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Intel was organized in 1968 to utilize the rapidly expanding technology of Integrated 
Electronics. During its brief history, Intel has become the world's largest supplier of 

MOS circuits, and is in the top ten of the world's producers of all semiconductor 
devices. 

This 928-page Data Catalog provides complete specifications on most of Intel standard 
component, memory system, and microcomputer related products. Margin tabs provide 

quick guides to major product categories; indexes located in Section 1 and at the 
beginning of each section allow location of specific circuit types. Ordering, packaging, 

and product flow information may be found in Section 15. 
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FUNCTIONAL INDEX 

j RANDOM ACCESS MEMORIES DYNAMIC MDS RAMs 

STATIC MOS RAMs 2107B-5 4096 x 1 Dynamic MOS RAM 2-54 
2108-2 8192 x 1 Dynamic MOS RAM 2-60 

1101A 256 x 1 Static MOS RAM 2-4 2108-4 8192 x 1 Dynamic MOS RAM 2-60 
1101A1 256 x 1 Static MOS RAM 2-4 2116-2 16384 x 1 Dynamic MOS RAM 2-96 
2101A 256 x 4 Static MOS RAM 2-30 2116-3 16384 x 1 Dynamic MOS RAM 2-96 
2101A-2 256 x 4 Static MOS RAM 2-30 2116-4 16384 x 1 Dynamic MOS RAM 2-96 
2101A-4 256 x 4 Static MOS RAM 2-30 
2102A 1024 x 1 Static MOS RAM 2-34 BIPOLAR RAMs 
2102A-2 1024 x 1 Static MOS RAM 2-34 3101 16 x 4 Bipolar RAM 2-105 
2102A-4 1024 x 1 Static MOS RAM 2-34 3101A 16 x 4 Bipolar RAM 2-105 
2102A-6 1024 x 1 Static MOS RAM 2-34 3104 4 x 4 Bipolar RAM 2-109 
2101AL 1024 x 1 Static MOS RAM 2-34 

CMOS RAMs 2102AL-2 1024 x 1 Static MOS RAM 2-34 
2102AL-4 1024 x 1 Static MOS RAM 2-34 5101-8 256 x 4 CMOS RAM 2-113 
M2102A-4 1024 x 1 Static MOS RAM 2-38 5101L 256 x 4 CMOS RAM 2-113 
2111A 256 x 4 Static MOS RAM 2-68 5101L-1 256 x 4 CMOS RAM 2-113 
2111A-2 256 x 4 Static MOS RAM 2-68 5101 L-3 256 x 4 CMOS RAM 2-113 
2111A-4 256 x 4 Static MOS RAM 2-68 M5101-4 256 x 4 CMOS RAM 2-117 
2112A 256 x 4 Static MOS RAM 2-72 M5101L-4 256 x 4 CMOS RAM 2-117 
2112A-2 256 x 4 Static MOS RAM 2-72 
2112A-4 256 x 4 Static MOS RAM 2-72 
2114 1024 x 4 Static MOS RAM 2-77 
2114-2 1024 x 4 Static MOS RAM 2-77 PROGRAMMABLE READ ONLY MEMORIES [PROMS) 
2114-3 1024 x 4 Static MOS RAM 2-77 
2114L 1024 x 4 Static MOS RAM 2-77 MOS PROMs 
2114L-3 1024 x 4 Static MOS RAM 2-77 1702A 256 x 8 EPROM 3-5 
2115A 1024 x 1 Static MOS RAM 2-81 1702A-2 256 x 8 EPROM 3-5 
2115A-2 1024 x 1 Static MOS RAM 2-81 1702A-6 256 x 8 EPROM 3-5 
2115AL 1024 x 1 Static MOS RAM 2-81 M1702A 256 x 8 EPROM 3-9 
2115AL-2 1024 x 1 Static MOS RAM 2-81 1702AL 256 x 8 EPROM 3-11 
M2115A 1024 x 1 Static MOS RAM 2-86 1702AL-2 256 x 8 EPROM 3-11 
M2115AL 1024 x 1 Static MOS RAM 2-86 2704 512 x 8 EPROM 3-24 
2115 1024 x 1 Static MOS RAM 2-91 2708 1024 x 8 EPROM 3-24 
2115-2 1024 x 1 Static MOS RAM 2-91 2708-1 1024 x 8 EPROM 3-24 
2115L 1024 x 1 Static MOS RAM 2-91 M2708 1024 x 8 EPROM 3-27 
2125A 1024 x 1 Static MOS RAM 2-81 2716 2048 x 8 EPROM 3-30 
2125A-2 1024 x 1 Static MOS RAM 2-81 

BIPOLAR PROMs 2125AL 1024 x 1 Static MOS RAM 2-81 
2125AL-2 1024 x 1 Static MOS RAM 2-81 3601 256 x 4 PROM 3-34 
M2125A 1024 x 1 Static MOS RAM 2-86 3601-1 256 x 4 PROM 3-34 
M2125AL 1024 x 1 Static MOS RAM 2-86 3621 256 x 4 PROM 3-34 
2125 1024 x 1 Static MOS RAM 2-91 3621-1 256 x 4 PROM 3-34 
2125-2 1024 x 1 Static MOS RAM 2-91 M3601 256 x 4 PROM 3-38 
2125L 1024 x 1 Static MOS RAM 2-91 3602A 512 x 4 PROM 3-40 
2147 4096 x 1 Static MOS RAM 2-104 3602A-2 512 x 4 PROM 3-40 

3602 512 x 4 PROM 3-40 
DYNAMIC MOS RAMs 3622A 512 x 4 PROM 3-40 
1103 1024 x 1 Dynamic MOS RAM 2-8 3622A-2 512 x 4 PROM 3-40 
1103-1 1024 x 1 Dynamic MOS RAM 2-13 3622 512 x 4 PROM 3-40 
1103A 1024 x 1 Dynamic MOS RAM 2-16 3604A 512 x 8 PROM 3-43 
1103A-1 1024 x 1 Dynamic MOS RAM 2-21 3604A-2 512 x 8 PROM 3-43 
1103A-2 1024 x 1 Dynamic MOS RAM 2-26 3604AL 512 x 8 PROM 3-43 
2104A-1 4096 x 1 Dynamic MOS RAM 2-40 3604 512 x 8 PROM 3-43 
2104A-2 4096 x 1 Dynamic MOS RAM 2-40 3604-4 512 x 8 PROM 3-43 
2104A-3 4096 x 1 Dynamic MOS RAM 2-40 3604L-6 512 x 8 PROM 3-43 
2104A-4 4096 x 1 Dynamic MOS RAM 2-40 3624A 512 x 8 PROM 3-43 
2107A 4096 x 1 Dynamic MOS RAM 2-48 3624A-2 512 x 8 PROM 3-43 
2107A-1 4096 x 1 Dynamic MOS RAM 2-48 3624 512 x 8 PROM 3-43 
2107A-4 4096 x 1 Dynamic MOS RAM 2-48 3624-4 512 x 8 PROM 3-43 
2107A-5 4096 x 1 Dynamic MOS RAM 2-48 M3604 512 x 8 PROM 3-46 
2107B 4096 x 1 Dynamic MOS RAM 2-54 M3624 512 x 8 PROM 3-46 
2107B-4 4096 x 1 Dynamic MOS RAM 2-54 3605 1024 x 4 PROM 3-48 
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BIPOLAR PROMs ADD-ON/ADD-IN MEMORIES 
3605-2 1024 x 4 PROM 3-48 in-400 Honeywell/GE 400 Add-On 7-3 
3625 1024 x 4 PROM 3-48 in-481 lntellec® Development 
3625-2 1024 x 4 PROM 3-48 System Add-In 7-5 
3608 1024 x 8 PROM 3-51 in-1611 DEC LSl-11/PDP-11 /03 Add-In 7-7 
3608-4 1024 x 8 PROM 3-51 in-1670 DEC PDP-11 /70 Add-On 7-9 
3628 1024 x 8 PROM 3-51 in-4011 DEC PDP-11 Add-On 7-11 
3628-4 1024 x 8 PROM 3-51 in-4711 DEC PDP-11 Add-On 7-13 

MOS ROMs MCS-40™ MICROPROCESSOR 

2308 1024 x 8 ROM 3-14 4040 4-Bit Microprocessor 8-4 

2316A 2048 x 8 ROM 3-18 4004 4-Bit Microprocessor 8-15 

2316E 2048 x 8 ROM 3-21 4003 10-Bit Shift Register 8-24 

ROM and PROM Programming Instructions 3-55 4265 Programmable General Purpose 1/0 8-28 
4269 Programmable Keyboard Display 8-46 
4201A Clock Generator 8-61 

SERIAL MEMORIES 
4008/4009 Standard Memory Interface 

Component Pair 8-67 
1402A Quad 256-Bit Dynamic Shift Reg. 4-3 4289 Standard Memory Interface 8-73 
1403A Dual 512-Bit Dynamic Shift Reg. 4-3 4002 320-Bit RAM/4 Output Lines 8-84 
1404A 1024-Bit Dynamic Shift Reg. 4-3 4001 256 x 8 ROM/4 1/0 Lines 8-90 
1405A Dynamic Recirculating Shift Reg. 4-7 4308 1024 x 8 ROM/16 1/0 Lines 8-99 
2401 Dual 1024-Bit Dynamic 4316A 2048 x 8 ROM B-109 

Recirculating Shift Reg. 4-11 4702A 256 x B Erasable PROM B-113 
2405 1024-Bit Dynamic Recirculating 4B01 Clock Generator Crystal B-120 

Shift Reg. 4-11 
2416 CCD Serial Memory 4-15 

MCS-48™ MICROCOMPUTER 
B04B/B74B/B035 B-Bit Microcomputer 9-4 

MEMORY SUPPORT CIRCUITS B243 MCS-4B'" Input/Output Expander 9-9 

3205 1 of B Binary Decoder 5-3 Expansion of the MCS-4B'" System 9-14 

3207A Quad Bipolar to MOS Driver 5-7 
3207A-1 Quad Bipolar to MOS Driver 5-11 MCS-80/85™ MICROPROCESSOR 320BA Hex Sense Amp 5-13 
3222 4K Dynamic RAM Refresh Cont. 5-19 BOOB I BOOB-1 B-Bit Microprocessor 10-5 
3232 4K Dynamic RAM Multiplexer and BOBO A 8-Bit Microprocessor 10-11 

Refresh Counter 5-25 8080A-1 8-Bit Microprocessor 10-20 
3242 16K Dynamic RAM Multiplexer and 8080A-2 8-Bit Microprocessor 10-24 

Refresh Counter 5-29 M8080A 8-Bit Microprocessor (MIL) 10-28 
3245 Quad TTL to MOS Driver 5-33 B224 Clock Generator and Driver 10-33 
3404 High Speed 6-Bit Latch 5-3 MB224 Clock Generator and Driver (MIL) 10-37 
340BA Hex Sense Amp and Latch 5-13 8801 Clock Generator Crystal 10-41 
5235 Quad TTL to MOS Driver 5-37 8228/8238 System Controller and Bus Driver 10-43 
5235-1 High Speed Quad TTL to MOS Driver 5-37 M8228/M8238 System Controller and Bus 
5244 Quad CCD Driver 5-41 Driver (MIL) 10-47 

B085 8-Bit Microprocessor 10-52 

MEMORY SYSTEMS 
MEMORY AND 1/0 EXPANDERS FOR MCS-85/48'" 
8155 2048-Bit RAM with 1/0 

in-26A Static RAM 6-3 Ports and Timer 10-63 
in-40 Dynamic RAM 6-5 8355 16,384-Bit ROM with I /0 10-75 
in-65 CCD Serial Store 6-7 8755 16,3B4-Bit EPROM with 1/0 10-B2 
in-477 CRT Refresh Store 6-9 
in-1600 Dynamic RAM 6-11 MEMORIES 
in-3000 Dynamic RAM 6-13 8101A-4 1024-Bit RAM with 1/0 10-88 
in-4580 BO RAM 6-15 8102-4 1024-Bit MOS RAM 10-91 
in-8100 CMOS RAM 6-17 8111A-4 1024-Bit RAM with 1/0 10-95 
Memory System Applications 6-19 8308 8192-Bit MOS ROM 10-98 
Memory System Accessories 6-23 8316A 16,384-Bit MOS ROM 10-102 
Custom Memory Systems 6-26 8708 8192-Bit EROM 10-105 
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FUNCTIONAL INDEX jl 
GENERAL PURPOSE ANO DEDICATED FUNCTION PERIPHERALS PROTOTYPING PACKAGES AND ACCESSORIES 

8205 1 Out of 8 Decoder 10-108 SBC BOP Prototype Package 12-51 
8212 8-Bit Input/Output Port 10-114 SBC 80P20 Prototype Package 12-54 
M8212 8-Bit Input/Output Port (MIL) 10-123 SBC 530 Teletypewriter Adapter 12-57 
8214 Priority Interrupt Control 10-128 SBC 604/614 Modular Backplane and Cardcage 12-59 
M8214 Priority !nterrupt Control (MIL) 10-132 SBC 630 Power Supply 12-61 
8216/8226 4-Bit Parallel Bi-directional Bus Driver 10-135 SBC 635 Power Supply 12-63 
M8216 4-Bit Parallel Bi-directional 

Bus Driver (MIL) 10-140 INTELLEC®MICROCOMPUTER DEVELOPMENT SYSTEMS 
8251 Communication Interface 10-143 
M8251 Communication Interface (MIL) 10-156 DEVELOPMENT SYSTEMS 
8253 Interval Timer 10-159 

lntellec" Microcomputer Development System 13-3 
8255A Peripheral Interface 10-170 
M8255A Peripheral Interface (MIL) 10-192 lntellec" 4/MOD40 Microcomputer Development System 13-8 

8257 OMA Controller 10-195 IN-CIRCUIT EMULATORS 
8259 Interrupt Controller 10-212 

ICE-30'" 3001 In-Circuit Emulator 13-12 
8271 Floppy Disk Controller 10-228 ICE-48'" 8048 In-Circuit Emulator 13-17 
8273 SDLC Protocol Controller 10-232 ICE-80'" 8080 In-Circuit Emulator 13-19 
8275 CRT Controller 10-236 

ICE-85'" 8085 In-Circuit Emulator 13-25 
8279 Keyboard/Display Interface 10-240 

KITS 
DEVELOPMENT SYSTEMS PERIPHERALS 

SDK-80 8080 Design Kit 10-251 lntellec" Diskette Operating System 13-27 
PL/M-80 High-Level Programming Language -

lntellec Resident Compiler 13-33 
SERIES 3000 BIPOLAR MICROCOMPUTER SYSTEM MCS-48'" Diskette-Based Software Support Package 13-35 

3001 Microprogram Control Unit 11-3 
MCS-48'" Paper Tape-Based Assembler 13-37 
lntellec System CRT Keyboard Display 13-39 

M3001 Microprogram Control Unit (MIL) 11-10 lntellec Printer 13-41 
3002 Central Processing Element 11-13 lntellec High-Speed Paper Tape Reader 13-43 
M3002 Central Processing Element (MIL) 11-19 UPP-101. UPP-102 Universal PROM Programmer 13-45 
3003 Look-Ahead Carry Generator 11-21 SIM-101, SIM-102, SIM-104 ROM Simulator 13-47 
M3003 Look-Ahead Carry Generator (MIL) 11-24 
3212 Multi-Mode Latch Buffer 11-26 DESIGN AIDS 
M3212 Multi-Mode Latch Buffer (MIL) 11-31 lntellec PROMPT 48'" Microcomputer Design Aid 13-51 
3214 Interrupt Control Unit 11-34 lntellec PROMPT 80'" Microcomputer Design Aid 13-56 
M3214 Interrupt Control Unit (MIL) 11-40 
3216/3226 Parallel Bi-directional Bus Driver 11-44 
M3216/M3226 Parallel Bi-directional Bus Driver (MIL) 11-47 SOFTWARE AND TRAINING 

MICROCOMPUTER SYSTEMS INSITE'" USER'S LIBRARY 

SINGLE BOARD COMPUTERS User's Program Library 14-3 
lnsite'" 8-Bit User's Library 14-5 

SBC 80/10 Single Board Computer 12-3 lnsite'" 4-Bit User's Library 14-7 
SBC 80/20 Single Board Computer 12-7 Intel User's Library Submittal Form 14-8 

PACKAGED COMPUTERS CROSS PRODUCT SOFTWARE 
System 80/ 10 12-13 CROMIS Microprogramming 14-9 
System 80/20 12-18 MCS-40'" Cross Assembler 14-11 

4004/4040 Simulator 14-12 
MEMORY AND 1/0 EXPANSION BOARDS MCS-8'" Cross Ass em bier 14-13 
SBC 016 16K Byte RAM Memory Board 12-24 8080 Simulator 14-14 
SBC 104/ Combination Memory and I /O MCS-80'" Cross Assembler 14-15 

108/116 Expansion Board 12-26 8080 Simulator 14-16 
SBC 416 16K PROM Expansion Board 12-30 PL/M Cross Compilers 14-17 
SBC 508 i /0 Expansion Board 12-32 TRAINING/WORKSHOPS 
SBC 517 Combination 1/0 Expansion Board 12-34 
SBC 519 Programmable 1/0 Expansion Board 12-38 Microcomputer Training 14-19 

MCS-80'" System Workshop 14-20 
PERIPHERALS AND CONTROLLERS PL/M-80 Language Workshop 14-21 
SBC 201 Diskette Controller 12-42 MCS-48'" System Workshop 14-22 
SBC 2111212 Diskette Hardware System 12-45 Programmable Peripheral Circuits Workshop 14-22 
SBC 501 Direct Memory Access Controller 12-48 Series 3000 Workshop 14-23 
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ll GENERAL INFORMATION 
Available Literature 
Component Sales Offices 
Development Systems 
European Marketing Offices 
IC 38510 Military Products 
lntellec Systems 
International Distributors 
Microcomputer Modules 
Ordering Information 
Orient Marketing Offices 
Packaging Information 
PROM Programming Instructions 
Single Board Computer 
Standard Product Flow 
System Sales Offices 
Training Programs 
User's Program Library 

FUNCTIONAL INDEX 

15-16 
Inside Back Cover 
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NUMERICAL INDEX 

J 1101A 256 x 1 Static MOS RAM 2-4 2116-2 16384 x 1 Dynamic MOS RAM 2-96 
1101A 1 256 x 1 Static MOS RAM 2-4 2116-3 16384 x 1 Dynamic MOS RAM 2-96 
1103 1024 x 1 Dynamic MOS RAM 2-8 2116-4 16384 x 1 Dynamic MOS RAM 2-96 
1103-1 1024 x 1 Dynamic MOS RAM 2-13 2125A 1024 x 1 Static MOS RAM 2-81 
1103A 1024 x 1 Dynamic MOS RAM 2-16 2125A-2 1024 x 1 Static MOS RAM 2-81 
1103A-1 1024 x 1 Dynamic MOS RAM 2-21 2125AL 1024 x 1 Static MOS RAM 2-81 
1103A-2 1024 x 1 Dynamic MOS RAM 2-26 2125AL-2 1024 x 1 Static MOS RAM 2-81 
1402A Quad 256-Bit Dynamic M2125A 1024 x 1 Static MOS RAM (MIL) 2-86 

Shift Reg. 4-3 M2125AL 1024 x 1 Static MOS RAM (MIL) 2-86 1403A Dual 512-Bit Dynamic 2125 1024 x 1 Static MOS RAM 2-91 
Shift Reg. 4-3 2125-2 1024 x 1 Static MOS RAM 2-91 1404A 1024-Bit Dynamic Shift Reg. 4-3 2125L 1024 x 1 Static MOS RAM 2-91 1405A Dynamic Recirculating 2147 4096 x 1 Static MOS RAM 2-104 
Shift Reg. 4-7 2308 1024 x 8 ROM 3-14 1702A 256 x 8 EPROM 3-5 2316A 2048 x 8 ROM 3-18 

1702A-2 256 x 8 EPROM 3-5 2316E 2048 x 8 ROM 3-21 
1702A-6 256 x 8 EPROM 3-5 2401 Dual 1024-Bit Dynamic 
M1702A 256 x 8 EPROM (MIL) 3-9 Recirculating Shift Reg. 4-11 
1702AL 256 x 8 EPROM 3-11 2405 1024-Bit Dynamic 
1702AL-2 256 x 8 EPROM 3-11 Recirculating Shift Reg. 4-11 
2101A 256 x 4 Static MOS RAM 2-30 2416 CCD Serial Memory 4-15 2101A-2 256 x 4 Static MOS RAM 2-30 2704 512 x 8 EPROM 3-24 
2101A-4 256 x 4 Static MOS RAM 2-30 2708 1024 x 8 EPROM 3-24 
2102A 1024 x 1 Static MOS RAM 2-34 2708-1 1024 x 8 EPROM 3-24 
2102A-2 1024 x 1 Static MOS RAM 2-34 M2708 1024 x 8 EPROM 3-27 
2102A-4 1024 x 1 Static MOS RAM 2-34 2716 2048 x 8 EPROM 3-30 
2102A-6 1024 x 1 Static MOS RAM 2-34 3001 Microprogram Control Unit 11-3 
2101AL 1024 x 1 Static MOS RAM 2-34 M3001 Microprogram Control 
2102AL-2 1024 x 1 Static MOS RAM 2-34 Unit (MIL) 11-10 
2102AL-4 1024 x 1 Static MOS RAM 2-34 3002 Central Processing Element 11-13 
M2102A-4 1024 x 1 Static MOS RAM (MIL) 2-38 M3002 Central Processing 
2104A-1 4096 x 1 Dynamic MOS RAM 2-40 Element (MIL) 11-19 
2104A-2 4096 x 1 Dynamic MOS RAM 2-40 3003 Look-Ahead Carry Generator 11-21 
2104-3 4096 x 1 Dynamic MOS RAM 2-40 M3003 Look-Ahead Carry 
2104A-4 4096 x 1 Dynamic MOS RAM 2-40 Generator (MIL) 11-24 
2107A 4096 x 1 Dynamic MOS RAM 2-48 3101 16 x 4 Bipolar RAM 2-105 
2107A-1 4096 x 1 Dynamic MOS RAM 2-48 3101A 16 x 4 Bipolar RAM 2-105 
2107A-4 4096 x 1 Dynamic MOS RAM 2-48 3104 4 x 4 Bipolar RAM 2-109 
2107A-5 4096 x 1 Dynamic MOS RAM 2-48 3205 1 of 8 Binary Decoder 5-3 
2107B 4096 x 1 Dynamic MOS RAM 2-54 3207A Quad Bipolar to MOS Driver 5-7 
2107B-4 4096 x 1 Dynamic MOS RAM 2-54 3207A-1 Quad Bipolar to MOS Driver 5-11 
2107B-5 4096 x 1 Dynamic MOS RAM 2-54 3208A Hex Sense Amp 5-13 
2108-2 8192 x 1 Dynamic MOS RAM 2-60 3212 Multi-Mode Latch Buffer 11-26 
2108-4 8192 x 1 Dynamic MOS RAM 2-60 M3212 Multi-Mode Latch Buffer (MIL) 11-31 
2111A 256 x 4 Static MOS RAM 2-68 3214 Interrupt Control Unit 11-34 2111A-2 256 x 4 Static MOS RAM 2-68 M3214 Interrupt Control Unit (MIL) 11-40 2111A-4 256 x 4 Static MOS RAM 2-68 3216 Parallel Bi-directional 
2112A 256 x 4 Static MOS RAM 2-72 Bus Driver 11-44 
2112A-2 256 x 4 Static MOS RAM 2-72 M3216 Parallel Bi-directional Bus 
2112A-4 256 x 4 Static MOS RAM 2-72 Driver (MIL) 11-47 
2114 1024 x 4 Static MOS RAM 2-77 3222 4K Dynamic RAM Refresh 
2114-2 1024 x 4 Static MOS RAM 2-77 Cont. 5-19 
2114-3 1024 x 4 Static MOS RAM 2-77 3226 Parallel Bi-directional 
2114L 1024 x 4 Static MOS RAM 2-77 Bus Driver 11-44 
2114L-3 1024 x 4 Static MOS RAM 2-77 M3226 Parallel Bi-directional 
2115A 1024 x 1 Static MOS RAM 2-81 Bus Driver (MIL) 11-47 
2115A-2 1024 x 1 Static MOS RAM 2-81 3232 4K Dynamic RAM Multiplexer 
2115AL 1024 x 1 Static MOS RAM 2-81 and Refresh Counter 5-25 
2115AL-2 1024 x 1 Static MOS RAM 2-81 3242 16K Dynamic RAM Multiplexer 
M2115A 1024 x 1 Static MOS RAM (MIL) 2-86 and Refresh Counter 5-29 
M2115AL 1024 x 1 Static MOS RAM (MIL) 2-86 3245 Quad TTL to MOS Driver 5-33 
2115 1024 x 1 Static MOS RAM 2-91 3404 High Speed 6-Bit Latch 5-3 
2115-2 1024 x 1 Static MOS RAM 2-91 3408A Hex Sense Amp and Latch 5-13 
2115L 1024 x 1 Static MOS RAM 2-91 3601 256 x 4 PROM 3-35 
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3601-1 256 x 4 PROM 3-34 8101A-4 1024-Bit RAM with 1/0 10-88 

3621 256 x 4 PROM 3-34 8102-4 1024-Bit MOS RAM 10-91 

3621-1 256 x 4 PROM 3-34 8111A-4 1024-Bit RAM with 1/0 10-95 

M3601 256 x 4 PROM (MIL) 3-38 8155 2048-Bit RAM with 1/0 

3602A 512 x 4 PROM 3-40 Ports and Timer 10-63 

3602A-2 512 x 4 PROM 3-40 8205 1 Out of 8 Decoder 10-108 

3602 512 x 4 PROM 3-40 8212 8-Bit Input/Output Port 10-114 

3622A 512 x 4 PROM 3-40 M8212 8-Bit Input/Output 

3622A-2 512 x 4 PROM 3-40 Port (MIL) 10-123 

3622 512 x 4 PROM 3-40 8214 Priority Interrupt Control 10-128 

3604A 512 x 8 PROM 3-43 M8214 Priority Interrupt Control (MIL) 10-132 

3604A-2 512 x 8 PROM 3-43 8216 4-Bit Parallel Bi-directional 
3604AL 512 x 8 PROM 3-43 Bus Driver 10-135 
3604 512 x 8 PROM 3-43 M8216 4-Bit Parallel Bi-directional 
3604-4 512 x 8 PROM 3-43 Bus Driver (MIL) 10-140 
3604L-6 512 x 8 PROM 3-43 8226 4-Bit Parallel Bi-directional 
M3604 512 x 8 PROM (MIL) 3-46 Bus Driver 10-135 
3624A 512 x 8 PROM 3-43 8224 Clock Generator and Driver 10-33 
3624A-2 512 x 8 PROM 3-43 M8224 Clock Generator and 
3624 512 x 8 PROM 3-43 Driver (MIL) 10-37 
3624-4 512 x 8 PROM 3-43 8228/8238 System Controller and 
M3624 512 x 8 PROM (MIL) 3-46 Bus Driver 10-43 
3605 1024 x 4 PROM 3-48 M8228/M8238 System Controller and Bus 
3605-2 1024 x 4 PROM 3-48 Driver (MIL) 10-47 
3625 1024 x 4 PROM 3-48 8243 Input/Output Expander, MCS-48 9-9 
3625-2 1024 x 4 PROM 3-48 8251 Communication Interface 10-143 
3608 1024 x 8 PROM 3-51 M8251 Communication lnterface(MIL) 10-156 
3608-4 1024 x 8 PROM 3-51 8253 Interval Timer 10-159 

3628 1024 x 8 PROM 3-51 8255A Peripheral Interface 10-170 
3628-4 1024 x 8 PROM 3-51 M8255A Peripheral Interface (MIL) 10-192 
4001 256 x 8 ROM/4 1/0 Lines 8-90 8257 OMA Controller 10-195 
4002 320-Bit RAM I 4 Output Lines 8-84 8259 Interrupt Controller 10-212 
4003 10-Bit Shift Register 8-24 8271 Floppy Disk Controller 10-228 
4004 4-Bit Microprocessor 8-15 8273 SDLC Protocol Controller 10-232 
4008/4009 Standard Memory Interface 8275 CRT Controller 10-236 

Component Pair 8-67 8279 Keyboard I Display Interface 10-240 
4040 4-Bit Microprocessor 8-4 8308 8192-Bit MOS ROM 10-98 

4201A Clock Generator 8-61 8316A 16,384-Bit MOS RAM 10-102 

4265 Programmable General 8355 16,384-Bit ROM with I /0 10-75 

Purpose I /0 8-28 8708 8192-Bit EROM 10-105 
4269 Programmable Keyboard 8748 8-Bit Microcomputer 9-4 

Display 8-46 8755 16,384-Bit EPROM with 1/0 10-82 

4308 1024 x 8 ROM/16 1/0 Lines 8-99 8801 Clock Generator Crystal 10-41 

4316A 2048 x 8 ROM 8-109 Available Literature 15-16 

4702A 256 x 8 Erasable PROM 8-113 Component Sales Offices Inside Back Cover 

4801 Clock Generator Crystal 8-120 CROMIS Microprogramming 14-9 

5101-8 256 x 4 CMOS RAM 2-113 Custom Memory Systems 6-26 

5101L 256 x 4 CMOS RAM 2-113 Development Systems 13-2 

5101L-1 256 x 4 CMOS RAM 2-113 European Marketing Offices 15-18 

5101L-3 256 x 4 CMOS RAM 2-113 Expansion of the MCS-48'" System 9-14 

M5101-4 256 x 4 CMOS RAM (MIL) 2-117 IC 38510 Military Products 15-11 

M5101L-4 256 x 4 CMOS RAM (MIL) 2-117 ICE-30'" 3001 In-Circuit Emulator 13-12 

5235 Quad TTL to MOS Driver 5-37 ICE-48'" 8048 In-Circuit Emulator 13-17 

5235-1 High Speed Quad TTL to ICE-80'" 8080 In-Circuit Emulator 13-19 

MOS Driver 5-37 ICE-85'" 8085 In-Circuit Emulator 13-25 

5244 Quad CCD Driver 5-41 in-26A Static RAM 6-3 

8008 I 8008-1 8-Bit Microprocessor 10-5 in-40 Dynamic RAM 6-5 

8035 8-Bit Microcomputer 9-4 in-65 CCD Serial Store 6-7 

8048 8-Bit Microcomputer 9-4 in-400 Honeywell/GE 400 Add-On 7-3 

8080A 8-Bit Microprocessor 10-11 in-477 CRT Refresh Store 6-9 

8080A-1 8-Bit Microprocessor 10-20 in-481 lntellec"' Development System 

8080A-2 8-Bit Microprocessor 10-24 Add-In 7-5 

M8080A 8-Bit Microprocessor (MIL) 10-28 in-1600 Dynamic RAM 6-11 

8085 8-Bit Microprocessor 10-52 in-1611 DEC LSl-11/PDP-11 /03 Add-In 7-7 



NUMERICAL INDEX 

J in-1670 DEC PDP-11 /70 Add-On 7-9 Programmable Peripheral Circuits Workshop 14-22 
in-3000 Dynamic RAM 6-13 PROM Programming Instructions 3-55 
in-4011 DEC PDP-11 Add-On 7-11 ROM and PROM Programing Instructions 3-55 
in-4580 BO RAM 6-15 SBC 016 16K Byte RAM Memory Board 12-24 
in-4711 DEC PDP-11 Add-On 7-13 SBC 80/ 10 Single Board Computer 12-3 
in-8100 CMOS RAM 6-17 SBC 80/20 Single Board Computer 12-7 
lnsite'" 8-Bit User's Library 14-5 SBC SOP Prototype Package 12-51 
lnsite'" 4-Bit User's Library 14-7 SBC 80P20 Prototype Package 12-54 
Intel User's Library Submittal Form 14-8 SBC 104/108/116 Combination Memory and 1/0 
lntellec Systems 13-2 Expansion Board 12-26 
lntellec ~ Diskette Operating System 13-27 SBC 201 Diskette Controller 12-42 
lntellec High-Speed Paper Tape Reader 13-43 SBC 211 /212 Diskette Hardware System 12-45 
lntellec Printer 13-41 SBC 416 16K PROM Expansion Board 12-30 
lntellec PROMPT 48'" Microcomputer Design Aid 13-51 SBC 501 Direct Memory Access 
lntellec PROMPT 80" Microcomputer Design Aid 13-56 Controller 12-48 
lntellec" Microcomputer Development System 13-3 SBC 508 1/0 Expansion Board 12-32 
lntellec" 4/MOD40 Microcomputer SBC 517 Combination I /O Expansion 

Development System 13-8 Board 12-34 
lntellec System CRT Keyboard Display 13-39 SBC 519 Programmable 1/0 Expansion 
International Distributors 15-18 Board 12-38 
MCS-8'" Cross Assembler 14-13 SBC 530 Teletypewriter Adapter 12-57 
MCS-40'M Cross Assembler 14-11 SBC 604/614 Modular Backplane and 
MCS-48'" Diskette-Based Software Cardcage 12-59 

Support Package 13-35 SBC 630 Power Supply 12-61 
MCS-48'M Paper Tape-Based Assembler 13-37 SBC 635 Power Supply 12-63 
MCS-48'M System Workshop 14-22 SDK-80 8080 Design Kit 10-251 
MCS-80'M Cross Assembler 14-15 Series 3000 Workshop 14-23 
MCS-80'M System Workshop 14-20 Simulator for 4004 14-2 
Memory System Applications 6-19 Simulator for 4040 14-12 
Memory System Accessories 6-23 Simulator for 8080 14-14 
Microcomputer Modules 12-2 Single Board Computer 12-2 
Microcomputer Training 14-19 Standard Product Flow 15-14 
Ordering Information 15-3 System 80/10 12-13 
Orient Mar~eting Offices 15-18 System 80/20 12-18 
Packaging Information 15-4 System Sales Offices 15-18 
PL/M Cross Compilers 14-17 Training Programs 14-2 
PL/M High-Level Programming Language - UPP-101, UPP-102 Universal PROM Programmer 13-45 

lntellec Resident Compiler 13-33 User's Program Library 14-2 
PL/M-80 Language Workshop 14-21 User's Program Library 14-3 
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Function 

Memory and 1/0 
Expanders for 
MCS-48/85 

RAMs (Static) 

RAMs (Dynamic) 

RAM Support 
Circuits 

RO Ms 

EPROMs 

Peri phera Is 

RECOMMENDED PRODUCTS 
FOR 

MCS-48/80/85 MICROCOMPUTER APPLICATIONS 

TAcc 
Part Page In 

No. No. Description ns 8048 8748 8035 

8155 10·63 RAM-1/0 x x x 
8355 10-75 ROM-1/0 x x x 
8755 10-82 EPROM-1/0 x x x 

8101A·4 10·88 256 x 4 450 x x x 
8102A-4 10-91 1Kx1 450 x x x 
8111A-4 10·95 256 x 4 450 x x x 
5101 2-112 256 x 4 CMOS 450 x x x 
2114 2-76 1K x 4 450 x x x 

2104A·4 2-40 4K x 1 300 

2107B-4 2-54 4K x 1 270 

2116·4 2-95 16Kx 1 300 

3222 5-19 Refresh Controller 

3232 5-24 Refresh Counter I 
Multiplexer 

3242 5-28 Refresh Counter I 
Multiplexer 

8308 10-98 1K x 8 450 x x x 
8316A 10·102 2K x 8 850 x x x 
2316E 3-21 2K x 8 450 x x x 
1702A-2 3.5 256 x 8 650 
8708 10-105 1K x 8 450 x x x 
2708 3-24 1K x 8 450 x x x 
2716 3-30 2K x 8 450 x x x 

8205 10-108 1 ·8 Decoder x x x 
8212 10-114 8-Bit Latch x x x 
8214 10-128 Priority Unit x x x 
8216 10-135 4-Bit Bus Driver x x x 
8224 10-33 Clock Generator 

8226 10-135 4-Bit Bus Driver x x x 
8228 10-43 System Controller 
8238 10-43 System Controller 

8251 10-143 USART x x x 
8253 10-159 Interval Timer x x x 
8255A 10-170 PPI x x x 
8257 10-195 DMA 

8259 10-212 Interrupt x x x 
8271 10-228 Floppy Disk x x x 
8273 10-232 SDLC x x x 
8275 10-236 CRT x x x 
8279 10-240 KYBD/Display x x x 

1-10 

8085 8080A 8008 

x 
x 
x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x 
x x 
x x 
x x 
x x 

x x 

x x x 
x x x 
x x x 

x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 

x 
x x x 

x 
x 

x x x 
x x x 
x x x 
x x 
x x 
x x 
x x 
x x 
x x x 
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RANDOM ACCESS MEMORIES 
Electrical Characteristics Over Temperature 

Power 

No. No. Access Cycle DIBBipatlon 

of Organi- of Time Time Max.111 Page 

Type Bits Description zatlon Pins Max. Max. Operating/Standby Supplles[V] No. 

1101A 256 Static Fully Decoded 256x1 16 1500ns 1500ns 685mW/340mW +5. -9 

1101A1 256 Hi-Speed Static Fully 256x1 16 1000ns 1000ns 685mW/340mW +5, -9 2-4 

Decoded 

1103 1024 Dynamic Fully Decoded 1024x1 18 300ns 580ns 400mW/64mW +16, +19 2-8 

1103-1 1024 Dynamic Fully Decoded 1024x1 18 150ns 340ns 437mW/76mW +19, +22 2-13 

1103A 1024 Dynamic Fully Decoded 1024x1 18 205ns 580ns 400mW/64mW +16, +19 2-16 

1103A-1 1024 Dynamic Fully Decoded 1024x1 18 145ns 340ns 627mW/10mW +19, +22 2-21 

1103A-2 1024 Dynamic Fully Decoded 1024x1 18 145ns 400ns 570mW/10mW +19, +22 2-26 

2101A 1024 Static, Separate 1/0 256x4 22 350ns 350ns 300mW +5 

2101A-2 1024 Static, Separate 1/0 256x4 22 250ns 250ns 350mW +5 2-30 

2101A-4 1024 Static, Separate 1/0 256x4 22 450ns 450ns 300mW +5 

2102A 1024 High Speed Static 1024x1 16 350ns 350ns 275mW +5 

2102A-2 1024 High Speed Static 1024x1 16 250ns 250ns 325mW +5 

2102A-4 1024 High Speed Static 1024x1 16 450ns 450ns 275mW +5 

2102A-6 1024 High Speed Static 1024x1 16 650ns 650ns 275mW +5 2-34 

2102AL 1024 Low Standby Power Static 1024x1 16 350ns 350ns 165mW/35mW +5 

2102AL-2 1024 Low Standby Power Static 1024x1 16 250ns 250ns 325mW/42mW +5 

2102AL-4 1024 Low Standby Power Static 1024x1 16 450ns 450ns 165mW/35mW +5 

UI M2102A-4 1024 Static, TA ~ -55° C to 1024x1 16 450ns 450ns 350mW +5 2-38 
0 
:E +125°C 
w 

2104A-1 4096 16 Pin Dynamic 4096x1 I-
c( 

16 150ns 320ns 420mW/18mW +12, +5, -5 

Cl 2104A-2 4096 16 Pin Dynamic 4096x1 16 200ns 320ns 384mW/18mW +12, +5, -5 
z 2-40 
0 2104A-3 4096 16 Pin Dynamic 4096x1 16 250ns 375ns 360mW/18mW +12, +5, -5 
0 
:::l 
iii 2104A-4 4096 16 Pin Dynamic 4096x1 16 300ns 425ns 360mW/18mW +12, +5, -5 

2107A 4096 22 Pin Dynamic 4096x1 22 300ns 700ns 458mW/2mW +12, +5. -5 

2107A-1 4096 22 Pin Dynamic 4096x1 22 280ns 550ns 516mW/2mW +12, +5, -5 
2-48 

2107A-4 4096 22 Pin Dynamic 4096x1 22 350ns 840ns 450mW/2mW +12, +5, -5 

2107A-5 4096 22 Pin Dynamic 4096x1 22 420ns 970ns 376mW/2mW +12, +5, -5 

21078 4096 22 Pin Dynamic 4096x1 22 200ns 400ns 648mW/4mW +12, +5, -5 

21078-4 4096 22 Pin Dynamic 4096x1 22 270ns 470ns 648mW/4mW +12, +5, -5 2-54 

21078-5 4096 22 Pin Dynamic 4096x1 22 300ns 590ns 648mW/5mW +12, +5, -5 

2108-2 8192 16 Pin Dynamic 8192x1 16 200ns 350ns 828mW/24mW +12, +5, -5 
2-60 

2108-4 8192 16 Pin Dynamic 8192x1 16 300ns 425ns 780mW/24mW +12, +5, -5 

2111A 1024 Static, Common 1/0 with 256x4 18 350ns 350ns 300mW +5 
Output Deselect 

2111A-2 1024 Static, Common 1/0 with 256x4 18 250ns 250ns 350mW +5 
2-67 

Output Deselect 

2111A-4 1024 Static, Common 1/0 with 256x4 18 450ns 450ns 300mW +5 

Output Deselect 

2112A 1024 Static, Common 1/0 256x4 16 350ns 350ns 300mW +5 

without Output Deselect 

2112A-2 1024 Static, Common 1/0 256x4 16 250ns 250ns 350mW +5 
2-71 

without Output Deselect 

2112A-4 1024 Static, Common 1/0 256x4 16 450ns 450ns 300mW +5 
without Output Deselect 
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RANDOM ACCESS MEMORIES (Continued) 

Electrical Charactert1tlc1 Over Temperature 

P-er 
No. No. Acce11 Cycle Dl11lpatlon 
ol Organ!- of Time Time Mar.[1] Page 

Type Bits Description zatlon Pins Max. Max. Operating/ Standby Supplles[V] No. 

2114 4096 Static, Common 110 1024x4 18 450ns 450ns 710mW +5 

2114-2 4096 Static, Common 1/0 1024x4 18 200ns 200ns 710mW +5 

2114-3 4096 Static, Common 1/0 1024x4 18 300ns 300ns 710mW +5 2-76 

2114L 4096 Static, Common 1/0 1024x4 18 450ns 450ns 370mW +5 

2114L-3 4096 Static, Common 1/0 1024x4 18 300ns 300ns 370mW +5 

2115A 1024 Static, Open Collector 1024x1 16 45ns 45ns 660mW +5 

2115A-2 1024 Static, Open Collector 1024x1 16 70ns 70ns 660mW +5 
2-80 

2115AL 1024 Static, Open Collector 1024x1 16 45ns 45ns 395mW +5 

2115AL-2 1024 Static, Open Collector 1024x1 16 70ns 70ns 395mW +5 

M2115A 1024 Static, Open Collector 1024x1 16 55ns 55ns 690mW +5 
2-85 

M2115Al 1024 Static, Open Collector 1024x1 16 75ns 75ns 415mW +5 

UI 2115 1024 Static, Open Collector 1024x1 16 95ns 95ns 525mW +5 0 
:E 
w 2115-2 1024 Static, Open Collector 1024x1 16 70ns 70ns 660mW +5 2-90 
I-
ci: 2115L 1024 Static, Open Collector 1024x1 16 95ns 95ns 345mW +5 CJ 
z 2125A 1024 Static, Three-State 1024x1 16 45ns 45ns 660mW +5 0 
0 
::; 2125A-2 1024 Static, Three-State 1024x1 16 70ns 70ns 660mW +5 
iii 2-80 

2125AL 1024 Static, Three-State 1024x1 16 45ns 45ns 395mW +5 

2125AL-2 1024 Static, Three-State 1024x1 16 70ns 70ns 395mW +5 

M2125A 1024 Static, Three-State 1024x1 16 55ns 55ns 690mW +5 
2-85 

M2125AL 1024 Static, Three-State 1024x1 16 75ns 75ns 415mW +5 

2125 1024 Static, Three-State 1024x1 16 95ns 95ns 525mW +5 

2125-2 1024 Static, Three-State 1024x1 16 70ns 70ns 660mW +5 2-90 

2125L 1024 Static, Three-State 1024x1 16 95ns 95ns 345mW +5 

2116-2 16384 16 Pin Dynamic 16384x1 16 200ns 350ns 828mW/24mW +12, +5, -5 

2116-3 16384 16 Pin Dynamic 16384x1 16 250ns 375ns 816mW/24mW +12, +5, -5 2-95 

2116-4 16384 16 Pin Dynamic 16384x1 16 300ns 425ns 780mW/24mW +12, +5, -5 

2147 4096 High Speed Static 4096x1 18 60- 60- 500mW/50mW +5 2-103 
90ns 90ns (Typical) 

> 3101 64 Fully Decoded 16x4 16 60ns 60ns 525mW +5 
:.: IC 2-104 I: :s 3101A 64 High Speed Fully 16x4 16 35ns 35ns 525mW +5 
oo Decoded :r ... 
~iii 3104 16 Content Addressable 4x4 24 30ns 40ns 625mW +5 

2-108 
Memory 

5101-8 1024 Static CMOS RAM 256x4 22 800ns 800ns 150mW/2.5mW +5 

5101L 1024 Static CMOS RAM 256x4 22 650ns 650ns 135mW/20µW +5 
UI 2-112 

zO 5101 L-1 1024 Static CMOS RAM 256x4 22 450ns 450ns 135mW/20µW +5 
0 :E r----
00 5101 L-3 1024 Static CMOS RAM 256x4 22 650ns 650ns 135mW/1mW +5 

~~ 
UI C M5101-4 1024 Static CMOS RAM 256x4 22 800ns 800ns 168mW/1mW +5 

CJ (-55°C to 125°C) 
2-116 

M5101L-4 1024 Static CMOS RAM 256x4 22 800ns 800ns 168mW/400µW +5 
(-55° C to 125° C) 
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1101A, 1101A1 

256 x 1 BIT ST A TIC RAM 

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

• Low Power Standby Mode 

• Low Power Dissipation -- Typically 
less than 1.5 mW /bit 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 1101 A is an improved version of the 1101 which requires only two power supplies (+5V and -9V) for 
operation. The 1101 A is a direct pin for pin replacement for the 1101. 

The lntel"'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 de stable (static) circuitry and therefore requires no 
clocks to operate. 
The 1101A is designed primarily for small buffer storage applications where high performance, low cost, and 
ease of interfacing with other standard logic circuits are important design objectives. The unit will directly 
interface with standard bipolar integrated logic circuits (TTL, DTL, etc.) The data output buffers are capable 
of driving TTL loads directly. A separate chip select (CS) lead allow~ easy selection of an individual package 
when outputs are OR-tied. 

For applications requiring a faster access time we recommend the 1101A1 which is a selection from the 1101A 
and has a guaranteed maximum access time of 1.0 µsec. 
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 

As cs R/W cs 
D1N 

A7 R/W 

A, DATA OUT 

VD DATA OUT 
DouT 

Vee DATA IN 

"ouT 
A, A, 

Ao Al 

VDD A2 

PIN NAMES 

D 1N DATA INPUT CS CHIP SELECT 

Ao- A1 ADDRESS INPUTS Dour DATA OUTPUT 

R/W READ/WRITE INPUT 

Ao 

10 
A, 

A, 

11 
A, 

15 RIW 

12 DATA IN 

2-4 

"' a: 
w 

:0 
al 
.... 
i2 
~ 

BLOCK DIAGRAM 

256 BIT 

RAM 
PLANE 

Y ADDRESS 
DECODE 

Vcc:5 VDD:8 

V0 :4 



Absolute Maximum Ratings (11 

Temperature Under Bias 

Storage Temperature 

1101A, 1101A1 

All Input or Output Voltages with Respect to the Most 
Positive Supply Voltage, Vee 

Supply Voltages V00 and V0 with Respect to Vee 

Power Dissipation 

D.C. and Operating Characteristics 

0°C to 70°C 

-65°C to +160°C 

+0.5V to -20V 

-20V 

1 WATT 

TA= 0°C to 70°C, V cc = 5V ± 5%, V00 = -9V ± 5%, V0 = -9V ± 5%, unless otherwise specified 

SYMBOL TEST MIN. TYP.121 MAX. UNIT CONDITIONS 

lu INPUT LOAD CURRENT <1.0 500 nA VIN= 0.0 V 
(ALL INPUT PINS) 

ILO OUTPUT LEAKAGE CURRENT <1.0 500 nA VouT = o.o V, CS= Vee -2 

1001 POWER SUPPL y CURRENT, Voo 13 19 mA 

T, •>O"'} 
1002 POWER SUPPLY CURRENT, V 00 25 mA TA= OOC Continuous 

101 POWER SUPPLY CURRENT. V0 12 18 mA T = 250C Operation 
A ' loL = O.OmA 

102 POWER SUPPLY CURRENT, V0 24 mA TA= 0°C, 

VIL INPUT "LOW" VOLTAGE -10 Vcc-4.5 v 
V1H(3) INPUT "HIGH" VOLTAGE Vcc-2 Vcc+0.3 v 
lou 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= +70°C 

lcF OUTPUT CLAMP CURRENT 6 13 mA VouT = -1.0 V 

IOHI OUTPUT SOURCE CURRENT -3.0 -8 mA VouT = 0.0 V, TA= +25°C 

IOH2 OUTPUT SOURCE CURRENT -2.0 -7 mA VouT = 0.0 V, TA= +70°C 

Vol OUTPUT "LOW" VOLTAGE +0.45 v loL = 2.0mA 

VoH OUTPUT "HIGH" VOLTAGE +3.5 +4.9 v loH = -100µA 

C1N(41 INPUT CAPACITANCE 7 10 pF v,, • Vco } 
(ALL INPUT PINS) 

(4) t = 1 MHz 
GOUT OUTPUT CAPACITANCE 7 10 pF VouT = V cc TA= 25°C 

cv<41 V0 POWER SUPPLY 20 35 pF VD= 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 tor extended periods may affect device reliability. 

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

Note 3: A TTL driving the 1101 A, 1101A1 must have its output high 2'. V cc-2 even it it is loaded by other bipolar gates. 

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

A.C. Characteristics TA= 0°c to 10°c. Vee= 5V ± 5%, V 0 = -9V ± 5%, v00= -9V ± 5% 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT 

1RC Read Cycle 1101A 1.5 µsec 
1101A1 1.0 µsec 

1AC 
Address to Chip 1101A 1.211) µsec 
Select Delay 1101A1 0.711) µsec 

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

1oH Previous Read Data Valid 0.05 µsec 

WRITE CYCLE 

twc Write Cycle 0.8 µsec 

two Address to Write Pulse Delay 0.3 µsec 

twp Write Pulse Width 0.4 µsec 

1ow Data Set up Time 0.3 µsec 

tDH Data Hold Time 0.1 µsec 

CHIP SELECT AND DESELECT 

1cw Chip Select Pulse Width 0.4 µsec 

1cs 
Access Time Through 

0.2 0.3 µsec 
Chip Select Input 

1co Chip Deselect Time 0.1 0.3 µsec 

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 (tpo s 10 nsec) 

READ CYCLE CHIP SELECT AND DESELECT 

ADDRESSES 
0 

ADDRESSES ~=><:,___ __ _ 
----.... ....- tcw ___...,·, ..----

Cs 
0 0 

R/W OUTPUTS 
0 o-----~ 

OUTPUTS 
IA__.. 

'OH 
0 -----

WRITE CYCLE 
'we 

POWER SWITCHING OF V0 

ADDRESSES 
0 

Cs 
0 

ADDRESSES 1 ~ 
O ___JJ2,_-~-0-ns_--! ______ _ 

- Vee 10% 
Vo AND CS LEADV 'ii 90% 

D 1'-""'"'-----
R/W •wo 

OUTPUTS v 
0 --'--.-J 0 -------+--'I 

DATA IN 0 _____ _, 
v 00 = -9V ± 5% 

Note 1: Maximum value for tAc measured at minimum read cycle. 
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1101A, 1101A1 

Typical D. C. Characteristics 

., 10 

s 
.$' 
>-::; 
a: 
a: a 
"' z 
<;; 
>-;r 
>-
::> 
0 

1.2 

11.0 
w 

OUTPUT SINK CURRENT VS TEMPERATURE 

Vee= s.ov 
v0 = v00 = -9.0V 

i-,-,--+N---11--J---1-vouT = .45V -

-r--r---. 

20 40 60 BO 100 

AMBIENT TEMPERATURE loC) 

OUTPUT CURRENT VS OUTPUT VOLTAGE 

-16 loH (mA) 

ACCESS TIME VS. 
TEMPERATURE 

Vee= 5.0V 

v0 = v00 = -9.0V--+---+----+---+--< 

1 TTL LOAD 

CL = 20 pf --
~ .ai--_----~-"""'-+-----+-- ... -
m 
u ---~ 0.6 l---+--+----+---+----T---+---1 

0.4 >----+---+---+---+----+---+--1 

20 40 60 BO 100 

AMBIENT TEMPERATURE (oC) 

POWER DISSIPATION VS VOLTAGE 

300 
Vcc=5.0V 

TA=25°C 

POWER DISSIPATED [loo x (IVool+ Vccll 

BY MEMORY CELLS 

200 --
• ---· s 
a: _ ... -
~ POWER DISSIPATED [lox (!Vol+ Vccll 

~ BY PERIPHERAL CIRCUITRY 
100 

POWER DISSIPATION VS TEMPERATURE jl 
500 ~r---r----1 •• 

Vee = 5.0V 
400 

V0 = v00 = -9.0V 

I I 
300 POWER DISSIPATED [loo x !IVool + VcclJ 

BY MEMORY CELLS 

POWER DISSIPATED !Io x (IVol + Vccll 

1Q(). BY PERIPHERAL CIRCUITRY 

O'--~r-'-----'------~-~ 
0 -8.0 

17 

~ 16 

-9.0 

VOLTAGE (Vo, Voo) 

-10.0 20 40 60 

AMBIENT TEMPERATURE (°C) 

BO 100 

Typical A. C. Characteristics 

1.6 

1.4 

I 
1.2 

~ 
1.0 

;:: 

m .B 

" " " .6 

.4 

0 
0 

1101A/1101A1 
OPERATING REGION 

ACCESS Tl ME VS. 

LOAD CAPACITANCE 

Vee= 5.0V 

-~+-----+-- v 0 = v 00 = -9.0V 

100 200 300 400 

LOAD CAPACITANCE (pF) 

ACCESS TIME VS. 
SUPPLY VOLTAGE 

1.4 ,.--,----,----~--~-~--, 
i Vee "' 5.0V , TTL LOAD 

1.2 
1101A {..,....~-TT·_=_2_5,·c __ c_,,_=_20,p_F _ _, 

~ 15 >----+----,---+-~-+--c----+-----1r--i 
Q 

~ 1.0 

3-

~ .8 r---+----t-~...-----'""""'""-...;j~-.-i----j 
> 14 c---+---+--e-c,...,_--+--rr-i--t-r_,r--, 
I 

u 
>u 13 >---+--+-,--,.,...,_ 

12 

11 

10 11 12 13 14 15 16 17 

Vee - Voo (VOL TS) 

2·7 

m 
8 .6 

" 
.4 

-7 -8 -9 

V 0 (VOL TS) 
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1103 

1024 X 1 BIT DYNAMIC RAM 

• Low Power Dissipation - Dissipates 
Power Primarily on Selected Chips 

• Access Time - 300 nsec 
• Cycle Time - 580 nsec 
• Refresh Period ... 2 milliseconds 

for 0-7o0 c Ambient 
•OR-Tie Capability 

• Simple Memory Expansion -
Chip Enable Input Lead 

• Fully Decoded- on Chip Address 
Decode 

• Inputs Protected - All Inputs Have 
Protection Against Static Charge 

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

The Intel 1103 is designed primarily for main memory applications where high performance, low cost, and large bit storage are important design objectives. 
It is a 1024 word by 1 bit random access memory element using normally off P-channel MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an 18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only during precharge. 
Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 read cycles and is required every two milliseconds. 
A separate cenable (chip enable) lead allows 3asy selection of an individual package when outputs are OR-tied. 
The Intel 1103 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 plastic packaging. 

PIN CONFIGURATION LOGIC SYMBOL 

Ao 
A, ., 
~! DouT ., ., ., 
•• ., 

PIN NAMES 

D1N DATA INPUT PRC PRECHARGE INPUT 
A 0-A9 ADDRESS INPUTS CE CHIP ENABLE 
R/W READ/WRITE DouT DATA OUTPUT 

2-8 

BLOCK DIAGRAM 

1 OF 32 32 READ/ 64 
ROW WRITE 

SELECTOR AMPLIFIERS 

Vea o---
Vss o---
Voo o----

PRECHARGE o----
CENABLE o----

READ/WRITE o----

LOGIC 0 =HIGH VOLTAGE 
LOGIC 1 =LOW VOLTAGE 

MEMORY MATRIX 

32 ROWS 
32 COLUMNS 
(1024 BITS) 



1103 

Maximum Guaranteed Ratings* 

Temperature Under Bias 

Storage Temperature 

All Input or Output Voltages with 
Respect to the Most Positive 
Supply Voltage, V88 

Supply Voltages VDD and Vss 
with Respect to V88 

Power Dissipation 

o0 c to 70°C 

-65°C to +150°C 

-25V to 0.3V 

-25V to 0.3V 

1.0W 

D.C. and Operating Characteristics 

*COMMENT: 

Stresses above those listed under "Maximum Guaranteed 
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. 

TA; 0°C to +70°C, Vi~>; 16V ± 5%, (V88 -Vssl16>; 3V to 4V, VDD ; OV unless otherwise specified 

SYMBOL TEST MIN_ TYP. MAX. UNIT 

lu INPUT LOAD CURRENT \ALL INPUT PINS) 1 µA 
1------+-----------------+-------------+--

l L 0 OUTPUT LEAKAGE CURRENT 1 µA 

199 Vea SUPPLY CURRENT 100 µA 

1001 12) SUPPLY CURRENT DURING Tpc 37 56 mA 

1002 12) SUPPLY CURRENT DURING T ov 38 59 mA 

1003 12) SUPPLY CURRENT DURING TPOV 5.5 11 mA 

1004 121 SUPPLY CURRENT DURING TCP 3 4 mA 

lob5lv AVERAGE SUPPLY CURRENT 17 25 mA 

CONDITIONS 

VouT = O\f ___________ .... 

ALL ADDRESSES= av 

PRECHARGE = OV 

CENABLE = Vss; TA = 25qc 

ALL ADDRESSES= av 

PRECHARGE = OV 

CENABLE = OV; TA = 25oc 

: PRECHARGE = Vss 
CENABLE = OV; TA= 25"C 

PRECHARGE = Vss 
CENABLE = Vss: TA= 25oc 

CYCLE TIME= 580 ns; PRECHARGE 

WIDTH= 190 ns; TA = 25°c 

v 1L11 7I INPUT LOW VOLTAGE V55-17 V55-14,2 V TA= a°C 

•\ALL ADDRESS & DATA-IN LINES) 
r--- (7) 

V1L2 INPUT LOW VOLTAGE 

(ALL ADDRESS & DATA-IN LINES) 
1-------1----

I 

V55-17 v55 -14.51 v ! TA= 1a0 c 

V 1L3I7. s l INPUT LOW VOLTAGE (PRECHARGE V55-17 Vss-14.7 v TA = o0 c 
CENABLE & READ/WRITE INPUTS) j: 

!--------+-------·----------~-----------+---,-+----------------
+ 

VIL4(l,B) INPUT LOW VOLTAGE IPRECHARGE Vss-17 V55-15.a• v ' TA= 1a 0 c 
CENABLE& READ/WRITE INPUTS) 

V1H117l INPUT HIGH VOLTAGE 

(ALL INPUTS) 

V1H2(7) INPUT HIGH 'JOLTAGE 

(ALL INPUTS) 

Vss-1 Vss+1 v 

Vss-0.7 v I TA = 10°c 

1----------+--------------------j-----------+----t----------------i 
loHl OUTPUT HIGH CURRENT Goa 900 4000 µA I TA= 25°C t 

~- 10 H2 I OUTPUT HIG_H CUR_RE __ N_T ________ +-_5_a_a ___ a_o_o __ 4_o __ oo µA TA= 10°c 

1 ~1~l Se_e_Not_e 3 __ ------1,---J· 
~~OUTPU_T_L_o_w_c_u_R_R_E_N_T _________ -+-------

r--- VoHJ_--t~-LI_TPUTHIGH VO_LT_A_G_E _________ ~-----9_a _____ 4a_o __ +-m_v___,J1 TA= 25°C, 

VoH2_j_OUTPUT HIGH VOLTAGE 5a 80 40a mV TA= 7a°C, 

RLOAO =100f1 (4) 

Vol OUTPUT LOW VOLTAGE See Note 3 

Note 1: The v 55 current drain is equal to (loo+ loH) or (loo+ loll. 
Note 2: See Supply Current vs. Temperature (p, 3) for guaranteed current at the temperature extremes. These values are taken from a single pulse 

measurement. 

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

clocks. Vol equals loL across the load resistor. 

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

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

Note 6: (Vss - Vssl supply should be applied at or before V55. 

Note 7: The maximum values for v 1 Land the minimum values for v 1H are linearly related to temperature between aoc and 1ooc. Thus any value 

in between o 0 c and 1ooc can be calculated by using a straight·line relationship. 

Note 8: The maximum values for V1L (for precharge, cenable & read/write) may be increased to Vss-14.2 @QOC and Vgg-14.5@ 70°C (same 

values as those specified for the address & data~in lines) with a 40ns degradation (worst case) in tAC· tpc, tAC· twc. tRWC• tACC1 and tACC2· 
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1103 

AC Characteristics TA = 0°C to 70°C, vss = 16± 5%, (VBB -Vss) = 3.0V to 4.0V, VDD =av 

READ, WRITE, A:ND READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

lREF TIME BETWEEN REFRESH 2 ms 

t •. 111 ADDRESS TO CENABLE SET UP TIME 115 ns 

h CENABLE TO ADDRESS HOLD TIME 20 ns 

t .. 111 PRECHARGE TO CENABLE DELAY 125 ns 

L· CENABLE TO PRECHARGE DELAY BS ns 

t·. PRECHARGE & CENABLE OVERLAP. LOW 25 75 ns tT = 20ns 

b" PRECHARGE & CENABLE OVERLAP. HIGH 140 ns tT = 20ns 

t OV~' PRECHARGE & CENABLE OVERLAP. 45 95 ns 

50% POINTS 
. 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

tRC ( 1 ) READ CYCLE 480 ns "" 
tpov PRECHARGE TO END OF CENABLE 165 500 ns 

leo END OF PRECHARGE TO 120 ns 

OUTPUT DELAY 

lACC1( 1 ) 

tr= 20 ns 

ADDRESS TO OUTPUT ACCESS 300 ns lACm1n + lovLm1n C.o" = 100 pF 
+ leom .. + 2 lo RcoAO = 1001l 

Vw- = 40 mV 

tACC2 
111 PRECHARGE TO OUTPUT ACCESS 310 ns lPCm•o + lovLm1n 

+ 1Pomu + 2 Ir 
~ 

WRITE OR READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

lwc< 1l WRITE CYCLE 580 ns } 1, = 20 ns 

lRwc( 1 ) READ/WRITE CYCLE 580 ns 

tew PRECHARGE TO READ/WRITE DELAY 165 500 ns 

twP READ/WRITE PULSE WIDTH 50 ns 

lw READ/WRITE SET UP TIME 80 ns 

lcN DATA SET UP TIME 105 ns 

bi DATA HOLD TIME 10 ns 

leo END OF PRECHARGE TO 120 ns CcoAO = 100 pF 

OUTPUT DELAY RLOAD = 100Q 

tcv. RELATIONSHIP BETWEEN CENABLE AND 0 ns Vm = 40 mV 

READ/WRITE 

Note 1: These times will degrade by 40 ns (worst case) if the maximum values for V1L (for precharge, cenable and read/write inputs) go to 

V55-14.2V@ ooc and Vss-14.5V@ 7ooc as defined on page 2. 

*CAPACITANCE TA= 25 c 

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

MAX. MAX. 

CAO ADDRESS CAPACITANCE 5 7 pF V1~ = Vss "" 12 

Gee PRECHARGE CAPACITANCE 15 18 19.5 pF V,r, = Vss 

Gee CENABLE CAPACITANCE 15 18 21 pF V1r. = Vss f = 1 MHz 

Cew READ/WRITE CAPACITANCE 11 15 19.5 pF V1r. = Vss 
All Unused 
Pins Are 

C1N1 DATA INPUT CAPACITANCE 4 5 7.5 pF CENABLE = OV 
AtA.C. 

V1N = Vss Ground 

C1N? DATA INPUT CAPACITANCE 2 4 6.5 pF CENABLE = V" 
V1N =Vss 

CouT DATA OUTPUT CAPACITANCE 2 3 7 pF Vour = OV 

*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 
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WRITE CYCLE OR READ/WRITE CYCLE 
Timing illustrated for minimum cycle. 

50 100 150 
I 

200 
I 

1103 

250 300 350 400 450 
' ' 

500 

' 
550 580 ,.,._ __________________ lwc OR tRWC ___________________ , /"ADDRESS CAN CHANGE 

v'" 
ADDRESS 

VIL 

v'" 
PRECHARGE 

VIL 

v," ---+-r--------..t_ 
CENABLE 

VIL 

ADDRESS STABLE 

1ovL 

v," ---++--------+-----1-----------...i READ/WRITE 

VIL 

v," ---++--------+-----!----------DATA 
IN 

DATA CAN 
CHANGE VIL ---++--------+-----1----------' ---tpo __ _ 

Voe---++--------~ :~~~'~ ~ 
= lOOpF 

1ACCT ------------! -+--------- 1ACC2 

READ CYCLE 

ADDRESS CAN CHANGE 
,.,._~~--------------- 1ec --~-.---------------->~! 

v," 
ADDRESS ADDRESS STABLE 

v," 
PRECHARGE 

Vic 

..,..._ 10VH--. 
1AC ~__________.. ~--------------+------..J 

VIH ---+-+--------,,!_ 
CENABLE 

VIL 

VIH 
READ'WRITE 

VIL---+-+-' 

DATA 
OUT 

Vo,---+-+--------~ 

.--~----- - 1PoV ------>~I 

VREF = 40rnV 
RLOAD = 100'.! ____ _____... ' C = 100 pF 

:...-----· ---- 'ACC1 _____ ,_oA_o _______ ,oA::L7oUT ..__ 
-------- 1ACC7 --------

NOTE (}) V t 2V} 
NOTE Q) V~:l 2V 11 IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 

NOTE 3 t 1,w IS REFERENCED TO POINT(l)OF THE RISING EDGE OF CENABLE OR READ WRITE WHICHEVER OCCURS FIRST NOTE 4 t 1JH IS REFE RE NC ED TO POINTQ) OF THE RISING EDGE OF CENABLE OR READ WRITE WHICHEVER OCCURS FIRST 
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1103-1 

The lntel®1103-1 is a high speed 1024 bit dynamic random access memory and is the ~igh speed version of the 
standard 1103. The DC and AC Characteristics for the 1103-1 are given in the following three pages. The ab
solute maximum ratings for the 1103-1 are the same as for the 1103 on page 2-8. 

