3.8 

2.4 3.0 

-15 -35 
-30 -75 

95 
85 

Max. Unit Condition 

-0.5 mA VF = 0.45V 
-0.25 mA 

80 p.A VR = 5.5V 
40 p.A 

-1.2 V Ie = -5mA 

0.95 V Vee = 5.0V 
0.90 V 

V Vee = 5.0V 

0.45 V DO Outputs IOL=15mA 
DB Outputs IOL =25mA 

0.6 V DB Outputs IOL = 45mA 

V IOH=-0.5mA 
IOH=-2.0mA 

V IOH=-5mA 

-65 mA Vee = 5.0V 
-120 mA 

20 p.A Vo=0.45V 15.5V 
100 p.A 

130 mA 
120 mA 
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M3216,M3226 

A.C. CHARACTERISTICS TA = -55°C to +125°C, Vcc = 5.0V ±10% 

Symbol 

TpD' 

TpD2 

Te 

TD 

Parameter 

Input to Output Delay 
DO Outputs 

Input to Output Delay M3216 
DB Outputs M3226 

Output Enable Time M3216 
M3226 

Output Disable Time M3216 
M3226 

Min. 

NOTe: (1) Typical values are for T A = 25°C and nominal supply voltage. 

Limit 
Typ. 

15 

19 
16 

42 
36 

16 
16 

Max. 

25 

33 
25 

75 
62 

40 
38 

Unit 

ns 

ns 

ns(2) 

ns(2) 

Condition 

CL =30pF, Rl =300n, 
R2=600n 

CL =300pF, R,=90n, 
R2=180n 

DO Outputs: CL =30pF, 
R, =300n/1 OKn, 
R2=600n/1 Kn 

DB Outputs: CL =300pF, 
R, =90n/1 OKn, 
R2=180n/1 Kn 

DO Outputs: CL =5pF, 
R,=300n/10Kn, 
R2=600nl1 Kn 

DB Outputs: CL =5pF, 
R,=90n/10Kn, 
R2=180n/1Kn 

(2) The test load circuit is set for worst case source and sink loading on the outputs. The two resistor values for Rl and R2 correspond to 
worst case sink and source loading, respectively. 

CAPACITANCE(2) TA = 25°C 

Limit 
Symbol Parameter Min. Typ. Max. Unit 

GIN I nput Capacitance 4 6 pF 

GOUT Output Capacitance 
DO Outputs 6 10 pF 
DB Outputs 13 18 pF 

Note: 
(2) This parameter is periodically sampled and is not '00% tested. 

Condition of measurement is f = lMHz, VBIAS = 2.5V, 
Vcc = 5.0V and TA = 25°C. 

WAVEFORMS 

TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 
Speed measurements are made at 1.5 volt levels. 

TEST LOAD CI RCUIT: 
vee 

., 
OUT O--"T"------; 

., 
INPUTS _____ ....JX\,i_5V-,,...-______________ _ I. t~ GNO 

O,5V 
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DEVELOPMENT SYSTEMS 



MICROCOMPUTER DEVELOPMENT SYSTEMS 
This section contains information necessary to select the appropriate Intel design aids required to facilitate microprocessor 
hardware and software development. Design aids cover the broad range from the Intellec® MDS system with its in·circuit 
emulator options for both the Intel SOSO (lCE·SO) and the Series 3000 Bipolar Microcomputer (lCE·30), to the extensive User's 
Program Library and a selection of 3 and 4 day Microcomputer Workshops. The purpose of development aids is to shorten the 
design cycle and thus save time and money in the development and production of microcomputer-based products. 

Type Description Page No. 
Intellec® MDS-800 10-3 

en Diskette Operating System 10-8 :;; 
Universal Prom Programmer 10-13 w 

I- Intellec® MDS·800 High Speed Paper Tape Reader 10-14 en 
> In Circuit Emulator - ICE-80 10-15 en 
I- In Circuit Emulator - ICE-30 10-18 2 
w ROM Simulators 10·21 :;; .... 

Intellec® 8/MOD/8 Intellec 8/MOD 8 10-23 c 
High Speed Paper Tape Reader 10-24 .... 

w 
Barebones Barebones 80 10-25 > w Intellec 4/MOD 40 10-27 c Intellec® 4/MOD/40 High Speed Paper Tape Reader 10-28 

2 

~!:: 
w::..: SDK-80 8080 System Design Kit 10-29 
c 

imm 4-42 Central Processor Module 10-31 
imm 4-43 Central Processor Module 10-31 
imm 4-60 Input/Output 10-31 

en imm 4-22 Data Storage Module 10-31 
w imm 4-24 Data Storage Module 10-31 .... 
::> imm 8-82 Central Processor Module 10-32 c 
c imm 8-60 Input/Output Module (8008) 10-32 :;; 

imm 8-61 Input/Output Module (8080) 10-32 a:: 
w imm 8-62 Output Module (8008) 10-32 I-
::> imm 8-63 Output Module (8080) 10-32 .... 
:;; imm 8-82 Central Processor Module (8008) 10-32 c 
(.) imm 8-83 Central Processor Module (8080) 10-32 c 

imm 6-26 PROM Memory Module 10-33 a:: 
(.) 

imm 6-28 RAM Memory Module 10-33 :lE 
imm 6-70 Universal Prototype Module 10-33 
imm 1i-72 Module Extender 10-33 
imm 6-76 PROM Programmer Module 10-33 
Conversion Kits Conversion Kits 10-33 

:;; 
SBC 80/10 o EM Computer System 10-34 w 

c 

MAC 40 Microcomputer Software Products 10-36 
MCS-40TM Cross Assembler 10-37 

INTERP 40 4004/4040 Simulator 10·39 
MAC8 MCS-8™ Cross Assembler 10-38 

w 
INTERP/8 8008 Simulator 10-40 a:: 

~ MAC 80 MCS-80™ Cross Assembler 10-41 
I- INTERP/80 8080 Simulator 10-42 ... 
c PL!MTM PL!MTM Cross Compilers for MCS-8/MCS-80 10-43 en 

CROMIS Series 3000 Cross Microprogramming System 10-45 
User's Program Library 10-46 

User's Library 4-Bit Library Index 10-47 
8-Bit Library Index 10-49 
User's Library Submittal Form 10-57 

Training Microcomputer Training Program 10-59 
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MDS-800 INTELLEC® MDS 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Modular microcomputer development system for develop
ment and implementation of MCS T.M'80 and Series 3000 
Microcomputer Systems 

Intel 8080 microprocessor, with 2 f.ls cycle time and 78 
instructions, controls all Intellec MDS functions. 

16K bytes RAM memory expandable to 64K bytes. 

2K bytes ROM memory expandable to 14K bytes. 

Hardware interfaces and software drivers provided for TTY, 
CRT, line printer, high speed paper tape reader, high speed 
paper tape punch, and Universal PROM Programmer. 

Universal bus structure with multiprocessor and DMA 
capabil ities. 

Eight level nested, maskable, priority interrupt system_ 

Optional PROM programmer peripheral capable of pro
gramming all Intel PROMs. 

ICE (In-Circuit Emulator) options extend Intellec MDS 
diagnostic capabilities into user configured system allowing 
real time emulation of user processors. 

Optional I/O modules expandable in groups of four 8-bit 
input and output ports to a maximum of 88 ports (all TTL 
compatible). 

ROM resident system monitor includes all necessary func
tions for program loading, debugging, and execution. 

RAM resident macro assembler used to assemble all 8080 
machine instructions with full macro and conditional as
sembly capabilities. 

RAM resident text editor with powerful string search, sub
stitution, insertion, and deletion commands. 

The Intellec® MDS is a modular microcomputer development system containing all necessary hardware and software to develop 
and implement Intel MCS T.M·_80 and Series 3000 microcomputer systems. The addition of MDS options and peripherals provides 
the user with a complete in-circuit microcomputer development system, supporting product design from program development 
through prototype debug, to production and field test. 
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DEVELOPMENT SYSTEMS MDS-800 

INTELLEC® MDS HARDWARE 

The standard Intellec® MDS consists of four microcom
puter modules (CPU, 16K RAM Memory, Front Panel Con
trol, and Monitor), an interconnecting printed circuit 
motherboard, power suppl ies, fans, a chassis, and a front 
panel. Modular expansion capability is provided by 14 
additional sockets on the motherboard. 

The CPU module uses Intel's powerful NMOS 8-bit 8080 
microprocessor. The 8080's 2 I.ts cycle time, 78 instruc
tions, unlimited subroutine nesting, vectored interrupt, and 
DMA capabilities are fully utilized by the Intellec MDS. 
Bus control logic resolves bus contention conflicts between 
the CPU module and other modules capable of acquiring 
control of the bus. The CPU module interfaces with a six
teen line address bus and a bidirectional eight line data bus. 
8080 status signals are decoded and utilized for memory 
and I/O operations. An eight-level, nested interrupt priority 
system, complete with an interrupt priority push-down 
stack, resolves contention for 8080 interrupt servicing. 

The RAM memory module contains 16K bytes of Intel 
2107 dynamic RAM which operates at full processor 
speed. All necessary address decoding and refresh logic is 
contained on the module. 

The front· panel control module provides system initializa
tion, priority arbitration, and real time clock functions. 
System initialization routines reside in a 256 byte, PROM 
resident, bootstrap loader. An eight-level priority arbitra
tion network resolves bus contention requests among poten
tial bus masters. Alms interrupt request generator, which 
can be disabled under program control, provides real time 
clock functions. A 10 ms automatic time-out feature is also 
provided to force an interrupt request if nonexistent mem
ory or I/O is addressed. 

The Monitor module contains the Intellec MDS system 
monitor and all Intellec MDS peripheral interface hardware. 
The system monitor resides in a 2K byte Intel 8316 ROM. 
The module contains all necessary control and data transfer 
circuitry to interface with the following Intellec MDS 
peripherals: 

• Teletype 

• CRT 
• High Speed Paper Tape Reader 
• High Speed Paper Tape Punch 
• PROM Programmer 
• Line Printer 

The Intellec MDS universal bus structure enables several 
CPU and DMA devices to share the bus by operating at dif
ferent priority levels. Resolution of bus exchanges is syn
chronized by a bus clock signal which is derived independ
ently from processor clocks. Read/write transfers may take 
place at rates up to 5 MHz. The bus structure contains pro
visions for up to 16-bit address and data transfers and is not 
limited to anyone Intel microcomputer family. 

The Intellec MDS front panel is intended to augment the 
primary user interaction medium, the system console. The 
simplicity of the front panel coupled with the power of the 
system monitor provides an efficient user/lntellec interface. 
The front panel contains eight interrupt request switches 
with corresponding indicators, CPU RUN and HALT status 
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indicators, a bootstrap loader switch, RESET switch, and a 
POWER ON switch and indicator. 

The basic Intellec MDS capabilities may be significantly en
hanced by the addition of the following optional features. 

ICE (In-Circuit Emulator) extends Intellec MDS diagnositc 
capabilities into user configured systems. The I ntellec MDS 
resident ICE processor operates in conjunction with the 
MDS host CPU and interfaces to the user system via an ex
ternal cable. The ICE processor replaces the user system 
processor providing real time emulation capability. MDS 
resident memory and I/O may be substituted for equivalent 
user system elements, allowing the hardware designer to 
sequentially develop his system by integrating MDS and user 
system hardware. MDS display and debug hardware elimi
nate the need for specially constructed user system equiva
lents. Augmenting these capabilities are such powerful ICE 
debug functions as setting breakpoints, tracing program 
flow, single stepping, examining and altering CPU registers 
and memory locations. 

The Universal PROM Programmer is an Intellec MDS periph
eral capable of programming and verifying the following 
Intel PROMs: 1702A, 2704, 2708, 3601, 3604, 3624, 
8702A, 8704, and 8708. Programming and verification 
operations are initiated from the I ntellec MDS system con
sole and are controlled by programs resident in the I ntellec 
MDS and Universal PROM Programmer. 

The addition of a single or dual drive Diskette Operating 
System significantly reduces program development time. 
An intelligent controller, constructed around Intel's power
ful Series 3000 computing elements, provides diskette 
interface and control. I ntel's software operating system 
(I DOS) in conjunction with the diskette operating system 
hardware provides a highly efficient and easy to use method 
of assembling, editing, and executing programs. 

Customized user I/O requirements may be satisfied by 
adding I/O modules. Each I/O module contains four 8-bit 
input ports (latched or unlatched), four 8-bit latched out
put ports (with adjustable strobe pulses), and eight system 
interrupt lines. All inputs and outputs are TTL compatible. 
Optional I/O may be expanded to a maximum of 44 input 
and 44 output ports. 

Memory may be expanded by adding RAM or PROM mod
ules in user defined combinations. Up to 64K bytes of RAM 
may be added in 16K byte increments. PROM (Intel 8702A) 
may be added in 256 byte increments by adding PROM 
modules with socket capacity for 6K bytes and populating 
each module with the desired number of PROMs. Maximum 
PROM capacity is 12K bytes. RAM/PROM memory overlap 
is resolved by giving PROM priority. 

DMA (direct memory access) modules work in conjunction 
with the Intellec MDS universal bus to maximize the effi
ciency of data transfers between MDS memory and selected 
I/O devices. Each module contains all the necessary control 
and data transfer logic to implement a complete DMA 
channel. 

A ROM simulator composed of high speed bipolar RAM 
emulates Series 3000 bipolar microprogram ROM memory. 
Each ROM simulator module may be used in 512 X 16 or 
1024 X 8 configurations. 



MDS-800 DEVELOPMENTSVSTEMS 

INTELLEC® MOS SOFTWARE 

Resident software provided with the Intellec® MOS 
includes the system monitor, 8080 macro assembler and 
text editor. Used together, these three programs simplify 
program preparation and speed the debugging task. 

The system monitor provides complete control over opera· 
tion of the I ntellec MOS. All necessary functions for pro· 
gram loading and execution are provided. Additional com· 
mands provide extensive debug facilities and PROM pro
gramming functions. System peripherals may be dynami· 
cally assigned either via monitor commands or through calls 
to the system monitor's I/O subroutines. 

Programs may be loaded from the reader device in either 
BNPF or hexadecimal format. Utility commands which aid 
in the execution and checkout of programs include: 

• initialize memory to a constant 
• move a block of memory to another location 
• display memory 
• modify RAM memory 
• examine and modify CPU registers 
• set breakpoints 
• initiate execution at any given address 
• perform hexadecimal arithmetic 
• examine and modify the interrupt mask 

The Intellec MOS System Monitor contains a powerful and 
easily expandable input/output system, which is built 
around four logical device types; console device, reader 
device, punch device and list device. Associated with each 
logical device may be anyone of four physical devices. The 
user controls physical device assignment to each logical 
device through a System command. 

Drivers are provided in the system monitor for the Universal 
PROM Programmer, ASR 33 teletype, high speed paper 
tape reader, high speed paper tape punch, line printer, and 
CRT. The user may write his own drivers for other periph
eral devices and easily link them to the system monitor. 

All system peripherals may be accessed simply by calling 
I/O subroutines in the system monitor. I n addition, the user 
may dynamically reconfigure his system by monitor com
mands or by calling system subroutines which can assign a 
different physical device to each logical device. The user 
may also determine the current system peripheral configu
ration, check I/O status and determine the size of available 
memory. 

The monitor is written in 8080 Assembly Language and 
resides in 2K bytes of ROM memory. 

The Intellec MDS Resident Assembler translates symbolic 
8080 assembly language instructions into the appropriate 
machine operation codes. In addition to eliminating the 
errors of hand translation, the ability to refer to program 
addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions. Full macro 
capability eliminates the need to rewrite similar sections of 
code repeatedly and simplifies program documentation. 

Conditional assembly permits the assembler to include or 
delete sections of code which may vary from system to 
system, such as the code required to handle optional 
external devices. 

The assembler performs its function in three passes. The 
first pass builds the symbol table. The second pass pro
duces a source listing and provides error diagnostics. The 
third pass produces the object code. If the punch and list 
devices are separate (e.g. a high speed punch or printer is 
available) passes 2 and 3 may be combined into one pass. 

Object code produced by the assembler is in hexadecimal 
format. It may be loaded directly into the Intellec MDS for 
execution and debugging or may be converted by the sys
tem monitor to BNPF format for ROM programming. 

The assembler is written in PL/M T.M·_80, I ntel's high level 
systems programming language. It occupies 12K bytes of 
RAM memory including space for over 800 symbols. The 
symbol table size may be expanded to a maximum of 6500 
symbols by adding RAM memory. All I/O in the assembler 
is done through the system monitor, enabling the assembler 
to take advantage of the monitor's I/O system. The assem
bler is shipped in hexadecimal object format on paper tape 
or diskette and is standard with each I ntellec M DS. 

The Intellec MOS editor is a comprehensive tool for the 
entry and correction of assembly language programs for the 
Intel 8080 microcomputer. Its command set allows manipu
lation of either entire lines of text or individual characters 
within a line. 

Programs may be entered directly from the console key
board or from the system reader device. Text is stored 
internally in the editor's workspace, and may be edited 
with the following commands: 

• string insertion or deletion 
• string search 
• string substitution 

To facilitate the use of these editing commands, utility 
commands are used to change positions in the workspace. 
These include: 

• move pointer by line or by character 
• move pointer to start of workspace 
• move pointer to end of workspace 

The contents of the workspace may be listed to the system 
console or written to the system list or punch device for 
future use. 

The text editor is written in PL/M T,M'_80. It occupies 8K 
bytes of RAM memory, including over 4500 bytes of work
space. The workspace may be expanded to a maximum of 
58K bytes by adding RAM memory. All I/O in the editor is 
done through the system monitor, enabling the editor to 
take advantage of the monitor's I/O system. The editor is 
shipped in hexadecimal object format on paper tape or 
diskette and is standard with each I ntellec M DS. 
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DEVELOPMENT SYSTEMS MDS-800 

HARDWARE SPECIFICATIONS 

WORD SIZE 
Host Processor (I ntel 8080) 

Data: 8 bits 
Instruction, 8, 16, or 24 bits 

MEMORY SIZE 
RAM: 16K bytes expandable to 64K bytes using optional 

modules. 

ROM: 2K bytes expandable to 14K bytes in 256 byte 
increments using optional PROM modules. 

PROM: 256 bytes expandable to 12K bytes using optional 
modules. 

Total: RAM, ROM and PROM may be combined in user 
defined configurations up to a maximum of 64K 
bytes. 

MACHINE CYCLE TIME 
Host Processor (Intel 8080): 2.0p8 

BUS TRANSFER RATE 
Maximum bus transfer rate of 5 MHz. 

SYSTEM CLOCKS 
Host Processor (Intel 8080) Clock: Crystal controlled at 

2 MHz ±0.1%. 
Bus Clock: Crystal controlled at 9.8304 MHz ±0.1%. 

I/O INTERFACES 
CRT: 

Baud Rates: 

Code Format: 
Parity: 
Interface: 

TTY: 
Baud Rate: 
Code Format: 

110/300/600/1200/2400/4800/9600 
(selectable). 
7-12 level code (programmable). 
Odd/even (programmable). 
TTLlR8232C (selectable). 

110 

Input: 10 level or greater. 
Output: 11 level. 
Parity: Odd. 
Interface: 20 mA current loop. 

High Speed Paper Tape Reader: 
Transfer Rate: 200 cps. 
Control: 2·bit output. 

l-bit input. 
Data: 8-bit byte 
Interface: TTL 

Punch: 
Transfer Rate: 
Control: 

Data: 
Interface: 
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75 cps 
2-bit output 
l-bit input 
8-bit byte 
TTL 

NOTES: 

1. PROM PROGRAMMER DATA/STATUS/COMMANDS 
2. HIGH SPEED PUNCH DATA/STATUS/COMMANDS 
3. HIGH SPEED READER DATA/STATUS/COMMANDS 
4. PRINTER DATA/STATUS/COMMANDS 
';. CAT DATA/STATUS:COMMANDS 
6. TTY DATA/STATUS/COMMANDS 
7. FRONT PANEL STATUS/SWITCH INPUTS 
8. USER SYSTEM CPU OR Meu PIN'SIGNAlS 
9. USER SYSTEM ROM PIN SIGNALS 

10. EIGHT INTERRUPT LINES 
11. FOUR 8·BIT OUTPUT PORTS 
12. FOUR S·BIT INPUT PORTS 
13. OMA OEVICE DATA/STATUSICOMMANDS 
14. OISKETTE DRIVE DATA/STATUS/COMMANDS 

INTELLEC® MDS 
BLOCK DIAGRAM 

Printer: 
Transfer Rate: 165 cps 
Control: 2-bit status input 

l-bit output 
Data: ASCII 
Interface: TTL 

PROM Programmer: 
Control: 3 strobes for mUltiplexed output data_ 
Data: 8-bit bidirectional 
I nterface: TTL 

GENERAL PURPOSE I/O (OPTIONAL) 
Input Ports: 8-bit TTL compatible (latched or unlatched); 

expandable in 4 port increments to 44 input 
ports. 

Output Ports: 8-bit TTL compatible (latched); expandable 
in 4 port increments to 44. 

Interrupts: 8 TTL compatible interrupt lines. 

INTERRUPT 
8-level, maskable, nested priority interrupt network initi
ated from front panel or user selected devices. 

DIRECT MEMORY ACCESS 
Standard capability on I ntellec bus; implemented for user 
selected DMA devices through optional DMA module -
maximum transfer rate of 2 MHz. 

MEMORY ACCESS TIME 
RAM: 450 ns 
PROM: 1.3ps using Intel 8708A PROM. 

PHYSICAL CHARACTERISTICS 
Dimensions: 8.5" X 19" X 17" 

21.6 cm X 48.3 cm X 43.2 cm 
Weight: 65 Ib (29.5 kg) 

ELECTRICAL CHARACTERISTICS 

DC POWER 
SUPPLY 

IVolts) 

POWER SUPPLY 
CURRENT 

lAmps) 

BASIC SYSTEM CURRENT 
REQUIREMENTS 

(Amps) 

Maximum 

+ 5 ±5% 35.0 9.0 
+12 ±5% 3.0 0.7 
-10 ±5% 3.0 0.2 
-12 ±5% 0.5 

AC POWER REQUIREMENTS 
50-60 Hz; 115/230 VAC; 150 Watts 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0 to 55°C 

Typical 

6.6 
0.4 
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MDS-BOO DEVELOPMENT SYSTEMS 

SOFTWARE SPECIFICATIONS 

CAPABILITIES 
System Monitor: 

Devices supported include: 
ASR 33 teletype 
I ntel high speed paper tape reader 
Paper tape punch 
CRT 
Printer 
Universal PROM programmer 
4 logical devices recognized 
16 physical devices maximum allowed 

Macro Assembler: 
800 symbols in standard system; automatically expand
able with additional RAM memory to 6500 symbols 
maximum. 

Assembles all seventy-eight 8080 machine instructions 
plus 10 pseudo·operators. 

Text Editor: 
12K bytes of workspace in standard system; auto
matically expandable with additional RAM memory to 
58K bytes. 

OPERATIONAL ENVIRONMENTAL 
System Monitor: 

Required hardware: 
Intellec MDS 
331 bytes RAM memory 
2K bytes ROM memory 
System console 

Macro Assembler: 
Required hardware: 

Intellec MDS 
12K bytes RAM memory 
System console 
Reader device 
Punch device 
List device 

Required software: 
System monitor 

Text Editor: 
Required hardware: 

Intellec MDS 
8K bytes RAM memory 
System console 
Reader device 
Punch device 

Required software: 
System monitor 

Tape Format: 
Hexadecimal object format. 