• Access Time - 150 nsec • Cycle Time - 340 nsec 

D.C. and Operating Characteristics 
(TA = 0°C to +55°C, V5i = 19V ± 5 % (V" - V55 )6 = 3V to 4V, V00 = OV unless otherwise specified) 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

lu INPUT LOAD CURRENT 10 1,A VIN= OV 
(ALL INPUT PINS) 

ILO OUTPUT LEAKAGE CURRENT 10 µA Vour = OV 

1 .. V., SUPPLY CURRENT 100 t"A 

1001
2 SUPPLY CURRENT 45 60 mA ALL ADDRESSES = OV 

DURING T,c PRECHARGE = OV 
CENABLE =Vss 
TA = 25°C 

1002 
2 

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

CE NAB LE= OV 
TA= 25°C 

1003
2 SUPPLY CURRENT 8.5 11 mA PRECHARGE = Vss 

DURING T,ov CENABLE = OV 
TA= 25°C 

loo• ' SUPPLY CURRENT 3.0 4 mA PRECHARGE = Vss 
DURING Tc, CENABLE = V55 

TA= 25°C 

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

105ns, TA= 25°C 

VIL INPUT LOW VOLTAGE Vss- 20 Vss-18 v 
V1H INPUT HIGH VOLTAGE Vss-1 Vss+1 v 
loH1 OUTPUT HIGH CURRENT 1150 1300 7000 1,A TA = 25°C 

loH2 OUTPUT HIGH CURRENT 900 1150 7000 1,A TA = 55°C 

loL 
l 

OUTPUT LOW CURRENT See Note 3 "r R,~AO = 100 fl 

VoH1 OUTPUT HIGH VOLTAGE 115 130 700 mV TA= 25°C, 

VoH2 OUTPUT HIGH VOLTAGE 90 115 700 mV TA = 55°C, 

Vm' OUTPUT LOW VOLTAGE See Note 3 

Note 1: The Vss current drain is equal to (loo+ loHl or (loo+ 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 loL across the load resistor. 
Note 4: This value of load resistance is used for measurement purposes. In applications the resista11ce may range from 1oof.! to 1 kfl. 

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

Note 6: (V88 - Vssl supply should be applied at or before V55. 
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1103-1 

AC CharacteristiCS(TA = 0°c to ss 0 c. vss = 19 ± 5%, V88 - vss = 3.0V to 4.0V, v00 = ov) 
READ, WRITE, AND READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

lrtH TIME BETWEEN REFRESH 1 ms 

k ADDRESS TO CENABLE SET UP TIME 30 ns 

L· CENABLE TO ADDRESS HOLD TIME 10 ns 

1-·c PRECHARGE TO CENABLE DELAY 60 ns 

L- CENABLE TO PRECHARGE DELAY 40 ns 

b PRECHARGE & CENABLE OVERLAP, LOW 5 30 ns tr = 20ns 

b-- PAECHARGE & CENABLE OVERLAP, HIGH 85 ns 'T = 20ns 
t llV\' ?RECHARGE & CENABLE OVERLAP, 25 50 ns 

50% POINTS 

READ CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

tRC (i) READ CYCLE 300 ns t,=20ns 
tpov PRECHARGE TO END OF CENABLE 115 500 ns 
ho ( 1} END OF PRECHAAGE TO 75 ns CLOAO=SO pF 

OUTPUT DELAY RlOAo= 1oon 
Vm=80mV 

tACCI 
111 ADDRESS TO OUTPUT ACCESS 150 ns lACm111 + lovtm;n + lPOmu + 2 tr 

CtOAD = 50 pF 
RLOAO = 100!1 

I 

Vm = 80 mV 

l.o,cc2 
(1) PRECHARGE TO OUTPUT ACCESS 180 ns lPCmin + lovtmin + lJ>Ome• + 2 lr 

CcoAO = 50 pF 
Ro ... o = 1oon 
Vm =80mV 

WRITE OR READ/WRITE CYCLE 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

lwc WRITE CYCLE 340 ns 
t, = 20 ns 

lrtwc( 1 ) READ/WRITE CYCLE 340 ns 

lew PAECHARGE TO READ/WAITE DELAY 115 500 ns 
!we READ/WRITE PULSE WIDTH 20 ns 

lw READ/WAITE SET UP TIME 20 ns 

low DATA SET UP TIME 40 ns 
tDH DATA HOLD TIME 10 ns 
teo(l) END OF PRECHARGE TO 75 ns CcoAO,= 50 pF 

OUTPUT DELAY RoAo = 1oon 
lcw RELATIONSHIP BETWEEN CENABLE 0 ns Vm =80 mV 

AND READ/WRITE 

NOTE 1: These times will degrade by 35 nsec if a VREF point of•40 mV is chosen instead of the 80 mV point defined in the spec. 

*CAPACITANCE TA= 2s•c 

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

~ 

C,,:i ADD~<:SS CAPACITANCE 5 7 12 pF V1N = Vss 

c., PRECHARGE CAPACITANCE 15 18 19.5 pF V1N = Vss 

Cc.E CENABLE CAPACITANCE 15 18 21 pF V1N = Vss f = 1 MHz 

CR,,, READ/WRITE CAPACITANCE 11 15 19.5 pF V1N = Vss 
All Unused 
Pins Are 

c"' DATA INPUT CAPACITANCE 4 5 7.5 pF CENABLE = OV AtA.C. 

V1N = Vss Ground 

C1•.1 DATA INPUT CAPACITANCE 2 4 6.5 pF CENABLE = Vss 
V1N = Vss 

Cour DATA OUTPUT CAPACITANCE 2 3 7 pF Vour = OV 

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

ADDRESS 

VIL 

1103-1 

------ lwc OR IRWC -----

ADDRESS STABLE 

1CA 

ADDRESS 
CAN CHANGE 

____________.....- 1ovH~i.---------------------+--------.< 

V,H --oo+-t---------,J 
CENABLE 

VIL 

.,_tovM 

- 1ovL 

V,H ---t-t---------.,....----.,....-------------..1 
READ/WRITE 

VIL 
;4"-loH 1Note4l 

~-------+--~ 
DATA 
IN 

r- 'eo -------------------- - ----... 
VoL---t-+---------r 

READ CYCLE 

ADDRESS CAN CHANGE 

ADDRESS STABLE 

1Rc 

DATA OUT ' 
NOT VALID ' 

ADDRESS 
CAN CHANGE 

VIH 
PRECHAAGE 

VIL 

4--- tavH ______... 
1AC ~ J..-------------oo+------., 

V,H ---t-+--------.J 
CENABLE 

VIL 

VIH 
READ/WRITE 

------- 1Pov ------1 

VIL ---+-+-' 

DATA 
OUT 

1Po 

Ceo,,= 50 pf ' "oL---+-+---------r R.o., = 1001! 
v,,, =80mV 

1---------- IACCl __________ _,,._,DA::l?~T 4-

1------------ tACC2 ------- - ----> 

NOTE CD 
NOTE@ 

NOTE 3 

NOTE 4 

V + 2V} oo tr IS DEFINED AS THE TRANSIT!O"JS BETWEEN THESE TWO POINTS 
Vss - 2V 

low IS REFERENCED TO POINT(i}OF THE RISING EDGE OF CHIP ENABLE OR READ WRITE WHICHEVER OCCURS FIRST 

t 0H 15 REFERENCED TO POINT(V OF THE RISING EDGE OF CHIP ENABLE OR READ WRITE WHICHEVER OCCURS FIRST 
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1103A 

1024 X 1 BIT DYNAMIC RAM 

*No Precharge Required -- Critical 
Precharge Timing is Eliminated 

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

• Fast Access Time -- 205ns max. 
• Low Standby Power Dissipa

tion -- 2 µW /Bit typical 

• Address Registers 
Incorporated on the Chip 

• Simple Memory Expansion -
Chip Enable Input Lead 

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

• Ceramic and Plastic 
Package--18-Pin DIP 

The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications 
where high performance, low cost, and large bit storage are important design objectives. The 1103A is elec
trically equivalent to the 1103. 
1103A systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 
Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing 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 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 

READ/WRITE CE R.W A3 
0,N 

A2 Vss 

Ao CENABLE Ao 
AT 

A, A, A, 
N.C. DATA OUT A, 

DouT 
A, 

Ag As .., 
DATA IN As 

Yoo 
A, 
As v., .., 

PIN NAMES 

D1N DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED} 

Ao·Ag ADDRESS INPUTS CE CHIP ENABLE 
R/W READ/WRITE DOUT DATA OUTPUT 

2-16 

Ao 
A, 
A, 
AJ 
A, 

BLOCK DIAGRAM 

VssO---

VooO---

CENABLE 0---

READ/WAITE 0---

LOGIC 0 =HIGH VOLTAGE 
LOGIC 1 =LOW VOLTAGE 



1103A 

Absolute Maximum Ratings* 

Temperature Under Bias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a°C to 7a°C 

Storage Temperature ........................................................... -65°C to +15a"C 

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

Supply Voltages V00 and V55 with Respect to VBB ......................................... -25V to a.JV 

Power Dissipation 1.aW 

*COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 

this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

D. C. and Operating Characteristics 
TA= 0°C to+ 70°C, Vss [ 1 l = 16V ± 5%, (V88 -Vss ) [2] = 3V to 4V, VDD = OV unless otherwise specified. 

Symbol Test 

Input Load Current (All Input 

Pins) 

Output Leakage Current 

I BB VBB Supply Current 

I oo 1 Supply Current During Cenable 

On 

Min. Typ. 

4 

Max. Unit Conditions 

1 µA 

1 µA VouT =av 
·--· 

1aa µA 

11 mA Cenable =av; TA= 25°C 

------r--·-----·----------+---------------+---f-----------------1 
I 002 Supply Current During Cenable 0.1 Cenable = V55 ; TA= 25° C 4 mA 

Off 

Average Supply Curren_t__----+-·-· ____ 1_7 __ ~-+--m __ A_-+-_C_y_c_l_e_T_im_e_=_58_a_ns_;_T~A~=_2_5_0_c _ __, 

Input Low Voltage V00 -1 V00 +1 V 

--· 

Input High Voltage Vss-1 Vss+1 v 

Output High Current 6aa 18ao 4000 µA TA= 25°C 

Output High Current +-5aa 15ao 40ao µA TA= 1a0 c 

1-----·--c-----~ 

IOH1 

Output Low Current See Note Three r RLOAD[4J = 10on 

Output High Voltage 6a 18a 4aa mV TA= 25°C 

VOH2 Output High Voltage 5a 15a 4aa mV TA= 7a°C ~ 

Output Low Voltage See Note Three 

NOTES: 
1. The Vss current drain is equal to (loo+ loHl or (loo+ loLl. 

2. (VBB -Vssl supply should be applied at or before V55. 

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 IQL across the load resistor. 

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100.n to 1 kn. 
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Supply Current vs Temperature 
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1103A 

A.C. Characteristics TA= o0 c to 10°c. Vss = 16V ± 5%, 1v00 -Vss l = 3.ov to 4.ov. vDD = av 

READ, WRITE, AND READ/WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

tAEF Time Between Refresh 2 ms 

tAe Address to Cenable Set Up 0 ns 

Time 

tAH Address Hold Time 100 ns 

tee Cenable Off Time 230 ns 

READ CYCLE 

Symbol Test Min. Max. Unit Conditions 

1Ae Read Cycle 480 ns tT= 20ns 
-

tev Cenable on Time 210 500 ns CLOAD= 100pF 

teo Cenable Output Delay 185 ns r RLOAD = 10on 

tAee 
ADDRESS TO OUTPUT 205 ns tAee = tAe MIN + VAEF =40mV 

ACCESS lco + tT 

WH Read/Write Hold Time 30 ns -

WRITE OR READ/WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

twev Write Cycle 580 ns 
} tT= 20ns 

tRwe Read/Write Cycle 580 ns 

tcw Cenable to Read/Write Delay 210 500 ns 

twp Read/Write Pulse Width 50 ns 

tw Read/Write Set Up Time 80 ns 

tow Data Set Up Time 105 ns 

tDH Data Hold Time 10 ns 

teo Output Delay 185 ns {CLOAD = 100pF; RLOAD = 1oon 
VREF = 40mV 

twe Read/Write to Cenable 0 ns 

CAPACITANCE[11 TA= 25°C 

Symbol Test 
Typ. Plastic Pkg. Ceramic Pkg. 

Unit Conditions 
Plastic Max. Max. 

CAD Address Capacitance 5 7 12 pF V1N= Vss 
--, 

Cee Cenable Capacitance 22 25 28 pF V1N = Vss 

CAW Read/Write Capacitance 11 15 19.5 pF V1N = Vss f =1MHz. All 

C1N1 Data Input Capacitance 4 5 7.5 pF Cenable = OV r- unused pins are 

V1N = Vss at A.C. ground. 

CIN2 Data Input Capacitance 2 4 6.5 pF Cenable = V55 

CouT 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 C'Jnditions. 
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l 
WRITE CYCLE OR READ/WRITE CYCLE 

Timing illustrated for minimum cycle. 

V1H 

ADDRESS 

VIL 

VIH 

CENABLE 

v,l 

V1H 

READ/WRITE 

v,l 

V1H 

DATA IN 

V1L 

VoH 

50 100 
I I 

twc 

150 
I 

200 
I 

DATA OUT 

Vol ~~~:; ~1~~n ~ 

READ CYCLE 

ADDRESS 

VIH 

CE NAB LE 

v,l 

•we ... 

CLOAD = 100pF 

50 
I 

100 
I 

ADDRESS STABLE 

...--tAH__.. 

150 

I 
200 
I 

1103A 

250 300 
I I 

350 
I 

DATA OUT VALID 

250 
I 

300 
I 

350 
I 

•-------tcv------.1 
VIH 

READ/WAITE 
\ 

400 
I 

400 
I 

450 
I 

450 
I 

500 
I 

500 

I 

550 
I 

550 
I 

600 
I 

600 
I 

v,l 

~-----------------
VoH 

DATA OUT 

Vol 

NOTES: 

VREF=40mV ~ 
R LOAD= 10on 
CLOAD = 100 pF 

l•------tAcc-------.1 

' ' 
.,_ DATA OUT VALID 

(i) v 00 + 2v } . . . ® Vss _ 2V tT is defined as the transition between these two points. 
3. tow is referenced to point of the rising edge of cenable or Read/Write, whichever occurs first. 
4. toH is referenced to point 2 of the rising edge of Read/Write. 
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1103A·1 

1024 x 1 BIT DYNAMIC RAM 

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

*No Precharge Required-- Critical 
Precharge Timing is Eliminated 

• Low Standby Power Dissipa
tion -- 0.2 µW /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 lnte1®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 every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Vss potential. 
The 1103A-1 is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 

PIN CONFIGURATION LOGIC SYMBOL 

A, 1 18 R/W 

A2 2 l_J 17 Vss 

1103A·1 
... 3 16 CENABLE 

A, 4 15 A4 

N.C. 5 1103A·1 14 Dau:r 
Ag 6 

13 "" 

A6 1 12 DIN 

Ag 8 11 V00 

A7 9 10 V88 

PIN NAMES 

D1N DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 

Ao-Ag ADDRESS INPUTS f--,:C=E ~-C_H~IP~EN~A~B=L~E=------; 
READ/WRITE DouT DATA OUTPUT R/W 
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ll 
1103A-1 

Absolute Maximum Ratings* 

Temperature Under Bias 0°C to 70°C 

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

All Input or Output Voltages with Respect to the most Positive Supply Voltage, V88 ................... -25V to 0.3V 

Supply Voltages VDD and V55 with Respect to V88 ......................................... -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= 0°C to+ 55°C, Vss 111 = 19V ± 5%, (Vss -Vss )121 = 3V to 4V, VDD = OV unless otherwise specified. 

Symbol Test Min. Typ. Max. Unit Conditions 

I LI Input Load Current (All Input 10 µA VIN= OV 

Pins) 

ILO Output Leakage Current 10 µA VouT = OV 

1ss V88 Supply Current 100 µA 

IDD1 Supply Current During Cenable 7 11 mA Cenable = OV; TA= 25°C 

On 

IDD2 Supply Current During Cenable 0.01 0.5 mA Cenable = Vss; TA= 25° C 

Off 

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

VIL Input Low Voltage VDD-1 VDD +1 v 

VIH Input High Voltage Vss-1 Vss+l v 

IOH1 Output High Current 1150 1800 7000 µA 

•A·25°Cl 1oH2 Output High Current 900 1600 7000 µA TA= 55°C 

1oL Output Low Current See Note Three RLOADl4l = 1000 

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 (I DO + loHl or (I DD + loLl. 
2. (V99 -Vssl supply should be applied at or before V55. 
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 loL across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100!1to1 kn. 
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1103A-1 

A.C. Characteristics TA= 0°c to 55°C, Vss = 19V ±5%, !Vss -Vss l =3.0V to 4.0V, VDD = ov. 
READ, WRITE, AND READ/WRITE CYCLE 

Symbol Test Min. Max. Unit 

tAEF Time Between Refresh 

Address to Cenable Set Up 0 

ms 
l-----1------~------,,------+---c-----------·-----+---~ 

tAe ns 
Time 

tAH Address Hold Time 100 ns 

1ee Cenable Off Time 120 ns 

READ CYCLE 

Symbol Test Min. Max. Unit 

1Re Read Cycle 300 ns 

tev Cenable on Time 140 500 ns 

tea Cenable Output Delay 125 ns 

tACC 
ADDRESS TO OUTPUT 145 ns 

ACCESS 

WH Read/Write Hold Time 30 ns 

WRITE OR READ/WRITE CYCLE 

Symbol Test Min. Max. Unit 
--- ------·--- t--- -

twcv Write Cycle 340 ns 
·-··--- ----

Read/Write Cycle 340 ns 

Cenable to Read/Write Delay 140 500 ns 

twp Read/Write Pulse Width 20 ns 
r---------r----------------r-----~---------------+---1 

tw Read/Write Set Up Time 20 ns 
t 0w Data Set Up Time ------t--;iQ ---- ---- ---- ---i---;;;-

Conditions 

Conditions 

tT= 20ns 
-, 

CLOAD= 50pF 

RLOAD = 10on 
1ACC = 1AC MIN + VREF = BOmV 

1eo + 1T 
~ 

Conditions 

}tT=20ns 

t0H Data Hold Time ----+-,-a · - --- -- -+---,;~- --
Output Delay - ---- -- --- ~-- --1 -,,-, - {c LOAD = 50pF. R LOAD = 10on 

,__t_c_o __ +----------------·-··-- --- - +-· - -- VREF =BOmV 
twe Read/Write to Cenable 0 ns 

CAPACITANCE[l] TA= 25°C 

Symbol Test 
Typ. Plastic Pkg. Ceramic Pkg. 

Unit Conditions Plastic Max. Max. 

CAD Address Capacitance 5 7 12 pF V1N = Vss 
-, 

CcE Cenable Capacitance 22 25 28 pF V1N = Vss 

CRW Read/Write Capacitance 11 15 19.5 pF V1N = Vss f = 1 MHz. All 

C1N1 Data Input Capacitance 4 5 7.5 pF Cenable = OV unused pins are 
V1N = Vss at A.C. ground. 

C1N2 Data Input Capacitanr.e 2 4 6.5 pF Cenable = Vss 

CouT 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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ll 
1103A-1 

WRITE CYCLE OR READ/WRITE CYCLE 

ADDRESS 

~tAH--+-

CENABLE 

••-----'cw-----<~• 

READ/WRITE 

VIH 

DATA IN DATA CAN CHANGE 

VIL 

VoH 

DATA OUT 

VoL 

READ CYCLE 

~-------------~tRc---------------i• 

V1H 

ADDRESS ADDRESS STABLE 

VIL 

V1H 

CE NAB LE 

VIL 

'we twH 

••-----tcv-----+-1 
V1H 

READ/WAITE \ 

OAT A CAN CHANGE 

ADDRESS 
STABLE 

VIL ~-----------------
VoH 

DATA OUT 

VoL 

NOTES: 

VREF=40mV __/ 
A LOAD= ioon 
CLOAD = 100pF 

••------tAcc------+-1 

(j) v 00 + 2v } . . . . . ® Vgg _ 2v tT is defined as the trans1t1on between these two points. 

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

4. toH is referenced to point 2 of the rising edge of Read/Write. 
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1103A-1 

Supply Current vs Temperature 

b... ~ 
......... 

~ TYPllCAL 

s~--+-----'---~--+-----'-----' 
25 50 

Typical Characteristics 

OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 

OPERATING ---
REGl.ON 

1.21---+---+---l--+---+-----j 

1.0,~. _ ___.17,...---1~.---'19--2~0-~2~1 _ _.,.22 

Vss (V) 

AVERAGE 100 VS. 
CYCLE TIME 

301---+--+-+-+++++--+---+--+-+-j-+-i-+.j 

151---+--+-+l'..J.......,-+++---+---l--!-+--Hf++-i 

10 t---t--+-+-++-~H<t---+--+-+-+-+-HH-1 

~ 

CYCLE TIME (µs) 

T (°C) 

2-25 

70 

'< 
60 

50 E: 
Q 40 
a 

30 
20 
10 

0 

AVERAGE loo vs. 
SUPPLY VOLTAGE 

Vss IV) 

I DD VS. CENABLE 

INTERNAL 
PRECHARGING 
CURRENT INTERNAL 

I TIMING 
DRIVER \T 1002 
CURRENT 1001 

l -I 
! t 

TIME 



1103A·2 

1024 x 1 BIT DYNAMIC RAM 

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

*No Precharge Required -- Critical 
Precharge Timing is Eliminated 

• Low Standby Power Dissipa
tion -- 0.2 µW /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 nte1"'1130A-2 is a high speed 1024 bit dynamic random access memory and is the 400ns cycle time 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-2 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ao to A4) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Vss potential. 

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

PIN CONFIGURATION LOGIC SYMBOL 

A3 
, 18 R/W 

A2 2 17 v88 
1103A-2 

Ao 3 16 CENABLE 

A1 4 15 A4 

N.C. 5 1103A-2 14 Dour Uour 

A, 6 13 A8 

A6 7 12 DIN 

As B 11 v00 

A7 9 10 V88 

PIN NAMES 

D1N DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED! 

'J-Ag ADDRESS INPUTS CE CHIP ENABLE 

R/W READ/WRITE DouT DATA OUTPUT 
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1103A-2 

Absolute Maximum Ratings* 

Temperature Under Bias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

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

All Input or Output Voltages with Respect to the most Positive Supply Voltage, V88 ................... -25V to 0.3V 

Supply Voltages V00 and V55 with Respect to V88 ......................................... -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= 0°C to+ 55°C, Vssl1J = 19V ± 5%, (Vss -Vss )121 = 3V to 4V, VDD = OV unless otherwise specified. 

Symbol Test Min. Typ. Max. Unit Conditions 

I LI Input Load Current (All Input 10 µA VIN= OV 
Pins) 

ILO Output Leakage Current 10 µA VouT = ov 
100 V88 Supply Current 100 µA 

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

On 

1002 Supply Current During Cenable 0.01 0.5 mA Cenable = V55 ; TA= 25° C 

Off 

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

VIL Input Low Voltage Voo-1 Voo+1 v 

VIH Input High Voltage Vss-1 V55+1 v 

IOH1 Output High Current 1150 1800 7000 µA TA= 25°C 

1oH2 Output High Current 900 1600 7000 µA TA= 55°C 

1oL Output Low Current See Note Three r RLOAOl4l = 100Q 

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 V55 current drain is equal to lloo + loHl or lloo + loLI. 
2. (V99 -V55) supply should be applied at or before V55. 
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 loL across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100.n to 1 kn. 
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1103A-2 

l A.C. Characteristics TA= 0°c to 55°C, Vss = 19V ±5%, (Vss -Vss l=3.0V to 4.ov, VDD = ov. 
READ, WRITE, AND READ/WRITE CYCLE Refer to page 2·23 for definitions. 

Symbol Test Min. Max. Unit Conditions 

tREF Time Between Refresh 1 ms 

tAe Address to Cenable Set Up 0 ns 

Time 

tAH Address Hold Time 100 ns 

tee Cenable Off Time 180 ns 

READ CYCLE 

Symbol Test Min. Max. Unit Conditions 

tRe Read Cycle 360 ns tT= 20ns 
-

tev Cenable on Time 140 500 ns CLOAD= 50pF 

teo Cenable Output Delay 125 ns t- RLOAD = 10on 

tAee 
ADDRESS TO OUTPUT 145 ns tAee = tAe MIN + VREF = 80mV 

ACCESS 
lco + tT 

lwH Read/Write Hold Time 30 ns -

WRITE OR READ/WRITE CYCLE 

Symbol Test Min. Max. Unit Conditions 

Write Cycle 400 ns 

Read/Write Cycle 400 ns 

tcw Cenable to Read/Write Delay 140 500 ns 

Read/Write Pulse Width 20 ns 

Read/Write Set Up Time 20 ns 

t 0)1V Data Set Up Time 40 

t 0 H Data Hold Time ---t---iQ ns 
t-------------1-25 ____ _,__n_s ___ {CLOAD = 50pF•; R LOAD= 1oon 

,_t_e_o __ +--o_ut_p_u_t_D_e_la_Y _______ +---------------·-i--~ vREF= 80mV 
twc Read/Write to Cenable O ns 

ns 

CAPACITANCE[l) TA= 25°C 

Symbol Test 
Typ. Plastic Pkg. Ceramic Pkg. 

Unit Conditions 
Plastic Max. Max. 

CAo Address Capacitance 5 7 12 pF V1N = Vss 
..., 

Cee Cenable Capacitance 22 25 28 pF V1N =V~ 

CRw Read/Write Capacitance 11 15 19.5 pF V1N = Vss f =1MHz. All 

C1N1 Data Input Capacitance 4 5 7.5 pF Cenable = OV unused pins are 

V1N = Vss at A.C. ground. 

CIN2 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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1103A-2 

Supply Current vs Temperature 
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l 2101A 

256 X 4 BIT STATIC RAM 
2101A-2 
2101A 
2101A-4 

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

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

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

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

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

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

PIN CONFIGURATION LOGIC SYMBOL 

DI, 

oo, 

01, 

ce, 
OD 

CEz 

oo, 

01, 

oo, 

PIN NAMES 

DI, 

DI, 

Dl3 

014 

oo, 

oo, 

oo, 

004 

OD 

WE CE2 CE1 

D~_rDl4 DATA 1NPUT CE 2 CHIP ENABLE 2 

~~' _A_DD_R_ESS_IN_PU_TS_-+-o_o OUTPUT DISABLE 

WE WAITE ENABLE oo,-D04 DATA OUTPUT 

CE, --CHIP-ENABLE 1~~ POWER (+SVJ 
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2101A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

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

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

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

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

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee = 5V ±5% unless otherwise specified. 

*COMMENT: 

Stresses above those listed under ''Absolute Maximum j 
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 

I LI Input Current 1 10 µA V1N = 0 to 5.25V 

ILOH Data Output Leakage Current 1 10 µA Output Disabled, Vour4.0V 

ILQL Data Output Leakage Current -1 -10 µA Output Disabled, VouT=0.45V 

lee1 Power Supply 2101A, 2101A·4 35 55 mA V1N = 5.25V, lo= OmA 
Current 2101A·2 45 65 TA= 25°C 

lee2 Power Supply 2101A, 2101A-4 60 mA V1N = 5.25V, lo= OmA 
Current 2101A-2 70 TA= 0°C 

V1L Input "Low" Voltage -0.5 +0.8 v 
-

V1H Input "High" Voltage 2.0 Vee v 
Vol Output "Low" Voltage +0.45 v loL = 2.0mA 

VoH Output "High" 2101A, 2101A·2 2.4 v loH = -200µA 
Voltage 2101A·4 2.4 v loH =-150µA 

TYPICAL D.C. CHARACTERISTICS 

OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 

< 10f---+~+-Tfl~_,...'o=+----+~~ 

! 

VoH IVOL TSJ Vol (VOL TS) 

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

A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME) 

READ CYCLE TA = 0°C to 70°C, Vee= 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. 

tRe Read Cycle 250 

tA Access Time 

teo Chip Enable To Output 

too Output Disable To Output 

toF [3] Data Output to High Z State 0 

toH 
Previous Read Data Valid 

40 after change of Address 

WRITE CYCLE 

Symbol Parameter Min. 

twe Write Cycle 170 

tAW Write Delay 20 

tew Chip Enable To Write 150 

tow Data Setup 150 

toH Data Hold 0 

twp Write Pulse 150 

twR Write Recovery 0 

tos Output Disable Setup 20 

[2] 
CAPACITANCE TA= 25°C, f = 1 MHz 

Symbol Test 

C1N Input Capacitance 

(All Input Pins) V1N = OV 

CouT Output Capacitance VouT = OV 

WAVEFORMS 
READ CYCLE 

ADDRESS 

CE1 

CE2 

Limits (pF) 

Typ.111 Max. 

4 8 

8 12 

T [1] yp. Max. 

250 

180 

130 

180 

T [1] yp. Max. 

WRITE CYCLE 

ADDRESS 

CE2 

OD OD ---ii-----. - too -
(COMMON 1/0) 141 1oH__. - (COMMON 1/0) 14 1 

DATA 
OUT 

DATA OUT 
VALID 

NOTES: 1. Typical values are for TA= 25° 8 c:1nd nominal supply voltage. 

2. This parameter is periodically sampled and ~ot 100% tested. 

DATA 
IN 

Unit Test Conditions 

ns 

ns t,, t1 = 20ns 

ns Input Levels= 0.8V or 2.0V 

ns Timing Reference= 1.5V 

ns Load= 1 TTL Gate 

and CL= 100pF. 
ns 

Unit Test Conditions 

ns 

ns t,, t1 = 20ns 

ns Input Levels= 0.8V or 2.0V 

ns Timing Reference= 1.5V 

ns Load= 1 TTL Gate 

ns and CL= 100pF. 

ns 

ns 

1----1cw----1 

---1cw----1 

3. toF is with respect to the trailing edge of CE1, CE2. 

or OD, whichever occurs first. 

4. OD should be tied low for separate 1/0 operation. 
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2101A (350 ns ACCESS TIME} 

A.C. CHARACTERISTICS 

2101A FAMILY 

READ CYCLE TA = 0°C to 70°C, Vee= 5V ±5%, unless otherwise specified. 

Symbol Parameter 

tRe Read Cycle 

tA Access Time 

tea 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 Write Recovery 

tos Output Disable Setup 

2101A-4 (450 ns ACCESS TIME} 

A.C. CHARACTERISTICS 

Min. 
[1) 

Typ. Max. 

350 

350 

240 

180 

0 150 

40 

Min. T [1) yp. Max. 

220 

20 

200 

200 

0 

200 

0 

20 

READ CYCLE TA = 0°C to 70°C, Vee = 5V ±5%, unless otherwise specified. 

Symbol 

tea 

too 

toF [2) 

toH 

WRITE CYCLE 

Symbol 

twc 

tAW 

tew 

tow 

toH 

twp 

twR 

tos 

Parameter Min. TyJ.11 Max. 

Read Cycle 450 

Access Time 450 

Chip Enable To Output 310 

Output Disable To Output 250 

Data Output to HighZ State ---I ~-0---·+-- . 200 

Previous Read Data Valid 

after change of Address 

Parameter 

Write Cycle 

Write Delay 

Chip Enable To Write 

Data Setup 

Data Hold 

Write Pulse 

Write Recovery 

Output Disable Setup 

40 

Min. 
T [1) yp. Max. 

270 

20 

250 

250 

0 

250 

0 

20 

NOTES: 1. Typical values are for TA= 25° e 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, eE2, or OD, whichever occurs first. 
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Test Conditions 

tr, tt = 20ns 

Input Levels= O.BV or 2.0V 

Timing Reference= 1.5V 

Load= 1 TTL Gate 

and CL = lOOpF. 

Test Conditions 

tr, tt = 20ns 

Input Levels= O.BV or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL= 100pF. 

Test Conditions 

tr, t 1 = 20ns 

Input Levels= O.BV or 2.0 v 
Timing Reference= 1.5V 

Load= 1 TTL Gate 

and CL = lOOpF. 

Test Conditions 

tr, tt = 20ns 

Input Levels= O.BV or 2.0 v 
Timing Reference= 1.5V 

Load= 1 TTL Gate 

and CL= 100pF. 



l 
2102A, 2102AL 

1K x 1 BIT STATIC RAM 

Standby Pwr. 
P/N (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 
operate. The data is read out nondestructively and has the same polarity as the input data. 

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

A6 A, 

As Aa 

RIW Ag 

A, CI 
Az DATA OUT 

A, DATA IN 

A4 Vee ... GND 

TRUTH TABLE 

CE RIW DIN 0 our 
H x x HIGH Z 

x DouT 

PIN NAMES 

DIN DATA INPUT 

A0·Ag ADDRESS INPUTS 

RIW READ/WAITE INPUT 

C"E CHIP ENABLE 

0 our DATA OUTPUT 

v,, POWER (+5V) 

MODE 

NOT SELECTED 
WRITE "O" 

WRITE"1" 

READ 
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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 -0.5V 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 = 0°C to 70°C, Vee= 5V ±5% unless otherwise specified. 

2102A, 2102A-4 
2102AL, 2102AL·4 2102A-2, 2102A L-2 2102A·6 

Limits Limits Limits 

Symbol Parameter Min. Typ.!11 Max. Min. Typ.!11 Max. Min. Typ.!11 Max. Unit Test Conditions 

I Ll Input Load Current 1 10 1 10 1 10 µA V1N = 0 to 5.25V 

ILQH Output Leakage Current 1 5 1 5 1 5 µA CE= 2.0V, 

VoLJT = VoH 

ILQL Output Leakage Current -1 -10 -1 -10 -1 -10 µA CE= 2.0V, 

VouT = 0.4V 

Ice Power Supply Current 33 Note 2 45 65 33 55 mA All Inputs= 5.25V, 
Data Out Open, 
TA= 0°C 

V1L Input Low Voltage -0.5 0.8 -0.5 0.8 -0.5 0.65 v 

V1H Input High Voltage 2.0 Vee 2.0 Vee 2.2 Vee v 

VoL Output Low Voltage 0.4 0.4 0.45 v loL=2.1mA 

VoH 0 utput High Voltage 2.4 2.4 2.2 v loH = -100µA 

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

Standby Characteristics 2102AL, 2102AL-2, and 2102AL-4 (Available only in the Plastic Package) 

TA = 0°C to 70°C 

2102AL, 2102AL-4 
Limits 

Symbol Parameter Min. Typ.!11 Max. 

Vpo Vee in Standby 1.5 

VcEs! 2l CE Bias in Standby 2.0 

Vpo 

lpo1 Standby Current 15 23 

lpo2 Standby Current 20 30 

tcp Chip Deselect to Standby Time 0 

tR!3l Standby Recovery Time tRc 

STANDBY WAVEFORMS 

1----STANDBY MODE----1 

Vee----

Cl) 4.75V 

'"- ~ 2.0V 

~ 1.5V 

ov ------- --- - ----- - -- -- -- - ---
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2102AL·2 
Limits 

Min. Typ.!11 Max. Unit Test Conditions 

1.5 v 

2.0 v 2.ov.;;vpo .;;~Max. 

Vpo v 1.5V .;;Vpo< 2.0V 

20 28 mA All Inputs= Vpo1=1.5V 

25 38 mA All Inputs= Vpo2= 2.0V 

0 ns 

tRc ns 

NOTES: 
1. 
2. 

3. 

Typical values are for TA= 25'C. 
Consider the test conditions as shown: If the stand
by voltage (~ol is between 5.25V (Vee Max.I and 
2.0V, then CE must be held at 2.0V Min. (V1HI· If 
the standby voltage is less than 2.0V but greater than 
1.5V (Vpo Min.I, 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. 
tR = tRC (READ CYCLE TIME). 
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2102A FAMILY 

A. C. Characteristics TA = 0°C to 70°C, Vee = 5V ±5% unless otherwise specified 

READ CYCLE 

2102A-2, 2102AL-2 2102A, 2102AL 2102A-4, 2102AL-4 
Limits (ns) Limits (ns) Limits (ns) 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

tRc Read Cycle 250 350 450 

tA Access Time 250 350 450 

tco Chip Enable to Output Time 130 180 230 

toH1 Previous Read Data Valid with 40 40 40 
Respect to Address 

toH2 Previous Read Data Valid with 0 0 0 
Respect to Chip Enable 

WRITE CYCLE 

twc Write Cycle 250 350 450 

tAw Address to Write Setup Time 20 20 20 

twp Write Pulse Width 180 250 300 

twR Write Recovery Time 0 0 0 

tow Data Setup Time 180 250 300 

toH Data Hold Time 0 0 0 

tcw Chip Enable to Write Setup 180 250 300 
Time 

2102A-6 
Limits (ns) 

Min. Max. 

650 

650 

400 

50 

0 

650 

200 

400 

50 

450 

20 

550 

Capacitancer21 TA = 25°c, t = 1 MHz 

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 

SYMBOL 

GIN 

GOUT 

TEST 
LIMITS (pf) 

TYP.fll MAX. 

INPUT CAPACITANCE 
3 5 

(ALL INPUT PINS) V1N = OV 

OUTPUT CAPAC IT ANGE 
7 10 

VouT = OV 

READ CYCLE WRITE CYCLE 

CHIP 
ENABLE 

DATA 
OUT 

Cf' 

~li 1.5VOLTS 

i' 2.0 VOL TS 

3 0 8 VOL TS 

CHIP 
ENABLE 

READ/ 
WRITE 

DATA 
IN 

NOTES: 1. Typical values are for TA= 25°C and nominal supply voltage. 
2. Th is parameter is periodically sampled and is not 100% tested. 
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2102A FAMILY 

Typical D. C. and A. C. Characteristics 

POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

45~~~T~T~ 

40t---t---t---t---t-- Vee MAX. ----j 

35 r---1---1---1---1---1---1------1 

30 t-=-t---t---t---t---t---t------1 

_8 ~YPICAL 
25 f--1----1----1---=i=:::o=i--1-.-_,d 

20 t---t---t---t---t---t---t------1 

151----'---'---'---'---'---'-___J 
0 10 20 30 40 50 60 70 

V1N LIMITS VS. TEMPERATURE 

V.cc = 5.0V 

1.0 1---+---+---+---+---1---1--~ 
0 10 20 30 40 50 60 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

Vee MIN. 
1 TTL LOAD 

CL = 100pf 

70 
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POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

35 .---.---.---,.----,----,----,..----, 

30 t-----1- TA J 25°C -+---+---+---+----< 

25 ~ 
1 ~PICAL 

20t---ho'.L:~~t---t---t---+---t----I 

£ 
15 I 

_8 

101---1---1---1---1---+---l----I 

51---1---1---1---1---1---1--~ 

1 

Vee (VOLTS) 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 

251---1---+---+---+---+---+----i 

~ 201---t---t---+--,,,,.,t---+--+----l y TYPICAL 

1 151---t---+-->'"_L'__Jl--+---+---+--+----i z 10 >---+-v--+-+----+---------+--+---< 
TA = 25°C 

Vee MIN. 

I 
01--_1--_1--_1--_t--_+--+-~ 

0 

Vol (VOLTS) 

ACCESS TIME VS. 
LOAD CAPACITANCE 

350.----,.-----,--,.----r--.--· 
TA == 25gC 

Vee MIN. 
1 TTL LOAD 

150r----+--__,--+---+---l----i 

100 200 300 400 500 60-0 



l 
M2102A-4 

1K x 1 BIT STATIC RAM 

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

Inputs and Output 
• Low Power: 385mW 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 nondestructively and has 
the same polarity as the input data. 

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

PIN CONFIGURATION 

.., 
As 

Ag 

A1 CE 
A2 DATA OUT 

A3 DATA IN 

A4 Vee 

Ao ~--~ GND 

LOGIC SYMBOL 

TRUTH TABLE 
CE RN< o,. DouT MODE 

HIGH Z NOT SELECTED 
WRITE "O" 

H WRITE "1" 

0,. READ 

ABSOLUTE MAXIMUM RATINGS" 

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

With Respect to Ground ........ -0.6V 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, Vee = 5V ± 10% unless otherwise specified 

Limits 
Symbol Parameter 

Typ.[1] 
Unit Test Conditions 

Min. Max. 

I LI Input Load Current 10 µA VIN = 0 to 5.5V 

ILOH Output Leakage Current 10 µA CE= Min. V1H 'VouT = VoH 

ILQL Output Leakage Current -50 µA CE= Min. V1H 'VouT = 0.45V 

lee1 Power Supply Current 30 60 mA 
All Inputs= 5.5V, 
Data Out Open, TA = 25°C 

lee2 Power Supply Current 70 mA 
All Inputs= 5.5V, 
Data Out Open, TA = -55°C 

V1L Input "Low" Voltage -0.5 0.8 v 

V1H Input "High" Voltage 2.0 Vee v 

Vol Output "Low" Voltage 0.45 v loL = 2.1 mA 

VoH Output "High" Voltage 2.2 v loH = -100 µA 
NOTE 1. Typical values are for TA= 25°e and nominal supply voltage. 
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M2102A-4 

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

-~~~S-y_m_b_o_l~~~'--~~~~~~~~~-P-a_r_a_m_e_te_r~~~~~~~~~~_,_~~-M-~-1-0_2_A--4~L-im~it_s_(_n-s)~~~jl-Mm. Max. 

READ CYCLE 

tRe Read Cycle 450 

tA Access Time 450 

tea Chip Enable to Output Time 230 

tQH1 Previous Read Data Valid with Respect to Address 40 

tQH2 Previous Read Data Valid with Respect to Chip Enable 0 

WRITE CYCLE 

twe Write Cycle 450 

tAw Address to Write Setup Time 20 

twp Write Pulse Width 300 

twR Write Recovery Time 0 

tow Data Setup Time 300 

toH Data Hold Time 0 

tew Chip Enable to Write Setup Time 300 

Capacitancel21 TA=25°c, t = 1 MHz 

A. C. CONDITIONS OF TEST 

Input Pulse Levels: 

Input Rise and Fall Times: 

0.8 Volt to 2.0 Volt 
1 Onsec 

Timing Measurement Inputs: 1.5 Volts 

Reference Levels Output: 0.8 and 2.0 Volts 

Output Load: 1 TTL Gato and CL= 100 pF 

Waveforms 

SYMBOL TEST 

CIN INPUT CAPACITANCE 
(ALL INPUT PINS) V1N ~ OV 

CouT OUTPUT CAPACITANCE 

VouT = OV 

READ CYCLE WRITE CYCLE 

CHIP CHIP 

ENABLE ENABLE 

DATA REJ..0/ 
OUT WRITE 

CD 1.SVOLTS 

en 2.0 VOL TS 

'i! 0.8 VOL TS 
DATA 

IN 

NOTES: 1. Typical values are for TA= 25° e and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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TYP.[11 MAX. 
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l 2104A FAMILY 
4096 x 1 BIT DYNAMIC RAM 

2104A-1 2104A-2 2104A-3 2104A-4 

Max. Access Time (ns) 150 200 250 300 

Read, Write Cycle (ns) 320 320 375 425 

Max. IDD (mA) 35 32 30 30 

• Highest Density 4K RAM Industry Stan- • Refresh Period: 2 ms 
dard 16 Pin Package • On-Chip Latches for Addresses, Chip 

• Low Power 4K RAM Select and Data In 

• All Inputs Including Clocks TTL • Simple Memory Expansion: Chip Select 
Compatible • Output is Three-State, TTL Compatible; 

• ±10% Tolerance on All Power Supplies Data is Latched and Valid into Next Cycle 
+12V, +5V, -5V • Compatible with Intel® 2116 16K RAM 

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

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

The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1of4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (GAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 

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

The 2104A is designed for page mode operation, "RAS-only refreshing," and "GAS-only deselection." Thus it is compatible 
with the Intel® 2116, 16K RAM. 

PIN CONFIGURATION LOGIC DIAGRAM 

v,, Vss Ao 

DIN CAS A, 

WE DouT 
A, DIN 

A, 
RAS cs 

A, 

Ao A, As DOUT 

A, A, RAS 

CAS 
A, As 

WE 

VDD Vee cs 

PIN NAMES 
Ao· As ADDRESS INPUTS WE WRITE ENABLE 

CAS COLUMN ADDRESS STROBE VBB POWER (-5Vl 

cs CHIP SELECT Vee POWER (+5V) 

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

Dour DATA OUT Vss GROUND 

R~ ROW ADDRESS STROBE 
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BLOCK DIAGRAM w. -- -

Ao 
A, 

A, 

A3 

A, 

As 

ADDRESS 
BUS 

4096 BIT 
STORAGE ARRAY 

CLOCK 
GENERATOR NO. 1 

DIN 

-GND 



2104A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

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

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

Voltage on any Pin Relative to V6 s 

(Vss - Vss;;. 4.5V) .............. -0.3V to +20V 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . 1.0W 

Data Out Current ....................... 50 mA 

*COMMENT: 

Stresses above those listed under "Absolute Maximum Rat

ings" may cause permanent damage to the device. This is a 

stress rating only and functional operation of the device at 

these or any other conditions above those indicated in the 

operational sections of this specification is not implied. Ex

posure to absolute maximum rating conditions for extended 

periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS[1] 

TA= 0° to 70°C, Voo = +12V ±10%, Vee= +5V ±10%, Vss = -5V ±10%, Vss = OV, unless otherwise noted. 

Limits 

Symbol Parameter Min. Typ.<21 Max. Unit Conditions 

I LI Input Load Current (any input) 10 µA V1N = V1L MIN to V1H MAX 

llLOI Output Leakage Current for 10 µA Chip deselected: RAS and CAS at V1H 

High Impedance State VouT =Oto 5.5V 

'1001 [3J Voo Standby Current 0.7 2 mA Voo = 13.2V CAS and RAS at V1H· 

0.7 1.5 mA V 00 = 12.6V Chip deselected prior 

to measurement. 
lss1 Vss Standby Current 5 50 µA V00 = 13.2V See Note 5. 

loo2[3J Operating V DD Current 24 35 mA 2104A-1 teve = 320 ns 

(Device Selected) 22 32 mA 2104A-2 tcve = 320 ns 

20 30 mA 2104A-3, 4 tcve = 375 ns 

lsB2 Operating Vss Current 160 400 µA Device Selected. Min cycle time. 

lee1l4 l Vee Supply Current when 10 µA 

Deselected 

loo3 Operating V DD Current 12 25 mA 2104A-1, 2 teve = 320 ns 

(RAS-only cycle) 10 22 mA 2104A-3, 4 teve = 375 ns 

V1L Input Low Voltage (any input) -1.0 0.8 v 

V1H Input High Voltage 2.4 7.0 v 

Vol Output Low Voltage 0.0 0.4 v loL = 3.2 mA 

VoH Output High Voltage 2.4 Vee v loH=-5mA 

CAPACITANCE [S] TA= 25°C 

Symbol Test Typ. Max. Unit Conditions 

C11 Input Capacitance (Ao-A5), D1N. CS 3 7 pF V1N = Vss 

C12 Input Capacitance RAS, WRITE 3 7 pF V1N = Vss 

Co Output Capacitance (DouTl 4 7 pF VouT = ov 

C13 Input Capacitance CAS 6 7 pF V1N = 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 0.3V or more negative than VBB· After the application of supply voltages or after extended periods of opera

tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 

and CAS) prior to normal operation. 

2. Typical values are for TA = 25° e and nominal power supply voltages. 

3. The loo current flows to V55. 
4. When chip is selected Vee supply current is dependent on output loading. Vee is connected to output buffer only. 

5. The chip is deselected; i.e., output is brought to high impedance state by eAS-only cycle or by a read cycle with CS at V1H· 

6. Capacitance measured with Boonton Meter. 
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2104A FAMILY 

A.C.CHARACTERISTICS[1] 
TA=0°C to 70°C,VDD=12V ±10%, Vcc=5V ±10%, VBB=-5V ±10%, Vss=OV,unless otherwise noted. 

READ, WRITE, AND READ MODIFY WRITE CYCLES 

Symbol Parameter 2104A-1 2104A-2 2104A-3 2104A-4 Unit Min. Max. Min. Max. Min. Max. Min. Max. 

IREF Time Between Refresh 2 2 2 2 ms 
1RP RAS Precharge Time 100 115 115 125 ns 
tcp CAS Precharge Time 60 80 110 110 ns 
1RCL[2] RAS to CAS Leading Edge Lead Time 20 50 25 70 35 110 80 135 ns 
ICRP CAS to RAS Precharge Time 0 0 0 0 ns 
1RSH RAS Hold Time 100 130 140 165 ns 
1CSH CAS Hold Time 150 200 250 300 ns 
1AR RAS to Address or CS Hold Time 95 120 160 215 ns 
1ASR Row Address Set-Up Time 0 0 0 0 ns 
1ASC Column Address or CS Set-Up Time -5 0 0 0 ns 
1RAH Row Address Hold Time 20 25 35 80 ns 
1CAH Column Address or CS Hold Time 45 50 50 80 ns 
IT Rise or Fall Time 50 50 50 50 ns 
10FF Output Buffer Turn-Off Delay 0 50 0 60 0 60 0 80 ns 
1CAC[3J Access Time From CAS 100 130 140 165 ns 
IRAC[3 l Access Time From RAS 150 200 250 300 ns 

READ CYCLE 

2104A-1 2104A-2 2104A-3 2104A-4 
Symbol Parameter Unit Min. Max. Min. Max. Min. Max. Min. Max. 

IRC Random Read or Write Cycle Time 320 320 375 425 ns 
IRAS RAS Pulse Width 150 32000 200 32000 250 32000 300 32000 ns 
ICAS CAS Pulse Width 100 130 140 165 ns 
IRCS Read Command Set-Up Time 0 0 0 0 ns 
1RCH Read Command Hold Time 0 0 0 0 ns 
IDOH Data Out Hold Time 32 32 32 32 µs 

WRITE CYCLE[4l 

2104A-1 2104A-2 2104A-3 2104A-4 
Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit 

IRC Random Read or Write Cycle Time 320 320 375 425 ns 
IRAS RAS Pulse Width 150 32000 200 32000 250 32000 300 32000 ns 
1CAS CAS Pulse Width 100 130 140 165 ns 
iwcs Write Command Set-Up Time 0 0 0 0 ns 
twcH Write Command Hold Time 55 75 75 80 ns 
twcR Write Command Hold Time Referenced to RAS 105 145 185 215 ns 
twp Write Command Pulse Width 45 55 75 80 ns 
1RWL Write Command to RAS Lead Time 100 130 140 150 ns 
tcwL Write Command to CAS Lead Time 100 130 140 150 ns 
tDs Data-In Set-Up Time 0 0 0 0 ns 
IDH Data-In Hold Time 55 75 75 80 ns 
1DHR Data-In Hold Time Referenced to RAS 105 145 185 215 ns 

Notes: 1, All voltages referenced to V55. Minimum timings do not allow for tT or skews. 
2. CAS mus.!.._!:!'main at V1H a minimum of 1RCL MIN after RAS switches to VIL· To achieve the minimum guaranteed access time 

ltRAcl. CAS must switch to V1L at or before IRCL of 1RAC- tr- tcAC as described in the Applications Information on page 2-45. 
IRCL MAX is given for reference only as IRAC _ tcAC· 

3. Load= 2 TTL and 100 pF. See Applications Information. 
4. In a write cycle Dour latch wJ!.!_contain data written into cell. In a read-modify-write cycle Dour latch will contain data read 

from cell. If WE goes low after CAS and prior to 1CAC· Dour is indeterminate. 
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WAVEFORMS 

READ CYCLE 

f-<----------------tRc--

l+------- 1AsH-----I 

,..'-...... -------..... 

'- - --------- tcAs----
tAsc '--~- lcAH. _....) 

~H---.,... 
ADDRESSES 

cs 

WE 

VIL ___ ,_ l'---+----'i 

VIH --·-- f.cAH -------

! 

VIL 

VIH 

v,, ' i~---
-,-0-FF-~-j--,_--__ -_-__ -_-,C-AC _____ f.---- 1DOH 

VoH--------------------0 HIGH IMPEDANCE 

Vo,--------------------'© 
VALID 

'DATA OUT 

WRITE CYCLE 

V1H---CD11~----tRAS tRc----v~-tR-P=j---1~ 
@ -~-

v,, -----------------------
:'• -----------1csH----------+--I 

i------1ASH-----I VIH _______________ .....,,.............. ...... ...... --------. 
'! CD@@ DD 
! ! 

1 --1RcL---

'cAS -----tcP-

tAsR:---1 .-tRAH- tAscl--

ADDRESSE:•H---.... CD"' ROW JC)ll-+-C-0-L-UM_N ________ ,.K 
0 ADDA ESS ADDA ESS 

VIL -----------------
i.-------+-+--WCR~-------4~ 

V,H-------! __ .:._-.:.::.:.:: .... ~--ll--@-+tA-S:AR i~'cAW __ ' vr+-------+--------

l
l l~--r-------+--tRWL-+----~I 

1----+---+-tcwL----+-------1 

v,"--------1 --..... , :-wcs- - 1wcH------i ~--------------
w------'we ---~v 

WE 

l---------1oHA-t--------., 

o,. 
-------1------ ~tos--toH--v,H 1-

CD@ J( 
~,-------+------"' I' I '--------------

i-----------tRAc~:_=========-,c-A-c=========-::~ 
1DFF J--:.j ' 

"our 
~"-----------------_X\-;+o;G);;;---H-IG_H_IM_P_ED_A_NC_E __ ~~,(i} 
~,------------------_%~,(G) \.,_ _______ ~ 

(See page 2-44 for notes) 
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A.C.CHARACTERISTICS[1J 
TA= 0° to 70°C, Voo=12V ±10%, Vcc=5V ±10%, Vss=-5V ±10%, Vss=OV,unless otherwise noted. 

READ-MODIFY-WRITE CYCLE 

2104A·1 
Symbol Parameter Min. Max. 

tRwc Read Modify Write Cycle Time[21 350 

tcRw RMW Cycle C!ll..S Width 200 

tRRW RMW Cycle RAS Width 250 

tRWL RMW Cycle RAS Lead Time 100 

tcwH RMW Cycle CAS Hold Time 250 

tcwL Write Command to CAS Lead Time 100 

twp Write Command Pulse Width 45 

tRCS Read Command Set-Up Time 0 

tMDD Modify Time 0 10 

tos Data-In Set-Up Time 0 

toH Data-In Hold Time 55 

Notes: 1. All voltages referenced to Vss. 
2. The minimum cycle timing does not allow for tT or skews. 

WAVEFORMS 
READ-MODIFY-WRITE CYCLE 

- VIH ------,,,,..,._ 
RAS 

Vil 

----feRW 

2104A-2 2104A-3 
Min. Max. Min. Max. 

445 505 

260 280 

330 390 

130 140 

330 390 

130 140 

55 75 

0 0 

0 10 0 10 

0 0 

75 75 

1---------1cRw-------1-----1 

2104A-4 
Min. Max. 

575 

315 

450 

150 

450 

150 

80 

0 

0 10 

0 

80 

VIH 
----+-+-----.+-.,.....-,. ,.+ ....... ~~~~~~-... 

CAS 
Vil 

tASR! .. --tcwL----
VIH 

ADDRESSES v,, 
0 

VIH 

cs 
v,, 

VIH 

WE 
v,, 

VIH 

o,. 
v,, 

VOH 

0 our 

Notes: 1,2. 
3,4. 
5. 

VOL 

V1HMIN and V1LMAX are reference levels for measuring timing of input signals. 
VQHMIN and VoLMAX are reference levels for measuring timing of DQUT· 
In a write cycle DouT latch will contain data written into cell. In a read-modify-write cycle DouT latch will contain data 
read from cell. If WE goes low after GAS and prior to tcAC,00UT is indeterminate. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 
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TYPICAL CHARACTERISTICS 

TYPICAL lee2 AND 1002 

VS. TEMPERATURE 

TYPICAL lee2 AND 1002 

VS. CYCLE TIME 

TYPICAL ACCESS TIME 

VS. TEMPERATURE 
40 800 ~--~--~--~-~ 800 250 ~--~--~--~-~ 

voo = 12.ov 
Vss = -s.ov 
tcvCLE = 375 ns 
1RCL = 60 ns 

30 tRP I= 125m ~ 600 

1002 

10~ 

o~---~--~--~-~ 

0 25 50 

TEMPERATURE ('C) 

APPLICATIONS 

ADDRESSING 

100 

400 

200 

0 

30 r-----,-

~ 
j 

20 

10 

0 
200 

Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(GAS), 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-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
GAS, strobes in the six high order addresses (A6-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 

An address map of the 2104A is shown below. Address "O''" 
corresponds to all addresses at V1L- All addresses are 
sequentially located on the chip. 

2104A Address Map 

4032 0 

ffi 
0 

ARRAY 
0 
~ (DATA IN) c 
;:: 
~ 

4095 63 

SENSE AMPLIFIER 

COLUMN DECODER 

DATA CYCLES/TIMING 

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

Note that Chip Select (CS) does not have to be valid until 
the second clock, GAS. 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 

voo = 12.ov 
Vss = -s.ov 
TA = 25''C 

tcAs = 165ns 
- 1RCL = BO ns 600 

400 

200 

lss2 

0 
1000 

TcYCLE (ns) 

" 3 

.ll 
-
; 150 

100 

50 
0 25 

Voo = 10.SV 
Vss = -s.sv 

TEMPERATURE ("Cl 

100 

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

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

READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during GAS. The output pin of a selected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of GAS 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 GAS is given to the 
device by a Read, Write, Read-Modify-Write, GAS only or 
Refresh cycle. Data-out goes to a high impedance state for 
all non-selected devices. 

Device access ti me, tAcc, is the longer of two calculated 
intervals: 

1. tAcc = tRAC OR 2. tAcc = tRcL +h + tcAc 

Access time from RAS, tRAc, and access time from GAS, 
tcAc. are device parameters. Row to column address 
strobe lead time, tRcL. and transition time, h. are system 
dependent timing parameters. For example, substituting 
the device parameters of the 2104A-4 and assuming a 
TTL level transition time of 5 ns yields: 

3. tAcc = tRAC = 300ns for 80 nsec .;; tRcL .;; 130nsec 

OR 

4. tAcC = tRCL + tT + tcAC =tRcL +170ns for tRCL>130ns. 
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Note that if 80 nsec .:;;tRcL.:;;130 nsec, device access time is 
determined by equation 3 and is equal to tRAc. If tRcL>130 
nsec, access time is determined by equation 4. This 50ns 
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 generally performed by bringing Write 
Enable (WE) low before CAS. DocTWill be the data written 
into the cell addressed. If WE goes low after CAS and prior 
to tcAc, Dot:r will be indeterminate. 

READ-MODIFY-WRITE CYCLE 

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

CAS ONLY (DESELECT) CYCLE 
In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. This may be accomplished with the 2104A by per
forming a CAS-Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby condition. loo will be about twice loo1 for 
the first cycle of CAS-only deselection and I DD1 for any 
additional CAS-only cycles. The cyc~im~ and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 

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

RAS 

CAS 

'" (mA) 

\,n 
{mA) 

v'" 
v" 
v,H 
v" 

~t +2: 

-20 

-40 

"''t 
+100 

•BO 

•60 

•40 

•20 

0 

RASIC"A"S CYCLE I ~ONLY CYCLE I 

100 200 300 400 500 600 700 800 900 1000(ns) 

TYPICAL SUPPLY CUA RENTS VS. TIME 
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Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read
Modify-Write cycle or 2) performing a GAS Only cycle 
independent of the state of CS. 

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

RAS/CAS TIMING 

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

The RAS and GAS have minimum pulse widths as defined 
by IRAS and tcAs respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or GAS 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, 
tRr. has been met. 

PAGE MODE OPERATION 

The 2104A is designed for page mode operation and is 
presently being characterized for that mode. Specifica
tions will be available at a later date. 

POWER SUPPLY 

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

It is recommended that a 0.1 µF ceramic capacitor be con
nected between Voo and Vss at every other device in the 
memory array. A 0.1 µF ceramic capacitor should also be 
connected between V BB and V ss at every other device 
(preferably the alternate devices to the Voo decoupling). 
For each 16 devices, a 10 µF tantalum or equivalent capaci
tor should be connected between Voo and Vss near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between VBB and Vss for every 32 devices. 