MDS OPTIONS 
MDS·016 16K Dynamic RAM 
MDS-406 6K PROM (sockets and logic) 
MDS-501 DMA Channel Controller 
MDS-504 General Purpose I/O Module 
MDS-600 Prototype Module 
MDS-610 Extender Module 
MDS-620 Rack Mounting Kit 

MDSEMULATORS~IMULATOR 
MDS-ICE-30 3001 In-Circuit Emulator 
MDS·ICE-80 8080 In-Circuit Emulator 
MDS-SIM-l00 Bipolar ROM Simulator 

MDS PERIPHERALS 
MDS-UPP Universal PROM Programmer 
MDS-PTR High Speed Paper Tape Reader 
MDS-DOS Diskette Operating System 

MDS INTERFACE CABLES/CONNECTORS 
MDS-900 CRT Interface Cable 
MDS-910 Line Printer Interface Cable 
MDS-915 High Speed Reader Interface Cable 
MDS-920 High Speed Punch I nterface Cable 
MDS-930 Peripheral Extension Cable 
MDS-940 DMA Cable 
MDS-950 General Purpose I/O Cable 
MDS-960 25-pin Connector Pair 
MDS-970 37-pin Connector Pair 
MDS-980 60-pin Motherboard Auxiliary Connector 
MDS-985 86-pin Motherboard Main Connector 
MDS-990 100-pin Connector Hood 

EQUIPMENT SUPPLIED 
Central Processor Module 
RAM Memory Module 
Monitor Module (System I/O) 
Front Panel Control Module 
Chassis with Motherboard 
Power Supplies 
Finished Cabinet 
Front Panel 
ROM Resident System Monitor 
RAM Resident Macro Assembler 
RAM Resident Text Editor 
Hardware Reference Manual 
Reference Schematics 
Operator's Manual 
8080 Assembly Language Programming Manual 
System Monitor Source Listing 
8080 Assembly Language Reference Card 
TTY Cable 
European AC Adapter 
AC Cord 

10-7 



inter 
MDS-DOS DISKETTE OPERATING SYSTEM 

AND MDS-DRV ADDITIONAL DRIVE UNIT 
Floppy diskette operating system providing high 
speed Input/Output and data storage for the 
Intellec® MOS. 

Supports all existing standard Intellec® peripherals. 

Data on flexible diskette addressed using IBM soft
sectored format which allows 1/4 million byte data 
capacity per diskette. 

Up to 200 files per diskette. 

Dynamic allocation and deallocation of diskette 
sectors for variable length files. 

Device independence realized by assignment of 
unique file names to each peripheral device. 

Supports optional Intellec MDS ICE-80 (In-circuit 
Emulator) for Intel® 8080 Microprocessor. 

Diskette system macro assembler used to assemble 
all 8080 machine instructions with full macro and 
conditional assembly capabilities. 

Diskette system text editor with string search, 
substitution, insertion, and deletion commands. 

Listing produced by macro assembler can be di
rected to diskette allowing interrogation from high 
speed console device. 

Diskette operating system software products 
loaded into Intellec MDS RAM in seconds. 

Access to all Intellec MDS Monitor facilities. 

Programs created, edited, assembled, executed and 
debugged without paper tape handling. 

Diskette operating system functions callable from 
user programs. 

The Intellec MDS Diskette Operating System is a general purpose, high speed data handler and file manipUlation system for use 
with the Intellec MDS and its peripherals. The use of a single or dual drive Diskette Operating System significantly reduces 
program development time. The software system known as ISIS (Intel Systems Implementation Supervisor), provides the 
ability to edit, assemble, execute and debug programs, and performs all file management tasks for the user. 

MDS-DOS Diskette Drive and Optional MDS-DRV 
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MDS-DOS DEVELOPMENT SYSTEMS 

HARDWARE 

The I NTELLEC® MDS diskette system provides direct 
access bulk storage, intelligent controller, and up to two 
diskette drives. Each drive provides 1/4 million bytes of 
storage with a data transfer rate of 250,000 bits/second. 
The controller is implemented with Intel's powerful Series 
3000 Bipolar Microcomputer Set. The controller provides 
an interface to the INTELLEC MDS bus, as well as sup· 
porting the two diskette drives. The MDS diskette sys· 
tem records all data in the IBM-compatible soft sector 
format. 

The MDS diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two printed 
circuit boards reside in the INTELLEC MDS chassis and 
constitute the diskette controller. Each of the systems com
ponents is shown in the photograph, and are described in 
more detail in the following paragraphs. 

DOS Channel and Interface Controller Boards 

CHANNEL BOARD 
The Channel Board is the primary control module within 
the diskette system. The Channel Board receives, decodes, 
and responds to channel commands from the 8080 Central 
Processor Unit (CPU) in the INTELLEC MDS system. The 
Channel Board can access a block of INTELLEC MDS 
system memory to determine the particular diskette opera
tions to be performed and fetch the parameters required for 
the successful completion of the specified operation. 

The control functions of the Channel Board have been 
achieved with an 8-bit microprogrammed processor, 
designed with Intel's Series 3000 Bipolar Microcomputer 
Set. This 8-bit processor includes four 3002 Central 
Processing Elements (2-bit slice per CPE), a 3001 Micro
program Control Unit, and 512 X 32 bits of 3604 
programmable-read-only-memory (PROM) which stores the 
microprogram. It is the execution of the microprogram by 
the microcomputer set which actually effects the control 
capability of the Channel Board. 

INTERFACE BOARD 

The Interface Board provides the diskette controller with a 
means of communication with the diskette drives, as well as 
with the INTELLEC MDS system bus. Under control of the 
microprogram being executed on the Channel Board, the 
Interface Board generates those signals which cause the 
read/write head on the selected drive to be loaded (i.e., to 
come in contact with the diskette platter), cause the head 
to move to the proper track and verify successful operation. 
The Interface Board accepts the data being read off the 
diskette, interprets synchronizing bit patterns, checks the 
validity of the data using a cyclic redundancy check (CRC) 
polynomial, and then transfers the data to the Channel 
Board. 

During write operations, the Interface Board outputs the 
data and clock bits to the selected drive at the proper times, 
and generates the CRC characters which are then appended 
to the data. 

When the diskette controller requires access to 
INTELLEC MDS system memory, the Interface Board re
quests and maintains DMA master control of the system 
bus, and generates the appropriate memory command. The 
Interface Board also acknowledges I/O commands as re
quired by the INTELLEC MDS bus. 

The Diskette System is capable of performir;Jg seven differ
ent operations: recalibrate, seek, format track, write data, 
write deleted data, read data, and verify CRC. 

DISKETTE DRIVE MODULES 

Each diskette drive consists of read/write and control 
electronics, drive mechanisms, read/write head, track posi
tioning mechanism, and the removable floppy diskette 

platter. These components interact to perform the follow
ing functions: 

• Interpret and generate control signals. 
• Move read/write head to selected track. 
• Read and write data. 

Additional Drive Unit MDS-DRV 
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MDS-DOS DEVELOPMENT SYSTEMS 

SOFTWARE - INTEL SYSTEM 
IMPLEMENTATION SUPERVISOR (ISIS) 

The ISIS programs and subroutines reside on the system 
diskette and provide a broad range of user-oriented design 
aid software_ Total file management and input editing fea
tures greatly reduce software development time. The ISIS 
BOBO Macro Assembler can be loaded in seconds, from the 
diskette, and all passes executed without the need for user 
interaction. Object code and list files may be directed to 
any output device, or stored as diskette fi les. A special ISIS 
utility is provided which converts files from hexadecimal to 
absolute binary for high-speed retrieval and execution. 
Powerful sVstem console commands are provided in an 
easy to use English context. Debugging is initiated by a 
special prefix to any system command or program call 
which causes Monitor mode to be entered directly from the 
program call along with its calling parameters. 

A file is a user-defined collection of information of variable 
length. ISIS also treats each of the standard INTELLEC® 
MDS supported peripherals as files through preassign

ment of unique file names to each device. In this manner data 
can be copied from one device to another (i.e., tape reader to 
tape punch) using the same command required to copy one 
diskette data file to another. ISIS provides automatic 
implementation of random access disk files. Each file is 
identified by a user-chosen name unique on its diskette. Up 
to 200 files may be stored on each 1/4 million byte 
diskette. 

SYSTEM COMMANDS 
The user is provided with a wide range of system commands 
that offer powerful file and program manipulation features: 

• The D I R command lists the names, sizes and attri
butes of files resident on the specified disk directory. 

• The RENAME command allows users to change the 
identifying names of files. 

• The COPY command allows users to create new 
copies of existing files or to transfer files from one 
device to another. 

• The ATTR IB command allows the user to set or reset 
write-protection and other characteristics of a disk 
file. 

• The DELETE command removes a file from a 
diskette, thereby freeing space for allocation for 
other files. 

• The HEXBIN command coverts an Intel standard 
hexadecimal format file into absolute binary format 
for a reduction in load time and space. 

• The FORMAT command formats a diskette on a 
second disk drive so that it may be used by ISIS. 

• The DEBUG command loads the name program and 
parameters, and gives control to the INTELLEC MDS 
monitor for execution and/or debugging in the event 
of an error. 

• P'Dwams mo'; be l"erlNl end ~"er,uted by typing the 
program name as a command. Users may therefore 
name their own programs with descriptive verbs and 
extend their command repertoire. 
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ISIS 8080 MACRO ASSEMBLER 

The ISIS B080 Macro Assembler translates symbolic B080 
assembly language instructions into the appropriate mach
ine operation codes. In addition to eliminating the errors of 
hand translation, the ability to refer to program addresses 
with symbolic names makes it easy to modify programs by 
adding or deleting instructions. Full macro capability 
eliminates the need to rewrite similar sections of code 
repeatedly and simplifies program documentation. Condi
tional assembly permits the assembler to include or delete 
sections of code which may vary from system to system, 
such as the code required to handle optional external 
devices. 

The ISIS Assembler accepts diskette file input and produces 
an object file with corresponding symbol table and assem
bly listing file with any errors. The list file may then be 
interrogated from the system console or copied to the 
appropriate list device. The object file may be kept on 
diskette in its hexadecimal format for loading under ISIS 
supported software packages such as the optional BOBO I n
Circuit Emulator (lCE-BO). For loading directly under 
control of ISIS, the object file may be converted from 
hexadecimal to absolute binary format using the HEXBIN 
command. 

The ISIS BOBO Macro Assembler is written in PL/M™_BO, 
Intel's high level systems programming language. It occupies 
12K bytes of RAM memory allowing space for over 1000 
symbols when used with ISIS in a 32K INTELLEC MDS 
system. The symbol table size may be expanded by adding 
additional RAM memory. 

ISIS TEXT EDITOR 

The ISIS Text Editor is a comprehensive tool for the entry 
and correction of assembly language programs for the Intel 
BOBO microcomputer. Its command set allows manipulation 
of either entire I ines of text or individual characters within 
a line. 

Programs may be entered from the console keyboard or 
may be loaded directly. Text is stored internally in the 
editor's workspace, and may be edited with the following 
commands: 

• string insertion or deletion 
• stri ng sea rch 
• string substitution 

To facilitate the use of these editing commands, utility 
commands are used to change positions in the workspace, 
These include: 

• move pointer by line or by character 
• move pointer to start of workspace 
• move pointer to end of workspace 

The contents of the workspace are stored on the diskette 
and can be immediately accessed by ISIS commands or 
other proqrams such as the ISIS BOBO Macro Assembler. 

The ISIS Text Editor is written in PL/MTM-BO. It occupies 
BK bytes of RAM memory allowing approximately 12K 
bytes of workspace in a 32K INTELLEC MDS system. 



MDS-DOS DEVELOPMENT SYSTEMS 

SOFTWARE SPECIFICATIONS 

ISIS CAPABILITIES 
ISIS commands (User entries at console input device) 

File commands: 

DIR 
COPY 
DELETE 
RENAME 

ATTRIB 

List diskette directory. 
Make a copy of a file. 
Remove a file from diskette. 
Change the name of a diskette 
file. 
Change the attributes of a 
diskette file. 

Diskette initialization: 

FORMAT I nitialize a new diskette. 

Program debug and conversion: 

DEBUG 

HEXBIN 

Program execution: 

file name 

Execute a program in debug 
mode. 
Convert program from hexa
decimal format to absolute 
binary. 

An executable program in a disk
ette fi Ie can be executed by 
entering the file name as a com
mand. 

ISIS System Calls (System services called by user 
programs) 

Input/output operations: 

OPEN 

READ 

WRITE 

SEEK 

RESCAN 

CLOSE 

Initialize file for input/output 
operations 
Transfer data from file to mem
ory 

Transfer data from memory to 
file 
Position diskette file pointer at 
any byte in the file 

Position pointer to beginning of 
current line 
Terminate input/output 
operations on file 

Diskette directory maintenance 

DELETE 

RENAME 
ATTRIB 

Delete a file from the diskette 
directory 
Change diskette file name 
Change diskette file attributes 

Console Reassignment and error message output 

CONSOLE 

WHOCON 

ERROR 

Change console device 

Determine currently assigned sys
tem console 
Output error message on system 
console 

Program loading and execution 

LOAD Load a file of executable code 
and transfer control to loaded 
program 

EXIT Terminate program and return to 
IS IS control 

ISIS B080 Macro Assembler: 
1000 symbols in 32K system; automatically ex
pandable with additional RAM memory. 

Assembles all seventy-eight 8080 machine instruc
tions plus 10 pseudo-operators. 

ISIS Text Editor: 
12K bytes of workspace in 32K system; auto
matciallyexpandablewith additional RAM memory. 

ISIS OPERATIONAL ENVIRONMENTAL 
ISIS: 

Required hardware: 
Intellec MDS 
32K bytes RAM memory 
System console 
MDS-DOS Diskette Operating System 

Required software: 
System mon itor 

Macro Assembler: 
Required hardware: 

Intellec MDS 
MDS-DOS Diskette Operating System 

32K bytes RAM memory 
System console 

Text Editor: 
Required hardware: 

Intellec MDS 
MDS-DOS Diskette Operating System 
32K bytes RAM memory 
System console 

Required software: 
ISIS 
System monitor 

Required software: 
ISIS 
System monitor 

ICE-80 (Optional) 

Required hardware: 
Intellec MDS 
MDS-80 ICE 
32K bytes RAM memory 
MDS-DOS Diskette Operating System 

Required software: 
ISIS 
System monitor 
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DEVELOPMENT SYSTEMS MDS-DOS 
HARDWARE SPECIFICATIONS 

MEDIA 

Flexible Diskette 
One Recording Surface 
IBM Soft Sector Format 
77 Tracks/Diskette 
26 Sectors/Track 
128 Bytes/Sector 

PHYSICAL CHARACTERISTICS 
(Chassis and Drives) 

Mounting: Table·Top or Standard 19" Retma Cabinet 
12.08" (30.68 em) Height: 

Width: 
Depth: 
Weight: 

16.88" (42.88 em) 
19.0" (48.26 em) 
1 Drive 51 Ib (23 kg) 
2 Drives 64 Ib (29 kg) 

ELECTRICAL CHARACTERISTICS 

Chassis 
DC Power Supplies 

Voltage Current 

5V 3A ±5% 
-5V 600 mA ±5% 
24V 4A ±5% 

AC Power Requirements 
3·wire input with center conductor (earth ground) 
tied to chassis 

Single·phase, 115/230 VAC; 50-60 Hz; 160 watts 

INTELLEC® MDS·DOS Controller 
DC Power Requirements 

Channel Board: 5V@ 3.75A (typ). 5A (max) 
Interface Board: 5V @ 1.5A (typ) , 2.5A (max) 

DISKETTE DRIVE PERFORMANCE 
SPECIFICATION 

Capacity (Unformatted): 
Per Disk ....................... 3.1 megabits 
Per Track ....................... 41 kilobits 

Capacity (Formatted): 
Per Disk ........................ 2.05 M Bits 
Per Track ....................... 26.6 K Bits 

Data Transfer Rate ............... 250 Kilobits/sec. 
Access Time: 

Track·to·Track ........................ 10 ms 
Head Settling Time ..................... 10 ms 

Average Random Positioning Time ........... 260 ms 
Rotational Speed ...................... 360 rpm 
Average Latency ........................ 83 ms 
Recording Mode ............. Frequency Modulation 
1(}-12 

ENVIRONMENTAL CHARACTERISTICS 

MEDIA 

Temperature: 
Operating 
Non·Operating: 

Humidity: 
Operating: 
Non·Operating: 

15.6°C to 51.7°C 
5°C to 55% 

8 to 80% (Wet bulb 29.4°C) 
8 to 90% 

DRIVES AND CHASSIS 

Temperature: 
Operating: 
Non·Operating: 

Humidity: 
Operating: 
Non·Operating: 

10°C to 38°C 
-35°C to 65°C 

20% to 80% (Wet bulb 26.7°C) 
5% to 95% 

MDS·DOS CONTROLLER BOARDS 

Temperature: 
Operating: 
Non-Operating: 

Humidity: 
Operating: 

Non·Operating: 

o to 70°C 
-55°C to 85°C 

Up to 90% relative humidity without 
condensation. 
All conditions without condensation 
of water or frost. 

EQUIPMENT SUPPLIED 

Cabinet, Power Supplies, Line Cord, Single Drive 
FDC Channel Board 
FDC Interface Board 
Dual Auxiliary Board Connector 
Floppy Disk Controller Cable 
Floppy Disk Peripheral Cable 
Hardware Reference Manual 
Reference Schematics 
ISIS System Diskette 
ISIS Operators Manual 
ISIS/MDS Monitor Bootstrap PROM 

OPTIONAL EQUIPMENT 

Rack Mount Kit 
MDS·DRV Additional Drive Unit 
Blank Diskettes 
ISIS System Diskettes 
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MDS-UPP UNIVERSAL PROM PROGRAMMER 

Intellec® MDS peripheral capable of programming the 
following Intel PROMs: 1702A, 2704, 2708, 3601, 3604, 
3624, 8702A, 8704, 8708. 

Personality cards used for specific Intel PROM program
ming requirements. 

Zero insertion force sockets for both 16-pin and 24-pin 
PROMs. 

Flexible power source for system logic and programming 
pulse generation. 

PROM programming verification facility. 

Stand alone or rack mountable. 

The Universal PROM Programmer is an Intellec MDS peripheral capable of programming and verifying the following Intel PROMs: 
1702A, 2704, 2708, 3601,3604,3624, 8702A, 8704, and 8708. Programming and verification operations are initiated from the 
Intellec MDS system console and are controlled by programs resident in the Intellec MDS and Universal PROM Programmer. 

SPECIFICATIONS 

INTERFACE 
Data: Two 8-bit unidirectional buses 
Commands: 3 Write Commands 

2 Read Commands 
Initiate Command 

AVERAGE PROGRAMMING TIME 
1702A/8702A: 40 seconds 
2708/8708: 5 minutes 
3601: 2 seconds 
3604: 10 seconds 
3624: 10 seconds 
2704/8704: 2.5 minutes 

PHYSICAL CHARACTERISTICS 
Dimensions: 6" X 7" X 17" 

14.7 cm X 17.2 cm X 41.7 cm 
Weight: 18 Ib (8.2 kg) 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0° to 70°C. 

OPTIONS 
Personal ity Cards: 

MDS-UPP-361 :3601 Personality Card 
MDS-UPP-864:8604/3604/3624 Personality Card 
MDS-UPP-872:8702A/1702A Personality Card 
MDS-UPP-878:8708/8704/2708/2704 Personality Card 

PROM Programming Sockets: 
MDS-UPP-501: 16-pin/24-pin pair 
MDS-UPP-502: 24-pin/24-pin pair 

EQUIPMENT SUPPLIED 
Cabinet 
Power Supplies 
4040 Intelligent Controller Module 
Specified Zero Insertion Force Socket Pair 
I ntellec MDS I nterface Cable 
Hardware Reference Manual 
Reference Schematics 
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MDS-PTR HIGH SPEED PAPER TAPE READER 

Intellec® MDS high speed paper tape reader peripheral 

20 times faster than standard ASR-33 Teletype reader 

Loads 16K Intellec MDS program memory in less than 
three minutes. 

Data transfer at asynchronous rates in excess of 200 char
acters per second 

Rack mountable or stand-alone 

The MDS·PTR high speed paper tape reader Is an Intellec MDS peripheral that reads paper tape over twenty times faster than 
the standard ASR·33 Teletype reader. This translates into a significantly faster development cycle due to a marked reduction in 
the time required for repetitive program loading, assembly, and editing operations. 

SPECIFICATIONS 

TAPE MOVEMENT 
Tape Reader Speed: 

o to 200 characters per second asynchronous 
Tape Stopping: 

Stops "On Character" 

TAPE CHARACTERISTICS 
Tape must be prepared to ANSI X 3.18 or EMCA 10 
Standards for base materials and perforations. 

Reads tape of any material with thickness between 0.0027" 
and 0.0045" with transmissivity less than or equal to 57% 
(oiled buff paper tape). 

Tape loading: in line 

Tape width: 1 inch 

PHYSICAL CHARACTERISTICS 
Height: 7.75 in. (19.69 em) 
Width: 19.25 in. (48.90 em) 

Depth: 11.62 in. (29.52 em) 
Weight: 13 Ib (5.9 kg) 

ELECTRICAL CHARACTERISTICS 
AC Power Requirements: 

1()'14 

3·wire input with center conductor (earth ground) tied 
to chassis. 100, 115, or 127 VAC, single phase at 3.0 
amps or 220 or 240 VAC and 1.5 amps; 47 to 63 Hz. 

ENVIRONMENTAL CHARACTERISTICS 
Temperature: 

Operating: 0 to 55°C (free air) 
Non·operating: _55°C to +85°C 

Humidity: 
Operating: Up to 90% relative humidity without con· 

densation. 
Storage: All conditions without condensation of water 

or frost. 

EQUIPMENT SUPPLIED 
Paper Tape Reader 
Reader Cable 
Fanfold Tape Guide 
Fanfold Paper Tape 
Hardware Manual 
I nstallation and Operations Guide 
Fanfold Guide I nstallation Instructions 



MDS-ICE-80 8080 IN-CIRCUIT EMULATOR 

Extends powerfullntellec@ MDS diagnostic capabilities into 
user configured system allowing real time (2 MHz) emu la· 
tion of the user system 8080. 

User configured system can share I ntellec MDS RAM, ROM, 
and PROM memory. 

I/O translation allows user configured systems to share 
Intellec MDS input/output facilities. 

Capability to display previously executed instructions with 
corresponding address, data, and 8080 status information. 

Capability to examine and alter CPU registers and main 
memory. 

Direct Intellec MDS connection to user configured system 
via an external cable and 40·pin plug. 

ICE·80 is an Intellec MDS resident module that interfaces to any user configured 8080 system and allows the designer to emulate 
the user 8080 in real time, single step the user system's 8080, substitute Intellec MDS memory and I/O for user system equiva· 
lents, and extend powerful debug functions into the user system. 

SPECIFICA TIONS 

WORD SIZE 
Instruction: 8, 16 or 24 bits 
Data: 8 bits 

CENTRAL PROCESSOR 
8080 CPU, 2 j.JS cycle time, 8·bit accumulator, six 8·bit 
registers, subroutine nesting to any level, multiple level. 
interrupt capability. 

INSTRUCTION SET 
78 instructions including conditional branching, binary 
arithmetic, logical operations, register·to·register transfers, 
and I/O. 

CONNECTORS 
Edge Connector: CDC VPB01 E43AOOA 1 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. 
Height: 6.75 in. 
Depth: 0.50 in. 

ELECTRICAL CHARACTERISTICS 
DC Power: 

Vcc 
Icc 
V DD 

IDD 
Vss 
Iss 

+5 ±5% 
9.81A max.; 6.90A typo 
+12 ±5% 
79 ma max.; 45 ma typo 
-9V ±5% 
1 ma max.; 1 Jla typo 
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DEVELOPMENT SYSTEMS ICE-SO 

SPECIFICATIONS 

MEMORY ADDRESSING 
Intellec MDS RAM, ROM and PROM may be combined 
with user system ROM, PROM, and RAM combinations in 
4K segments up to a maximum of 65, 536 bytes. 

I/O ADDRESSING 
Intellec MDS I/O ports may be combined with user system 
I/O ports in 16 port groups, up to a maximum of 256 8-bit 
input and 256 8-bit output ports. 

USER SYSTEM INTERFACE 
Cable carrying all 8080 address, data, and control signals 
terminated in a 40-pin plug. 

SYSTEM CLOCK 
Crystal controlled 2 MHz ±0.01 %. 
Removable by jumper selection when replaced by user clock. 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0 to 70°C 

EQUIPMENT SUPPLIED 
Printed Circuit Modules (2) 
I nterface Cables and Buffer Board 
Reference Manual 
Schematic Diagram 

ICE-80 allows the user to assign Intellec® MDS resident memory and I/O to the user system. Once assigned, the MDS memory or 
I/O becomes a part of the user system. The user system may operate with all MDS resident memory and I/O, all user provided 
memory and I/O, or a combination of both. 

ICE-80 debug features include the setting of breakpoints in two hardware comparitors which can trap on any memory read, 
memory write, I/O read or I/O write operation. Breakpoint extensions, which can be logically ANDED with basic breakpoint 
parameters, include stack operation, M 1 fetch state, or a user defined logic signal. When a breakpoint is encountered in the 
emulation mode, ICE-80 automatically reverts to the interrogation mode. At this time the memory address, data bus contents, 
and 8080 status byte from the last 44 machine cycles can be displayed along with the actual number of clock cycles which 
elapsed since program initiation. In the single-step mode, the user may select single-step or multiple single-step operation. In 
single-step operation a single instruction is executed, and upon completion, all relevant system status may be displayed. I n multi
ple single-step mode, status information is stored at the end of each machine cycle and the next instruction is executed. When 
multiple single-step operation is terminated upon a software breakpoint or user command, historical information may be 
retrieved for display or off line analysis. 

The heart of ICE-80 is a microcomputer system utilizing Intel's 8080 microprocessor as its nucleus. This system communicates 
with the Intellec MDS host processor via I/O commands. Host processor commands and ICE·80 status are interchanged through 
registers on the ICE module. ICE-80 and the MDS also communicate through a control block resident in Intellec MDS main 
memory which contains detailed configuration and status information. 

The ICE-80 microcomputer system consists of an Intel 8080 CPU, control memory and data storage memory. The system may 
be driven with either an internal 2 MHz clock or a user supplied clock. The basic ICE·80 system is augmented by several periph· 
eral devices. An 8-bit command register receives Intellec MDS commands and an 8-bit status register provides ICE·80 systems 
status information to the Intellec MDS. Bus control logic allows the ICE·80 processor to assume control of the Intellec MDS bus 
as a bus master, when required. A comparitor contains two 24-bit hardware breakpoint registers which provide address and con
trol information associated with breakpoint functions. Finally, buffer/driver circuitry, located in circuit board in the ICE-80 
cable, insures that data transmission between the ICE-80 and user system meets the capacitive loading and input current require
ments for the 8080. 
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ICE-80 DEVELOPMENT SYSTEMS 
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MDS-ICE-30 3000 SERIES IN-CIRCUIT EMULATOR 

Extends the Intellec® MDS diagnostic capabilities into user 
configured systems allowing in-circuit emulation of the user 
system's 3001 MCU 

Direct Intellec MDS connection to the user configured 
system is achieved via an external cable with 3001 com
patible 40-pin connector 

Provides for the display of all 3001 address, status, and 
control lines for the current micro-instruction executed 

Allows for single step microprogram execution 

Presets the 9-bit 3001 Microprogram Address Register and 
set two independent breakpoints on micro-instruction 
addresses generated by 3001 

Allows two independent breakpoints to be set on the 
logical combination of any three TTL compatible signals in 
the user system via three logic probes 

ICE-30 is an Intellec® MDS resident module that provides the user with direct in-circuit emulation of the 3001 Microprogram 
Control Unit (MCU) and complete control over the execution of user developed microprograms_ Through in-circuit emulation, 
the designer is able to set micro-program address breakpoints, single step micro-program execution and monitor all of the 
address, status, and control lines of the 3001. 

ICE-30 Module Board with External Cable and 40 Pin Connector 
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ICE-30 

A.C. CHARACTERISTICS T A ~ O°C to 55°C. VCC ~ 5.0V ±5% 

SYMBOL PARAMETER 

tCy(2) Cycle Time 

twp Clock Pulse Width 

tcs Clock Pulse Separation 

Control and Data Input Set· Up Times: 

tSF lD. ACo-AC6 

tSK FCo. FC1 

tsx SXO-SX3. PX4-PX7 

tSI FI 

Control and Data Input Hold Times: 

tHF lD. ACo-AC6 
tHK FCo. FC1 

tHX SXO-SX3. PX4- PX7 

tHI FI 

tco Propagation Delay from Clock Input (ClK) to Outputs 
(MAO-MAS. FO) 

tKO Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (FO) 

tFO Propagation Delay from Control Inputs ACO-AC6 to latch 
Outputs (PRO-PR2) 

tEO Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAS. FO. PRO-PR2) 

tFI Propagation Delay from Control Inputs ACo-AC6to Interrupt 
Strobe Enable Output (lSE) 

tMH Propagation Delay from Clock Input (ClK) to Breakpoint 
Match MATCH 

NOTES: 
(1) Typical values are for T A = 25°C and nominal supply voltage. 
(2) tCY = tco + tSF + twp 

TEST CONDITIONS: 

Input rise and fall times of 10 ns between 0.8 volt and 2.4 
volts. 
Output load of 10 mA and 50 pF. 
Speed measurements are taken at the 1.5 volt level. 

CAPACITANCE TA ~ 25°C 

SYMBOL PARAMETER MIN TYP MAX UNIT 

CIN Input Capacitance: 50 pF 

COUT Output Capacitance 50 pF 

DEVELOPMENT SYSTEMS 

MIN Typ(1) MAX UNIT 

185 120 ns 

35 20 ns 

150 

13 ns 
13 ns 
13 ns 
13 ns 

15 ns 
15 ns 
15 ns 
15 ns 

90 137 ns 

78 130 ns 

98 150 ns 

50 ns 

86 140 ns 

158 ns 

TEST lOAD CIRCUIT 

500n 

OUT~VCC 

50pF y'KCl 
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DEVELOPMENT SYSTEMS ICE-30 

D.C. AND OPERATING CHARACTERISTICS T A = 0° to 55°C, Vee = 5.0V ±5% 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -20°C to +75°C 

All Output and Supply Voltages ...................................................... -0.5V to +7V 

All I nput Voltages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -l.OV to +5.5V 

*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 ratings for extended periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER MIN 

Ve Input Clamp Voltage 
(All Input Pins) 

IF Input load Current: 
ClK Input 
logic Probe inputs 
All other inputs 

V'L Input low Voltage 

V'H Input High Voltage 2.0 

lee Power Supply Current 

VOL Output low Voltage 
PRo-PR2 
All other outputs 

VOH Output High Voltage 
MAo-MAs, ISE, Fa 2.4 

los Output Short Circuit Current 

MAo-MAS' ISE, Fa -40 

10 (OFF) Off·State Output Current 

MAo-MAs' FO 
MAo-MAs' FO, PR o-PR2 

NOTES: 
(1) Typical values are for T A = 250 C and nominal supply voltage. 
(2) Not more than one output should be shorted at one time. 
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Typ(1) MAX UNIT CONDITIONS 

-0.8 -1.5 V Ie = -12mA 

-2.0 mA VF = O.45V 
-3.0 mA 
-0.4 mA 

0.8 V Vee = 5.0V 

V Vee = 5.0V 

0.0 mA 

0.35 0.45 V 10L = 16mA 
0.35 0.45 V 10L = 40mA 

3.0 V 10H = -2mA 

-120 mA Vee = 5.0V(2) 

-100 p.A Vo = O.45V 
100 p.A Vo = 5.25V 



inter 
SIM-101/SIM-102/SIM-104 ROM SIMULATORS 

Extends the powerfu I I ntellec® M DS diagnostic 
capabilities into user-configured systems, allowing 
simulation of the user system's bipolar RaMI 
PROM memory 

Direct Intellec MDS connection to the user
configured system via external cables and Intel's 
ROM/PBOM compatible dual-in-line connectors 

Simulates Intel's standard bipolar ROMs and 
PROMs 

Modular design allows the user to configure simula
tion modules to particular memory space require
ments 

Directly load the ROM Simulator modules from 
the output of the Intel® Cross Microassembler, 
CRaM IS 

Access the configured memory space from the 
console keyboard using simulated ROM addresses 

Examine an entire word regardless of length; i.e., 8 
bits, 10 bits, 32 bits etc. 

Modify an entire word in a single operation regard
less of length 

Read access time is 130 ns, maximum 

Each ROM-SIM module consists of a high-speed, 130-nanosecond 8K bit RAM board, buffer assembly, external cables, and an 
interactive software program. The ROM-SIM software is a PL/M T.M·_80 program that operates in the Intellec MDS to provide the 

user interface for the ROM·SIM hardware. The software loads BNPF or hexadecimal files such as those generated by the Cross 
Microassembler System, CROMIS. The ROM·SIM software has the capability to compare and verify microcode, load, display and 

modify simulated control store contents, and output new BNPF or hexadecimal files from the simulated ROM memory for 
ROM/PROM programming. 

SIM-101,102 SIM-104 
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DEVELOPMENT SYSTEMS SIM-101, SIM-102, SIM-104 

SPECIFICATIONS 
DCCHARACTE R ISTICS 

T A = O°C to 55°C, Vee = 5.0V ±5% 

SYMBOL PARAMETER 

II Input Load Current 
Low Order Addr AO-A8 
High Order Addr A9-AB 
Chip Selects 

VOL Output Low Voltage 

lee User Power Supply Sensing 

VIL Input Low Voltage 

VIH Input High Voltage 

VOH Output High Voltage 

Ise Output Short Circuit Current at 
Single Output 

leEx Output Leakage Cu rrent 

ABSOLUTE MAXIMUM RATINGS 

MIN 

2.0 

-40 

Temperature Under Bias ................................. O°C to 55°C 
Storage Temperature ................................... -20°C to 75°C 
All Outputs or Supply ................................. -0.5V to 7.0V 
All Inputs ................................................... -1.0V to 5.5V 
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LIMITS 

MAX UNIT 
TEST CONDITION 

-1.6 mA Vee = 5.25V 
-2.1 VIN = 0.45V 
-0.75 

0.45 V Vee = 4.75V, IOL = 16 mA 

6 mA User Vee = 5.25V 

0.8 V Vee = 5:0V 

V Vee = 5.0V 

2.4 V Vee = 4.75V 

-100 mA Vo = OV, Vee = 5V 

±50 J.l.A For High Impedance State 
Vee = 5.25V 

250 J.l.A For Open Collector 

CAPACITANCE LOAD 

CIN 
Low Order Address, Chip Selects 45 pF max. 
High Order Address (Coaxial) 50 pF max. 

COUT Data Outputs 50 pF max. 



INTELLEC® 81 MOD 8 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Complete Hardware/Software Development System for the 
design and implementation of 8008 CPU based micro
computer systems 

Front panel designer's console provides complete system 
control and monitoring functions 

8K bytes of random access memory (RAM) expandable to 
16K bytes 

2K bytes of erasable and field programmable read only 
memory (PROM) expandable to 16K bytes 

Self contained PROM programming facility with zero inser
tion force PROM socket 

Four 8-bit input and four 8-bit output ports 

Integral asynchronous serial data communications capa
bility at 110, 1200, or 2400 baud 

Discrete teletype interface (20mA) current loop) 

Standard system software includes a PROM resident system 
monitor, RAM resident Macro-Assembler and RAM resident 
text editor 

Expansion capability provided for up to 16 standard or 
custom designed microcomputer modules 

The Intellec® 8/MOD 8 (imm 8-80A) is a complete, self-contained microcomputer development system designed specifically 
to support the development and implementation of 8008 CPU based microcomputer systems. Its modular design facilitates 
the development of both large and small MCS-8 system. 

The basic Intellec 8/MOD 8 consists of seven standard microcomputer modules (CPU, RAM, PROM, I/O, PROM Programmer, 
Front Panel Control) and power supplies enclosed in a finished table top cabinet. The heart of the system is the imm 8-82 
central processor module built around Intel's 8008 p-channel 8-bit CPU on a single chip. 

The Intellec Development System directly supports up to 16K of memory, eight input ports, twenty-four output ports, and 
provides expansion capability for custom designed micrcomputer modules within the system chassis. 

The front panel designer's console provides an easy means of monitoring and controlling system operation, manually moving 
data to and from memory and input/output devices, setting hardware breakpoints, and executing or debugging programs. 

The Intellec 8/MOD 8 has 10K bytes of memory in its basic configuration which can be expanded to 16K bytes within the 
system chassis. Of the basic 10K bytes of memory, 8K bytes are random access read/write memory located on two imm 6-28 
RAM memory modules. This memory can be used for both data and program storage. The remaining 2K bytes of memory are 
located on the imm 6-26 PROM memory module and contain the I ntellec 8/MOD 8 system monitor. in eight Intel® 1702A 
erasable and field programmable read only memory chips. Eight additional sockets (2K bytes) are available on the imm 6-26 
for expansion. 

The PROM and RAM memory modules may be used in any combination to make up the 16K of directly addressable memory 
housed in the system chassis. Facilities are built into these modules so that combinations of RAM, ROM or PROM may be 
mixed in 256 byte increments. 

The self-contained PROM programming module allows Intel 1602A or 1702A PROMs to be programmed and verified directly 
from RAM or PROM memory. 
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INTELLEC®S 
HIGH SPEED PAPER TAPE READER 

Directly compatible with all Intellec® 8 Microcomputer 
Development Systems 

20 times faster than standard ASR-33 teletype reader 

Loads any 8K Intellec® 8 program memory in less than 90 
seconds 

Data transfer at asynchronous rates in excess of 200 
characters per second 

Rack mountable or stand-alone 

The imm8-90 high speed paper tape reader provides alllntellec 8 Microcomputer Development Systems with a high speed paper 
tape input that is over twenty times faster than the standard ASR-33 teletype reader. This translates into a significantly faster 
development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing 
operations. 

The Intellec 8 monitor software provides two key capabilities which significantly enhance the systems performance of the 
imm8-90. A general purpose paper tape reader driver is included in the I ntellec 8 Monitor. It enables all systems software to 
utilize the high speed reader features and is caliable by user written application programs. The monitor also provides dynamic 
I/O reconfiguration permitting instantaneous reassignment of physical devices to logical devices. 

SPECIFICATIONS 

TAPE MOVEMENT: 
Tape Reading Speed 

o to 200 characters per second 
asynchronous 

Tape Stopping 
Stops "On Character" 

TAPE CHARACTERISTICS: 
Tapes must be prepared to ANSI 
X 3.18 or EMCA 10 Standards for base 
materials and perforations. 

Reads tape of any material with 
thickness between 0.0027" and 
0.0045" with transmissivity less than 
or equal to 5% (oiled buff paper tape). 

Tape loading: in line 

Tape width: 1 inch 
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ELECTRICAL CHARACTERISTICS: 
AC Power Requirement 

3 wire input with center conductor 
(earth ground) tied to chassis. 100, 
115, or 127 VAC, single phase at 
3.0 amps or 220 or 240 VAC and 
1.5 amps; 47 to 63 Hz. 

EQUIPMENT SUPPLIED 
Paper Tape Reader 
Reader Cable 
Reader Flat Cable 
Fanfold Tape Guide 
Fanfold Paper Tape 
Hardware Manual 
Installation and Operations Guide 
Fanfold Guide Installation 

Instructions 



inter 
BAREBONES 80 

MICROCOMPUTER SUBSYSTEM 

Complete 8080 CPU based microcomputer subsystem com
posed of Intel microcomputer modules housed in a card 
cage and interconnected by a printed circuit motherboard 
containing module sockets 

78 instructions including data transfer; decimal, binary, and 
double precision arithmetic; logical, branch, stack, and I/O 

Vectored interrupt capability 

DMA capability 

4K 8-bit bytes of RAM expandable to 16K bytes in stand
ard system and 64K bytes in user modified system 

Sockets for 4K 8-bit bytes of PROM expandable to 16K 
bytes in standard system and 64K bytes in user modified 
system 

Four 8-bit input ports expandable to 16 input ports; four 
8-bit output ports expandable to 28 output ports_ Expan
sion to 256 input and 256 output ports in user modified 
system_ All ports are TTL compatible 

Integral asynchronous serial data communications capa
bility at 110, 1200, or 2400 baud 

Discrete teletype interface (20 mA current loop) 

Expansion capability provided for additional 12 Intel or 
custom microcomputer modules 

Rack mountable_ 

The Barebones 80 Omm8-85) is a complete microcomputer system intended for OEM applications. The subsystem is composed 
of Intel microcomputer modules which are housed in a card cage and interconnected by a printed circuit motherboard. The 
chassis has space allocated for OEM power supplies, fan, and front panel. 

Four modules are supplied with the basic system and expansion capability exists for 12 additional Intel-supplied or custom 
modules. Control signals, data and address lines are present at the 12 expansion connectors. 
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DEVELOPMENT SYSTEMS 

SPECIFICATIONS 

WORD SIZE 
Data: B bits 
Instruction: B, 16, or 24 bits 

MEMORY SIZE 
6K bytes expandable to 16K bytes 
with standard modules, 64K bytes 
using custom memory modules. 

INSTRUCTION SET 
7B, including conditional branching, 
binary arithmetic, logical, register· to· 
register, input/output, and memory 
reference. 

MACHINE CYCLE TIME 
2.5 ps. (Reduction to 2.0 ps 
possible by using faster memory and 
appropriate bus control signals.) 

SYSTEM CLOCK 
Crystal controlled at 2 MHz ±0.01%. 

1/0 CHANNELS 
Maximum I nput/Output configuration 
available with I/O or Output Modules 

immB·61 

immB·63 
(with one 
immB·61) 

10·26 

I nput Output 
Ports Ports 

16 

4 

16 

28 

BAREBONES 80 

INTERRUPT 
User·designed multiple level interrupt 
capability. 

DIRECT MEMORY ACCESS 
User-designed DMA capability. 

MEMORY ACCESS TIME 
RAM: 1 ps with standard RAM 

module. Faster access time 
available with user·designed 
memory systems. 

PROM: 1.3 ps with S702A PROMs. 
Faster access time available 
with higher speed PROMs. 

PHYSICAL CHARACTERISTICS 
6%" X 17" X 12" (su itable for mount· 
ing in standard R ETMA 7" X 19" 
panel space). 
Weight: 11 Ib (4.9 kg). 

ELECTRICAL CHARACTERISTICS 
DC Power Requirement: 

Vee = 5V ±5%, 
lee = 6A max., 3.5A typo 
Voo = -9V ±5%, 
100 = 1.2A max., O.SA typo 
Vee = +12V ±5%, 
IGG = 0.06A max., 0.04A typo 

*Requirement based on basic Barebones 80 
system. 

ENVIRONMENTAL CHARACTER
ISTICS 
Operating Temperature: O°C to 70°C 

OPTIONAL MODULES 
Available for Barebones SO: 

immS·61 I/O Module 
immS·63 Output Module 
imm6·2S RAM Memory Module 
imm6·70 Universal Prototype 

Module 
imm6·72 Module Extender 

EQUIPMENT SUPPLIED 
Central Processor Module 
I nput/Output Module 
PROM Memory Module 
RAM Memory Module 
Chassis with Mother Board 
PROM Resident System Monitor 
Complete Hardware and Software 

Documentation including sche· 
matics and assembly drawings 

Rack Slides 



INTELLEC® 41 MOD 40 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Complete Hardware/Software Development System for the 
design and implementation of 4040 and 4004 CPU based 
microcomputer systems 

TTY interface, front panel designer's console, and high 
speed paper tape reader interface, in conjunction with 
PROM resident system monitor provide complete program 
loading, punching, monitoring, interrogation, and alteration 
capabilities 

Program RAM (4K a-bit bytes) provides a program develop
ment medium which lends itself to rapid and facile program 
monitoring and alteration 

Data RAM (320 4-bit bytes expandable to 2560 bytes) pro
vides data storage capacity 

Program PROM (expandable to 4K a-bit bytes) in con
junction with the resident PROM programmer provide 
capability of simulating final ROM resident program 

PROM resident system monitor, RAM resident assembler 
with edit feature included in standard systems software 

Includes such standard program development, features as 
program single step, address search (and pass count), next 
instruction indication, program flow verification 

I/O expandable to 16 4-bit input ports and 48 4-bit output 
ports (all TTL compatible) allowing "hands-on" simulation 
of entire user system (processor and peripheral devices) 

RESET, STOP, INTERRUPT control signals available to 
user via back panel 

Modular design with expansion capability provided for up 
to eleven optional or user designed modules 

The Intellec® 4/MOD 40 (imm 4-44A) is a complete, self-contained microcomputer development system designed specifically 
to support the development and implementation of 4040 and 4004 CPU based mirocomputer systems. Its modular design 
provides the flexibility to adapt to any size user system and the resident software facilitates program development. 

The basic Intellec 4/MOD 40 Microcomputer Development System consists of 4 microcomputer modules (CPU, RAM, 
MEMORY CONTROL, and PROM PROGRAMMER), power supplies, I/O connectors, console, and displays. The heart of the 
system is the imm 4-43 central processor module built around Intel's high performance 4-bit 4040 CPU. The imm 4-43 is a 
complete microcomputer system containing the system clock, 1 K 8-bit bytes of PROM memory, 320 4-bit bytes of data 
RAM memory, 3 4-bit input ports and 8 4-bit output ports. The imm 6-28 program RAM memory module contains a 4K x 8 
memory array composed of Intel 2102 static random access memory elements. The imm 4-72 control module contains the 
circuitry required to interface the central processor module to the program RAM module. The imm 6-76 PROM programmer 
module provides the capability of programming Intel 1702A PROMs in conjunction with the front panel PROM socket and 
system monitor. All I/O ports are TTL compatible and accessible from the back panel 37-pin connectors. The front panel 
designer's console provides a means of monitoring and controlling system operation. 