A 0.01 µF ceramic capacitor is recommended between Vee 
and Vss at every eighth device to prevent noise coupling to 
the V cc I ine which may affect the TTL peripheral logic in 
the system. 
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Due to the high frequency characteristics of the current 

waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 

recommended that the Voo, V 8 9, and Vss supply lines be 

gridded both horizontally and vertically at each device in 

the array. This technique allows use of double-sided circuit jl 
boards with noise performance equal to or better than •• 

multi-layered circuit boards. 

~~~~~Vee V99-

D1N DouT 

DECOUPLING CAPACITORS 

D = 0.1 µF to Voo TO Vss 

B = 0.1 µF V95 TO Vss 

c = 0,01 µF Vee TO Vss 
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4096 x 1 BIT DYNAMIC RAM 

Product 2107A-1 
Access Time 280 ns 

• 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 2107A-4 2107A-5 
300 ns 350 ns 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 ate important design objectives. The 2107A uses dynamic 
circuitry which reduces the operation and standby power dissipation. 

Reading information from the memory is non-de!!tructive. 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 prqvides a higher functional density on a monolithic 
chip than other MOS technologies. 

PIN CONFIGURATION 
2107A 

v .. v,, ... ... 
A,o A7 
A,, ... 
C! 

"'• ~ NC 

Ao Ao 
A, "' A, A, 

llcc i'i! 

PIN NAMES 

D1N DAT•A INPUT CE 

A(rA11 ADDRESS INPUTS• Dour 

WE WRITE ENABLE Vee 
cs CHIP SELECT NC 

LOGIC SYMBOL 

Ao 
A1 

2107A 

Az o,N 
A, 

"' ... 
~ Dour - ... ... 
A1o 
A,, 

CS CE WE 

CHIP ENABLE 

DATA OUTPUT 

POWER (+5V) 

NOT CONNECTED 

CE 
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ROW DECODE 
and BUFFER 
REGISTER 

BLOCK DIAGRAM 

64 MEMORY 
ARRAY 

64x64 

64 

COLUMN 
AMPLIFIERS 

64 
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Absolute Maximum Ratings* 
Temperature Under Bias ............................................................ • o0 c to 70°C 

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

All Input or Output Voltages with Respect to the most Negative Supply Voltage, V88 . . . . . . . . . . . . . . . . . . +25V to -0.3V 

Supply Voltages V0 o. Vee. and Vss with Respect to Vs 8 .................................. +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 

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

D.C. and Operating Characteristics 
TA= 0°C to 70°C, Voo = +12V ± 5%, Vee= +5V ± 5%, V88 Ill = -5V ± 5%, Vss = OV, unless otherwise notes. 

Symbol Parameter 
Limits 

Unit Conditions 
Min. Typ.121 Max. 

I LI Input Load Current .01 10 µA V1N =Vil MIN to V1H MAX 

(all inputs except CE) 

Ile Input Load Current .01 10 µA V1N =Vil MIN to V1H MAX 

l1lol Output Leakage Current .01 10 µA CE= -lV to +.BVorCS = 3.5V, 

for high impedance state Vo= OV to 5.25V 

1001 Voo Supply Current .1 100 µA CE= -lV to +.BV 

during CE offl3l 

1002 Voo Supply Current 14 22 mA CE= V1He• TA= 25°C 

during CE on [5] 

loo Av Average v00 Supply (See Table 1) TA= 25°e, Fig. 1,3 

Current 

lee1 Vee Supply Current .01 10 µA CE= -lV to +.BV 

during CE off 

lee2 Vee Supply Current 5 10 mA CE= VIHe· TA = 25°C 

during CE on 

lee Av Average Vee Supply (See Table 1) TA= 25°C, Fig. 2,4 

Current 

lss Vss Supply Current 1 100 µA 

V1l Input Low Voltagel4l -1.0 0.8 v 

V1H Input High Voltagel4l 3.5 Vee +1 v 

Vile CE Input Low Voltagel4l -1.0 +1.0 v 

V1He CE Input High Voltage Voo -1 Voo +1 v 

Vol Output Low Voltagel4l 0.0 0.45 v lol = 1.7mA, Fig. 6 

VoH Output High Voltagel4l 2.4 Vee v loH = -lOOµA, Fig. 5 

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 V95. 
2. Typical values are for TA = 25° C c_:ind nominal power supply voltages. 

3. The loo and Ice currents flow to Vgg. The Isa Cf..lrrent is the sum of all leakage currents. 

4. Referenced to Vss unless otherwise noted. 

5. For 2107A-4and 2107A-5 1002 is 25mA max. 
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A. C. Characteristics TA= 0°c to 10°c, v00 = 12v ± 5%, Vee= 5V ± 5%, Vss = -5v ± 5%, 

READ, WRITE, AND READ MODI FY /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 

tAe Address to CE Set Up Time 0 0 0 

tAH Address Hold Time 100 100 100 

tee CE Off Time 180 100 200 

tT CE Transition Time 50 50 50 

teF CE Off to Output 0 0 0 
High Impedance State 

READ CYCLE 

Symbol Parameters Min. Max. Min. Max. Min. Max. 
tReY [21 Read Cycle Time 500 420 570 

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

teo CE Output Delay 280 260 330 

tAeef3l Address to Output Access 300 280 350 

twL CE to WE Low 0 0 0 

twe WE to CE on 0 0 0 

WRITE CYCLE 

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

twevf2l Write Cycle Time 700 550 840 

teEW CE Width During Write 480 3000 410 3000 600 3000 
tw WE to CE Off 340 250 400 

tew CE to WE High 300 250 -
tow D1N to WE Set Up 0 0 0 
teo[4J CE to D1N Set Up 50 50 50 
toH D1N Hold Time 0 0 0 
twp WE Pulse Width 150 150 200 
twwfsJ WE Wait 0 0 170 

twe WE to CE On 0 0 0 

Capacitance r51 TA= 25°c 

Plastic And 
Symbol Test Ceramic Pkg. Unit Conditions 

Typ. Max. 
CAD Address Capacitance, CS, WE, D1N 3 6 pF V1N = Vss 
CcE CE Capacitance 17 25 pF V1N = Vss 

CouT Data Output Capacitance 3 6 pF VouT = OV 

Notes: 1. For plastic 2107A·4and 2107A-5 tREF = 1mS. 
2. tT = 20ns 
3. eLOAD = 50 pf; Load= 1 TTL; Ref= 2.0V for high, 0.8V for low; tAee = tAe + teo + 1 lT· 
4. teo applies only when tw>teEW -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 

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

Ll.V 

2·50 

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 



D.C. Characteristics 

FIGURE 1 
loo AVERAGE vs. TEMPERATURE 

4.0 ,.------...,.-----..,.-------, 

CYCLE TIME., MIN. 
tcEW •MIN. 

1.0 '-------'-----'-------' 

0 25 50 70 

2107A FAMILY 

FIGURE 3 FIGURE 4 

FIGURE 2 

Ice AVERAGE vs. TEMPERATURE 

3.0 ,.-----r------.----, 

tcew .. MIN. 
1.0 .___ ___ _._ ___ _.__ ___ ___, 

0 25 50 70 

TYPICAL loo AVERAGE vs. CYCLE TIME TYPICAL Ice AVERAGE vs. CYCLE TIME 
FIGURE 5 

TYPICAL loH vs. VoH 
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20 
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_g 
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" 
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FIGURE 6 
TYPICAL loL VS. Vol 
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.. 
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FIGURE 7 FIGURE 8 

TYPICAL REFRESH VS. TEMPERATURE TYPICAL ACCESS TIME VS. TEMPERATURE 
1000 350r----------..,----, 

100 3001----+---+------+----+ 

10 
! 
~ 250 

2001------+--+-----+--------1 

25 70 
150'---'---2""·-----'"",.----' 

T,._ ("CJ 

Table 1. looAV and lccAV Characteristics. 

Product looAv(Typ) looAv(Max) lccAv(Typ) lccAv(Max) Cycle tcew 

2107A 23mA 34mA 6mA 10mA 700ns 480ns 

2107A·1 28mA 38mA BmA 12mA 550ns 410ns 

2107A-4 22mA 33mA 5mA 9mA 840ns 600ns 

2107A-5 18mA 28mA 4mA 8mA 970ns 680ns 

2-51 



2107AFAMILY 

Read Modify Write Cycle 

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

tRwc11l Read Modify Write (RMW) 840 670 970 1140 
Cycle Time 

tcRw121 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 

tow D1N to WE Set Up 0 0 0 0 
toH D1N Hold Time 0 0 0 0 

tco CE to Output Delay 280 260 330 400 
tAccl31 Access Time 300 280 350 420 
two DouT Valid After WE 0 0 0 0 

Notes: 1. IT = 20ns 

2. 1CRW - tw = tco 
3. CLOAD = 50 pf; Load= One TTL Gate; Ref= 2.0V for High, 0.8V for low; IACC = IAC + tco + 1 TTL 

\IH 
ADDRESSES 

AND CS 

~L 

CE 

o,. DiN CAN CHANGE 

v"---+-+-----------' 
--- •co VoH----1-

i5QUT IMP~b~HNCE UNDEFINED 

VoL- ---1--;---------""""'-+-----.... ----------<-f. 
i.-~----tAcc-------- tcF-

NOTES 
1. V55 + 1.5V 1s the reference level for measuring t1mmg of the address CS, WE. and DiN 
2. V55 + 3.0V is the reference level for measuring t1m1ng of the address, CS, WE. and o1N 
3. V55 + 2.0V 1s the reference level for measuring t1mmg of CE 
4. Voo -2V is the reference level for measuring t1m1ng of CE. 
5. Vss • 2.0V 1s the reference level for measuring the 11mmg of DoUT· 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



2107A FAMILY 

Read and R~fresh Cycle [lJ 

v," 
ADDRESS 

ANO CS ADDRESS CAN CHANGE 

v,, 

CE 

WE 

----tco···-----

Dour - IMP~~G:NCE VALID 

Vol - - -i=-=---- tAcC ·---- -

Write Cycle 

ADDRESS 
AND CS 

VIL 

ADDRESS STABLE 

---··" __ _ 

-1 
® 

- --tr 

tee---

WE CAN 
CHANGE 

1WL 

ADDRESS CAN CHANGE 

1-----------lcew-----------I 
Vnic ------+--1------------------------.I 

CE 

1-----•w----~1 

1cw 

__ ., 

--•cc-~ 

WE CAN CHANGE 

•ow 

o,. D1N STABLE 
o,. 

CAN CHANGE 

VOH ______ _ 

0 our ~p~1~~~C-E UNDEFINED 

Vol --- - - --f--...... ------------"---------++ 
NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 

2. V55 + 1.5V is the reference level for measuring timing of the addresses, CS, WE, and DIN· 
3. V55 + 3.0V is the reference level for measuring timing of the addresses, CS. WE, and OJN· 
4. V55 + 2.0V is the reference level tor measuring timing of CE. 
5. Voo -2V is the refe.-ence level for measuring timing of CE. 
6. V55 + 2.0V is the reference level for measuring the timing of DouT· 
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21078 

4096 BIT DYNAMIC RAM 

21078 21078-4 21078-5 
Access Time 200ns 270ns 300ns 
Read,Write Cycle 400ns 470ns 590ns 
RMW Cycle 520ns 590ns 750ns 

Low Cost Per Bit • Address Registers Incorporated on the 
Low Standby Power Chip 

Easy System Interface • Simple Memory Expansion - Chip Select 

Only One High Voltage Input Lead 

Input Signal - Chip Enable • Fully Decoded - On Chip Address 

TTL Compatible - All Address, Data, Decode 

Write Enable, Chip Select Inputs • Output is Three State and TTL Compatible 

Refresh Period-2ms for 21078, • Industry Standard 22-Pin Configuration 

21078-4, 1 ms for 21078-5 @70°C 

The lntel"'21078 is a 4096 word by 1 bit dynamic n-channel MOS RAM_ It was designed for memory applications where 

very low cost and large bit storage are important design objectives_ The 21078 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 21078 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 21078 uses a single transistor cell to achieve high speed and low cost_ It is a replacement for 

the 2107A. 

PIN CONFIGURATION 
21078 

v., v" ... .. 
Arn A, . ,, ... 
cs VDD 

°'" CE 

°'°"' 
NC .. .. 

A, ... ., A, 

Vee we 

PIN NAMES 

A,,-A,, ADDRESS INPUTS• v •• 
CE CHIP ENABLE Vee 

cs CHIP SELECT Yoo 
DIN DATA INPUT Vss 

oO;;T DATA OUTPUT WE 

NC NOT CONNECTED 
--'--

•Refresh AddrotS Ao-As-

LOGIC SYMBOL 
21078 

Ac 

A, 

Ai 0,,.. ., .. .. .. 
A 1 OOlli .. ... 
Arn 
A,, 

CS CE WE 

--------
POWER (-5V) 

POWER 1+5V) 

POWER (:;_-i2V) 
--

GROUND 

WRITE ENABLE 
----
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BLOCK DIAGRAM 

Ao ,_______ 

A,~ 

A,~ 

A1{

A,~ 

HOW DECODE 
.rnrl BUFFER 
REGISTER 

~ ,,_._'------~ 

CE~ 

64 
MEMORY 
ARRAY 

64. 64 

COLUMN 
AMPLIFIERS 

.. 
COLUMN DECODE 

ond 
BUFFER REGISTER 



Absolute Maximum Ratings* 
Temperature Under Bias 

Storage Temperature 

21078 FAMILY 

All Input or Output Volteges with Respect to the most Negative Supply Voltage, V88 

Supply Voltages V00, Vee. and Vss with Respect to V8s . 

Power Dissipation 

·coMMENT. 

0°C to 70°C 

-65° c to + 150°c 

+25V to -0.3V 

+20V to -0.3V 

1.25W 

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

D.C. and Operating Characteristics 
TA= 0°C to 70°C, V00 = +12V ±5%, Vee= +5V ±10%, V 88 111 = -5V ±5%, V55 = OV, unless otherwise noted. 

Limits 
Symbol Parameter 

Typ.121 
Unit Conditions 

Min. Max. 

I LI [6] 
Input Load Current 

.01 50 µA V1N = V1L MIN to V1H MAX 
(all inputs except CE) CE = V1Le or V1He 

I Le Input Load Current .01 2 µA V1N = V1L MIN to V1H MAX 

llLOI Output Leakage Current .01 10 µA CE= V1Le or CS= V1H 
for high impedance state Vo= OV to 5.25V 

1001 
Voo Supply Current 

110 20015] µA CE= -1V to +.6V du ring CE off[3] 

Voo Supply Current 
60 

-
1002 

during CE on mA CE= V1He. CS= V1L 

loo AV Average v00 Current 38 54 mA CS= V1L; TA~ 25°C: Min cycle time, 
Min tcE 

lee1141 
Vee Supply Current -

during CE off 
.01 10 µA CE= V1Lc or CS= V1H 

las Vas Supply Current 5 400 µA 

V1L Input Low Voltage -1.0 0.6 v tT= 20ns, V1Le = +1.0V 

V1H Input High Voltage 2.4 Vee+l v tT= 20ns 

V1Le CE Input Low Voltage -1.0 +1.0 v 
V1He CE Input High Voltage Voo-1 Voo+1 v 
Vol Output Low Voltage 0.0 0.45 v loL = 2.0mA 

VoH Output High Voltage 2.4 Vee v loH = -2.0mA 

NOTES: 
1. The only requirement for the sequence of applying voltage to the device is that Voo. Vee, and V55 should never be .3V or more 

negative than VBB· 
2. Typical values are for TA== 25°C and nominal power supply voltages. 
3. The loo and Ice currents flow to V55. The tee current is the sum of all leakage currents. 
4. During CE on Vee supply current is dependent on output loading, Vee is connected to output buffer only. 
5. Maximum 1001 for 21078-5 is 250 µA. 
6. During CE high a current of 0.5mA typical, 1.5mA maximum will be drawn from any address pin which 

is switched from low to high. 
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21078 FAMILY 

l 
A. C. Characteristics TA= o0 c to 10°c. v00 = 12v ± 5%, Vee = 5V ± 10%, Vee = -5v ± 5%. 

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

21078 21078-4 21078-5 
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 

tee CE Off Time 130 130 200 

tT CE Transition Time 10 40 10 40 10 40 

tcF CE Off to Output 0 0 0 
High Impedance State 

READ CYCLE 

21078 21078-4 21078-5 
Symbol Parameter 

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

tev Cycle Time 400 470 590 

tcE CE On Time 230 4000 300 4000 350 3000 

tco CE Output Delay 180 250 280 

tACC Address to Output Access 200 270 300 

twL CE to WE 0 0 0 

twc WE to CE On 0 0 0 

WRITE CYCLE 

21078 21078-4 21078-5 
Symbol Parameter 

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

tcv Cycle Time 400 470 590 

tcE CE On Time 230 4000 300 4000 350 3000 

tw WE to CE Off 125 150 200 

tcw CE to WE 150 150 150 

tow D1N to WE Set Up 0 0 0 

toH D1N Hold Time 0 0 0 

twp WE Pulse Width 50 50 7f 

tww WE Delay 75 75 75 

Capacitance 121 TA= 2s0 c 

Plastic And 

Symbol Test Ceramic Pkg. Unit Conditions 
Typ. Max. 

CAD Address Capacitance, CS 4 6 pF V1N = Vss 

Cee CE Capacitance 17 25 pF V1N = Vss 

CouT Data Output Capacitance 5 7 pF VouT = OV 

C1N D1N and WE Capacitance 8 10 pF V1N = Vss 

Units 

ms 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. If WE is low before CE goes high then D1N must be valid when CE 
goes high. 

3. tAC is measured from end of address transition. 

4. lT = 20ns 

Note 

7 

3 

Note 

4 

5 

6 

Note 

4 

1 

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

5. CLOAD = 50pF, Load= One TTL Gate, Ref= 2.0V. 

Cs It.t with the current equal to a constant 20mA. 
11V 
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6. tACC = tAc + tco + 1tT 
7. tREF = 2ms at TA= 55° C for the 21078-5. 



21078 FAMILY 

Read and Refresh Cycle [lJ 

l+---------------tcy----- -- -------·----------_..J 
V1H 

ADDRESS 
ANDB 

CE 

WE 
WE CAN 

CHANGE 

ViL---+..1 

\bH ••-

DQUT - IMP~~~HNCE 

Vol•• -1==------
Write Cycle 

ADDRESS CAN CHANGE 0 

tea------------------

VALID 

MCAN 
CHANGE 

'wL 

-- -- ------ --- - tcv----------------------------+< 
V1H 

ADDRESS 
ANDES 

VIL 

CE 

© 
V1Lc----....;;~ 

ADDRESS STABLE 

- tAH 

-------------------

® 

!+------- •ww ____ __, 

----------'cw-----

"'"------1-------------.1 
WE CAN CHANGE 

"'"------1----------...... 
D1N 0.N CAN CHANGE 

V,L------1-----------' 
\j,H•-- ----

DOUT - IMP~6'!~cE -

ADDA ESS CAN CHANGE 0 

'ce 

D1N STABLE 

UNDEFINED 
Vol --- - - - _,__..;ii _______________________ .... 

o,. 
CAN CHANGE 

'cF 

NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 
2. V1L MAX is the reference level for measuring timing of the addresses, CS, WE, and D1N· 
3. V1H 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 CE. 
5. Voo -2V is the reference level for measuring timing of CE. 
6. Vss +2.0V is the reference level for measuring the timing of DouT· 
7. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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21078 FAMILY 

Read Modify Write Cycle 111 

Symbol 

tRwe 

teRW 

twe 

tw 

twp 

tow 

toH 

tea 

tAee 

"IH 
ADDRESSES 

AND CS 

~L 

CE 

21078 21078-4 21078-5 
Parameter 

Min. Max. 

Read Modify Write (RMW) 520 
Cycle Time 

CE Width During RMW 350 4000 

WE to CE on 0 

WE to CE off 150 

WE Pulse Width 50 

D1N to WE Set Up 0 

D1N Hold Time 0 

CE to Output Delay 180 

Access Time 200 
(tAee = tAe + tea + 1tT) 

ADDRESS STABLE 

-tAC 
----tAH- ---

® 

-------- 1ow 

Min. Max. 

590 

420 4000 

0 

150 

50 

0 

0 

250 

270 

ADDRESS CAN CHANGE © 

DiN STABLE 

WE CAN 
CHANGE 

Min. Max. 

750 

510 3000 

0 

200 

100 

0 

0 

280 

300 

tee-

! _________________ ...._ _______ _ 

NOTES: 1. Minimum cycle timing is based on tT of 20ns. 
2. V1 L MAX is the reference level for measuring timing of the addresses, CS, WE, and DtN· 
3. V1H MIN is the reference level for measuring timing of the addresses, CS, WE, and DJN· 

4. Vss +2.0V is the reference level for measuring timing of CE. 
5. Voo -2V is the reference level for measuring timing of CE. 

HIGH 
IMPEDANCE-

6. Vss +2.0V is the reference level for measuring the timing of DQUT· CLOAD = 50pF. Load= One TTL Gate. 
7. WE must be at V1H until end of tco-
8. During CE high typically O.SmA will be drawn from any address pin which is switched from low to high. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



21078 FAMILY 

Typical Characteristics 
Fig. 1. loo AV vs. TEMPERATURE 

i.o~----------~---, 

1.75 >-----+-----+-----1 

; 1.5 >-----+-----+-----1 

~ us!=~=::::=--1.:.rv;;P~IC~Al IC§= v,,.,,------j 
~ 

i 1.0 r-----
~ 

TYPICAL Its - v" J ___ --.____, -o.1s>-----+-----+-----1 

25 50 70 

T11, ( Cl 

Fig. 3. 1002 VS. TEMPERATURE 
2.0~--------------, 

1.75f-----+-----+------1 

_§ 1.s>-----+-----+------1 

a 
N 

~ 
j1 

25 50 70 

Typical Current Transients vs. Time 

Fig. 2. TYPICAL loo AVERAGE vs. CYCLE TIME 

v00 = 12.sv 
V88 = -4.75V 

Vee = 5.25V 

;;-
-' '" 26 

a I 
'" 

" 

Tcv (m) 

Fig. 4. TYPICAL VIL MAX VS. CE RISE TIME 
, 8 

1.6 

1.4 

, 2 
~V00 : 12.6V 

VIHC - 11.6V ~ ~ 
r-::;: t:::--

~ 1_0 

VDD - 11_4v---:-::::7" 
0.8 

t---VIHC" 10_4V 

0.4 

02 

0 
10 

J_ J_ 

15 20 

--..., 

25 30 35 40 

tr(m) 

, 00 200 300 400 500 100 200 300 400 500 

CE 

'" (mA) 

NORMALIZED 
loo 

'•• (mAI 

30 

20 

10 

2.0 

1.5 

1.0 

0.5 

20 

10 

0 

-10 

t 

READ 
CYCLE 

I I I 

\...____ 

~ 'Jc 1002 TYPICAL 

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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2108-2 AND 2108-4 
8192 X 1 BIT DYNAMIC RAM 

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

SK RAM in Industry Standard 16 Pin • 
Package 
Low Standby Power • 
All Inputs Including Clocks TTL Com- • 
patible 
Standard Power Supplies +12V, +5V, -5V • 

2108-2 2108-4 
51572,51573 51626,51627 

200 300 
350 425 
400 595 

Only 64 Refresh Cycles Required Every 2 
ms 
On-Chip Input Latches 
Output is Three-State, TTL Compatible; 
Data is Latched and Valid into Next Cycle 
Fully Compatible with 4K and 16K 
Dynamic RAMs 

The lntel®210B is a BK Dynamic MOS RAM organized as B192 words by 1 bit. The 210B employs the same masks and highly 
reliable, production-proven two layer polysilicon N-MOS technology as the lnte1®2116 16K RAM. As shown in the block 
diagram below, the 2116 is organized as two BK RAMs on a single silicon die. Each of these BK RAMs contains its own row 
decoders, sense amplifiers, and storage cells. The 2108 is fully tested to insure that one BK RAM meets all AC and DC spec
ifications. 

The 2108 is available as either the upper or lower half of the 2116. Address As selects the operating half. For Sl 572 or 
S1627, As should be high (V 1Hl during row address strobe (RAS). For S1573 or S1626, As should be low (V1Ll during RAS. 
The use of the Intel® 3242 Address Multiplexer/Refresh Counter with a 2108 is described on page 2-66. The 2108 is pack· 
aged in the industry standard 16-pin DIP which is compatible with widely available automated handling equipment and facili· 
tates easy upgrading from 2104A-type 4K RAM Systems and up to 2116-type 16K RAM Systems. 

As in the 2104A-type 4K RAM and 2116-type 16K RAM, the 2108 has non-critical clock timing requirements which allow use 
of addressing multiplexing while maintaining high performance. Three methods of refreshing are permissable; they are de
scribed in the applications section of this data sheet. 

The 2108 will provide the same reliable operation in its system usage as any Intel product. Information on the details of 
reliability tests performed on the 2108 and field data on the use of partial devices are available from Intel Corporation. 

PIN CONFIGURATION 

Vss 

o,. = 
0 our 

!!AS A,• 

Ao AJ 

A, A, 

A, "' v,, Vee 

PIN NAMES 

LOGIC SYMBOL 

A, 

Al 

A2 

AJ 
o,. 

A, 

A; 
Dour 

A6 

RAS 

CAS 

WE 

WAITE ENABLE 

POWER l-5VI 
POWER (+5V) 

POWER (+12VI 

GROUND 

•s1s12 & 51627: A6 SHOULD BE AT v,H DURING RAS 
51573 & 51626: A6 SHOULD BE AT V1L DURING RA'S 

BLOCK DIAGRAM 

-vBB 

-voo 
-Vee 
-GND 

OUTPUT 
LATCH AND Dour 

BUFFER 
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2108-2 AND 2108-4 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ....... . -10°Cto +80°C 
Storage Temperature •......... -65°C to +150°C 
Voltage on any Pin Relative to V99 

(Vss - V88 ;;. 4V) . . . . . . . . . . . . . . . -0.3V to +20V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . 1.25W 

D.C. and Operating Characteristics 111.121 

'COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and funct1onal operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
spec1f1cat1on 1s not implied. Exposure to absolute maximum rating 
cond1t1ons for extended periods may affect device reliability. 

TA= 0°C to 70°C, Voo = +12V ±10%, Vee= +5V ±10%, V99 = -5V ±10%, Vss = OV, unless otherwise noted. 

Limits 
Symbol Parameter 

Min. Typ.131 Max. 
Unit Conditions 

I LI Input Load Current (any input) 10 µA V1N = V1L MIN to V1H MAX 

ii Loi 
Output Leakage Current 

0.1 10 µA Chip deselected: RAS and CAS at V1H 
for high impedance state VouT =Oto 5.5V 

1001 Voo Supply Current 1.2 2 mA CAS and RAS at V 1H or CAS·only 

V99 Supply Current 1 50 µA 
cycle. Chip deselected prior to 

1991 
measurement. See Note 5. 

53 69 mA 2108-2 teve = 350 ns 
TA=25°C 

1002141 Operating Voo Current Device 
selected. 49 65 mA 2108-4 teve = 425 ns See Note 6. 

1002 Operating V 88 Current 120 400 µA Device selected 

lee1 171 
Vee Supply Current when 

10 µA deselected 

V1L Input Low Voltage (any input) -1.0 0.8 v 
V1H Input High Voltage (any input) 2.4 Vee+1 v 
Vol Output Low Voltage 0.0 0.4 v loL = 4.1 mA (Read Cycle Only) 

VoH Output High Voltage 2.4 Vee v loH = -5 mA (Read Cycle Only) 

Capacitance [SJ TA= 25°C, V00 = 12V ±10%. Vee= 5V ±10%, V 88 = -5V ±10%, Vss = ov, unless otherwise noted. 

Symbol Parameter Typ. Max. Unit Conditions 

C11 Address, Data In & WE Capacitance 4 7 pF V1N = Vss 
C12 RAS Capacitance 3 5 pF V1N = Vss 
C13 CAS Capacitance 6 10 pF V1N = Vss 
Co Data Output Capacitance 3 7 pF VouT = OV 

Notes: 
1. All voltages referenced to V55. No power supply sequencing is required but Voo. Vee. and Vss should never be 0.3V or more negative than V99_ 
2. To avoid self-<:locking, RAS should not be allowed to float. 
3. Typical values are for TA= 25°C and nominal power supply voltages. 
4. For RAS-only refresh loo= 0.78 1002- For eAS·before·RAS (64 cycle refresh) loo= 0.961002-
5. The chip is deselected (i.e., output is brought to high impedance state) by eAS-only cycle or by eAS·before·RAS cycle. The current flowing 

in a selected (i.e., output on) chip with RAS and CAS at V1H is approximately twice 1001. 
6. See Page 2-62 for typical I DD characteristics under other conditions. 
7. When chip is selected Vee supply current is dependent on output loading; Vee is connected to output buffer only. 
8. Capacitance measured with Boonton Meter. 



TYPICAL CHARACTERISTICS 

Figure 1. 

;; 

lss2 AND 1002 VS. TEMPERATURE 

'--~--'-~~2~5~----,.5-0~--',5~~,~og 

TEMPERATURE CC) 

1002 VS. CYCLE TIME 

WRITE 
CYCLE 

v00 = 12.ov 
v88 = -5.0V 

T = 25° 

~ 40t----t-"""'\---t-~O--:rt---r---T---j 
c .... 

Figure 2. 

RAS 

cAS 

TcYCLE (ns) 

2108-2 AND 2108-4 

Standby Power Calculations: 

tcvc tcvc 
F'REF =Pop (N--) + Pss (1 - N-t-) where 

tREF REF 

Pop = Power dissipation - continuous operation= Voo x 1002· 

N = Number of refresh cycles (64). 

tcvc = Cycle time for a refresh cycle. 

tREF =Time between refreshes 

Pss =Standby power dissipation= Voo x 1001 + IVss Ix lss 

Note that 1002 depends upon refresh as follows: 

1. For (RAS before CAS) use I 002 from Figures 1 and 2. 

2. For (CAS before RAS) multiply 1002 determined in (1) by 0.96. 

3. For (RAS only) multiply 1002 determined in (1) by 0.78. 

Examples of typical calculations for Vss = -5.0V, Voo = 12.0V. 

TA= 25°C, tcvc = 0.425 µs, !RAS= 0.3 µs. !REF= 2000 µs: 

1. 128 cycle (RAS before CAS): Pop= 12.0V x 43 mA = 516 mW 

0.425 0.425 
PREF= 516 (128 2000) + (12x1.2+5x0.001) (1-128 2000) 

PREF= 28.0 mW 

2. 64 cycle (CAS before RAS); Pop= 12.0V x 43 (0.96) mA = 

495 mW . 

0.425 0.425 
PREF=495(64 2000 )+(12x1.2+5x0.001)(1-64 2000)= 

PREF = 20.9 mW 

3. 128 cycle (RAS only): Pop= 12.0V x 43 (0.78) mA = 402 mW 

PREF= 25.0 mW 

~---R 

i__._,fTl+_ 

:~~,,::===~=llll\..=g==1=.Af=~===rE=A'vj:I;=Nor=if=1=====~=p==-'ltn..=1=\=-===p=M=E==,,,,=1=~= 

-so~--+-----+----+--+---+----+---- -- t----1 ·- -----+-----+--- t--- t-----+--l---+----+---+--+------
400 600 (ns) 

READ CYCLES 

Note 1 · Increase m current due to WE going low Width of this 
current pulse is independent of WE pulse width. 

Figure 3. Supply Current Waveforms. 

200 400 600 (ns) 

READ-MODIFY-WAITE 

200 400 600 (ns) 

cAS BEFORE RAS 
IFOA 64 CYCLE REFRESH) 

•oo 600 !nsl 

RAS ONLY REFRESH 



2108-2 AND 2108-4 

Ac Ch .. [1) 
. . aracterist1cs 

TA=0°C to 70°C, Voo=12V ±10%, Vcc=5V ±10%, Vss=-5V ±10%, Vss=OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 

2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. 

tREF Time Between Refresh 2 2 

tRP RAS Precharge Time 75 95 

tcp CAS Precharge Time 100 125 
tRCL [2] RAS to CAS Leading Edge Lead Time 45 75 60 110 
tcRPl3 l CAS to RAS Precharge Time 0 0 

tRSH RAS Hold Time 160 220 

tcsH CAS Hold Time 200 300 

tASR Row Address Set-Up Time 0 0 

tAsc Column Address Set-Up Time -10 -10 

tAH Address Hold Time 45 60 

tT Transition Time (Rise and Fall) 50 50 

to FF Output Buffer Turn Off Delay 0 60 0 80 

tcACl4l Access Time From CAS 125 190 
tRACl4l Access Time From RAS 200 300 

READ AND REFRESH CYCLES 

2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. 

tcvc 151 Random Read Cycle Time 350 425 

tRAS RAS Pulse Width 275 32000 330 32000 

tcAS CAS Pulse Width 125 3000 190 3000 

tcH CAS Hold Time for RAS-Only Refresh 30 30 

tcPR CAS Precharge for 64 Cycle Refresh 30 30 

tRCH Read Command Hold Time 20 20 

tRcs Read Command Set-Up Time 0 0 

tooH Data-Out Hold Time 32 32 
WRITE CYCLE 

2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. 

tcvc 151 Random Write Cycle Time 350 425 

tRAS RAS Pulse Width 275 32000 330 32000 

tcAS CA--S Pulse Width 125 10000 190 10000 

twcH Write Command Hold Time 75 100 
twp Write Command Pulse Width 50 100 

tRWL Write Command to RAS Lead Time 125 200 

tcwL Write Command to CAS Lead Time 100 160 

tos 161 Data-In Set-Up Time 0 0 
toHl6] Data-In Hold Time 100 125 

Notes: 1. All voltages referenced to V55. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. GAS must remain at V1H a minimum of tRCL MIN after RAS switches to VIL· To achieve the minimum guaranteed access time 
ltRAcl, CAS must switch to Vi Lat or before tRCL IMAX)= tRAC -tcAC· Device operation is not guaranteed for tRcL>2 µs. 

3. The tcRP specification is less restrictive than the tcRL range which was specified in the 2108 preliminary data sheet. 
4. Load= 1 TTL and 50 pF. 
5. The minimum cycle timing does not allow for tT or skews. 
6. Referenced to CAS or WE, whichever occurs last. 



2108-2 AND 2108-4 

Waveforms 
READ CYCLE 

v,. 
RAS 

VIL 

v,. 
CAS 

Vil 

\{H 
ADDRESSES 

VIL 

v,. 
we 

VIL 

-- tc.A.c-

VoH 
Dour 

Val 

0 VALID 

© _o_A_T_A_o_u_T-----..--

WRITE CYCLE 

----tRsH------+1 

--- 'cAs 

~.~---~;.;,~-1----,1':"'7--c--r-t---T-r------'i"'"'T"-----""1"--t--------~ 

ADDRESSES 

WE 

o,. 

l'ouT 

Notes: 

~L~ ___ ...__. _ _, ___ _.....,.._...__. ____ ..,...t------"'1-.a-------jo---f---------

v,. 
VIL 

v,. 
VIL 

VaH~-----------------....:;;.;__,~~ 

VOL----------------------~ 

1,2. VrH MIN and Vil MAX are reference levels for measuring timing of input signals. 

3.4. VoH MIN and Vol MAX are reference levels for measuring timing of DQUT· 

5. DouT follows D1N when writing, with WE before CAS. 

6. Referenced to CAS or WE, whichever occurs last. 

7. tQFF is measured to louT.;; II Loi. 
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2108-2 AND 2108-4 

A.C. Characteristics 
TA= 0°C to 70°C, Voo = 12V ±10%, Vee= 5V ±10%, Vas= -5V ±10%, Vss = OV, unless otherwise noted. 

READ-MODIFY-WRITE CYCLE 

2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. Unit 

tRMW Read-Modify-Write Cycle Time 400 595 ns 

teRW RMW Cycle CAS Width 225 3000 350 3000 ns 

tRRW RMW Cycle RAS Width 325 32000 500 32000 ns 

tRWH RMW Cycle RAS Hold Time 250 390 ns 
tcwH RMW Cycle CAS Hold Time 300 460 ns 

tRWL Write Command to RAS Lead Time 125 200 ns 
tewL Write Command to CAS Lead Time 100 160 ns 
twp Write Command Pulse Width 50 100 ns 
tRes Read Command Set-Up Time 0 0 ns 
tMQD Modify Time 0 10 0 10 µs 
tos Data·ln Set-Up Time 0 0 ns 
to HM Data-In Hold Time (RMW Cycle) 50 125 ns 

Waveforms 
READ MODIFY WRITE CYCLE 

---- -tRwrw-------- ---~~--

~~.,--:I tRRW •1 f. 
1-----RAS 

VIH 

Vil 
1CRP- ----

- tCWH 

VIH 

t----j - tcp --

--- --1 -------... 
CAS Vil 

tRWL ----------i 
tcwL-- ---- -•i 

AODRE~ES ~IH 
ll-~..,.,,..--.--~~~~-...,....--..,...--------+-----------------I 

I 

WE ~:-----+i-®-=2-~.Jo/-I \- - tWP v 
DIN ~::-----+:-------.--------'-MO_D-f:~n•'7;~-":°~:°'."'.A~::"'.t-.6N:----"t°k-;'Dr-H-M-----------

----~l~---_ -_-_-_-,R-AC-+;-_ --------+'-~~0:----+~....._-----------
----------'-oF_,_-i_--•: (";\ HIGH r.;:-

VoH \0 IMPEDANCE !){ VALID 
~~ 1 ~ ~~ 

\~ ~------------------
Notes 1,2. VIHMIN and V1LMAX are rl!ference levels for measuring timing of input signals. 

3,4. VQHMIN and VoLMAX are reference levels for measuring timing of DoUT· 
5. to FF is measured to touT.; It LO I. 

') '"' 



2108-2 AND 2108-4 

Refresh Cycle Waveforms 
CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 

1cvc 

1ASR • 

ALL OTHER INPUTS DON'T CARE 

RAS ONLY CYCLES (128 CYCLE REFRESH) 

RAS 

'CH 

GAS 

1AH -

v," x· G)@12 x x :~.~:ESSES VALID 

v"----"-~-----'· _________ ..___......__ __ _ 

Notes: 1,2. V1HMIN and V1LMAX are reference levels for measuring timing of input signals. 

3. CAS must be high or low as appropriate for the next cycle. 

Applications Information 
The 2108 may be refreshed in any of three modes: read 
cycles with RAS before CAS timing as shown on page 5, 
RAS only cycles (page 7), or CAS before RAS cycles (page 
7). In all three modes A 6 must be held high for the S1572 
and S1627 or low for the S1573 and S1626. The row 
addressed by Ao through As is refreshed. Therefore, 64 
cycles are required to refresh the stored data. 
The GAS-before-RAS mode is useful in the 2116 as a 
technique for increasing memory availability and minimiz
ing standby power dissipation by requiring only 64 refresh 
cycles every 2 ms. Systems employing the 2108 in a CAS
before-RAS refresh. mode can be easily upgraded to the 
most efficient 16K RAM capability. 
Since the 2108 input pin A6 supplies two system addresses 
(A6 and A13) to the internal memory array, it is not possible 
to simply tie this input high or low. The 2108 input A6 
must be tied to the appropriate level only during row address 
strobe (RAS) and then used to supply the high order sys
tem address A13 during column address strobe (CAS). 
Control of A6 in a system may be implemented. as shown 
at right. In this circuit the output A6 of multiplexer M 
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supplies the appropriate high or low level (determined by 
S1572, S1627, S1573, or S1626) during RAS for both a 
memory cycle and refresh cycle. During CAS, system 
address A13 is multiplexed on A6 as shown. See the 2116 
section for additional applications information. 

SYSTEM 
ADDRESSES 

"'5V 

1Kf 
FOR S15720R 81627~' 
FOR 51573 OR 81626-.......s-..,.. 

i 

ROW 
ENABLE 

i-------:AO 
i------A, 
t-----A; TO 

i------AJ ~~~~~y 
i------1'4 

-A5 r-------, 
I I 

I 

REFRESH ENABLE--------



2108-2 AND 2108-4 

Power Supply Decoupling/ 
Distribution 
Power supply current waveforms for the 2108 are shown in 
Figure 3. The V 00 supply provides virtually all of the 
operating current for the 2108. The Voo supply current, 
100 , has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the v00 supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character
istics. When the current waveform indicates a DC compo
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 

The V88 supply current, lss. has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Vss capacitors should be selected for 
transient suppression characteristics. The following ca
pacita'lce values and locations are recommended for the 
2108: 

1. A 0.33 µF ceramic capacitor between Voo and Vss 
(ground) at every other device. 

2. A 0.1 µF ceramic capacitor between Vss and Vss at every 
other device (preferably alternate devices to the Von 
decoupling above). 

3. A 4. 7 µF electrolytic capacitor between Von and Vss for 
each eight devices and located adjacent to the devices. 

The Vee supply is connected only to the 2108output buffer 
and is not used internally. The load current from the Vee 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2108 (typically 
100 µA or less total). Intel recommends that a 0.1or0.01 µF 
ceramic capacitor be connected between Vee and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 

Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 
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Output Data Latch 
The 2108 contains an output data latch eliminating the need J 
for an external system data latch and the timing circuitry 
required to strobe an external latch. The output latch •· 
operates identically to the 16-pin 4K RAM (Intel 2104) 
output latch enhancing the system compatibility of the 16K 
and 4K devices. 

Operation of the output latch is controlled by GAS. The data 
output will go to thd high-impedance state immediately 
following the CAS leading edge during each data cycle and 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was prior to the RAS-only 
cycle. This unique feature of latched output RAMs allows a 
refresh cycle to be hidden among data cycles without 
impacting data availability. For instance, a RAS-only 
refresh cycle could follow each data cycle in a 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
output devices do not provide this type of hidden refresh 
capability since their data output would go to the high 
impedance state at the end of the data cycle. 

Page Mode Operation 
The 2108 is designed for page mode operation and is 
presently being characterized for that mode. Specifications 
will be available at a later date. 



2111A 

256 x 4 STATIC RAM 

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

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

• Single +5V Supply Voltage Decode 

• Directly TTL Compatible: All Inputs and • Inputs Protected: All Inputs Have Pro-

Output tection Against Static Charge 

• Static MOS: No Clocks or Refreshing • Low Cost Packaging: 18 Pin Plastic Dual 

Required In-Line Configuration 

• Simple Memory Expansion: Chip Enable • Low Power: Typically 150 mW 

Input • 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 2111 A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 

simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 

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

The Intel® 2111A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 

high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 

conventional MOS technology or P-channel silicon gate technology. 

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

plastic packaging. 

PIN CONFIGURATION LOGIC SYMBOL 

A3 Vee Ao 

A2 A, A, 1/01 

At R/W A2 110,, 

Ao CE.1 A3 1103 

As 1/04 A, l/04 

Ao l/03 AS 

A1 1/02 AG OD 

GND 110, A, 

OD CE2 R/W CE 1 CE 2 

PIN NAMES 

Ao-A1 ADDRESS INPUTS 

OD OUTPUT D1sABL-E -
Rfii READ/WRITE INPUT 

c~, CHIP ENABLE 1 

CE2 CHIP ENABLE 2 

1/01-1/04 DATA INPUT/OUTPUT-1 

Ao 

At 

Az 

AJ 

Ao 

2-68 

0 
(3) 

0 
G) 

@ 

ROW 
SELECT 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

COLUMN 1/0 CIRCUITS 

® ® (7) 

0 ~ PIN NUMBERS 

@ 
---o vcc 

® 
---o GND 



2111A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

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

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

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

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

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee = 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.lll Max. Unit Test Conditions 

lu 

ILQH 

ILOL 

lee1 

lee2 

V1L 

V1H 

Vol 

VoH 

-15 

-10 

-5 

Input Load Current 

1/0 Leakage Current 

1/0 Leakage Current 

Power Supply 2111A, 2111A-4 

Current 2111A-2 

Power Supply 2111A, 2111A-4 

Current 2111A-2 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High 2111A, 2111A-2 

Voltage 2111A-4 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 

---r-O"C , 
- 25''C 

4 75V 
TYPICAL 

VoH !VOL TSf 

-0.5 

2.0 

2.4 

2.4 

NOTE: 1. Typical values are for TA; 25°e and nominal supply voltage. 
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1 

1 

-1 

35 

45 

10 

10 

-10 

55 

65 

60 

70 

0.8 

Vee 

0.45 

15 

< 10 

"' 

µA V1N = 0 to 5.25V 

µA Output Disabled, V110 = 4.0V 

µA Output Disabled, V110=0.45V 

mA 
V1N = 5.25V 

1110 = OmA, TA= 25°C 

mA 
V1N = 5.25V 

1110 = OmA, TA = 0°C 

v 
v 
v loL = 2.0mA 

v loH = -200µA 

v loH = -150µA 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 

Vcc:4.75V 
OUTPUT "LOW' TYPICAL 

0.5 1 0 1 5 

Vm (VOL TS) 
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2111A FAMILY 

A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME) 
READ CYCLE TA= 0°C to 7a°C, Vee= 5V ±5%, unless otherwise specified. 

Symbol Parameter 

tRe Read Cycle 

tA Access Time 

teo Chip Enable To Output 

too Output Disaple To Output 

toF (3] 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 Write Recovery 

tos Output Disable Setup 

[2) 
CAPACITANCE TA= 25°C, f = 1 MHz 

Symbol Test 

C1N Input Capacitance 
(All Input Pins) V1N =av 

Cito 1/0 Capacitance V110 =av 

WAVEFORMS 
READ CYCLE 

~------- tRC ---

ADDRESS 

CHIP ---o-~,--- 1co ------1 
ENABLES 
1rn.m1 

---+---~l~too--

Min. 

25a 

a 

4a 

Min. 

17a 

2a 

15a 

15a 

a 

150 

a 

20 

Limits (pF) 

TypJ11 Max. 

4 a 

1a 15 

toH___ •--

T [1] yp. Max. 

25a 

180 

13a 

1aa 

T 111 yp. Max. 

WRITE CYCLE 

ADDRESS 

CHIP 
ENABLES 
fC'E1.Cf2) 

OUTPUT 
DISABLE 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test Condit1ons 

tr, tf = 2ans 

Input Levels= a.av or 2.av 
Timing Reference= 1.5V 

Load= 1 TTL Gate 

and CL = 10apF. 

Test Conditions 

tr, tf = 2ans 

Input Levels= a.av or 2.av 
Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL = 10apF. 

'wc------1 

OUTPUT 
DISABLE 

--tA--
-----1DF- I .............. 1oH 

1-- 'cs - ------tow---
DATA 1/0 DATA OUT 

VALID 
DATA 1/0 ==t=-=--=- ~~x:~~ 

I twp------twR--.. 
READ/ 
WRITE 

NOTES: 1. Typical values are for TA= 25'e and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. IQF is with respect to the trailing edge of eE1, eE2. or OD, whichever occurs first. 
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2111A (350 ns ACCESS TIME) 

A.C. CHARACTERISTICS 

2111A FAMILY 

READ CYCLE TA = 0°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 Disab1e 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 Write Recovery 

tos Output Disable Setup 

2111A-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= 0°C to 70°C, Vee= 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. T [11 yp. Max. 

tRe Read Cycle 450 

tA Access Time 450 

teo 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 after change of Address 

40 

WRITE CYCLE 

Symbol Parameter Min. T fll 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 Disable Setup 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. toF is with respect to the trailing edge of eE1, CE2. or OD, whichever occurs first. 
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Test Conditions 

t,. tf = 20ns 

Input Levels= O.BV or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL= 100pF. 

Test Conditions 

t,. tf = 20ns 

Input Levels= O.BV or 2.0V 

Timing Reference = 1.5V 

Load= 1 TTL Gate 

and CL= 100pF. 

Test Conditions 

t,, tf = 20ns 

Input Levels= 0.BV or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL = 1 OOp F. 

Test Conditions 

t,, tf = 20ns 

Input Levels= O.BV or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL = 1 OOpF. 



ll 2112A 
256 X 4 BIT STATIC RAM 

2112A-2 
2112A 
2112A-4 

• Single +5V Supply Voltage 
• Directly TTL Compatible: All Inputs and 

Outputs 
• Static MOS: No Clocks or Refreshing 

Required 
• Simple Memory Expansion: Chip Enable 

Input 

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

• Fully Decoded: On Chip Address 
Decode 

• Inputs Protected: All Inputs Have Pro
tection Against Static Charge 

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

• Low Power: Typically 150 mW 
• 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 

AJ 

A2 

A, 

Ao 

As 

A5 

A1 

GNO 

Vee 

A, 

WE 

CE 

1/04 

t/03 

1/02 

1/01 

PIN NAMES 

~-A7_ A~~RESS INPU_~~ __ ~ 
WE WRITE ENABLE 

CE CHIP ENABLE INPUT 

l/0)_-110_4 DAT~ INPUT/OUTPUT __ _, 

VC'.~ POWER (+5V) ____! 

Ao 

A, 110, 

A, 1/02 

A, 1103 

A, 1104 

As 

A, 

A, 

WE CE 
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Ao 

., 
•2 

AJ 

A4 

® 
1/01 

J/02 

1/03 

1/04 

- @ 
CE 

~® 
WE 

BLOCK DIAGRAM 

ROW 
SELECT 

INPUT 
DATA 

CONTROL 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

COLUMN 1/0 CIRCUITS 

® ® 0 
As A5 A7 

0 ·· PIN NUMBERS 

@ 
~Vee 

® 
----o GND 



2112A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

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

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

Voltage On Any Pin 

With Respect to Ground . . . . . . . . . -0.5V to +7V 

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

*COMMENT: 

Stresses above those listed under "Absolute Maximum 

Rating" may cause permanent damage to the device. This 

is a stress rating only and functional operation of the de

vice at these or at any other condition above those indi

cated in the operational sections of this specification is 

not implied. Exposure to absolute maximum rating con

ditions for extended periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS 

TA= 0°C to 70°C, Vee= 5V ±5% unless otherwise specified. 

Symbol 

lu 

VoH 

Parameter Min. Typ.1 11 Max. 

Input Current 1 10 

1/0 Leakage Current 1 10 

1/0 Leakage Current -1 -10 

Power Supply 2112A, 2112A-4 35 55 
Current ----=2:-:1--:1-=2..,.A""'-2:-+---t------:4-=-5-+-"""6-=-5--I 

Power Supply 
Current 

2112A, 2112A-4 
2112A-2 

Input "Low" Voltage 

Input "High" Voltage 

Output "Low" Voltage 

Output "High" 2112A, 2112A-2 

Voltage 2112A-4 

60 
70 

-0.5 0.8 

2.0 Vee 

+0.45 

2.4 

A.C. CHARACTERISTICS FOR 2112A-2 
READ CYCLE TA = 0°C to 70°C, Vee = 5V ±5% unless otherwise specified. 

Symbol Parameter Min. Typ_l1l Max. 

tRc Read Cycle 250 

tA Access Time 250 

tea Chip Enable To Output Time 180 

tco Chip Enable To Output Disable Time 0 120 

toH Previous Read Data Valid After 40 
Change of Address 

Unit 

µA 

µA 

µA 

mA 

mA 

v 
v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

Test Conditions 

V1N = 0 to 5.25V 

Output Disabled, V110=4.0V 

Output Disabled, V110=0.45V 

V1N = 5.25V, 1110 = OmA 

TA= 25°C 

V1N = 5.25V, 1110 = OmA 
TA= 0°C 

loL = 2.0 mA 

loH = -200µA 

loH = -150µA 

Test Conditions 

tr, t1 = 20ns 

Timing Reference= 1.5V 

Load= 1 TTL Gate 

and CL= 100pF. 

READ CYCLE WAVEFORMS 

---- -- tA - ------

ADDRESS 

[2] 

CAPACITANCE TA= 25°C, f = 1 MHz 

Limits (pF) 
Symbol Test 

Typ.[1] Max. 

C1N Input Capacitance 
4 8 

(All Input Pins) V1N = OV 

C110 1/0 Capacitance V110 = 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 2112A-2 (Continued) 

WRITE CYCLE #1 TA = 0°C to 70°C, Vee= 5V ±5% 

Symbol Parameter Min. Typ.!1l Max. Unit 
twe1 Write Cycle 200 ns 
tAW1 Address To Write Setup Time 20 ns 
tow1 Write Setup Time 180 ns 
twp1 Write Pulse Width 180 ns 
tcs1 Chip Enable Setup Time 0 ns 
teH1 Chip Enable Hold Time 0 ns 
twR1 Write Recovery Time 0 ns 
toH1 Data Hold Time 0 ns 

tew1 Chip Enable To Write Setup Time 180 ns 

WRITE CYCLE #2 TA= 0°C to 70°C, Vee= 5V ±5% 

Symbol Parameter Min. Typ,!1l Max. Unit 
twe2 Write Cycle 320 ns 
tAW2 Address To Write Setup Time 20 ns 
tow2 Write Setup Time 180 ns 
two2 Write To Output Disable Time 120 ns 
tcs2 Chip Ena_ble Setup Time 0 ns 

teH2 Chip Enable Hold Time 0 ns 

twR2 Write Recovery Time 0 ns 

toH2 Data Hold Time 0 ns 

WRITE CYCLE WAVEFORMS 
WRITE CYCLE #1 WRITE CYCLE #2 

..------- twc1 --~-~-----

ADDRESS 

-tcH1 _ __,_ __ _ 

INPUT/OUTPUT INPUT/OUTPUT 

two2-

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

tr, t1 = 20ns 
Input Levels = 0.8V or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

and CL = lOOpF. 

Test Conditions 

tr. t1 = 20ns 
Input Levels= 0.8V or 2.0V 

Timing Reference= 1.5V 

Load = 1 TTL Gate 

DATA IN 
STABLE 

and CL = lOOpF. 



2112A FAMILY 

A.C. CHARACTERISTICS FOR 2112A 

READ CYCLE TA = 0°C to 70°C, Vee= 5V ±5% unless otherwise specified. 

Symbol Parameter Min. Typ.l1l Max. Unit Test Conditions 

tRe Read Cycle 350 ns tr. t1 = 20ns 

tA Access Time 350 ns Input Levels= O.BV or 2.0V 

teo Chip Enable To Output Time 240 ns Timing Reference= 1.5V 

teo 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 Address 

WRITE CYCLE #1 TA = 0°C to 70°C, Vee= sv ±5% 

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

twe1 Write Cycle 270 ns tr, t1 = 20ns 

tAW1 Address To Write Setup Time 20 ns Input Levels= O.BV or 2.0V 

tow1 Write Setup Time 250 ns Timing Reference = 1.5V 

twp1 Write Pulse Width 250 ns Load= 1 TTL Gate 

tes1 Chip Enable Setup Time 0 ns and CL= 100pF. 

teH1 Chip Enable Hold Time 0 ns 

twR1 Write Recovery Time 0 ns 

tDH1 Data Hold Time 0 ns 

tew1 Chip Enable to Write Setup Time 250 ns 

WRITE CYCLE #2 TA = 0°C to 70°C, Vee = 5V ±5% 

Symbol Parameter Min. Typ.l1J Max. Unit Test Conditions 

twe2 Write Cycle 470 ns tr, t1 = 20ns 

tAW2 Address To Write Setup Time 20 ns Input Levels= O.BV or 2.0V 

tow2 Write Setup Time 250 ns Timing Reference= 1.5V 

two2 Write To Output Disable Time 200 ns Load= 1 TTL Gate 

tes2 Chip Enable Setup Time 0 ns and CL = 100pF. 

teH2 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. 
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2112A FAMILY 

ll 
A.C. CHARACTERISTICS FOR 2112A-4 

READ CYCLE TA = D°C to 7D°C, Vee = 5V ±5% unless otherwise specified. 

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

tRe Read Cycle 45D ns t,, t1 = 2Dns 
tA Access Time 45D ns Input Levels= D.8V or 2.DV 
teo Chip Enable To Output Time 310 ns Timing Reference= 1.5V 
teo Chip Enable To Output Disable Time D 26D ns Load= 1 TTL Gate 
toH Previous Read Data Valid After 4D ns and CL = 100pF. Change of Address 

WRITE CYCLE #1 TA = D°C to 70°C, Vee= 5V ±5% 

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

twe1 Write Cycle 32D ns t,, t1 = 20ns 
tAW1 Address To Write Setup Time 2D ns Input Levels= 0.8V or 2.DV 
toW1 Write Setup Time 300 ns Timing Reference= 1.5V 
twp1 Write Pulse Width 3DO ns Load = 1 TTL Gate 
tes1 Chip Enable Setup Time 0 ns and CL= 10DpF. 
teH1 Chip Enable Hold Time D ns 
twR1 Write Recovery Time 0 ns 
toH1 Data Hold Time D ns 

tew1 Chip Enable to Write Setup Time 3DD ns 

WRITE CYCLE #2 TA = 0°C to 70°C, Vee= 5V ±5% 

Symbol Parameter Min. Typ}1l Max. Unit Test Conditions 
twe2 Write Cycle 580 ns t,. t1 = 2Dns 
tAW2 Address To Write Setup Time 2D ns Input Levels= 0.8V or 2.DV 
tow2 Write Setup Time 30D ns Timing Reference= 1.5V 
two2 Write To Output Disable Time 26D ns Load = 1 TTL Gate 
tes2 Chip Enable Setup Time 0 ns and CL= 100pF. 
teH2 Chip Enable Hold Time 0 ns 

twR2 Write Recovery Time 0 ns 

toH2 Data Hold Time D ns 

NOTE: 1. Typical values are for TA= 25°e and nominal supply voltage. 
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2114 

!!!!!LllflllNA ft" 
Parametric Ii . llOt a filJat s ..... .,. I' 

m1ts are sub. Pec1f1catio,, S 
1ect to challge: ome 

1024 X 4 BIT STATIC RAM 

2114-2 2114-3 2114 2114L3 2114L 

Max. Access Time (ns) 200 300 450 300 450 

~ Max. Power Dissipation (mw) 710mw 710mw 710mw 370mw 370mw 

• High Density 18 Pin Package • Directly TTL Compatible: All Inputs 

• Identical Cycle and Access Times and Outputs 

• Single +SV Supply • Common Data Input and Output Using 

• No Clock or Timing Strobe Required 
Three-State Outputs 

• Pin-Out Compatible with 3605 and 3625 
• Completely Static Memory Bipolar PROMs 

The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate 

MOS technology. It uses fully DC stable (static) circuitry throughout - in both the array and the decoding - and therefore 

requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 

data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 

important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 

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

The 2114 is fabricated with Intel's N-channel Silicon-Gate technology - a technology providing excellent protection against 

contamination permitting the use of low cost plastic packaging. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A \~) @ 

"" 18 Vee 
3 ~Vee 

Ao 
A4@ ~GND ... A, A, 110, (2) 

A2 
As -- RDW MEMORY ARRAY 

A4 "a A (i) SELECT 64 ROWS 

Ag •@ 
64COLUMNS 

A3 Ag 1/0, 
A4 

A, 

Ao 5 2114 14 110, @ ... As 

Al 13 1/02 
As 

1/03 

110,@ 
A, 110, A, 

cs 1/04 As 1/04 110,@ 

GND WE Ag ''°"@ WE cs 

PIN NAMES 

A0-A9 ADDRESS INPUTS Vee POWER (+5V) Q = PIN NUMBERS 

WE WRITE ENABLE GNDGROUND 

cs CHIP SELECT 

1101-1104 DATA INPUT/OUTPUT 
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2114 FAMIL v ~~'~!!!!.~ff'f 

are subject to h ion. Some 
ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias . . . . . . . . . . . . -10°C to 80°C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground . . . . . . . . . . . -0.5V to +7V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . 1.0W 

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

D.C. AND OPERATING CHARACTERISTICS 
TA= 0°C to 70°C, Vee= 5V ± 5%, unless otherwise noted. 

SYMBOL PARAMETER 

I LI Input Load Current 
(All Input Pins) 

JI Loi 1/0 Leakage Current 

lee1 Power Supply Current 

lee2 Power Supply Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage 

CAPACITANCE 
TA= 25°C, f = 1.0 MHz 

SYMBOL TEST 

2114-2, 2114-3, 2114 
Min. Typ. Max. 

10 

10 

80 120 

90 135 

-0.5 0.8 

2.4 Vee 

0.4 

2.4 Vee 

MAX 

C110 Input/Output Capacitance 5 

C1N Input Capacitance 5 

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

2114L3, 2114L 
Min. Typ. Max. UNIT CONDITIONS 

10 µA V1N = 0 to 5.25V 

10' µA CS= 2.4V, 

V110 = 0.4V to Vee 

65 mA V1N = 5.25V, 1110 = 0 mA, 
TA= 25°C 

70 mA V1N = 5.25V, 1110 = 0 mA, 
TA= 0°C 

-0.5 0.8 v 
2.4 Vee v 

0.4 v loL = 2.1 mA 

2.4 Vee v loH = -1.0 mA 

UNIT CONDITIONS 

pF V110 = OV 

pF V1N = OV 
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2114 FAMILY ::.i~~~!'"4R)' 
m1ts are sub· 11ec1f1catio S 

A.C. CHARACTERISTICS o o . 1ect to ch n. ome 
TA = 0 C to 70 C, Vee = 5V ± 5%, unless otherwise noted. ange. 

READ CYCLE Ill 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tA Access Time 

teo Chip Selection to Output Valid 

tex Chip Selection to Output Active 

to TD Output 3-state from Deselection 

to HA Output Hold from Address Change 

WRITE CYCLE 121 

SYMBOL PARAMETER 

twe Write Cycle Time 

tw Write Time 

twR Write Release Time 

toTW Output 3-state from Write 

tow Data to Write Time Overlap 

toH Data Hold From Write Time 

NOTES: 1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. 

A.C. CONDITIONS OF TEST 

2114-2 2114-3, 2114L3 
Min. Max. Min. Max. 

200 300 

200 300 

70 100 

0 0 

0 40 0 80 

10 10 

2114-2 2114-3, 2114L3 
Min. Max. Min. Max. 

200 300 

100 150 

20 0 

0 40 0 80 

100 150 

0 0 

Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 Volt to 2.4 Volt 

Input Rise and Fall Times ......................................... 10 nsec 

Input and Output Timing Levels .................................... 1.5 Volts 

Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 TTL Gate and CL = 50 pF 
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2114, 2114L 
Min. Max. UNIT 

450 ns 

450 ns 

100 ns 

0 ns 

0 100 ns 

10 ns 

2114, 2114L 
Min. Max. UNIT 

450 ns 

200 ns 

0 ns 

0 100 ns 

200 ns 

0 ns 
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WAVEFORMS 
READ CYCLE 0 

' are subject t~ 1chat1on. Son 
c ange. 

1=-- - 'A 'RC •• 1 
ADDRESS~-------------------.,..---*------

" \\\\ \\ ~™~~\\\\Vi -.wzr;z //J 

0our-------~----- __ ,c.'_co ---~l~( :( """ ~x~ 
WRITE CYCLE 

1- •we 

I I 

' -- -: 

ADDRE~ =t~---*-----
1WR

8 ---! ' 1---- -

0 ---tw------ ' ------1 

Dour_...,) )--) );-;--) )~)~"1-1'-) '~)r) _...,,)~-------
- •l---'DH---1 •ow 

NOTES: 

DiN----~.......-: -----.-t_M_frX_M_M 
G) WE is high for a Read Cycle. 
@ tw is measured from the latter of CS or WE going low to WE going high. 
@ WE must be high during all address transitions. 
@ twR is referenced to the high transition of WE. 

DATA STORAGE 

When WE is high, the data input buffers are inhibited to 
prevent erroneous data from getting into the array. As 
long as WE remains high, the data stored cannot be 
affected by the address, Chip Select, or data 1/0 voltage 
levels and timing transitions. The block diagram also 
shows data storage cannot be affected by WE, the 
addresses, nor the 1/0 ports as long as CS is high. Either 
CS or WE by itself - or in conjunction with the other -
can prevent extraneous writing due to signal transitions. 

Data within the array can only be changed during a Write 
time - defined as the overlap of CS low and WE low. To 
prevent the loss of data, the addresses must be properly 
established during the entire Write time plus twR· 
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Internal delays on the 2114 are established such that 
address decoding propagates ahead of data inputs (keyed 
by the Write time). Therefore, it is permissable to establish 
the addresses coincident to the selection of a Write time, 
but no later. If the Write time precedes the addresses, the 
data in the previously addressed locations, or some other 
location, may be inadvertently changed. 

While it is important that the addresses remain stable for 
the entire Write cycle, the data inputs are not required to 
remain stable. Appropriate voltage levels will be written 
into the cells as long as the data is stable for low at the end 
of the Write time. 



2115, 2125 

1024 X 1 HIGH SPEED STATIC RAM 

2115-2, 
2125-2 

Typ. TAA (ns) 

Typ. Ice (mA) 

• Fully Pin Compatible to 93415 
(2115) and 93425 (2125) 

55 
80 

• Low Operating Power Dissipation: 
Typical 0.2mW/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 Intel® 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. Both 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 D!N WE 

cs Vee 
15 14 

Ao 

Ao o,. A, 

A, WE A, 

A, 
A2 A9 

A4 

A, Aa As 

A4 A, 
... 
A1 

Do UT Ao Aa 

... Ag 13 

Vee = PIN 16 

GND"" PIN 8 
0ouT 

PIN NAMES 
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WOAD t-----DRIVER 

t 

ADDRESS 
DECODER 

I I I I t I 
Ao Al A2 A3 A4 

000®® 

BLOCK DIAGRAM 

32 x 32 
ARRAY 

l J 
SENSE AMPS r------ CONTROL 

AND LOGIC 
WRITE (SEE TRUTH 

DRIVERS 
1~ 

TABLE) 

l I • 
i 

ADDRESS I 
DECODER 

i 
I 

I I t t t 
As A6 A7 Aa Ag cs WE DIN 

0@@@@ Q) @ @ 
TRUTH TABLE 

r·--------.---0-uTPUT i-- CiUTPU-,:-----i---- -~ 
INPUTS 2115 FAMIL y 2125 FAMILY __ ---~~=--

CS wi DiN DouT DouT 
H X X H HIGH Z NOT SELECTED 

l l l rcTH r.-----
l H X 

H 

-Di::>ur 

HIGH Z 

HIGH Z 

DouT 

WRITE "O" 

WRITE "1" 

READ 



ll 
2115, 2125 FAMILY 

Absolute Maximum Ratings* 
Temperature Under Bias ................................ -10°C to +85°C 
Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -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 
specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. Characteristics 111 Vee= 5v ±5%, TA = 0°c to 15°c 

Symbol Test Min. Typ. Max. Unit 

Vou 2115-2 Output Low Voltage 0.45 v 

VoL2 2115, 2115L Output Low 0.45 v 
Voltage 

VQL3 2125 Family Output Low Voltage 0.45 v 

V1H Input High Voltage 2.1 v 
V1L Input Low Voltage 0.8 v 

l1L Input Low Current -1 -40 µA 

l1H Input High Current 1 40 µA 

le EX 2115 Family Output Leakage Current 10 100 µA 

iloFF/ 2125 Family Output Current (High Z) 10 50 µA 
105 121 2125 Family Current Short -100 mA 

Circuit to Ground 

VoH 2125 Family Output High Voltage 2.4 v 

leeL 2115L, 2125L Power Supply Current 50 65 mA 

lcc1 2115, 2125, Power 75 100 mA 
Supply Current 

lee2 2115-2, 2125-2 Power Supply Current 80 125 mA 

Notes: 

Conditions 

loL = 16mA 

loL = 12mA 

loL = 7mA 

Vee= Max., V1N = 0.4V 

Vee = Max., V1N = 4.5V 

Vee= Max., VouT = 4.5V 

Vee =Max., VouT = 0.5V/2.4V 

Vee =4.5V 

loH =-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 feet per minute and a two 
minute warm-up. Typical thermal resistance values of the package at maximum temperature are: 

OJA(@ 400 fpM air flow)= 45°e/W 
8 JA (still air) = 60°e/W 
8JC = 25°e/W. 

2. Duration of short circuit current should not exceed 1 second. 
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2115, 2125 FAMILY 

2115 Family A.C. Characteristicsl1~cc = 5V ±5%, TA = 0°c to 15°c 

READ CYCLE 

Symbol Test Min. 

tACS Chip Select Time 5 

tRcs Chip Select Recovery Time 

tAA Address Access Time 

toH Previous Read Data Valid After 10 
Change of Address 

WRITE CYCLE 

Symbol Test Min. 

tws Write Enable Time 

twR Write Recovery Time 5 

tw Write Pulse Width 50 

twso Data Set-Up Time Prior to Write 5 

twHD Data Hold Time After Write 5 

twSA Address Set-Up Time 15 

twHA Address Hold Time 5 

twscs Chip Select Set-Up Time 5 

twHCS Chip Select Hold Time 5 

TEST CONDITIONS 

A.C. AND D.C. LOADING CONDITIONS 

4.75V 

2115-2 
Limits 
Typ. Max. Min. 

40 5 
40 

55 70 

10 

Typ. Max. Min. 
40 
45 5 

50 
5 
5 

30 
5 
5 
5 

2115 
Limits 
Typ. Max. 

45 

40 
75 95 

Typ. Max. 
40 
45 

ALL INPUT PULSES 

! I I 3Ip I 

Min. 
5 

10 

Min. 

5 

50 
15 
15 

30 
15 
15 
15 

2115 
"ouT------4 

GND 7 ,,. -10ns 

2115L 
Limits 
Typ. 

75 

Typ. 

Max. Units 
50 ns 

40 ns 
95 ns 

ns 

Max. Units 

40 ns 
50 ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 

-_ - \ ..... _-_:_:._: __ _ 
' - ,~ 10ns 

- - -103 

-r 
____________ -------" - ~ - - 90% 

GNO -=- --1 ~- 10ns --i ,-. 1Dns 

READ CYCLE WRITE CYCLE 

A
0

-A
9 ---""'~'---------------

I---------- tAA ---

I 

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

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

2125 Family A.C. Characteristics 111 vcc = 5v ±5%, TA= 0°cto 15°c 
READ CYCLE 

2125-2 2125 2125L 

Symbol Test 
tAcs Chip Select Time 

tZRCS 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 
twso 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 

READ CYCLE 

4.75V 

2125 t510!! 

DOUT - t:= 
300il 30pF -I (INCLUDING 

SCOPE ANO 
JIG) 

Limits 
Min. Typ. 

5 

55 
10 

Min. Typ. 

5 

50 
5 
5 

15 
5 
5 
5 

"o·A·----'~'---------------

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

Max 
40 

40 
70 

Max. 
40 
45 

Limits Limits 
Min. 

5 

10 

Min. 

5 
50 
5 
5 

30 
5 
5 
5 

Typ. Max. 
45 

40 
75 95 

Typ. Max. 
40 
45 

ALL INPUT PULSES 

I I ' 
3.5Vpp I 
± 

Min. 
5 

10 

Min. 

5 
50 
15 
15 
30 
15 
15 
15 

GND 7 ,-. 10ns 

-r 
GND -= .-t ,"" 10ns 

WRITE CYCLE 

cs 

WE 

1 I ! 
1 'wsnr• •I 

I I 
1-'wsA---! 
I 

Typ. 

75 

Typ. 

Max. Units 
50 ns 

40 ns 
95 ns 

ns 

Max. Units 
40 ns 
50 ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

\ 90% 

10% 

., ,• 10ns 

10% 

- 90% 

- ., . lOns 

1-----•j •wuo I 
I ! I 
i-- IWHA---1 t· ... --. I.,. __ _ - rwscs -- ~i j,._ ___ fwHCS --

twR - ;.,. •i , 

..,.....,.,.,..,..,..,...,.,..,...,..,.,.,.,..,...,.,..,.,.......,...,...,_1~ ................................ ~ 

/ALL ABOVE MEASUREMENTS RHERENCED TO 1 5Vl 
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2115, 2125 FAMILY 

2125 FAMILY WRITE ENABLE TO HIGH Z DELAY 

5V 

~lTE ENABLE ~1.5V r--
h::I 

0 our r - - H1GHZ 
M2125AL, 
M2125A 5pF DATA OUTPUT __ ",;;.O'_;' L:,:E,;;.V:.;EL;___....Jf= ___ } o. 5V 

"1" LEVEL 

0our 
DATA OUTPUT 

LOAD 1 

2125 FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

cs 
CHIP SELECT 1.5V 

Dour ,' r--HiGHZ 
DATA OUTPUT __ ·_·o_" _L•_v_•L __ ---'I -- } 0.5V 

"1" LEVEL 

0 our 
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 Units 
Typ. Max. Typ. Max. 

C1 Input Capacitance 3 5 3 5 pF 

Co Output Capacitance 5 8 5 8 pF 

*This parameter is periodically sampled and is not 100% tested. 

Typical Characteristics 

Ice VS. TEMPERATURE Ice vs. Vee 

100 100 

80 
90 

80 

:< 60 
~ 

.§ .§ 70 

_8 
40 - -'--- -I-~ _J 

I : I ' 

20 -r-~-
I 

u 
u 

60 

I 
50 ~ -+ -

I 
I 

0 
40 60 80 100 0 20 

0 
2 

TEMPERATURE (°C) Vee (V) 

2·85 

: \..--~'~!. 

Test Conditions 

All Inputs= OV, Output Open 

CS=5V, All other inputs= OV, 
Output Open 

ACCESS TIME VS. CAPACITANCE 



l 
2115A, 2125A FAMILY 

HIGH SPEED 1K X 1 BIT STATIC RAM 

2115AL 

2125AL 

[ Max. T AA (ns) 45 

l Max. lcc(mA) 75 

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

• Fan-Out Of 10 TTL (2115A Family) 
-- 16mA Output Sink Current 

• Low Operating Power Dissipation 
--Max. 0.39mW /Bit (2115AL, 2125AL) 

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

45 70 70 

125 75 125 

• TTL Inputs And Outputs 

• Single +SV Supply 

• Uncommitted Collector (2115A) 
And Three-State (2125A) Output 

• Standard 16-Pin Dual In-Line 
Package 

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

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

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

The 2115A and 2125A families are fabricated with Intel's N-channel MOS Silicon Gate Technology. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

cs 0,N WE 

WORD J2X37 

cs Voe 15 14 OR IV ER 

Ac 

Ac 0,N A, 
T 

A, WE A, 

A, 
A, 13 •, .. SrNSf AMPS 

t- ., 
CONTROL ., 12 ., A, LOGIC 

-• 0ou1 WHIT! ISE:E TRUTH 

A, llRIVf RS TABLE I \.~) A, A, i Al 

l I 
0 our A, A, 

GND A, 
., 13 

ADDRESS AODHf:SS 
Voe PIN 16 nfCODfR DECODER 

GNO "' PIN 8 0 our 

I IT! I ' t t t t A0 fl 1 A7 A3 A~ A~ A6 A 1 AA A,1 0,N 

000@(~) @@@@@ ~ @ @ 
PIN NAMES TRUTH TABLE 

INPUTS 
OUTPUT OUTPUT 

MODE 2115A FAMILY 2125A FAMILY 

cs WE DtN "''"' °""' H x x H HIGH Z NOT SELECTED 
L L L H HIGH Z WRITE "O" 
L L H H HIGH Z WRITE "1" 
L H x °""' °""' READ 
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2115A, 2125A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .... . 

Storage Temperature ...... . 

All Output or Supply Voltages. 

All Input Voltages .. . 

D.C. Output Current ...... . 

D.C. CHARACTERISTICS[1•21 

Vcc=5V±5%, TA=0°Cto75°C 

... -10°C to +85°C 

.. -65°C to +150°C 

. .. -0.5V to +7V 

. . -0.5V to +5.5V 

. ....... 20mA 

Symbol Test Min. 

Vol1 2115A Family Output Low Voltage 

Vol2 2125A Family Output Lot Voltage 

V1H Input High Voltage 2.1 

V1L Input Low Voltage 

l1L Input Low Current 

l1H Input High Current 

lcEX 2115A Family Output Leakage Current 

lloFFI 2125A Family Output Current (High Z) 

los[3J 
2125A Family Current Short Circuit 

to Ground 

VoH Family Output High Voltage 2.4 

Power Supply Current: 

Ice 
lcc1: 2115AL, 2115AL-2, 2125AL, 

2125AL-2 

lcc2: 2115A, 2115A-2, 2125A, 2125A-2 

NOTES: 

*COMMENT: Stresses above those listed under "Absolute Maxi-JI 
mum 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 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. 

Typ. Max. Unit Conditions 

0.45 v loL = 16 mA 

0.45 v loL = 7 mA 

v 
0.8 v 

-0.1 -40 µA V cc= Max., V1N = 0.4V 

0.1 40 µA Vee= Max., V1N = 4.5V 

0.1 100 µA Vee= Max., VouT = 4.5V 

0.1 50 µA V cc = Max., VouT = 0.5V /2.4V 

-100 mA Vee= Max. 

v loH = -3.2 mA 

60 75 mA All Inputs Grounded, Output 
Open 

100 125 mA 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 

warm-up. Typical thermal resistance values of the package at maximum temperature are: 

e JA (@ 400 fpM air flow) = 45° C/W 
BJA (still air)= 60°C/W 
BJC = 25°C/W 

2. Typical limits are at Vee= 5V, TA= +25°C, and maximum loading. 

3. Duration ot short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 

2115A FAMILY A.C. CHARACTERIST1csr1•21Vee=5V ±5%, TA= 0°c to 75°C l. READ CYCLE 

2115AL Limits 2115A Limits 2115AL-2 Limits 2115A-2 Limits 
Symbol Test Min. 

tAcs Chip Select Time 5 

tRcs Chip Select Recovery Time 

tAA Address Access Time 

Previous Read Data Val id Alter 
10 toH 

Change of Address 

WRITE CYCLE 

Symbol Test Min. 

tws Write Enable Time 

twR Write Recovery Time 0 

tw Write Pulse Width 30 

twso Data Set-Up Time Prior to Write 0 

twHD Data Hold Time After Write 

twsA Address Set-Up Time 

twHA Address Hold Time 

twses Chip Select Set-Up Time 

twHeS Chip Select Hold Time 

A.C. TEST CONDITIONS 
vee 

2115A 0
our _____ _. 

READ CYCLE 

300~! 

30pF 
(INCLUDING 
SCOPE AND 
JIG) 

5 

5 

5 

5 

5 

Typ. 

15 

10 

30 

Typ. 

10 

20 

-5 

0 

0 

0 

0 

0 

A
0 

A, ___ _,l('---------------

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

"our------\~_/ 

Max. 

30 

30 

45 

Max. 

25 

25 

Min. Typ. Max. Min. 

5 15 30 5 

10 30 

30 45 

10 10 

Min. Typ. Max. Min. 

10 30 

0 30 0 

30 10 30 

5 -5 0 

5 0 5 

5 0 5 

5 0 5 

5 0 5 

5 0 5 

ALL INPUT PULSES 

3.5Vp-p I __ i__, 
GNO -=--

_,_ 
_L 

GND ~ 

• 10ns 

10ns 

Typ. 

15 

10 

40 

Typ. 

10 

15 

-5 

0 

0 

0 

0 

0 

WRITE CYCLE 

cs 

Ao Ag 

WE 

I 

I 
•wso I 

, I 

Max. Min. Typ. 

30 5 15 

30 10 

70 40 

10 

Max. Min. Typ. 

25 10 

25 0 

50 15 

5 -5 

5 0 

15 0 

5 0 

5 0 

5 0 

\ 90% 

10% 

10ns 

10% 

90% 

10ns 

I 

l'w"ol 

Max. 

40 

40 

70 

Max. 

40 

45 

I :- 1wsA_! 

~ •wscs -~-[- 'ws 

1-•WHA-1 
~IWHCS_______... 

tt UNg:,~~ED l 

(All ABOVE MEASUREMENTS REFERENCED TO l.5V) 
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Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



2115A, 2125A FAMILY 

2125A FAMILY A.C. CHARACTERISTICSl1•2l 

READ CYCLE 

Vee= 5V ±5%, TA= 0°C to 75°C 

2125AL Limits 2125A Limits 2125AL-2 Limits 2125A-2 Limits 

Symbol Test Min. Typ. 

tACS Chip Select Ti me 5 15 

tzRCS Chip Select to HIGH Z 10 

tAA Address Access Ti me 30 

Previous Read Data Valid After 
10 toH Change of Address 

WRITE CYCLE 

Symbol Test Min. Typ. 

tzws Write Enable to HIGH Z 10 

twR Write Recovery Time 0 

tw Write Pulse Width 30 20 

twso Data Set-Up Time Prior to Write 0 -5 

twHD Data Hold Time After Write 5 0 

twsA Address Set-Up Time 5 0 

twHA Address Hold Time 5 0 

twses Chip Select Set-Up Time 5 0 

twHeS Chip Select Hold Time 5 0 

A.C. TEST CONDITIONS 

READ CYCLE 

\;/11. 
A0-A9 A. ___ _, ---------------

1----tAA 

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

30 5 15 30 5 15 30 5 15 40 ns 

30 10 30 10 30 10 40 ns 

45 30 45 40 70 40 70 ns 

10 10 10 ns 

Max. IVlin. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

25 10 30 10 25 10 40 ns 

25 0 30 0 25 0 45 ns 

30 10 30 10 50 15 ns 

5 -5 0 -5 5 -5 ns 

5 0 5 0 5 0 ns 

5 0 5 0 15 0 ns 

5 0 5 0 5 0 ns 

5 0 5 0 5 0 ns 

5 0 5 0 5 0 ns 

All INPUT PULSES 

___..'TP I \ 

90% 

- --'-°'-'' ---
GND-=-

• 10ns -10ns 

10% 

--r 
GND 7 

- 90% 

~ • 10ns ----10ns 

WRITE CYCLE 

~ * c 
D,N ----------~- *....---+-: -; -
----1-----~ i_ tw- ~--4----+I---

WE ~ I 

I 
•wso--

- •wsA---..1 

--twscs-

-IWHA-1 

--- ,- !WHCS -i 
tWR 

~ 

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

2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 

5V 

750!! 

2125A 5 pf 

LOAD 1 

WE 
WRITE ENABLE ~ 

DQUT tzwS r--~~H-; 
DAT A OUTPUT __ _;"O:_"_:;L;;_EV:,:E..:;L __ __.'i'= } 0.5V 

DouT ___ ".;_T"..;;L..:;EV;.;E;.:L __ --..1 

DATA OUTPUT 
'---..!!1~.:. 

2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

cs ~ 
CHIP SELECT-----•~ 

DQUT tzRCS r - --;;I~ 7 
DAT A OUTPUT ___ .. o_ .. _,_,v_,_, ---'I-} 0.5V 

Dour 
DATA OUTPUT 

"1" LEVEL t} 0.5V 

"'---~~:. 

{ALL tzxxx PARAMETERS ARE MEASURED AT A DEL TA 

OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 

2115A/2125A FAMILY CAPACITANCE* Vee= 5V, f = 1 MHz, TA= 25°C 

2115A Family 2125A Family 

SYMBOL TEST LIMITS LIMITS UNITS TEST CONDITIONS 

TYP. MAX. TYP. MAX. 

C1 Input Capacitance 3 5 3 5 pF All Inputs= OV, Output Open 

Co Output Capacitance 5 8 5 8 pF CS= 5V, All Other Inputs= OV, 
Output Open 

*This parameter is periodically sampled and is not 100% tested. 

TYPICAL CHARACTERISTICS 

Ice vs. TEMPERATURE Ice vs. Vee ACCESS TIME VS. TEMPERATURE 

110 

TOO 

110 g 
v.2115A, 2115A-2 

2125A, 2125A-2 

TOO 

90 90 50 

" 80 

.£ 
80 i 40f---+-=-i---"-f'--+~-+---1~-+--1 

u 
u 70 70 " ~ 3of---+~.+--~l---+-=*-"""'1=---+--1 

60 v-
-v2115Al, 2115Al-2 

2125AL, 2125AL·2 

60 

50 

* 
1 

TA.,, 25·-c 

50 

Vee"'" sv 
0 

10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 

TEMPERATURE (C) vcc !Vl TEMPERATURE (°C) 
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4'1t.1.,.4.,, 
M2115A, M2125A, FAMILY )' 

HIGH SPEED 1K X 1 BIT STATIC RAM 

M2115AL, M2125AL M2115A, M2125A 

Max. T AA (ns) 75 

Max. ice (mA) 75 

• Low Operating Power Dissipation 
413mW (M2115AL, M2125AL) 

• Fast Access Time Over -55°C 
to 125°C --55ns Maximum 
(M2115A, M2125A) 

• Single SV Supply With .!10% 
Tolerance 

• TTL Inputs and Output 

55 

125 

• Uncommitted Collector 
(M2115A, M2115AL) and Three 
State (M2125A, M2125AL) 
Output 

• Non-Inverting Data Output 

• Hermetic 16 Pin Dual In-Line 
Package 

The Intel@ M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a -55°C to +125°C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M2115A and M2125A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. 

The M2125AL/M2125AL is ideal for high-performance systems where speed and power dissipation are significant design con
siderations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The M2115A/ 

M2125A at 55 ns maximum should be considered for applications in which speed is a primary design objective. 

The devices are directly TTL compatible in all respects: inputs, outputs and a single +5V supply. A separate chip select lead 

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

PIN CONFIGURATION 

cs 

Ao 

•, 
A, 

A, 

DOUT 

GND 

Vee 

"" 
WE 

A, 

A, 

A, 

A, 

As 

Vee 
GND = 

PIN NAMES 

C_HIP SELECT ~ 
ADDRESS INPUTS 

WR!_TE ENABLE 

DATA INPUT 

DATA OUTPUT 

LOGIC SYMBOL 

cs 0 1N WE 

15 14 

Ao 

•, 

.. 
A, 

A, 

A, 

A, 

PIN 16 

PIN 8 0our 
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.l 

ArJDRESS 
DtCODfR 

1---1 

BLOCK DIAGRAM 

I 
A,, Ah A 1 A8 Ay cs 

®~.~-9:i·f!)@)@ 

TRUTH TABLE 

OUTPUT OUTPUT 
INPUTS 

2115A FAMILY 2125A FAMILY 

cs WE 0.N Dou• Dou• 
H x x H HIGH Z 

L L L H HIGH Z 

L L H H HIGH l 

L H x Dou• Dou• 

-- - Dmn 

MODE 

NOT SELECTED 

WAITE "O" 

WRITE 'T 

READ 



l 

M2115AL, M2115A, M2125AL, M2125A 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... -65°C to +135°C 
Storage Temperature .............. -65°C to +150°C 
All Output or Supply Voltages .......... -0.5V to +7V 
All Input Voltages .................. -0.5V to +6V 
D.C. Output Current ..................... 20 mA 

D.C. CHARACTERISTICS[i.21 

Vee=5V±10%, TA=-55°Cto+125°C 

Symbol Test 

Vol1 
M2115A, M2115AL Output Low 
Voltage 

VoL2 
M2125A, M2125AL Output Low 
Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

l1L Input Low Current 

l1H Input High Current . 

leEX 
M2115A, M2115AL Output Leakage 
Current 

lloFFI 
M2125A, M2125AL Output Leakage 
Current (High Z) 

losl3J 
M2125A, M2125AL Current Short 
Circuit to Ground 

VoH 
M2115A, M2115AL Output High 
Voltage 

lee1 
M2115AL, M2125AL Power Supply 
Current 

lee2 
M2115A, M2125A Power Supply 
Current 

NOTES: 

Min. 

2.1 

2.4 

*COMMENT: Stresses above those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these 
or 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. 

Typ. Max. Unit Conditions 

0.45 v loL = 10 mA 

0.45 v loL = 5 mA 

v 
0.8 v 

-0.1 -40 µA Vee= Max., V1N = 0.4V 

0.1 40 µA Vee= Max., V1N = 4.5V 

0.1 100 µA Vee= Max., VouT = 4.5V 

0.1 50 µA Vee= Max., VouT = 0.5V/2.4V 

-100 mA Vee= Max. 

v loH = -3.2 mA 

60 75 mA 
All Inputs Grounded, Output 
Open 

100 125 mA 
All Inputs Grounded, Output 
Open 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a 2-minute 
warmup. Typical thermal resistance values of the package at maximum temperature are: 

e JA (@ 400 fpM air fl ow) = 45° e/W 

BJA (still air)= 60°e/W 

BJe = 25"e/W 
2. Typical limits are at Vee= 5V, TA= +25°e and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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M2115AL, M2115A, M2125AL, M2125A 

M2115AL, M2115A A.C. CHARACTERIST1Cs11•21 

READ CYCLE 

Vcc=5V±10%, TA=-55°Cto+125°C 

Symbol Test 
M2115AL Limits M2115A Limits 

Min. Typ. Max. Min. Typ. Max. 

tACS Chip Select Ti me 5 45 5 45 

tRcs Chip Select Recovery Time 50 35 

tAA Address Access Time 40 75 35 55 

toH 
Previous Read Data Val id After Change of 

10 10 
Address 

WRITE CYCLE 

Symbol Test Min. Typ. Max. Min. Typ. Max. 

tws Write Enable Time 45 35 

twR Write Recovery Time 0 50 0 35 

tw Write Pulse Width 55 10 40 10 

twso Data Setup Time Prior to Write 5 -5 5 -5 

twHD Data Hold Time After Write 5 0 5 0 

twsA Address Setup Time 15 0 5 0 

twHA Address Hold Time 5 0 5 0 

twscs Chip Select Setup Time 5 0 5 0 

twHCS Chip Select Hold Time 5 0 5 0 

A.C. TEST CONDITIONS ALL INPUT PULSES 

I \ 90% 
4 5V 3.5Vp·p 

i 
10% 

300H 

GND 7 

M2115A - 10ns - - - 10ns 

"ouT 

6oon 30pF 
(INCLUDING 

10% 

SCOPE ANO 
JIG) 90% 

-=-
GND-= -1 - 10ns -1Dns 

READ CYCLE WRITE CYCLE 

A0 A9 ----'~'---------------
1.--···- --- tAA --

1 

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

(All ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M2115AL, M2115A, M2125AL, M2125A 

M2125AL, M2125A A.C. CHARACTERISTICS[1•21 Vee= 5V ±10%, TA= -55°C to +125°C 

READ CYCLE 

Symbol Test 

tACS Chip Select Time 

tzRcs 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 

twso Data Setup Time Prior to Write 

twHD Data Hold Time After Write 

twsA Address Setup Ti me 

twHA Address Hold Time 

twses Chip Select Setup Time 

twHeS Chip Select Hold Time 

A.C. TEST CONDITIONS 
4.5V 

M2125A 
0 our -----.r-----< 

300H 

READ CYCLE 

51on 

30pF 
(INCLUDING 
SCOPE ANO 
J1GJ 

A
0 

A
9 ---"""~'"--------------

I 
1---·- ---- 1AA -

I 

0 aur DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

cs 

t-1.sv_'Acs--I ---

Dour~~··*---

M2125AL Limits M2125A Limits 

Min. Typ. Max. Min. 

5 45 5 
50 

40 75 

10 10 

Min. Typ. Max. Min. 

45 

0 50 0 

55 10 40 

5 -5 5 

5 0 5 

15 0 5 

5 0 5 

5 0 5 

5 0 5 

ALL INPUT PULSES 

'i:~ _/ 
GND-=- - • ,- -10m 

WRITE CYCLE 

cs 

WE 

0our 

I 
I ' twsoil 

I 
.,._ twsA ----! 

r--- t!wscs _i 

Typ. Max. 

45 
35 

25 55 

Typ. Max. 

35 

35 

10 
-5 

0 

0 

0 

0 

0 

\

- - 90% 

- -, - - 10% 

-, ... 10ns 

10% 

- 90% 

---.; '------10ns 

i 

1-1

.WHDI 

i 
-'WHA--! 

IALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 

Units 

ns 
ns 
ns 

ns 

Units 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 



M2115AL, M2115A, M2125AL, M2125A 

M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 

M2125AL, 
M2125A 

LOAD 1 

sv 

SpF 

:ITE ENABLE 

:- 1zws •I 
0our /--i r_-__ .-H1GHZ 
DATA OUTPUT "O" LEVEL , -------..J! __ ; 0.5V 

"1" LEVEL 

0 our 
DATA OUTPUT 

---------._J' ----= -~ O.SV 

, '-- _l!_I~!_ 

M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

cs 
CHIP SELECT 1.5V 

.- 1ZRCS --! ,-----
~~~~OUTPUT "O" LEVEL f--- ----1 HIGH z --------'1 - o.sv 

"1" LEVEL 

Dour 
--------,.I - ~ O.SV 

DATA OUTPUT '-- -~G~~ 

(All tzxxx parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 

CAPACITANCE* Vcc=5V, f= 1 MHz, TA=25°C 

Symbol Test 
M2115AL, M2115A 

Limits 
Typ. Max. 

M2125AL, M2125A 
Limits Units 

Typ. Max. 
Test Conditions 

C1 Input Capacitance 3 5 3 5 pF All Inputs= OV, Output Open 

5 8 pF 
CS= 5V, All other inputs= OV, 
Output Open 

1------+-----------t---------t-----+-----+-----+-----+-~--~---~--~---1 

Co Output Capacitance 5 8 

*"This parameter is periodically sampled and is not 100% tested. 

TYPICAL CHARACTERISTICS 

Ice vs. TEMPERATURE •cc vs. Vee ACCESS TIME vs. TEMPERATURE 

140 

120 

100 

;;: 80 
_s 
u 
u 60 

40 

20 

5V 

-75 -50 -25 25 50 75 100 125 -75 -50 -25 25 50 75 100 125 

TEMPERATURE ( C) Vee {VI TEMPERATURE ( Cl 
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2116 FAMILY 

16,384 X 1 BIT DYNAMIC RAM 
2116-2 2116-3 2116-4 

Max. Access Time (ns) 200 250 300 
Read, Write Cycle (ns) 350 375 425 
Read-Modify-Write Cycle (ns) 400 525 595 

• Highest Density 16K RAM: 
Industry Standard 16 Pin 
Package 

•Low Standby Power 
• All Inputs Including Clocks 

TTL Compatible 
• ±.10% Tolerance on all 

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

• On-Chip Latches for 
Address and Data In 

• Only 64 Refresh Cycles 
Required Every 2 ms 

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

The Intel® 2116 is a 16,384 word by 1 bit MOS RAM fabricated with two layer polysilicon N-MOS technology - a production
proven process for high performance, high reliability, and high functional density. The 2116 uses a single transistor dynamic 
storage cell and dynamic circuitry to achieve high speed and low power dissipation. 

The unique design of the 2116 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 2116 is 
designed to facilitate upgrading of 2104A-type 4K RAM systems to 16K capabilities. 

The use of the 16 pin package is made possible by multiplexing the 14 address bits (required to address 1of16,384 bits) into the 
2116 on 7 address input pins. The two 7 bit address words are latched into the 2116 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 re
freshing for data retention. Refreshing can be accomplished every 2 ms by any one of the three following methods: (1) CAS 
before RAS cycles on 64 addresses, A0-A5 , (2) RAS-only cycles on 128 address, A0-A6 , or (3) normal read or write cycles on 
128 addresses, A0-A6. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. The 
output is brought to a high impedance state by a CAS-only cycle or by a CAS-before-RAS refresh cycle. 

PIN CONFIGURATION LOGIC SYMBOL 

Ao 

A, 

Az 

A, 
DIN 

A4 

As 
0 our 

As 

RAS 

CAS 

WE 

PIN NAMES 
ADDRESS INPUTS WE WRITE ENABLE 

COLUMN ADDRESS STROBE VaB POWER (-5V) 

DIN DATA_l_N _____ -+--V=cc~-----j 
~ DATAOUT 
~---RQwADDREsSSfROBE·-
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BLOCK DIAGRAM 

16384 BIT 
STORAGE ARRAY 

CLOCK 
(AAS) ---1._::G:;:_EN:,:;E:;:;RA:.!T;:::OR::.,:N;:,:;O:;.,. 1:.J 

0 our 

-VBB 

-voo 
-vcc 
-GND 



2116 FAMILY 

Absolute Maximum Ratings* 

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

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

Voltage on any Pin Relative to Vss 

(Vss - Vs6 ;;;. 4V) ............... -0.3V to +20V 

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

D.C. and Operating Characteristics 111.121 

'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 tor extended periods may affect device reliability. 

TA=0°Cto70°C, Voo=+12V±10%, Vee=+5V±10%, Vss=-5V±10%, Vss=OV, unless otherwise noted. 

Limits 
Symbol Parameter 

Min. Typ.!31 Max. 
Unit Conditions 

I LI Input Load Current (any input) 10 µA V1N = V1L MIN to V1H MAX 

[ILol 
Output Leakage Current 

0.1 10 µA 
Chip deselected: RAS and CAS at V1H 

for high impedance state VouT =Oto 5.5V 

1001 Voo Supply Current 1.2 2 mA CAS and RAS at V1H or CAS·only 

lss1 Vss Supply Current 50 µA 
cycle. Chip deselected prior to 

1 measurement. See Note 5. 

53 69 mA 2116-2 teve = 350 ns 
TA=25°C 

1002141 Operating V DD Current 51 68 mA 2116-3 teve = 375 ns Device 
selected. 

49 65 mA 2116-4 teve = 425 ns 
See Note 6. 

lss2 Operating Vss Current 120 400 µA Device selected 

lee1 171 
Vee Supply Current when 

10 µA 
deselected 

V1L Input Low Voltage (any input) -1.0 0.8 v 

V1H Input High Voltage (any input) 2.4 Vee+1 v 

Vol Output Low Voltage 0.0 0.4 v loL = 4.1 mA (Read Cycle Only) 

VoH Output High Voltage 2.4 Vee v loH = -5 mA (Read Cycle Only) 

Capacitance !Bl TA= 25°C, v00 = 12V ±10%, Vee= 5V ±10%, V 66 = -5V ±10%, Vss = ov, unless otherwise noted. 

Symbol Parameter Typ. Max. Unit Conditions 

C11 Address, Data In & WE Capacitance 4 7 pF V1N = Vss 

C12 RAS Capacitance 3 5 pF V1N = Vss 

C13 CAS Capacitance 6 10 pF V1N = Vss 

Co Data Output Capacitance 3 7 pF VouT = OV 

Notes: 

1. All voltages referenced to V55. No power supply sequencing is required but Voo. Vee, and Vss should never be 0.3V or more negative than Vss. 

2. To avoid self-clocking, R.A5 should not be allowed to float. 

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

4. For RAS-only refresh loo= 0.78 1002. For eAS-before-RAS (64 cycle refresh) loo= 0.96 1002. 
5. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 

in a selected (i.e., output on) chip with RAS and CAS at V1H is approximately twice 1001. 

6. See Page 2-98 for typical loo characteristics under other conditions. 
7. When chip is selected Vee supply current is dependent on output loading; Vee is connected to output buffer only. 

8. Capacitance measured with Boonton Meter. 
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Typical Characteristics 

Figure 1. 

Figure 2. 

1002 AND 1002 VS. TEMPERATURE 

100 ~-~--~-~--~-~ 480 

J 0 J21 
75 r----r-- V99 = -5.0V --+---I 360 

tcvcLE = 425 ns 

'RP = 95 ns 

25 

~-~--~-~--~-~o 

25 50 75 

TEMPERATURE ('C) 

1002 VS. CYCLE TIME 

WRITE 

50 all-+ 
\~(: • I 

i ' 40 f--"-7'.'1<--t-->.''.t-

20300 400 500 600 700 

T CYCLE (ns) 

v00 = 12.0 v 
V88 = -5.0V 

T = 25 

TT 

100 

2116 FAMILY 

Standby Power Calculations: 

tcvc tcvc 
PREF= Pop (N tREF) + Pss (1 - N tREF) where 

Pop= Power dissipation (continuous operation)~ Voo x 1002-

N = Number of refresh cycles (64 or 128) 

tcvc = Cycle time for a refresh cycle. 

tREF =Time between refreshes 

Pss =Standby power dissipation= Voo x 1001 + IVss Ix lss 

Note that loo2 depends upon refresh as follows: 

1. For 128 cycle (RAS before CAS) use 1002 from Figures 1 and 2. 

2. For 64 cycle (CAS before RAS) multiply 1002 determined in (1) 
by 0.96. 

3. For 128 cycle (RAS only) multiply 1002 determined in (1) by 
0.78. 

Examples of typical calculations for Vss = -5.0V, Voo = 12.0V. 

TA= 25°C, tcvc = 0.425 µs, tRAS = 0.3 µs. tREF = 2000 µs: 

1. 128 cycle (RAS before CAS): Pop= 12.0V x 43mA = 516 mW 

0.425 0.425 
PREF= 516 (128 2000) + (12x1.2+5x0.001) (1-128 2000 ) 

PREF= 28.0 mW 

2. 64 cycle (CAS before RAS); Pop= 12.0V x 43 (0.96) mA = 
495 mW. 

PREF= 495 (64 ~;~i) + (12x1.2+5x0.001) (1-64 ~;~i) = 

PREF= 20.9 mW 

3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mW 

PREF= 25.0 mW 

RAS ONl Y REFRESH 
READ CYCLES READ-MODIFY-WRITE 

CA$ BEFORE RAS 
(FOR 64 CYCLE REFRESH) 

Note 1: Increase in current due to WE going low. Width of this 
current pulse is independent of WE pulse widtli. 

Figure 3. Supply Current Waveforms. 
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2116 FAMILY 

AC Ch . . [1] 
. . aracteristlcs 

TA=0°C to 70°C, Voo=12V ±10%, Vcc=5V ±10%, Vss=-5V ±10%, Vss=OV, unless otherwise noted. 

READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 

2116-2 2116-3 2116-4 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

tREF Time Between Refresh 2 2 2 

tRP RAS Precharge Time 75 75 95 

tcr CAS Precharge Time 100 125 125 

tRCL [2] RAS to CAS Leading Edge Lead Time 45 75 50 110 60 110 

tcRP[3J CAS to RAS Precharge Time 0 0 0 

tRSH RAS Hold Time 160 200 220 

tcsH CAS Hold Time 200 250 300 

tASR Row Address Set-Up Time 0 0 0 

tAsc Column Address Set-Up Time -10 -10 -10 

tAH Address Hold Time 45 50 60 

tT Transition Time (Rise and Fall) 50 50 50 

to FF Output Buffer Turn Off Delay 0 60 0 60 0 80 

tcAc 141 Access Time From CAS 125 150 190 

tRACl4 J Access Time From RAS 200 250 300 

READ AND REFRESH CYCLES 
2116-2 2116-3 2116-4 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

tcvc[5J Random Read Cycle Time 350 375 425 

tRAS RAS Pulse Width 275 32000 300 32000 330 32000 

tcAS CAS Pulse Width 125 10000 150 10000 190 10000 

tcH CAS Hold Time for RAS·Only Refresh 30 30 30 

tcrR CAS Precharge for 64 Cycle Refresh 30 30 30 

tRCH Read Command Hold Time 20 20 20 

tRCS Read Command Set-Up Time 0 0 0 

tooH Data-Out Hold Time 32 32 32 

WRITE CYCLE 
2116-2 2116-3 2116-4 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

tcvc[5J Random Write Cycle Time 350 375 425 

tRAS RAS Pulse Width 275 32000 300 32000 330 32000 

tcAS CAS Pulse Width 125 10000 150 10000 190 10000 

twcH Write Command Hold Time 75 100 100 

twr Write Command Pulse Width 50 100 100 

tRWL Write Command to RAS Lead Time 125 200 200 

tcwL Write Command to CAS Lead Time 100 150 160 

tos[6J Data-In Set-Up Time 0 0 0 

toH [5J Data-In Hold Time 100 100 125 

Notes: 1. All voltages referenced to Vss-

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. CAS must remain at V1H a minimum of tRCL MIN after RAS switches to VIL· To achieve the minimum guaranteed access time 

(tRACI, CAS must switch to Vi Lat or before IRCL (MAXI = tRAC -tcAC· Device operation is not guaranteed for tRcL>2 µs. 

3. The tcRP specification is less restrictive than the tcRL range which was specified in the 2116 preliminary data sheet. 

4. Load= 1 TTL and 50 pF. 
5. The minimum cycle timing does not allow for tT or skews. 

6. Referenced to CAS or WE, whichever occurs last. 
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2116 FAMILY 

Waveforms 
READ CYCLE 

VIH 
RAS 

VIL 

~-----tRSH ____ ___, 

VIH 
CAS 

VIL 

>--------tcAS ______ ., 

~H 
ADDRESSES 

VIL 

VIH 
WE 

VIL 

VOH 
0our 

Vol 

WRITE CYCLE 

>-----------------tcvc-------------------. :I 
1------------ tRAS -----------~ 1:----tRP-..:::::::r 

CD f\ ® ~ f4- 'CAP --

~------------tcsH,---------------j-~ 

~tRCL ---------
>-------- tRSH _____ _ 

'cp----

tAS~ ---tAH--- 'Ase -14-

tRWL 

J 'cwLJ VIH 

0" 
-twctt--J/ 

WE v,, ..J.tWP 1.. 

J:=_'o~ 
I 

i- toH------;-j 
VIH 

_2{CD _x o,. 
VIL 0 

1RAC 
_I 

ta FF 1--l 0 
'c•c----~ 

VOH _17 
® DouT 

VOL J ...... 

Notes: 1,2. V1H MIN and VIL MAX are reference levels for measuring timing of input signals. 
3,4. VoH MIN and Vol MAX are reference levels for measuring timing of DouT· 

5. DouT follows Di N when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 
7. tQFF is measured to IQUT <;;Ii Loi-

?.rnn 



2116 FAMILY 

A.C. Characteristics 
TA= 0°C to 70°C, Voo = 12V ±10%, Vee= 5V ±10%, V99 = -5V ±10%, Vss = OV, unless otherwise noted. 

READ-MODIFY-WRITE CYCLE 
2116-2 2116-3 2116-4 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

tRMW Read-Modify-Write Cycle Time 400 525 595 

teRW RMW Cycle CAS Width 225 10000 310 10000 350 10000 

tRRW RMW Cycle RAS Width 325 32000 450 32000 500 32000 

tRWH RMW Cycle RAS Hold Time 250 350 390 

tewH RMW Cycle CAS Hold Time 300 410 460 

tRWL Write Command to RAS Lead Time 125 200 200 

tcwL Write Command to CAS Lead Time 100 160 160 

twp Write Command Pulse Width 50 100 100 

tReS Read Command Set-Up Time 0 0 0 

tMOD Modify Time 0 10 0 10 0 10 

tos Data-\ n Set-Up Time 0 0 0 

to HM Data-In Hold Time (RMW Cycle) 50 100 125 

Waveforms 
READ MODIFY WRITE CYCLE 

1~------------- tRMW 

---tRRw------------- !=. tRP-

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

1'4- tcRP -f\.~---
I 

ADDRESSES vv'" V1(i) ROW V V COLUMN y 

t---tRwL-

J--tcwL----
IL ..A ADDRESS _8 ..Ll.. ADDRESS ...8. 

® I 
WE v,"-----r--®----:~..,-cs_/'J.------r-----------'11\ _,wP-----1,... ~-----------

v,L ::I ('---_L-~~-----------
tMOD--f.---- 1DHM 

J ~ l-' 1ns 

v,H i\i (i)oATA IN 1V 
DIN VIL ~ VALID ~ 

----~r~~---_-_-_-_-_--:_-_-_-,R-AC~---_-_-_-:_-_-_-:_-_-_-_-_-_-_-_-:_-_-l"-~®,..----'!-~-------
-----

1-4----tcAC----

toFF-1-----:1 HIGH jJ 
VaH ..}._ ® IMPEDANCE ®..tr----:V~A~L-::10----:---------------

DauT 11o,-------------7/"-t1"-----~~""1\;.'~-D-A_T_A_o_ur ______________ _ 

Notes: 1,2. VIHMIN and V1LMAX are reference levels for measuring timing of input signals. 

3,4. VoHMIN and VQLMAX are reference levers for measuring timing of DouT· 

5. toFF is measured to louT.:; l1Lol-



2116 FAMILY 

Refresh Cycle Waveforms l. CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 
- --- ------------tcvc-----

1----tRAS -- --tRp----1 

RAS 1 

tAH-1 
-'AH-+----1 

i. 

- 1ASR J 

ALL OTHER INPUTS: DON'T CARE 

RAS ONLY CYCLES (128 CYCLE REFRESH) 
tcvc---- _________ ____, 

------tRAS -·------ c----- 'RP----1 

RAS 

'CH 

~~~:E:E_s ___ ._~---1-· .. :_: __ v_A_L_'o ___ l<"l"•---------------------X ____ v_A_L-10 __ _ 

Notes: 1,2. V1 HMIN and Vi LMAX are reference levels for measuring timing of input signals. 
3. CAS must be high or low as appropriate for the next cycle. 

Applications Information 
REFRESH MODES 
The 2116 may be refreshed in any of three modes. 
Read/Refresh cycles and RAS-only cycles refresh the row 
addressed by Ao through A6 and therefore require 128 
cycles to refresh the stored data. Assuming a 500 nsec 
system cycle time. the refresh operations require 64 µsec 
out of each 2.0 msec refresh period or 3.2% of the available 
memory time. The third 2116 refresh mode, CAS-before
RAS, allows refresh of the stored data in only 64 cycles and 
requires only 32 µsec or 1.6% of the available memory time 

2-102 

(equal to the 64-cycle refresh 4K RAMs). While some 2116 
aplications would not be impacted by the 3.2% memory 
lockout time using 128 cycle refresh, most large mainframe 
memory applications would suffer throughput degradation 
in that refresh mode. Intel designed the 2116 to allow either 
128-cycle or 64-cycle refresh, allowing the system designer 
to choose the refresh mode which fits his system needs. In 
addition to allowing higher memory throughput, the CAS
before-RAS 64-cycle refresh mode dissipates approxi
mately 14% less power than the 128-cycle RAS-only mode 
and 23% less power than the 128-cy<!'le Read/Refresh mode 
(refer to the Standby Power Calculation section). 



2116 FAMILY 

POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 

Power supply current waveforms for the 2116 are shown in 

Figure 3. The V00 supply provides virtually all of the 

operating current for the 2116. The V 00 supply current, 

loo. has two components: transient current peaks when the 

clocks change state and a DC component while the clocks are 

active (low). When selecting the decoupling capacitors for 

the Voo supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 

transient or pulse currents require capacitors with small 

physical size and low inherent inductance. Monolithic and 

other ceramic capacitors exhibit these desirable character

istics. When the current waveform indicates a DC compo

nent, bulk capacity must be located near the current load to 

supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 

bulk capacitors at the periphery of a memory matrix without 

voltage droop during the active portion of a memory cycle. 

This means that some bulk capacity in the form of electro

lytic or large ceramic capacitors should be distributed around 

or within the memory matrix. 

The Vss supply current, lss, has high transient current 
peaks, with essentially no DC component (less than 400 

microamperes). The Vss capacitors should be selected for 

transient suppression characteristics. The following ca

pacitance values and locations are recommended for the 
2116: 

1. A 0.33 µF ceramic capacitor between Voo and Vss 
(ground) at every other device. 

2. A 0.1 µF ceramic capacitor between V88 and Vss at every 
other device (preferably alternate devices to the Vm, 
decoupling above). 

3. A 4.7 µF electrolytic capacitor between Von and Vss for 

each eight devices and located adjacent to the devices. 

The Vee supply is connected only to the 2116 output buffer 

and is not used internally. The load current from the Vee 

supply is dependent only upon the output loading and is 

usually only the input high level current to a TTL gate and 

the output leakage currents of any OR-tied 2116s (typically 

100 µA or less total). Intel recommends that a 0.1or0.01 µF 

ceramic capacitor be connected between Vee and V" for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 

Intel recommends a power supply distribution system such 

that each power supply is grided both horizontally and 

vertically at each memory device. This technique minimizes 

the power distribution system impedance and enhances the 

effect of the decoupling capacitors. 
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OUTPUT DATA LATCH 
The 2116 contains an output data latch eliminating the need 

for an external system data latch and the timing circuitry 

required to strobe an external latch. The 2116 output latch 

operates identically to the output latch found on all industry 

standard 16-pin, 4K RAMs and enhances the system com

patibility of the 16K and 4K devices. 

Operation of the output latch is controlled by CAS. The data 

output will go to the high-impedance state immediately 
following the CAS leading edge during each data cycle and 

will either go to valid data at access time on selected devices 

(devices receiving both RAS and CAS) or will remain in the 

high impedance state on unselected devices (devices 

receiving only CAS). During RAS-only refresh cycles, the 

data output remains in the state it was prior to the RAS-only 

cycle. This unique feature of latched output RAMs allows a 

refresh cycle to be hidden among data cycles without 

impacting data availability. For instance, a RAS-only 

refresh cycle could follow each data cycle in a 

microprocessor system but the accessed data would 

remain at the device output and the microprocessor could 

take the data at any time within the cycle. Non-latched 

output devices do not provide this type of hidden refresh 

capability since their data output would go to the high 

impedance state at the end of the data cycle. 

PAGE MODE OPERATION 
The 2116 is designed for page mode operation and is 

presently being characterized for that mode. Specifications 

will be available at a later date. 



l 2147 
4096 X 1 BIT STATIC RAM 

• 60 to 90 ns Access Time • Identical Cycle and Access Times 

• Low Operating Power Dissipation • No Clock or Timing Strobe Required 
500 mW Typical • Completely Static Memory 

• Low Standby Power Dissipation • Directly TTL Compatible - All Inputs 50 mW Typical and Outputs 
• Single +SV Supply • Separate Data Input and Output 

• High Density 18-Pin Package • Three-State Output 

The Intel® 2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using N-channel Silicon
Gate MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features associated 
with non-clocked static memories and the reduced standby power dissipation associated with clocked static memories. To 
the user this means low standby power dissipation without the need for clocks, address setup and hold times, nor reduced 
data rates due to cycle times that are longer than access times. 

CS controls the power down feature. In less than a cycle time after CS goes high - deselecting the 2147 - the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
There is no minimum CS high time for device operation, although it will determine the length of time in the power down 
mode. When CS goes low - selecting the 2147 - the 2147 automatically powers up with no performance penalty. The 
access time from Chip Select is equivalent to the access time from an address transition with the chip selected. 
The 2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 

PIN CONFIGURATION LOG IC SYMBOL 

Ao 

Ai 

A, 

Ao 

A, 

Ao 

Dour 
W'E 

GND 

Ao-A11 
WE 

cs 
D1N 
Dour 

[csJ wE 

lU ~ 

Vee 

As 

A1 

As 

Ag 

A10 

An 

D1N 

cs 

PIN NAMES 

ADDA ESS INPUTS Vee 
WRITE ENABLE GND 
CHIP SELECT 
DATA INPUT 
DATA OUTPUT 

TRUTH TABLE 
MODE OUTPUT 

NOT SELECTED HIGH Z 
WRITE HIGH Z 
READ Dour 

Ao 
A1 
A, 
Ao 
A4 D1N 
As 
As 
A1 

~: Dour 

A10 

A11 

WE CS 

POWER (+5VI 
GROUND 

--~ 

POWER 

STANDBY 
ACTIVE 
ACTIVE 

As 

cs 

® 
WE 
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BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

@ 
--Vee 

~GND 

Dour 



3101, 3101A 

16 x 4 BIT HIGH SPEED RAM 

• Fast Access Time-- 35 nsec. mcox. 
over 0-75° C Temperature Range. 
(3101A) 

• Simple Memory Expansion through 
Chip Select lnput--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 I nte1®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 

si Ii cone packages, and their performance is specified over a temperature range from 0° C to 75° C. 

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 

A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 

the data leads to be entered at the addressed storage cells. 

PIN CONFIGURATION 

AO DRESS INPUT A0 

GNO 

A1 ADO RESS INPUT 

A2 ADDRESS INPUT 

A3 ADDRESS INPUT 

D~ DATA INPUT 

Q~ DATA OUTPUT 

D3 DATAINPUT 

OJ ETATAOUTPUT 

PIN NAMES 

DATA INPUTS cs 

LOGIC SYMBOL 

cs .. 
A, 

o, 

Ai o, 
Al 

o, 
o, 

o, o, 
o, 
o, 

CHIP SELECT INPUT 

A 0 -A3 ADDRESS INPUTS 0 1-04 DATAOUTPUTS 

WE WRITE ENABLE Vee POWER (+5V) 
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Ao 

BLOCK DIAGRAM 

TRUTH TABLE 

16 x4 MEMORY 
CELL ARRAY 

CHIPc~-~~-OP-ER-ATION ' ~~TPUT··~-
~-SELECT ENABLE 

LO\IV \\'RI fE 1 HIGH 

READ : COMPLEri.1ENT OF. 

" HIGH LO\IV 
; WRITTEl\J D~TA --! 

~ Hl~'.:!_--·-~L.~--- ---

HIGH 

HIG>-1 
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3101, 3101A 

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 + 75°C 

-65°C to +160°C 

-0.5 to + 7 Volts 

-1.0 to +5.5 Volts 

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 = 0°c to +75°c, Vee = 5.ov ±5% 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

1FA ADDRESS INPUT LOAD CURRENT -0.25 mA Vee =5.25V, VA =0.45V 
-----· -------------

IFD DATA INPUT LOAD CURRENT -0.25 mA Vee =5.25V, VD =0.45V 
1---- ----- -- -------t 

1Fw WRITE INPUT LOAD CURRENT -0.25 mA Vee =5.25V, Vw =0.45V 
- - - ---- -------. ·- --

IFS CHIP SELECT INPUT LOAD CURRENT -0.25 mA V cc =5.25V, Vs =0.45V 

IRA ADDRESS INPUT LEAKAGE CURRENT 10 µA Vee =5.25V, v A =5.25V 

IRD DATA INPUT LEAKAGE CURRENT 10 µA Vee =5.25V, Vo =5.25V 
--· ----- - ---------

IRW WRITE INPUT LEAKAGE CURRENT 10 µA Vee =5.25V, Vw =5.25V 

1Rs CHIP SELECT INPUT LEAKAGE CURRENT 10 µA Vee =5.25V, Vs=5.25V 
--- - .------· 

VCA ADDRESS INPUT CLAMP VOLTAGE -1.0 v Vee =4.75V, IA =-5.0 mA 
f------- ------------

VCD DATA INPUT CLAMP VOLTAGE -1.0 v Vee =4.75V, 10 =-5.0 mA 
---i-------- - ------------------- ----- ----

Vcw WRITE INPUT CLAMP VOLTAGE -1.0 

ves CHIP SELECT INPUT CLAMP VOLTAGE -1.0 

VOL OUTPUT "LOW" VOLTAGE 0.45 

r----
1cEx 

OUTPUT LEAKAGE CUR RE~------+-- 100 

1cc POWER SUPPLY CUR RENT 
--------

VIL INPUT "LOW" VOLTAGE 
----------!---------

VIH INPUT "HIGH" VOLTAGE 

Typical Characteristics 
OUTPUT CURRENT 

VS. OUTPUT "LOW" VOLTAGE 

-25 

-50 

~ 
~ -75 

~ 
~-100 
::i 
·~ I- -125 

~ 
z 
--150 

175 

105 

0.85 
------i _"' _______ 

2.0 

INPUT CURRENT 
VS. INPUT VOLTAGE 

v Vee =4.75V, lw=-5.0 mA 

v Vee =4.75V, Is =-5.0 mA 

v Vee =4.75V, loL = 15 mA 

Memory Stores "Low" 

µA vee=5.25V, VCEX=5.25V 

Vs=2.5V 

mA Vee =5.25V, v A =Vs =Vo =OV 

v 

v 

Vee =5.0V 

Vee =5.0V 

INPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 

2.5 ~-----------~ 

Vee ,_ 5.0V 

2.0 f-----+-----+--------1 

1.5 

1.0 \-----+------+----

-200 '--~~+-~-~~--+--~~ 0.5 '-----"-------'----~ 
1.0 2.0 3.0 0 25 50 75 

OUTPUT VOLTAGE (V) INPUT VOLTAGE IV) AMBIENT TEMPERATURE 1°C) 
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3101, 3101A 

Switching Characteristics 

Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

Speed measurements are made at 1.5 volt levels 

Output loading is 15mA and 30 pF 

READ CYCLE 
Address to Output Delay 

CHIP SELECT INPUT 

Chip Select to Output Delay ---x----------
__ ..JI 

~ -1 's- -.-- -1 's+ !~ 
CHIP SELECT INPUT 

I 

15 mA T~' Lood ~:000 

WRITE CYCLE 

CHIP SELECT INPUT 

WRITE INPUT 

0 1. o 2. o3 , o4 
(Selected Chips)· 

'MW"""" 
'.r---------

I """---------" \ 1---tow---i----... 
Data may\ i 

1 

change , 1 1 

-----------r--
1-------- t WP • I 

-~Ons 'WR 

I 
I 

I 
I -------1 

\ x_·,,-
\\ /I 

\_., i 

---I tsR 1-
(See Note 1) 

"'Outputs of unselected chips remain high during write cycle. 

NOTE 1 tsR 1s associated with a read cycle following a write cycle and does not affect the access time. 

A.C. Characteristics TA = 0°c to +75°C, Vee 5.0V ±5% 

READ CYCLE 

3101A 3101 

SYMBOL PARAMETER LIMITS Ins) LIMITS Ins) 

MIN, MAX. MIN, MAX. 

ts+· ts~ Chip Select to Output 5 17 5 42 
Delay 

tA-• tA+ Address to 0 utput 10 35 10 60 

Delay 

CAPACITANCE 121 

CIN INPUT CAPACITANCE 10 pF 

(All Pins) maximum 

CouT OUTPUT CAPACITANCE 12 pF 

maximum 

SYMBOL 

ts A 

twp 

tow 

twR 

NOTE 2: 
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WRITE CYCLE 

3101A 3101 

TEST LIMITS Ins) LIMITS Ins) 

MIN. MAX. MIN. MAX. 

Sense Amplifier 35 50 
Recovery Time 

Write Pulse Width 25 40 

Data-Write Overlap 25 40 

Time 

Write Recovery Time 0 5 

This parameter is periodically sampled and is not 100% 

tested. Condition of measurement is f = 1 MHz, Vbias 

= 2V, Vee= OV, and TA= 25°C. 



l 
3101, 3101A 

Typical A.C. Characteristics 

40 

30 

20 

10 

0 

ADDRESS TO OUTPUT DELAY 
vs. 

AMBIENT TEMPERATURE 

Vee "l.OV±5% 
1 

Cl=30pF I 

I 
I 

I l I 

'•· I -
f--- t '•-

1 
I 

I i 

i ! 
i-----~-- -- +---------- -,-----·------

I 

0 

I 

i 
I 

_l 

25 50 75 

AMBIENT TEMPERATURE (°C) 

ADDRESS & CHIP SELECT TO OUTPUT DELAY 
VS. 

LOAD CAPACITANCE 

Vee 0 5.0V±5% // 
D.C. LOAD = 15 mA I / 

TA=25°C ,/ 
'•:.,....-,.......' 

35 --- -------,-- -- ---- ~-- ---,,T- -------

A' 
25 

15 

,....... 
,....... 

,,..;.,....... 
,....... 

5'-----------'-----'------' 
0 50 100 150 200 

LOAD CAPACITANCE (pF) 
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CHIP SELECT TO OUTPUT DELAY 
vs. 

AMBIENT TEMPERATURE 

Vee= 5.0V±5% 

JOl------c-,_"_Jf+"-' _____ -f--------1 

I 

40 

30 

20 

10 

0 

's-

f------t-----+------,,. 

O'--------'-------'-------' 
0 

0 

25 50 

AMBIENT TEMPERATURE (°C) 

WRITE PULSE WIDTH & SENSE 
AMPLIFIER RECOVERY TIME 
VS. AMBIENT TEMPERATURE 

I 
Vee = 5.0V 

CL=30pF 
I 

1SR 

'wP 

25 50 

AMBIENT TEMPERATURE (°C) 

75 

75 



3104 

16 BIT CONTENT ADDRESSABLE l\.1EMORY 

• 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 mAmax. 

The I nte1®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 24 Vee SUPPLY VOLTAGE 

'DATA !NPUT o, 23 ,, BIT ENABLE INPUT 

DATA INPUT 5, 22 ,, BIT ENABLE INPUT 

DATA INPUT 5, 21 '· BtT ENABLE INPUT 

DATA INPUT 5, ,, BIT f:.NABLE INPUT 

MATCH OUTPUT M, i\, ADDRESS INPUT 

MATCH OUTPUT M, A, ADDRESS INPUT 

MATCH OUTPUT M, 17 i\, ADDRESS INPUT 

MATCH OUTPUT Mo A, ADDRESS !NPUT 

MATCH OUTPUT '1, DATA OUTPUT 

•DATA OUTPUT '" GRO(JNO GAO DATA OUTPUT 

'DATA 1111 and DATA OUT are of the .ame logic l•••I• ror a ch•p that'' not >elected. the data output,, 

atah19hl•vel 
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•Low Input Load Current-
0.25 mA 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. 

LOGIC SYMBOL 

5 4 3 2 20 21 22 23 

Mo 10 

16 Ao 3104 Mo 

17 A, 
4 X 4 CAM M, 

18 A, M, 

19 A, 
o, 

M, 

Yer= PIN 24 

13 11 14 15 GND ~PIN 12 

o, 

_ __,~___,,- 02 
ri!====== 



3104 

Absolute Maximum Ratings* 
*COMMENT: 

Temperature Under Bias 

Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 

-65°C to +125°C 

-65° C to +160°C 

-0.5 to + 7 Volts 

-1.0 to +5.5 Volts 

100 mA 

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 ill ;,ny 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= 0°c to +75°C, Vee= 5.0V ±5%; unless otherwise specified. 

LIMIT 
TEST 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT CONDITIONS 
f--------------+--------------- ----+-------+---··--j ----+-- ---+----------··-------< 1 FA ADDRESS INPUT LOAD CURRENT -0.25 mA Vee= 5.25V VA· .45V 
~~--+BiTENABLEll\Ji'uT LOAD CURRENT-- -----t- -0.25 rnA Vee'"' 5.25V VE= .45V 

WRITE ENABLE INPUT LOAD CURRENT -0.25 mA V CC • 5.25V Vw - .45V 
'FD DATA INPUT LOA·D-CURREN_T __ ·--------+--· 0.25 mA Vee -- 5.25V Vo= .45V 

r-i;;;-- -i-AoDRESSiNPUTLEAKAGE CURRENT-----j -- -----+-- 10 µ---;;._--- -Vee --5~25V v ;.---5-_2_5_V __ _, 

IRE BIT EN ABLE I NP UT-LEA KAG E"'cu R RE ~---t--------+---+--1-o--+--µ-A _ _,__V_c_c __ 5 ___ 25_v_v_E_5 ___ 2 __ 5_V_---1 

10 µA V CC= 5.25V Vw - 5.25V WRITE ENABLE INPUT LEAKAGE CURRENT 
---------------t----+------1 ----1----+------

1RD DATA INPUT LEAKAGE CURRENT 10 µ A Vee - 5.25V Vo 5.25V 
t-------t------------------- ---- -------t- - - -

1CEX OUTPUT LEAKAGE CURRENT 50 µA V CC 5.25V V CE X = 5.25V 
(ALL OUTPUTS) 

t------- ------------ --------------t-----+------l-----+----t----------------1 
OUTPUT "Low·· VOLTAGE 
(ALL OUTPUTS) 

0.45 v Vee 4.75V r 0 L = 15mA 

"T(]"35 VIL -t-iNP_U_T ____ L_O_w_::Vo-LT_A_G_EiALLINPUTSI____ v Vcc·5V 
l--------'------------------------1-----.;.-----+-------+-----+---------------< VIH INPUT"HIGH"VOLTAGE (ALL INPUTS) 2.0 v Vcc=5V 

----------------t----t----r------j----i---
lcc POWEH SUPPLY CURRENT 125 rnA Vee· 5.25V OUTPUTS HIGH 

~.-.-~UTCAPACITANCE____ --+----- -+--------+---p-F--r-v--
1
N" 12.ov. Vee= o.ov 

OUTPUT CAPACITANCE 

''This parameter 1s periodically sampled and 1s not 100% tested. 

Typical D.C. Characteristics 

INPUT CURRENT VS. 
INPUT VOLTAGE 

INPUT VOLTAGE (VJ 

INPUT THRESHOLD VOLTAGE 
VS. TEMPERATURE 

; l.5 -----,,,-'---

0 
> 

~ 1 0 

~ 
"' :c 
~ .51---------------1 

ii' 
z 

o~-------------1 
0 25 50 75 

AMBIENT TEMPERATURE ("CJ 
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pF 

~ 1 MHz 

VouT - +2_ov. Vee 0 o.ov 
f - 1 MHz 



3104 

Switching Characteristics 
Conditions of Test: 15mA Test Load Vee 

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 

30pF 

BIT ENABLE 
INPUT 

MATCH 
OUTPUT 

DATA 
INPUT 

MATCH 
OUTPUT 

ADDRESS 

INPUT 

DATA 
OUTPUT 

ADDRESS AND 

BIT ENABLE 
INPUT 

WRITE 

ENABLE 

INPUT 

DATA 
INPUT 

DATA 

OUTPUT 

~~'E_M_._-_I ---------y 
~~---------~-'_E_,M~ 

~AO- / 

" 
•tAO/ 

-Ons tOnsl,1" 
'we ----1---
- 1s -.-1----- t R ~1 

·----,,I I ,,------

1'"-• • • • ••••••t••••••-'' I 
--------------------r·----------x. 

;~ 1wo--

3oon 

Goon 

} 

MATCH 

DATA 
MODE 

READ 

DATA 
MODE 

WRITE 
DATA 
MODE 

A.C. Characteristics TA= 0°c to +75°C, Vee= 5.0V ±5%; unless otherwise specified. 

SYMBOL PARAMETER 
LIMITS 

MIN. TYP.111 MAX. 

tEM BIT ENABLE INPUT TO MATCH OUTPUT DELAY 15 30 

tDM 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 nominal voltages and TA :=: 25°C. 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Typical A.C. Characteristics 

>-
:l 
0 

>-

BIT ENABLE INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 

Vee = 5.0V 

CL = 30 pF 

~ 20 ---- -----l ---------

:0 
0 

@ 
" :; 
0 
>
>-
ii'. 
~ 10 ----+ --------------------1 

I 

3104 

25 50 75 

>-

g 

AMBIENT TEMPERATURE ( 'C) 

ADDRESS INPUT TO DATA OUTPUT 
DELAY VS. TEMPERATURE 

30.--------~-----~-----~ 

Vee = 5.0V 

CL =30pF 

I- 20 ----

ii'. 
>
:0 
0 

" >-

" 0 

0 
r
>-
ii'. 
~ 

"' "' w 
a: 
0 
0 

" 

10 ---·------ ---- ·------------' 

o~-----~------'--------' 
0 25 50 75 

AMBIENT TEMPERATURE ("C) 
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DATA INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 

30~--~-,-0-5-.0-V-,,------1------~ 
CL = 30 pf 

i -----y -~ 

10 ___ __)__ __ -

0 L_____--'---_ __LI __ 
0 25 50 

AMBIENT TEMPERATURE ("Cl 

WRITE ENABLE PULSE WIDTH 
VS. TEMPERATURE 

75 

30 .----v-,-,-0-5-.0-V-,T------------~ 

CL = 30 pf 

+ 
20 f-------- -- + 

10 -- ---- - - --- --+ ----

o'------~~~--~l ____ __J 
0 25 50 75 

AMBIENT TEMPERATURE ("C) 



5101 FAMILY 
256 X 4 BIT STATIC CMOS RAM 

P/N Typ. Current @ 2V 
(µA) 

5101L 0.14 
5101L-1 0.14 
5101 L-3 0.70 
5101-8 

• Single +SV Power Supply 

• Ideal for Battery 
Operation (5101L} 

Typ. Current @ 5V Max Access 
(µA) (ns) 

0.2 650 
0.2 450 
1.0 650 

10.0 800 

• Directly TTL Compatible: 
All Inputs and Outputs 

• Three-State Output 

The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted 

silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when 

CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is ideally 

suited for low power applications where battery operation or battery backup for non-volatility are required. 

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read 

out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101 

has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may 

be wire OR-ed for use in common data 1/0 systems. 

The 5101 L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts. 

A pin compatible N-channel static RAM, the Intel® 2101 A, is also available for low cost applications where a 256 X 4 organiza

tion is needed. 

The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of ultra-low power, 

high performance memories. 

PIN CONFIGURATION 

CE1 CE2 OD R/W 
H x x x 
x L x x 
x x H H 

L H H L 

L H L L 

L H L H 

D1N Output 

x High Z 

x High Z 

x High Z 

x High Z 
x D1N 

x Dour 

LOGIC SYMBOL 

Mode 

Not Selected 

Not Selected 

Output Disabled 

Write 

Write 

Read 
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BLOCK DIAGRAM 

ROW 
DECODERS 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

0 "' PIN NUMBERS 



5101 FAMILY 

Absolute Maximum Ratings * 

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

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

Voltage On Any Pin 
With Respect to Ground -0.3V to Vee +0.3V 

Maximum Power Supply Voltage 

Power Dissipation 

+7.0V 

1 Watt 

D. C. and Operating Characteristics 
TA = 0°C to 70°C, Vee= 5V ±5% unless otherwise specified. 

5101L and 5101L-1 

Limits 
Symbol Parameter Min. Typ.11] Max. Min. 

IL212J Input Current 5 

llLO [[2] Output Leakage Current 1 

lcc1 Operating Current 9 22 

lcc2 Operating Current 13 27 

lccLl2J Standby Current 10 

V1L Input Low Voltage -0.3 0.65 -0.3 

V1H Input High Voltage 2.2 Vee 2.2 

Vol Output Low Voltage 0.4 

VoH Output High Voltage 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 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 L-3 5101-8 
Limits Limits 

Typ.lll Max. Min. Typ.11J Max. Units Test Conditions 

5 5 nA 

1 2 µA CE1=2.2V, Vour 

Oto Vee 

9 22 11 25 mA V1N=Vcc, Except 
CE1<0.65V, 
Outputs Open 

13 27 15 30 mA V1N=2.2V, Except 
CE1 <0.65V, 
Outputs Open 

200 500 µA CE2<0.2V, TA= 
70°C 

0.65 -0.3 0.65 v 
Vee 2.2 Vee v 
0.4 0.4 v loL =2.0 mA 

2.4 v loH= -1.0 mA 

Low Vee Data Retention Characteristics (For 5101 L, 5101 L-1 and 5101 L-3) TA = 0° c to 70° c 

Symbol Parameter Min. Typ.111 Max. Units Test Conditions 

VoR Vee for Data Retention 2.0 v 
lccoR1 5101 Lor 5101 L-1 Data Retention 0.14 10 µA VoR=2.0V, 

Current CE2< 0.2V TA=70°C 

lccoR2 5101 L-3 Data Retention Current 0.70 200 µA VoR=2.0V, 
T A=70° C 

tcoR Chip Deselect to Data Retention Time 0 ns 

tR Operation Recovery Time tRcl3] ns 

NOTES: 

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

2. Current through all inputs and outputs included in lccL measurement. 
3. tRc = Read Cycle Time. 
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Low Vee Data Retention Waveform 

I Dp. TA A ETENTION 
- MODE- ---___ , CD CD ir---, --

voLrAaE lVccl .... ~ 
SUPPLY 

----0 - 0 
CHIP ENABLE (CE2) © © 

w----------------

5101 FAMILY 

CD 4.75V 

0 VoR 

@ V1H 

0 0.2V 

Typical lccoR Vs. Temperature 

1.00 l ~ff 5~v 
1 

VrN 2v 

0.10 

TEMPERATURE(' C) 

A.C. Characteristics TA = 0°C to 70°C, Vee= 5V ±5%, unless otherwise specified. 

READ CYCLE 

Symbol Parameter 

Read Cycle 

5101 L-1 
Limits (ns) 

Min. Max. 

450 

5101 Land 

5101 L-3 

Limits (ns) 

Min. Max. 

650 

5101-8 

Limits (ns) 

Min. Max. 

800 

tA Access Time 450 650 800 

teo 1 Chip Enable (CEi) to Output 400 600 800 

teo2 Chip Enable (CE 2) to Output 500 700 850 

too Output Disable to Output 250 350 450 
~~~~~-+--~~~~~~~~~~~--~t--~~~---~---+--

~~~--~-~~-t-~~~~~~~-

to F Data Output to High Z State 0 130 0 150 0 200 

toH1 Previous Read Data Valid with 0 0 0 

Respect to Address Change 

toH2 

WRITE CYCLE 

twe 

tAW 

tew1 

tcw2 

tow 

toH 

twp 

twR 

tos 

Previous Read Data Valid with 

Respect to Chip Enable 

Write Cycle 

Write Delay 

Chip Enable (CE 1) to Write 

Chip Enable (CE 2) to Write 

Data Setup 

Data Hold 

Write Pulse 

Write Recovery 

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· 

20 nsec 

1.5 Volt 

Output Load· 1 TTL Gate and CL 100pF 

0 0 0 

450 650 800 

130 150 200 

350 550 650 

350 550 650 

250 400 450 

50 100 100 

250 400 450 

50 50 100 

130 150 200 

C "t 121 apac1 ance TA - 25' c. 1 - 1 MHz 

Symbol Test 

C1N Input Capacitance 
(All Input Pins) V1N = OV 

CouT Output Capacitance VouT = OV 

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

2. This parameter is periodically sampled and is not 100% tested. 
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Limits (pF) 

Typ. Max. 

4 8 

8 12 



5101 FAMILY 

Waveforms 

READ CYCLE 

OD--+---, 
(COMMON 1/0)1 11 

DATA 
OUT 

NOTES: 

DATA OUT 
VALID 

1. OD may be tied low for separate 1/0 operation. 

2. During the write cycle, OD is "high" for common 1/0 and 
"don't care" for separate 1/0 operation. 

WRITE CYCLE 

ADDRESS 

CE1 

CE2 

OD 
(COMMON 1/0)1 21 
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DATA 
IN 

RW 

---- tcw1 ----! 



M5101-4, M5101L-4 
256 x 4 BIT STATIC CMOS RAM 

• Military Temperature • Fast Access Time-800ns 
Range: • Single +SV Power Supply 
-55°C to +125°C • CE2 Controls Unconditional 

• Ultra Low Standby Standby Mode 

Current: 200 nA/Bit • Three-State Output 

The Intel® M5101 is an ultra-low power 256 X 4 CMOS 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. When deselected with CE2 low, the 
M5101 draws from the single 5-volt supply only 200 microamps at 125°C. 

The Intel® M5101 is fabricated with an ion-implanted, silicon gate, Complementary MOS (CMOS) process. This technology allows 
the design and production of ultra-low power, high performance memories. 

PIN CONFIGURATION LOGIC SYMBOL 
5101 5101 

A, Vee 

A, A, 

A, 

A,, 

A, 

A, 

A, oo, 

°'• 
oo, 
oo, 

D" oo, oo, 

oo, D', oo, 

°'• oo, 

PIN NAMES 

°'• °'• 
A - A, oo, oo, 0 ... 1 ... ouTPUI 

·~ 

Absolute Maximum Ratings * 
Ambient Temperature Under Bias. -65°C to 135°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.3V to Vee +0.3V 

Maximum Power Supply Voltage + 7 .OV 

Power Dissipation l Watt 

'COMMENT 

Stresses above those fisted under "Absolute Maximum 
Rating" mav cause permanent damage to the device. This 
is a stress rating 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 maximum rating conditions for ex
tended periods may affect device reliability. 

D. C. and Operating Characteristics for M5101-4, M5101L-4 
TA= -55°C to 125°C, Vee= 5V ±5% unless otherwise specified. 

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

I ul2l Input Current 8 nA V1N = 0 to 5.25V 

ILOH[2] Output High Leakage 2 µA CE1 =2.2V,VouT=Vcc 

ILoLl21 Output Low Leakage 2 µA CE1 =2.2V, VourO.OV 

lee1 Operating Current 11 25 mA 
V1N=Vcc ExceptCE1 <(0.01V 
Outputs Open 

I -

lee2 Operating Current 20 32 mA 
V1N = 2.2V Except CE 1 <(0.5V 
Outputs 0 pen 

lecLl21 Standby Current 2 200 µA V1N =Oto Vee. Except 
CE2 <;; 0.2V 

V1L Input "Low" Voltage -0.3 0.5 v 
V1H Input "High" Voltage Vee-2.0 Vee v 
Vol Output "Low" Voltage 0.4 v loL = 2.0mA 

VoH Output "High" Voltage Vee-2.0 v loH = 1.0mA 

NOTES: 1. Typical values are TA= 25°e and nominal supply voltage. 2. Current through all inputs and outputs included in lcCL· 
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M5101-4, M5101L-4 

Low Vee Data Retention Characteristics (For M5101L 4) TA - 55°C to 125°C - - -

Svmbol Parameter Min. 

VoR Vee for Data Retention 2.0 

lccoR Data Retention Current 

tcoR 
Chip Deselect to Data Retention 

0 
Time 

tR Operation Recovery Time tRc[2] 

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

2. lRC =Read Cycle Time. 

Typ.[11 Max. 

2 200 

A.C. Characteristics for M5101-4, M5101L-4 
READ CYCLE TA= -55°C to 125°C, Vee= 5\/ ±5%, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. 

tRc Read Cycle 800 

tA Access Time 800 

tco1 Chip Enable (CE1) to Output 700 

tco2 Chip Enable (CE2) to Output 850 

too Output Disable To Output 350 

toF Data Output to High Z State 0 150 

toH1 
Previous Read Data Valid with 

0 
Respect to Address Change 

toH2 
Previous Read Data Valid with 

0 Respect to Chip Enable 

WRITE CYCLE 

Symbol Parameter Min. Typ. Max. 

twc Write Cycle 800 

tAW Write Delay 150 

tcw1 Chip Enable (CE 1) To Write 550 

tcw2 Chip Enable (CE2) To Write 550 

tow Data Setup 400 

toH Data Hold 100 

twp Write Pulse 400 

twR Write Recovery 50 

tos Output Disable Setup 150 

Unit Test Conditions 

v 
cE2 .;;o.2v 

µA VoR =2.0V 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns 
(See below) 

ns 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns 
(See below) 

ns 

ns 

ns 

ns 

ns 

ns 

A. C. CONDITIONS OF TEST C 'ta (3] apac1 nee TA=25°c.1=1MHz 

Input Pulse Levels: 0.5 Volt to Vcc-2.0 Volt 

Input Pulse Rise and Fall Times: 20 nsec Symbol Test 
Limits (pF) 

Typ. Max. 

Timing Measurement Reference Level: C1N Input Capacitance 
4 8 

(All Input Pins) V1N = OV 

1.5 Volt 

Output Load: 1 TTL Gate and CL = 100pF 

CcuT Output Capacitance VouT = OV 8 12 

NOTE: 3. This parameter is periodically sampled and is not 100% tested. 
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M5101-4, M5101L-4 

Waveforms 

oo--i----,- tao 
(COMMON 1/0) [11 

DATA 
OUT 

DATA OUT 
VALID 

NOTES: 1. OD may be tied low for separate 1/0 operation. 
2. During the write cycle, OD is "high" for common 1/0 and 

"don't care" for separate 1/0 operation. 

Low Vee Data Retention 

SUPPLY VOLTAGE (Vccl 

CHIP ENABLE (CE2) 

WRITE CYCLE 

ADDRESS 

CE1 

DATA 
IN 

R 1N 

--- tcw1 ----1 

CD 4.75V 

@ VoR 

@ V1H 

@ 0.2V 

w----------------
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MOS ROM AND PROM FAMILY 

No. No. 
of of 

Type Bits Organization Pins Outputl11 
w 2308 8192 1024x8 24 T.S. I-
<::E 
(.?Q 
z a: 
OU> 
uo 2316A 16384 2048x8 24 T.S. 
:::;::E 
iii 2316E 16384 2048x8 24 T.S. 

1702A 2048 256x8 24 T.S. 

1702A-2 2048 256x8 24 T.S. 

1702A-6 2048 256x8 24 T.S. 

M1702A 2048 256x8 24 T.S. 

::E 
0 1702AL 2048 256x8 24 T.S. a: 
ll. 
U) 

0 1702AL-2 2048 256x8 24 T.S. 
::E 
w 
I-

2704 4096 512x8 24 T.S. ct 
(.? 

z 
0 
u 
:::; 2708 8192 1024x8 24 T.S. 
iii 

2708-1 8192 1024x8 24 T.S. 

M2708 8192 1024x8 24 T.S. 

2716 16384 2048x8 24 T.S. 

Notes: 1. O.C. and TS are open collector and three-state 
output respectively. 

2. The 2716 has a standby power down feature. 

Maximum Operating 
Maximum Power Temperature Power 

Access Dissipation Range Supply 
(ns) (mW) ("C) (V) 

450 840 Oto 70 5V ± 5% 
12V ± 5% 
-5V ± 5% 

850 515 Oto 70 5V ± 5% 

450 630 Oto 70 5V ± 10% 

1µs 885 0 to 70 5V ± 5% 
-9V ± 5% 

650 959 Oto 70 5V ± 5% 
-9V ± 5% 

1.5 µs 885 Oto 70 5V ± 5% 
-9V ± 5% 

850 960 -55 to 100 5V ± 10% 
-9V ±. 10% 

1 µs 221 o to 70 5V ±5% 
-9V ± 5% 

650 221 o to 70 5V ± 5% 
-9V ± 5% 

450 800 o to 70 5V ± 5% 
12V ± 5% 
-5V ± 5% 

450 800 o to 70 5V ± 5% 
12V ± 5% 
-5V ± 5% 

350 800 o to 70 5V ±. 5% 
12V ± 5% 
-5V ± 5% 

450 750 -55 to 100 5V ± 10% 
12V ± 10% 
-5V ± 10% 

450 525/132[21 Oto 70 5V ± 5% 
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BIPOLAR PROM FAMILY 

No. No. 
of of 

Output[1] Type Bits Organization Pins 

3601 1024 256x4 16 O.C. 

3601-1 1024 256x4 16 O.C. 

3621 1024 256x4 16 T.S. 

3621-1 1024 256x4 16 T.S. 

M3601 1024 256x4 16 O.C. 

3602A 2048 512x4 16 o.c. 

3602A-2 2048 512x4 16 o.c. 

3602 2048 512x4 16 O.C. 

3622A 2048 512x4 16 T.S. 

3622A-2 2048 512x4 16 T.S. 

3622 2048 512x4 16 T.S. 

3604A 4096 512x8 24 O.C. 

3604A-2 4096 512x8 24 O.C. 

3604AL 4096 512x8 24 O.C. 

3604 4096 512x8 24 o.c. 

3604-4 4096 512x8 24 O.C. 

3604L-6 4096 512x8 24 O.C. 

3624A 4096 512x8 24 T.S. 

3624A-2 4096 512x8 24 T.S. 

3624 4096 512x8 24 T.S. 

3624-4 4096 512x8 24 T.S. 

M3604 4096 512x8 24 o.c. 

M3624 4096 512x8 24 T.S. 

3605 4096 1024x4 18 O.C. 

3605-2 4096 1024x4 18 O.C. 

3625 4096 1024x4 18 T.S. 

3625-2 4096 1024x4 18 T.S. 

3608 8192 1024x8 24 O.C. 
t--

3608-4 8192 1024x8 24 o.c. 

3628 8192 1024x8 24 O.C. 

3628-4 8192 1024x8 24 O.C. 

Notes: 1. O.C. and T.S. are open collector and three-state 
output respectively. 

2. The 3604AL and 3604L-6 have a low power 
dissipation feature. 

Maximum Operating 
Maximum Power Temperature Power 

Access Dissipation Range Supply 
(ns) (mW) (oC) (V) 

70 685 Oto 75 5V ±5% 

50 685 Oto 75 5V ±5% 

70 685 o to 75 5V± 5% 

50 685 o to 75 5V ± 5% 

90 685 -55 to 125 5V ± 5% 

70 735 Oto 75 5V ± 5% 

60 735 Oto 75 5V ± 5% 

70 735 Oto 75 5V ± 5% 

70 735 Oto 75 5V ± 5% 

60 735 o to 75 5V ± 5% 

70 735 0 to 75 5V ±5% 

70 998 0 to 75 5V ± 5% 

60 998 o to 75 5V ± 5% 

90 630/105[2] Oto 75 5V ± 5% 

70 998 Oto 75 5V ± 5% 

90 998 o to 75 5V ± 5% 

90 735/240[2] 0 to 75 5V ± 5% 

70 998 Oto 75 5V ± 5% 

60 998 0 to 75 5V ± 5% 

70 998 o to 75 5V ± 5% 

90 998 0 to 75 5V ± 5% 

90 1045 -55 to 125 5V ± 10% 

90 1045 -55 to 125 5V ± 10% 

70 787 Oto 75 5V ±. 5% 

60 787 Oto 75 5V ±5% 

70 787 o to 75 5V ± 5% 

60 787 0 to 75 5V ± 5% 

80 998 Oto 75 5V ±. 5% 

100 998 Oto 75 5V ± 5% 

80 998 0 to 75 5V ± 5% 

100 998 o to 75 5V ±5% 

ROM and PROM Programming Instructions 

3-3 

Page 
No. 

3.34 

3-38 

3-40 

3-43 

3-46 

3-48 

3-51 

3-55 



Part Prefix and 
Number Manufacturer 

1024-4 HPROM-Harris 
1024A-2 HPROM-Harris 
1024A-5 HRPOM-Harris 

27S10C AMO 
27S10M AMO 
27S11C AMO 
27S11M AMO 

5300-1 MMI 
5340-1 MMI 
5341-1 MMI 

54S387 SN-Tl 
54S387 OM-National 

5603AC IM-lntersil 
5603AM IM-lntersil 
5604C IM-lntersil 
5605C IM-lntersil 
5623C IM-lntersil 
5624C IM-lntersil 
5625C IM-lntersil 

6300-1 MMI 
6301-1 MMI 
6305-1 MMI 
6306-1 MMI 
6340-1 MMI 
6341-1 MMI 
6352-1 MMI 
6353-1 MMI 
6380-1 MMI 
6381-1 MMI 

74S287 SN-Tl 
74S287 OM-National 
74S387 SN-Tl 
745387 OM-National 
74S472 Tl 
745473 Tl 
745474 Tl 
74S475 Tl 
74S570 National 
74S571 National 

7573 OM-National 

7610-2 HM-Harris 
7610-5 HM-Harris 
7611-5 HM-Harris 
7620-5 HM-Harris 

7621-5 HM-Harris 
7640-2 HM-Harris 
7640-5 HM-Harris 
7641-2 HM-Harris 
7641-5 HM-Harris 
7642-5 HM-Harris 
7643-5 HM-Harris 
7644-5 HM-Harris 

BIPOLAR PROM CROSS REFERENCE 

Intel Part Number 

Organization Direct For New 
Replacement Designs( 1l 

256 x 4 3621 
256 x 4 M3601 
256 x 4 3601 

256 x 4 3601 
256 x 4 M3601 
256 x 4 3621 
256 x 4 M3621 

256 x 4 M3601 
512 x 8 M3604 
512 x 8 M3624 

256 x4 M3601 
256 x 4 M3601 

256 x 4 3601 
256 x 4 M3601 
512 x 4 3602A 
512 x 8 3604A 
256 x 4 3621 
512 x 4 3622A 
512 x 8 3624A 

256 x 4 3601-1 
256 x 4 3621-1 
512 x 4 3602A-2 
512 x 4 3622A-2 
512 x 8 3604A 
512 x 8 3624A 

1024 x 4 3605-2 
1024 x 4 3625-2 
1024 x 8 3608 
1024 x 8 3628 

256 x 4 3621-1 
256 x 4 3621-1 
256 x 4 3601-1 
256 x 4 3601-1 
512 x 8 3624 
512 x 8 3604 
512 x 8 3624A 
512 x 8 3604A 
512 x 4 3602A 
512 x 4 3622A 

256 x 4 M3601 

256 x 4 M3601 
256 x 4 3601-1 
256 x 4 3621-1 
512 x 4 3602A 
512 x 4 3622A 
512 x 8 M3604 
512 x 8 3604A 
512 x 8 M3624 
5l 2 x 8 3624A 

1024 x 4 3605 
1024 x 4 3625 
1024 x 4 3625 

3-4 

Intel Part Number 
Part Prefix and 

Number Manufacturer 
Organization Direct For New 

Replacement Oesigns(l) 

82S115 N-Signetics 512 x 8 3624 

82S115 S-Signetics 512 x 8 M3624 

82S126 N-Signetics 256 x 4 3601-1 

825126 S-Signetics 256 x 4 M3601 

825129 N-Signetics 256 x 4 3621-1 

825130 N-Signetics 512 x 4 3602 

825131 N-Signetics 512 x 4 3622 

825140 N-Signetics 512 x 8 3604A 

825141 N-Signetics 512 x 8 3624A 
825136 N-Signetics 1024 x 4 3605-2 

825137 N-Signetics 1024 x 4 3625-2 

825180 N-Signetics 1024 x 8 3608 

825181 N-Signetics 1024 x 8 3628 

825184 N-Signetics 2048 x 4 3608 

825185 N-Signetics 2048 x 4 3628 

8573 OM-National 256 x 4 3601 

8574 OM-National 256 x 4 3621 
875295 National 512 x 8 3604A 

875296 National 512 x 8 3624A 

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 

93452C Fairchild 1024 x 4 3605-2 

93453C Fairchild 1024 x 4 3625-2 

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 825115, and 82S 184/85 which 
have different pin configurations. 



1702A 

2K (256 x 8) UV ERASABLE PROM 

1702A-2 0.65 us Max. 
1702A 1.0 us Max. 
1702A-6 1.5 us Max. 

• Fast Access Time: Max. 650 ns 
(1702A-2) 

• Fast Programming: 2 Minutes 
for all 2048 Bits 

• All 2048 Bits Guaranteed* 
Programmable: 100% Factory 
Tested 

• 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 "O" 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 1.5µs 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 MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 
*Intel's liability shall be limited to replacing any unit which fails to program as desired. 

PIN CONFIGURATION PIN NAMES 

A 1 2 23 Vee 

Ao 3 22 Ver 

"DATA OUT l 4 (LSB) 

•DATA OUT 2 5 20 A4 

"DATA OUT 3 6 

"DATA OUT 4 18 A 6 

"DATA OUT 5 8 17 A7 

•DATA OUT 6 9 16 VGG 

•DATA OUT 7 10 15 VBH 

•DATA our a 11 1Mss1 14 Cs 

Vee 12 13 PROGRAM 
'------' 

"THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 

3-5 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

Cs ---
OUTPUT 

BUFFERS 

PROGRAM 

2048 BIT 
ROM MATRIX 

!256 ~ 8) 

DECODER 

INPUT 
DRIVERS 

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 



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, page 3-55. 

~ 
12 13 14 

(Veel (Program) (CS) M 

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°C 

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 

15 16 22 23 24 

(Vssl (VGG) (Vecl (Vecl (Vool 

Vee VGG Vee Vee Voo 

Vss 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= 0°e to 10°e. 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.[11 Max. Min. Typ.!11 Max. Unit Conditions 

lu Address and Chip Select 1 1 µA V1N =a.av 

Input Load Current 

ILO Output Leakage Current 1 1 µA VouT = a.ov, cs= V1H2 

1001 [1] Power Supply Current 35 50 40 6a mA cs= V1H2. lo L = 0.0mA, 
TA = 25°C, Continuous 

1002 Power Supply Current 32 46 37 55 mA CS= O.OV, loL = O.OmA, 
TA= 25°C, Continuous 

1003 Power Supply Current 38 60 43 65 mA cs =V1H2. loL = O.OmA, 
TA= 0°C, Continuous 

leF1 Output Clamp Current 8 14 7 13 mA VouT= -1.0V, 
TA= 0°C, Continuous 

leF2 Output Clamp Current 7 13 6 12 mA VouT = -1.0V, 
TA= 25°C, Continuous 

IGG Gate Supply Current 1 1 µA 

V1L1 Input Low Voltage -1 0.65 -1 0.65 v 

for TTL Interface 

V1L2 Input Low Voltage Voo Vee-6 Voo Vee-6 v 

for MOS Interface 

V1H1 Addr. Input High Voltage Vee-2 Vce+0.3 Vee-2 Vee+0.3 v 

V1H2 Chip Sel. Input High Volt. Vee-2 Vee+0.3 Vee-1.5 Vee+0.3 v 

loL Output Sink Current 1.6 4 1.6 4 mA VouT = 0.45V 

loH Output Source Current -2.0 -2.0 mA VouT = o.av 

Vol Output Low Voltage -3 0.45 -3 0.45 v loL = 1.6mA 

VoH Output High Voltage 3.5 4.5 3.5 4.5 v loH = -200µA 

Note 1: Typical values are at nominal voltages and TA = 25°C. 
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1702A FAMILY 

A.C. Characteristics 
TA =CJ" C to+ 70°C, Vee = +5V ±5%, V00 = -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 

GOUT Output Capacitance 10 15 

*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 (tp0 <15 ns), CL= 15pF 

A) READ OPERATION 

.._._ ____ CYCLE TIME 1/F REO ------

----tACC ---~ 

3-7 

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,N •Vee }All 
CS= Vee unused pins 

pF 
VouT = Vee are at A.G. 

VGG = Vee ground 

B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 

VIH ----r 10% 

I 

~tco--1 I 