The Intellec modular design allows great design system flexibility. Program PROM can be expanded to 4K 8-bit bytes using 
imm 6-26 or imm 4-22 optional modules. Data RAM can be expanded to 2560 4-bit bytes using imm 4·24 modules. I/O 
capability can be expanded to 16 4-bit input and 48 4-bit output ports using optional imm 4-60 and 4-24 modules. The 
universal prototype card (imm 6-70) in conjunction with the eleven optional card sockets (which contain all essential system 
signals) provide the capability for interfacing custom designed modules. 

The user RESET IN/OUT, STOP/STOP ACKNOWLEDGE, and INTERRUPT/INTERRUPT ACKNOWLEDGE control signals 
are all available at the back panel. Hence, the user can interrupt, halt, and reset the resident CPU via his own interface. 
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INTELLEC®4 

HIGH SPEED PAPER TAPE READER 

Directly compatible with all Intellec® 4 Microcomputer 
Development Systems 

Data transfer at asynchronous rates in excess of 200 char
acters per second 

20 times faster than standard ASR-33 teletype reader Rack mou ntable or stand-alone 

The imm4-90 high speed paper tape reader provides all Intellec® 4 Microcomputer Development Systems with a high speed 
paper tape input that is twenty times faster than the standard ASR-33 teletype reader_ This translates into a significantly faster 
development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing 
operations_ 

The Intellec 4 monitor provides the capability of assigning the imm4-90 as an input device and contains the reader driver 
software_ Tapes may be read in BNPF or hexadecimal format_ 

At least one optional imm4-60 Input/Output Module must be included in the Intellec system to provide the required reader 
input and output ports_ 

SPECIFICA TIONS 
TAPE MOVEMENT: 
Tape Reading Speed 

o to 200 characters per second 
asynch ronous 

Tape Stopping 
Stops "On Character" 

TAPE CHARACTERISTICS: 
Tapes must be prepared to ANSI 
X 3_18 or EMCA 10 Standards for 
base materials and perforations_ 

Reads tape of any material with 
thickness between 0_0027" and 
0_0045" with transm issivity less than 
or equal to 5% (oiled buff paper tape)_ 

Tape loading: in line 

Tape width: 1 inch 
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ELECTRICAL CHARACTERISTICS: 
AC Power Requirement 

3 wire input with center conductor 
(earth ground) tied to chassis_ 100, 
115, or 127 VAC, single phase at 
3_0 amps or 220 or 240 VAC and 
1.5 amps; 47 to 63 Hz_ 

EQUIPMENT SUPPLIED: 
Paper Tape Reader 
Reader Cable 
Reader Flat Cable 
Fanfold Tape Guide 
Fanfold Paper Tape 
Hardware Manual 
Installation and Operations Guide 
Fanfold Guide I nstallation Instructions 

NOTE: Operation of the imm4-90 in 
conjunction with the Intel/ec 4/MOD 4 
and Intel/ec 4/MOD 40 requires 
Version 2. 0 software_ 



8080 SYSTEM DESIGN KIT SDK-80 

Complete single board microcomputer system including 
CPU, memory and I/O 

Easy to assemble kit-form 

High-performance (2 J,lS instruction cycle) 

Interfaces directly with most terminals (75-4800 baud) 

Large wire-wrap area for custom interfaces 

Extensive system monitor software in ROM 

PC board format and power, compatible with Intellec®MDS 

The 8080 System Design Kit (SDK-80) is a complete, single board, microcomputer system in kit form. It contains all necessary 
components, including resistors, caps, crystal and miscellaneous hardware to complete construction. Included is a pre
programmed ROM that contains the system monitor for general software utilities and system diagnostics. 

All that is required for operation are power supplies and a suitable terminal; TTY, CRT, etc., (level conversions and baud rate 
generation included on board). 

The SDK-80 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to the 
users application. 
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DESIGN KITS 

SPECIFICATIONS 

CENTRAL PROCESSOR 
CPU: 8080A 
Instruction Cycle: 1.95 microsecond 
Tcy: 488 ns 

MEMORY 
ROM: 2K bytes (expandable to 4K bytes) 8708/8308 
RAM: 256 bytes (expandable to 1 K bytes) 8111 
Addressing: ROM OOOO-OFFF 

RAM 1000-13FF 

INPUT/OUTPUT 
Parallel: One 8255 for 24 lines (expandable to 48 lines). 
Serial: One 8251 USART. 

On-board baud rate generator (jumper selectable). 
Baud Rates: 75 1200 

110 2400 
300 4800 
600 

INTERFACES 
Bus: All signals TTL compatible. 
Parallel I/O: All signals TTL compatible. 
Serial I/O: RS232C/EIA 

20 mA current loop TTY 
TTL (one TTL load) 

INTERRUPTS 
Single level: Generates RST7 vector. 

TTL compatible input. 

DMA 
Hold Request: Jumper selectable. 
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SDK-SO 

SOFTWARE 
System Monitor: Pre-programmed 8708 or 8308 ROM 
Addresses; 0000-03F F. 
Features: 

Display Memory Contents (D) 
Move blocks of memory (M) 
Substitute memory locations (S) 
I nsert hex code (I) 
Examine Registers (X) 
Program Control (G) 
Break Point Capability 
Power-up start or system reset start. 

I/O: Console Device (serial I/O) 

LITERATURE 
Design Library: 

8080 Users Manua I 
8080 Assembly Language Manual 
Pl/M Programming Manual 
MDS Brochure 
Reference Card (Programmers) 
SDK-80 User's Guide 

CONNECTORS 
I/O: 25 pin female (RS232C) 
PCB: MDS format 

PHYSICAL CHARACTERISTICS (MDS 
MECHANICAL FORMAT) 
Width: 12.0 in. 
Height: 6.75 in. 
Depth: 0.50 in. 
Weight: approx. 12 oz. 

ELECTRICAL CHARACTERISTICS (DC POWER) 
VCC 5V ±5% 1.3 Amps 
VDD 12V ±5% 0.35 Amps 
VBB -1 OV ±5% 0.20 Amps 
or -12V ±5% 



inter 
MICROCOMPUTER MODULES 

MCS-4/40'M 

Modules may be ordered individually. All modules are 8" wide, 
6.18" high and use standard 100-pin connectors. 

imm4-42 Central Processor Module 
• This is a complete microcomputer system with the 

processor, program storage, data storage, and I/O in a 
single module. 

• The heart of this module is Intel's 4004 single chip four-
bit parallel processor - p-channel silicon gate MOS. 

• Accumulator and sixteen working registers (4-bit). 
• Subroutine nesting up to 3 levels. 
• For development work, the CPU interfaces to standard 

semiconductor memory elements (provided by Intel's 
standard memory and 1/0 interface set 4008/4009). 

• Sockets for 1K bytes of PROM (Intel 1702A PROM) are 
provided. 

• 320 words (4-bit) of data storage (Intel 4002) are 
provided. 

• Four 4-bit input ports and eight 4-bit output ports (in
cludes TTY interface). 

• Bus-oriented expansion of memory and I/O. 
• Two phase crystal clock. 

imm4-43 Central Processor Module 
• Complete microcomputer system with Intel's high per

formance 4040 4-bit processor, program storage, data 
storage, I/O and system clock in a single module. 

• 60 instructions including decimal arithmetic, register
to-register transfers, conditional branching, logical 
operations and 1/0. 

• Interrupt capability. 

• Single step capability. 

• 24 index registers. 
• Subroutine nesting to 7 levels. 
• Direct interface capability to all standard memories (i.e., 

TTL, NMOS, PMOS, CMOS) through Intel's 4289 
Standard Memory Interface ch ip. 

• Sockets for 1 K x 8 bytes of program memory (I ntel 
4702A PROM) expandable to 4K x 8 using optional 
imm6-26 or imm4-24 modules. 

• 320 4-bit bytes of data storage (I ntel 4002) expandable 
to 2560 x 4 using optional imm4·22 or imm4-24 
modules. 

• Four 4-line input ports and eight 4-line output ports 
expandable to 16 input and 48 output ports using op
tional imm4-60, imm4-22 or imm4-24 modules. 

• Two phase crystal clock. 

imm4-22 Instruction/Data Storage Module 
• This microcomputer module has memory capacity iden

tical to the Central Processor Module and is used for 
expanding memory and I/O. 

• Sockets for 1 K bytes of PROM program storage are 
provided. 

• 320 words (4-bit) of data storage are provided. 
• Four 4-bit input ports and eight 4-bit output ports. 

imm4-24 Data Storage Module 
• This microcomputer module has capacity for sixteen 

Intel 4002 RAMS - 1280 words (4-bit) of dat~ storage. 
• 320 words (4-bit) of data storage are provided. 
• A maximum Intellec 4 system may contain up to 2560 

words of storage - decoding for this expansion is 
provided. 

• A 4-bit output port is associated with each RAM on this 
microcomputer module providing sixteen 4-bit output 
ports on each module .. 

• All output ports are TTL compatible. 

imm4-60 Input/Output Module 
• This module provides input and output port expansion 

without additional memory. 
• Eight 4-bit input ports and eight 4-bit output ports are 

provided. 
• Ports on this module are TTL cqmpatible. 
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MICROCOMPUTER MODULES 

MCS_S™ 

immS-82 Central Processor Module 
• Intel's 8008 eight-bit parallel single chip CPU -

p-channel silicon gate MOS. 
• Acc\lmulator and six 8·bit working registers. 
• Subroutine nesting up to seven levels. 
• Interface to 16K 8-bit bytes of PROM, ROM, or RAM 

via the PROM Memory Module and RAM Memory 
Module. 

• I nterface for expansion to eight 8-bit input ports and 
twenty-four 8-bit output ports, via the I/O and Output 
Modules. 

• Interrupt capability. 
• Two phase crystal clock. 
• All module interfaces are TTL compatible. 

imm8-60 Input/Output Module 
• Four 8-bit input ports (32 lines). 
• Four 8-bit data latching output ports (32 lines). 
• One pair of ports for TTY communication. 
• All input and output ports are TTL compatible. 

immS-62 Output Module 
• Eight 8·bit data latching output ports (64 lines). 
• All output ports are TTL compatible. 

imm8-82 Central Processor Module 

MCS-SO™ 

immS-S3 CPU Module 

• Complete 8-bit parallel central processor module with 
system clocks, interface and control for memory, I/O 
ports, and real time interrupt. 

• Utilizes Intel's high performance 8080 single chip 
n-channel microcomputer. 

• 2.5 psecond instruction execution time. 
• 78 basic instructions including the entire 8008 instruc· 

tion set. 
• Direct addressing of up to 64K bytes of any speed ROM, 

PROM, or RAM memory. 
• Unlimited subroutine nesting. 
• Seven working registers - six 8·bit general purpose 

registers and an 8-bit accumulator. 
• Separate 16-bit address bus, 8-bit output bus and 3 

multiplexed 8-bit input busses for I/O input, memory 
input and interrupt data. 

• Direct addressing of 256 input and 256 output ports. 
• Multiple level real time interrupt capability. 
• Direct memory access capability. 
• All buses TTL compatible. 
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immS-61 I/O Module 

• Four 8-bit input and four 8-bit latching output ports. 
• Directly compatible with imm8-83 central processor 

module. 
• Integral asynchronous serial data communications 

capability and teletype interface. 
• Jumper selectable transm ission rates of 110, 1200 or 

2400 baud. 
• Crystal controlled clock. 
• Capable of high speed serial communications to 9600 

baud. 
• TTL compatible. 

immS-63 Output Module 
• Eight 8-bit latching output ports. 
• Directly compatible with imm8-83 central processor 

module. 
• Decoding provided for the selection of up to 256 

individual output ports. 
• TTL compatible. 



COMMON SYSTEM MODULES 

imm6-26 PROM Memory Module 
• Provides sockets for up to sixteen 1702A electrically 

programmable and erasable PROMs for a system's 
fixed program memory (maximum 4K bytes/module). 

• For volume requirements, Intel 2048·bit mask pro· 
grammed MaS ROMs (1302) may be substituted in 
the same module. 

imm6:28 RAM Memory Module 
• A 4K ·x 8 n·channel MaS memory system using 

Intel's 1024·bit Static RAM (2102). 
• Address latching, data latching, and module select 

decoding are provided on the card. 
• Provides program storage for up to 4K instructions. 

MICROCOMPUTER MODULES 

imm6-70 Universal Prototype Module 
• Accommodates 14, 16,24, or 40 pin wire wrap 

sockets (max imum of 52 16-pin sockets). 
• Provides breadboard capability for developing 

custom and specialized interface circuits. 

imm6-72 Module Extender 
• Extends Intellec modules out of card chassis for ease 

in test and system debugging. 

imm6-76 PROM Programmer Module 
• Provides all timing and level shifting circuitry for pro

gramming Intel's programmable and erasable 1702A 
PROMs. 

IMM 6-28 RAM MEMORY MODULE 

CONVERSION KITS 

imm4-88 

The imm4-88 conversion kit provides an upgrade path for 
Intellec"'4/MOD 4 microcomputer development systems. It 
includes all the hardware and software required to fully 
support 4040 CPU based microcomputer system develop
ment. 

The conversion kit contains an imm4-43 CPU module, new 
memory controller, new front panel, and any software reo 
quired. 

NOTE: Due to necessary wiring changes, these conversions 
are done at the Intel factory. Contact local Intel sales
men or representatives for instructions. 

imm8-88 

The imm8-88 conversion kit provides an upgrade path for 
Intellec"'8/MOD 8 microcomputer development systems. It 
includes all the hardware and software products requ ired 
to fully support 8080 CPU based microcomputer system 
development. With the imm8-88 conversion kit installed in 
an Intellec 8/MOD 8, complete 8080 CPU hardware and 
software development capability is provided. 

The conversion kit is installed by simply plugging in the 
three new hardware modules in the appropriate Intellec 8/ 
MOD 8 chassis connectors and installing the new system 
monitor. The system can be quickly reconfigured to sup· 
port 8080 CPU chip development by replacing the original 
boards and system monitor. 
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OEM COMPUTER SYSTEMS 

SBC 80/10 SINGLE BOARD COMPUTER 
8080A Central Processing Unit 

1 K bytes of read/write memory 

Sockets for 4K bytes of programmable or masked read-only 
memory 

48 Programmable I/O lines with sockets for interchangeable 
line drivers and terminators 

Programmable Synchronous/Asynchronous communica
tions interface with selectable teletype or RS232C compati
bility_ 

Six interrupt request lines. 

Bus drivers for memory and I/O expansion 

Compatable with optional memory and I/O boards. 

The SBC-BO/l0 is a member of Intel's complete line of OEM computer systems which take full advantage of Intel's LSI 
technology to provide economical, self-contained computer based solutions for OEM applications. The SBC-BO/l0 is a 
complete computer system on a single 6.75-by-12 inch printed circuit card. The CPU, system clock, read/write memory, 
non-volatile read-only-memory, I/O ports and drivers, serial communications interface, bus control logic and drivers all reside 
on the board. 

Memory and I/O expansion may be achieved using standard Intel boards. Memory may be expanded to 65,536 bytes by 
adding user specified combinations of SBC-016 16K byte RAM boards, SBC-406 6K byte PROM boards, and SBC-416 16K 
PROM boards. Input/output capacity may be expanded to 63 B-bit input ports and 63 B-bit output ports using SBC-50B 
Input/Output boards. Each I/O board contains four B-bit input ports and four B-bit output ports. Memory and I/O may be 
expanded simultaneously (i.e. 4K bytes of RAM, 4K bytes of PROM, and 4B programmable I/O lines, and a USART) by using 
the SBC-l 04 Combination board. Expandable backplanes and card-cages are available to support multi-board systems. 

SPECIFICATIONS 
WORD SIZE 

Instruction: B, 16, or 24 bits 
Data: B bits 

CYCLE TIME 
Basic Instruction Cycle: 1.95 f-Isec 
Note: Basic instruction cycle is defined as the fastest 
instruction (i.e. four clock cycles) 

MEMORY ADDRESSING 
On-Board ROM/PROM: O-OFFF 
On-Board RAM: 3COO-3FFF 
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I/O CAPACITY 
Parallel: 4B programmable lines 
Note: Expansion to 504 input and 504 output lines can be 

accomplished using optional I/O boards. 

Serial: (USART) 
Baud Rate (Hzl 

Frequency (KHzl 
Synchronous Asynchronous 

(Jumper Selectablel (Program Selectablel 
';'16 :64 -- --

307.2 - 19200 4800 
153.6 - 9600 2400 
76.8 - 4800 1200 
38.4 38400 2400 600 
19.2 19200 1200 300 
9.6 9600 600 150 
4.8 4800 300 75 
3.49 3490 - 110 



OEM COMPUTER SYSTEMS OEM 

SPECIFICATIONS 

MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 1 K bytes 
Off-Board Expansion: Up to 65,536 bytes using user 
specified combinations of RAM, ROM, and PROM . 

NOTE: ROM/PROM may be added in 1 K byte increments. 

I/O ADDRESSING 
On-Board Programmable I/O 

Synchronous: 
5-8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break characters generation 
1,1-1/2, or 2 stop bits 
False start bit detectors 

Full duplex, double buffered transmitter and receiver 
Parity, overrun, and fra·ming error detection 

INTERRUPTS 
Single-level with on-board logic that automatically vectors 
processor to location 3816 using RESTART 7 instruction. 
Interrupt requests may originate from user specified I/O (2) 
the programmable peripheral interface (2), or USART (2) 

INTERFACES 
Bus: All signals TTL compatible 
Parallel I/O: All signals TTL compatible 

Serial I/O: RS232C or 20 mil current loop TTY inter
face (jumper selectable) 

Interrupt Requests: All TTL compatible 

LINE DRIVERS AND TERMINATORS 
I/O Drivers: 

The following line drivers and terminators are all com
patible with the I/O driver sockets on the SBC-80/1 O. 

Driver Characteristic Sink Current (mAl 

7438 I,OC 48 
7437 I 48 
7432 NI 16 
7426 I,OC 16 
7409 NI,OC 16 
7408 NI 16 
7403 I,OC 16 
7400 I 16 

Note: I = inverting N.I. = non-inverting OC = open collector 

I/O Terminators: 
Terminators: 220~U330Q. divider or 1 kQ.* 

22on/330n 330n 
';=;L'20n 

-= SBC·9010PTION 

1Kn t5-vYV'----O SBC-9020PTION 
,Kn 

·Must be ordered separately. 

Bus Drivers: 

Function Characteristic Sink Current (mAl 

Data Tri-State 
Address Tri-State 
Commands Tri-State 

SYSTEM CLOCK 
2.048 MHz ± 0.1% 

CONNECTORS 
Bus: 

86 pin double-sided PC edge connector 
0.156 inch centers 
Mating Connector: Control Data Corp. 

VPB01E43AOOAl 
Parallel I/O: 

25 
25 
25 

Two 50 pin double-sided PC edge connectors 
0.1 inch centers 
Mating Connector: 3M 3415-000 or TI H312125 

Serial I/O: 
26 pin double-sided PC edge connector 
0.1 inch centers 
Mating Connector: 3M 3462-000 or TI H312113 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 em) 
Height: 6.75 in. (17.14 em) 
Depth: 0.50 in. (1.27 em) 
Weight: 14 oz. (0.48 Kg) 

ELECTRICAL CHARACTERISTICS 
DC Power: 

VCC = +5 ± 5% 
VDD =+12 ± 5% 
VBB = -5V ± 5% 
VSS = -12V ± 5% 

ICC = 2.9 A max 
100 = 150 mA max 
IBB = 2 mA max 
ISS = 150 mA max 

Note: Does not include power required for options 
PROM, I/O drivers, and 1/0 terminators. 
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MICROCOMPUTER SOFTWARE PRODUCTS 

The following section contains information on Intel's Cross Software Products and User's Library. These cross products are all 
written in FORTRAN IV and are designed to run on a large computer system while generating code for or simulating one of 
Intel's microcomputers. All these products are also available on several computer timesharing services worldwide. 

Included among these products are the PL!MT.M. compilers. The PL!MT.M. high level programming language was developed by 
Intel for the 8008 and 8080 microcomputers. Use of this language can significantly reduce programming time and costs. 

A partial list of programs in the Intel microcomputer User's Library is also included. New programs are constantly being added 
to the library in a continuing effort to increase the size of the largest commercially available library of microcomputer programs 
in the world. You are encouraged to become a member to reap the benefits of the knowledge and experience of hundreds of 
users. Contributed programs are gratefully accepted . 

• 
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MCS-40 CROSS ASSEMBLER 

Accepts all 4004 and 4040 instructions 

Conditional assembly capability 

Fu II macro facility 

Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services 

The MCS·40 Cross Assembler, MAC40, is a powerful program development tool for Intel's® 4·bit microcomputers, the 4004 and 
the new 4040. MAC40 provides extensive capabilities which reduce the time and effort involved in program development, debug 
and documentation. The cross assembler allows usage of the high speed I/O and text editing capability of a large computer 
system to further shorten the programming task. 

MAC40 translates 4004/4040 machine assembly language instructions into the appropriate 'machine operation codes. In addition 
to eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to 
modify programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC40 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 

Output from MAC40 may be punched to paper tape in hex format for loading into an Intellec® 4 Development System or may 
be punched in BNPF format to program ROMs. 

MAC40 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32·bit 
or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 

SPECIFICATIONS 
CAPABI LITI ES: 
Accepts all 66 instruction mnemonics 
plus 10 pseudo·operators. 

Allows up to 499 labels in standard 
configuration; easily expandable. 

Allows a total of up to 9 levels of 
nested conditional assembly and 
nested macro· calls. 

User definable I/O formats. 

Batch or interactive mode. 

OPERATIONAL ENVIRONMENT: 
Hardware required 

32·bit or larger word size 
12-16K words depending on 

machine 

Software required 
ANSI standard FORTRAN IV 
compiler 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9 Track 
EBCDIC 
800 BPI 

80 Byte unblocked 
records 

Unlabeled 

TAPE CONTENTS: 
MCS-40T.M Cross Assembler 
(FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

XCNV4 Conversion Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE 
INCLUDES: 
4004/4040 Assembly Language Pro· 
gramming Manual 

MAC4 External Reference Specification 

Pocket Reference Card 
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MCS-8T
.
M·CROSS ASSEMBLER 

Accepts all 8008 instructions 

Conditional assembly capability 

Full macro facility 

Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services. 

The MCS_BT •M • Cross Assembler, MACB, is a powerful program development tool for Intel's® BOOB microcomputer. MACB 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation. 
The cross assembler allows usage of the high speed I/O and text editing capability of a large computer system to further shorten 
the programming task. 

MACB translates symbolic BOOB assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MACB to include or delete sections of code which may vary from system to system, such as the code required to handle 
optional external devices. 

Output from MACB may be loaded directly to the BOOB Simulator (INTERP/B) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an I ntellec® B/Mod B Development System. It may also be punched in 
BNPF format to program ROMs. 

MACB is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit or 
larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
~d . 

MeS-8 T•M. ASSEMBL Y LANGUAGE 
PROGRAMMING EXAMPLE: 

00lE 
001E OEOO 
0020 2609 
0022 
0022 C2 
0023 lA 
0024 DO 
0025 21 
0026 2B 
0027 Cl 
0028 402COO 
002B 83 
002C 
002C lA 
0020 C8 
002E 442200 

SPECIFICATIONS 
CAPABILITIES: 
Accepts all 4B instruction mnemonics 
plus 10 pseudo-operators. 

Allows up to 499 labels in standard 
configuration; easily expandable. 

Allows total of up to 9 levels of 
nested conditional assembly and 
nested macro-calls. 

User definable I/O formats. 

Batch or interactive mode. 

1fJ.38 

; UMUL - UNSIGNED INTEGER MULTIPLY 
; CALL: ARGUMENTS IN C & 0 
; EXIT: HI ORDER PRODUCT IN B 

LO ORDER PRODUCT IN C 
; REGS: A,B,E AND FLAGS EXCEPT CARRY ALTERED 
UMUL: 

UMULO: 

MVI B.O 
MVI E,9 

MOV A,C 
RAR 
MOV C,A 
OCR E 
RZ 
MOV A,B 
JNC UMULl 
ADD 0 

RAR 
MOV B,A 
JMP UMULO 

; ROTATE CARRY INTO 
; PRODUCT - MULTIPLIER 
; SHARED REGUSTER 

FORCING NEXT LSB 
; INTO CARRY 
; EXIT IF 8TH ITERATION 
; IF CARRY SET 
; ADD MULTIPLICAND TO 
; PRODUCT 

; ROTATE MOST SIGNIFICANT 
; PRODUCT AND REPEAT LOOP 

OPERATIONAL ENVIRONMENT: TAPE CONTENTS: 
Hardware required 

32-bit or larger word size 
12-16K words depending on 

machine 

Software required 
ANSI standard FORTRAN IV 
compiler 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9 Track BO Byte unblocked 
EBCDIC records 
BOO BPI Unlabeled 

MCS_BT•M• Cross Assembler 
(FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

CONVB Conversion Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE 
INCLUDES: 
BOOB Assembly Language Programming 
Manual 

MACB External Reference Specification 

Pocket Reference Card 



4004/4040 SIMULATOR 

Simulates all 4004/4040 machine instructions 

Accepts output from MAC40, the I ntel® 4004/4040 Cross 
Assembler 

Contains extensive symbolic debugging capabilities 

Written in ANSI standard FORTRAN IV 

Instantly available on worldwide timesharing services 

COMMAND CAPABILITIES: 
Set breakpoints 

Trace program execution 

Dump and modify memory 

Examine and modify registers 

Examine and set I/O ports 

Simulate the 4040 hardware interrupt 

Measure program execution time 

The 4004/4040 Simulator, INTERP/40, is a complete simulation and debug program for the Intel® 4004 and 4040 micro
computers_ Programs can be run, displayed, stopped, and altered allowing step by step refinement without continuous 
reassembly of the source program. INTERP/40 provides powerful commands to control the execution of 4004 and 4040 
programs. Extensive debug features are built in to help reduce the time and cost involved in program checkout. 

INTERP/40 also provides symbolic reference to storage locations and operation codes as well as numeric reference in various 
number bases. 

INTERP/40 is written in FO RTRAN IV and is designed to run on most large scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on major timesharing services throughout the world. 

MC S_40T .M . PROGRAM DEVELOPMENT CYCLE 

ASSEMBLY 
LANGUAGE 

SPECIFICATIONS 
CAPABILITIES: 
Provides total software simulation of 
the Intel® 4004 and 4040 CPU's. 

Can be run in batch or interactive 
mode. 

OPERATIONAL ENVIRONMENT: 
Hardware required 

32-bit or larger word size 
12-15K words of memory, depend
ing on machine 

Software required 
FORTRAN IV compiler 

MAC40 
CROSS 

INTERP/40 

ASSEMBLER SIMULATOR 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9-track 
EBCDIC 
BOOBPI 

BO-byte unblocked 
records 

Unlabeled 

INTELLEC® 4 
MODELS 4 AND 40 -- MICROCOMPUTER 

DEVELOPMENT 
SYSTEMS 

D 
YOUR -- OWN 

SYSTEM 

TAPE CONTENTS: 
4004/4040 Simulator 
(FORTRAN IV Source) 
MERGE Source File Editing Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 
INTERP/40 External Reference 
Specification 
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8008 SIMULATOR 

Simulates all SODS machine instructions Written in FORTRAN IV 

Accepts output from PL/MT.M. compiler or MACS cross 
assembler 

Instantly available on worldwide timesharing services 

Comprehensive user documentation 
Comprehensive debug features 

The 8008 Simulator, INTERP/8, is a complete simulation and debug program for the Intel® 8008 microcomputer. INTERP/8 
provides powerful commands to control the execution of 8008 programs. Extensive debug features are built-in to help reduce 
the time and cost involved in program checkout. 

INTERP/8 simulates execution of all 8008 machine instructions. Programs either compiled on the PL/MT.M. compiler or 
assembled on the MAC8 Cross Assembler may be loaded directly into INTERP/8 for simulation and checkout. 

INTE RP/8 provides commands to: 

• Set Breakpoints • Measure Program Timing 
• Trace Program Execution • Examine and Set I/O Ports 
• Dump and Modify Memory • Perform Interrupts and Stack Manipulations 
• Examine and Modify Registers • Perform Address Arithmetic 

INTERP/8 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 

INTERP/8 is written in FORTRAN IV and is designed to run on most large-scale computer systems with a 32-bit or larger 
integer format (word size)_ It is also available for immediate use on several major timesharing services throughout the world. 

MCS_ST.M. PROGRAM D EVELOPMENT CYCLE 

ASSEMBLY 
LANGUAGE 

PLlMToM . 

SPECIFICATIONS 

CAPABILITIES: 
Simulates all 48 machine instructions 

Allows full 16K program 

Can be run in batch or interactive 
mode 

1()'40 

MAca 
I- CROSS 

ASSEMBLER 

INTERP/a - SIMULATOR 

I- PL/M·a 
COMPILER 

OPERATIONAL ENVIRONMENT: 
Hardware required 

32-bit or larger word size 
15-20K words of memory, 

depending on machine 
Software required 

FORTRAN IV compiler 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9-track 
EBCDIC 
800 BPI 

80-byte unblocked 
records 

Unlabeled 

-

INTELLEC· 
S/Mooa 

r+ MICROCOMPUTER 
OEVELOPMENT 

SYSTEM 

f- ROM 

YOUR ... OWN 
SYSTEM 

TAPE CONTENTS: 
8008 Simulator 
(FORTRAN IV Source) 
MERGE Source File Editing Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 
INTERP/8 User's Manual 
INTERP/8 Installation Guide 



MCS-80 T
.
M

. CROSS ASSEMBLER 

Accepts all 8080 instructions 

Conditional assembly capability 

Full macro facility 

Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services 

The MCS-80 Cross Assembler, MAC80, is a powerful program development tool for Intel's® 8080 microcomputer_ MAC80 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation_ 
The cross assembler allows usage of the high speed I/O and text editing capability of a large computer system to further shorten 
the programming task. 

MAC80 translates symbolic 8080 assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC80 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 

Output from MAC80 may be loaded directly to the 8080 Simulator (lNTERP/80) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an Intellec® MDS Microcomputer Development System. It may also be 
punched in BNPF format to program ROMs. 

MAC80 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit 
or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 

MCS-80™·ASSEMBLY LANGUAGE PROGRAMMING EXAMPLE: 

0000 
0000 
0002 
0003 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 
OOOD 

OE08 
AF 

1A 
8E 
27 
12 
23 
13 
OD 
C20300 
C9 

DECAD: 

LOOP: 

THIS SUBROUTINE PERFORMS DECIMAL ADDITION 
FOR 16 DECIMAL DIGITS ON THE INTEL 8080 
MICROCOMPUTER. 

THE ADDRESS OF THE FIRST OPERAND IS EXPECTED TO BE IN THE 
D AND E REGISTERS AND THE ADDRESS OF THE 
SECOND OPERAND SHOULD BE IN THE HAND L 
REGISTERS. THE RESULT IS STORED OVER THE 
FIRST OPERAND. THE ADDITION IS DONE TWO DIGITS 
AT A TIME. 

MVI C.8 
XRA A 

LDAX D 
ADC M 
DAA 
STAX D 
INX H 
INX D 
DCR C 
JNZ LOOP 
RET 

; INITIALIZE DIGIT COUNTER (HALF) 
; CLEAR CARRY BIT 

LOAD TWO DIGITS FROM FIRST OPERAND 
ADD TWO DIGITS FROM SECOND OPERAND WITH CARRY 
DECIMAL ADJUST RESULT 
STORE TWO DIGITS OF RESULTS OVER FIRST OPERAND 
INCREMENT ADDRESS OF SECOND OPERAND 
INCREMENT ADDRESS OF FIRST OPERAND 
DECREMENT DIGIT COUNT 
CONTINUE IF MORE DIGITS LEFT 
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8080 SIMULATOR 

Simulates all SOSO machine instructions Written in FORTRAN IV 

Accepts output from pL/MT.M. compiler or MAC SO Cross 
Assembler 

Instantly available on worldwide timesharing services 

Comprehensive user documentation 
Comprehensive debug features 

The S080 Simulator, INTERP/SOT.M., is a complete simulation and debug program for the Intel® 8080 microcomputer. 
INTERP/80 provides powerful commands to control the execution of 8080 programs. Extensive debug features are built in to 
hel p reduce the time and cost involved in program checkout. 

INTERP/80 simulates execution of all 8080 machine instructions. Programs either compiled on the PL/MT.M. compiler or 
assembled on the MAC80 Cross Assembler may be loaded directly into INTERP/80 for simulation and checkout. 

INTERP/80 provides commands to: 

• Set Breakpoints • Measure Program Timing 
• Trace Program Execution • Examine and Set I/O Ports 
• Dump and Modify Memory • Perform I nterrupts and Stack Manipulations 
• Examine and Modify Registers • Perform Address Arithmetic 

INTERP/80 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 

INTERP/80 is written in FORTRAN IV and is designed to run on most large·scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on several major timesharing services throughout the world. 

MCS-SOT,M. PROGR AM DEVELOPMENT CYCLE 

ASSEMBLY 
LANGUAGE 

PUM'· 

SPECIFICATIONS 
CAPABILITIES: 
Simulates all 78 machine instructions 

Allows 16K program, easily 
expandable 

Can be run in batch or interactive 
mode 
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f-

t-

MAcao 
CROSS 

ASSEMBLER 

INTERP/ao f-- SIMULATOR t--

PUM·ao 
COMPILER 

OPERATIONAL ENVIRONMENT: 
Hardware required 

32-bit or larger word size 
15-20K words of memory, 

depending on machine 
Software required 

FORTRAN IV compiler 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9-track 80-byte unblocked 
EBCDIC records 
800 BPI Unlabeled 

r+ 

1+ 

'-

INTELLEC® 
MDS 

MICROCOMPUTER 
DEVELOPMENT 

SYSTEM 

ROM 

YOUR 
OWN 

SYSTEM 

TAPE CONTENTS: 
8080 Simulator 
(FORTRAN IV Source) 
MERGE Source File Editing Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 
INTERP/80 User's Manual 
INTERP/80 Installation Guide 



PL/MT
.
M

. HIGH LEVEL PROGRAMMING LANGUAGE 
MCS-8T .M. AND MCS-80T . M. CROSS COMPILERS 

Reduces program development time and cost Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV I mproves product reliability and eases maintenance 

Available for 8008 and 8080 Instantly available on worldwise timesharing services 

Comprehensive user documentation 

PL/M is a high-level system programming language, specifically designed to ease the programming task for INTEL's 8-bit 
microcomputers, the 8008 and the 8080. PL/M is a powerful tool, well suited to the requirements of the microcomputer 
system designer and implementor. The language has been designed to facilitate the use of modern techniques in structured 
programming. These techniques can lead to rapid system development and checkout, straightforward maintenance and 
modification, and high product reliability. 

The PL/M compilers convert a free-form symbolic PL/M program into an equivalent 8008 or 8080 object program. The com
pilers themselves take care of all the details of machine or assembly language programming, which permits the programmer to 
concentrate entirely on effective software design, and the logical requirements of his system. 

Output from the PL/M compiler may be loaded directly into the 8008 or 8080 simulator programs for interactive, symbolic 
debugging or may be punched to paper tape in hex format for loading into an Intellec® Microcomputer Development System. 
It may also be punched in BNPF format to program ROMs. 

The PL/M compilers are written in ANSI standard FORTRAN IV and are designed to run on any large-scale computer system 
with a minimum 32-bit integer format (word size). They are also available for immediate use on several worldwide timeshar
ing systems. 

PL/MPROGRAMMING EXAMPLE: 
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/' BUBBLE SORT DECLARATION '/ 

SORT: PROCEDURE IN) ADDRESS; 

/' N = LENGTH OF A 
COUNT = NR. OF SWITCHES PERFORMED TO-DATE 
SWITCHED = IBOOLEAN) HAVE WE DONE ANY SWITCHING YET ON THIS SCAN) '/ 

DECLARE IN. I, SWITCHED) BYTE, 
(TEMP. COUNT) ADDRESS; 

SWITCHED = 1; j' SWITCHED = TRUE MEANS NOT DONE YET '/ 
COUNT = 0; 
DO WHILE SWITCHED; 

SWITCHED = 0; j' BEGIN NEXT SCAN OF A 'j 
DO I = 0TO N-2; 

IF All) > AII+1) THEN 
DO; j' FOUND A PAIR OUT OF ORDER 'j 

COUNT = COUNT + 1; 
SWITCHED = 1; j' SET SWITCHED = TRUE '/ 
TEMP = All); /* SWITCH THEM INTO ORDER 'j 

All) = AII+lI; 
AII+lI = TEMP; 
END; 

END; 
/' HAVE NOW COMPLETED A SCAN 'j 

END j' WHILE 'j; 
j' HAVE NOW COMPLETED A SCAN WITH NO SWITCHING *j 

RETURN COUNT; 

END SORT; 

, 

I 



SOFTWARE 

SPECIFICATIONS 

OPERATING ENVIRONMENT: 
Required hardware 

32·bit or larger word size 
20-25K words of memory, 
depending on machine 

Required software 
ANSI standard FORTRAN IV com· 
piler 
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PL/MT.M. 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9-track EBCDIC 
800 BPI 80·byte unblocked records 
Unlabeled 

DOCUMENTATION PACKAGE: 
8008 and 8080 PL/M Programming 
Manual 
8008 (or 8080) PL/M Compiler 
Operator's Manual 

TAPE CONTENTS: 
PLM Pass 1 (FORTRAN IV Source) 
PLM Pass 2 (FORTRAN IV Source) 
MERGE Source File Editing Program 

(FORTRAN IV Source) 
Sample Test Program (PL/M Source) 



inter 
SERIES 3000 CROSS MICROPROGRAMMING SYSTEM 

Built-in series 3000 fields and mnemonics 

User definable fields and mnemonics 

Hierarchical field defaults 

Free field statement format 

String macro capability 

Extended address generation 

Graphical microprogram memory display 

Symbolic label reference directory 

MCU jump address validation 

RAM/ROM/PROM programming file generation 

The Intel® Series 3000 Cross Microprogramming System, CRaM IS, is an advanced software system that supports the generation 
of microprograms for custom Series 3000 processor and controller micro-architectures. It provides extensive programming 
facilities that greatly reduce the time and effort required to develop, debug, and document a microprogram. 

CRaM IS consists of two major software subsystems, XMAS and XMAP, XMAS is a symbolic microassembler which is dynami
cally user extensible in the size and structure of the target microinstruction format. XMAP is a complementary subsystem which 
maps the microinstruction bit patterns produced by XMAS into the desired physical microprogram memory locations. 

In addition to providing four built-in microinstruction fields and corresponding mnemonic sets for the basic 3001 MCU and 
3002 CPE functions, XMAS accepts user definitions for extended microinstruction fields and their associated mnemonics. 
Graphic debugging aids, string macro capability, definable defaults, and extended address generation further simplify the 
microprogramming of Series 3000 computing elements. 

XMAP accepts the microinstruction file produced by XMAS and generates under user specifications one or more programming 
files for use with standard memory components. It enables the user to specify the mapping of the field into the physical bit 
positions of the microprogram memory components. 

CROMIS is designed for use on almost any modern computing system with high speed I/O and on-line file facilities. It is 
available in ANSI (standard) FORTRAN IV source form for user installation or may be immediately accessed on any of several 
major timesharing services throughout the world. To insure the long term reliability and maintainability of CRaM IS, all 
component programs are written in a highly modular, structured programming style with extensive operational documentation. 

SPECIFICATIONS 

XMAS CAPABILITIES 

Translates all 3001 MCU and 3002 
CPE mnemonics. 

Dynamically allocates storage for 
labeis, values and strings in a user 
expandable data area. 

Accepts microinstruction format defi
nitions of up to 64 total bits. 

Provides extended address generation 
for up to 16K microinstructions. 

Includes a four-level user definable 
field default mechanism. 

XMAP CAPABI LlTIES 

Provides direct or inverted mapping for 
any bit in any microinstruction field. 

Permits explicit l's or O's to be speci
fied for unused bit locations. 

Generates standard BNPF or Aexa
decimal programming files. 

Accepts memory configuration defini
tions from 1 X 1 bits to 16K X 16 bits. 
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OPERATIONAL ENVIRONMENT 
Required hardware: 

16-bit or larger word size 
5 rewindable data files (disc or tapes) 

Required software: 
ANSI standard FORTRAN IV 

compiler 

TAPE CONTENTS 
TAPE 1 

Part 1 of XMAS FORTRAN IV 
Source 

TAPE 2 
Part 2 of XMAS FORTRAN IV 

Source 
XMAS Sample Program 
XMAP FORTRAN IV Source 
XMAP Sample Program 
MERGE File Editing Program 

SHIPPING MEDIA 
Two 2400' magnetic tapes 

TAPE FORMAT 
9-track 
80 byte 
EBCDIC 

800 bpi 
unblocked 
unlabeled 

DOCUMENTATION 

Microprogramming the Series 3000 
XMAS/X MAP Message Summary 
XMAS Installation Guide 
. (preamble to XMAS FORTRAN 

source) 
XMAP Installation Guide 

(preample to XMAP FORTRAN 
source) 



MICROCOMPUTER SOFTWARE LIBRARY 
USER'S PROGRAM LIBRARY 

The Intel Microcomputer User's Library is a collection of programs, subroutines, procedures and macros written by users of 
Intel's 4004, 4040, 8008 or 8080 microcomputers. Thanks to customer contributions to the User's Library, Intel is now able to 
make these programs available to all users of Intel microcomputers. By taking advantage of the availability of these general 
purpose routines, the microcomputer design engineer and programmer can save many hours of programming and debugging. 

A complete, documented listing of each program, procedure or macro in the user's library is sent to each member. This includes 
information on the program environment, required hardware and software, subroutine calling sequences and memory require· 
ments. As new programs are submitted to the User's Library, they will be sent to all members. Strict documentation standards 
will be maintained to assure the usability of each library program by every interested member. Several of the available programs 
are listed in this brochure. 

There are two user's libraries, one each containing programs for the Intel 4·bit and 8·bit microcomputer systems, respectively. 
Membership in each user's library is available to any interested person or organization. A yearly membership fee of $100 is 
charged, for which the member receives a manual of all programs in that library and all updates during the year. For those 
prospective members who submit a program to the library, a free one·year membership will be awarded. A submittal form for 
program donation is included in this catalog. More forms may be obtained from any Intel representative. 

Ordering Information 

To become a member, send a program, purchase order, or check to: 
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User's Library 
Microcomputer Systems 
I ntel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 



MICROCOMPUTER SOFTWARE LIBRARY 
PARTIAL PROGRAM INDEX-4-BIT USERS LIBRARY 

TITLE 

Cross Assembler on PDP-S 

Cross Assembler for NOVA Computer 

BNPF Tape Generator for PDP-S 

MCS-4 Simulator for PDP-S 

MCS-40 Cross Assembler 

Intel MCS-40 Cross Assembler 
and Text Editor 

FUNCTION 

Performs symbolic assembly for 4004 assembly language programs. The assembler 
runs on a DEC PDP-8 minicomputer. 

Assemble MCS-4 progr,ams and program PROMs. 

Produces a BNPF object tape from the output of the PDP-8 assembler modified to 
assemble MCS-4 programs. 

Simulates operation of MCS-4 system; allows breakpoints, dumps, modification of 
RAM or ROM, I/O under user control, provides cycle counter for timing. Accepts 
output of PAL8 assembler in binary form. 

Program to perform assembly of 4040 programs on an I ntellec 8/Mod 80. 

Edit and assemble MCS-40 source language using a Computer Automation Alpha-
16/Alpha-LSI producing program listings, error diagnostics, source and object tap'es. 

All programs listed below will execute on the 4004 or 4040 CPU. 

A Chebyshev Approximation Package 

Parity Checker/Generator 

Parity Generator, ASCII Character 

Code Conversion: ASCII to EBCDIC 

Delay Subroutines 

Bit Manipulation Routine 

Universal Logic Subroutines 

B-bit Parity Check Annex 

Binary to BCD Converter 

Data Compare 

Paper Tape Edit 

IOMEC SERIES THREE (S-3) 
Cartritape to Intel MCS-4 

The package contains approximation routines for sine, cosine, arctangent" natural 
logrithm (Joge), and exponential functions (eX). It also contains routines for per
forming addition, complement, multiplication, and division on 54-bit binary num
bers. 

Routine to check or generate parity for 8-bit byte. Utilizes modul0-2 counting 
technique. 

Routine to add even parity bits to 7-bit ASCII character. Utilized modul0-2 count
ing technique. 

Table and routine to perform 7-bit ASCII to 8-bit EBCDIC code conversion. Full 
table with 128 entries prOVided. 

To conditionally generate a selectable time delay of: 

1. 1 through 255 ms in one ms increments 
2. 1 through 256 quarter seconds in one quartersecond increments 
3. 1 through 15 minutes in one minute increments 

AND, OR, XOR, COMPARE, set unselected bits, clear selected bits, test ones. 

Forms logical AND, OR, XOR, XOR functions functions between the contents of 
Registers 0 and 1. 

Compute parity of 8-bit word without affecting any registers or carry. 

Converts 16-bit binary value into BCD. 

Compares two 8-digit numbers and returns a pointer to the greater value in the 
carry. 

Add, correct, or delete lines in generating a new paper tape without manually 
controlling tape reader. 
Routines which allow full control of the 10MEC S-3 by the MCS-4. 
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SOFTWARE 

TITLE 

I/O Test 

Bowmar TP 3100 Printer Routine 

8-Digit Register Dispaly 

Intellec 4/Mod 40 - Silent 700 Interface 

PROM Dump Utility Program 

PRO FORMA 

Peripheral Interface Routine for a 
Thermal Strip Printer 

MCS-4/40 Dissembler 

Right Justified H EX Data Shifter 

Floating Point Arithmetic 
Subroutine Package 

HEXBCD 

Fast Binary Multiply: 
Selectable Bit Precision and 
Constant Execute Time 

Fast Decimal Multiplication Routine 

Automatic Digital Integration 

Multiply/Divide 8 Decimal Numbers 

Binary to BCD Converter 
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4-BIT 

FUNCTION 

To exercise all I/O lines to allow for troubleshooting of system design, wiring 
errors, and chip malfunctions. 

This program is to run a Bowmar model 3100 thermal printer. 

Program to display 8 digits of data. 