~~~:OH ~NAVT~~~D~T j y °" 'oo 2 
VOL ~;,____rl -~--+---'~~~~-~--'--"-

Unit 

MHz 

µs 

µs 

µs 

µs 

µs 



Typical Characteristics 

c 
w 

"' i= 

~ 
u 
u 

" 

OUTPUT CURRENT VS. 
Voo SUPPL y VOLTAGE 

vcc = +sv 

~ ;;: : ;;rcLJ,,__,_ _ _,__"'"-+-t--+---1 

t----------1 Spec1f•ed 
Operat;ng Range j----1 

~1 _t+--+-+-tt-·--+____, 

-5 -6 -7 -8 -9 -10 

~ul- -3 1-- Voo SUPPL y VOLTAGE (~) 

: IV cc =I +5V I 

i-----------t--- VGG = -9V +-+-+-1C--t---1 
VOH = O.OV 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

-r---+-- 14.0 

;( 
f----f--+- !. 12.0 

~ 

~ 
r----+--+- ~ 10.0 

a 
~ 
z 
;;; 

Vee = +sv 
v00 = -9V 

VGG = -9V 

1---f---+-" 

5 
r--r---+- 0 

_5 

-4 -3 -2 -1 +1 +2 +3 +4 

OUTPUT VOLTAGE (VOLTS) 

ACCESS TIME VS. 
LOAD CAPACITANCE 

900 

BOO 
1io2A 

700 1 TTL LOAD-

600 Vee"" +5V -

500 
v00 = -9V _ 

VGG = -9V 

400 TA = 25"C -
1702A-2 

300 

200 1--+-
100 

0 
0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (pF) 

1702A FAMILY 
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OUTPUT CURRENT VS. 
TEMPERATURE 

0 10 ~ ~ ~ ~ ~ ~ ~ 00 

I AM[BIENT TEMPERATURE 1•c1 I 

Vcc·•5VI I 

v00 : -9V f-
~ -3 r------1 VGG = -9V t----~t--r---t---t-T---1 

i Jjov -rr.lr.:Jo.ov 
-~ --4 ~~~~-~~~~-~~~~ 

20 40 60 80 100 120 

AMBIENT TEMPERATURE (°Ct 

ACCESS TIME VS. 
TEMPERATURE 

900~--i------,------,-~--i-~ 

BOO r---i--t---+--,--i-,---;-1 --r 1-,---, 

11b2A ~ 100 f--+----tr~~::+-",~T~T~L~L~O~A~D--~2=0-p~F-1 
~ 600 r--;----;--r---i-- Yee = +5V --t--t---1 
~ 500 Yoo = -9v --t--t---1 
~ 400 VGG = -9V 
u 
;£ 300 f-+-\:r-:0:1~7~02;:A:;-Z;:-+-""f=f,._...,=-f-+-i 

200t--t----+-+--+--+-+---t-~t--t-----t 

0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE ("C) 



M1702A 2K (256 x 8) UV ERASABLE PROM 
-55°C to +100°C OPERATION 

• Fast Access Time: Max. 850 ns 
• Completely Static 

• Inputs and Outputs DTL 
and TTL Compatible 

• All 2048 Bits Factory Tested 
Prior to Shipment 

• Three-State Output 

• 24 Pin Dip 
The Intel® M1702A is a 256-word by 8-bit ultraviolet light erasable and electrically reprogrammable EPROM which is speci
fied over the -55°C to +100°C temperature range. The M1702A has a transparent lid which allows the user to expose the 
M1702A to UV light to erase the bit pattern. A new pattern can then be written into the device. 

PIN CONFIGURATION 
A2 1 \.../" 24 Voo 

21 "J 

19 A~ 

14 cs 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias -65°C to 110°C 
Storage Temperature -65°C to +125°C 
Soldering Temperature of Leads (10 sec) +300°C 
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 

'COMMENT 
Stresses above those listed under "Absolute Maximum Rat 
1ngs" 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 specif1cat1on is not implied. 
Exposure to Absolute M,:iximum Rating cond1t1ons for ex· 
tended periods may affect device reliability 

D.C. and Operating Characteristics TA= -55°c to 100°c. Vee= +5v ±10%, v 00 = -9v ±10%, 
READ OPERATION VGG = -9V ±10% unless otherwise noted. 

Symbol Test Min. Typ_lll Max. Unit Conditions 

lu Address and Chip Select Input Load Current 10 µA V1N = O.OV 

ILO Output Leakage Current 10 µA VouT = o.ov.cs~ V1H2 

100111] Power Supply Current 35 50 mA CS=V1H2. loL =O.OmA, 
TA= 25°C, Continuous 

1002 Power Supply Current 32 46 mA CS =O.OV, loL =O.OmA, 
TA = 25° C, Continuous 

1003 Power Supply Current 38 65 mA CS=V1H2. loL = O.OmA, 
TA = -55°C, Continuous 

leF Output Clamp Current 8 11 mA VouT = -1.0V, 
TA = -55°C, Continuous 

IGG Gate Supply Current 10 µA 

V1u Input Low Voltage for TTL Interface -1 0.65 v 
V1L2 Input Low Voltage for MOS Interface Voo Vee-6 v 
V1H1 Address Input High Voltage Vec-2 Vec+0.3 v 

V1H2 Chip Select Input High Voltage Vee -1.5 Vcc+0.3 v 
loL Output Sink Current 1.6 4 mA VouT = 0.45V 

loH Output Source Current -2.0 mA VouT = o.ov 
VoL Output Low Voltage -3 0.45 v loL = 1.6mA 

VoH Output High Voltage 3.5 4.5 v loH = -200µA 

Note 1. Typical values are at nominal voltages and TA = 25° C. 
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M1702A 

A.C. Characteristics 
TA = -55°C to 100°C, Vee= +5V ±10%, Voo = -9V ±10%, VGG = -9V ±10% unless otherwise noted. 

Symbol Test 

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 

COUT Output Capacitance 10 

*This parameter is 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 

--CYCttT1ri.it ilfHft' 

v," y;: x 
ADORES~ 

VIL I --------~ ~----

-1 1cs r-

cs v'"~ 
VIL I ~-----------+---

VO" 
I 

DATA DATA OUT \ c OUT INVALID 

Voe 
1Acc---- _ __, 

ERASING AND PROGRAMMING PROCEDURE 

The erasing and programming procedure of the M 1702A is 

the same as the 0°C to 70°C 1702A. The procedure is 

discussed in Section 111, page 3-55, of the data catalog. 

15 

15 
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Limits 

Min. Max. Unit 

1.2 MHz 

0.1 µs 

0.85 µs 

0.5 µs 

0.35 µs 

0.3 µs 

UNIT CONDITIONS 

pF v,N ~ V00 } All 
CS= Vee unused pins 

pF 
VouT = Vee are at A.C. 

VGG = Vee ground 

B) DESELECTION OF DATA OUTPUT IN OR-TIE 

OPERATION 

VIH -----f 10% 

cs 

i tco~ - tao ,. 

VOH ---(;} I ~: ' ,-------
OAT A OUT ' I 

°o~~A INVALID : ~ 
VOL ~('---~T1~-t--~~-~~~~~~-



1702AL, 1702AL2 

2K (256 x 8) UV ERASABLE LOW POWER PROM 

Part No. 
1702AL 

1702AL-2 

• Clocked VGG Mode for Low 
Power Dissipation 

• Fast Programming: 2 Minutes 
for all 2048 Bits 

• All 2048 Bits Guaranteed* 
Programmable: 100% Factory 
Tested 

MAXIMUM 
ACCESS (µs) tovGG (µs) 

1.0 
0.65 

0.4 
0.3 

• Inputs and Outputs DTL and TTL 
Compatible 

• 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 "O" state (output low). Information is introduced by selectively programming 

'T's (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The 

transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 

performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 

*Intel's liability shall be limited to replacing any unit which fails to program as desired. 

PIN CONFIGURATION PIN NAMES 

[ Address ln_put~-----~ 
Chip Select Input 
----~~---~-

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

Cs--
OUTPUT 

BUFFERS 

Ao 3 22 Vee DouT 1-DoUTS Data Outputs 

"DATA OUT 1 4 ILSBI 

•DATA OUT 2 5 

"DATA OUT 3 6 

•DATA OUT 4 

"DATA OUT 5 8 

•DATA OUT 6 9 16 Vee 

•DATA OUT 7 10 

•DATA OUT 8 11 IMSB) 14 CS 

Vee ._1_2 ---1~3 PROGRAM 

"THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 

3-11 

PROGRAM 
2048 BIT 

ROM MATRIX 
(256 JI 8) 

DECODER 

INPUT 
DRIVERS 

Ao A, 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 



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 3-55. 

~ 12 13 14 
M (Veel (Program) (CS) 

~ Absolute Maximum Ralings• 

Read Vee Vee GND 

Programming GND Program Pulse GND 

Ambient Temperature Under Bias ....... -10°C to +80°C 
Storage Temperature ............. -65°C to +125°C 
Soldering Temperature of Leads ( 10 sec) . . . . . . . . +300°C 
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 

15 16 22 23 24 

(Vssl (VGG) (Veel (Veel (Vool 

Vee Clocked VGG Vee Vee Voo 

Vss Pulsed VGG GND GND Pulsed V 00 

*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= 0°e to 10°e, Vee= +5V ±5%, Voo = -9V ±5%, VGG [1 J = -9V ±5%, 

READ OPERATION unless otherwise noted. 

1702AL Limits 1702AL·2 Limits 

Symbol Test Min. Typ.[21 Max. Min. Typ.121 Max. Unit Conditions 

I LI Address and Chip Select 1 1 µA V1N =a.av 

Input Load Current 

ILO Output Leakage Current 1 1 µA VouT = o.av, CS= Vee-2 

looo1r11 Power Supply Current 7 1a 7 10 mA TA=25°C CS=ViH· VGG=Voc 

10002 Power Supply Current 15 15 mA TA=0°C loL=O.OmA 

1001 [1] Power Supply Current 35 5a 35 5a mA cs= Vee -2, loL = o.amA, 
TA = 25°C, Continuous 

1002 Power Supply Current 32 46 32 46 mA cs= a.av, loL = a.amA, 
TA = 25°C, Continuous 

loo3 Power Supply Current 38 6a 38 6a mA cs= Vee -2, loL = O.OmA, 
TA= 0°C, Continuous 

leF1 Output Clamp Current 8 14 5.5 8 mA VouT = -1.0V, 
TA= 0°C, Continuous 

leF2 Output Clamp Current 7 13 5 7 mA VouT=-1.0V, 
TA= 25°C, Continuous 

IGG Gate Supply Current 1 1 µA 

V1u Input Low Voltage -1 0.65 -1 0.65 v 
for TTL Interface 

V1L2 Input Low Voltage Voo Vcc-6 Voo Vcc-6 v 
for MOS Interface 

V1H Address and Chip Select Vcc-2 Vec+0.3 Vee-2 Vce+0.3 v 
Input High Voltage 

loL Output Sink Current 1.6 4 1.6 4 mA VouT = 0.45V 

loH Output Source Current -2.0 -2.0 mA VouT= O.OV 

VoL Output Low Voltage -3 0.45 -3 0.45 v loL = 1.6mA 

VoH Output High Voltage 3.5 4.5 3.5 4.5 v loH = -200µA 

NOTES: 1. The 1702AL is operated with the VGG clocked to obtain low power dissipation. The average loo will vary between looo and 1001 (at 
25°C) depending on the VGG duty cycle (see curve opposite). 2. Typical values are at nominal voltage and TA= 25°C. 

3-12 



1702AL, 1702AL2 

Typical Characteristics 
AVERAGE CURRENT VS. DUTY 

CYCLE FOR CLOCKED VGG 
ACCESS TIME VS. 
TEMPERATURE 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

900 t--+---+----+-+---+--+---t-+---+-~ ---+--+- 14.0 -+----+--t---tl------1 
800 t--+---+-----+-+--+-----+----t-+--+----< 

600 1----t---+----+-+---+--+---t-+---+-~ 

500 >---+--+---+-+--+-----+---t-+--+----< 

400 r--+--· - -~ 

300 __ ______, 

1 TTL LOAD-:::.-20 pf_________, 

Vee "+SV ~ 

200 l--+---+----1- - +-- V GG " -9V 

100 t--t----t----t--+--+-~-r---+--t--t 

• E. 12.0 

~ 
I--+--+- ~ 10.0 

a 
8.0 

-4 -3 -2 -1 

vcc - ~sv 

v00 - -9V 

VGG - -9V 

+2 +3 

DUTY CYCLE (%) 

0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE 1oc1 
OUTPUT VOLTAGE (VOL TS! 

A.C. Characteristics TA= 0°c to +70°C, Vee= +5V ±5%, VDo = -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 µs 

tovGG Clocked VGG set up 0.4 0.3 µs 

tcs Chip select delay 0.1 0.3 µs 

tco Output delay from CS 0.9 0.35 µs 

too Output deselect 0.3 0.3 µs 

to He Data out hold in clocked VGG mode 5 5 µs 

Capacitance TA= 25°c 

SYMBOL TEST TYPICAL MAXIMUM UNIT CONDITIONS 

CIN Input Capacitance 8 15 pF ~N" Voe } 
All 

CouT Output Capacitance 10 15 pF CS= Vee unused pins 

CvGG VGG Capacitance 30 pF 
VouT =Vee areatA.C. 

VGG =Vee ground 
(Note 1) 

*This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test: 

Input pulse amplitudes: 0 to 4V; 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 

VIH------. t.--------•1-----.... 
ADDRESS 

cs 

Vee 
CLOCKED 

VGG 

VOH 
DATA 
OUT 
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OPERATION 
VIH-----. 1..--------------

ADDRESS 

Vee 
CLOCKED 

VGG 

VOH 
DATA 
OUT 
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intel® 2308 

8192 BIT STATIC MOS READ ONLY MEMORY 

• Fast Access Time: 450 ns • Three-State Output: OR-Tie 
• Standard Power Supplies: Capability 

+12V, ±SV • 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 is 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 well 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, Vee 

A6 A, 

A, A, 

A4 "' 
A3 CS1 

2308 
A, "bo 

A, cs21CS2 111 

Ao o, 

o, o, 

o, o, 

03 ,, o, 

"' o, 

PIN NAMES 
Ao-A 9 ADDRESS INPUTS 

01-0s DAT A OUTPUTS 

CS1 CHIP SELECT INPUT 

cs21cs211J PROGRAMMABLE CHIP SELECT INPUT 

cs1-

CS2.:'CS2--

Ao A9 
ADDRESS 

Ag
Aa-
A1-
A5-

INPUTS A5 __ A, __ 
A, __ 

A2-A,_ 
Ao--

BLOCK DIAGRAM 

CHIP SELECT 
LOGIC 

y 
DECODER 

1---------l 

x 
DECODER 

NOTE 1 The CS2/ffi LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
EITHER A LOGIC 1 {V1Hl OR LOGIC 0 (V1L). A LOGIC 0 SHOULD 
BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 2708. 
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DATA OUTPUT 
0 1 0 8 

OUTPUT BUFFERS 

Y GATING 

64 x 128 
ROM ARRAY 



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 V88 . . . . . . . . . . . . . . . . . . . . -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-

"""' '"' """00" ~"""' ... ·"~' "~" "'""" '". j 
TA= 0°C to +70°C, Vee= 5V ±5%; Voo = 12V ±5%, Vss = -5V ±5%, Vss = OV Unless Otherwise Specified. 

Symbol Parameter 
Min. 

lu Input Load Current 

(All Input Pins Except Cs1) 

ILCL Input Load Current on CS1 

ILPC Input Peak Load Current on CS1 

ILKC Input Leakage Current on CS1 

ILO Output Leakage Current 

V1L Input "Low" Voltage Vss-1 

V1H Input "High" Voltage 3.3 

Vol Output "Low" Voltage 

VoH1 Output "High" Voltage 2.4 

VoH2 Output "High" Voltage 3.7 

Ice Power Supply Current Vee 

loo Power Supply Current Voo 

lss Power Supply Current V8 s 

Po Power Dissipation 

NOTE 1: Typical values for TA~ 25°C and nominal supply voltage 

" E 

O.C. OUTPUT CHARACTERISTICS 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

VOL VOLTS 

Limits 

Typ.[11 

1 

10 

32 

10µA 

460 

3-15 

Unit Test Conditions 
Max. 

10 µA V1N = 0 to 5.25V 

1.6 mA V1N = 0.45V 

4 mA 0.8V <:;; V1N < 3.3V 

10 µA V1N = 3.3V to 5.25V 

10 µA Chip Deselected 

0.8V v 
Vcc+1.0 v 

0.45 v loL = 2mA 

v loH = -4mA 

v loH = -lmA 

15 mA 

60 mA 

1 mA 

840 mW 

D.C. OUTPUT CHARACTERISTICS 

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 

V0 H VOL TS 
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2308 

A.C. Characteristics 
TA= 0°C to +70°C, Vee= +5V ±5%; v00 = +12V ±5%, V88 = -5V ±5%, Vss = OV, Unless Otherwise Specified. 

Limits[2J 
Symbol Parameter 

Typ. Max. 

tACC Address to Output Delay Time 200 450 

tco1 Chip Select 1 to Output Delay Time 85 160 
~. --

tco2 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@ loH = -1mA, CL= 100pF. 

Unit 

ns 

ns 

ns 

ns 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

CAPACITANCE* TA= 25°C, f = 1 MHz, V88 = -5V, V00, 

Vee and all other pins tied to Vss-

Output Load ........ 1 TTL Gate, and CLOAD = 100pF 
Input Pulse Levels . . . . . . . . . . . . . . . . . .65V to 3.3V 
Input Pulse Rise and Fall Times . . . . . . . . . . . 20 nsec 
Timing Measurement Reference Level 
.................. 2.4V V1H, VoH; a.av V1L, Vol 

Symbol 

C1N 

CouT 

Test 

Input Capacitance 

Output Capacitance 

Limits 

Typ. Max. 

6pF 

12pF 

*This parameter is periodically sampled and is not 100% tested. 

~- ~ 1

Acc I 

·~:.;-----------~--------------------~--------------
1-----tco1---

cs, 

---------------, 
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2308 

Typical Characteristics (Nominal supply voltages unless otherwise noted.) 

IDD vs. TEMPERATURE 
(NORMALIZED) 

1.3 t---+--+---+·--+--i~-+--if--+--1 

1.1 f--+--+---+--+-_,f--+--t---l 

1.0 I"-- . 
. 9 ~ .. --r-·-r-~---r--

.8 r--t--T-l'--T-~-"k;c-t--j--T--T--1 
~! .7 >---+--+--+--+ I"--

.6f--+--+---+--+---+-+--+-+-·-C 

10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURC TA ("C) 

CS1 INPUT 
CHARACTERISTICS 

2.5 r---.--,--,--,---,---, 

2.5 +-·--+---+~-1---j----j 

2.0 

V1N (VOL TS) 
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Li OUTPUT CAPACITANCE 
VS. Li OUTPUT DELAY 

~of---~---~--~--~ 

·100 .50 +50 

.l CAPACITANCE (pF) 

TAcc vs. TEMPERATURE 
(NORMALIZED) 

+100 

oc-~~~~~~~~~~~~~ 

0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE TA ('Cl 
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2316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 

• Single +s 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 MOS 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 MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 

compatible. 

PIN CONFIGURATION BLOCK DIAGRAM 

Vee 

o, 

o, 

Ao 

o, 
A, 

O; 
A, 

o, 

o, 
A3 

A, 
A, 

cs11cs1 A5 

A; CS2/CS2 A6 

GND A, 16, 384 BIT 

CELL MATRIX CHIP 

AB 51%~~;.T ..._CS2/CS2 

Ag BUFFERS 

A,, 

PIN NAMES 

~ ADDRESS INPUTS ~--~ 
~ __ D_A_T_A_OU_T_PU_T_S ___ ~ 

cs,- CS3 PAOGRAMM~~l~~~-~ELECTl'NPUrs I 

3-18 



2316A 

Absolute Maximum Ratings* 
Ambient Temperature Under Bias 

Storage Temperature . 

Voltage On Any Pin With Respect 

To Ground 

Power Dissipation .......... . 

. -10°Cto 80°C 

-65°C to+ 150°C 

-0.5V to +7V 

. 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 

conditions for extended periods may affect device reliability. 

D.C. and Operating Characteristics TA = 0°C to+ 70°C, v cc = 5V ±5% unless otherwise specified 

SYMBOL PARAMETER 
MIN. 

I LI Input Load Current 

(All Input Pins) 

ILOH Output Leakage Current 

ILOL Output Leakage Current 

Ice Power Supply Current 

V1L Input "Low" Voltage -0.5 

V1H Input "High" Voltage 2.0 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 2.2 

( 1) Typical values for TA"' 25QC and nominal supply voltage. 

Typical D.C. Characteristics 

16 

~ 
~ 14 

z 
> 

1.2 

30 

25 

20 

" _E_ 15 

"' 10 

V1N LIMITS VS. TEMPERATURE 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 

TA= 25 e 

Vee MIN 

Vol IVOL TS) 

i 

f -I 

LIMITS 

TYP.( 11 MAX. 

1 10 

10 

-20 

I 40 98 

0.8 

Vcc+1.0V 

0.45 
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::< 
_E_ 

u 
u 

"' ~ 
_i5 

UNIT TEST CONDITIONS 

µA V1N = 0 to 5.25V 

µA CS= 2.2V, VouT = 4.0V 

µA CS= 2.2V, VouT = 0.45V 

mA All inputs 5.25V Data Out Open 

v 
v 
v loL = 2.0 mA 

v loH=-100µA 

STATIC Ice vs. AMBIENT TEMPERATURE 
WORST CASE 

80 

60 

Vee~ s.2sv 
ALL ADDRESSES TIED 

TO Vee 

CHIP DESELECTED 

20 40 60 BO 

TA {Cl 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 
-30 

-25 

I 

-20 1--
-15 

-10 

VoH IVOL TS! 



2316A 

A.C. Characteristics TA= 0°C to +70°C, v cc= +5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. TYP.(1) 

tA Address to Output Delay Time 400 

tea Chip Select to Output Enable Delay Time 

toF Chip Deselect to Output Data Float Delay Time 0 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

CAPACITANCE(2) TA= 25°C, f = 1 MHz 

MAX. 
UNIT 

850 nS 

300 nS 

300 nS 

LIMITS 
Output Load ... 1 TTL Gate, and CLOAD = 100 pF SYMBOL TEST 

TYP. MAX. 
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 
ACCESS TIME VS. AMBIENT 

TEMPERATURE 

20 40 

TA (Cl 

60 80 

C1N 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"/o tested. 

•co 

3·20 

~OUTP-UTVA-LID ____,.,). 

1000 

800 

600 

~ 
:'!-

400 

200 

ACCESS TIME VS. LOAD 
CAPACITANCE 

100 200 300 400 

CLOAD {pfd) 

500 



2316E 

16,384 BIT STATIC ROM 

• Fast Access Time- 450 ns Max. 

• Single +5V + 10% Power Supply 

• Intel MCS 80 and 85 Compatible 

• Three Programmable Chip 
Selects for Simple Memory 
Expansion and System Interface 

• EPROM/ROM Pin Compatible for 
Cost-Effective System 
Development 

• Completly Static Operation 

• Inputs and Outputs TTL 
Compatible 

• Three-State Output for Direct 
Bus Interface 

The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its 
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and 
TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply 
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCS™-80 and 
MCS™-85 devices. 

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV EPROM 
for prototyping and the lower cost 2316E ROM for production. The 2716 is fully compatible to the 2316E in all respects. 
The three 2316E programmable chip selects may be defined by the user and are fixed during the masking process. To simplify 
the conversion from 2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select 
logic levels be defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip 
select logic levels are the same as the 2716. 

PIN CONFIGURATION 

A7 Vee 

A6 As 

A5 Ag 

A4 CS3 

AJ Cs1 

Az AlO 

A] cs, 

AO D7 

Do D6 

01 05 

Dz 04 

GND D3 

PIN NAMES 
1AO·-A1Q ADDRESS INPUT:l 
I 01-Do DATA ourPurs 
~_!.=_~~ _CHIP SE_L_EC_T_IN_PUTS 

Ag 

A7 

A6 

Ao 

3-21 

BLOCK DIAGRAM 

OUTPUT BUFFERS 

16, 384 BIT 

CELL MATRIX CHIP 

SELECT 

INPUT 
BUFFERS 

---0 Vee 

---OGNO 

-cs, 



Ill 

2316E ~~~~IMINAR 
ABSOLUTE MAXIMUM RATINGS* 

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

to Ground ..................... -0.5V to +7V 
Power Dissipation ...................... 1.0 Watt 

D.C. AND OPERATING CHARACTERISTICS 

TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER 

parametric limits :r: f1n:1 specification S 
su /ect to change: o 

*COMMENT: Stresses above those listed under "Absolute Maxi~ 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at 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. 

UNIT TEST CONDITIONS 
MIN. TYP.!1) MAX. 

I LI Input Load Current 10 µA V1N = 0 to 5.25V 
(All Input Pins) 

ILOH Output Leakage Current 10 µA Chip Deselected, VouT = 4.0V 

ILOL Output Leakage Current -20 µA Chip Deselected, VouT = 0.4V 

Ice Power Supply Current 70 120 mA All Inputs 5.25V Data Out Open 

V1L Input "Low" Voltage -0.5 0.8 v 
V1H Input "High" Voltage 2.4 Vcc+1.0V v 
Vol Output "Low" Voltage 0.4 v loL = 2.1 mA 

VoH Output "High" Voltage 2.4 v loH =- 400 µA 

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

A.C. CHARACTERISTICS 

TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

MIN. MAX. 

tA Address to Output Delay Time 450 ns 

tco Chip Select to Output Enable Delay Time 120 ns 

toF Chip Deselect to Output Data Float Delay Time 10 100 ns 

CONDITIONS OF TEST FOR 

A.C. CHARACTERISTICS 
CAPACITANCE!2l TA= 25°C, f = 1 MHz 

Output Load ........... 1 TTL Gate and CL= 100 pF 
Input Pulse Levels .................... 0.8 to 2.4V 
Input Pulse Rise and Fall Times (10% to 90%) ..... 20 ns 
Timing Measurement Reference Level 

Input ......................... 1V and 2.2V 
Output ....................... 0.8V and 2.0V 
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LIMITS 
SYMBOL TEST 

TYP. MAX. 

C1N All Pins Except Pin Under 5 pF 10 pF 
Test Tied to AC Ground 

CouT All Pins Except Pin Under 10 pF 15 pF 
Test Tied to AC Ground 

NOTE: 2. This parameter is periodically sampled and is not 100% 
tested. 



A.C. Waveforms 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

2316E 

'OF 

14-----'A---

Typical System Application (8K x 8 ROM Memory) 

1: ADDRESS BUS 

)_ CONTROL BUS 

\_ DATA BUS 

0 MEMR 

A12 Y A11 AQ-A1Q 07-Do 

e------1 t*1 CS2 
CHIP 

SELECT 

@ +5V- CS3 1 DECODER 

M 

(INTEL 1--8205) 
CS2 cs,1 

'5V CS3 ~~ML 
L-----1 r=-- 1--

CSz cs, l ROM 

•SV CS3 -2 
0 1 

'--------I 
ffi cs, 

ROM 

•5V CS3 
0 0 

'----- 2316E 

3-23 

] 

J 

] 
l MCSBO 
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2708 FAMILY 
BK AND 4K UV ERASABLE PROM 

2708 1Kx8 Organization 

• Fast Access Time--350ns 
Max. (2708-1) 

• Pin Compatible to 8K 
and 16K ROMs For 
Low Cost Production 

• Fast Programming-
Typ. 100 sec For All 
8K Bits 

• Static--No Clocks Required 

• 2704--512X8 Organization 

• Data Inputs and Outputs 
TTL Compatible During Both 
Real and Program Modes 

• Three-State Outputs--or-Tie 
Capability 

The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM ideally suited where fast 
turnaround and pattern experimentation are important requirements. The electrical characteristics of the 2708 are specified 
over the 0°C to 70°C operating temperature range and with 5% power supply variation. All data inputs and outputs are TTL 
compatible during both the read and program mode. Furthermore, the three-state outputs allow for direct interface with 
common system bus structures. The 2708 is specified at a maximum access time of 450 ns. A higher speed 2708-1 is also 
available at 350 ns maximum access time. 

A pin for pin mask programmed ROM, the Intel® 2308, is available for large volume production runs of systems initially 
using the 2708. For systems requiring higher bit density, the 2316E Intel 16K ROM with a 420 ns maximum access time is 
also available. 

The 2704 is a 4096-bit UV EPROM organized as 512 words by 8 bits. It has all the same operating, programming, and erasing 
specifications of the 2708. 

The 2708/2704 is fabricated with the time-proven reliable N-channel silicon gate and FAMOS technology. They are available 
in a 24-pin dual in-line package. 

PIN CONFIGURATION 

A1 24 '<:c 

Ao 23 As 

As Ag[l] 

A, 21 \.\is 

Al 20 CstWE 

A, 2708/2704 19 "bo 

Ai 18 PROGRAM 

(LSB) Ao 17 07 (MSBJ 

(LSB) Oo 16 06 

01 10 15 05 

02 11 14 04 

\.\is 12 13 03 

NOTE 1: PIN 22 MUST BE CONNECTED 
TO Vss FOR THE 2704. 

PIN NAMES 

Ao Ag ADDRESS INPUTS 

[ 01 ·0g I DATA OUTPUTS/INPUTS J 
[CS/WE I CHIP SELECT/WRITE ENABLE INPUTj 

f3 1WE--

Ao-A,-A,--

BLOCK DIAGRAM 

CHIP SELECT 
LOGIC 

DECODER 

A3~>---------< 

ADDRESS 
INPUTS A, __ 

A,-A,-A,-
As--

~--
DECODER 

DATA OUTPUT 
Oo-07 

OUTPUT BUFFERS 

Y GATING 

64 x 128 
ROM ARRAY 

PIN CONNECTION DURING READ OR PROGRAM 
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PROGRAMMING 
The programming specifications are des.cribed in the PROM/ROM Programming Instructions on page 3-55. 

Absolute Maximum Ratings" 
Temperature Under Bias .... . 

Storage Temperature ...... . 

Voo With Respect to Vss ...... . 

Vee and Vss With Respect to Vss . 
All Input or Output Voltages With Respect 

to V8 s During Read ....... . 

CS/WE Input With Respect to v88 

During Programming 
Program Input With Respect to v88 

Power Dissipation ........... . 

READ OPERATION 

-25°C to +85°C 

-65°C to +125°C 

+20V to -0.3V 

+15V to -0.3V 

+15V to -0.3V 

+20V to -0.3V 
+35V to -0 3V 

1.5W 

*COMMENT 
Stresses above those listed under" Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation 

of the device at these· or any other conditions above 

those indicated in the operational sections of this 

specification is not implied. Exposure to absolute 

maximum rating conditions for extended periods may 

affect device reliability. 

D.C. and Operating Characteristics 
TA= 0°C to 70°C, V cc= +5V ±5%, Voo = +12V ±5%, V 88 [1 I = -5V ±5%, Vss = OV, unless otherwise noted. 

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

I LI Address and Chip Select Input Sink Current 1 10 µA V1N = 5.25V or V1N = V1L 

ILO Output Leakage Current 1 10 µA VouT = 5.5V, CS/WE= 5V 

loo[3J Voo Supply Current 50 65 mA Worst Case Supply Currents: 

lcc[3J Vee Supply Current 6 10 mA All Inputs High 

lss[3J Vss Supply Current 30 45 mA CS/WE= 5V; TA= 0°C 

V1L Input Low Voltage Vss 0.65 v 
V1H Input High Voltage 3.0 Vcc+1 v 
Vol Output Low Voltage 0.45 v loL - 1.6mA 

VoH1 Output High Voltage 3.7 v loH = -100µA 

VoH2 Output High Voltage 2.4 v loH=-1mA 

Po Power Dissipation 800 mW TA=70°C 

NOTES: 1. Vss must be applied prior to Vee and Voo- Vgg must also be the last power supp!y switched off. 

2. Typical values are for TA= 25°C and nominal supply voltages. 
3. The total power dissipation of the 2704/2708 is specified at 800 mW. It is not calculated by summing the various currents (loo. 

Ice. and lss) multiplied by their respective voltages since current paths exist between the various power supplies and Vss- The 
loo. Ice. and Isa currents should be used to determine power supply capacity only. 

Typical Characteristics 
MAXIMUM JUNCTION TEMPERATURE 

VS. AMBIENT TEMPERATURE 

o, 20 40 

60 

RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE 

3-25 

ACCESS TIME VS. TEMPERATURE 



2708 FAMILY 

A. C. Characteristics 
TA= 0°C to 70°C, Vee= +5V ±5%, Voo = +12V ±5%, V88 = -5V ±5%, Vss = OV, unless otherwise noted. 

Symbol Parameter 
2708-1 Limits 2708 Limits 

Units Min. Typ. Max. Min. Typ. Max. 

tAee Address to Output Delay 280 350 280 450 ns 

tea Chip Select to Output Delay 60 120 60 120 ns 

toF Chip Deselect to Output Float 0 120 0 120 ns 

toH Address to Output Hold 0 0 ns 

CAPACITANCE[ll TA= 25°C, f = 1 MHz A.C. TEST CONDITIONS: 

Symbol Parameter Typ. Max. Unit. Conditions 
Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times: ~20 ns 

C1N Input Capacitance 4 6 pF V1N = OV 
Timing Measurement Reference Levels: 0.8V and 

2.8V for inputs; 0.8V and 2.4V for outputs. 
CouT Output Capacitance 8 12 pF VouT = OV Input Pulse Levels: 0.65V to 3.0V 

Note: 1. This parameter is periodically sampled and is not 100% tested. 

Waveforms 

ADDRESS_X ____ X __ _ 
1oH 

CS/WE 

DoAuTt ~~---D-A-TA-OU_T_l_NV_A_L_ID _______ )( ________________ l_ ••••• _:r_· _~t_6_:_r~-~G_T __ 

ERASURE CHARACTERISTICS 

The erasure characteristics of the 2708 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2708 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2708 is to 
be exposed to these types of I ighting conditions for ex
tended periods of time, opaque labels are available from 
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Intel which should be placed over the 2708 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see page 3-55) for 
the 2708 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15 W-sec/cm 2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra
violet lamp with a 12000 µW/cm 2 power rating. The 2708 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 



M2708 

8K (1K x 8) UV ERASABLE PROM 

• Extended Temperature Range: 
-ss 0 c to 100°c 

• Static: No Clocks Required 

• Inputs and Outputs TTL 
Compatible During Both Read 
and Program Modes 

• Fast Programming: 
Typ. 100 sec. For All SK Bits 

• Low Power During Programming • Three-State Output: OR-Tie 
Capability • Access Time: 450 ns Max. 

• Standard Power Supplies: 
+12V, +SV, -SV 

• Hermetic Package: 24 Pin DIP 

The Intel M2708 is a high speed 8192 bit erasable and electrically reprogrammable ROM {EPROM) ideally suited where fast 

turn around and pattern experimentation are important requirements. 

The M2708 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. 

The M2708 is fabricated with the time proven N-channel silicon gate technology. 

PIN CONFIGURATION 

A1 24 Vee 

As 23 As 

A, 22 A 9 (MSB) 

A, 21 'Ila 

AJ 20 cs/WE 
A, M2708 19 l.bo 

Ai 18 PROGRAM 

(LSB) Ao 17 07 (MSB) 

(LSB) Oo 16 05 

01 10 15 05 

02 11 14 04 

';;s 12 13 03 

PIN NAMES 

ADDRESS INPUTS 

OAT A OUTPUTS 

CHIP SELECT/WAITE ENABLTfNPUT 

BLOCK DIAGRAM 
DATA OUTPUT 

Oo-07 

Cs/WE--
CHIP SELECT 
LOGIC OUTPUT BUFFERS 

Ao--
A,-- y 

Y GATING A,-- DECODER 
A,--

ADDRESS 
INPUTS 

A, __ 

A,--
A,-- x 64 x 128 
A,--

DECODER ROM ARRAY 
A,--

""-

PIN CONNECTION DURING READ OR PROGRAM 
r--------r- -- ----- ·--~ -PIN--N-U_M_B_ER ___________ -, 

----- -,---,_-DDRESS -----~-~---,--.-----0 

DATA 1/0 INPUTS 

9-11, 1-8, 

MODE 13-17 22, 23 

READ Dour A1N 

~SEl~l~-~~DANCE DON'T CARE 

PROGRAM D1N A1N 

3-27 

Vss PROGRAM Voo CSIWE Vss Vee 

12 18 19 20 21 24 

GND +12 V1L -5 +5 GND 

GND GND ----+-+1_2-+-~V'~" -+---5--+_+_5-< 
GND PULSED +12 V1HW -5 +5 
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Absolute Maximum Ratings!> 
Temperature Under Bias ..................... . 
Storage Temperature ....................... . 
Voo With Respect to VBB .................... . 
Vee and Vss With Respect to VBB ................ . 
All Input or Output Voltages With Respect 

to VBB During Read .................... . 
CS/WE Input With Respect to VBB 

During Programming ....................... . 
Program Input With Respect to VBs ............... . 

-65°C to 110°C 

-65°C to +125°C 

+20V to -0.3V 
+15V to -0.3V 

+15V to -0.3V 

Power Dissipation ............................ . 

+20V to -0.3V 
+35V to -0 3V 

1.8W 

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= -55°C to 100°C, Vee= +5V ±10%, Voo = +12V ±10%, Vss[1] = -5V ±10%, Vss = OV, unless otherwise noted. 

. Para·,;,~t-;;-·----------r-Min~;;.c21--M~;~ Un~ Conditions Symbol 

lu Address and Chip Select Input Sink Current 1 10 µA l V1N = 5.5 V or V1N = V1L 
·---------· 

ILO Output Leakage Current 1 10 µA VouT = 5.5 V, CS/WE= 5V 

loo[3J 80 mA Worst Case Supply Currents: Voo Supply Current 
------------+------------+----l-------------

50 

lcc[3J Vee Supply Current 6 15 I mA All Inputs High 
----- ----------- ----- --~---------------------_, 

IBB[3] 

V1L i ------·-
V1H 

60 mA CS/WE= 5V; TA = -55°C 

0.65 
v- -· 

,, ____ 
Vcc+1 v 

+-V_ln_BP_Bu __ :_~_:_:_l_yv_~_~_:a_r;_:_t ___ -_-_=-=-· ·_· -~ --~1~ ~~ --=---
Input High Voltage 3.0 

Vol 

VoH1 
----·· 

----+--~-~-:-:-~: ~;~-~-:-11_:a-a:-:------·-·-----1-+-. --3-~7 __ -_·· -=--.. ===--o--_.-4-5-~~--~-.-... ~:,_-_-1_1;=H-L_-_:=_-1_;_6_o_m_o=:=A==-~=====--===== 
Output Hi~~e ----------····· -. ...... j _ 2.4 _'!__ti~~ ~1_mA VoH2 

---~-Po_w_e_r _D_is_s_ip_at_i~~---- _ =1 750 mvvJ __ T~ = 100°C Po 

NOTES: 1. 
2. 
3. 

Vss must be applied prior to Vee and Voo. Vss must also be the last power supply switched off. 
Typical values are for TA o:: 25°C and nominal supply voltages. 

The total power dissipation of the 2704/2708 is specified at 750mW. It is not calculated by summing the various currents (loo. 
Ice. and lssl multiplied by their respective voltages since current paths exist between the various power supplies and V55. The 
loo. Ice. and lss currents should be used to determine power supply capacity only. 

Typical D.C. Characteristics 

lss CURRENT vs. TEMPERATURE 

1 60>--+--~--+--+--+--r--+ 
.... 
:E 
a: 
a: a 40 h.c-+->--+->--+->--+-r--1 
::; 
it 
~ 
-~ 201-+~k::!++'1l-++'11-+~1--1 

-40 -20 20 40 60 80 100 120 

TA CCI 

loo CURRENT VS. TEMPERATURE 

I 

1 60 f-"-f'""'-.J.::---+-+ --~ 
.... 
:E 
a: 
a: a 40f-..i.:::=:-1-+~1-+.,.....1-c"l" .... 
~ 
~ CS/WE= LOW 
j20>--+--+--+--+--+--+--+---+--< 

o~~-~~-~~-~~-~~ 

- ~ ~ o m 40 w oo 100 1m 
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Ice CURRENT vs. TEMPERATURE 

~ 60>---t--+---r·-+--+---+--+--+--< 
_§ 
.... 
:E 
a: 
a: 3 401----+---+---+--+-+--+-· +---+-

~ 
~ 
_8 20 >--+--+--+--+--+--+--+--+--< 

20 40 60 80 100 120 
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A.C. Characteristics 
TA = -55°C to 100°C, Vee= +5V ±10%, Voo = +12V ±10%, V88 = -5V ±10%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. Typ. Max. Unit 

tAee Address to Output Delay 280 450 ns 

teo Chip Select to Output Delay 60 120 ns 

toF Chip De-Select to Output Float 0 120 ns 

toH Address to Output Hold 0 ns 

Capacitancel 1 l TA= 25°C, f = 1 MHz A.C. TEST CONDITIONS: 

Symbol Parameter Typ. Max. Unit Conditions Output Load: 1 TTL gate and CL= 100 pf 
Input Rise and Fall Times: .;;20 ns 

C1N Input Capacitance 4 6 pf V1N=OV 

CouT Output Capacitance 8 12 pf VourOV 

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 
Note 1. This parameter is sampled and not 100% tested. 

Waveforms 

ADDRESS _____ x __________________ __,x ... __________ _ 

CS/WE 

ERASURE CHARACTERISTICS 

The erasure characteristics of the M2708 are such that 
erasure begins to occur when exposed to light with wave
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores· 
cent lamps have wavelengths in the 3000-4000A range. 
Data show that constant exposure to room level fluorescent 
lighting could erase the typical M2708 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the M2708 is to 
be exposed to these types of lighting conditions for ex· 
tended periods of time, opaque labels are available from 
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'oH 

Intel which should be placed over the M2708 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see page 3-55) for 
the M2708 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra· 
violet lamp with a 12000 µW/cm 2 power rating. The M2708 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 



2716 
16K (2KX8) UV ERASABLE PROM 

ll · Single +5V Power Supply 

• Simple Programming Requirements 
Single Location Programming 
Programs With One 50ms Pulse 

• Low Power Dissipation 
525mW Max. Active Power 
132mW Max. Standby Power 

• Pin Compatible To Intel 2316E ROM 

• Fast Access Time: 450ns Max. 

• Inputs and Outputs TTL 

Compatible During Read 

And Program 

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 

operates from a single 5-volt power supply, has a static power down mode, and features fast single address location program

ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can 
convert rapidly to Intel's new pin-for-pin compatible 16K ROM, the 2316E. 

Since the 450-nsec 2716 operates from a single 5-volt supply, it is ideal for use with the newer high performance +5V micro

processors such as Intel's 8085 and 8048. The 2716 is also the first EPROM with a static power down mode which reduces 

the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the maximum 
standby power dissipation is only 132 mW, a 75% savings_ 

The 2716 has the simplest and faste~t method yet devised for programming EPROMs - single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program 

on-board, in the system, in the field. Program any location at any time - either individually, sequentially or at random, with 
the 2716's single address location programming. Total programming time for all 16,384 bits is only 100 seconds. 

PIN CONFIGURATION 

AO 

Vee 
Aa 

05 

04 

GND 03 ._ ___ , 

PIN NAMES 

AQ-A10 ADDRESSES 

PD/PGM POWER DOWN/PROGRAM 

cs CHIP SELECT 

OQ-07 OUTPUTS 

3-30 

MODE SELECTION 

1-~ cs 
------,------r-·-----, 

PD/PGM Vpp I Vee OUTPUTS 

! MODE (18) (20) (21) (24) (9-11, 13-17) 

[Read v" v" +5 +5 DouT 

l Deselect Don't Care V,H +5 +5 HighZ--

I Power Down V,H Don't Care +5 +5 High Z 

l Program Pulsed V1L to V1H V,H +25 +5 D,N 

l Program Verify 

[Program Inhibit 

vcco--
GND~ 

Vppo---

AQ-A10 
ADDRESS 

INPUTS 

v" v" +25 +5 DouT 

v" V,H +25 +5 High Z 

BLOCK DIAGRAM 

CHIP SELECT, 
POWER DOWN, AND 

PROG. LOGIC 

y 
DECODER 

x 
DECODER 

DATA OUTPUTS 
Oo-07 ,_._ 

OUTPUT BUFFERS 

Y-GATING 

16,384-BIT 
CELL MATRIX 



2716 !!~~llMINARy 
P IS IS not ,. 

PROGRA MM/NG arametric r . a lnal spec.,. . 
. . im1ts are subject i icat1on. Some 

The programming specifications are described in the PROM/ROM Programming lnstruct10ns on page 3-55. to change. 

Absolute Maximum Ratings* 

Temperature Under Bias ...... . 
Storage Temperature ........ . 
All Input or Output Voltages with 

Respect to Ground ....... . 
Vpp Supply Voltage with Respect 

to Ground ......... . 

READ OPERATION 
D.C. and Operating Characteristics 

.. -10°C to +80°C 

.-65°Cto+125°C 

. +6V to -0.3V 

+28V to -0.3V 

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

TA=0°Cto70°C, Vcc[1·2l =+5V±5%, Vpp[2] =Vcc±0.6V[3] 

Limits 
Symbol Parameter 

Typ_f4l 
Unit Conditions 

Min. Max. 

I LI Input Load Current 10 µA V1N = 5.25V 

ILO Output Leakage Current 10 µA VouT = 5.25V 

lpp1 [2] Vpp Current 5 mA Vpp = 5.85V 

lcc1[2J Vee Current (Standby) 10 25 mA PD/PGM = V1H. CS= V1L 

lcc2[2J V cc Current (Active) 57 100 mA CS= PD/PGM = V1L 

V1L Input Low Voltage -0.1 0.8 v 
V1H Input High Voltage 2.2 Vcc+1 v 
Vol Output Low Voltage 0.45 v loL = 2.1 mA 

VoH Output High Voltage 2.4 v loH = -400 µA 

NOTES: 1. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vee except during programming. The supply current would then be the sum of Ice and lpp1. 

3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vee in read to 25V for program· 
ming. 

4. Typical values are for TA== 25°C and nominal supply voltages. 

5. This parameter is only sampled and is not 100% tested. 

6. tACC2 is referenced to PD/PGM or the addresses, whichever occurs last. 

Typical Characteristics 

70 

60 I-

50 

;( 
.s 40 

u 
2 30 

20 

10 

•cc CURRENT 
vs. 

TEMPERATURE 

ICC2 ACTIVE CURRENT 
PD/PGM =VIL 

Vee= sv 

1cc1 STA OBY CURR NT 
PD/PGM = V1H 

vcc = sv 

o~~-~~~~-~~-~~ 

0 10 20 30 40 50 60 70 80 

TEMPERATURE (°C) 

ACCESS TIME 
vs. 

CAPACITANCE 

600 >--+-+---'>--+--+--+--+----I 

~o >--+-+---'>--+--+--+--+----I 

g 400 >--+-+---'>--+--+--+--+----I 

~ 300 1--+-+--C::P..-f_,"_+l----tl---+-1 
~ 

200 \--+-+--\--+-+---t--t----1 

100 >--+-+--f--+-+--+--+---t 

l 
100 200 300 400 500 600 700 800 

CL (pF) 
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ACCESS TIME 
vs. 

TEMPERATURE 

600 >--+-+---'--1--+--+--+---l 

500 >--+-+---'--1--+--+--+----I 
vcc = sv 

g 400 >--+·-+---'--1--+---t--+----I 
u 
u 
~300t----t---t--t--+--r:::==1.---;----i , _ _.__,...i---+--r-

200 i----r-

100 >--+-+---'--+-+--+--+----I 

o~~-~~--+-~~-~~ 

o w m m ~ ~ ~ m w 
TEMPERATURE (°C) 
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2716 ~c~~LIMINAR~ 
IS IS no . I' A.C. Characteristics 

TA=0°Cto70°C, Vcc[1] =+5V±5%, Vppl2l =Vcc±0.6V[3] 
parametric limits :r: :1nba/ specification S 

u Ject to change: ome 

Symbol Parameter 

tACC1 Address to Output Delay 

tACC2 PD/PGM to Output Delay 

tco Chip Select to Output Delay 

tpf PD/PGM to Output Float 

toF Chip Deselect to Output Float 

toH Address to Output Hold 

Capacitance[5l TA= 25°C, f = 1 MHz 

Symbol Parameter 

C1N Input Capacitance 

CouT Output Capacitance 

NOTE: Please refer to page 2 for notes. 

WAVEFORMS 

ADDRESS 

cs 

OUTPUT 

A. Read Mode 
PD/PGM = V1L 

B. Standby Mode 
CS= VIL 

Typ. 

4 

8 

ADDRESS ADDRESS N 

PD/PGM 

OUTPUT DATA VALID FOR ADDRESS N 

Max. Unit 

6 pF 

12 pF 

ST AND BY MOOE 

Limits 

Min. Typ.[4] Max. 
Unit Test Conditions 

0 

0 

0 

Conditions 

V1N = OV 

VouT = OV 

'co 

HIGH Z 
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250 

280 

tACC2 
(Note 6) 

450 ns PD/PGM =CS= V1L 

450 ns CS= V1L 

120 ns PD/PGM = V1L 

100 ns CS= V1L 

100 ns PD/PGM = V1L 

ns PD/PGM =CS= V1L 

A.C. Test Conditions: 

Output Load: 1 TTL gate and CL= 100 pF 

Input Rise and Fall Times: .;;20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Level: 

Inputs 1 V and 2V 

Outputs 0.8V and 2V 

10H 

1DF 

DATA OUT VALID 

ADDRESS N+m 

ACTIVE MODE 

DATA VALID FOR ADDRESS N+m 



2716 ec~!~tlMINARy 
ERASURE CHARACTERISTICS 

The erasure characteristics of the 2716 are such that erasure 

begins to occur when exposed to light with wavelengths 

shorter than approximately 4000 Angstroms (A). It should 

be noted that sunlight and certain types of fluorescent 

lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 

lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 

erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex

tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 

prevent unintentional erasure. 

The recommended erasure procedure (see page 3-55) for 
the 2716 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 

be a minimum of 15 W-sec/cm2. The erasure time with this 

dosage is approximately 15 to 20 minutes using an ultra

violet lamp with a 12000 µW/cm2 power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 

erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The six modes of operation of the 2716 are listed in Table 

I. It should be noted that all inputs for the six modes arc at 
TTL levels. The power supplies required are a +5V Vee and 

a Vpp. The Vpp power supply must be at 25V during the 

three programming modes, and must be at 5V in the other 
three modes. 

TABLE l. MOOE SELECTION 

~ PO/PGM cs Vpp Vee OUTPUTS 

118) 120) 121) 124) (9-11, 13-17) 
E 

Read VIL VIL +5 +5 DouT 

Deselect Don't Care V1H +5 +5 High Z 

Power Down V1H Don't Care +5 +5 High Z 

Program Pulsed V1L to V1H V1H +25 +5 D1N 

Program Verify VIL VIL +25 +5 DouT 

Program Inhibit VIL V1H +25 +5 Hi'.}h Z 

READ MODE 

Data is available at the outputs in the read mode. Data is 
available 450 ns (tAecl from stable addresses with CS low 

or 120 ns (teol from CS with addresses stable. 

Parametric limits ar: :•n:I specification Som 
DESELECT MODE u Ject to change: • 

The outputs of two or more 2716s may be 0 R-tied to

gether on the same data bus. Only one 2716 should have its 

outputs selected (CS low) to prevent data bus contention 

between 2716s in this configuration. The autputs of the 

other 2716s should be deselected with the CS input at a 
high TTL level. 

POWER DOWN MODE 

The 2716 has a power down mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. 

Power down is achieved by applying a TTL high signal to 
the PD/PGM input. In power down the outputs are in a 
high impedance state, independent of the CS input. 

PROGRAMMING 

Initially, and after each erasure, all bits of the 2716 are in 

the "1" state. Data is introduced by selectively program
ming "O's" into the desired bit locations. Although only 

"O's" will be programmed, both "1 's" and "O's" can be 

presented in the data word. The only way to change a "O" 
to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp power 

supply is at 25V and CS is at V IH· The data to be pro
grammed is applied 8 bits in parallel to the data output 

pins. The levels required for the address and data inputs are 
TTL. 

When the addresses and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the PD/PGM input. 

A program pulse must be applied at each address location 
to be programmed. You can program any location at any 

time - either individually, sequentially, or at random. 

The program pulse has a maximum width of 55 msec. The 

2716 must not be programmed with a DC signal applied to 
the PD/PGM input. 

Programming of multiple 2716s in parallel with the same 

data can be easily accomplished due to the simplicity of 

the programming requirements. Like inputs of the paral
leled 2716s may be connected together when they are pro

grammed with the same data. A high level TTL pulse 
applied to the PD/PGM input programs the paralleled 
2716s. 

PROGRAM INHIBIT 

Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for PD/PGM, all 
like inputs (including CS) of the parallel 2716s may be 

common. A TTL level program pulse applied to a 2716's 
PD/PGM input with Vpp at 25V will program that 2716. 

A low level PD/PGM input inhibits the other 2716s from 
being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 

determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro

gramming and program verify, Vpp must be at 5V. 
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3601, 3621 

256 x 4 HIGH SPEED PROM 

3601-1, 3621-1 
3601, 3621 

•Low Power Dissipation: 
0.5 mW/Bit Typical 

50 ns Max. 
70 ns Max. 

• Fast Programming: 
1 ms/Bit Typically 

• Open Collector (3601) and 
Three-State Outputs (3621) 

• 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 A6 

ADDRESS INPUT A~ 

ADDRESS INPUT A 4 

ADDRESS INPUT A3 

ADDRESS INPUT Ao 
ILSBl 

ADDRESS INPUT A 1 

ADDRESS INPUT Ai 

GND 

A1 ADDRESS INPUl 
IMSBI 

_ Ill 
CS 2 CHIP SEl FCT 2 

fS 1 CHIP SELECT 1 

0 1 OATAOUTPUT 

fLSBl 

0 2 OATA OUTPUT 

0 1 DATA OUTPUT 

0 4 DATA OUTPUT 
IMSBI 

NOTE 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 

[ A 0-A7 ADDRESS INPUTS 

L cs1-cs2 CHIP SELECT INPUTS 

[0 1-04 DATA OUTPUTS 

LOGIC SYMBOL LOGIC SYMBOL 

cs, cs, 

cs, o, cs, o, 

Ao Ao 

A, A, 
o, o, 

Az Az 

3601 3621 
A, A, 

o, 
A, 

o, 
A, 

As As 

A, o, A, o, 

A, A, 
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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 Vee Voltages 
CS2 Voltage 
CS2 Current 
Vee Current 

-65°C to +125°C 
-65°C to +160°C 
-0.5V 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 jl 
the device at these or at any other condition above those .s 

indicated in the operational sections of this specification .s 

is not implied. • 

D. C. Characteristics: All Limits Apply for Vee= +5.0V ±5%, TA= 0°c to+ 75°C Unless Otherwise Specified. 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFs Chip Select Input Load Current 

IRA Address Input Leakage Current 

I Rs Chip Select Input Leakage 

Current 

VcA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

Vol Output Low Voltage 

Ice Power Supply Current 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

FOR 3621, 3621-1 ONLY 

Symbol Parameter Min. 

lo Output Leakage for High 

Impedance Stage 

lsel2J Output Short Cir cu it Current 

VoH Output High Voltage 2.4 

NOTES: 1. Typical values are at 25\.) C and at nomm;tl 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.111 

3-35 

Max. Unit Test Conditions 

-0.25 mA Vee= 5.25V, VA= 0.45V 

-0.25 mA Vee= 5.25V, Vs= 0.45V 

40 µA Vee= 5.25V, VA= 5.25V 

40 µA Vee= 5.25V, Vs= 5.25V 

-1.5 v Vee= 4.75V, IA= -10mA 

-1.5 v Vee= 4.75V, Is= -10mA 

0.45 v Vee= 4.75V, loL = 15mA 

130 mA Vee=5.25V, VAo-+ VA7 = ov 
cs, = cs;= ov 

0.85 v Vee= 5.0V 

v Vee= 5.0V 

Max. Unit Test Conditions 

40 µA Vo =5.25V or 0.45V, 

Vee=5.25V,CS1 =CS2=2.4V 

-60 mA Vee=5.00V, TA =25°C. 

Vo= OV 

v loH = -2.4mA, Vee= 4. 75V 
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3601, 3621 

A. C. Characteristics Vee= +5V ± 5%, TA= 0°c to+ 75°c 

MAXIMUM LIMITS 
SYMBOL PARAMETER 

0°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-- Chip Select to Output Delay 25 25 25 ns 

Capacitance (11 TA= 25°c 

LIMITS 
SYMBOL PARAMETER UNIT 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF 

C1NS Chip-Select Input Capacitance 6 10 pF 

CouT Output Capacitance 7 12 pF 

NOTE 1: This µarameter 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 1N=2.5V 

Vee= 5V V1N = 2.5V 

Vee= 5V VouT = 2.5V 

Vee 

300!1 

30pF 600!1 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 
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CHIP 
SELECT 
INPUTS 

OUTPUT 

ts-- ts++ 



3601, 3621 FAMILY 

Typical D. C. Characteristics 

vJ-s.ov 

' 

INPUT CURRENT 
VS. INPUT VOLTAGE 

a 
~ c 

-if 
OUTPUT CURRENT 

VS. OUTPUT "LOW" VOLTAGE 

VooT (VOL TSJ 

Typical A. C. Characteristics 
SELECT TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 

60 TA•25~ 
OC LOAD" 15mA 
CL• 3()pf 

Vcc<VOLTSl 

ADDRESS TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 

T11•2~ 
DC LOAD • 15mA 
Ct• 30pF 

,..,._. 

::s: 

./. 

CA--

::s: 

7 

Vee !VOLTS) 

-1--

i 
~ 
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"' 

Vcc•J: 

INPUT CLAMP CURRENT 
VS. INPUT VOLTAGE 

y 

~c 1---i v'"" 

l -1-- .,,., 

V1N lVOLTSI 

INPUT THRESHOLD 
VS. TEMPERATURE 

TEMPERATURE ("C) 

Va;:• 6.DV 

SELECT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vcc•S.OV 
OC LOAD~ 15mA 
CL" 30pf 

15 __ 

AMBIENT TEMPERATURE l"Cl 

ADDRESS TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

'11.-· 1., __ 

IA•• 

"f----

'o " .. AMBIENT TEMPERATURE l"CI " 
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M3601 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
1024 BIT READ ONLY MEMORY 

• Military Temperature Range 
-55°C to +125°C 

• Fast Access Time-90 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 M3301A. 

PIN CONFIGURATION 

ADDRESS INPUT A 6 

ADDRESS INPUT A5 

ADDRESS INPUT A4 

ADDRESS INPUT A; 

ADDRESS INPUT A 1 

ADDRESS INPUT A 2 

A7 ADDRESS INPL..'T 
iMSBI 

Cs 2 CHIPSELEU 2 

CS"i CHIP SELECT 1 

0, ~~~~OUTPUT 

o; 

LOGIC SYMBOL 

cs, 

cs, o, 

'o 

,, 
o, 

,, 

'• 
'• 

o, 

,, 

'• o, 

,, 

D.C. and Operating Characteristics 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 
Storage Temperature 

Output or Supply Voltages 

All Input Voltages 
Output Currents. 

Programming Only: 

Output or Vee Voltages 

CS2 Voltage 

Vee Current. 
CS2 Current . 

*COMMENT 

. -65° C to + 150° C 

. -65°C to +160°C 
-0.5V to 7 Volts 

-1.3 to 5.5V 
100mA 

10.25V 

15.25V 
500mA 
100mA 

Stresses above those I isted 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 Vee= +5.0V ±5%, TA= -55°C to +125°C, unless otherwise specified. 

Limits 

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

IFA 
Address Input Load 

-0.05 -0.25 mA Vee= 5.25V, VA= 0.45V Current 

IFS 
Chip Select Input Load 

-0.05 -0.25 mA Vee= 5.25V, Vs= 0.45V 
Current 

IRA 
Address Input Leakage 

40 µA Vee= 5.25V, VA= 5.25V 
Current 

IRS 
Chip Select Input 

40 µA Vee= 5.25V, Vs = 5.25V 
Leakage Current 

VeA 
Address Input Clamp 

-0.7 -1.2 v Vee =4.75V, IA= -5.0mA 
Voltage 

Vcs 
Chip Select Input 

-0.7 -1.2 v Vee= 4.75V, is= -5.omA 
Clamp Voltage 

Vcs Output Low Voltage 0.3 0.45 v Vcc=4.75V, loL = 1omA 

le Ex Output Leakage Current 100 µA Vee= 5.25V, VcE = 5.25V 

Vee= 5.25V, 

Ice Power Supply Current 90 130 mA VAo-vA7 = ov. 

Vso = Vs1 = OV 

VIL Input "Low" Voltage 0.80 v Vee= 5.ov 

V1H Input "High" Voltage 2.1 v Vee= 5.ov 

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 111 TA= 2s0 c 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee= SV V 1N= 2.SV 

C1NS Chip-Select Input Capacitance 6 10 pF Vee= SV V1N = 2.SV 

CouT Output Capacitance 7 12 pF Vee= SV VouT = 2.SV 

NOTE 1: This µarameter is only periodically sampled and is not 10Q%. 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 

10 mA TEST LOAO ~"°" 

Frequency of test - 2.5 MHz 

- ~1000!1 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
CHIP INPUT 
SELECT 
INPUT 

OUTPUT 

tA++ tA--

OUTPUT 
OUTPUT 

ts-- ts++ 
tA+- tA-+ 
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l 
3602A, 3622A FAMILY 

3602, 3622 FAMILY 
2048 BIT (512X4) HIGH SPEED PROM 

Typ. TA(ns) 

Max. TA(ns) 

• Low Power Dissipation 
--0.3mW /Bit 

3602A-2 
3622A-2 

45 

60 

• Open Collector (3602A, 3602) 
or Three State (3622A, 3622) 
Outputs 

• Simple Memory Expansion-
Chip Select Input Lead 

3602A 3602 
3622A 3622 

55 60 

70 70 

• Replaces Two 256><4 PROMs 
Without Increasing Board 
Area 

• Polycrystalline Silicon Fuse 
For Higher Reliability 

• Hermetic 16-Pin DIP 

The Intel® 3602A/3622A and 3602/3622 device families are 2048-bit bipolar PROMs organized as 512 words by 4 bits. The 

fast second generation 3602A/3622A joins its Intel predecessor, the 3602/3622, featuring 70 ns. A higher speed version, the 

3602A-2/3622A-2, is now available at 60 ns. All 3602A/3622A specifications, except programming, are the same as the 

3602/3622. Once programmed, the 3602A/3622A are interchangeable with the 3602/3622. 

The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed in 

selected bit locations. Both open collector and three-state outputs are available. The power dissipation is typically 0.3 mW/bit. 

The pin configuration of the PROMs is the same as the popular 1 K bit, 256 X 4 PROMs with the exception that CS2 (pin 14) 

is address As. The bit density of existing 256 X 4 PROM systems can be easily doubled without an increase in area with the 

3602A/3622A or 3602/3622. These PROMs, like the 256 X 4 PROMs, are in 16-pin dual in-line package. 

A pin compatible, mask programmable 3302/3322 ROM is available for large volume production systems initially using the 

3602/3622. Please contact Intel directly for details on these ROMs. 

PIN CONFIGURATION LOGIC SYMBOL 

A,, vu cs 

Ac A, 
o, 

A, A, •, o, 
A, cs A, 

•., o, ILSB1 o, 

A, o, 
•,, 
A,, o, 

•, ()_I •, 
GND o,, ll\1SBI Ac. 
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3602A, 3622A AND 3602, 3622 FAMILY 

PROGRAMMING 
The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 

Absolute Maximum Ratings* 
Temperature Under Bias ........... -65°C to +125°C 
Storage Temperature ............. -65°C to +160°C 
Output or Supply Voltages . . . . . . . . . -0.5V to 7 Volts 
All Input Voltages .................. -1.6V to 5.6V 
Output Currents ....................... 1 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 Vee= +5.0V ±5%, TA= 0°c to +75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFS Chip Select Input Load Current 

IRA Address Input Leakage Current 

[RS Chip Select Input Leakage 
Current 

VcA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

Vol Output Low Voltage 

lcex Output Leakage Current 

Ice Power Supply Current 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

3622A, 3622A-2, 3622 ONLY 

Symbol Parameter Min. 

llol Output leakage for High 

Impedance Stage 

lse 121 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 

Typ.111 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 µA Vee= 5.25V, VA= 5.25V 

40 µA Vee= 5.25V, Vs= 5.25V 

-0.9 -1.5 v Vee= 4.75V, IA= -10mA 

-0.9 -1.5 v Vee= 4.75V, Is= -10mA 

0.3 0.45 v Vee= 4.75V, loL = 15mA 

40 µA Vee= 5.25V, Vee = 5.25V 

110 140 mA Vcc=5.25V, VAo-+VAs= ov 
CS= OV 

0.85 v Vee= 5.0V 

v Vee= 5.0V 

Typ.11] Max. Unit Test Conditions 

40 µA Vo=5.25V or 0.45V, 

Vee=5.25V, CS=2.4V 

-25 -60 mA Vee =5.00V, TA =25°C, 

Vo= OV 

v loH =-2.4mA, Vee= 4.75V 
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3602A, 3622A AND 3602, 3622 FAMILY 

A. C. Characteristics Vee= +5v ±5%, TA - 0°c to+ 15 °c 

MAX. LIMIT 

SYMBOL PARAMETER 3602A·2 3602A 3602 UNIT CONDITIONS 

3622A-2 3622A 3622 

tA++, tA-- Address to Output Delay 60 70 70 ns 
tA+-• tA-+ -

ts++ Chip Select to Output Delay 30 30 30 ns 
CS= V1L to Select the 

PROM 

ts-- Chip Select to Output Delay 30 30 30 ns 

Capacitance 111 TA=25°c, f = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee= 5V V1N = 2.5V 

C1NS Chip-Select Input Capacitance 6 10 pF Vee c 5V V1N = 2.5V 

CouT Output Capacitance 7 12 pF Vee= 5V VouT = 2.5V 

NOTE 1 This parametw is on:y per:od:ca'!y samp'ed and :snot 100°0 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 

15 mA TEST LOAO'~~----J'°"" 

Frequency of test - 2.5 MHz 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

tA++I 

OUTPUT 

~ ~600SI 

CHIP SELECT TO OUTPUT DELAY 
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3604A, 3624A AND 3604, 3624 FAMILY 
4096 BIT (512X8) HIGH SPEED PROM 

3604A-2 3604A 
3604AL 

3604 3604-4 
3604L-6 

3624A-2 3624A 3624 3624-4 

Max. T A(ns) 60 70 90 70 90 90 

Max. lcc(mA) 175 175 130/25* 190 190 140/45* 

*Standby Current When The Chip is Deselected. 

• Fast Access Time 
--60ns Max (3604A-2, 3624A-2) 

• Low Standby Power Dissipation 
(3604AL) --32µ.W/Bit Max 

• Open Collector (3604A, 3604) 
or Three State (3624A, 3624) 
Outputs 

• Four Chip Select Inputs 
For Easy Memory 
Expansion 

• Polycrystalline Silicon Fuse 
For Higher Reliability 

• Hermetic 24 Pin DIP 

The Intel® 3604A/3624A and 3604/3624 device families are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The 

fast second generation 3604A/3624A joins its Intel predecessor, the 3604/3624, featuring 70 ns. Higher speed PROMs, the 

3604A-2/3624A-2, are now available at 60 ns. The 3604A/3624A families are lower in power dissipation than the 3604/ 

3624 families. All 3604A/3624A specifications, except programming, are the same as or better than the 3604/3624. Once 

programmed, the 3604A/3624A are interchangeable with the 3604/3624. 

The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed in 

selected bit locations. Both open collector and three-state outputs are available. Low standby power dissipation can be 

achieved with either the 3604AL or 3604L-6. The standby power dissipation is approximately 15% of the active power 

dissipation. 

The 3604A/3624A and 3604/3624 families are available in a hermetic 24-pin dual in-line package. These PROMs are manu

factured with the time-proven polycrystalline silicon fuse technology. A pin compatible, mask programmable ROM is availa

ble for large volume production of systems initially using the 3604/3624. Please contact Intel directly for details on these 

ROMs. 

READ: 

Mode/Pin Connection 

3604A, 3604A-2, 3604, 3604-4, 

3624A, 3624A-2, 3624, 3624-4 

3604AL, 3604l-6 

~GRAM· 3604A, 3604A-2, 3604, 3604-4, 

3624A, 3624A-2, 3624, 3624-4 

Pin 22 Pin 24 

No Connect or 5V 5V 

+5V Must be Left Open ----------+--· ------
Pulsed 12.5V Pulsed 12.5V 

3604AL,3604L-6 ·pulsed 12~5y----t- Pulsed 12.5V-
r----------------+------~ -------------, 

STANDBY 3604AL, 3604L-6 Power d1ss1pation is automatically 

reduced whenever the 3604AL or 

3604L-6 1s deselected. 

PIN CONFIGURATION BLOCK DIAGRAM 

QUTf'Vl 
lllUffEll$ 

-Ill 
!>AOMM .. TlllX 

,,,.~.Jl 

Ol'UVfllS 

I!-----! .. 

3-43 

PIN NAMES 

Ao-As ADDRESS INPUTS 

(1) cs 1-cs2 } 

CS3-CS4 
CHIP SELECT INPUTS 

01-oa DATA OUTPUTS 

[ 1] To select the PROM CS1 = CS2 = 0 

and CS3 = CS4 = 1. 

LOGIC SYMBOL 

~. 

~, o, 

~, o, 

o, 

•, 
•, 
., .. .. .. ., .. 
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3604A, 3624A AND 3604, 3624 FAMILY 

PROGRAMMING 
The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 

Absolute Maximum Ratings* 
Temperature Under Bias ........... -65°C to +125°<: 
Storage Temperature 
Output or Supply Voltages 
All Input Voltages ... . 
Output Currents ................ . 

-65°C to +160°C 
-0.5V to 7 Volts 

-1.6 to 5.5V 
.... lOOmA 

·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= +5.0V ±5%, TA= 0°c to +75°C 

Limits 

Symbol Parameter Min. Typ.fll Max. Unit 

IFA Address Input Load Current 

IFs Chip Select Input 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 

lcEx Output Leakage Current 

lcc1 Power Supply Current (3604A, 
3604A-2, 3624A, and 3624A-2) 

lcc2 Power Supply Current (3604, 
3604-4, 3624, and 3624-4) 

lcc3 Power Supply Current (3604AL) 
Active 

Standby 

lcc4 Power Supply Current 
(3604L-6) Active 

Standby 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

3624A AND 3624 FAMILY ONLY 

Symbol Parameter Min. 

110 1 Output Leakage for High 

Impedance Stage 

lsc !21 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. 

-0.05 -0.25 mA 

-0.05 -0.25 mA 

40 µA 

40 µA 

-0.9 -1.5 v 

-0.9 -1.5 v 

0.3 0.45 v 
100 µA 

130 175 mA 

160 190 mA 

100 130 mA 

15 25 mA 

140 mA 

45 mA 

0.85 v 
v 

Typ.111 Max. 

100 

-25 -60 
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Test Conditions 

Vee= 5.25V, v A= 0.45V 

Vee= 5.25V, Vs= 0.45V 

Vee= 5.25V, v A= 5.25V 

Vee= 5.25V, Vs= 5.25V 

Vee= 4.75V, IA= -10 mA 

Vee= 4.75V, Is= -10 mA 

Vee= 4.75V, loL = 15 mA 

V cc = 5.25V, V CE = 5.25V 

Vcc1 = 5.25V, v Ao-"V A8 = OV, 
CS1 = CS2= OV, CS3 = CS4= 5.25V 

Vcc1 = 5.25V, v Ao-+V A8 = ov' 
CS1 = CS2 = OV, CS3 = CS4 = 5.25V 

Vcc2 = 5.25V, Vcc1 =Open 
CS1 = CS2 = 0.45V, CS3 = CS4 = 2.4V 

CS1 = CS2 = 2.5V 

Vcc2 = 5.25V, Vcc1 =Open 
CS1 = CS2 = 0.45V, CS3 = CS4 = 2.4V 

CS1 = CS2 = 2.5V 

Vee= 5.ov 

Vee= 5.0V 

Unit Test Conditions 

µA Vo=5.25V or 0.45V, 

Vcc=5.25V,cs, =CS2=2.4V 

mA Vcc=5.00V, TA=25°C, 
Vo= OV 

v loH =-2.4mA, Vee= 4.75V 



3604A, 3624A AND 3604, 3624 FAMILY 

A. C. Characteristics Vee= +5v ±5%. TA= 0°c to +15°c 

3604A, 3624A FAM I LY 3064, 3624 FAMILY 

MAXIMUM LIMITS (ns) MAXIMUM LIMITS (ns) 

SYMBOL PARAMETER 3604A-2 3604A 3064 3604-4 

3624A-2 3624A 
3604AL 

3624 3624-4 
3604L-6 

tA++· tA - - Address to Output Delay 60 70 90 70 90 90 
tA+ -• tA - + 

ts++ Chip Select to Output Delay 30 30 30 30 30 30 

ts_ - Chip Select to Output Delay 30 30 120 30 30 120 

Capacitance 111 TA= 25°c. t = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee= 5V V1N=2.5V 

C1NS Chip·Select Input Capacitance 6 10 pF Vee= 5V V1N = 2.5V 

CouT Output Capacitance 7 15 pF Vee= 5V VouT = 2.5V 

NOTE 1: This µarameter is on!y periodically samp1ed 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 

15 mA TE5T LOAO ~''°°'' 

Frequency of test · 2.5 MHz 

~ ~600!1 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS 
INPUT cs,. cs, 

OUTPUT 

i 
CS3, CS4 -1.5V 

i 
tA++ tA---1 

OUTPUT OUTPU
1
TS-- __j 

ts++ 
tA+- tA-+ 
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inter M3604, M3624 1t11•L•TA11v 
HIGH SPEED ELECTRICALLY TEftllp_ 

PROGRAMMABLE 4096 BIT READ ONLY MEMORY 

• Military Temperature Range 
-55°C to +125°C l • ~:~i:~~ess Time-90nsec 

• Open Collector (M3604) 
or Three-State (M3624) 
Outputs 

• Four Chip Select Inputs 
For Easy Memory Expansion 

• Polycrystalline Silicon Fuse 
For Higher Reliability 

• Standard Packaging-24Pin 
Hermetic Dual In-Line 
Lead Configuration 

The M3604 and M3624 are military temperature range PROMs organized as 512 words by 8 bits. They are manufactured with 
all outputs high and logic output low levels can be electrically programmed in selected bit locations. Both open collector 
(M3604) and three-state (M3624) outputs are available. 

PIN CONFIGURATION LOGIC SYMBOL 

a, 

a, o, 

a, o, 
a, o, .. o, 

o, 

'• o, ., 
'• o, .. .. 
'• .. 

Absolute Maximum Ratings* 
Temperature Under Bias . 
Storage Temperature 

Output or Supply Voltages 
All Input Voltages . 
Output Currents 

'COMMENT 

-65°C to +135 C 
-65°C to +160°C 

-0.5V to 7 Volts 
. -1.6V to 5.6V 

. lOOmA 

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.ov ±10%, TA = -55°c to +125°c 

Limits 

Parameter Min. Max. Unit Test Conditions Symbol Typ.l1l 
-------- -+---+------+----+----+---------------! 

-0.05 -0.25 mA Vee= Max, VA=0.45V r----IF_A~--+--A_d_d_re_ss_l~_Put LoadCurrent __ -+-----+----1------1-------'---=-''----------'-'----------___J 

-0.05 -0.25 mA Max, Vee= Vs"0.45V 

40 µA Vee= Max, VA= Max 

IFs Chip Select Input Load Current r----:-:--c- ---t-- - - --- - . ------ t------1-----"-------'-------+--=-=-------=-----------' 
IRA Address Input Leakage Current ! 

r---~---+--------- --------l---___J----1------+----l-----'--'----------------' t IRs Chip Select Input Leakage 40 µA Vee= Max, Vs= Max 
Current 

----f--------------+-----+---~--+-----------------~ 

Address Input Clamp Voltage i -0.9 ! -1.5 , V Vee= Min, IA=-10mA 

Ves Chip Select Input Clamp [! -0.9 -1.5 ' V Vee= Min, Is= -10mA 
Voltage 

Vol Output Low Voltage [ +==t3 ' ~~~-L~---+-- Vee= Min, loL= 10mA . __ 
leEX Output Leakage Current 100 i µA Vee= Max, VeE= Max 

f---~~~-1--~~~~~~~------+-

l e e 1 Power Supply Current (M3604) I , 1 190 ! mA Vee1 = Max, VAo->VAs= OV, 
! J_ ' , CS1=CS2=0V,CS3=CS4= 5.5V 

Input "Low" Voltage 
--------~--

Input "High" Voltage 

0.8 : v 
2.0 --+-------"----- r-v---

M3624 ONLY 

Symbol Parameter Min. 

11 0 1 Output Leakage for High 
Impedance Stage 

lse 121 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. 

Typ.11] Max. Unit 

100 µA 

-25 -60 mA 

v 
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Test Conditions 

Vo= Max or0.45V, 

Vee= Max, CS1=CS2=2.4V 

Vee =5.00V, TA =25°C, 
Vo= OV 

loH =-2.4mA, Vee= 5V 



M3604, M3624 

A. C. Characteristics Vee = +5.ov ±10%, TA = ~55°c to +125°c 

LIMITS 

SYMBOL PARAMETER 
TYP.111 

UNIT CONDITIONS 
MAX. 

tA++• tA-- Address to Output Delay 60 90 ns CS1 = CS2 = V1L and 

tA+-• tA-+ CS3 = CS4 = V1H to 

ts++ Chip Select to Output Delay 20 45 
Select the PROM 

ns 

t5 __ Chip Select to Output Delay 20 45 ns 

C "t [2] apac1 ance TA = 25°c. t = 1 MHz 

LIMITS l SYMBOL PARAMETER r--------,-- -~-j UNIT TEST CONDITIONS 
TYP. i MAX. 

CINA 
I 

Address Input Capacitance 4 1 10 pF Vee= 5V V 1N=2.5V 

C1Ns Chip-Select Input Capacitance 6 10 l pF Vee= 5V V1N = 2.5V 

CouT Output Capacitance 7 i 15 pF l Vee= 5V VouT = 2.5V 

NOTES: 1. Typical values are at 25°C and nominal voltage. 

2. 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 10 mA and 30 pF 

Frequency of test 2.5 MHz 

10 mA TEST LOAO ~c''°" 

~ E__J_ 1000.ll 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS ;fsv 15~ 1s\ {'sv INPUT CS1. CS2 

I 

I 

OUTPUT fsv I ~ CS3 • CS4 ¥-15V \-15V 
I 

t A++ ----J i-- tA----i r- I 

I ! I 
I 

OUTPUT 1.SV 

OUTPUT 

's-- --1 r---- ts++ 

tA+- tA-+ ~ 
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l 
3605, 3625 

HIGH SPEED 1 K x 4 PROM 

3605-2, 3625-2 

3605, 3625 

• Fast Access Time: 45ns 
Typically 

• Low Power Dissipation: 
0.14mW/Bit Typically 

• Simple Memory Expansion 
Two Chip Select Inputs 

60 ns Max. 

70 ns Max. 

• Open Collector (3605) and 
Three-State( 3625) Outputs 

• Polycrystalline Silicon Fuse 
For Higher Reliability 

• Hermetic 18 Pin DIP 

The Intel® 3605 and 3625 families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The 1024 by 
4 organization gives ideal word or bit modularity for memory array expansion. The 3605 has open collector outputs and the 
3625 has three-state outputs. The 3605 and 3625 are fully specified over the 0°C to 75°C temperature range with ±5% power 
supply variation. Maximum access times of 60 ns (3605-2/3625-2) and 70 ns (3605/3625) are available. The typical power 
dissipation is 0.14 mW/bit. 

The 3605/3625 are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the bit 
density can be achieved with the 3605/3625 in the same memory board area as 512 by 8-bit PROMs in 24-pin packages. 

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605 and 3625 families. All 
outputs are initially a logical high and logic low levels can be electrically programmed in selected bit locations. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A7 

A, Aa 

A, Ag 

Ao o, 
A, o, 64 X 64 ARRAY 
A7 o, 

CS1 

A, 

PIN NAMES A7 -0 
>-

A, "' 
A0 · A9 ADDRESS INPUTS 

CS CHIP SELECT INPUT Ao 

0 1 · 0 4 OUTPUTS 

CSl-
OUTPUT 

CS2 BUFFER 

o, o, o, o, 
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3605, 3625 FAMILY 

PROGRAMMING 
The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 

Absolute Maximum Ratings* 
Temperature Under Bias ........... -65°C to +125°C 
Storage Temperature ............. -65°C to +160°C 
Output or Supply Voltages . . . . . . . . . -0.5V to 7 Volts 
All Input Voltages .................. -1V to 5.5V 
Output Currents ....................... 1 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 Vee= +5.0V ±5%, TA= 0°c to + 75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFs Chip Select Input Load Current 

IRA Address Input Leakage Current 

I Rs Chip Select Input Leakage 
Current 

VcA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

Vol Output Low Voltage 

le EX 3605 Output Leakage Current 

Ice Power Supply Current 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

3625, 3625-2 ONLY 

Symbol Parameter Min. 

llol Output Leakage for High 
Impedance Stage 

lscl21 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 

TypJ1l 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 

40 µA Vcc=5.25V, VA=5.25V 

40 µA Vcc=5.25V, Vs=5.25V 

-0.9 -1.5 v Vcc=4.75V, IA=-10mA 

-0.9 -1.5 v Vcc=4.75V, ls=-10mA 

0.3 0.45 v Vcc=4.75V, loL = 15mA 

40 µA Vcc=5.25V, VcE=5.25V 

110 150 mA Vcc=5.25V, VAo--+VAg=OV, 
CS1 =CS2=V IH 

0.85 v Vcc5.0V 

v Vcc=5.0V 

Typ.111 Max. Unit Test Conditions 

40 µA Vo=5.25V or 0.45V, 
Vcc=5.25V,CS1 =CS2=2.4V 

-25 -60 mA Vo= OV 

v loH =-2.4mA, Vee= 4.75V 
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l 

3605, 3625 FAMILY 

A. C. Characteristics Vee= +5v ±5%, TA= 0°c to +15°c 

Max. Limits 

3605-2 3605 
Symbol Parameter 3625-2 3625 Unit Conditions 

tA++, tA-- Address to Output Delay 60 70 ns CS1 =CS2=V1L tA+-, tA-+ 
to select the 

ts++ Chip Select to Output Delay 30 30 ns PROM. 

ts-- Chip Select to Output Delay 30 30 ns 

Capacitance 111 TA=25°c. t = 1 MHz 

LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee= 5V VIN= 2.5V 

C1NS Ch ip·Select Input Capacitance 6 10 pF Vee= 5V V1N = 2.5V 

CouT Output Capacitance 7 12 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 

15mA TEST LOAD~Vcc 
300!1 

30pF 600!1 

Waveforms 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

CHIP SELECT TO OUTPUT DELAY 

ts++ 

3-50 



3608, 3628 
BK (1 K X 8) BIPOLAR PROM 

3608,3628 80 ns Max. 

3608-4, 3628-4 100 ns Max. 

• Fast Access Time: 65 ns Typically 
• Low Power Dissipation: 0.09mW/Bit 

Typically 

• Open Collector (3608) and Three-State 
(3628) Outputs 

• Hermetic 24-Pin DIP 
• Four Chip Select Inputs for Easy Memory 

Expansion 
• Polycrystalline Silicon Fuses for Higher 

Fuse Reliability 

The Intel® 3608/3628 are fully decoded 8192-bit PROMs organized as 1024 words by 8 bits. The worst case access time of 
80 ns is specified over the 0°C to 75°C temperature range and 5% Vee power supply tolerances. There are four chip selects 
provided to facilitate expanding 3608/3628s into larger PROM arrays. The PROMs use Schottky clamped TTL technology 
with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically programmed in selected 
bit locations. 

Prior to the 8192 bit 3608/3628, the highest density bipolar PROM available was 4096 bits. The high density of the 
3608/3628 now easily doubles the capacity without an increase in area on existing designs currently using 512 words by 8 
bit PROMs. There is also little, if any, penalty in power since the 3608/3628 power/bit is approximately one-half that of 4K 
PROMs. The 3608/3628 are packaged in a hermetic 24-pin dual in-line package. 

PIN CONFIGURATION 

A, 

A, 

A5 

A4 

A3 

A, 

A, 

(LSB) A0 

(LSBl 0 1 

o, 
03 

GND 

Vee 

Aa 

A 9 (MSB) 

21 es, .. 

*PROGRAMMING PIN 

CS2 
CS3 

cs, 
0 8 (MSB) 

o, 
a, 
o, 
o, 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

OUTPUT 
BUFFERS 

PIN NAMES 

1-·~ -A_~ __ ADD.RESS INPUTS 

I cs, - cs2}cHJP SELECT INPUTs.[l[ 
CS3 - CS4 

1 -0-;=o~A Ou~----

r11 TosetectthePROMCS1 =CS2 =V1L 

and CS3 ;; CS 4 "' V 1H 
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LOGIC SYMBOL 

cs, 
o, 
o, 
o, 
o, 

°' o, 
0, 

A, o, 



l 

3608, 3628 FAMILY e.~~~'MlNARy 
p R 0 GRAMM/NG llilrametric limits :r: :~~-'specification S 

tect to chan e. ome 
The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 9 · 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ........... -65°C to +125°C 
Storage Temperature ............. -65°C to +160°C 
Output or Supply Voltages . . . . . . . . . -0.SV to 7 Volts 
All Input Voltages .................. -lV to 5.5V 
Output Currents ....................... 1 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 Vee= +5.0V ±5%, TA= 0°C to +75°C 

Symbol Parameter Min. 

IFA Address Input Load Current 

IFs Chip Select Input Load Current 

IRA Address Input Leakage Current 

I Rs Chip Select Input Leakage 
Current 

VcA Address Input Clamp Voltage 

Vcs Chip Select Input Clamp 
Voltage 

Vol Output Low Voltage 

le Ex 3608 and 3608-4 Output 
Leakage Current 

Ice Power Supply Current 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

3628,3628-4 0 NL Y 

Symbol Parameter Min. 

llol Output Leakage for High 
Impedance State 

lsc 121 Output Short Circuit Current -20 

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 

Typ.111 Max. Unit Test Conditions 

-0.05 -0.25 mA Vcc=5.25V, v A =0.45V 

-0.05 -0.25 mA Vcc=5.25V, Vs=0.45V 

40 µA Vcc=5.25V, VA=5.25V 

40 µA Vcc=5.25V, Vs=5.0V 

-0.9 -1.5 v Vcc=4.75V, IA=-10mA 

-0.9 -1.5 v Vcc=4.75V, ls=-lOmA 

0.3 0.45 v Vcc=4.75V, loL = lOmA 

100 µA Vcc=5.25V, VcE=5.25V 

150 190 mA Vee =5.25V, VAo-->VAg=OV, 
PROM deselected 

0.85 v Vcc=5.0V 

v Vcc=5.0V 

Typ.111 Max. Unit Test Conditions 

100 µA Vo=5.25V or 0.45V, 
Vcc=5.25V,CS, =CS2=2.4V 

-25 -80 mA 
Vo= OV 

3.4 v loH =-2.4mA, Vee= 4.75V 

3-52 



3608, 3628 FAMIL V !!~l~~IMINARy 
Parametric limit or a final specif; . 

A.C. CHARACTERISTICS Vee= +5V ±5%, TA= 0°c to +75°C 

s are subiect to chat1on. Some 
c ange. 

MAX. LIMITS I 

3608 3608-4 

SYMBOL PARAMETER 3628 3628-4 UNIT CONDITIONS 

tA Address to Output Delay 80 100 ns CS1 = CS2 = V1L 

tEN Output Enable Time 40 45 ns and C5:3 = CS4 = V1H 

tD1s Output Disable Time 40 45 ns to select the PROM. 

CAPACITANCE 111 TA=25°C, f = 1 MHz 

SYMBOL PARAMETER 
TYP. LIMITS 

UNIT TEST CONDITIONS 
TYP. MAX. 

CINA Address Input Capacitance 4 10 pF Vee= 5V V1N= 2.5V 

C1NS Chip-Select Input Capacitance 6 10 pF Vee= 5V V1N = 2.5V 

CouT Output Capacitance 7 15 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 fal I 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 

OUTPUT 

1.5V 1.5V 

15mA TEST LOAD~Vcc 
300.!1 

30pF 600.!1 

CHIP SELECT TO OUTPUT DELAY 

CS1• CS2 ----.... 

1.5V 1.5V 

CS3,CS4 -----' '-------.....J '----

OUTPUT 
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3625 4K BIPOLAR PROM 

ll 
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I. PROM AND ROM INPUT FORMATS 

A. General Information 
Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of punched paper tape, 
a master device from which to copy, or computer punched cards. The allowable paper tape and computer punched card for· 
mats are given in Table I. The preferred formats are the Intel Intel lee Hex and BPNF since these formats are defined to allow 
detection of errors. 

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica· 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 

Table I. Acceptable Paper Tape and Computer Card Formats 

Paper Tape Computer Card 

Intel lee Hex Intel lee Hex 
BPNF PN 
Hex 

B. Paper Tape Format 
The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro
duces). The three paper tape formats which should be sent are described in Sections 81 through 83. 

Bl. lntellec Hex Paper Tape Format 
In the Intel Intel lee Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 

Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac
ters. Comments (except for a colon) may be placed on the tape leader. 

The format described below is readily generated by the Intel lntellec Microcomputer Development System or by systems 
programmed by the user. 

1. RECORD MARK FIELD: Frame 0 

The ASCII code for a colon (:) is used to signal the start of a record. 

2. RECORD LENGTH FIELD: Frames 1 and 2 

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 
contains two ASCII zeros in this field. 

3. LOAD ADDRESS FIELD: Frames 3-6 

The four ASCII hexadecimal digits in frames 3-6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address; 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start
ing address of the program. 

4. RECORD TYPE FIELD: Frames 7 and 8 

The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type O; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 

5. DATA FIELD: Frames 9 to 9+2*(record length)-1 

A data byte is represented by two frames containing the ASCII characters 0-9 or A-F, which represent a hexadecimal 
value between 0 and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit, 
then either the high or low-order digit represents the data and the other digit of the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2*(record length)+1 

The checksum field contains the ASCII hexadecimal representation of the two's complement of the 8-bit sum of the 

8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 

length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 

converting to binary, from the record length field to and including the checksum field, is zero. 

lntellec Hex Example: 

: 10310000311A320E03117E31CD40003A9231B7C2EE 
: 1031100060310E00117031CD40003A9231B7C2607B 
: 10312000312A7E31227A310E03117E31CD40003ABO 
: 103130009231B7C260312A8C317CB5CA50310E044D 
: 10314000118831 CD40003A9231 B7C26031C3273186 
: 103150000E01117A31CD40000E09119031CD4000A1 
: 103160000EOC119231CD40000E09119031 CD40006E 
: OA3170007E3196310100000092311B 
: 10317C0092310100963180008C31923100009631F1 
:04318E0092319231B7 
: 02319400923176 
: 00310001CE 

82. BPN F Paper Tape Format 

The format requirements are as follows: 

1. All data fields are to be punched in consecutive order, starting with data field 0 (all addresses low). There must be 

exactly N data fields for a N x 8 or N x 4 device organizations. 

2. Each data 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 a N x 8 or N x 4 organization, respectively. 

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar

ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 

results in a high level output, and an N results in a low level output. 

3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac

ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 

4. Between data fields, comments not containing B's or F's may be inserted. Carriage return and line feed characters 

should be inserted (as a "comment") after each 72 characters. 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. lnduded 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 device 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 2048 x 8 format (N = 2048): 

Start Characterl Stop Characterl Data Field 

Leader: Null characters, B pp p N N N N N F Bl N N N N N N p pt F • • • 
Rubout Key for TWX, or 
Letter Key for Telex 
(at least 25 frames) Word Field O Word Field 1 

Example of 512 x 4 format (N = 512): 

MSB LSB 

' t BNPNPPPNNF Trailer: Null characters, 
Rubout Key for TWX, or 

~---~----~ Letter Key for Telex 

Word Field 204 7 (at least 25 frames) 

Start Characterl Stop Crracter Data Field MSB LSB 

Leader: Rubout Key B p N p N F 
for TWX and Letter 
Key for Telex (at least 

25 frames) Word Field 0 Comment 
(see textl 

" ' + BNNNNF•••••••BPPPPF 

Word Field 1 Word Field 511 
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Trailer: Rubout Key 
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25 frames) 
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83. Non-lntellec Hex Paper Tape Format 

For the non-lntellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 

Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 

The format requirements are as follows: 

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi
cate the end. All data fields are to be punched in consecutive order, starting with data field OOH (all addresses low). 

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 

A field of "don't care" data is allowed. Data after a field of "don't care" will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses OOH to 05H, followed with 
"don't care" from addresses 06H to 25H, data being entered again starting at address location 26H, and followed with 
"don't care" data to the last address location. 

Y: 170F21451 OOFF 1:36) 117B0890F1lt.;J 
,-~~~~---;:====---~__JI IL~--==;-~~~~~~ 

I 
Start Character Data Fields from 

Address OOH to 05H 
Address Location 
where Data is to be 
Programmed 

Data Fields from 
Address 26H to 2AH 

End Character 

3. The x character may be used to rubout any erroneous character(s). The #character may be used to rubout an entire 
line up to the previous carriage return. 

4. Spaces are allowed only between separate word fields. 

5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 

6. Comments must be placed only between the tape leader and the start of the first data field. 

C. Computer Punched Card Format 

The following general format is applicable to the programming information sent on computer punched cards: 

1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words 
x 8-bit and N words x 4-bit devices, respectively, in the PN format. 

For the lntellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 

C1. lntellec Hex Computer Punched Card Format 

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is "don't care". 

DECIMAL NUMBER INDICATING 

CUSTOMER'S 
DtVtSION OR 
LOCATION 

THE TRUTH TABLE NUMBER 

NO. OF OUTPUTS j 
4 or 8 

INTEL 

P/N CUS~ERil 
Column 

1 
2-3 

4-28 
29-30 
31-50 

" ,,1.- ~···~ f' 
111 II I I 11111111 
I Ill Ill 11 I 

:.':11lilili ili1i1111i:11:111111 >1i11l11i111l11111111111l11i.'ii'' 

Ill ;;31;i111111i111;11'1n;n;n;11i111111;1JJ'llllllliJJlllllllllllllillli 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,14•<•1•••1•1••••:•1 
111\1\>lll\llolllil\)l\.i'l\lllllllllllllll\\ll!l\>l\lliil>IOil;\i>l':'ll'I 

6 ! 6 > I 6 f f 6 & 6 i 6 & 6 I ! 6 I 6 E 6 I i ~ ' 6 E I 6 6 i 6 E ; E ! & 6 l & ! 6 E 6 ; 6 6 I 6 I ; 6 I 5 6 i 6 E & I ; ; E l t E I i \( 6 i 6 0 ; 0 i l ; 

, .e,, ;1•; H !81 Se' nen1 ;ennn Be He !n n;1sen! !!' n na ;1• · 

51-52 
53-61 
62-63 
64-72 

73--74 
75-76 

77-78 
79-80 

Data 

Punch a T 
Blank 
Customer Company Name 
Blank I 
Custom~r's Company Division or loc~t1on I 
Blank 
Customer Part Number 

Blaqk I 
Punch the Intel 4-d1g1t basic part number and 

1n ( ) the bits, e.g., 27081 
2316 (81, or 3605 

number for ROMs with I 

Blank 

select inputs. 11 not leave I 

Punch a 2-digit decimal num_ber to mdjcate 
truth table number. The first truth table i 

,;,y ·:• ·~-:~'ij~j: !'.~_;n.~1_;:;~,!.j~.1~.1 .l,'..ll'i1'.''.;l,'' ~---w_''_' b_e_OO, second 01, third 02 etc __ ,J 
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a. N word x 8-bit device 

b. N word x 4-bit device 

Column 

2-3 

4-7 

8-9 

10-73 
75-75 
76-78 
79-80 

Data 

Record mark: A colon is used to signal the 
start of a record. 

Record length: This is the count of the actual 
data bytes in the record. Column 2 con
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 1 OHex bytes 
(32 decimal). 

Load address: The four characters starting 

addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con
taining more than 32 bytes of data will use 
two or more records or cards to transmit 

the data. Although the load address for the 
beginning record need not be 0000, each 
subsequent load address should be "10H" 
(32 decimals) greater than the last. 

Record type: A 2-digit code in this field speci
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, al I data records are type 0. End
of-file records will be type 1; they are dis

tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

Data 
Checksum: Same as paper tape format. 
Blank 
Punch same 2-digit decimal number as in Title 

Card. 

This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 

Column Data 

10-73 Each memory location is represented by two 

columns containing the characters 0-9, 
A-F. Since this is 4-bit data, the user must 
indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 
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C2. PN Computer Punched Card Format 

A word field consists of only P's and N's. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
punched even if it is "don't care". The data field must begin in consecutive order, starting with address 0 (all addresses 
logically low). 

DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 

TITLE CARD 
DESIGNATION l CUSTOMER'S 

COMPANY NAME 

NO. O~N:::l~~TS 1 
CUSTOMER'S P/N 

_D_1_v_1s~1o_N_o_R~CUST~o1NMER'S I ~LOCATION .-------. ;., 

I II II I 
Ill Ill 

I 11111111 
11 

10 DO 011100 0 0010 DO 0 0100 OD 0 OD 0 DO 000010 UIO ODO ODO 00 0 ODDO 00 00 0 ODO DO 0 00 ODO 010 OD 0 DO 0 on 
1>J•!llll'ill•/ll"'\"1111"1111l1/11•1111111••'""n11i<J\)1Jllll111111'10i"l'IU .. •llOll\llll.41\lllllil!lll11'1'1"1111111Ullll''11l"11111rll!llll 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

z211111111111111111111111211111111121221211111111112211211111n111221121n211211 

IJ l l l J l J J ll lll 1ll111111llJlJJ1 l J J J l l JI l Jiil l 1llllJJnll11l1111Jlllllll1 l l l l l l J 11 
((444444414444414444444444444441444444444444444H4444444H4Hl444444441444444~44 

S S I S S I S I 5 I S I S S I 5 I 5 I I I S 5 5 S 5 5 5 5 S 5 I 5 5 5 11 5 S 5 5 5 5 I 5 5 5 5 5 S 5 5 5 5 5 5 5 ~ 5 5 5 511 5 5 I 5 5 5 11515 5 5 5 5 5 

666666666666666l666666l66666666661i6666666666666666l66666666666666666666666666£66 

111111111111111111111111111111111111111111r111111111111111111111111111111111n11 

8 8 8 8 8 al 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 B 8 8 8 a 8 8 8 8 8 8 B 8 8 8 B 8 8 B 8 Ba a 8 a 8 8 8 8 8 8 8 B 8 8 8 8 8 8 5 8 8 8 8 8 8 B Illa 8 8 8 B 8 

99919 9 919 9 s 9 9 919 9199 9 9 9199 9 n 9 9 9 9 5 9 9 99 9 99 9919 919 un 9 99 9 9 9 99 ~ g ~ 9 9 9 n 99 9 9 3 9 99 9 9 9 9 
I I''''! 1·~.~:~')'111i"'ll'ill'l1il~ll~1'1'1t'!IDllllll'<J\lil'llll•DHIJ•lH<>•"·'"l 1'1\0>l\<l,~•IJ,I·!'<• ['•Jo.'"""''''"'·'''· ''''" ;,1 

Title Card Format. 

For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 

LSB-

DECIMAL WORD 
ADDRESS BEGINNING l\-1SBJ 

DECIMAL NUMBER 
INDICATING THE 

TRUTH TABLE NUMBER 
EACH CARD 14 DATA FIELDS 
r-1--i~---------~-'-----+--+------~ 

;-uOrJu FttF"ti t1Nt1tt PF'PP f'fhNP PPf'lfl NfiPP PPPl1 Pl1F'li PF·t1!1 liFPF' Plif!tl FFH' lifiPP Pld1P 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

), 
i:1n 

''' ~' ~ ~ ~ ~I~ I~ 1~ I~ I~ L~ ~I~ I~ 1~ ~Ol~ ~ ~ ~ ~ ! ~ ! ~ ~ ~ ~ ~ ~ ~ ! ~ ! ~~~~~<~~~I<~~~!~~~ ~l ~ ~ !1~ ~ ~ ~~1 ~ ~ ~.~\~~II~~ ~0 ~I ~1 ~)I~ ~I ~I~ ~I~! 
111111ll11111111!1111!11\11111111!l1111111111111111111111111!11ll1!1111l11111111 

2222222122121211121121111112l1l221l21l2112221121l2Z2l2212222111111111111121121l2 
JllJJ)JJllJllllllJJJJJJllJllllll3lllJJ3llllllllllJlllllllllllllllllllllllllllll3 

4 4 '4 H 4 44 4 4 4 H 4 4 U 4 4' 4 4 4 4 4 41111 ~It 4 4 4 4 4 44 4 44 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 q 4 4 44 4 4 4 

5 5 SS 5SSISIS11115 SS I~ S llll 5:. J II) II~ S 5 5 5 5 I 5 11SI5 I 5 II l I 5 5 5 5 1Ill5 J 5 5 I 5 II S 5 5 5 II 5 SS 5 5 5 

; 6 ~ 6 6 6 6 6 6 6 &6 S 6 6 C 66 6 6 6 6 e 6 E 66 0 b 6 6 6 & 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ii 6 6 6 6 6 6 6 6 6 6 & 6 6 6 6 6 6 6 S 6 i 6 6 6 6 6 6 6 6 6 6 

1111111111; 1111111111T7111111111 /llJllll llllJ 11111Jrllllll11111111I11111111111; 1 

18 ae 8 8 B Ba 8 8 8 Ba 8 8 8 S8 Bi 8 8 a B 8 8 88 Bi 8 i e 88 8 88 8 e 8 8 8 8 ea 8 B 8 B 8 8 8 8 6 8 8 8 8 8 u 8 B 8 8 BB 3 B 8 8 8 8 8 BB 8 8 

999999999999n99999999999999~9999gt95999999999999999999999999999999999999n99999 
''''''''":.~'"'"""""'"'""''""""""""""""""""'""""'"""'"""'"'"'"""'"'"'"""'"'""'"""""""' 
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Column 

1 
2-3 

4-28 
29-30 
31-50 
51-52 
53-61 
62-63 
64-72 

73-74 
75-76 

77-78 
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 
76-78 
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 ( I the number of output bits; e.g., 2708 
(8). 2316 (8), or 3605 (4) 

Blank 
Chip number for ROMs with programmable 

chip select inputs. If not applicable, leave 
blank. 

Blank 
Punch a 2-digit decimal number to indicate 

truth table number. The first truth table 
will be 00, second 01, third 02, etc. 

Data 

Punch the 5 digit decfmal equivalent of the 
binary coded location which begins each 
card, The address is right justified, i.e., 

"""""· 110014, """2B, etc. 
Blank 
Data Field 
Blank 
Data Fleld 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Fleld 
Blank 
Data Field 
Blank 
Data Fleld 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Punch same 2 digit decimal number as In 

title card. 



For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 

MSB _!.SB-, 

DECIMAL WORD DECIMAL NUMBER 
ADDRESS BEGINNING INDICATING THE 
EACH CARD B DATA FIELDS TRUTH TABLE NUMBER 

r1-i -----+---+--~--------~ r, 

11111111 11111111 11111111 11111111 11111111 11111111 11111111 11111111 
111110 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 DD 0 00 0 0 0 0 0 D 00 OD DO 0 0 D 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OG 0 0 0 0 0 0 0 0 0 0 0 0 Oii 

; ; : i ; ; ; ; ; '1' 111 'j' 'i '; '11 'i''{ 'i': 11''i 1i 1!1i 11171171i'i ii ii i 1liii'I i'i''1''1'7;''1''i'll' 111;'il'i 11'il'ii' ii1ii1i 1i'i'i''11 'I11 'il''tl1 '1''i''1'i 
22 2 22 2 111nn2122221211nn111122nn2n122nn11111 2 2 n 2 n 22 22112 n 11211n11 n 2 

J J l J l J) l l l l l l l l l J 33 J l J l J l l l j J J l l l l l J l l l l l J l l l l l l l l J J l J J l l l 111 l J l l l ll J l J J J l l J l l) l 

4 4 4 4 4 ~ 4 4 4 U 4 4 4141'41'4I4 4 (4 4 t • J 111 l lU 44141UHH4H14'4411'4H14 4 4 4 44 4 I 4 4111141 

SSS SSS SIS lllllS SSS S Ills s i S 1111- i l ~ S) llS SIS SS 1115ii)11111 l 5 SS II SS Ill SSS Ill S llS s IS 

'6 ~ 6 6 H 66 6 6 6 6 ~ 6 6 6 6 6 S6 H H 6 t b H 6t ii 6 Ii 6 6 6 5 6 6 6 6 6 6 6 H ~ii 6 6 5ii !i6 ii ii S 6 ii6 6 ii ii~ 6 5 ii S 6 ii ii 6 H 6 6 6 6 

1111 1 11:' 1; ! .' ! ; 1111 i 1 i I! II; ; 11111111111111111 1111111 1 1 1 111111 111r111111 1111 111 , 1 

u BB 8 BBB fi8 Et BB 88 8 8 Bu 8 BBB a 18 8 8 a 8 & 31 B 8i BB 8 8 8 68 BBB BBB 8 BBB BB a BB SS e 8 B 8 au 8f 8 Ba B 8 B 8 8 8 

9 g i; ~'is 1 9 9 g q 9 5 9 ~ 19 9 9 9 q 9 q 9 1 g n 9 ~ q g H 9 n 9 9 g 9 9 9S n g 9 ~; 1 9 9 9, 'l i 'l 1~~~19n99~1 , q" g g g 9 9 9 
\,' '' '' ' "'" '""". ',, '"'''"'"''""''"'"""""" '' ' ' '"' ,, ' '·''' '"· 

D. Custom PROM/ROM Order Forms 

Column Data 

1-5 Punch the 5 digit decimal equivalent of the 
binary coded location which begins each 
card. The address Is right justified, i.e., 
1!0000, IAA!llB, llOO 16, etc. 

6 Blank 
7-14 Oata Field 
15 Blank 

16-23 Data Field 
24 Blank 

25-32 Data Field 
33 Blank 

3441 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. 

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 
Santa Clara, California 95051. The ROM Order Forms for the 4001 and 4308 are shown on pages 8-97 and 8·108, respec
tively. 

The order forms for the individual PROMs/ROMs are listed in Table 11 below. 

Table II 

PROM/ROM Order Form 
Part Number Number 

MOS EPROMs A 
8748,8755 A 

2316E, 8316A, 8316AL B 
8048 c 
8308 D 
8355 E 

Bipolar PROMs/ROMs F 
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ll Company 

Company Contact 

P.O.# 

CUSTOMER EPROM 
ORDER FORM 

A 

Phone# 

Date 

Intel Device P/N 

All custom MOS EPROM 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 described in the Programming Instruction section of the Intel Data Catalog. Addi-

tional forms are available from Intel. 

MARKING 

The marking will consist of the Intel Logo, the product and package type (B1702A), the 

4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY). 

and the customer part number (Z .... Z). The customer part number is limited to a maximum 

of 9 digits or spaces. 

1702A/4702A/8702A Family 
2708/8708/2704 Family 

2716, 8748, 8755 

S# 

STD 

APP 

Date 

For Intel Use Only 

Do B1702A 
XXYY 

D 
1702A MARKING 

EXAMPLE 

wwww 
z .... z 

CUSTOMER PART NUMBER 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Customer P/N 
(Please Fill-In) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 I 

15 

16 

17 

18 

19 
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CUSTOMER 16K ROM 
ORDER FORM 

B 

Company ________________ _ For Intel Use Only 

2316E 
8316A 

8316AL 

Company Contact--------------

Phone# ________ _ 

Date _________ _ 
S# _________ _ 

P.O.# ________________ _ 
STD __________ _ 

Intel P/N & Pkg _____ _ 
APP __________ _ 

~ custom 16K ROM order must be submitted on this form. Programming information 
hould be sent in the form of computer punched cards or punched paper tape per the 
ormats described in the Programming Instruction section of the Intel Data Catalog. Addi
ional forms are available from Intel. 

llARKING 

-he marking will consist of the Intel Logo, the product and package type (P2316E), the 
I-digit Intel pattern number (WWWW), a date code (XXYY), and the customer part number 
Z .... Z). The customer part number is limited to a maximum of 9 digits or spaces. 

D P2316E 

D XXYY 

wwww 
z .... z 

P2316E MARKING EXAMPLE 

MPORTANT MASK OPTION SPECIFICATION 

"he chip select inputs are mask programmable and must be specified by the user. The chip select logic levels must be specified with 
,ne of the below Chip Numbers. The Chip Number will be coded in terms of positive logic where a logic "1" is a high level input. It 
hould be noted that Chip Number 4 for the 2316E is compatible to Intel's 2716 EPROM. 

Chip Number CS3 CS2 CS1 

USTOMERPARTNUMBER 

Customer P/N 
(Please Fill-In) 

0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 0 1 
6 1 0 
7 

Chip Number Intel Pattern Number 
(Please Fill-In) (Please Do Not Use) 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 10 

11 11 
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CUSTOMER 8048 ROM 

ORDER FORM 
c 

Company ______________ ~Phone# ____________ _ 

Company Contact Date _____________ _ 

P.O.# ________________ Package Type: D Plastic D Cerdip 

All custom 8048 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 

described in the Programming Instruction section of the Intel Data Catalog. Additional 

forms are avai I able from Intel. 

MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 

Logo, the product and package type (P8048). the 4-digit Intel pattern number (WWWW), a 

date code (XXYY). and the customer part number (Z .... Z). The customer part number is 

limited to a maximum of 9 digits or spaces. 

For Intel Use Only 

S# ______ _ 

STD ______ _ 

APP ______ _ 

Date ______ _ 

Do P8048 
XXYY 

wwww 
z .... z 

P8048 MARKING EXAMPLE 

CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-In) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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9 
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11 

Intel Pattern Number 
(Please Do Not Use) 

12 L ~~-~~~~~~ 

13 

14 

16 

17 

18 

19 

20 

804 



Company ____________ _ 

Company Contact _________ _ 

P.O.# ____________ _ 

CUSTOMER 8308 ROM 
ORDER FORM 

D 

Phone# ________ _ 

Date ----------

Intel P/N & Pkg---------

All custom 8308 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 will consist of the Intel logo, the product type (C8308), the 4-digit Intel 
pattern number (WWWW), a date code (XXYY), and a maximum 9-digit number (Z .... Z) 
which is specified by the user. The 9-digit number may be a part number or the 8308 chip 
number. 

IMPORTANT MASK OPTION SPECIFICATION 

8308 

For Intel Use Only 

S# _________ _ 

STD _________ _ 

APP __________ _ 

Date __________ _ 

D 

D 
C8308 WWWW 

XXYY 
zzzzzzzzz 

C8308 MARKING EXAMPLE 

The CS2 chip select input is mask programmable and must be specified by the user. The chip select logic level must be specified with 
one of the below Chip Numbers. The Chip Number will be coded in terms of positive logic where a "1" is a high level input. 

cs, CS2 
Chip Number (non-programmable) (programmable) 

0 0 0 
1 0 1 

CUSTOMER PART NUMBER 

Customer P/N Chip Number Intel Pattern Number 
(Please Fill·ln) (Please Fill·ln) (Please Do Not Use) 

2 2 2 

3 3 3 

4 4 4 

5 5 5 

6 6 6 

7 7 7 

8 8 8 

9 I 9 9 

10 10 10 

11 11 11 

12 12 12 

13 13 13 

14 14 14 
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CUSTOMER 8355 ROM 
ORDER FORM 

E 

Company _______________ Phone# ___________ _ 

Company Contact Date-------------
P.O.# ________________ Package Type: D Plastic D Cerdip 

All custom 8355 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 
described in the Programming Instruction sectin of the Intel Data Catalog. Additional forms 
are available from Intel. 

MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355). the 4-digit Intel pattern number (WWWW). a 
date code (XXYY), and the customer part number (Z .... Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 

CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-In) 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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6 
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9 

10 
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16 

17 

18 

19 

20 

835! 

For Intel Use Only 

S# _________ _ 

STD ________ ~ 

APP __________ _ 

Date __________ _ 

D 

D P8355 

XXYY 

wwww 
z .... z 

P8355 MARKING EXAMPLE 

Intel Pattern Number 
(Please Do Not Use) 



CUSTOMER BIPOLAR PROM/ROM 
ORDER FORM 

F 

Company ________________ Phone# ________ _ 

Company Contact Date _________ _ 

P.O.# Intel Device P/N _____ _ 

!1..11 custom bipolar PROM/ROM orders must be submitted on this form. Programming 

nformation should be sent in the form of computer punched cards or punched paper tape 

Jer the formats described in the Programming Instruction section of the Intel Data Catalog. 
!l..dditional forms are available from Intel. 

IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 

36AA PROM 
33AA ROM 

For Intel Use Only 

S# ________ _ 

STD _________ _ 

APP _________ _ 

!I.. word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3605, it is important that you 

ndicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 

D Right Justified D Left Justified 

VIAR KING 

!1..11 devices will be marked as shown at the right figure. The marking will consist of the Intel 

Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a 

jate code (XXYY), and the customer part number (Z .... Z). The customer part number is 
imited to a maximum of 9 digits or spaces. 

CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-In) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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D D36AA 

D 
wwww XXYY 

zzzzzzzzz 
1 

D36AA MARKING EXAMPLE 

Intel Pattern Number 
(Please Do Not Use) 



II. MOS EPROMs 
A. Erasure Procedure 

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10-45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase 
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per 
square centimeter (W·sec/cm2). Table 111 lists the required integrated dosgae (UV intensity X exposure time) for the EPROMs 
currently in production by Intel. 

Table 111. Required Erase Energy for Device Types 

Device Type 2537A Erase Energy 

1702A/4 702A 6 W-sec/cm2 

2708/8708 15 W-sec/cm2 

2716 15 W-sec/cm2 

8748 15 W-sec/cm2 

8755 15 W-sec/cm2 

The erase energy expressed in Table 111 includes a guardband to ensure complete erasure of all bits. It is not sufficient to 
monitor "first bit" erasure to determine erasure time, as some other bits in the array may not be erased. 

A1. UV Sources 

There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data 1/0 (Issaquah, Wash.), PRO LOG (Monterey, Calif.). Prometrics (Chicago, Ill.), and Turner Designs (Mt. View, 
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are 
typical erase times for various combinations of Intel PROMs and lamp intensities. 

Table IV. 

Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 

Model Power Rating 6 W-sec 15 W-sec 
1702A, 2708,8708,8755 
4702A 2716, 8748 

R-52 13000µW/cm2 7.7 min 19.2 min 

S-52 12000 µW/cm2 8.3 min 20.7 min 

S-68 12000µW/cm2 8.3 min 20.7 min 

UVS-54 5700µW/cm2 17.5 min 43.8 min 

UVS-11 5500 µW/cm2 18.2 min 45.6 min 

According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 
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B. 1702A/1702AL Family Programming 

The 1702A/1702AL is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 2537A. The recom
mended integrated dose (i.e., UV intensity X exposure time) is 6 W-sec/cm2. An example of an ultraviolet source which can 
erase the 1702A/1702AL in 10 to 20 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without 
short wave filters and the PROM should be placed within 1 inch away from the lamp tubes. 

Initially, all 2048 bits of the PROM are in the "O" 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 V cc and V GG move to their negative levels. The addresses must be held in their binary 
complement state for a minimum of 25 µsec after Voo and VGG have moved to their negative levels. The addresses must then 
make the transition to their true state a minimum of 10 µsec 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 information pattern in the 8 bits of each word. A low data input level (-48V) will program a "1" and a high 
data input level (ground) will leave a "O". All 8 bits of one word are programmed simultaneously by setting the desired bit 
information patterns on the data input terminals. 