Program to interface I ntellec 4/Mod 40 to TI Silent 700 terminal. 

This is a program to dump the contents of a PROM in the front panel socket onto 
the teletype printer. The first address and first word is always printed out in the 
form "00-00" as address-contents. All subsequent address contents-listings are 
printed out only if the contents of the respective location are different from the 
contents of the previous location. 

This program assists in the compiling of source code tapes by eliminating errors and 
typing mistakes. I n the keyboard mode it will only transmit characters to the paper 
tape punch that are valid in the context of the system assembly language, and 
automatically formats individual lines and pages to suit. 

This subroutine controls the printing of data (numbers and selected characters) on 
thermal print paper using a 4x5 dot matrix thermal printhead. The software pro
vides character generation and controls the timing of the print cycle. 

To convert MCS-4 or MCS-40 machine code programs back into mnemonic or 
assembly code to assist in the modification of programs. 

Shifts HEX digit (four binary bits) into RAM right justified. 

Performs decimal arithmetic on 16-digit floating point operands (hexadecimal 
arithmetic is possible with minor changes). Numbers may range from 10-130 to 
10125. Functions include Addition, Subtraction, Multiplication, Division and a 
normalization routine. 

Convert 2 digit H EX value to decimal range. 

The user loads the input variables to CPU registers and specifies one of five multiply 
precisions (12x12, 12x8, 8x8, 8x4, 4x4) via a code character in register E. 

This subroutine computes the product (16 digit maximum) of two fixed point 
decimal numbers (each 8 digits maximum). 

Program will detect and integrate peaks from an amino acide analyzer and type out 
the area under the peak on the teletype. Program will detect saddle peaks and do 
simple baseline correction. 

The multiply/divide subroutine calculates the product/quotient by repeated shifted 
additions or subtractions and by incrementing/decrementing the multiplier/ 
quotient. 

Converts an 8-bit binary number to a BCD number. 
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PARTIAL PROGRAM INDEX-8-BIT USERS LIBRARY 

8-BIT MICROCOMPUTER SOFTWARE LIBRARY 

TITLE 

Save/Restore CPU State on an Interrupt 

RAM TEST PROGRAM 

TTY Binary Load Routine 

TTY Binary Dump Routine 

Memory Dump 

PROM Programmer for Intellec 8 
Microcomputer Development System 

Data Transfer Routine 

Move Routine 

Morse Code 

Binary Search Routine 

Floating Point Math Package 

Floating Point Format Conversion 
Package 

16·Bit Multiply 

DECHL 

16·Bit Multiply 

SIMPY16 

LOG2A 

FUNCTION 

Saves the CPU registers and flags to memory at the start of interrupt processing and 
restores the CPU registers and flags after the interrupt has been processed. 

Performs write and read of all zeros and ones, checkerboard test and unique address 
test. The RAM to be tested is successively initialized to a value and then tested. 

Will load memory from a paper tape which is formatted into blocks of 256 or less 
binary bytes and tests each block against a checksum frame for any read errors. The 
tape format requires a rubout to indicate start of blocks followed by the starting 
page address, the starting byte address, the word count up to 256 bytes of data and 
a checksum in that order. A block of data may overlap pages but may not exceed 
256 bytes in length. The last block of data should be followed by two consecutive 
rubouts to indicate end of data. Program will then branch to page 000 byte 000. 

Program will punch the contents of memory to paper tape which is formatted into 
blocks of 256 or less binary bytes with checksum. Tape format begins with a 
rubout to indicate start of block followed by the starting page address, starting byte 
address, word count, up to 256 bytes of data and checksum in that order. Start and 
end memory locations are entered from TTY keyboard. 

Lists memory in octal: start and stop point user definable. 

Changes programmer from fixed timing to PROM dependent timing. Program 50% 
more than minimum required, ensuring permanency. 

Transfer a block of data from any location in memory to another. 

Moves a string with a specified length to a specified location in RAM. 

Program receives message text typed on an ASR33 teletype and sends morse code 
equivalent to output port 10 bit O. It contains a 256 character buffer so that text 
can be typed in faster than it is sent. 

Uses a binary search method to find a character in a table of characters. 

Package contains subroutines for Addition, Subtraction, Multiplication, Division, 
Negate, Absolute Value, and Test of Floating Point Numbers. 

Provides subroutines for conversion between floating point format and ASCII or 
BCD. Functions are: 

1. Floating point to BCD conversion 
2. BCD to floating point conversion 
3. Floating point to fixed point (integer) conversion 
4. Fixed point to floating point conversion 

Multiplication of two 16·bit positive numbers giving a 32·bit result. 

Macro for decrementing the 16·bit binary contents of the Hand L registers. 

Performs 16·bit X '16·bit multiplication giving a 16·bit result. 

16·bit 2's complement signed multiply. 

To calculate the Base 2 log of a number between 1 and 256. 
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SOFTWARE 

TITLE 

Single Precision (8-bit) Multiply/Divide 
Subroutine 

DIV16 

BCD To/From Binary Conversion 

Binary Multiplication 

8080 I/O System Status Display 

Binary to BCD Routine 

BCD to Binary Routine 

Match Game 

Bit Masking Subroutine 

High Speed List 

Read and I nterrupt Modification 

MPY16 

Binary to ASCII Digit Converter 

Gray to Binary Conversion 

I/O !>imulation Macros 

Tape Duplication 

CRC GEN 

16 Bit CRC for polynomial 
X16+X12+X5+1 (polynomial for SDLC) 

CRC16 

CRECH 
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8-BIT 

FUNCTION 

Five subroutines are provided: 

1. 8-bit by 8-bit multiply for signed integers giving a 16-bit result 
2. 8-bit by 8-bit multiply for unsigned integers giving a 16-bit result 
3. 16-bit by 8-bit divide for signed integers giving an 8-bit result 
4. 16-bit by 8-bit divide for unsigned integers giving an 8-bit result 
5. 16-bit negate (2's complement) 

Performs a 16-bit X 16-bit division giving a 16-bit quotient and a 16-bit remainder. 

Subroutines are provided for: 

1. BCD to binary conversion 
2. Binary to BCD conversion 

Multiplies two binary numbers: 

1. Multiplicand: 24-bits 
2. Multiplier: 1- to 24-bits 

Display current I/O assignment information when invoked by the INTELLEC 
8/MOD 80 MONITOR (Version 1.0). 

Converts binary value (1- to 24-bits) to its BCD value (1 to 8 digits). 

Converts BCD value (1 to 8 digits) to binary value (maximum 24 bits). 

A game to match a player against the processor in a test of logic. 

Subroutines for changing 1 to 16 bits of a command word in RAM. 

Permits use of a high speed printer with the I ntellec 8 monitor (Version 1.0). 

Allows printing of headings or operator instructions at the beginning of a Read 
Operation. 

Performs a 16-bit X 16-bit multiply giving a 16-bit result. 

Converts binary numbers to ASCII characters. 

Converts up to 16 bits of cyclic Gray into binary data. 

I/O simulation macros for INTELLEC 8/MOD 80 systems allows simulation of 
input and output instruction based on an assembly time variable. 

Duplicates a tape read in from the high speed tape reader by punching a copy on 
the TTY terminal with a leader added at both ends. 

Generate a 16 bit cyclic redundancy check (CRC) for a data string of up to 2 16 

bytes. The generator polynomial and initial conditions are defined by the user. 

Produces a 16 bit eRC with 8 bit input bytes. Care should be taken with Most/ 
Least bit feeding of the data byte and CRC residue. Does not require a table or 
contain any loops. Requires 24H memory locations and executes in 72.5 f..lsec. 

This macro calculates a CRC16 check word using the generation polynomial 
X**16+X**15+X**2+1. It can be used to generate a check word for a record that 
doesn't include one or to check that a record including a check word is correct. 

Computes CRC characters for IBM compatible floppy disk. Also works for 
Synchronous Data Link Control (SDLC). 



TITLE 

Legible Paper Tape 

Banner Print and Pu nch 

Large Character Paper Tape 
Punch Program 

Page Listing Program 

Source Paper 'Tape to Magnetic Cassette 

I Command 

8080 RAM Memory Test 

Memory Diagnostic Program 

Compare Object Code Tape with Memory 

K, Program Trap 

DEBUG 

Punch Test or TTY Reader/Punch Test 

Reader Test 

TALLEY R2050 HSPTR Driver 

TALLY 

Model 101 Centronics Printer Handler 

High Speed Paper Tape Reader 
with Stepper Motor Control 

Terminal Editor 

8-BIT SOFTWARE 

FUNCTION 

The program punches legible characters on paper tape, useful for tape labeling. 

Create, on a listing device or tape perforator, a graphic representation of certain 
ASCII characters. 

The program will convert an inputted TTY ASCII character to a symbolic repre
sentation of that character on the paper tape. The program can also be called to 
output the ASCII character in the accumulator so the punch feature can be used by 
other programs such as monitors to print leaders, etc. . 

Provide facility for listing information in a paginated, numbered format. This is 
accomplished thru the system software with the console printer. 

Will copy a source paper tape onto a magnetic cassette. End statement must be 
followed by a carriage return. Program will ignore leading blanks. 

This program loads HEX code into sequential RAM locations beginning at the 
address specified. It is useful for loading HEX machine code directly into RAM for 
corrections, debugging, execution, or PROM programming. 

Memory test for I ntellec 8/Mod 80 system 

Writes test bytes in any range of memory and compares the written bit combination 
with what is read. Upon detection of a defective memory location, an error message 
is printed specifying the address, reference and actual values. 

This program extends the Intellec 8 system monitor's "Compare" command to 
check the data from a HEX format tape against the current information stored in 
memory. 

This program provides tow traps (search/wait) for debugging other programs which 
use RAM memory. Displays the contents of five registers and the trap address when 
the trap occurs. 

A two PROM debugging package to be used in minimum 8080 systems to inspect, 
dump, move and find data in memory. 

(1) Tests paper tape (using high speed or TTY reader), 
(2) complete TTY reader/punch test. 

Test high speed paper tape reader or TTY reader. 

Extension to the Intel 8080 monitor to handle a TALLY model R2050 photo
electric tape reader at 200 cps. 

Allows Tally 2200 line printer to be used in the assembly stage of programming 
with Intellec 8/Mod 80. 

Accepts character output for Modell 01 Centronics printer from assembler or other 
source. Buffers print characters in RAM performing TTY compatible operations 
with control characters. Causes line to be printed upon receipt of line feed. Counts 
lines and keeps track of pagination. Inserts title at top of each page. 

This circuit and program allow paper tape to be read at approximately 150 char
acters per second. The reader is assigned by monitor command "AR=1". The 
program uses electronic damping, under software control, of a stepper motor to 
increase stepping speed and precision. 

Procedure for controlling an ASR733 Texas I nstruments terminal equipped with 
RDC (remote control device) option. Search a line in a file contained in cassette 1 
with or without copying on cassette 2. The procedure is linked to the Intellec 
monitor. 
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SOFTWARE 

TITLE 

Intellec 8/Mod 80-Silent 700 Interface 

I nterrupt Service Routine 

Interrupt Handler Re-entrant 

8008 Disassembler 

8080 Dis-Assembler 

DISASM (8080 Disassembler) 

BINLB - 8080 System Loader 

Boot 

Octal PROM Programming 

8080 IDLE Analyzer for Approximating 
CPU Utilization 

Real Time Executive 

Read/write Routines for 
Interchange Tapes 

Proportional Power Control 
Image Builder 

Flag Processing Routine 

Software Stack Routines for 8008 

Symbol Table List Routine 
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a-BIT 

FUNCTION 

Interface TI Silent 700 to Mod 80. 

Handles mUltiple-level interrupts, saving all registers and flags and outputting the 
status of the current interrupt to an external status latch. 

On processor receipt of an interrupt instruction (RST 0-7), this program saves the 
machine state and previous interrupt level on the stack, transmits the new service 
level to the interrupt control unit (lCU), executes a subroutine corresponding to 
the level interrupt received, then restores the machine and ICU to their pre
interrupt state before resuming executing the interrupted program. 

This program is used to obtain an assembly language listing of a machine coded 
program in memory. 

This program inputs a HEX tape and generates a symbolic assembly language pro
gram suitable for modifications and/or assembling. 

DISASM is intended as a software development and debugging aid. Operating on 
resident object code, it produces an assembly language equivalent which is printed 
on a TTY terminal. In its present form, the program starts at a given memory 
address and steps sequentially through memory until manually halted. 

Loads HEX format paper tape produced by macro assembler on GE Timesharing 
into 8080 system. Also provides TTY input and output subroutines. BINLD can 
also produce a binary dump of itself for bootstrap loading. 

To allow for bootstrap loading of program and for patching of programs or data in 
memory via the teletype. The program uses less than 200 bytes of memory and may 
be placed in ROM or entered manually. 

This program accepts sets of 3 octal numbers. The fourth character (unless it is a 
rubout) will cause the BYTES to be placed in memory starting at 100H. Any 
invalid octal character input in the first 3 positions will cause a carriage return and 
line feed to be output to the teletype and the line to be ignored. Any number of 
sets may be input (up to the practical limit of 100H). Whenever a "bell" is typed, 
the address of the last valid byte on Page 1 will be displayed on the register/flag 
lights and control will pass to the system monitor. To program the PROM, type 
Pl00, lNN, 0 where NN is the HEX number displayed on the lights. 

Displays amount of time 8080 would have spent in an idle loop. When RUN time is 
compared with idle time, the percent of CPU utilization can be calculated. Time 
display is in memory, in ASCII. 

Performs processor initialization, period and demand scheduling, routine termina
tion, and waits during idle time. 

Subroutines read and write blocks and characters for any common audio cassette 
recorder. Variable redundancy allows high·speed or highly reliable operation. 

This program builds an "ON-OFF" image in RAM to allow proportional power 
control using zero crossing solid state relays. 

A routine for contact closure debounding and processing. 

Subroutines provided for PUSH, POP and EXCHange A with top of stack, and to 
save processor state on stack in case of an interrupt, and to restore it again. 

This program will print the user's symbols in alphabetical order followed by the 
address the 8008 Macro Assembler has aSSigned to each symbol. 



TITLE 

Digital to Analog Conversion 
for Eight Outputs 

Binary to HEX Routine 

Binary to BCD Subroutine 

HEX to decimal conversion 

"VALUE" ASCII to HEX check 
and convert routine 

BCD input and direct conversion 
to binary routine 

BINDECBIN 

MATH 

Elementary Function Package 

8080 Foating Point Package with 
BCD Conversion Routine 

8080 Least Squares Quadratic 
Fitting Routine 

Floating point procedures 

PL/M floating point interface 

Floating point decimal & HEX 
format conversion 

N-byte Binary Multiplication 
and leading zero blanking 

Subroutine DEMUL T 

8-BIT SOFTWARE 

FUNCTION 

The program processes a list of eight 16 bit values to generate eight pulse width 
modulated voltages which can be filtered to provide inexpensive digital to analog 
conversion useful for process control or other low speed requirements. 

To read a paper tape in binary (EBCD IC) format from the I ntel high speed paper 
tape reader to the MCS-80 system. 

Converts unsigned binary number in D, E to 5 8CD digits. 

Converts any HEX number between 0 and F FF FH to the decimal equivalent. 

Using routines already available in the I ntellec 8/Mod 80 monitor, "VALUE", when 
called will get an ASCII character from the assigned console device, check it for a 
valid hex digit and convert it to a four bit memory value which is returned in the 
ACCumulator. 

Fast and efficient BCD to binary conversion code. Presented in pseudo subroutine 
form for implementation in ROM to allow reading of BCD input value, conversion 
to binary representation and branching based on loading H & L registers to PC. 

Converts hex numbers input on TTY to decimal numbers and vice versa. Decimal 
numbers must be ended with 0, hexadecimals with H. Conversion begins with 
space. If first character input is CR, control is given back to monitor. Largest 
number handled is two bytes binary. 

Includes routines for fixed and floating point arithmetic together with a demonstra
tion program that performs algebraic evaluation and allows unlimited parentheses 
nesting. An expression within parentheses can be evaluated and displayed by ";" 
and is preserved as a subtotal, etc. 

Calculates floating point: 
square root 
logarithm 
exponential function 
sine 
cosine 
arc tangent 
hyperbolic sine 
hyperbolic cosine 

Performs floating addition, subtraction, multiplication, division, fixing, floating, 
negation, and conversion from floating point to BCD with exponent. 

Performs summations and matrix manipulation for fitting up to 256 floating point 
X-Y pairs to a fu nction of the form: 

aX2 + bX + c; Y 

Dummy PL/M interface procedures. 

Interfaces PL/M conventions with floating point assembler format. 

The program converts a number of 27 characters maximum to standard 13 digit 
decimal format and to floating point accumulator form in HEX format on the 
teletype. 

The program performs binary multiplication on two numbers and returns a result 
that may be up to 255 bytes in length. 

To multiply M decimal digits by N decimal digits and store the product (7 digits x 3 
digits as written, but easy to expand as required.) 
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SOFTWARE 

TITLE 

BCD MUltiplication 

MUL/DIV mUlti-precision pack for 8080 

Double precision multiply 

16 Bit Square Root Routine 

Floating Point Square Root 

SORTF 

Subroutine SORT 

Fast Floatil1g Point Square 
Root Routine 

Natural logarithm 

Subroutine LOG 

Approximating Routine 

Sin X, Cos X Subroutines 

RMSTF 

Binary search 

Random Number Generator 
Subroutine 

8-bit Pseudo Random Number 
Generator 

16-bit Random Number 
Generator 
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a-BIT 

FUNCTION 

Multiplies up to a 6 digit BCD number by a 4 digit BCD number, providing a 10 
digit BCD result. All numbers are unsigned. 

Signed fixed-point binary fraction multiply and divide. Double-precision inputs, 
double-precision output for divide and 4-byte output for multiply. 

To multiply two 16-bit numbers, returning the most significant 16 bits (in address 
form) thru the appropriate registers to the calling program. 

Return 16 bit square root (8 bit whole number joined with 8 bit fraction) of a 16 
bit argument. The result conforms to standard signed number convention; there
fore, its highest order bit will always be zero. The argument must have zeros in its 
two highest order bits, for its square root to lie in the valid range of the signed 
result. 

Math & numerical Manipulation Programs. Operations performed are: 
test for negative argument (overflow set and return) 
computation of the square root for positive arguments 

Generates 8 bit root of 16 bit number. 

This subroutine takes the square root of a number in floating point notation. 

Calculate square root of a floating point number by Heron's method. Execution 
time less than 50 ms for any number. 

Computes the natural logarithm of a number between 1 and 65535. 

This subroutine takes the log to any integer base of any positive floating point 
number. 

To solve functions such as the log, the antilog, the sine and the tangent function. 
The program given is set up to solve the antilog (base 2) function. 

Generates sine or cosine accurate to 8 bits of an input angle that is accurate to 8 
bits. Uses a Chebyshev Economization of Taylor Series for Cosine X. Sine X is 
generated by complementing the angle X With respect to 900 (x' = 900 -X) and then 
taking Cosine X. 

To calculate the integration "T" of any continuous function "F(x)" between two 
limits "a" and "b". 

Program searches a table of up to 128 entries. Each entry is composed of a 1 byte 
argument (Search Key) and an associated result. The result field may be up to 255 
bytes for each argument. Result fields must all be the same length. 

Subroutine to generate a random number between a and 1778 (125 10). 

The program reads data from page 0, address FF and generates a random number. 
The new number is written back in the same location. All numbers except zero are 
generated. Zero is a disallowed state and is corrected in the program. 

The· subroutine implements a linear congruential sequence which generates 16-bit 
random numbers. The random numbers produced range from 0000 to FFFF with a 
period less than or equivalent to 2 ** 16. An 8-bit random number is available as 
the upper byte of the 16-bit random number. 

X(N+l) = (2053*X(N) + 13849)mod 2**16 



TITLE 

PL/M Histogram Procedure and 
Random Number Generator 

RANDOM$BITS 

Clock Subroutine 

Interrupt Driven Clock Routine 

Calendar Subroutine 

PASS 

Address 

Data Array Move 

Shellsort 

Text Storage Program 

Time Sharing Communications 

A Generalized Stepper Motor 
Driver Program 

8-BIT SOFTWARE 

FUNCTION 

Main program generates an 8-bit shift register sequence by XORing the first and last 
bits and shifting the result into the next random numbers bottom bit_ 1000 num
bers are generated and then histogramed. Histogram procedure sets up an output 
histogram array and then prints the histogram on the TTY when commanded after 
printing. The array is not zeroed so that intermediate results may be displayed 
without effect on the final histogram. 

A Non-multiplicative pseudo-random number generator. 

Maintains a current time of day, decimal adjusted in BCD, of hours, minutes, and 
seconds. Must be invoked once each second, usually by an external interrupt. Time 
is stored in three bytes of memory, in the 24-hour system or optically in the 
12-hou r system. 

Updating of clock located in RAM based on 100 ms time intervals. Pulses arriving 
on interrupt line. Four storage locations reserved for 100 ms counter, secs counter, 
mins counter and hour counter. One location for interval counter one for preset 
interval and one for flag indicating interval has elapsed. Updating of clock takes 
about 70 m icrosecs. 

Uses three bytes of RAM to store the current date arranged as two BCD digits per 
byte. The date is adjusted for months with 28, 29, 30 or 31 days and February is 
adjusted for leap years 1976, 1980 and 1984. 

Program PASS transfers addresses of parameters between a calling program and 
subroutine. 

Subroutines for dynamic memory allocation and addressing. 

A contiguous array of data may be relocated in memory, regardless of the magni
tude and direction of the move. The source and destination array locations may 
overlap. The maximum array size is 216 bytes. 

Sorts arrays in place using Shell's method of diminishing increment. 

Allows text to be stored in memory using a letter of the alphabet as a pointer. After 
the message is stored, it can be retrieved by depressing a single key on the TTY. Up 
to 32 messages may be stored and retrieved independently. 

To communicate with medium to large scale computer systems as an external 
time-share user. 