During the programming, VGG· V00 and the Program Pulse are pulsed signals. See page 2 of the data sheet for required pin 
connections during programming. 

1702A, 1702AL 

D.C. and Operating Characteristics for Programming Operation 

TA = 25° C, Vee = OV, V55 = + 12V ±10%, CS = OV unless otherwise noted 

Symbol Test Min. Typ. Max. Unit Conditions 

lu1P Address and Data Input Load Current 10 mA V1N = -48V 

lu2P Program and VGG Load Current 10 mA V1N = -48V 

155111 V55 Supply Load Current 10 mA 

lo0Pr21 Peak loo Supply Load Current 200 mA Voo = VPROG = -48V, 
VGG = -35V 

V1HP Input High Voltage 0.3 v 
V1L1P Pulsed Data Input Low Voltage -46 -48 v 
V1L2P Address Input Low Voltage -40 -48 v 
V1L3P Pulsed Input Low Voo and -46 -48 v 

Program Voltage 

V1L4P Pulsed Input Low VGG Voltage -35 -40 v 
Notes: 1. The V55 supply must be limited to 100mA max. current to prevent damage to the device. 

2. loop flows only during Voo. VGG on time. looP should not be allowed to exceed 300mA for greater than 100µsec. Average 
power supply current looP is typically 40mA at 20% duty cycle. 

3-69 



l 

ROM/PROM PROGRAMMING INSTRUCTIONS 

1702A, 1702AL 
A.C. Characteristics for Programming Operation 

TAMBIENT = 25°C, Vee= OV, VBB = + 12V ±10%, Cs= OV unless otherwise noted 

Symbol Test Min. Typ. Max. Unit Conditions 

Duty Cycle (Voo' VGG) 20 % 

tq,PW Program Pulse Width 2 3 ms VGG = -35V, 

Voo = VPROG = -48V 

tow Data Set-Up Time 25 µs 

toH Data Hold Time 10 µs 

tvw Voo. VGG Set-Up 100 µs 

tvo Voo' VGG Hold 10 100 µs 

tAcw Address Complement Set-Up 25 µs 

tACH Address Complement Hold 25 µs 

tATW Address True Set-Up 10 µs 

tATH Address True Hold 10 µs 

PROGRAM WAVEFORMS 
Conditions of Test: 

Input pulse rise and fall times :s lµsec 
cs= ov 

0 

ADDRESS 

-40 to -48 

PULSED Voe 
POWER SUPPLY 

-46 to -48 

~ tACH '--
1 I 

-----tAcw----

BINARY COMPLEMENT 
ADDRESS OF WORD 

TO BE PROGRAMMED 

I 
I 

I 
I 
I 
I 
I 

I I 
I I 

I 

BINARY ADDRESS 
OF WORD TO BE 
PROGRAMMED 

---1 tvo i----
1 I : 

-.., i--tATW : '.r-------
1 

I 
I 
I 

0 I I 

PULSED VGG -------------ii iii· :ii /' 
POWER SUPPLY \ 

-35to-40 I I 1 I 
I I I 
r-tvw-1 I I 

o--~i Is I I I 1 I 
PROGRAMMING ~t~PW~I I I 

PULSE : } :-tArn-1 

-46to-48 1 I I I 

0 
DATA INPUT 

(DEVICE 
OUTPUT 

LINES) 
-46 to -48 
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C. 2708/2704 Family Programming 

Initially, and after each erasure, all 8192/4096 bits of the 2708/2704 are in the "1" state (output high). Information is intro
duced by selectively programming "O" into the desired bit locations. A programmed "O" 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 
(01-0s). Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and j·"" 
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 throuhg 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 chang
ing from a program to a read cycle. The program pin should also be pulled down to V ILP with an active instead of a passive 
device. This pin will source a small amount of current ll1LL) when CS/WE is at ViHW (12V) and the program pulse is at Vi LP· 

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 770. 

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. Addresses 0 to 100 and 500 to 600 must be re-program
med with their original data pattern. 

2704, 2708 
PROGRAM CHARACTERISTICS 
TA ; 25°C, Vee; 5V ±5%, Voo; +12V ±5%, v88 ; -5V ±5%, Vss; OV, Unless Otherwise Noted. 

D.C. Programming Characteristics 

Symbol Parameter Min. Typ. Max. Units Test Condit ions 

lu Address and CS/WE Input Sink Current 10 µA V1N; 5.25V 

l1PL Program Pulse Source Current 3 mA 

l1PH Program Pulse Sink Current 20 mA 

loo Voo Supply Current 50 65 mA Worst Case Supply 
Currents: 

Ice Vee Supply Current 6 10 mA All Inputs High 

lss Vss Supply Current 30 45 mA CS/\NE; 5V;TA; 0°C 

V1L Input Low Level (except Program) Vss 0.65 v 
V1H Input High Level for all Addresses and Data 3.0 Vcc+1 v 
V1HW CS/\NE Input High Level 11.4 12.6 v Referenced to Vss 

V1HP Program Pulse High Level 25 27 v Referenced to Vss 

V1LP Program Pulse Low Level Vss 1 v V1HP - V1LP; 25V min. 
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A.C. Programming Characteristics 

Symbol Parameter Min. Typ. Max. 

tAs Address Setup Time 10 

tcss CS/WE Setup Time 10 

tos Data Setup Time 10 

tAH Address Hold Time 1 

tcH CS/WE Hold Time .5 

toH Data Hold Time 1 

toF Chip Deselect to Output Float Delay 0 120 

to PR Program To Read Delay 10 

tPW Program Pulse Width .1 1.0 

tpR Program Pulse Rise Time .5 2.0 

tpF Program Pulse Fall Time 
. . 5 2.0 

NOTE: lntelS standard product warranty applies only to devices programmed to specifications described herein. 

2704, 2708 
Programming Waveforms 

14"-~~~~~~~~~-10FNPAOGRAMLOOPS~~~~~~~~~~1~~READ----

ADDRESSO 

(AFTER N 
PAOG. LOOPS) 

ADDRESS 0 

Units 

µs 

µs 

µs 

µs 

µs 

µs 

ns 

µs 

ms 

µs 

µs 

f.--- tACC 450ns MAX 

PROGRAM 
PULSE 

VIL _____ _ 

ClmS MIN) 
tl"N (1.0mS MAX)----- -tPF(.5) 

NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 
ANO BEFORE THE ADDRESS TRANSITION. 

NOTE 2. NUMBERS .IN () INDICATE MINIMUM TIMING IN µSUNLESS OTHERWISE SPECIFIED. 
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D. 2716 Programming 

Initially, and after each erasure, all 16,384 bits of the 2716 are in the "1" state. Information is introduced by selectively 

programming "O" into the desired bit locations. A programmed "O" can only be changed to a "1" by UV erasure. 

The 2716 is programmed by applying a 50 ms, TTL programming pulse to the PD/PGM pin with the Cs input high and the 

Vpp supply at 25V ±1V. Any location may be programmed at any time - either indvidually, sequentially, or randomly. The 

programming time for a single bit is only 50 ms and for all 16,384 bits is approximately 100 sec. The detailed programming 

specifications and timing waveforms are given in the following tables and figures. 

CAUTION: The Vee and Vpp supplies must be sequenced on and off such that Vee is applied simultaneously or before 

Vpp and removed simultaneously or after Vpp to prevent damage to the 2716. The maximum allowable voltage 

during programming which may be applied to the Vpp with respect to ground is +26V. Care must be taken 

when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For con

venience in programming, the 2716 may be verified with the Vpp supply at 25V ±1V. During normal read 

operation, however, Vpp must be at Vee· 

2716 PROGRAM CHARACTERISTICS (1) 

TA=25°C±5°C, Vccl21 =5V±5%, Vpprz.31 =25V±1V 

D.C. Programming Characteristics 

Symbol Parameter 

I LI Input Current (for Any Input) 

lpp1 Vpp Supply Current 

lpp2 V PP Supply Current During 

Programming Pulse 

Ice V cc Supply Current 

Min. 

V1L Input Low Level -0.1 

V1H Input High Level 2.2 

A.C. Programming Characteristics 

Symbol Parameter Min. 

tAs Address Setup Time 2 

tcss CS Setup Time 2 

tos Data Setup Time 2 

tAH Address Hold Time 2 

tcsH CS Hold Time 2 

toH Data Hold Time 2 

toF Chip Deselect to Output Float Delay 0 

tea Chip Select to Output Delay 

tpw Program Pulse Width 45 

tPRT Program Pulse Rise Time 5 

tPFT Program Pulse Fall Time 5 

Typ. Max. Units Test Conditions 

10 µA VIN = 5.25V /0.45 

5 mA PD/PGM = V1L 

30 mA PD/PGM = V1H 

100 mA 

0.8 v 
Vcc+1 v 

Typ. Max. Units 

µs 

µs 

µs 

µs 

µs 

µs 

120 ns PD/PGM = V1L 

120 ns PD/PGM = V1L 

50 55 ms 

ns 

ns 

NOTES: 1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 

2. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be inserted 

into or removed from a board with Vpp at 25 ± 1 V to prevent damage to the device. 

3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 

switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 

Vee ............................... 5V ±5% 
Vpp ............................... 25V ±1V 
Input Rise and Fall Times (10% to 90%) ......... 20 ns 

PROGRAMMING WAVEFORMS 
Vpp=25V±1V, Vee=5V±5% 

Input Pulse Levels ................... 0.8V to 2.2V 
Input Timing Reference Level ............ 1 V and 2V 
Output Timing Reference Level . . . . . . . . . 0.8V and 2V 

!+------PROGRAM-----~----- p~~~IRF~M _____ _.,. 

ADDRESSES 

DATA 

cs 

PD/PGM 

1DF 
(0.12 MAX) 

1AS 
(21 

tcss 
(21 

DATA IN 
STABLE 
ADD. N 

1DH 
(21 

ADDRESS N 

HIGH Z 

'co 
(0.12 MAX) 

tcsH 
(21 

NOTE: ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE µSEC UNLESS OTHERWISE NOTED 

E. 8748/8755 Programming 

DATA OUT 
VALID 
ADD. N 

ADDRESS N+m 

1DF 
(0.12 MAX) 

DATA IN 
STABLE 

ADD. N+m 

Initially, and after each erasure, all bits of the EPROM portions of the 8748 and 8755 are in the "1" state. Information is 
introduced by selectively programming "O" into the desired bit locations. A programmed "O" can only be changed to a "1" 
by UV erasure. 

The EPROM portions of the 8748 and 8755 are programmed on the Intel® Universal PROM Programmer (UPP). The UPP and 
its related personality cards for the 8748 and 8755 are described beginning on page 13-45 of this catalog. 

Ill. BIPOLAR PROM PROGRAMMING 

A. 3621, 2K, 4K, and 8K PROM Programming 
All Intel bipolar PROMs except for the 3601/3601-1 are programmed with the algorithm described below. (The 3601/3601-1 
programming algorithm is described in the below Section 1118.) This algorithm was developed specifically to program the 
3602A/3622A, 3604A/3624A, 3605/3625, and 3608/3628. The algorithm described in this section must be used on the 
aforementioned PROMs to insure properly and reliably programmed fuses. This algorithm may also be used to program the 
3621, 3602/3622, and 3604/3624 PROM families. It is preferred over previously published Intel algorithms for these PROMs 
for increased programming yields. 

Initially, all bits are in a logic 1 (high) state. To program a bit to a logic 0 (low) state, it is necessary to force 5 mA into the 
output to be programmed. A series of program pulses must also be applied to the Vee power supply and to any one of the 
logically low true chip select (CS) inputs. The logic level of the other chip selects, in the case of PROMs with multiple chip 
selects, should be such that the PROM is selected during verification. 

Program pulses are applied to all outputs of a word in a cycle time. The program pulses are multiplexed during a cycle time to 
each output of the word to be programmed. If desired, a N word by 8-bit PROM may have its words programmed in two 
separate groups - the four lower order bits (01 to 04) and the four higher order bits (05 to 0 8). The operation in this man
ner is the same as for a N word by 4-bit PROM. For fastest programming time, it is preferred that all eight outputs be pro
grammed at the same time. 

The programming specifications are given in Table V and the programming waveforms are shown in Figure 1. The program
ming procedure (described with nominal specifications) is as follows: 
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1. A 5 mA current must be forced into the output to be programmed by a current source. The current source must be 

clamped to V cc by a silicon diode. All the other outputs must be floating until it is their turn for programming. The 

V cc power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of V cc is linearly 

increased from 0.2 µs to 8 µs according to the ramp time shown in Figure 3. The total ramp time for a group of four 

outputs is 180 ms and 360 ms for a group of eight outputs. 

The V cc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 

time (tcvcl between the Vee program pulses to the same output will increase as the Vee program pulse width increases 

from 0.2 µs to 8 µs. The time (t0 ) between V cc pulses of two different outputs is constant at 1.8 µs. 

2. All outputs must be continuously monitored for programming verification. This verification must occur after Vee has 

been at 4.5V for 90% of to and prior to V cc rising to 12.5V. The program/verification cycles must still be applied 

(with the pulse width still linearly increasing to a maximum of 8 µs) even though the output has been sensed as being 

programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 

insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 

the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. 

More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 

still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 

verifications have occurred for all bits, a final V cc and CS pulse at a width of 2.5 ms is simultaneously applied to all 

outputs. Programming should cease if the 128 verifications are not achieved in 800 ms. 

3. A 4 mA ±50% current must also be forced into CS3 (pin 19) of the 3608/3628 family and into CS4 (pin 18) of the 

3604A/3624A family during programming. If desired for commonality the 4 mA may also be forced into CS4 of the 

3604/3624 family. 
4. The 4 mA current into the chip select input may be easily accomplished by using a 1.2K resistor connected to a +15V 

power supply. The voltage on the chip select input will be approximately 10V with the 1.2K resistor. 

Table V. Programming Characteristics 

TA= 25°C 

Symbol Parameter 

V1H1 Vee Program Pulse Amplitude 

V1H2 CS Program Pulse Amplitude 

V1L1 Vee During Verify 

V1H2 CS During Verify 

tpw1 V cc Pulse Width at Beginning 
of Pulse Train 

tpw2 V cc Pulse Width at End of Pulse 
Train 

Tess Chip Select Setup Time 

TcsH Chip Select Hold Time 

TR Vee Rise Time 

TF Vee Fall Time 

Tcvc Time Between Pulses to Same 
Output 

Top DC Program Time After Verifica· 
tion Has Been Obtained 

To Time Between Vee Pulses to 
Successive Outputs 

TRAMP Time During Which Vee 
Pulse Width is Increased 4 outputs 

Linearly from tPW1 to 

tpw2 8 outputs 

lcs Current to CS3 of 3608/3628 or 
to CS4 of 3604A/3624A 

Min. 

12 

3 

4.25 

0 

160 

7.2 

0 

100 

300 

50 

9 

2.2 

1.5 

160 

320 

2 

Limits 
Norn. Max. Units Conditions 

12.5 13 v 

5 5.5 v 

4.5 4.75 v 

0.2 0.4 v 

200 240 ns Measured at 12V 

8 8.8 µs Measured at 12V 

ns Measured from 1.5V on rising edge 

of CS to 5.0V on rising edge of V cc 

ns Measured from 5.0V on falling edge 
of Vee to 1.5V on falling edge of CS 

400 500 ns Measured from 5V to 12V on V cc 

100 200 ns Measured from 12V to 5V on V cc 

10 µs Measured at 5V on V cc 

2.5 2.8 ms Measured at 12V 

1.8 µs Measured at 5V on V cc 

180 200 
ms 

360 400 

4 6 mA CS3 or CS4 should be driven with a 
1.2K resistor from a 15V power 
supply 
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~1 •------ tcvc 
(SEE FIG. 2 FOR DETAILS) 

f-- 12a tcvc:---o•-1j ... •>-- top---1 
/NOTE 2) 

Vee ·:::~JLILflJLILfljl_,r---ll 

>10V n n 
OUTPUT 1 >5V ___J ~·i~----'""- L, 

0.45V (MAXI ll 
tPROGRAMMED 0 (NOTE 1) 

OUTPUT2 "'SV ____J L.....l·l/.---------'1 ~l/.---------"'
10

v n n ~ r---1L 
0.45V (MAX) 

PROGRAMMED 0 (NOTE 1) 

>10V n ~ n 11 
OUT:~4:: (M::~ ---------i--J. ·-----------1l ~i-J ~~ L 

Vee 

cs 

OUTPUT 1 

OUTPUT 2 

OUTPUT N 

12.5V 

4.5V 

~JV 

ov 

Figure 1. Programming Cycles. 

NOTES: 1. PROGRAM VERIFICATION MUST OCCUR AFTER Vee HAS BEEN AT 4.SV FOR 90% OF to AND PRIOR TO Vee RISING TO 12.SV. 
THE PROGRAMMED OUTPUT IS ..;;Q.45V WHEN CS <:-.().8V ANO FLOATING WHEN CS~ 3V. 

2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE COARECTL Y PROGRAMMED. 

J. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms VCC AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 

'R 

5V 5V 5V 

'o 

to;;;Ons tcsH 

r--
1.SV 

>10V /\ 

"'5V ----J .._-----------------~-~------------..1 
UNPROGRAMMED BIT 

""-10V n. 
"'5V ---~-------~-----'~ \~--~--~~----------------------~ 

"'lOV 

>5V ~------~-------------------•)..-J 
Figure 2. Programming Cycle Details. 
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(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS 
(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 

'•w 
! 
:r ... 
0 
it 
~ 
~ 

" z 
iii ,. 
<( 
er 

" 0 

~ 
8 
> 

0.2 

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 

PROGRAMMING ELAPSED TIME (ms) PROGRAMMING ELAPSED TIME (ms) 

Figure 3. Vee Pulse Width vs. Programming Time. 

B. 3601 Programming 

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 300D resistor. This will 

force the proper programming current (3-6 mA) into the output when the Vee supply is later raised to 10V. All other out

puts must be held at a TTL low level (0.4V). 

The programming pulse generator produces a series of pulses to the 3601 V cc and CS2 leads. V cc is pulsed from a low of 4.5 
±0.25V to a high of 10 ±0.25V, while CS2 is pulsed from a low of ground (TTL logic 0) to a high of 15 ±0.5V. It is important 
to accurately 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%) µs, and increase linearly over a period of approximately 
100 ms to a maximum width of B (± 10%) µs. Typical devices have their fuse blown within 1 ms, but occasionally a fuse may 

take up to 400 ms. During the application of the program pulse, current to CS2 must be limited to 100 mA. 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 500 µs. The characteristics of the pulse train are shown in 

Figure 2. 

•o ., 
., 

WORD ., 
SELECTION .. 

A5 .. ., 

PROGRAMMING 
PULSE GENERATOR 

" 

CS1 

Figure 4. 3601 Programming. 

8.Vcc·PINlfi> lO:iO?!>V ~ 75V I\ r---\. ,--
4<,!.025V _J-'PW-L__J \___J L___J 

b. CS;- <PIN 141 

1<, iO 5V 
100 mA MAX 

C. SENSED OUTPUT 
WAVEfORM 

UNPR(l(;RAMMI 0 B!T 

d. PROGRAMMJNf; 
PULSl WIDTH PRQC;HAMMIM; 

IV cc ANO Cs21 "' PULSf WIDTH -JXlO !>< 6 ~"' <w 4 

PROGRAMMl"H; 

PHrn,HAMMIN!; f t_APSf [)TIMI 

'~-___,/ 
/ 

PH()(;HAMMfO HIT 

DUTY CYCU 50±. 10 
HISE ANO rtl.LL TIMES 1MEASURH) 

FROM10 90 POINTS! 100nSMIN 
]00 nS MAX 

] 'CD ICHJP OISABU HOLD TIME 1 
100 nS MIN 

4 PHASE SHlrT [l[TWE!-N Vee AND 

cs~ ~,o nS MAX ( .. '5V 

Figure 5. Pulses During Programming. 
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MOS EPROM AND BIPOLAR PROM LITERATURE 

.. Intel has available reliability and application reports on their MOS EPROMs and bipolar PROMs. These reports may be 
- obtained from the Intel Literature Department, 3065 Bowers Avenue, Santa Clara, CA 95051. 

ITEM 

1702A Silicon Gate MOS 2K PROM 

Polysilicon Fuse Bipolar PROMs 

Intel 270B BK UV Erasable PROM 

Application of the Intel 270B BK Erasable PROM 

The Biggest Erasable PROM Yet - Puts 16,3B4 Bits 
On A Chip 

DESCRIPTION 

Reliability Report 

Reliability Report 

Reliability Report 

Application Note 

Article Reprint from 
Electronics Magazine 

3-7B 

LITERATURE NUMBER 

RR-6 

RR-B 

RR-12 

AP-17 

AR-20 



2316E 16K ROM 
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2708 SK UV EPROM 
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2716 16K EPROM 

3-81 



ll 

3-82 



4 



SERIAL MEMORIES 

Electrical Characteristics Over Temperature 

No. No. Data Rep. Rate Power Input 
of of Dissipation Output Clock Page 

Type Bits Description Pins Min. Max. Max.[1] Levels Levels Supplies[V] No. 

1402A 1024 Quad 256-Bit Dynamic 16 10kHz 5MHz 500mW TTL MOS/TTL 5, -5 or 5, -9 

1403A 1024 Dual 512-Bit Dynamic 8 10kHz 5MHz 500mW TTL MOS/TTL 5, -5 or 5, -9 4-3 
UI 
0 1404A 1024 1024-Bit Dynamic 8 10kHz 5MHz 500mW TTL MOS/TTL 5, -5 or 5, -9 
:I! 
w 

1405A 512 I-
<C 

Dynamic Recirculating 10 10kHz 2MHz 400mW TTL MOS/TTL 5, -5 or 5, -9 4-7 

Cl 
z 2401 2048 Dual 1024-Bit Dynamic 16 25kHz 1MHz 350mW TTL TTL +5 
0 Recirculating 
0 4-11 :::; 
iii 2405 1024 1024-Bit Dynamic 16 25kHz 1MHz 350mW TTL TTL +5 

Recirculating 

2416 16,384 CCD Serial Memory 18 125kHz 2MHz 300mW TTL MOS +12, -5 4-15 

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

• 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 li) 1 and 91 2). 

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.). 

The design of the output stage provides driving capability for both MOS and bipolar IC's. 

Use of low threshold silicon gate technology allows high speed (5 MHz guaranteed) 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 

OUTPUT 1 IN 4 

NC NC Voo Voo 

IN 1 OUT 4 

cp 1 NC 

Vee Voo 

OUT 2 <1' 2 

NC IN 3 
Vee Vee 

IN 2 OUT 3 M1403A M1404A 

C1402A/P1402A 
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1402A, 1403A, 1404A 

Absolute Maximum Ratings (1) 

Temperature Under Bias 

Storage Temperature 

Power Dissipation 12l 

0°c to 70°C 

-65°C to +160°C 

1 Watt 

Data and Clock Input Voltages 
and Supply Voltages with 
respect to Vee +0.5V to -20V 

D.C. Characteristics TA= 0°c to 70°C, Vee= +5V ±5%, unless otherwise specified 

V00 = -5V ±5% or -9V ±5% 

SYMBOL TEST MIN. TYP13l MAX. UNIT CONDITIONS 

'u In put Load Current <10 500 nA TA =25°C 

ILO Output Leakage Current <10 1000 nA VOUT=O.OV, TA =25°C 

ILC Clock Leakage Current 10 1000 nA Max. VILC' TA =25°C 

VIL Input "Low" Voltage Vcc-10 Vcc-4.2 v 
VIH Input "High" Voltage Vcc-1.5 vcc+.3 v 

V 00 = -5V ±5% 

1001 Power Supply Current 40 50 mA T, ·25"] °"''" " l<>•<<''O", 5 MHz Data Rate, 
33% Duty Cycle, 
Continuous Operation, 

1002 Power Supply Current 56 mA Tc=o0 c VILC=Vcc -17V 
- -----

VILC Clock Input Low Voltage Vcc-17 Vcc-15 v 

VIHC Clock Input High Voltage vcc-1 Vcc+.3 v 

VOL Output Low Voltage -.3 0.5 v RL1 =3K to voo' 'oL = 1.6 mA 

VOH1 Output High Voltage 2.4 3.5 v RL1 =3K to voo' 'oH= -100 ~A 
Driving TTL 

VOH2 Output High Voltage Vcc-1.4 Vcc-1 v RL2=4.7K to V00 
Driving MOS (Seep. 6 for connection) 

V00 = -9V ±5% 

1003 Power Supply Current 30 40 mA 
T" •25"} '""""" Lo0<0 "O", 

3 MHz Data Rate, 
26% Duty Cycle, 

- --- ~ ~-

Continuous Operation, 

1004 Power Supply Current 45 mA Tc =OOC VILC=Vcc-14.7V 

VILC Clock Input Low Voltage Vcc-14.7 Vcc-12.6 v 

VIHC Clock Input High Voltage vcc-1 vcc+.3 v 

VOL Output Low Voltage -.3 0.5 v RL1 =4.7K to voo' IOL = 1.6 mA 

VOH1 Output High Voltage 2.4 3.5 v RL1=4.7K to V00 , I OH=-100µA 
Driving TTL 

VOH2 Output High Voltage Vcc-1.4 vcc-1 v RL2 =6.2K to V00} (See p. 6 for 
Driving MOS RL3 =3.9K to Vee 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 v00 = -5V±5% the maximum duty cycle is 33% and at v00 =-9V+5%the 
maximum Outy cycle is 26%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle= [ti.$PW 
+ %(tR + tF))x clock rate. 

Note 3: Typical values are at TA = 25°C and at nominal voltages. 
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1402A, 1403A, 1404A 

A. C. Characteristics TA= 0°c to 10°c; Vee= +5V ±5% 

V00 =-5V ±5% V00 =-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 µsec 

t¢D Clock Pulse Delay 10 Note 1 10 Note 1 nsec 

~· tF Clock Pulse Transition 1000 1000 nsec 

uw Data Write Time (Set Up) 30 60 nsec 

tDH Data To Clock Hold Time 20 20 nsec 

tA+'tA. Clock To Data Out Delay 90 110 nsec 

CAPACITANCE!21 Vee= +5V ±5%, V 00 = -5V ±5% or-9V ±5%, TA= 25°C 

SYMBOL TEST TYP. MAX. CONDITIONS 

CIN Input Capacitance 5 pF 10 pF 
v,, • V00 I 

COUT Output Capacitance 5 pF lOpF VouT = Vee ~~Hz 
C¢ Clock Capacitance 110 pF 140pF V¢ =Vee 

C¢1 ¢2 Clock to Clock Capacitance 11 pF 16 pF V¢ =Vee 

Note 1: See page 5 for guaranteed curve. Note 2: This parameter is periodically sampled and is 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 v00= -5V±5% 

¢1 
CLOCK 

10% 

90% 

BIT 1 BIT 2 

I 'ctio-l-1 
I I I 
I-
I II I 

--<t 100 1-
1 I I CLOCK RATE-: 

1¢1 PW----!-------:! : I 

II 10% I 

"'2 I 1 I 
"' II I 

BIT N 

10% 

TEST LOAD 2 

4.7k 

v00= -9V± 5% 

BIT N+1 ** BIT N+2 
BIT 1 BIT 2 

-------- VIHC 
I 
I 
I 
I 
+--------- VILC 

11 
11 

~11~tA 

CLOCK 'ow·-1 I;.- I 
I I I 90% 
I I I I I 

1DH•-ri 1-- I I I I I 

I : -l'cti2Pwl-DATA RATE-I : : 

I .. -------------------n----------------------------------- VIH 
DATA IN : : 

•--·-• VIL 

IN BIT 1 IN BIT 2 -: :-- 'A+ --: :-- 'A-

DA;:-0-U-;.----------------------------'l r---------------1 ... r----- VoH 

----------------~? ·~•-•••••••l~VOL OUT BIT 1 OUT BIT 2 

*tow and toH same for t~2 .. N = 256 for 1402A, N = 512 for 1403A, N = 1024 for 1404A 
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1402A, 1403A, 1404A 

Typical Characteristics 
POWER DISSIPATION /BIT VS SUPPLY VOLTAGE POWER DISSIPATION/BIT VS CLOCK AMPLITUDE 

.6 

.5 

.4 

.3 

40 
30 

1 KHz 

SPECIFIED OPERATING SPECIFIED OPERATING 
VOLTAGE RANGE VOLTAGE RANGE ·.• 

DATA RATE OF 5 MHz DATA RATE= 3 MHz 
VILC-Vcc ~ -17V vttc-Vcc = ·-14.7V 

~~,--;--~ 

SPECIFIED OPERATING SPECIFIED OPERATING 
CLOCK AMPLITUDE RANGE CLOCK AMPLITUDE RANGE 

DATA RATE= 3 MHz DATA RATE OF 5 MHz 
26% DUTY CYCLE 33% DUTY CYCLE 

TA=OOC 

' TA"' 2s 0 c 

I 
TA= 700C 

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

Voo-Vcc (VOL TS) 

-12 -13 -14 -15 -16 -17 -18 -19 

vtlC - Vee (VOL TS) 

loo CURRENT VS DATA RATE MAXIMUM DATA RATE VS 
CLOCK AMPLITUDE 

10 KHz 

~PW'" 130111 

V1Lc-Vcc .. -17V 
v00 ~-sv 

100 KHz 

DATA RATE 

1 MHz TO MHz 

SPECIFIED 
OPERATING 

CLOCK 
AMPLITUDE 
RANGE FOR 
v00 = -9V 

-10 

MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 

400 

100 .b----"+--+--+--+-7. 
95 

0.1 f---j--f--t--t- V00 " -5V OR 
Voo= -9V 

10 20 25 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 

-12 -14 -16 

vile -Vee (VOL TS) 

-18 

SPECIFIED 
OPERATING 

CLOCK 
AMPLITUDE 
RANGE FOR 
Voo,. -SV 

-20 -22 

DTL/TTL MOS Interfaces 

3K 

~-.... -~IN 1402A/3A/4A OUTl---<10---1 IN 1402A/3A/4A OUTt--------1 

DTL/TTL 

U VIHC 

VILC 

4-6 

DTL/TTL 

AL Load Resistor Values 

for Different Voo Supplies 

Vcc=SV Vcc=SV 

Voo=-SV voo=-sv 

3.0K 4.7K 

4.7K 6.2K 

No1 3.9K 
required 



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 T0-99 

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 IC'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 

512 BITS 

W/R READ 

CSl CS2 

~ 
W/R CS1 CS2 READ 

E (2) (1) (9) (8) 

WRITE 1 1 1 1 or 0 

REC! RCULATE( 1) 1or0 1 or 0 1 or 0 1 or 0 

READ 1 or 0 1 1 1 

Note 1: Either W/R, CS1, or CS2 must be a. "O" during Recirculation. 

A logic 1 is defined as a high input and a logic Oas a low input. 
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1405A 

Maximum Guaranteed Ratings * 
Temperature Under Bias 

Storage Temperature 

Power Dissipationl11 

Data and Clock Input Voltages 
and Supply Voltages with 
respect to V cc 

0°C to +70°C 

-65°C to +16Cl"C 

600mW 

+.3V to -20V 

*COMMENT: 
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= 0°C to +70°C, Vee= +5V ±5%, unless otherwise specified 

VDD=-5V±5% 

SYMBOL TEST MIN. TYP.12l MAX. UNIT CONDITIONS 

ILi INPUT LOAD CURRENT 10 1000 nA V1N = V1H to V1L 
I Lo OUTPUT LEAKAGE CURRENT 10 1000 nA Vo uT= o.ov 
ILc CLOCK LEAKAGE CURRENT 10 1000 nA VILC-Vcc-17V 
1001 POWER SUPPLY CURRENT 25 40 mA 

'·-'~'} '"'"""' '~·· ..... 2 MHz Data Rate, 

40% Duty Cycle, 

Continuous Operation, 
IDD2 POWER SUPPLY CURRENT 45 mA T c=OOC V1Lc=Vcc-17V 
V1LC1 CLOCK INPUT LOW VOLTAGE Vcc-17 Vcc-14.5 v 
V1HC CLOCK INPUT HIGH VOLTAGE Vcc-1 Vcc+.3 v 
V1L INPUT "LOW" VOLTAGE Vcc-10 Vcc-4.2 v 
V1H1 INPUT "HIGH" VOLTAGE Vcc-1.5 Vee +.3 v 
VoL OUTPUT LOW VOLTAGE -.3 0.5 v RL1=3K to Voo. loL = 1.6 mA 
VoH OUTPUT HIGH VOLTAGE 2.4 3.5 v RL 1=3K to Voo' loH= -100 µA 

DRIVING TTL 

VoH1 OUTPUT HIGH VOLTAGE Vcc-1.4 Vcc-1 v RL2=5.6K to V00 
DRIVING MOS (see p, 6 for connection) 

VDD = -9V ± 5% 

I LI INPUT LOAD CURRENT 10 1000 nA V1N = V1H to VtL 
ILO OUTPUT LEAKAGE CURRENT 10 1000 nA VouT = o.ov 
ILC CLOCK LEAKAGE CURRENT 10 1000 nA VILC-Vcc-14.7V 
1003 POWER SUPPLY CURRENT 20 31 mA .. _,,'} '"'""' .. '""'' ""'· 

1.5 MHz Data Rate, 

36% Duty Cycle, 

Continuous Operation, 
1004 POWER SUPPLY CURRENT 36 mA Tc =OOC V1Lc=Vcc-14 7V 
V1LC2 CLOCK INPUT LOW VOLTAGE vcc-14.7 Vcc-12.6 v 
V1HC CLOCK INPUT HIGH VOLTAGE Vcc-1 Vcc+.3 v 
V1L INPUT "LOW" VOLTAGE Vcc-10 Vcc-4.2 v 
VIH2 INPUT "HIGH" VOLTAGE Vcc-1.5 Vcc+.3 v 
VoL OUTPUT LOW VOLTAGE -.3 0.5 v R L1 =5.6K to v00 loL= 1.6mA 
VoH OUTPUT HIGH VOLTAGE 2.4 3.5 v RL1=5.6K to Voo' loH=-100 µA 

DRIVING TTL 

VoH1 OUTPUT HIGH VOLTAGE Vcc-1.4 Vcc-1 v R L2=6.2K to Voo (See 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 as shown on page 3. In applications the duty cycle should 
be a_ minimum to reduce power dissipation. Duty cycle= [t¢iPW + 11i, (tR + tF)] x clock rate. 

Note 2: Typical values are at TA = 25°C and at nominal voltages. 
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1405A 

A.C. Characteristics TA= 0°c to +10°c; Vee= +5V ±5%; cL = 20pF; 1 TTL Load 

Voo = -5V ± 5% v00 = --9V ± 5% 

SYMBOL TEST v1Lc=Vcc-14.5 to Vcc-17 v1Lc=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@ 25octll 2 200Hz@ 25oclll 1.5 MHz 

~w CLOCK PULSE WIDTH 0.200 10 .240 10 µ.sec 

:P_o CLOCK PULSE DELAY 30 Note 1 30 Note 1 nsec 

Duty <;vcle(21 CLOCK DUTY CYCLE 40 36 % 

1R;tF CLOCK PULSE TRANSITION 1 1 µsec 

'ow DATA WRITE (SETUP) TIME 100 100 nsec 

1DH DATA TO CLOCK HOLD TIME 20 20 nsec 

1A+; 1A- CLOCK TO DATA OUT DELAY 250 250 nsec 

1R-; 'cs-: CLOCK TO "READ" OR "CHIP 0 0 nsec 

1WR-
SELECT" OR "WRITE/ 

RECIRCULATE" Tl Ml NG 
i----

1R+: 1cs+: CLOCK TO "READ" OR "CHIP 0 0 nsec 

1WR+ 
SELECT" OR "WRITE/ 

RECIRCULATE" TIMING 

CAPACITANCE131 Vee = 5V ± 5%, V00 = -5V ± 5% or -9V ± 5%, TA = 25°C 

SYMBOL TEST TYP. MAX. CONDITIONS 

CIN INPUT CAPACITANCE 3 5 pF 

CouT OUTPUT CAPACITANCE 2 5pF v -v 
0 UT - CC f = 1 MHz 

"" "oc ) 

c,p CLOCK CAPACITANCE 75 85 pF v_p_= Vee 

c</,,-<t>i CLOCK TO CLOCK CAPACITANCE 6 lQpF v,p= Vee 

Note 1: See curve of Min Data Rate, and Max Clock Delay vs. Temp, on page 5. Note 2: Duty Cycle"" [t<,t>pw + Y:.(tR + tF)] x clock rate. 

Note 3: This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 
Conditions of Test 
Input rise and fall times: 10 nsec 

Output load is 1 TTL gate I· BIT 1 

Timing Diagram 

BIT N 

q>, INPUT CLOCK 

,, OUTPUT CLOCK 

DATA IN 

DATA OUT 

·~ 
I 
I 190% 
11, II I I 

-.,-1 ~,2PW ~ I I tF 

I Ii-. t.,o-.1 ----I tq,o 
I' I 1,,.... _____ ,,,, __ "'\-----1'-""l'iii%'"" _____ , 

11•ow~ 090% 1 ~~ 
I II I I I I 
I ~ f.-to~ tctfl\o\' ~CLOCK REP RATE~ I 

........ -----------i'~-1.l...--1----
1 I 1 I I 

I 
I ----r----· 

~ -IJ~----------......,,,,--__,. ........ _ __, ________ ........ ___ __ 
I IN BIT 1 I I..._ t _i____] L.-

1 
t A- __J 

I I I A+ ; -1 -1 
VOH - i - - i - - - - - - - - - - - -i'(l- 1 '- - -I _,, • 

VOL I I 11 (. _ - - ourei'f ;- - - ... L 
twR+~ ~ -..i14--twR- I 

V,"J"...._ __ ..,1\ 
WRITE/RECIRCULATEV1L : : '"-----------;>-------'--------------

tcs+ ----1 ~ ~ \.---1cs-

I 

( 
I 

I 

CHIP SELECT 1 
CHIP SELECT 2 

READ 

'cs· --J 
v,H J \ 
VIL -------(J 

tR+--1 

VIL-----------------.' ) 
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Typical Characteristics 

POWER DISSIPATION/BIT VS. SUPPLY VOLTAGE 

TA. J0-C ] 
SPECIFIED 

31--+--f-1"-+-+0PERATtNG;-+---+-+-+---I 

j;1 ~~:Ti;GE --I-
RANGE 

21------+--+-'~~I!--++----; 

O~)-L-'--'-....... ....__._ _ _,_ _ __.__...._.._"-'---' 
-9 -10 -11 -12 -13 -14 -15 -16 

V00 - Vee (VOL TS) 

MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 

lOK 1---1---r---;--+--+--+--:.~ 10-~ ~ I :! --1• t---t--+--+GUP..!f'.J.5.- 10 3 ;." 

400 ...d --i-- T H ~ 
1: ~ 10'~ 
1of---f---t:::_...-f::'.=-4--4---f---j10 1 ~ _yr ~ 

~ 
~ 

0.1 f--f--+---t---+-- VDD"' -5V QR ------1 10 § vr-·1 c 

10 20 25 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 

I DD CURRENT VS. DATA RATE 

CONSTANT PULSE WIDTH: tc.PW= 240 ns-y 
VILC -Vee '"-14.5 V , 

,./CONSTANT PULSE WIDTH: 
1------+-----A'~---toPW = 200 ns 

v1Lc -Vee = -17 v 

.1~--~~---~----~---~ 
1 KHl 10 KHz 100 KHz 1 MHz 10 MHz 

DATA RATE 

1405A 

POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE 

.2 

-12 -13 -14 -15 -16 -17 -18 -19 

VILC -Vee (VOL TS) 

MAXIMUM DATA RATE 
VS. CLOCK AMPLITUDE 

J. .... -"''"-il::....,,...,,,+-+- tQPW • 200 ns 

1-
---1---l ..... --.<i-&J--.J--_J___•, ... • ,240 "' 

TA" 25°C 

-12 -13 -14 -15 -16 

VILC -Vee (VOL TSI 

DTL/TTL/MOS Interfaces 

t•u 
: 9 cs, 

l 1 CSz 

-17 -18 -19 

DTLITTL 

v"' 
: 5 \ICC 

.,__,_ __ _.__,___._.:fl IN H06A OUTl'7__._,_,J~IN t40SA OUT 7 
(RECIRCULATING (USED AS 512 BIT 

lo---1-----+-+-'la :HIFT REGISTER) I :11FT REGlSTERI 

Jo..--1------1~2 W/R 2 W/R 

~, voo ~2 Ru 'I 1100 f2 

• 10 6 

RL LOAD RESISTOR VALUES 
FOR OIFFERENT Voo SUPPLIES 

[.._, .._, .._, 

Vee •SV Vee •SV 
\bo • -SV Voo • -9V 

UK 

~· --
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2401, 2405 

2048/1024 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTERS 

• Single Supply Voltage-- +s Volts 
• Fully TTL Compatible -- Inputs , 

Outputs and Clock 
• Single Phase Clock 

•Guaranteed 1 MHz Operation 
with 100 p F Load, over 
Temperature Range 

• Low Power Dissipation --
120 µw/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 "OR-tied". A separate internal "pullup" resistor (RL) 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. 

OUT1 

"" 
IN, 

WIR 1 

cs, 

CSv 

GND 

IN 

W/R 

PIN CONFIGURATIONS 

16 Vee 

15 IN, 

14 OUT2 

13 Ru 

12 WIR2 

CLOCK 

NC 

NC 

OUT Vee 

"• NC 

IN !OUT\ 

NC 
IN 

Csx (W1R) W/R 

cs, CLOCK 

N.C. 

Gr~D NC 
cs, 
cs, 

~DASH LINES INDICATE NECESSARY EXTERNAL 
PRINTED CIRCUIT BOARD CONNECTIONS FOR 
PROPER OPERATION OF THE 2405 
(SEE APPLICATION SECTION) 

PIN NAMES 

OATAlNPUT OUT DATA OUTPUT 

INTERNAL LOAD WRITE/RECIRCULATE RL 

CONTROL RESISTOR 
CSx, CSy CHIP SELECT INPUT N.C. NO CONNECTION 

4-11 

LOGIC DIAGRAM 
Vee 

'"""All LOAD 
RESISTOR 

R1 

~OUTPUT 

NOTE This represents one half of the 2401 ThP chip 
select inputs and clock mput are common 

TRUTH TABLE 

PIN SYMBOL 

FUNCTION W/R CSx 

WRITE MODE H L 
RECIRCULATE L x 

x H 
x x 

READ MOOE x L 

H = Logic High Level L = Logic Low Level 
X = Don't Care Condition 

CSy 

L 

x 
x 
H 

L 



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= 0°to 70°C, Vee= +5V ±5%, unless otherwise specified. 

SYMBOL PARAMETER MIN. 

IL, INPUT LEAKAGE 

I Lo OUTPUT LEAKAGE 

Ice POWER SUPPLY CURRENT 

V1H INPUT HIGH LEVEL 2.2 
VOLTAGE (ALL INPUTS) 

V1L INPUT LOW LEVEL -0.3 
VOLTAGE (ALL INPUTS) 

VoH OUTPUT HIGH LEVEL 2.4 
VOLTAGE 

Vol OUTPUT LOW LEVEL 0 
VOLTAGE 

NOTES: 1. Typical values are at 25° C and at nominal voltage. 

2. The following was used to calculate loL-

LIMITS 

TYP.111 MAX. UNITS 

10 µA 

100 µA 

45 70 mA 
50 80 mA 

5.25 v 

0.65 v 

Vee v 

0.45 v 

Vcc (max.) - Vol (max.) . 5.25 - 0.45 
IQL = AL (min.) +Ju (TTL device)=~+ 1.6 = 4.97mA. 

TEST CONDITIONS 

V1N = 5.25V 

VouT = 5.25V 

TA = 25°C} Vee= 5.25V: 
TA = o'c 80% DUTY 

CYCLE 

loH =-lmA, 
AL= 1.5K ± 5% ohms, 

external 

loL = 5.0mA, 
AL= 1.5K ± 5% ohms, 

external [21 

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 (lccl 
VS. DATA REP RATE 

-- DATA="O" 
___ DATA= "1" 

0 

EFFECTIVE INPUT CHARACTERISTIC 

..l 
3 4 

1KHz 10KHz 100KHz lMHz 10MHz 200 m v--1 K ~ ~200mV V1N (VOLTS) 

DATA REP RATE v,Lmax DEVICE INPUT ViHmon 

SPEC 

VoLmox 
WORST CASE 

VOHmon 

TTL OUTPUT 

4-12 



2401,2405 

A. C. Characteristics TA= 0°c to 70°C, Vee = +5V ±5%,unless otherwise specified. 

SYMBOL PARAMETER 

FREQ. MAX. MAX.DATA 
REP. RATE 

FREQ. MIN. MIN. DATA 
REP. RATE 

t<i>PW CLOCK PULSE 
WIDTH 

t<i>o CLOCK PULSE 
DELAY 

t, . t f CLOCK RISE 
AND FALL TIME 

tw WRITE TIME 

tH HOLD TIME 

tA ACCESS TIME 
FROM CLOCK 
OR CHIP 
SELECT 

NOTE: 1. 100 kHz in plastic (P) package. 

Capacitance TA = 25° c 

SYMBOL PARAMETER 

CIN DATA, W/R & CS INPUT 
CAPACITANCE 

CouT OUTPUT CAPACITANCE 

c<i> CLOCK CAPACITANCE 

Waveforms BIT 1 

V1H 

CLOCK 1.5V 

Vil 

DATA, V1H 

W/R, 
cs 

VIL 

LIMITS 

MIN. TYP. 

1 
25[ 11 

0.80 

0.20 
0.20 

200 

150 

250 

LIMITS 

MIN. 

BIT 2 

PULSED (OUTPUT 
IS HIGH WHEN 

TYP. 

4 

10 

4 

MAX. UNITS 

1 MHz 

KHz 
KHz 

10 µs 

1000 µs 

40 µs 

50 ns 

ns 

ns 

500 ns 

MAX. UNITS 

7 pF 

14 pF 

7 pF 

BIT n+1 

OUTPUT IF CS IS l CS 

UNSELECTED) o_uT_P_uT ___ ~ 

"O"OUT 

4-13 

TEST CONDITIONS 

TA= 25° c 
TA= 70° c 

TA= 25° c 
TA= 70° c 

RL = 1.5K ± 5% ohm, 
EXTERNAL 

CL= 100pF 
ONE TTL LOAD 

TEST CONDITIONS 

ALL PINS AT AC 
GROUND; 250mV 
PEAK TO PEAK, 
1 MHz 

BIT n+2 

"1"0U}" 

JI 



D. C. Characteristics 

,• 
@ 

" § 

_o 

<l 
~ 

12 

11 

10 

TEMPERATURE DEPENDENCE OF 
OUTPUT LOW LEVEL SINK CAPABILITY 

2401,2405 

POWER SUPPLY CURRENT llccl vs. AMBIENT TEMPERATURE (°C) 

55 (----- - 'oPW = 

Vee= s.2sv 

< 50 !--------
§ 

_8 

I 
- - WORST CASE LIMIT -

30~~--~l-~-~-~~-~ 
10 20 40 60 80 0 

AMBIENT TEMPERATURE (° Cl 

A. C. Characteristics 

MINIMUM 
DATA RATE 

MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY 
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE 

100KHz ~----..----~--~--~---~ 10µs 

25 KHz 40µs 

1 KHz C----+---+-----+---+---j---+--,_.£-j 1 ms MAXIMUM 

10 20 30 40 50 

AMBIENT TEMPERATURE (°C) 

60 

CLOCK 

DELAY (t'11ol 

20 30 40 

AMBIENT TEMPERATURE ("Cl 

MINIMUM CLOCK PULSE WIDTH AND 
EFFECTIVE MAXIMUM DATA RATE AT 80% 

DUTY CYCLE VS. 
POWER SUPPLY VOLTAGE (Vccl 

Vee (VOLTS) 

70 

ACCESS TIME VS. LOAD CAPACITANCE 
Typical Application Of TTL Compatible Shift Registers 

tiOO..----..---..---~--~--~--~ 

SPEC LNT 
RL = 1.5K!1 ± 5% ohms, 

external 
5001---+---+---+---+---+---~ 

400!----+---+--+-----=~~~"'---+-----I 

~ I~~) 300 f----1----b,,,..""--+---J.----f---J---J 

2001---t---+---+---+---+---~ 

1001----t---+---+---+---+---~ 

LOAD CAPACITANCE (pF) 

DTLfTTL REC~RR~~~~TE 
CONTROL 

CH1P 
SELECT 
INPUTS 

Vee= +S VOLTS 

1.5K!1' 5% (1) 

NOT~ (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. 
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2416 

16,384 BIT CCD SERIAL MEMORY 

• Organization: 64 Recirculating Shift Registers 
of 256 Bits Each 

Avg. Latency Time Under 100 µs • Open Drain Output 
Max. Serial Data Transfer Rate • Combined Read/Write Cycles 
-2 mega bits/ sec. Allowed 
Address Registers Incorporated • Compatible to Intel® 5244 
on Chip CCD Driver 
Standard Power Supplies-
+12V, -SV 

The lnte1"'2416 is a 16,384 bit CCD serial memory designed for low-cost memory applications requiring average latency times 
to under 100µs. To achieve low latency time the memory was organized in the form of 64 independent recirculating shift reg
isters of 256 bits each. Any one 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 CCD clocks (¢1 .•. ¢4 ) 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 of the 64 registers at the bit location involved are available for non-destructive read
ing, and/orfor modification.1/0 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 1/0 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 1/0 functions should be performed until the four-phase CCD 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 CONFIGURATION 

Vss CE 

DOUT cs 

Ao <1, 

A,, <I, 

Al v •• 

A, <l3 

A, ., 
A4 WE 

Voo DIN 

PIN NAMES 

Ao·As ADDRESS INPUTS CE 

DrN DATA INPUT 01-¢4 

WE WRITE ENABLE INPUT Voo' Vss• VBB 

cs CHIP SELECT INPUT Dour 

CHIP ENABLE INPUT 

CCD CLOCK INPUTS 

POWER SUPPLIES 

DATA OUTPUT 

BLOCK DIAGRAM 

REFRESH 256-BIT RECIRCULATING REFRESH 
AMP CCD REGISTER NO. 1 AMP -

REFRESH. 256-BIT RECIRCULATING REFRESH 
AMP CCD REGISTER NO. 2 AMP 

REFRESH 256-BIT RECIRCULATING REFRESH 
AMP CCD REGISTER NO. 64 AMP -

4-15 

¢1 ¢2 r/J3 ¢4 

~ 
FOUR-PHASE CCD 

CLOCK INPUTS 

DATA OUTPUT 

s II 



2416 

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, v88 . . . . . . . . . . . . . . . +25V to -0.3V 

Supply Voltages Voo 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= 0°C to 70°C, Voo = +12V ±5%, Vss[1] = -5V ±5%, Vss = OV, unless otherwise specified. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

I LI Input Leakage Current 1 10 µA V1N = OV 

ILO Output Leakage Current 1 10 µA CE= OV, VouT = ov 

IOL Output Low Current 3 mA Vol= .45V 

IOH Output High Current 10 µA VoH = +5V 

lo0Av1 Average Voo Supply Current for Shift Note 2 mA 
Cycles Only 

lo0Av2[3l Average Voo Supply Current 15 25 mA 

lss Average Vss Supply Current 100 200 µA 

V1L Input Low Voltage, All Inputs Except -1.0 0.8 v 

<1>1 .. ·<1>4 

V1H1 Input High Voltage, All Inputs Except Voo-1 Voo+1 v 

01N and <1>1 ... <1>4 

V1HO 01N Input High Voltage 3.5 Voo+1 v 

V1Lc[4l <1>1 ... c/>4 Input Low Voltage de -2.0 0.6 v 

V1LCT <1>1 ... c/>4 Input Low Voltage w/Coupling -2.0(5] 1.2(6] v 

V1HC1 <1>1 and c/>3 Input High Voltage de Voo-1 Voo+2 v 

V1HCT1 <1>1 and <1>3 Input High Voltage w/Coupling v 00-1.5[6l Voo+2[5l v 

V1HC2 <1>2 and c/>4 Input High Voltage de Voo-0.6 Voo+2 v 

V1HCT2 <1>2 and c/>4 Input High Voltage w/Coupling Voo-1.2(6] Voo+2[5J v 

tpWT Cross Coupling Voltage Pulse Width Note 7 ns Pulse width measured at 0.8V and 
Voo-1.2V (c/>1 andc/>3) or 
Voo-0.8V (c/>2 and c/>4) 

Notes: 1. The only requirement for the sequence of applying voltage to the device is that Voo and Vss should never be 0.3V more negative 
than V99. 

15mA 
2. For shift only mode loo= 2.0mA + -----

1<1>/2 (in µs) 
3. loOAV2 is for combined shift and data 1/0 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 de range and are not, therefore, subject to tpwT restrictions. 

6. These voltage levels with coupling are outside specified de 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 (t-f) plus 20ns. 
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2416 

rt>, •.• t/>4 CROSS-COUPLING 

t/>2 

V1Hc1-------------

VIHCT1(MIN)-------------

VIHCT2(MAX) 

VIHC2 

V1Hcr2IMIN) 

VILC I 
!\. ..... __ ~ 

~tPWT 

ttPWT K~-T 
VILCT(MAX)--- - -

.p3 VILC ----- \.......} 

VILCT(MIN)-------------------

V1Hcr2IMAXl--

V1Hc2----' 

\ __ _ 

\_} 

Vite---------------------\~----, 
VILCT(MIN) \_} 

A.C. Characteristics TA= 0°C to 70°C, Voo = 12V ±5%, Vss = -5V ±5%, Vss =av, unless otherwise specified. 

SHIFT ONLY CYCLES 

Symbol Parameter Min. Max. Unit Conditions 

t<f>/2 Half Clock Period for <1>1 ... <1>4 75011] 10,000 ns t-r = 40nsec 

<1>2 On to <1>1 On Time, </>4 On to <1>3 On Time 200 
Dour TEST LOAD 

tpT ns 
5V 

lTD <1>1 to <1>4 Overlap, <1>3 to <1>2 Overlap 30 ns ~5K 
IDT </>4 to <1>1 Hold Time, <1>2 to <1>3 Hold Time 40 ns DEVICE 

UNDER 

lTP <1>1 Off to <1>4 On, <1>3 Off to <1>2 On 320 ns TEST 50pf 

I 
t-r Transition Times for <1>1 ... </>4 30 200 ns Vss-= 

Note: 1. The 750ns Half Clock Period will be met for 30ns .;;; t-r .;;; 40ns. Values of t-r > 40ns lengthen t<t>/2· 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing inns) 

I. SHIFT I r--- EXECUTE --"f 
TIME 

I It!>, SHIFT TIME) I 

I SHIFT I r--- EXECUTE _..., 

I l4>3 s:11~~ TIME) I 
I I I I® 

o, I _____ .., 
I j--••T 12001 

1~---+--+-+-------+----+..1 
., ® 

f<------+--'o/2--t--------->-< 
(750) i.-----+---++---

tTP(320) tPT(200) 

•• 

tTP (320) 

I SHIFT I r--- EXECUTE ~ 
TIME I I flfi, SHIFT TIME) 

I 

tprf2001 

tro(JO) 

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. </>3 and </>4. 
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2416 

A.C. Characteristics 
SHI FT-READ-READ-... -READ-SHI FT CYCLE 

Symbol Parameter Min. Max. Unit Conditions 

tRCY READ Cycle Time 460 ns 

tpT c/J2 On to c/J1 On Time, c/J4 On to c/J3 On Time 200 ns tT = 40ns 

!TD c/J1 to c/J4 Overlap, c/J3 to c/J2 Overlap 30 ns lT1 = 20ns 

tDT c/J4 to c/J1 Hold Time, c/J2 to c/J3 Hold Time 40 ns 

tcp/2 Half Clock Period for c/J1 ... c/J4 10,000 ns DouT TEST LOAD 

lT Transition Times for c/J1 ... c/J4 30 200 ns 5V 

lT1 Transition Times for Inputs Other Than c/J1 ... c/J4 100 ns 

tTC c/J1 or c/J3 Off to CE On 280 ns ~5K 
tsc CS to CE Set-Up Time 0 ns 

DEVICE 
tAc Address to CD Set- Up Time 0 ns UNDER 

TEST 
tAH Address Hold Time 240 ns 

tcs CE to CS Hold Time 0 ns I50pF 
tee CE Off Time 140 ns 

-= tcp CE Off to c/J2 or c/J4 On 40 ns Vss 

tcER CE On Time 280 ns 

tcF CE Off to Output High Impedance State 0 ns 

tco CE to DouT Valid 250 ns 

WAVEFORMS[!] (Numbers in parentheses are for minimum cycle timing inns) 

NOTES: 1. WE must be continuously low during the READ cycle. 
2. When CE is off, the 2416 output level is determined by the external output termination. 
3. +2.0V and VDD-2.0V are the reference low and high level respectively for measuring the timing of c/J1 ... c/J4, CE, CS and addresses. 
4. +0.8V is the reference level for measuring the timing of DoUT· 
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2416 

A.C. Characteristics 
SHI FT -WRITE-WR ITE-... -WR ITE-SH I FT CYCLE 

Symbol Parameter Min. Max. Unit Conditions 
twcv WRITE Cycle Time 460 ns 
tpT ¢2 On to ¢1 On Time, ¢4 On to ¢3 On Time 200 ns tT = 40ns 
tTD ¢1 to ¢4 Overlap, ¢3 to r/>2 Overlap 30 ns tn = 20ns 
toT ¢4 to r/>1 Hold Time, ¢2 to ¢3 Hold Time 40 ns 
t¢/2 Half Clock Period for ¢1 ... ¢4 10,000 ns 
1T Transition Times for ¢1 ... c/.>4 30 200 ns 
1T1 Transition Times for Inputs Other Than 100 ns 50UT TEST LOAD 

<1>1 ... ¢4 
5V 

!Tc ¢1 or ¢3 Off to CE On 280 ns 
tsc CS to CE Set-Up Time 0 ns 

5K tAC Address to CE Set-Up Time 0 ns 
tAH Address Hold Time 240 ns DEVICE 

UNDER tcs CE to CS Hold Time 0 ns TEST 

tee CE Off Time 140 ns 1~pF tcp CE Off to ¢2 or ¢4 On 40 ns 
tcEW CE On Time 280[1] ns -= 

Vss tcw CE to WE Set-Up Time 100[1] ns 
tow D1N to WE Set-Up 0 ns 
twP WE Pulse Width 100[1] ns 
twc WE Off to CE Off or1 J ns 
toH D1N Hold Time 0 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 WRITE Cycle Time, twcv. 
WAVEFORMS (Numbers in parentheses are for minimum cycle timing inns) 

I SHIFT I 
------ EXECUTE ----

TIME I MULTIPLE WRITE CYCLES I SHIFT I 
- EXECUTE ---I TIME 

(¢3 SHIFT TIME) I 

Notes: 2. +2.0V and Voo-2.0V are the reference low and high level respectively for measuring the timing of </11 ... ¢4, 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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2416 

A.C. Characteristics SHIFT-RMW-RMW- ... -RMW-SHIFT CYCLE 

Symbol Parameter Min. Max. Unit 

tRWC READ-MODIFY-WRITE Cycle Time 620 ns 

tPT l/J2 On to l/J1 On Time, l/J4 On to l/J3 On Time 200 ns tT = 40ns 

tTD l/J1 to l/J4 Overlap, l/J3 to l/J2 Overlap 30 ns tT1 = 20ns 

IDT l/J4 to l/J1 Hold Time, l/J2 to l/J3 Hold Time 40 ns 

lrp/2 Half Clock Period for l/J1 ... l/J4 10,000 ns 

tT Transition Times for l/J1 ... l/J4 30 200 ns 

IT1 Transition Times for Inputs Other Than 100 ns 

l/J1 ... l/J4 

tTc l/J1 or l/J3 Off to CE On 280 ns 

1sc CS to CE Set-Up Time 0 ns 

IAC Address to CE Set-Up Time 0 ns 

IAH Address Hold Time 240 ns 

1cs CE to CS Hold Time 0 ns DEVICE 

140 
UNDER 

ice CE Off Time 
ns TEST 

tcp CE Off to l/J2 or l/J4 On 40 ns 

ICRW CE On Time 440[1] ns 

tco CE On to EiouT Valid 250 ns 

tow D1N to WE Set-Up Time 0 ns 

!WP WE Pulse Width 100[1] ns 

twc WE Off to CE Off 0 ns 

toH D1N Hold Time 0 ns 

two CE On to WE On 300[1] ns 

twF WE to DouT Undefined 0 ns 

Note: 1. The mm1mum two and twP times with appropriate trans1t1ons do not necessarily add up to the minimum tcRW· This allows the user 

flexibility in setting the WE Pulse Width edges without affecting either tcRW or the READ-MODIFY-WRITE Cycle Time, tRWC· 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