Operations performed by the program are: using entry variables of number of steps, 
clockwise or counterclockwise direction and speed of steps - several programs are 
illustrated for moving a stepper motor in either direction then stopping, moving N 
steps forward then return N steps, moving motor continuously in either direction 
until interrupted by a TTY keyboard entry, also programs using an LED
photodetector sensor for absolute motor position. 
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SOFTWARE 

CROSS PRODUCTS 

Cross Assembler for HP2100 

Cross Assembler for PDP-11 

Macro Assembler for PDP-11 

Absolute Loader for PDP-11 
LOA Tape Format 

8008 Macro Definition Set for 
Assembly on PDP-11 

8080 Macro Definition Set for 
Assembly on PDP-11 

8080 Cross Compiler on PDP-11 

Cross Assembler for PDP-11 

Cross Assembler for Nova 1200 

GAMES 

NIM 

NIM 

Blackjack 

The Word Game 

Gambol 

Mastermind 
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8-BIT 

Cross Assem bier for Nova 1220, 
IBM 360/40 and CDC3300 

Nova Cross Assembler for 
Intel 8080 

Cross Assembler for Nova 

Intel 8008 Cross I nverse Assembler 
for HP 2100 

8080 Cross Assembler for HP 2100 DOS 

8008 Cross Assembler for HP 3000 

8080 Cross Assembler for HP 3000 

PL/M 80 Pass 3 

Maze 

Game of Life 

Numbers 

Kalah 

An Adaptive Game Program 

Match Game 



MICROCOMPUTER USER'S 
in~I~® ____ LlB_R_A_R_Y_S_U_B_M_IT_TA_L_F_O_R_M ______ __ 

o 4004 0 4040 0 8008 0 8080 0 3000 (use additional sheets if necessary) 

Program 
Title 

Function 

Required 
Hardware 

Required 
Software 

Input 
Parameters 

Output 
Results 

Registers Modified: 

RAM Required: 

ROM Required: 

Maximum Subroutine Nesting Level: 

Assembler/Compiler Used: 

Programmer: 

Company: 

Address: 

98-034C 
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INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY 

1. Complete Submittal Form as follows: (Please print or type) 

a. Processor (check appropriate hox) 

b. Program title: Name or brief description of program function 

c. Function: Detailed description of operations performed by the program 

d. Required hardware: 
For example: TTY on port 0 and 1 

I nterrupt circuitry 
I/O Interface 
Machine line and configuration for cross products 

e. Required software: 
For example: TTY routine 

Floating point package 
Support software required for cross products 

f. Input parameters: Description of register values, memory areas or values accepted from input ports 

g. Output results: Values to be expected in registers, memory areas or on output ports 

h. Program details (for resident products only) 
1. Registers modified 
2. RAM required (bytes) 
3. ROM required (bytes) 

4. Maximum subroutine nesting level 

i. Assembler/Compiler Used: 
For example: PLIM 

I ntellec 8 Macro Assembler 
IBM 370 Fortran I V 

j. Programmer, company and address 

2. A source listing of the program must be included. This should be the output listing of a compile or assembly, 
Extra information such as symbol table or code dumps is not necessary. 

3. A test program which assures the validity of the contributed program must be included. This is for the user's 
verification after he has transcribed and assembled the program in question. 

4. A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe 
program is available to photo-copy for publication in a User's Library update publication. 

Send completed documentation to: 

MCS877-475-2K 
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I ntel Corporation 
User's Library 
Microcomputer Systems 
3065 Bowers Avenue 
Santa Clara, Cal ifornia 95051 



MICROCOMPUTER TRAINING 
MICROCOMPUTER WORKSHOPS 

Microcomputers are being used in hundreds of applications from simple controllers to complex data processing systems. To 
enable users to bring microcomputers into their applications, Intel is offering a selection of 3 and 4 day workshops that are 
designed to provide you with the "tools" for making optimum use of Intel microcomputers in system development. 

PREREQUISITES: To attain benefit from course presentation, some background in logic design and a basic knowledge of 
programming is necessary. 

ATTENDANCE: Attendance is limited to (15) enrollees. 

TUITION: The fee for each workshop is $350, which includes course materials, computer time, and luncheons. 

SCHEDULE: These workshops are scheduled to be held at Intel Corporation Training Centers in Santa Clara, CA and Boston, 
MA. 

REGISTRATION: Contact your Intel Sales Office for details. 
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TRAINING MCS-80/ICE-80 WORKSHOP 

COURSE OBJECTIVE: This workshop will prepare the student to design and develop a system using the Intel® 8080 micro
processor through the use of lecture, demonstration, and laboratory "hands-on" experience with the I ntellec MDS development 
system and ICE-80_ 

COURSE OUTLINE: 

DAY 1 
Introduction 
a. Microprocessor System 

Fundamentals 
Function/Organization/ 
Programming 

b. Introduction to the 8080 
1. Basic System 

a) CPU 
b) Memory 
c) Input/Output: 

(Programmed/l nterrupt/DMA) 
2. Programming Model 

c. Languages 
1. Machine Code 
2. Assembly Language 
3. PLIM 

Instructions 
a. Input/Output 
b. Register/Memory Reference 
c. Control/Arithmetic 

The Intellec MDS 
a. Function/Operation 
b. System Monitor 

The Text Editor 
a. Structure/Commands 
b. Operation 

Laboratory 
a. Using the System Monitor 
b. Using the Text Editor 
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DAY 2 
The Macro Assembler 
a. Syntax/Pseudo-I nstructions 
b. Operation 

System Timing 
a. Instruction 
b. Clock 
c. Address/Data 

Input/Output Programming 
Subroutines 
a. Invocation 
b. Stack Memory 
c. Parameter Passi ng 

Teletype Programming Requirements 
The I nterrupt System 
a. Definition 
b. RST Instruction 
c. Service Subroutines 

Laboratory 
a. Using the Assembler 
b. Program Assembly and Execution 

DAY 3 

Branch Table 
a. Application 
b. Construction 

Direct Load/Store Instructions 
System Monitor Debugging Function 
System Design Process 
a. Memory and I/O Requirements 
b. Bus Control 
c. Clocks 
d. Hardware/Software Trade-ofts 

Additional Development Aids 
Laboratory 
a. Program Assembly and Execution 
b. PROM Programming 

DAY 4 
What is "I n Circuit Emulation" 
ICE-80 Description 
a. Functional Block Diagram 
b. Theory of Operation 

ICE-SO Laboratory 
a. Operating the ICE-80 
b. Emulating an 8080 Based System 



PLIM LANGUAGE WORKSHOP TRAINING 

COURSE OBJECTIVE: This workshop will prepare the student for writing and debugging PL!M programs using lecture, 
demonstration, and laboratory "hands·on" experience in operating PL!M interactively from a high·speed, time·shared computer 
terminal. 

COURSE OUTLINE: 

DAY 1 

Introduction 
a. Overview of PL!M 
b. Preview of Course 

Definitions 
a. Symbols e. 
b. Identifiers f. 
c. Reserved Words g. 
d. Comments h. 

Data Elements 
a. Variables 

Data Elements 
Expressions 
Statements 
Declarations 

b. Subscripted Variables 
c. Data Type 
d. Constants 

Operators, Operations and Priorities 
a. Arithmetic 
b. Boolean 

Evaluating Expressions Statements 
a. Redefine 
b. Basic 
c. Conditional 

Blocks 
a. Concept and Use 
b. Scope of Declarations 

1. Global and Local 
2. Nested and Parallel Blocks 

Laboratory 
a. Introduction to Data Terminal and 

Timesharing 
b. Compiling a PL!M Program 

Assignment 
Sample Problem to Flowchart and 
Program Outside Class 

DAY 2 

Review 
Procedures 
a. Declaration 
b. Invocation 
c. Program Construction 

Data References 
Statement Labels 
Unconditional Transfers 
Compile-Time Macro Processing 
Input/Output Processing 
Simulating an 8080 System 
Laboratory 
a. Compile Programs 
b. Execute Programs 

DAY 3 

Review 
Memory Mapping 
Assembly Language Interface 
Interrupt Processing 
Predeclared Variables and Procedures 
a. LENGTH and LAST 
b. Condition Code 
c. Memory Vector 
d. TIME Procedure 
e. Type Transfer 
f. Decimal Arithmetic 
g. Shifts and Rotates 

Laboratory 
a. Compile Programs 
b. Execute Programs 
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TRAINING SERIES 3000 WORKSHOP 

COURSE OBJECTIVE: This workshop will provide the student with an in-depth understanding of the Series 3000 family 
through the use of lecture and demonstration. Microprogramming and design examples are presented. 

COURSE OUTLINE: 

DAY 1 

Introduction 
a. Introduction to Microprogramming 
b. The Series 3000 Component Family 
Co Series 3000 System Overview 

CPU Design Example 
a. CPU System Requirements 
b. Architecture of a CPU 
Co Developing a Macro-instruction Set 
d. Interrupt Handling 
e. Microprogram Mapping 

DAY 2 
Design Techniques 
a. Conditional Clocking 
b. K-Bus 
c. Micro-instruction Field Extension 
d. Micro-subroutines 
e. Pipelining 
f. Timing Analysis 

Controller Design Example 
a. Disc Controller System 

Requirements 
b. Arch itecture of a Disc Controller 
c. Microprogram Implementation 

MCS-4/40 WORKSHOP 

DAY 3 

Development Support 
a. Introduction to CROMIS, the 

Series 3000 Cross Micro-Assembler 
b. MDS-800 Microcomputer 

Development System 
c. ICE-3~ In-Circuit Emulator 
d. ROM Simulator 
e. Demonstration 

COURSE OBJECTIVE: This workshop will prepare the student to design and develop systems using the Intel® 4040 and 4004 
through the use of lecture, demonstration, and laboratory "hands-on" experience with the Intellec 4 MOD 40 development 
system. 

COURSE OUTLINE: 

DAY 1 
Introduction 
a. Basic Microcomputer Block Diagram 

1. Function 
2. Uses 

b. MCS-40 Block Diagram 
1. CPU - 4004/4040 
2. Memory - 4001, 4002,4308, 

4289 
3. I/O - 4207, 4209, 4211, 4003 

Basic System Timing 
Description of Major Elements of CPU 
MCS-40 Instructions 
a. Basic Machine Instructions 
b. Accumulator Group Instructions 
c. I/O and RAM Instructions 
d. 4040 Group Instructions 

MCS-40 Assembler 
a. Syntax 
b. I/O Formats 
c. Coding Examples 

Laboratory - Intellec 40 Operation 
a. Control Console Use 
b. TTY Input 
c. High-Speed Reader Operation 

Homework Utilizing Assembler 
Language to Code Sample Programs 
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DAY 2 

Review Sample Programs 
The Interrupt System 
a. Definition 
b. Instructions 
c. Service Subroutines 

System Monitor Description 
System Development Aids 
a. Intellec 4 MOD 40 
b. Cross Assemblers 
c. User's Library 

System Interrelation 
a. Connections 

1. Hardware 
2. Software 

b. ROM/RAM Configurations 
c. Interface Design 
d. MCS-40 Family Components 

Sample System Design 
Laboratory 
a. Using the Assembler 
b. Debug Using System Monitor and 

Console 

DAY 3 
Review System Design 
Hardware/Software Trade-ofts 
Laboratory 
a. Hands-On Programming Time 
b. PROM Programming 

Summary and Course Review 
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TIMEKEEPING CIRCUITS 



5810A 

SINGLE CHIP LCD TIME/SECONDS/DATE 
WATCH CIRCUIT 

• On Chip Voltage Multiplier 
Provides 4.SV For Driving 3Y2 
Digit Field Effect Display 

• Only Two Switches Required 
For Complete Operation Of The 
Watch 

• Operates With 32.768 kHz 
Quartz Crystal. 

• Anti-Bounce Protection On 
Switch Inputs 

• AM/PM Indication When Setting 
Time 

The 5810A is a low power timekeeping circuit intended for use with 7 segment, 3-1/2 digit field effect liquid crystal displays. All 
of the circuitry required in a Time/Seconds/Date watch is contained on this single chip. 

An on-chip voltage multiplier is incorporated on the 581 OA. The multiplier derives a 4 to 4.8 volt display drive supply from the 1.5 
volt battery. This multiplier requires only three external capacitors. 

The 5810A, in conjul)ction with an external quartz crystal and trimmer capacitor, oscillates at 32.768 kHz, divides down and 
decodes Seconds, Minutes, Hours, and Date of Month. 

The 581 OA will normally display Hours and Minutes. Closure ofthe D/G command switch will cause Seconds to be displayed in 
the Minutes position and the Hours will be blanked. A second closure of the D/G command switch will cause the Date to be 
displayed in the Minutes position and Hours to be blanked. A third closure of the D/G command switch will cause a return tothe 
normal mode displaying Hours and Minutes. Switch S is used in conjunction with switch D/G for timesetting operations (see 
page 11-4 for description of operation). Thus only two switches are required for complete operation of the watch. 

The colon is flashed at a 1 Hz rate in all three display modes. 

To facilitate testing and calibration a fast test input, reset and oscillator calibrate output are provided. These functions are 
described on page 11-4. 

The 5810A is manufactured with complementary silicon gate MOS. This extremely low power technology is ideally suited for 
the manufacture of devices designed to operate on small batteries for long periods of time. 

CHIP TOPOGRAPHY PAD ASSIGNMENT 

113 1. D/C 21. 83 
2. S 22. Fast Test 

100 3. VDD 23. C3 
4. GND 24. D3 
5. Cap 1 25. E3 

80 6. Cap 1 26. C2 
7. Cap 2 27. A2+D2 
8. Cap 2 2B. E2 

60 9. VTT 29. L 
10. Gl 30. Cl 
11. Fl 31. D1 

40 12. Al 32. E1 
13. 81 33. K 
14. G2 34. Common 

20 15. F2 35. Calibrate Out 
16. A2 + D2 36. Oscillator Cap J 
17. 82 37. Oscillator Ca p 2 
lB. G3 38. Oscillator Out 
19. F3 39. Oscillator In 
20. A3 40. Reset 

125 MILS 
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5810A 

Absolute Maximum Ratings* 
Temperature Under Bias ......................................................... -20°C to +70°C 
Storage Temperature .......................................................... -40°C to +125°C 
Supply Voltage Voo with respect to GND ............................................ -8.0V to +0.3V 
Voltage on all Inputs or Outputs with respect to GND .................................. Voo -0.3V to +0.3V 
Power Dissipation ..................................................................... 100mW 

'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 = 25°C; Voo = -1.6V; fOSC = 32.768 kHz, Unless Otherwise Specified. 

Symbol Parameter Min. Max. Unit Test Condition 

100 Total Average Internal Current 5 IlA No Output Load 
10 IlA lilA Output Load 

VTT Multiplier Output Voltage -4.8 V IOUT=O.OIlA 

-4.0 V Voo= 1.5V, IOUT= 1.01lA 

IIHS Switch Input High Current (D/C, S) 4 IlA VIN = OV 

V1L Input Low Voltage Voo-0.3 Voo+O.4 V 

V1H Input High Voltage -0.3 0.3 V 

Voo Minimum Oscillator Start Voltage -1.4 V 
START 

Voo Minimum Oscillator Sustaining Voltage -1.3 V 
SUST 

VOLC Output Low Voltage Common VTT+O.l V VTT=-4.0V; IOLC= 1.01lA 

VOHC Output High Voltage Common -0.1V V VTT=-4.0V; IOHC=-1.0IlA 

VOLS Output Low Voltage Segment VTT+O.l V VTT= -4.0V; IOLS=50nA 

VOHS Output High Voltage Segment -0.1V V VTT=-4.0V; IOHS=-50nA 

CAl. OUT 

CSC CAP 1 

±'4PF 

OSCCAP 2 

±'4PF 
o-H--o 

BLOCK DIAGRAM CSC OUT 

CSC IN r-.4----{>--+ 

~~---~r_----------.I 

DIGITS 
2AND3 

K AND 
DIGIT 1 

'-------- COMMON 
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5810A 

Output Waveforms 
ENERGIZED SEGMENT 

SEGMENT 0 rI rI rI 
vTT ...J L..J L..J L 

COMMON VT:~ 

ACROSS 
SEGMENT 

Time Display 

-VTTnJUl 
VTT 

UNENERGIZED SEGMENT 

Switch input ole controls the time display modes. Each closure of switch ole (Ole input; high) causes a change in the display 
mode in the sequence Hours and Minutes- Seconds-Date-Hours and Minutes. The following diagram illustrates this: 

Time Setting 

HOURS AND 
MINUTES DISPLAY SECONDS DISPLAY DATE DISPLAY 

CLOSURE OF SWITCH ole 

Switch input S controls the time setting modes. This switch input is active only when the circuit is in the Hours and Minutes display 
mode. Each closure of switch S (S input; high) causes a change in the time set modes in the sequence Hours and Minutes-Min· 
utes-Seconds -Hours-Date-Hours and Minutes. Closure of switch DICwhen in the Minutes, Hours, or Date time set modes 
will cause that mode to be advanced at a 1 Hz rate. Ciosure of switch DIC in the Seconds synchronize mode will cause the Minutes 
to be advanced by one and the Seconds to be reset to zero and held until the DIC input is returned high. The colon is displayed 
only in the Hours PM state in the time set mode. The following diagram illustrates this: 

HOURS AND MINUTES 
DISPLAY MODE 

Reset 

MINUTES SET 
MODE 

SECONDS 
SYNCHRONIZE MODE 

CLOSURE Of SWITCH S 

HOURS SET 
MODE 

COLON PRESENT 
IN HOURS PM 

DATE seT 
MODE 

The reset input may be used to initialize all time counters to the zero state. All time counters are automatically reset to zero when 
voltage is initially applied to the circuit. The zero state is 12:00 AM, 00 Seconds, 0 Date. 

Fast Test 
This input by-passes the oscillator stage and prescaler 1, allowing cycling of the counters at rates faster than real time. 

Calibration Output 
This output brings out the oscillator frequency divided by 32 and may be used for calibration of the oscillator. 

11-4 



5810A 

Display Segment Format 

Typical Application 

t 1.$V .... +--!!-+~!--!-_ 
.--___ 32-1.7i kl-H_Z ___ --I: 

37 5Bl0 

~---------~~ 
4 

5-35pF 

DIGITS 01, 02 AND 03 TRUTH TABLE 

NUMBER 

0 
I 

2 
3 
4 
5 
E 
l 
8 
9 

23 LEADS 

.01 

A B 

1 1 

0 1 

1 1 

1 1 

0 1 

1 0 

1 0 

1 1 

1 1 

1 1 

FIELD 
EFFECT 
LIQUID 
CRYSTAL 
DISPLAY 

SEGMENTS 

C. D E F G 

1 1 1 1 0 

1 0 0 0 0 

0 1 1 0 1 

1 1 0 0 1 

1 0 0 1 1 

1 1 0 1 1 

1 1 1 1 1 

1 0 0 0 0 

1 1 1 1 1 

1 1 0 1 1 

11·5 





12 
GENERAL INFORMATION 



GENERAL INFORMATION 

Description Page No. 

Ordering Information 12-3 

Packaging Information 12-4 

Standard Product Processing 12-8 

Additional Literature 12-10 

Sales Offices I nside Cover 

12-2 



ORDERING INFORMATION 

Semiconductor components are ordered as follows: 

L-____________ .-__________ ~ILI ______ -. ______ ~ 

Package Type 

Four or five digit 
device type 

B - Hermetic Package, Type B 

C - Hermetic Package, Type C 

o - Hermetic Package, Type D 

H - Hermetic Package, Type C with 
Quartz Window for EPROMs 

M - Metal Can Package 

P - Plastic Package 

X - Unpackaged Device 

M - Indicates Military Operating 
Temperature Range 

Examples 
P5101L CMOS 256 x 4 RAM, low power selection, 

plastic package, commercial temperature range 

Up to three character 
modifier for power, speed, 
processing, etc. 

C8080A2 80.80A Microprocessor with 1.5 ~s cycle time, hermetic 
package Type C, commercial temperature range 

MD3601/C 

MC8080A/B 

256 x 4 PROM, hermetic package Type D, military 
temperature range, MIL-STD-883 Level C processing' 

8080A Microprocessor, hermetic package Type C, military 
temperature range, MIL-STD-883 Level B processing' 

'On military temperature devices, the IB suffix indicates MIL-STD-883 Level B processing, 
suffix IC indicates MIL-STD-883 Level C processing. 

Systems boards, kits and software are ordered using designated part numbers 
as shown in this catalog. 

The latest Intel price book should be consulted for availability of various 
options. 
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PACKAGING INFORMATION Dimensions in inches 
and (millimeters) 

8-LEAD METAL CAN PACKAGE 
TYPEM 

-I ~I I~:~;:~:D" 
,..!.!!2~ r·04011.0.'" 
.165(4.191) ~ MAX 

I --
-I . 

. 50~:~~.71 lJ~~ ~ ~ ~ ~~ 'NSU.LATOR LL ,050(1.27) 
MAX 

,J70~1 8 LEADS 
:J35 (8.509) DIA. Q.!£l ~ DIA 

.200 15.08) 016 (0.406) 
TVf'. 

16·LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

.780 09.BI21--:l 

I---m (16,796) 

C~-_~"N't 
300 (7.6201 
~(6.3501 

~-- ~ 
.325 

~MAX'J I (8.255) 

L m---- -,----,-."0'_'.3181 ~ SEATINGf}2~. (5.080) : ~-~ = : -.L-1:140 (3.556) 

PLANE --:tOO~(2.S401 I III L.015MIN. ~~ 
MIN.r..::..=: I 1-1 k JI (0.381) [ .008 (0.203) I 

(2.794]:!lQ-j ~ ~ :~:~~~: _¥-,3, "~·.3S856'JI ~'--.'30000--l 
12.286) .090 .032 u u 

(.831/ TYP. (1~~6~~) 

72-4 

16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

.860 (21.844) 

CFo{2Q.8ffi~ 

C-_-3"N't o ~(6.604) 
___ ~.0961 

.140 (3.556) 

..--r--~= ~ Fa 13'=r 
~-:;~:~:~ ~~. (2.540) r-1 

(2.794) .110 
l2.2ffi ]9Q 

~ ~ .032 TYP :oi4 (0.356) 
.040 (I.OlG) 10.813! 

16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

[M=::~;I 
(8.255~1 

-t~tll\ 
I .008 (0.203) I 
~.400--1 

:JoO 
!l0.IS1 
1f62f 

.110 (2.794) 

1i6s(1.65~ 

MAX. (5.08) _ _ _ .080 (2.0321 200 ~===1m .150 "'" 
SEATING 

PLANE .100 (2.540) I L ~.015MIN 
MIN. (0.381) 

.065 {1.651 
IV94, .110 1i4o 11.OJ!' II JL~ (0.5841 
(2.286) :090 .032 TYP. J .014 (0.3561 

(0.8311 -



PACKAGING INFORMATION Dimensions in inches 
and (millimeters) 

l8-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

r-~ 123.3681----:1 
.890 (22.606) 

C-_-3"N:1 
.260(6.604) 
Yo (6.096) 

___ ...J 
.140 13.5561 

:13013.3=±21 

.200 '080) ==-~ SEATING MAX.' mu=o=r.~ __ 
PLANE ]' Y If M ~ .015 MIN. .100".540) I Llfli II 10.381' 

MIN, ,--.l =-.J ~ ....j~.023 \0,684) 

(2.794].110 ~~ 032TYP :014 (0.356) 
(2.286) ,09iJ .040 11.016) • (0.831) 

'18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

.910(23.1141 

r---Ji70(22.098)~ cl---- ___ ~"N,II 
2QQ (7.~201 

___ ~(6351 

M2:~, (5.080) ~ ~ 

L , --=_====- .140 I::1 
SCATING m· --~ 

MIN. - ~ .032 TYP 1__ I .023 (0.584) 
.100 (0.381) 

PLANE L ~ l·OlS MIN. 

(2.540) ~ t (0.831) -1·--:o14lO.3561 
(2.794) .110 .065 (1.651) 
(2.286) NO ]4OTfO'f61 

18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

.920 (20.820) C :sBo 119.8121----:1 

]
1"N'."K PIN 1 

~~. "'I IT "" ~17"71 
-=o----=-... _ ~5 (6985) 

I-·A> ] , (8255) 

~ -+~~\ 
I.~ I f--- 300-----1 

\10,16) 
~ 

.100 (2.54) 

:oo5l1.65~ 
2001m==01m .'" 13.6831 SEATING MAX. (5.080) ___ .080 ~2.0321 

PLANE .100 ~2.5401 L ~.Q15MIN • 
MIN. 10.381) 

.065 ~1.651) 

"."" .", 1i4O ".o"lll' JI-~ 10.58" 
12.286) .090 . .032 TYP. J L .014 ~0.3S6) 

(0.831) 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

1.085 ~27.559) 

1
_--, .055 126.797)~ 

C---~--"N-'II 
~l!!!:.!!l. 

___ ~[8.891 

SEATING' (5.080) ___ ~.140 13.556) 200 L m=: ~---'-~14'5721 
PLANE .100 (2.54) U l 015MIN MIN . . 

. .065 (1.651) (0.381) 
~(2.794) ~:o:iOTf.O"16T jL~ (0.584) 
.090 (2.286) ·~g~8j~t .014 (0.356) 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

SEATING 
PLANE 

1.085 127.559) c-=-= 1.055 126.797) ~ 

6-~=t3-~-"N'I 
- . ~~ 

== __ "= ~18.89) 

1§.Q.1..:!J!..!j .190 
_____ .120 f3'Cb15) :160 

.220 ,t""W?i:==='~ ~ MAX. _____ 13.81) 

~~~. 12.540 III h J .015 MIN. 

~ ""41j L ~ JL023 ,'::::: 
090 (2.286) .065 (1.651) .032 TYP. .014 10.356) 

:o45~(0.831) 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

1.100 127.94Gj C ,·050 126.670)--:1 JjJ'N'MARK PIN 1 

IT~~· C".400 '".''''' 

J '" )8o"T9.Il52f 
_~_ ...J 

''''L''~==O SEATING MAX. ---

PLANE .100 [2.5401 L 
MIN. I 

.065 ~ 1.651) 
12.794} :!!Q :i'i4OT1JIf6T 
12.286) .090 

~.015MIN. 
(0.381) 

J_~10.584} 
.014 [0.356) 
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PACKAGING INFORMATION Dimensions in inches 
and (millimeters) 

22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

1.120 (28.448) r--Dl9O (27.686J~ 

C1 - ---3P1N;I-1 
.360 19.1441 
140 \8.636) 

_ __ ----.i 
,ISS (3.931) 

lliIJ,685' 
.:ZDars:;;; ==== -

SEATING MAX_~ ___ ~~ __ _ 

Pl~~E rrtnli11 ~ .015 MIN. 

Mill. (2.540) I L:.i l JL 10.381) 
r-1 023 10.584) 

12.794) .110 .065 (1.651) .032 TYP :oT4 iO:J5si 
12.286).090 040 IT016T (0.831) 

"'j __ MAX 

I 1'0"" 

~ 
~_:ooa iO:W3i~ 

500 (12.7) 
:400f1if'i6T 

24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

1.260(32.004)~ Cwo I3iT42T - ! 

C----3P1N~ ~~ 
.530 (13.462) 

_ __ ----1 
.160 14.064) 

,200 r;;,WWt:=:~'''' "''.'Cj-
SEATINGMAX,t=::: ---- ~ 
PLANE ~ I ~.015MrN. 

.100 (0381) 
MIN. _ - . 

12540) ,J L 1 -Jl-~ (0.594) 
. (2,794) .1'0 :9.§l!.:§..!! ,032TYP .014 (0.356) 

12.286):090 ,D40(1.016) (0.831) 

24-LEAD HERMETIC DUAL IN-LINE PACKAGE 
TYPEC 

SEATING PLANE '" "---===~:'~n..:ft~N~~;' 1 ~I2,O'" 

~ .055(1.397) 
I .015 MIN. (O.3111j 

065 11.6511 -l .023 (0.5841 
040 j1.i)i6) ]1i (0.356) 

~ 
--1--1 :~008 ~ (0.203:) \ I 

--]to -----, 
117.78) 
1524 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

12-6 

c= 1.270 (32.258) =-:J 
1.230 (31.242) 

EI33--- PlN'i 
. 530'(13.462) 

- _ :5TIi (12.954) 

~_~ .-l 
.150 (3.810) 
:riO (2.794) 

M~~'(!.588Jmm~=~=~~ ~ :j:~~:: 
.100 (2.540) ~ h .015 MIN. 
MIN. (0.381) 

(2.794) .110 ..JL ~ (0.584) 
(2.286) ]90 j L ~.!!:§!! .032 TYP .014 (0.356) 

.040 (1.016) (0.831) 

TYPE COR H* 

100 (2.54) TRANSPARENT" 

moTiffij"~ 

PLANE ~~~.~ . y ~ y ¥l'(~:ia~:N. 
SEATtNGN~~~ It WtC-=~~~N~~~ 1 

.065(1.6511 JI 1 

:~ :;:~:!: _ 1i4O KOf6f __ ~ :~:i~:: ~ __ --'I-:=~ i,74~;32~) 
'TYPE H WITH TRANSPARENT LID 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

1.270 (32.258) 

c=,.230 (31.242)~ 

C---~PlN'l 
.530 (13.462) 

m(T2."954l . ___ ---.l 

220 L m-= Dm-;----!' l'£ 14,5721 
SEATING MAX.f5.588) =---~ ~.140 (3.556) 

PLANE ·,°oE ~ ~ l 
MIN. .065 (1.651) .GI5 MIN. ___ (0.3S1, 

:!.!!!: (2.794) t.. .040 (1.016) 032 TYP jL~ (0.584) 
.090 (2.286) . (0.831) .014 (0.356) 

.625 

[
MAX,;! 

115.875~1 

1~::0381~\ 
.008 (0.203) 

I I. :~: g~:~:: 



PACKAGING INFORMATION Dimensions in inches 
and (millimeters) 

28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

1.410 (37.33BI 
r--,.440 (36,5761~ 

C1--- -_-3"N;I~! 
550 113.970) j;f iIT4621 

___ ----1 
.160 (4.0&41 

.15013.8=t'' 
.200~ -====~ '''''NGMAX'~ __ _ 

PLANE .100 rrn- ------r.01S MIN. 
MIN (0.381) 

"5<O'''79;,-!'' L ~1'6S1L .032m JL-~ ::~::: 
12.286) »00 .040 11.016) 10.831) 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

1.470 (37.338) 
r--,.430 (36.322)~ 

LI-------~1LN-'ll ~113.462) 

.510 112.954) 

___ -----.l 

.62' 
t (15.875) C MAX.] 

--=~~~~~~ ___ -LJ.140 (3.556) 

.015 (0.381) 
111,065 (1.651' l015~IN. :ooa (0.203) 

1-' ~:O<O'[[Oi6j JL IO.~ I I .. 700- .[ 
I-- .OJ2TYP E! (0.584) t--ioo----J 

(0.8311 .014 (Cl.356) (17.78) 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

(15.24) 

40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

2.070 (52.578)--=-:J 
r--z.040 (51.816) cl---- ---3"N'1 

o .550 (13.970) 

.530 113.462) 

___ -----.l 
.175 (4.445) 
165'(4~ 

PLANE ~ 015 (JaH 

.625 

IiMAX';1 1;'5.875~1 

--t~t~1L~ SEATING 7mI: -~-.l 
.100 (2540) I L~ II MIN 

r-I 065 (1651) 032 TVP -JI-~ :~ ;~: 
:~.i::: ~ 040 Tf016j (0.831) 

I .008 10.2031 I 
.700 (17.78) 
.600 (11;;.24) 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

C~(52.578)~ 
2.030i5T.562l 

C---~PLN'1 
~(13.462) 

.510 (12.954) 

___ -.l 
,625 

i1~~~5)1 
L m---- ----;-----TJM(4.572)§I= =1 

SEATING M2A~. (5.842) ~ ~==r=rrrFffll~ .140 (3.556) 

PLANE .'00~ r I L!' -. .015 (0.381) 
MIN.' ~ L.015 MIN. :ooa (0.203) 

~ (2.794) t ~ :~:~~~: j .023 (~~~~~1 L~~ 
.090 (2.286) .032 TVP ]"i4 (0.356) (1~~~81 

(0.831) \15.24) 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

2.025 (51.435) 

1
_--1.975 (50.'65)---1 I1PLN 'MAR' 

PIN1 

~-- iii,! Dc-] ~:~::~: ___ --.1 

.100 (2.54) ~ 1;:~;~: 
i 0:::-_ -= _ :oro (1.778);=jt--___ j-J 

s:t1~~G M~~r~::~~L --~ L015M'N 
MIN.__ Y Y ~ r (0.381) 

.065 (1.651) II 
.110 (2.7941_ 1i4o"iT.ili6T ......, __ ~ (0.584) 
.090 (2.286) .014 (0.356) 

I 

!--~-
(17.272) 
(14.732) 
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STANDARD PRODUCT PROCESSING AND 100% SCREENING-

12-8 

Die Attach 
(Monitored by QA) 

Optical inspection criteria based on 
MIL-STD-883 Method 2010.18 to 

insure that all devices are free 
from internal defects which could 
lead to failure in normal applications. 
(Monitored by QA) 

Lead Bonding (Monitored by QA per 
MIL-STD-883 Meth d 2011 Test Condition D.) 

Precap Visual 
Inspection criteria '.; 

based on MIL-STD-883 
Method 2010.18 to insure 

that after assembly all devices are free 
from defects which could lead to failure 

in normal applications. (Each lot must 
pass a QA acceptance.) 

MIL-STD-883 100% screens for class B devices which are performed 
on a "Customer Special" basis are: 

Stabilization Bake (Method 1008) 
Burn-in (Method 1015, conditions A, B, or C) 

MIL-STD-883 Group A Electrical Tests of Method 5005 at maximum 
and minimum operating temperatures are performed on a "Cus
tomer Special" basis. 

MIL-STD-883 Group Band C tests are performed periodically to 
provide generic data. Reprints of the reports on these tests are avail
able from: 

Product Marketing 
I ntel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 

Hermeticity Testing to 
eliminate devices which 

show insufficient 
hermeticity. (Monitored 

byQA) 
Fine leak C DIPs.CERDIPs.and 

Metal cans (MIL-STD-883 
Method 1014A)~ Gross Leak 
C DIPs and Cerdips only (Method 

1014C; vacuum omitted and 2 hour pressurization). 

Metal Can 
Pneupactor for constant acceleration and 

mechanical shock (15,OOOG for 0.5 msec) 
to 'insure that all devices are adequately 
die attached, bonded and from 
package defects. (Not 1 

Monitored by QA) 

Temperature Cycling per MIL-STD-88: 
Method 1010 Test Condition C (10 Cy, 

-65°C to +1500 C) to insure that all del 
are free from metalization, bonding or 

packaging defects. (Monitored by QA) 



COMPUTER GRADE PRODUCTS* 

Electrical Testing at 25°C to 
test conditions and limits which guarantee 

AC, DC and functional performance over 

I~· -::-;~:i:I~~ni~,I~fU:I:1 specified temperature range. 

Continuity at 
high temperature 

to insure that no 
terminals will open or short at 
high temperatures. (Monitored by OA) 

·Consumer Grade Products receive similar processing as applicable. 

Final QA Acceptance per 
MIL-STD-883 Method 2009 External 
Visual, and Electrical AC, DC, 

Functional Tests at 25°C with correlated 
limits to guarantee performance over 
full specified temperature range 

(AOL 1%) 

I 
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ADDITIONAL LITERATURE 

Intel provides a variety of brochures, users' manuals, and other literature. The list below includes the 
most popular publications available at the time of publication. If you wish to receive one of the listed 
documents or have specific requirements for more detailed information, contact your local 
distributor, sales office, or write Intel Corporation, 3065 Bowers Avenue, Santa Clara, CA 95051, 
Attention: Literature Department. 
International locations also provide selected literature in Japanese, French or German. 

Complimentary Information 

BROCHURES 
MCS:-80'· Brochure 
MCS-40'· Brochure 
Intellec® MDS Brochure 
MCS Users' Library Brochure 
OEM Single Board Computer Brochure 
Selection of best approach with 4K RAMs: 16, 18 or 22 pin. 

REFERENCE CARDS 
8080 Assembly Language reference card 
8008 Assembly Language reference card 
MCS-40 Assembly Language reference card 

RELIABILITY REPORTS 
RR-6 1702A Silicon Gate MaS 2K PROM 
RR-7 2107A/2107B N-Channel Silicon Gate MaS 4K RAMs 
RR-8 Polysilicon Fuse Bipolar PROMs 
RR-9 Static MaS RAMs 

Manuals and Handbooks 
(Please enclose check or money order payable to Intel Corporation with your order) 

Price 
Memory Design Handbook: The complete source of application information 

on RAMs, ROMs, Serial Memory and Support Circuits .................... $5.00 
8080 Microcomputer Systems User's Manual ............................... 5.00 
MCS-8 User's Manual .................................................... 2.50 
8080Assembly Language Programming Manual . .. . . . . . . . . . . . . . . . . . . . . . ... 5.00 
8008 Assembly Language Programming Manual . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.00 
8008and 8080 PLiM Programming Manual ................................. 5.00 
MCS-40 User's Manual ................................................... 5.00 
4004 and 4040 Assembly Language Programming Manual ................... 5.00 
Series 3000 Reference Manual ............................................ 5.00 
Series 3000 Microprogramming Manual ................................... 5.00 



SALES AND MARKETING OFFICES 

ALABAMA 
Barnhill and Associates 
7844 Horseshoe Tmil 
Huntsville 35802 
Tel: (205) 883-9394 

ARIZONA 
Sales Engineering. Inc. 
7155 E. Thomas Road, No.6 
Scottsdale 85252 
Tel: (602) 945·5781 
TWX: 910-950-1288 

CALIFORNIA 
Intel Corp.· 
3065 Bowors Avenue 
Santa Clara 95051 
Tel: (408) 985-1321 
TWX: 910-338-0026 

Mac-! 
P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Earle Associato:J, Inc. 
4433 Convoy Stroot 
Suite A 
San Diogo 92111 
Tel: (714) 270·5441 
TWX: 910-335-1585 
Intel Corp.· 
1651 East 4th Stroot 
Suite 228 
Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910·595·1114 

COLORADO 
Intel Corp. 
12075 Easl45th Avenue 
Suite 310 
Denver 80239 
Tel: (303) 373-4920 
TWX: 910-932-0322 

FLORIDA 
Intel Corp. 
1090 NE 27th Terrace 
Pompano Beach 33062 
Tel: (305) 781-7450 
TWX: 510-956-9407 
Intel Corp. 
5151 Adanson Street, Suite 200-3 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810-853-9219 

ILLINOIS 
Intel Corp.· 
900 Jorie Boulevard 
Suite 138 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910-651-5881 

KANSAS 
Technical Representatives, Inc. 
801 Clairborne 
Olathe 66061 
Tel (913) 782-1177 
TWX: 910-749-6412 

MARYLAND 
Barnhill and Associates 
57 West Timonium Road 
Timonium 21093 
Tel: (301) 252-7742 

Intel Corp.· 
57 West Timonium Road 
Suite 307 
Timonium 21093 
Tel: (301) 252-7742 
TWX: 710-232-1807 

MASSACHUSETS 
Datcom 
55 Moody Street 
Waltham 02154 
Tel: (617) 891-4600 
TELEX: 92-3462 

Intel Corp.· 
187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 861-1136 
TWX: 710-343-6333 

EUROPEAN MARKETING OFFICES 
BELGIUM 
Intel International 
Rue du Moulin a PJ.pior 
51-Boite 1 
8-1160 Brussels 
Tel: (02) 660 30 10 
TELEX: 24814 

FRANCE 
Intel Corporation, S.A.A.L. 
74, Rue D'Arcueil 
Silic 223 
94528 Rungis Cedex 
Tel: (01) 687 22 21 
TELEX: 270475 

ORIENT MARKETING OFFICES 
JAPAN 
Intel Japan Corpomllon* 
Flower Hill-Shinm<lchi East ald9. 
1-23-9, Shinmachl, Setagaya-ku 
Tokyo 154 
Tel: (03) 426-9261 
TELEX: 781-28426 

HONG KONG 
01 (Far East) Ltd. 
Tak Yan Commercial Bldg. 6th floor 
30-32 D'Aguilar Street, Central 
Hong Kong 
Tel: 5-260311 
TELEX: 83138 JADE HX 

INTERNATIONAL DISTRIBUTORS 
AUSTRALIA 
A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 
Prospect 5082 
South Australia 
Tel: 269-1244 
TELEX: 82635 

AUSTRIA 
Bacher Elektronischo Gerale GmbH 
Meidlinger Hauptstrasse 78 
A 1120 Vienna 
Tel: (0222) 83 63 96 
TELEX: (01) 1532 

BELGIUM 
Inelco Belgium SA 
Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel: (02) 660 0012 
TELEX: 25441 

DENMARK 
Scandinavian Semiconductor 
Supply A/S 
20, Nanasgade 
DK-2200 Copenhagen N 
Tel: (01) 93 50 90 
TELEX: 19037 

FINLAND 
Fintronic AB 
Karjalankatu 2C, 
SF 00520 
Helsinki 52 
Tel: (90) 7354 88 
TELEX: 123107 

FRANCE 
Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Verne! 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 

GERMANY 
Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 
0-2085 Quickborn-Hamburg 
Tel: (04106) 6121 
TELEX: 02-13590 

HONG KONG 
ASTEC International 
Keystone House, 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687760 
TELEX: 74899 ASCOM 

MICHIGAN 
Intel Corp. 
725 South Adams Road 
Suite 288 
Birmingham 48011 
Tel: (313) 642-7018 
TWX; 910-420-1212 
TELEX: 2 31143 

MINNESOTA 
Intel Corp_ 
675 Southgate Office Plaza 
5001 West 80th Street 
Bloomington 55437 
Tel: (612) 835-6722 
TWX; 910-576-2867 

MISSOURI 
Technical Representatives, Inc. 
Trade Center Bldg. 
300 Brookes Drive. Suite 108 
Hazelwood 63042 
Tel: (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 
Intel Corp. 
2 Kilmer Road 
Edison C8817 
Tel: (201) 985-9100 
TWX: 710-480-6238 

NEW YORK 
Intel Corp.· 
6901 Jericho Turnpike 
Syosset 11791 
Tel: (516) 364-9860 
TWX: 510-221-2198 
Intel Corp. 
474 Thurston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 
Ossmann Components Sales Corp. 
395 Cleveland Drive 
Buffalo 14215 
Tel: (716) 832-4271 
Ossmann Components Sales Corp. 
280 Metro Park 
Rochester 14623 
Tel: (716) 442-3290 

SCANDINAVIA 
Intel Scandinavia A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 
Tel: (01) 18 20 00 
TELEX: 19567 
Intel Sweden AB· 
Box 86 
S-16212 Vailingby 1 
Sweden 
Tel: (08) 37 53 70 
TELEX: 13164 (ASCENT) 

TAIWAN 
Taiwan Automation Co.· 
8th Floor, 140, Section 1 
Chung Hsiao E. Road 
Taipei 
Tel: 393-33-34 
TELEX: 11942 TAIAUTO 

ISRAEL 
Telsys Ltd. 
54, Jabotinsky Road 
IL-Ramat - Gan 52464 
Tel: (3) 7398 65 
TELEX: 32392 

ITALY 
Eledra 3S S.P.A. 
Viale Elvezia, 18 
20154 Milan, 
Tel: (02) 3493041 
TELEX: 39332 
Eledra 3S S.P.A. 
Via Giusoppe Valmarana, 63 
00139 Rome, Italy 
Tel: (06) 81 27 290 - 8127324 

JAPAN 
Pan Electron 
No.1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 

NEW YORl( (cont.) 
Ossmann Components Sales Corp. 
1911 Vestal Parkway E. 
Vestal 13850 
Tel: (607) 785-9949 
Ossmann Components Sales Corp. 
132 Pickard Building 
Syracuse 13211 
Tel: (315) 454-4477 
TWX: 710-541-1522 
Ossmann Components Sales Corp. 
140 Pine Street 
Kingston 14201 
Tel: (914) 338-5505 
TWX; 510-247-1941 
Intel Corp. 
55 Market Street 
Poughkeepsie, New York 12601 
Tel; (914) 473-2303 

NORTH CAROLINA 
Barnhill and Associates 
913 Plateau Lane 
Raleigh 27609 
Tel: (919) 876-5617 

OHIO 
Intel Corp." 
8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TELEX: 288-004 
Intel Corp .• 
27801 Euclid Ave. 
Suite 450 
Euclid 44132 
Tel: (216) 289-0101 

PENNSYLVANIA 
Vantage Sales Company 
21 Bala Avenue 
Bala Cynwyd 19004 
Tel: (215) 667-0990 
TWX: 510-662-5846 
Intel Corp.· 
1777 Walton Rd. 
Suite 328A 
Blue Bell 19422 
Tel: (215) 542-9444 
TWX: 510-661-0709 

ENGLAND 
Intel Corporation (U.K.) Ltd." 
Broadfield House 
4 Between Towns Road 
COWley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 
TELEX: 837203 

TAIWAN (cant.) 
ASionics-Taiwan, Inc. 
205 Pa-Teh Road, Section 4 
Taipei 
Tel: 75 55 82 
TELEX: 22158 Asionics 

NETHERLANDS 
Inelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-l006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NORWAY 
Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-Oslo 2 
Tel: (02) 55 38 93 
TELEX: 16963 

SOUTH AFRICA 
Electronic Building Elements 
P.O. Box 4609 
Pretoria 
Tel: 78 92 21 
TELEX: 30181 

SPAIN 
Interface 
Ronda General Mitre #7 
E-Barcelona 17 
Tel: (93) 203-53-30 
TELEX: 54543 

TENNESSEE 
Barnhill and Associates 
206 Chickasaw Drive 
Johnson City 37601 
Tel: (615) 928-0184 
Barnhill and Associates 
1806 Cour De Chartres 
Germantown 38138 
Tel: (901) 754-0483 

TEXAS 
Evans & McDowell Associates 
13777 N. Central Expressway 
Suite 405 
Dallas 75231 
Tel: (214) 238-7157 
TWX: 910-867-4763 
Evans & McDowell Associates 
6610 Harwin Avenue, Suite 125 
Houston 77036 
Tel: (713) 783-2900 
Intel Corp." 
6350 L.B.J. Freeway 
Suite 178 
Dallas 75240 
Tel: (214) 661-8829 
TWX: 910-860-5487 

VIRGINIA 
Barnhill and Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 846-4624 

WASHINGTON 
E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 
Tel: (206) 762-4824 
Twx: 910-444-2298 

CANADA 
Multilek, Inc. 
4 Barren Street 
Ottawa, Ontario K2J 1 G2 
Tel: (613) 825-4695 
TELEX: 053-4585 

GERMANY 
Intel Semiconductor GmbH" 
Wolfratshauserstrasse 169 
08 Munich 71 
Tel: (089) 79 89 23 
TELEX: 5-212870 
Intel Semiconductor GmbH· 
06272 Neiderhausen 
Wiesenweg 26 
Tel: (06127) 2314 

SWEDEN 
Nordisk Electronik AB 
Fack 
5-103 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 

SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 56788 

UNITED KINGDOM 
Rapid Recall, Ltd. 
11-15 Betterton Street 
Drury Lane 
London WC2H 9BS 
Tel: (01) 379·6741 
TELEX: 28752 
G.E.C. Semiconductors Ltd. 
East Lane 
Wembley HA9 7PP 
Middlesex 
Tel: (01) 904-9303 
TELEX: 923429 

*Field Application Location 
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