" 
J--- E~~~UTTE ___j 

{<t>1 SHIFT ~11~~1 @ 

Conditions 

DouT TEST LOAD 

5V 

5K 

I50pF 

Vss 

,._~,-,,~~~-+-~~~~~~~~
~~~~~~~~~~~+-+-~-..,~~

~--'~ 

, .. , 
" I 

" 
-- --·-1-- - t,.,n 

'• 

WE 

o,. 

(Numbers in parenthews are for minimum cycle timing inn$.) 

DATA 
VALID UNDEFINED UNDEFINED 

Notes: 2. When CE is off, the 2416 output level is determined by the external output termination. 

3. The p111rameter tcf is the same as in the Shift-Read-Shih Cycle on page 4. 

4. +2.0V and Voo-2.0V are the reference low and high level respectively for measuring the timing of it>i . . 11.>4, CE, 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 BouT-
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A.C. Characteristics 
CAPACITANCE 111 TA = 25°C 

Symbol Parameter 

C1N Address, D1N. CS, CE, WE Capacitance 

CouT DouT Capacitance 
C<l>1!1l,C<t>312l </>1 ,</>3 Input Capacitance 
C<1>2!1l .C<1>4!2l </>2 ,</>4 Input Capacitance 

c<1>1 ·<1>2 Clock </>1 To Clock ¢2 Capacitance 

c<1>1·<1>4 Clock </>1 To Clock <1>4 Capacitance 

C<1>3-<1>2 Clock </>3 To Clock <1>2 Capacitance 

c<1>3·<1>4 Clock </>3 To Clock </>4 Capacitance 

2416 

Notes: 1. This parameter is periodically sampled and is not 100% tested. 

Typ. Max. Unit Conditions 

4 6 pF V1N = Vss 
3 5 pF VourVss 

350 500 pF vet>= Vss 

480 700 pF vet>= Vss 

120 175 pF Vet>= Vss 

150 200 pF vet>= Vss 

150 200 pF vet>= Vss 
120 175 pF vet>= Vss 

2. The C<1>1 .... C<1>4 input clock capacitance includes the clock to clock capacitance. The equivalent input 
capacitance is given below. 

Four-Phase Clock Inputs 

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. 

The equivalent circuit suggests two opposed clock driver re
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 

oi-----1..---------~-~ 10<;C<;300pF 
DATA DEPENDENT I 125pF 

02 
------=-~------17._Z_p_F _ ___., 200pF 

II325pF ~ 
200py5pF 

¢3-----1~--------~-~ 

I125pF 

¢4-----1..---------------~ 
EFFECTIVE INPUT CAPACITANCE 

I 325pF 01 & 03 = 500pF 
02 & 04 = 700pF 

The Intel® 5244 isa CMOS implemented fully TTL input compatible high voltage MOS driver, designed especially forthe 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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2416 

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 200µsec. 

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, dr 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 ct>1 or cj>3 and random access cycles may occur only between (1) the falling edge of <1>1 and the 

rising edge of cj>4 or (2) the falling edge of ct>3 and the rising edge of cj> 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 loo current transients during shift and 1/0 cycles. The typical lss 

current during a shift cycle is shown in Figure 3. 

Figure 1. I DD transient current during 

shift cycles. 

100 scale: 10mA/div. 

Figure 2. 100 transient current during 

1/0 cycles. 

100 scale: 10mA/div. 
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Figure 3. lee transient current 

during a shift cycle. 

188 scale: 50mA/div. 



5 



MEMORY SUPPORT CIRCUITS 

Electrical Characteristics 
Over Temperature 

Input 
No. to Power 
of Output Dissipalion[1) Page 

Type Description Pins Delay Max. Maximum Supplles[V) No. 

3205 1 of 8 Binary Decoder 16 18ns 350mW +5 5-3 

3207A Quad Bipolar to MOS Level 16 25ns 900mW +5, +16, +19 5-7 

Shifter and Driver 

3207A·1 Quad Bipolar to MOS Level 16 25ns 1040mW +5, +19, +22 5-11 

Shifter and Driver 

a: 3208A Hex Sense Amp for MOS Memories 18 20ns 600mW +5 5-13 

cc ... 
0 3222 4K Dynamic RAM Refresh Controller 22 - 600mW +5 5-19 
a. 
iii 3232 4K Dynamic RAM Address 24 20ns 750mW +5 5-25 
> Multiplexer and Refresh Counter :.: 
I-
I-
0 3242 16K Dynamic RAM Address 28 20ns 825mW +5 5-29 
:c Multiplexer and Refresh Counter 
0 
Ill 

3245 Quad TTL to MOS Driver for 16 32ns 388mW +12, +5 5-33 

4K RAMs 

3404 High Speed 6-Bit Latch 16 12ns 375mW +5 5-3 

3408A Hex Sense Amp and Latch for 18 25ns 625mW +5 5-13 

MOS Memories 

5235 Quad Low Power TTL to MOS 16 125ns 240mW 12 

Driver for 4K RAMs 
Ill 5-37 
0 5235-1 High Speed Quad Low Power TTL 16 95ns 240mW 12 
:Iii 
0 to MOS Driver for 4K RAMs 

5244 Quad CCD Driver 16 90ns 1260mW 12 5-41 

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



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 

• Totem-Pole Output 

3205 

• Low Input Load Current: .25mA 
Max., 1 /6 Standard TTL Input 
Load 

• Minimum Line Reflection: Low 
Voltage Diode Input Clamp 

• Outputs Sink 1 OmA 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. 

PIN CONFIGURATION 

3205 3404 

Ao " Vee o, Vee 

A, " 5, 6, ., ,. 5, o, o, ,, '3 o, 6, 
1 ·a Bl NARY 
DECODE.A 

" ,, 0, D, o, 

,, ,, 
Ci, a, 

Ci, " o, w, o, 

GAD 
9 6, GAD 
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3205,3404 

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 +75°C 

-65°C to +160°C 

-0.5 to+ 7 Volts 

-1.0 to +5.5 Volts 

125 mA 

*COMMENT 
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= 0°c to +75°C, Vee= 5.ov ±5% 

3205,3404 

SYMBOL PARAMETER 
LIMIT 

MIN. MAX. 

IF INPUT LOAD CURRENT -0.25 

IR INPUT LEAKAGE CURRENT 10 

Ve 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 

1sc OUTPUT HIGH SHORT -40 -120 
CIRCUIT CURRENT 

vox OUTPUT "LOW" VOLTAGE 0.8 
@HIGH CURRENT 

3205 ONLY 

1cc POWER SUPPLY CURRENT 70 

3404 ONLY 

1cc POWER SUPPLY CURRENT 75 

IFWl WRITE ENABLE LOAD CURRENT -1.00 
PIN 7 

1FW2 WRITE ENABLE LOAD CURRENT -0.50 
PIN 15 

IRW WRITE ENABLE LEAKAGE CURRENT 10 

Typical Characteristics 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 

OUTPUT "LOW" VOLTAGE OUTPUT "HIGH" VOLTAGE 

.2 .4 .6 .8 1.0 1.0 2.0 3.0 4.0 
OUTPUT "LOW" VOLTAGE (VJ OUTPUT "HIGH" VOLTAGE {V) 

5-4 

UNIT TEST CONDITIONS 

5.0 

mA Vee= 5.25V, VF= 0.45V 

µA Vee= 5.25V, VR = 5.25V 

v Vee= 4.75V, le= -5.0 mA 

v Vee= 4.75V, IOL = 10.0 mA 

v Vee= 4.75V, IOH = -1.5 mA 

v Vee= 5.0V 

v Vee= 5.0V 

mA Vee = 5.0V, VOUT = OV 

v Vee = 5.0V, 'ox= 40 mA 

mA V cc = 5.25V, Outputs Open 

mA Vee= 5.25V, Outputs Open 

mA vcc=5.25V, vw =0.45V 

mA vce=5.25V, vw =0.45V 

µA VR-5.25V 

DATA TRANSFER FUNCTION 
s.o T 1 

!---+---+---+--+---+Vee = 5.0V +---+---
4.0 t-+--+--+-+-+--+---+-+-+-~ 

2.0 t--t--+--t~~-+--+---1+--\++--t-~ 

! '• • 75"C-j-+-I l 
, .0 f---t--+----t-l+-1 ---+-+--ll---#-1-~ 

~ l 
.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

INPUT VOLT AGE (V) 



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 nsec 
between 1 V and 2V 

Measurements are made at 1.5V 

TEST LOAD: 
390!1 

2K 

All Transistors 2N2369 or Equivalent. CL = 30 pF 

TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE 

OUTPUT 

A.C. Characteristics TA = 0°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 
r---

(1) 
CIN INPUT CAPACITANCE P3205 4(typ.) 

C3205 5(typ.) 

1 .. This parameter is penod1cally sampled and is not 100% tested. 

Typical Characteristics 

~ 
w 
-' 
"' " ~ 
a: 
0 

~ 
0 

~ 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 

Vee"' 5.0V 

TA"' 25"C 

50 100 150 

LOAD CAPACITANCE (pF) 

200 

5-5 

~ 
-' 

"' " ~ 
a: 
0 

~ 
a: 
0 
0 

" 

UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns 

pF f = 1 MHz. Vee = OV 

pF Vat AS = 2.0V. TA= 25oe 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 

20 

I 
15 

10 

l_ 
Vee "' s.ov 
CL = 30 pF 

.1 
'· ·' T ----~:...-+------
t_+ r 

o~~~~~~~~~~~~~ 

0 25 50 75 

AMBIENT TEMPERATURE ("C) 
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3404-6-BIT LATCH 
Switching Characteristics 
CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1 V and 2V 

Measurements are made at 1.5V 

3205,3404 

TEST LOAD: 

~ 

Vee 

39012 

-=- -= All Transistors 2N2369 or Equivalent. CL= 30pF 

TEST WAVEFORMS 

DATA 
INPUT 

WRITE 
ENABLE 

OUT 

MEASUREMENT FOR DATA DELAY 
___ , 1,..--------------------.. ,, 

' I ~------------------J 

~1--t+_,t_+ 

----------~,r-~~~;~-------------
--------..1'~ 

NOTE 1: Output Data is valid after t+-' t _+ 

DATA 
INPUT 

WRITE 
ENABLE 

OUT 

MEASUREMENT FOR WRITE ENABLE DELAY \l,.-----
------------------------./1'---1------1WP-1 1 HOLOl--

1' l 
1-----)K' '--·'-+ 

I r:~;;:•--••uuuu 
• •••••••••I _.._ __________________ _ 

NOTE 2 Output Data 1s valid after t __ , t _+ 

A.C. Characteristics TA = 0°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 

1SET UP TIME DATA MUST BE PRESENT BEFORE 12 
RISING EDGE OF WRITE ENABLE 

1HOLD 'TIME DATA MUST REMAIN AFTER I 8 I 
RISING EDGE OF WRITE ENABLE i 

twp WRITE ENABLE PULSE WIDTH 15 

CINDl31 DATA INPUT CAPACITANCE P3404 

l 4 

C3404 5 

CINW(3J WRITE ENABLE CAPACITANCE P3404 l 7 

C3404 8 

NOTE 3: This parameter is periodically sampled and is not 100% tested. 

Typical Characteristics 

_, 
"' " :': 
.... a: 
;: 
..... 
~ 
~ 

;! 

" 0 

15 

10 

DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. 

LOAD CAPACITANCE 
20 

w _, 
"' 15 

" :': 
w .... 
a: 
;: 10 ..... 
~ 
~ 

" .... 
" D 

DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. 

AMBIENT TEMPERATURE 

T I, l Vcc=SOV 
Cl = 30 pF 

f----- l 
WRITE ENABLE t 

1--~-J- ~ 
DATA QR WRITE ENABLE 1-+ 

DATA t+-
f---

UNIT 

ns 

ns 

ns 
I 

I 
ns 

ns 

pF 

pF 

I pF 

pF 

10 

TEST CONDITIONS 

I 

1 = 1 MHz, Vee = ov 

VBIAS = 2.0V,TA=25°C 

1 = 1 MHz, Vee = ov 

VBIAS = 2.0V, TA= 25°C 

WRITE ENABLE PULSE WIDTH 
VS. LOAD CAPACITANCE 

0 l 0 '-~~-'-~~-L~~~"-~~~ 
100 200 300 400 0 25 50 75 0 100 200 300 400 
LOAD CAPACITANCE {pf) AMBIENT TEMPERATURE ("C) LOAD CAPACITANCE (pF) 
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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 Vss 

power supplies from the 1103 and 1103A. 

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 1103A. 

For the TTL inputs a logic "1" is V1H and a logic "O" is V1 L . The 3207 A outputs correspond to a logic" 1" as 

VoL and a logic "O" 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 o0 c to + 70°C. 

PIN CONFIGURATION 

OUTPUT 

DATA INPUT 

ENABLE INPUT 

ENABLE INPUT 

DATA INPUT 

OUTPUT 

OUTPUT 

DATA INPUT 

ENABLE INPUT 

ENABLE INPUT 

OATA INPUT 

OUTPUT 

LOGIC SYMBOL 
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Absolute Maximum Ratings* 
Temperature Under Bias ......... 0°C to +70°C 
Storage Temperature ........... -65°C to +160°C 
All Input Voltages and Vss· ......... -1.0 to +21V 
Supply Voltage Vee ............... -1.0 to+ 7V 
All Outputs and Supply Voltage 
VBB with respect to GND . . . . . . . . . -1.0 to +25V 
Power Dissipation at 25°C ............ 2Watts 111 

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 TA= 0°C to 70°C, Vee= 5V ± 5%, Vss = 16V ± 5%, VBB- vss= 3.0V to 4.0V 
SYMBOL TEST LIMIT 

UNIT CONDITIONS MIN. MAX. 

1FO DATA INPUT LOAD CURRENT -0.25 mA V0 = .45V, Vee= 5.25V, All Other Inputs 
at 5.25V, v55 = 16V, V88= 19V 

1FE ENABLE INPUT LOAD CURRENT -0.50 mA VE= .45V, Vee= 5.25V, Alt Other Inputs 
at 5.25V, vss= 16V, VBB= 19V 

1RD DATA INPUT LEAKAGE 20 µA v 0 = 19V, Vee= 5.0V, All Other Inputs 
CURRENT 

Grounded, v 55 = 16V, V88 = 19V 

1RE ENABLE INPUT LEAKAGE 20 µA VE= 19V, Vee= 5.0V, All Other Inputs CURRENT 
Grounded, V SS= 16V, V88 = 19V 

VOL OUTPUT "LOW" VOLTAGE .8 VI0°CI loL = 500µA, Vee= 4.75V 
.7 V(25°C) vss= 16V, VBB= 19V 
.6 V(70°CI All Inputs at 2.0V 

VoH (MIN.I OUTPUT "HIGH" VOLTAGE vss - .7 VI0°CI loH= -500µA, Vee= 5.0V 
vss-.6 Vl25°CI vss= 16V, VBB= 19V 
vss-.5 Vl70°CI All Inputs at 0.85V 

VOH IMAX.I Vss + 1.0 v 10 H = 5mA, Vee= 5.ov 
Vss = 16V, Vgg = 19V 

1oL OUTPUT SINK CURRENT 100 mA Vo =4V, Vee= 5.0V,Vss= 16V, 
vss= 19V, VE= Vo= 2.0V 

1oH OUTPUT SOURCE CURRENT -100 mA v0 = v55 -4V, vee= 5.ov. v55 = 16V 
vss= 19V, VE =VD= 0.85V 

VIL INPUT "LOW" VOLTAGE 1.0 v Vee= 5.0V, vss= 16V, VBB= 19V 

VIH INPUT "HIGH" VOLTAGE 2.0 v Vee= 5.DV, vss= 16V, VBB= 19V 

CIN INPUT CAPACITANCE 8(Typical) pF VBIAS= 2.0V, Vee= ov 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 

Symbol Parameter Min. Max. Unit Conditions 
1cc Current from Vee 83 mA 

155 Current from Vss 250 µA 
Vee= 5.25V, V5s = 16.8V, Vgg = 20.SV 

All Inputs Open lgg Current from V BB 21 mA 

PTOTAL Total Power Dissipation 900 mW 

All Outputs "High" 

1cc Current from V CC 33 mA 

1ss Current from V SS 250 µA 
Vee= 5.25V, Vss = 16.8V, VBB = 20.8V 

All Inputs Grounded 
1ss Current from V BB 3 mA 

PTOTAL Total Power Dissipation 250 mW 

Standby Condition with Vee= OV, Vss = VBB 

1cc Current from V CC 0 mA 

1ss Current from v55 250 µA 
Vee= OV, Vss =16.SV, Vgg = 16.8V 

1ss Current from v88 250 µA 

PTOTAL Total Power Dissipation 10 mW 
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Switching Characteristics 

A.C. Characteristics 

3207A 

TA= 0°C to 70°C, Vee= 5V ±5%, V55 = 16V ±5%, V88 = V55 +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 

t1 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,-----1,---..,------r----. 

Vee = 5.0V 

v55 = 16V 

30 t---v66 "19V 

CL = 200 pf 

a~---'----'----'-----' 
0 20 40 60 80 

AMBIENT TEMPERATURE (°C) 
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30 

SWITCHING TIME VS. 
LOAD CAPACITANCE 

Vee= 5.0V 

v55 = 1ev 
V86 = 19V ~-+----+-----! 

TA = 25°C 

O'----'-----'----'---~ 

0 100 200 300 400 
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Power and Switching Characteristics 
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NO LOAD D.C. POWER DISSIPATION VS. 
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3207A-1 
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 

3207 A-1 has all the same features as the standard 3207 A. 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 CONFIGURATIO,_ LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 

OUTPUT o, 1 OUTPUT 

DATA INPUT o, 3 DATA INPUT 

ENABLE INPUT ENABLE INPUT 

ENABLE INPUT ENABLE INPUT 

DATA INPUT DATA INPUT 

OUTPUT OUTPUT 

GNO ' ' '£ 01 

'1 
'• 
0 ~ 

•I 

Temperature Under Bias . . . . . . . . . . o0 e to +55°e 
Storage Temperature ........... -65°e to +160°e 
All Input Voltages ............ -1.0 to +21 Volts 

Supply Voltage Vee ........... -1.0 to +7.0 Volts 

All Outputs and Supply Voltages Vss and Vss 
with respeetto GND ........... -1.0to+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= 0°c to 55°C, Vee= 5V ± 5%, Vss = 19V ± 5%, \Es -Vss = 3.ov to 4.ov 

SYMBOL TEST 
LIMIT UNIT CONDITIONS 

MIN. MAX. 

1FD DATA INPUT LOAD CURRENT -0.25 mA V0 = .45V, Vee= 5.25V, All Other Inputs 

at 5.25V, VSS = 19V, V88= 23V 

1FE ENABLE INPUT LOAD CURRENT -0.50 mA VE= .45V. Vee= 5.25V, All Other Inputs 

at 5.25V, vss= 19V, VBB= 23V 

1Ro DATA INPUT LEAKAGE 20 µA v 0 = 19V, Vee= 5.0V, All Other Inputs 

CURRENT Grounded, VSS = 19V, V88 = 23V 

1RE 
ENABLE INPUT LEAKAGE 20 µA Ve= 19V, Vee= 5.0V, All Other Inputs 

CURRENT Grounded, V SS= 19V, V88 = 23V 

VOL OUTPUT "LOW" VOLTAGE 0.8 VI0°C) loL =500µA, Vee= 4.75V 

0.7 Vl25°Ci vss= 19V, VBB= 23V 

0.6 V(55°C) All Inputs at 2.0V 

VoH (MIN.) OUTPUT "HIGH" VOLTAGE vss -0.7 V(0°C) loH= -500µA, Vee= 5.0V 

vss -0.6 V(25°C) VSS = 19V, v88 = 23V 

vss -0.5 V(55°C) All Inputs at 0.85V 

VoH (MAX.) Vss + 1.0 v 
10 H = 5mA, Vee= 5.ov 

Vss = 19V, V99 = 23V 

1oL OUTPUT SINK CURRENT 100 mA Vo= 4V, Vee= 5.0V,Vss= 19V, 

V88= 23V, VE= V0 = 2.0V 

1oH OUTPUT SOURCE CURRENT -100 mA Vo= vss -4V, Vee= 5.0V, vss = 19V 

V88= 23V, VE = V0 = 0.85V 

VIL INPUT "LOW" VOLTAGE 1.0 v Vee= 5.0V, vss= 19V, VBB= 23V 

VIH INPUT "HIGH" VOLTAGE 2.0 v Vee= 5.0V. vss= 19V, VBB= 23V 

GIN INPUT CAPACITANCE 8(Typical) pF VBIAS= 2.0V, Vee= OV 

5-11 
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3207A-1 

D.C. Characteristics (Continued) TA= o0c to +55°c, Vee= 5V ± 5%, v55 = 19v ± 5%, V88 -v55 = 3.ov to 4.ov 
POWER SUPPLY CURRENT DRAIN: 
All Outputs "low" 

Symbol Parameter Min. Max. Unit Conditions 
1cc Current from Vee 83 mA 

Vee= 5.25V, v 55 = 2ov. v 88 = 24V 
155 Current from v55 250 µA 

All Inputs Open 
1ss Current from v88 25 mA 

PTOTAL Total Power Dissipation 1040 mW 

All Outputs "High" 

1cc Current from V CC 33 mA 
Vee= 5.25V, v 55 = 20V, v 88 = 24V 155 Current from v55 250 µA 
All Inputs Grounded 

188 Current from v88 5 mA 
PTOTAL Total Power Dissipation 297 mW 

Standby Condition with Vee= OV, Vss = v 88 

1cc Current from V CC 0 mA 
Vee= OV, V55 = 2ov, v 88 = 20V 

155 Current from v55 500 µA 
100 Current from V BB 500 µA 
PTOTAL Total Power Dissipation 15 mW 

A.C. Characteristics 
TA= 0°C to 55°C. Vee= 5V ±5%, V55 = 19V ±5%, V88 = V55 +3 to 4V, f = 2 MHz, 50% Duty Cycle 

LIMITS (ns) 

SYMBOL TEST DELAY DIFFERENTIAL Ill 
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 
t, OUTPUT RISE TIME 5 20 5 30 10 
t1 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 

5-12 



3208A,3408A 

HEX BIPOLAR SENSE AMPLIF!ERS 
FOR MOS CIRCUITS 

3208A HEX SENSE AMPLIFIER 
3408A HEX SENSE AMPLIFIER WITH LATCHES 

•High Speed-20 nsec. max. 
• Wire-OR Capability-

Open Collector Output •• 3208A 
Three-State Output ••••• 3408A 

• Single 5 V Power Supply 
• Input Level Compatible with 

1103 Output 

• Two Enable Inputs 
• Minimum Line Reflection •••• Low 

Voltage Diode Input Clamp 
• 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-0 R 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 0°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. 

s, 

s, 

s, 

s, 

s, 

REF 

PIN CONFIGURATIONS 

" 

16 

3208A 

Vee w 

'· 
o, s, 

s, 

o, s, 

o, s, 

o, s, 

o, s, 

,, 
GNO 

3408A 

PIN NAMES 

ENABLE INPUTS 

REFERENCE INPUT 

Vee 

'· 
o, 

o, 

o, 

o, 

,, 

01. 02. 03. 04.05, 05 OUTPUTS (Non-inverting) 
W WRITE INPUT (3408A only) 

BLOCK DIAGRAMS 

'· 3208A 

REF01 
0 

s, o, 

s, o, 

s, o, 

s, 
o, 

o, 

o, 

0 • 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 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 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= 0°c to 10°c, Vee= 5V ±5% 

SYMBOL PARAMETER 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

IFE INPUT LOAD CURRENT ON -0.25 mA Vee= 5.25V 

ENABLE INPUT VF= 0.45V 

IRE INPUT LEAKAGE CURRENT 20 µA Vee= 4.75V 

ON ENABLE INPUT VA= 5.25V 

VIH INPUT "HIGH" VOLTAGE 2.0 v Vee= 5.0V 

ON ENABLE INPUT 

VIL INPUT "LOW" VOLTAGE 0.85 v Vee= 5.0V 

ON ENABLE INPUT 

Vol OUTPUT "LOW" VOLTAGE 0.45 v Vee= 4.75V 
loL = 10mA 

1cEX OUTPUT LEAKAGE CURRENT 100 µA Vee= 5.25V 
VCEX = 5.25V 

IREF INPUT CURRENT ON -150 µA Vee= 5.25V 

REFERENCE INPUT VREF = 100mV 

Is INPUT CURRENT ON -25 µA 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 200mV 

VREF OPERATING RANGE OF 100 200 mV Vee = 4.75 to 5.25V 

REFERENCE VOLTAGE 

1cc POWER SUPPLY CURRENT 120 mA Vee= 5.25V 

Ve INPUT CLAMP VOLTAGE -1.0 v Vee= 4.75V 

ON ALL INPUTS le= -5.0mA 

VSD SENSE INPUT CLAMP 1.0 v Vee= 5.0V 

DIODE VOLTAGE 10= 5.0mA 

3208A TRUTH TABLE 
INPUTS 

Sense Amp Enable OUTPUT 

<VREF -50mV L L 

>VREF L H 

x H H X = Don't care 
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3208A, 3408A 

D. C. Characteristics for 3408A TA= 0°c to +10°c, Vee= 5V ±5% 

SYMBOL PARAMETER 
MIN. 

1FE INPUT LOAD CURRENT 
ON ENABLE INPUT 

IRE INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 

1Fw INPUT LOAD CURRENT 
ON WRITE INPUT 

1RW INPUT LEAKAGE CURRENT 
ON WRITE INPUT 

VIH INPUT "HIGH" VOLTAGE 2.0 
ON ENABLE AND WRITE INPUT 

VIL INPUT "LOW" VOLTAGE ON 
ENABLE AND WRITE INPUT 

Vol OUTPUT "LOW" VOLTAGE 

VOH OUTPUT "HIGH" VOLTAGE 2.4 

I 10 I OUTPUT LEAKAGE CURRENT 
FOR HIGH IMPEDANCE STATE 

1sc 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 

1cc 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 

5-15 

MAX. 
UNIT TEST CONDITIONS 

-0.25 mA 

20 µA 

-0.25 mA 

20 µA 

v 

0.85 v 

0.45 v 

v 

100 µA 

-100 mA 

-150 µA 

-25 µA 

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 

Vcc=4.75V 
loL = lOmA 

Vee= 4.75V 
10 H= -1.5mA 

Vee= 5.25V 
V0 = 0.45V/5.25V 

Vee= 5.0V 
V0 = OV 

Vee= 5.25V 
VREF = 100mV 

Vee= 5.25V 
Vs= 100mV 

Vee= 4.75 to 5.25V 
VREF = 100 to 200mV 

V cc = 4. 75 to 5.25V 
VREF = 100 to 200mV 

V cc= 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. 

ll 



3208A, 3408A 

Typical D. C. Characteristics for 3208A/3408A 

1 
.... 
1E 
a: 

SENSE AND REFERENCE INPUT CURRENT 
VS. AMBIENT TEMPERATURE 

Vee= s.ov 

~ --401-------+-------+-------j 
u 
.... 
~ 
;:: 
w 
u 
1E 

~ 
~ -201-------+-------+-------j 
2 
<( 

w 

"' ~ 
SENSE INPUT 

AMBIENT TEMPERATURE (°C) 

OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 

OUTPUT "LOW" VOLTAGE (mV) 
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SENSE THRESHOLD VS. 
REFERENCE INPUT VOLTAGE 

Vee= 5.0V 

200 

100 I----··· 

Qi-------~-----~-----~ 
0 100 200 

REFERENCE INPUT VOLTAGE (mV) 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

Vee= s.ov TA= 25°C 

TA= 70°C 

300 

-50'-----'-L._ _ _... ___ _._ ___ ,__ __ __, 

0 1.0 2.0 3.0 4.0 5.0 

OUTPUT "HIGH" VOLTAGE (VJ 



3208A, 3408A 

A.C. Characteristics TA= 0°c to 70°c, Vee= 5V ±5% 

3208A 

SYMBOL PARAMETER 
MIN. 

ts- SENSE AMP INPUT TO OUTPUT 
DELAY 

tE- ENABLE INPUT TO OUTPUT 

tE+ DELAY 

3408A 

twp WRITE PULSE WIDTH 30 

ts- SENSE AMP INPUT TO OUTPUT 
DELAY 

tE- ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES "LOW" 

tE+ ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES "HIGH" 

Capacitance 111 TA= 25°c, t = 1 MHz 

LIMITS 

LIMITS 
UNIT TEST CONDITIONS TYP. MAX. 

20 ns D.C. LOAD = 10mA 
CL= 30pf 

20 D.C. LOAD = 10mA 
-~ ns 

CL= 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 

SYMBOL TEST 
TYP. MAX. • Input Pulse amplitude: 2.5V for all TTL compatible 

inputs and 2.5V through a resistor network as shown 
below for sense input. 

Co Vee = OV, VBIAS = 2.0V 

CINE ENABLE INPUT 
Vee= OV, VBIAS = 2.0V 

GINS SENSE INPUT 

Vee= OV, VBIAS = ov 
(1) This parameter is periodically sampled and is 

not 100% tested. 

Waveforms 
3208A/3408A 

PULSE 
INPUT 

SENSE 
INPUT 

OUTPUT 1.5V 

8 12 

6 10 

6 10 

5-17 

• 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 ~.4K,: D. U. T INPUT INPUT 

240" 

3408A ONLY 

SENSE 
INPUT 

OUTPUT 

10mA TEST LOAD 

O.U.T. 

OUTPUT 

30 

Vee 

450<1 

1K 



3208A, 3408A 

Typical A. C. Characteristics 

20 

I--

10 

30 

20 

10 

i--

0 
0 

SENSE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vee"' 5.0V 
D.C. LOAD = lOmA 
CL= 30pF 
VREF = 150mV 

3408A ts 

3208A ts -

AMBIENT TEMPERATURE (°C) 

3408A WRITE PULSE WIDTH VS. 
AMBIENT TEMPERATURE 

Vee"' 5.0V 

~ --+--

25 50 70 75 

AMBIENT TEMPERATURE (°C) 

30 

~ 
> 

~ 20 
0 
I-
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I-
:> 
0 
0 
I-
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~ 
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~ 
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20 

15 
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.r 

10 
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ENABLE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 

Vee= s.ov 
O.C. LOAD = 10mA 
CL= 30pF 

320~ 
3408A tE+ 

3208A, 3408A tE-

25 50 70 75 

AMBIENT TEMPERATURE (°C) 

SENSE INPUT TO OUTPUT DELAY 
VS. REFERENCE INPUT VOLTAGE 

100 200 

VREF (mV) 

300 



3222 

REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 

• Ideal for use in • Adjustable Refresh Timing 
2107A, 21078 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® 21078. 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 0°C to 75°C ambient temperature 

range. It is fabricated by means of Intel's highly reliable Schottky bipolar process. 

Ao· A5 
ACK 

BUSY 

CYREO 

PIN CONFIGURATION 

vcc 

RE FREQ Rx/Cx 

CYREO ACK 

STARTCY REFON 

A2 BUSY 

A1 A3 

Ao A4 

°" 
"5 

01 05 
02 04 

63 

PIN NAMES 

BLOCK DIAGRAM 

ADDRESS r------------"-. 

5-19 

INPUTS ------------,/I 

11\i · A51 

TIMER 
CONTROL 

Cx:r: 
6 BIT 

REFRESH 
COUNTER 

CLOCK 

2 INPUT 
6 CHANNEL 

ADDRESS 
MULTIPLEXER 

a r-
1 

SELECT 

I 

--' REFREQ L-o----.-t 

CONTROL 

ADDRESS 
OUTPUTS 

(00. 65) 

CYREO 1--------- REFON 

>---------ACK 

j 



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 tor Vee= +5.0V ±5%, TA= 0°c to +75°C. 

Limits 

Symbol Parameter Min. Typ.111 Max. Unit Test Conditions 

IFs Input Load Current BUSY 0.40 1 mA V1N = 0.45V 

IFo Input Load Current All Other Inputs 0.05 0.25 mA V1N = 0.45V 

IRB Input Leakage Current BUSY <1 50 µA V1N =Vee 

I Ro Input Leakage Current All Other Inputs <1 20 µA V1N = 5.25V 

VcLAMP Input Clamp Voltage -0.76 -1 v le= -5.0mA 

V1L Input "Low" Voltage 0.8 v 
V1H Input "High" Voltage 2.0 v 
Ice Power Supply Current 91 120 mA Vee= 5.25V 

lsc Output High Short Circuit Current -48 -70 mA VouT = OV 
Vee= 5.25V 

Vol Output Low Voltage 0.32 0.45 v loL = 5mA 

VoH Output High Voltage (Oo-05) 2.6 3.1 v loH = -1mA 
Vee= 4.75V 

VoH1 Output High Voltage (All Other Outputs) 2.4 3.0 v loH = -1mA 
Vee= 4.75V 

Note 1: Typical values are for TA= 25° C and nominal power supply voltages. 

Capacitance[21, TA = 25°C 

Limits (pF) 
Symbol Test Typ. Max. Conditions 

C1N (Address) Input Capacitance 5 10 Vbias = 2.0V 
C1N (CYREO) Input Capacitance 6 10 Vee= ov 
C1N (BUSY) Input Capacitance 20 30 f = 1 MHz 

Note 2: This parameter is periodically sampled and is not 100% tested. 

5-20 



3222 

A.C. Characteristics All Limits Apply for Vee = +5.ov ±5%, TA = 0°c to +75°C. Load = 1 TTL, cL = 15pF. 

Conditions of Test: Input pulse amplitude:3V, Input rise and fall times: 5ns between lV and 2V. Measurements are made at 1.5V. 

Symbol Parameter Min. Typ.1 Max. Unit Conditions 

!AA Address In to Address Out 7 12 ns BUSY= V1H 

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 = V1H. CYREQ = V1L 

tsR BUSY In to REFON Out 15 24 ns 

tss BUSY In to STARTCY Out 4 7 14 ns CYREQ = V1L 

!HOLD BUSY Hold Time 50 ns External Delay between STARTCY and 
BUSY 

tRH CYREOor REFREQ Hold Time 0 ns External Delay after BUSY 

tRR REFREQ to REFON 18 26 ns CYR EQ and BUSY= V1H, No priority 
contention between REFREQ and 
CYREO 

tRRe REFREQ to REFON 33 45 ns BUSY= V1H 

tRs CYREQ or REFREQ In to 9 14 21 ns BUSY= V1H 
STARTCY Out 

!Setup BUSY Setup Time 120 ns BUSY= V1L During Refresh 

Note 1: Typical values are for TA"' 25°C and nominal power supply voltages. 

CYRECi 

{IN) 

AEFRffi 
(IN) 

STARTCY 
(OUT) 

BUSY 
(IN) 

AEFON 

(OUT) 

AcK 
IOUTI 

Ao-As 

(IN) 

Oo-Os 

(OUT) 

A. SYSTEM MEMORY CYCLE 
WITH MEMORY NOT BUSY 

B. SYSTEM MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING REFRESH CYCLE) 

(Numbers in parentheses are minimum values inns unless otherwise specified.) 

::=J ["~ '~ 
VIH 

VIL_ Ji __ --\----'"j-(9) 
VIH 

Vil 

VIH 

Vil 

VIH 

V1L- - -- -

VIH 

v.L- ----
I 

:'"J; 
IL : tAA ~ 

VIH 
- -I 112 MAXI 

ADDRESS ADDRESS 

VIL 

CYREO 

(IN) 

REFREO 

{IN) 

STARTCY 
IOUTI 

BUSY 
llN) 

REFON 
(OUT) 

ACK 
(OUT) 

A,,-A, 
(IN) 

Oo·05 
(OUT) 
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VIH 

VIL 

VIH 

VIL- -

VIH 

VIL 

VIH 

VIL 

VIH 

Vil 

VIH 

VIL- -

VIH 

VIL 

VIH 

VIL 

-I ------

tBAM 
(28 MAX) 

ADDRESS 

ll 



C. REFRESH MEMORY CYCLE WITH 
MEMORY NOT BUSY 

3222 

D. REFRESH MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING SYSTEM CYCLE) 

(Numbers in parentheses are minimum values inns unless otherwise specified.) 

VIH 

CVREO 
(IN) 

V1L- - -- - - - - ---

VIH 

RE FREQ 
llNI 

VIH 

STARTCY 
(OUT) 

VIH 

BUSY 
(IN) v,. 

VIH 

lITTON 
(OUT) 

VIH 

ACK 
(OUT) VIL--- - - -- - - - ----

VIH 

A,,-A5 

(IN) v,. 
tBAR 

VIH 
(Z7 MAX) 

Oo-Os 
(OUT) v,. 

NOTE 1: tRR (26ns MAX) IF PRIORITY CONTENTION IS ELIMINATED; tRRC 

E. TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 21078 SYSTEM 

7404 

"· 

ADDRESS 
INPUTS 
TO 21078 
ARRAY 

FROM 
MEMORY 
TIMING 

TO MEMORY TIMING (VALID 
WHEN ADDRESSES ARE STABLE) 

._ _____ ____, 

ONLY ONE 3222 IS REQUIRED PEA SYSTEM 
ADEQUATE BUFFERING SHOULD BE PROVIDED 
BETWEEN THE 3222 ADDRESSES !do--65 ! 
OUTPUTS AND THE MEMORY INPUTS 
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VIH 

CYREO 
(IN) 

V1L- - --- --

VIH 

REFREO 

llNI VIL- ---

VIH 

STARTCY 
(OUT) VIL---

VIH 

BUSY 
(IN) v,. 

VIH 

RE FON 
(OUT) VIL-

VIH 

ACK 
(OUT) v,. 

VIH 

Ao-As 
(IN) v,. 

tBAR 
127 MAXI 

VIH 

0.:0. ADDRESS 
(OUT) v,. 

F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROL IN A 2104A SYSTEM 

2104A 
MEMORY 
DEVICES 

._ _____ ~~~~TIMING 

LATCH 
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PIN NAMES AND FUNCTIONS 
Pin 
No. 

2 

3 

4 

Pin 
Name 

CYREQ 

STARTCY 

5-7 A0-As 
15-17 

8-10 Oo-Os 

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 (00-0s) 
during a system cycle. 

Low order memory address outputs. 
During a system cycle these outputs 
give the low order (Ao-As) 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 1/0 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). 
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Pin 
No. 

Pin 
Name Function 

21 RX/CX Connection point for th.e 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 basic 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 (Oo-Os). 
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-As) system add.resses. 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 ofthese 
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 - rnemory 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 of the 3222 
to both refresh and memory cycles is dependenton 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 \ha( 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 for a 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 ST ARTCY goes low at !Rs 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 
t85 after the rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

2. Output addresses 0 0-05change at or before lAA 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 
t8 R relative to BUSY going high. Since the Acknowledge 
output ACK can not go low until after tHoLo 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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and !ARC (or !RR) time respectively. The low going edge of 
STARTCY is used to set the external BUSY latch low. As in 
the previous two cases, the BUSY input 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 forth is 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 lsR after BUSY goes high. After 
lHoLo. 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 attendant 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 Q 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: 
!REF = the total time between refreshes (e.g. 2msec) in 

msec. 
r =the number of rows to be refreshed on the memory 

device lfor the 2107B r = 64\. 
Rx = external timing resistance in KO (3K to 10K) 
C, = external timing capacitance in µf. (0.005µf to 

0.02µf) 
The 3222's oscillator stability is guaranteed to be ±2% for a 
given part and ±6% from part to part, both over the ranges 
0°C:;;:; TA:;;:; 75°C and Vee= 5.0V ±5%. 

Figure F shows how the 3222 may be used to control refresh 
in a 2104A system. 
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ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 

• Ideal For 2104A • Address Input to Output Delay: 

• Simplifies System Design 9ns Maximum Driving 15pF, 
25ns Maximum Driving 250pF 

• Reduces Package Count 
• Suitable For Either Distributed 

• Standard 24-Pin DIP Or Burst Refresh 

• Single Power Supply: 
+5 Volts ±10% 

The Intel® 3232contains 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 2104A. 

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, ... 
A, A,, 

A, A, 

As Aio 

Ao A, 

Ao Ag 

a. a, 
a, o, 

o; 0. 
GNO ZERO DETECT 

NOTE' Ao THROUGH As ARE ROW ADDRESSES. 
A 6 THROUGH A 11 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 As) 

L L 
COLUMN ADDRESS 
(Afi THROUGH An) 

COUNT-ADVANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT - INDICATES A ZERO IN THE REFRESH ADDRESS 
(USED IN BURST REFRESH MOOE). 
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LOGIC DIAGRAM 

A,c>-~~+-~--!-~~~~~~-r 

I 
I 
I 

12 I 
TOTAL I 

REFRESH 
ENABLE 

ROW 
ENABLE 

I 6 
1TOTAL 

6 TOTAL 
&TOTAL 

o, 

I 
I 
I 

• I 
TOTAL I 

II 
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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 +7 Volts 
Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100mA 
Power Dissipation ................................ 1W 

D.C. and Operating Characteristics 
All Limits Apply for Vee = 5.0V ±10%, TA = 0° C to + 75° C 

SYMBOL PARAMETER MIN. 

IF Input Load Current 

IR Input Leakage Current 

Vrn Input High Voltage 2.0 

V11. Input Low Voltage 

Vo1. Output Low Voltage 

VoH Output High Voltage (Oo-Os) 2.8 

VoH1 Output High Voltage 2.4 
(Lero Detect) 

Ice Power Supply Current 

Note 1. Typical values are for TA= 25°C 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.(1) MAX. 

-0.04 -0.25 mA V1N - 0.45V 

0 10 µA V1N - 5.5V 

v 
0.8 v 

0.25 0.40 v loL - 5mA 

4.0 v loH 1mA 

3.3 v loH = -1mA 

100 150 mA Vee - 5.5V 
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A.C. Characteristics 
All Limits Apply for Vee= +5.0V ±10%, TA= D°C to 75°C, Load = 1 TTL, CL= 250pF, Unless Otherwise Specified. 

SYMBOL PARAMETER 

tAo Address Input to Output Delay 

tAOI Address Input to Output Delay 

loo Row Enable to Output Delay 

!001 Row Enable to Output Delay 

trn Refresh Enable to Output Delay 

lrn1 Refresh Enable to Output Delay 

tco Count to Output 

1c01 Count to Output 

fc Counting Frequency 

kPw Count Pulse Width 

1cz Count to Zero Detect 

Note 1: Vee= 5.0V, TA= 25°C 
2: CL= 15pF 

MIN. TYP01 

6 

16 

7 12 

12 28 

7 14 

12 30 

15 40 

20 55 

5 

35 

15 

A.C. TIMING WAVEFORMS (Typically used with 2104A) 

NORMAL CYCLE 

VIH 
ROW ENABLE 1.5V 

VIL 

VIH 

Ao-A,, 1.5V 

VIL 

VOH 

l) •. l). RO"il/ ADDRESS 

VOL 

MAX. UNIT CONDITIONS 

9 ns Refresh Enable= Low<11121 

25 ns Refresh Enable = Low 

27 ns Refresh Enable= Low111 m 
41 ns Refresh Enable = Low 

27 ns Note 1, 2 

45 ns 

60 ns Refresh Enable= High<11 m 

80 ns Refresh Enable = High 

MHz 

ns 

70 ns Note 2 

'oo 

COLUMN ADDRESS 

~---------------------------REFRESH 
ENABLE 

REFRESH CYCLE 

REFRESH 
ENABLE 

CllUNT 

0.-0. 

VIL--------------------------------

1.SV 

VIH 

VIL ____ 

'eo 1co 

VoH 
2.4V 

ADDRESS 

Vol 
O.BV 

REFRESH ADDRESS REFRESH ADDRESS 

'cz 

VoHi-------------------1-
1.SV 

~----------------------
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PIN NAMES AND FUNCTIONS 
Pin. Pin 
No. Name 

Count Input 

2 Refresh Enable 
Input 

7,3,5,18, Ao-As Inputs 
20,22 

8,4,6,17, A6-A11 Inputs 
19,21 

9,11,10, Oo-Os 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 

A,, 
6s As 

I 
I 3232 
I a. I Ao 

Ao 

REFRESH ZERO DETECT 

ENABLE 

ROW 
ENABLE 

COUNT 

inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 

1. Refresh addresses (from internal counter) 
2. Row addresses (Ao through As) 
3. Column addresses (A, through A1il 

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 (Oo-Os) 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 tcz following the low going edge of 
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 2104A tREFRESH = 2msec and n = 64, there· 
fore one row is refreshed each 31 µsec. Following the refresh 
cycle at row nx, the Count input is pulsed, advancing the 
refresh address by one row so that the next refresh cycle will 
be performed on row nx+l · The Count input may be pulsed 
following each refresh cycle or within the refresh cycle after 
the specified memory device address hold time. 

Row and 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-As 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,-A11 are gated to the outputs and applied to the 
driven memories. 

Figure 1 shows a typical connection between the 3232 and 
the 2104A 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. 

As As 

2104A 2104A 2104A 

Ao ... 

Figure 1. Typical Connection of 3232 and 2104 Memories. 
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3242 
ADDRESS MULTIPLEXER AND REFRESH 

COUNTER FOR 16K DYNAMIC RAMs 

Ideal For 2116 • Single Power Supply: 

Simplifies System Design +5 Volts ±10% 

Reduces Package Count • Address Input to Output Delay: 
9ns Driving 15 pF, 

Standard 28-Pin DIP 25ns Driving 250pF 
Suitable For Either Distributed 
Or Burst Refresh 

The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
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 Oto +75°C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28 
pin Type D package. 

PIN CONFIGURATION 

COUNT Vee 

REFRESH ENABLE A, 

ROW ENABLE All 

N.C. As 

A, A12 

As A, 

A, An 

A, A, 

Ao A'° 

A, a, 

o, o, 
o, o; 
o, a, 

GND ZERO DETECT 

NOTE: Ao THROUGH As ARE ROW ADDRESSES. 
A 7 THROUGH A13 ARE COLUMN ADDRESSES. 

TRUTH TABLE AND DEFINITIONS: 
REFRESH ROW l 
ENABLE ENABLE OUTPUT 

H x I REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 

L H l ROW ADDRESS 
(Ao THROUGH As) 

L L 
] COLUMN ADDRESS 

l (A7 THROUGH A 13 ) 

CC50Nf - ADVANCES INTERNAL REFRESH COUNTER. 
ZERO DETECT- INDICATES ZERO IN THE FIRST 6 

SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 

A13 

A6 

I 
I 
I 
I 
I ,, I 

TOTAL I 

I 
I 
I 
I 
I 

A1 

Ao 

COUNT 0-------~ 
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LOGIC DIAGRAM 

7 TOTAL 

Os 
I 
I 
I 
I 
I 
I 

I , , I 
I TOTAL TOTAL I 

I 

<>o 

6 TOTAL 

ll 
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A.C. Characteristics 
All Limits Apply for Vee = +5.0V ±10%, TA = 0° C to 75° C, Load = 1 TTL, CL = 250pF, Unless Otherwise Specified. 

SYMBOL PARAMETER 

tAO Address Input to Output Delay 

tAO! Address Input to Output Delay 

too Row Enable to Output Delay 

toot Row Enable to Output Delay 

-
tco Refresh Enable to Output Delay 

-
tro1 Refresh Enable to Output Delay 

tco Count to Output 

tco1 Count to Output 

fc Counting Frequency 

tcPw Count Pulse Width 

tcz Count to Zero Detect 

Notes: 1. Typical values are for TA = 25° C and V CC = 5.0V. 

2. TA= 25°C, Vee= 5.0V. 

3.CL=15pF. 

MIN. TYP.111 

6 

16 

7 12 

12 28 

7 14 

12 30 

15 40 

20 55 

35 

15 

A.C. TIMING WAVEFORMS (Typically used with 2116) 

NORMAL CYCLE 

VIH 

ROW ENABLE 1.5V 

Vil 

VIH 

Ao~ An 

VIL 

VoH 

Oo o. ROW ADDRESS 

VOL 

MAX. UNIT CONDITIONS 

9 ns Refresh Enable = Lowl2)(3) 

25 ns Refresh Enable = Low 

27 ns Refresh Enable = Lowl21 (3) 

41 ns Refresh Enable = Low 

27 ns Notes 2, 3 

45 ns 

60 ns. Refresh Enable= High(2)(31 

80 ns Refresh Enable = High 

5 MHz 

ns 

70 ns Note 3 

COLUMN ADDRESS 

~---------------------------
REFRESH 

ENABLE 

REFRESH CYCLE 

REFRESH 
ENABLE 

\ __ 

":: - - ________________ t~1....._1•v ___ _ 
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Absolute Maximum Ratings* 

Temperature Under Bias .... ; . . . . . . . . . -10° to +85°C 
Storage Temperature ................. -65° to +150°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 = 0° C to + 75° C 

SYMBOL PARAMETER 
MIN. 

IF Input Load Current 

1. Input Leakage Current 

Vrn Input High Voltage 2.0 
Vu. Input Low Voltage 

Vo1. Output Low Voltage 

Vern Output High Voltage (Oo-06) 3.0 

Vott1 Output High Voltage 2.4 
(Zero Detect) 

Ice Power Supply Current 

Notes: 1. Typical values are for TA~ 25°e and Vee= 5.0V. 

·coMMENT: 

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

LIMITS UNIT TEST CONDITIONS TYP.!1l MAX. 
-0.04 -0.25 mA V 1 ~ - 0.45V, Note 2 
0.01 10 µA V" - 5.5V 

v 
0.8 v 

0.25 0.40 v Im - BmA 

4.0 v loH 1mA 

3.3 v Iott= -1mA 

105 165 mA Vee - 5.5V 

2. Inputs are high impedance, TTL compatible, and suitable for bus operation. 
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PIN NAMES AND FUNCTIONS 

Pin 
No. 

2 

9,5,7,21, 
23,25,27 

Pin 
Name 

Count 
Input* 

Refresh 
Enable 
Input* 

Ao-As 
Inputs* 

Function 

Active low input increments internal 7-
bit counter by one for each count pulse 
in. 

Active high input which determines 
whether the 3242 is in refresh mode (H) 
or address enable (L). 

Row address inputs. 

10,6,8,20, A1-A13 Column address inputs. 
22,24,26 Inputs* 

11, 13, 12, I\ 18,17,16, 
19 

. :: 
3 

28 

Oo-Os 
Outputs 

GND 

Zero 
Detect 
Output 

Row 
Enable 
Input* 

Vee 

Address outputs to memories. Inverted 
with respect to address inputs. 

Power supply ground. 

Active low output which senses that the 
six low order bits of refresh address in 
the counter are zero. Can be used in the 
burst mode to sense refresh completion. 

High input selects row, low input selects 
column addresses of the driven memo
ries. 

+5V power supply input. 

*The inputs are high impedance, TTL compatible, and suitable for bus 

operation. 

DEVICE OPERATION 

The Intel® 3242 Address Multiplexer/Refresh Counter per

forms 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 inputs. 

The truth table on page 1 shows the levels required to multi

plex to the output: 

1. Refresh addresses (from internal counter). 

A,, 
5, A, 

3242 

5o Ao 

Ao 

---
REFRESH ZERO DETECT 

ENABLE 

ROW 
ENABLE 

Cl!UNT 

2. Row addresses (Ao through A5). 
3. Column addresses (A7 through.A13). 

Burst Refresh Mode 

When refresh is requested, the refresh enable input is high. 

This input is ANDed with the seven outputs of the internal 

7-bit counter. At each Count pulse the counter increments by 

one, sequencing the outputs (Oo-Os) through 128 row ad

dresses. When the first six significant bits of the counter 

sequence to all zeros, the Zero Detect output goes low, 

signaling the end of the refresh sequence. Due to counter de

coding spikes, the Zero Detect output is valid only after tez 

following the low-going edge of Count. The Zero Detect out

put used in this manner signals the completion of 64 refresh 

cycles. To use the 128-cycle burst refresh mode, an external 

flip-flop must be driven by the Zero Detect. 

Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for refresh 

each (tREFREsH/n) time where n = number of refresh cycles 

required for the device and tREFRESH is the specified refresh 

rate for the device. For the 2116 tREFRESH = 2 msec and n = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 

µsec, respectively. Following the refresh cycle at row nx, the 

Count input is pulsed, advancing the refresh address by one 

row so that the next refresh cycle will be performed on row 

nx+1· The Count input may be pulsed following each refresh 

cycle or within the refresh cycle after the specified memory 

device address hold time. 

Row and Column Address 

All 14 system address lines are applied to the inputs of the 

3242. When Refresh Enable is low and Row Enable is high, 

input addresses Ao-As are gated to the outputs and applied to 

the driven memories. Conversely, when Row Enable is low 

(with Refresh Enable still low). input addresses A7-A13 are 

gated to the outputs and applied to the driven memories. 

Figure 1 shows a typical connection between the 3242 and the 

2116 16K dynamic RAM. When the memory devices are 

driven directly by the 3242, the address applied to the mem

ory devices is the inverse of the address at the 3242 inputs due 

to the inverted outputs of the 3242. This should be remem
bered when checking out the memory system. 

A, A, 

2116 2116 2116 

Ao Ao 

Figure 1. Typical Connection of 3242 and 2116 Memories. 
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3245 

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 2107B. The circuit operates from two power supplies which are 5 and 12 volts. Input 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 

Yoo Yee 

o, o, 

G ~ ,, 
e, 

r; iJ 
o, o, 

GNO NC 

PIN NAMES 
r;-1 4 SELECT INPUTS 01-04 

----------, 
DRIVER OUTPUTS 

E1, E2 ENABLE INPUTS Yee +5V POWER SUPPLY 

R REFRESH SELECT INPUT Yoo +12V POWER SUPPLY re--CLOCK CONTR-OL INPUT NC NOT CONNECTED 
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3245 

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 

All Input Voltages ................ -1.0toVoo 

Outputs for Clock Driver ......... -1.0 to Voo +1 V 

Power Dissipation at 25°C . . . . . . . . . . . . . . . . . 2W 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may ca~s~·-per'manent damage_ to the device. This is a stress 

rating only and functional operation of the device at these or any other conditions aboVe _th6se .indicated iri t_he operational sections of this 

specification is not implied. Exposure to absolute maximum rating conditions for exte~_ded _Per.iods may ·affeCt device reliability . 

D.C. Characteristics 
TA =0°C to 75°C, Vcc=5.0V ±5%, Voo= 12V ±5% 

Symbol Parameter Min. Max. Unit Test Conditions 

IFD Input Load Current, l1, l2, l3, l4 -0.25 mA VF= 0.45V 

IFE Input Load Current, R, C, E1, E2 -t.o mA VF =·0.45V 

IRo Data Input Leakage Current 10 µA VR _:_ 5.0V 
-

IRE Enable Input Leakage Current 40 µA VR = 5.0V 

Output Low Voltage 
0.45 v . loL = 5mA, V1H = 2V 

Vol -1.0 v ·1ov=-'5mA 

VoH Output High Voltage 
Vo0 -0.50 v loH = -lmA, V1L = o.av 

Voo+l.O v loH = 5mA 

V1L Input Low Voltage, All Inputs 0.8 v 
V1H Input High Voltage, All Inputs 2 v 

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 

Symbol Parameter Typ. Max. Unit 
Test Conditions - Input states to Additional Test 

ensure the following output states: Conditions 

Ice Current from Vee 23 30 mA 

loo Current from Voo 19 26 mA 

Po1 Power Dissipation 365 485 mW 
High 

Power Per Channel 91 121 mW Vee= 5.25V 

Ice Current from Vee 29 39 mA V00 = 12.6V 

loo Current from Voo 12 15 mA 
Low 

Po2 Power Dissipation 300 388 mW 

Power Per Channel 75 97 mW 
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3245 

A.C. Characteristics TA= 0° to 15°c, vcc = 5.ov ±5%, v 0 D = 12v ±5% 

Symbol Parameter IViinJ1l Typ.[2Al Max.131 Unit Test Conditions 

L+ Input to Output Delay 5 11 ns RsERIES = 0 

tDR Delay Plus Rise Time 20 32 ns RsER1Es = O 

t+- Input to Output Delay 3 7 ns RsERIES = 0 

tDF Delay Plus Fall Time 18 32 ns RsERIES = o 

tT Output Transition Time 10 17 25 ns RsERIES = 20n 

tDR Delay Plus Rise Time 27 38 ns RsERIES = 2on 

tDF Delay Plus Fall Time 25 38 ns RsERIES = 2on 

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* TA = 25° c 
Input Pulse Amplitudes: 3.0V 

Symbol Test Typ. Max. Unit 

Input Pulse Rise and Fall Times: 5 ns between 

1 volt and 2 volts 

C1N Input Capacitance, G ,f2,G,i4 5 8. 

C1N 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, Vee= OV, 
and TA= 25°C. 

pF 
Measurement Points: See Waveforms 

pF 

Waveforms Voo- - - - - - - - - -1- - -- - - - - - - - - - - - - - - - - --

INPUT 
---~ 

I 
1.5V 

GND----•-

Typical Characteristics 

INPUT TO OUTPUT DELAY 

VS, LOAD CAPACITANCE 

0 0~~,o-0~2~00~-,~oo~-.0~0~~50~0~6~00~ 

LOAD CAPACITANCE (pF) 

2.0V 

I 
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3245 

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. A0 through A 11 are 21078 addresses. 

-- (9 2107B's) ._ 
(ROW 4LI 

CHIP ENABLE 

(ROW 3LI 

CHIP ENABLE 

(ROW 2Ll 

CHIP ENABLE 

CARO 0 

CARD C 

CAROB 

CARD A - (9 2107B's)--
(ROW 4RI 

CHIP ENABLE 

(ROW JR) 

CHIP ENABLE 

(ROW 2R) 

CHIP ENABLE 

(ROW lL) 

CHIP ENABLE 

(ROWlRI n 
CHIP ENABL.-LJ 

SEETABLE1~---------''-~ 
E, 

SEETABLEl~---------~ 

~::~~: ~ (R~~~;: ~---.--'<'l"'"->---+-+-+-=L.Jl--'\Af'~----< f:6~E2~~DLE 

._____,.,,...,.,~----< CHIP ENABLE 
REFRESH >---+---=t"-J (ROW lRI 
ENABLE o---+---q.__ DRIVER #2 

CHIP ENABLE o---------C~ 

A12 RS(l) 

RS(2) 
A13 

RSl31 

GND RSl41 

R = 2on 

A14 

A15 

REFRESH 
ENABLE 
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OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

TABLE 1. 

INPUTS 

CARD E1 + E2 
f----,;,- ENABLE~ I EN~ 

B ENABLE M 1 ENABLE 0 
c ENABLEN 1

1 
ENABLE P 

D ENABIEN ENABLEO 

ENABLE-M 

ENA-BLEN 

ENABLE P 

ENABLE ·a 

REFRESH 
ENABLE 



5235, 5235-1 
QUAD TTL-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 

•CMOS Technology for Very 
Low Power: Suitable for 
Battery Backup 

• TTL & DTL Compatible Inputs 

• High Density: Four Drivers 
in One Package 

• Internal Gating Structure 
Minimizes Package Count 

• 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. 

PIN CONFIGURATION LOGIC DIAGRAM 

E,------~ 

VDD NC 
E,------~ 

o, o, 

r, ~ 
o, 

f, 

A E, 
o, 

;; G 

o, o, 
o, 

GND NC 
o, 

PIN NAMES 

~ ENABLE INPUTS 0 1·04 DRIVER OUTPUTS 

I R REFRESH SELECT INPUT V00 +12V POWER SUPPLY 

---·-------- T;;c--NO-T-CO-NN_E_CT_ED_-~, 
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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 (Vo 0 +0.5V) 
Power Dissipation at 25°C . . . . . . . . . . . . . . . . 1W 

*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= 0°c to 10°c, Voo = 12v ±10%. 

Symbol Parameter Min. 

I 1uJ Input Load Current 

Vol Output Low Voltage 
-1.0 

VoH Output High Voltage Voo-0.4 

V1L Input Low Voltage, All Inputs 

V1H Input High Voltage, All Inputs 2.0 

looo 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) 

1 
Q 

_o 

I 
~ 

_o 

80 

70 

5.0 10.0 

f (MHz) 

Figure 3. 
DELAY PLUS TRANSITION TIME 

VS. INPUT VOLTAGE 

Typ.!11 

0.1 

0.15 
-0.15 

V00 -0.15 
Voo+D.15 

1.0 

12 
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Max. Unit Test Conditions 

10 µA V1N = <0.4V or ?2.4V 

0.4 v loL = 5mA 
v loL - -5mA 

v loH = -5mA 
Voo+0.5 v loH - 5mA 

0.8 v 

v 

2.0 mA f =OM Hz V00 =13.2V 
20 mA f = 1 MHz V1N<0.4V or 

(See V1N?2.4V, 
Figure 1) CL= Opf. 

Figure 2. 
DELAY PLUS TRANSITION TIME 

VS. LOAD CAPACITANCE 

LOAD CAPACITANCE (pf) 

Figure 4. 
DELAY PLUS TRANSITION TIME 

VS. INPUT VOLTAGE 

70 ------+---- -t----r----1 

602-=-.o---,-,~.2---,,~ .• ---,,~ .• --~,.a 



5235, 5235-1 

A.C. Characteristics TA= 0° to 10°c. v 00 = 12v ±10%. 

5235-1 

Symbol Parameter Min.111 Typ.(2,41 Max.131 

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. 

Capacitance* TA= 25°c 

Symbol Test I Typ. Max. 

C1N Input Capacitance I s 14 

*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. 

Waveforms 

Unit l pF 

Min.111 

20 

20 

10 

VDD-- ---- - ----i--,..-------,.·- -- -- - -------
2.0V 

_ _i 

INPUT 

2.4V 

0.4V 
GND - - -,-

1.5V I 
--toF-

5.39 

5235 

Typ.(2.41 Max.131 Unit 

70 ns 

95 125 ns 

70 ns 

95 125 ns 

25 40 ns 

A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 2.0V j· · 
Input Pulse Rise and Fall Times: 5ns between ."~ 

0.9 volt and 1.9 volts 
Measurement Points: See Waveforms 

5235 I 
IC' 
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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 A 11 are 21078 addresses. 

-- (9 2107B's) -
(ROW 4U 

CHIP ENABLE 

(ROW 3L) 

CHIP ENABLE 

IROW 2LI 

CHIP ENABLE 

IROW 1LI 

CHIP ENABLE 

SEETABLE1~---------E--,-~ 
E, 

SEETABLEl~---------~ 

CARO D 

CARD C 

CARD 8 

CARD A -(9 2107B's)

(ROW 4R) 

CHIP ENABLE 

(ROW 3RI 

CHIP ENABLE 

(ROW 2R) 

CHIP ENABLE 

(ROW1RI n 
CHIP ENABL.-u 

DRIVER 1 R8(1) ~-----'-c ..... -..... CHIP ENABLE 

DRIVER 2 [RS(3)J >---+++--'IL...Jo----'\.N\~--< (ROW 2L) 

CHIP E-N-A-BL-E ~--------C~ 

A,, RS(l) 

A13 
RS(2) 

RS(3) 

GND RS(4) 

R = 2on 

A,. 

A,5 

FfEFRESH 
ENABLE 
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DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 

7408 

CARD 

A 

c 
D 

TABLE 1. 

INPUTS 

_____ E1~~ 

I ENABLE M ; ENABLE .. P 
ENABLE M ! ENABLEO 

i ENABLE N ENABLE P 
ENABLE Ki ENABLE Q 



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 

OUTPUT 
OUTPUT 

1, TRANSITION BUFFER 
o, 

CONTROL 

NOTES: 1. BOTH PIN 1 AND 8 MUST BE CONNECTED TO Vss-

2. BOTH PIN 9 AND 16 MUST BE CONNECTED TO Voo· 

OUTPUT 
OUTPUT 

'• TRANSITION 
BUFFER 

o, 
CONTROL 

PIN NAMES 

11 • 14 TTL INPUT 

~-04 DRIVER OUTPUT 

Voo +12V POWER SUPPLY 

NC NOT CONNECTED 

Vss GROUND 
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5244 

Absolute Maximum Ratings* 

Temperature Under Bias .................... -10°Cto80°C 
Storage Temperature . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 
Supply Voltage with Respect to Vss . . . . . . . . . . . . . -0.5to +14V 
All Input Voltages ......................... -0.5to (Voo+1V) 
Outputs ................................... -1Vto(V00 +1) 
Power Dissipation .................................. 1.35W 

D.C. and Operating Characteristics 
TA = 0°C to 70°C, Voo = +12V ±5%, Vss = ov 

Limits 
Symbol Parameter Min. Typ. 

l1L Low Level Input Current -10 ±0.1 

l1H High Level Input Current -10 ±0.1 

V1L Input Low Voltage +1.2 

V1H Input High Voltage +2.0 +1.5 

Vol Output Low Voltage 0 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 tor extended periods may affect device reliability. 

Max. Unit Test Conditions 

10 µA V1N .,;;vll 

10 µA V1N ;;;>VIH 

+0.85 v 

v 00+1.0 v 

+0.1 v loL = 5mA 

VoH Output High Voltage Voo-0.1 v00 -.03 Voo v loH = -5mA 

looo Stand by Current 2.0 4.0 mA 

1001 Operating Current 75 105l3l mA 

A.C. Characteristics 
TA = 0°C to 70° C, Voo = +12V ±5%, Vss = OV, Note 2 

Symbol Parameter Min. 

Vo LT Transient Cross-Coupled Output Low Voltage -0.8 

Vo HT Transient Cross-Coupled Output High Voltage Voo-0.8 

tpwT Transient Cross-Coupled Output Pulse Width 

Lit0 Differential Delay of toLH and toHL for Drivers 
in the Same Package 

toLH1 Input Low to Output High Delay Time, <P 1 or </J3 30 

toHL1 Input High to Output Low Delay Time, <P1 or <P3 30 

tTLH1 Output Rise Time, </J1 or </J3 30 

tTHL1 Output Fall Time, </J1 or </J3 30 

tPLH1 Input to Output Delay Plus Rise Time, </J1 or </J3 

tPHL1 Input to Output Delay Plus Fall Time, q,1 or </J3 

toLH2 Input Low to Output High Delay Time, </J2 or </J4 30 

toHL2 Input High to Output Low Delay Time, </J2 or </J4 30 

tTLH2 Output Rise Time, </J2 or </J4 30 

tTHL2 Output Fall Time, </J2 or </J4 30 

tPLH2 Input to Output Delay Plus Rise Time, </J2 or </J4 

tPHL2 Input to Output Delay Plus Fall Time, </J2 or </J4 

Notes: 1. The maximum tpwT is the sum of the output transition time (rise or fall) plus 5ns. 
2. Output Load'= four 2416 clock inputs or equivalent per Figure 2. 

3. 1001 = 4.0 mA + 75.4 mA 
\p/2 (in µs) 
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V1N ;;;> V1H. V1N.;;;; V1L. f = 0 MHz 

V1N;;;>V1H or V1N .;;;vll· f=0.67 MHz l2l 

Limits Driving 4 2416's 
Typ. Max. Units 

±0.5 +0.8 v 

Voo±0.5 Voo+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 



5244 

CAPACITANCE* TA = 25°C 

Symbol Test Typ. Max. Unit Conditions 

Input Capacitance 8 14 pf 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= 0.4V to 2.4V. 
2. Input Rise and Fall Times= 5 ns between 0.9V and 1.9V. 
3. Output Load= Four 2416 clock inputs or equivalent per Figure 2. 
4. Cross Coupled Voltage Pulse Width measured at ±0.4V and Voo ±0.4V. 

Waveforms 
A. INPUT TO OUTPUT DELAY 

INPUT 1.5V 1.5V 

OUTPUT 

B. 5244 OUTPUT CROSS-COUPLED VOLTAGE (DRIVING FOUR 2416'S) 
5244 OUTPUT DRIVING 2416 ¢1 

5244 OUTPUT DRIVING 2416 ¢2 

---n~"WT VOHT(MAX.)-~ - -
Vott _____ j 

VOHT(MIN.)----7~------------

--1PWT 

VoL __ __,/ 

5244 OUTPUT DRIVING 2416 </l3 

5244 OUTPUT DRIVING 2416 ¢4 

Vo,-----

v0LT(MIN.) ---- -----------

5-43 

\ \ _____ _ 



5244 

Typical Characteristics 
OUTPUT RISE AND FALL TIME VS. CAPACITANCE 

140 ,---,-----,--,------,--,-,---,-l-

1~ f--+-+--f---+--t---t-'~TL7~"'7'1 

~ ~ 100 l---+-+-1---+--+:~'-+-1 

~ w 

" ;::: 
-' 
-' 
~ 
a: 
0 
w 

"' i< 

BO f---+-+-f--~~+---J-+-j 

/ TA=25°C 
60 f---+~-t~t""--l--+--tv00 = 12v t----

40 , 

~f--+--+--r--+--r---t---i----i 

I 
_l 

100 

90 

BO 

70 

60 

50 
Q 

_o 40 

30 

0 

0 

0 

loo vs. FREQUENCY 

u !U 
u I 

1 I i t------ LOAD = FOUR 2416s 

TA= 25°C --+ 1--Voo = 12V 
I I l 

L 
L 

~ 
1-

10kHz 100kHz 1MHz 

FREQUENCY l 0 0 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 time. 
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 
(Cexi) 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 Cexi is 
chosen according to the recommendations in Figure 1. 

5244 ICext 2416 2416 2416 

ICe>1t 

WHERE g~>tt: ~4~~:c1L 2416 INPUT CLOCK CAPACITANCE. 
A VALUE FOR Crp WITHIN THE RANGE OF 300pF 
TO 400pF WILL WORK FOR All CLOCKS, r/>1 ... ¢4. 

N "'NUMBER OF 2416s PER 5244 OUTPUT. 

2416 

Figure 1. External Loading Requirements When Driving 

Fewer Than Four 2416s. 
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Clock Skews 

The differential delay of toLH or toHL for driver elements in 
the same package is specified to be Llto (15 ns max.). This 
provides assurance to the system designer that the maximum 
skew introduced by a 5244 driver package will be limited to 
Llto. As an example, if the fastest toLH (or toHL) occurs for 
11 to 0 1 and this is measured to be 45 ns, the output delays 
for 12 to 02, 13 to 03 or 14 to 04 will be no greater than 60 
ns. This should be taken into consideration when designing 
the TTL source of the four phases required for 2416 opera
tion. To minimize system skew, the four phases associated 
with any given group ot 2416s should be provided from the 
same 5244 package. 

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. 

··----1~-------~---, DAA/i~~~J~~b~NT 

I 125pF -;{ fa 
•i-----±+_-

3
_
2
_
5

p_F ____ ~..,<-::-y--11 =: 
•3----1~--------~ 

I 125pF 

··-----+-------------~ 

I 325pF 

EFFECTIVE INPUT CAPACITANCE 
¢1 & ¢3 = 500pF 
¢2 & 4>4 = 700pF 

Figure 2. 2416 Equivalent Capacitance Circuit. (Maximum 

values shown.) 



DRIVING CLOCK 
(NOT TO SCALE) 

2416 SPECS 

ofJ1 &¢;3 1/12 & l/14 

V1Hc11MAX) V1Hc2(MAX) 

VIHCT1 (MAX) VIHCT2 (MAX) 

V1Hc2 1MIN) 

VIHC1(MIN) 

VIHCT2(MIN) 

VIHCT1(MIN) 

tPWT 

5244 SPECS 

'i>wT 

'i>wT 

2416 SPEC 5244 SPEC 

¢'1 .• ¢14 

v00-2.0 

tPWT--t-----f-------<---ty+20ns-

.,.,., 

VILC(MIN) -+-----+
VILCT(MIN) 

5244 

V00-2.0 

+2.0V _., 

---t1+20ns-

Figure 3. Noise Margins Between 5244 Output Specs and 2416 ¢1 ... ¢4 Input Requirements. 
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MEMORY SYSTEMS 

INTRODUCTION 

Intel Memory Systems offers standard and custom memory systems ranging from single board as
semblies to multi megabyte systems. Advanced 4K, BK and 16K RAMs and 16K CCD serial memory 
components are utilized for highest performance and lowest cost. 
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in-26A Series 
GENERAL PURPOSE 

RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 4K x 10 Per Card 

To 32K x 10, 16K x 20, BK x 40 Per 7" Minichassis, 
Including Power 

To 128K x 10 Through 16K x 80 Per 10-1/2" Unichassis 

The in-26A is an extremely easy memory system to use. 
The in-26A is a static memory system designed to meet 
the high reliability and low cost requirements of random 
access buffer storage applications. Featuring a 
complete memory system 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 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 various computer peripheral 
applications. This memory system can be easily 
modified to interface with the Intel 4- and 8-bit 
microprocessors, the 4004, 4040, 8008 and 8080. 

Features 
• Low Cost Memory 
• High Reliability 
• Modular Expandability 
• Module Interchangeability 
• Fast Cycle Time 
• Low Power Requirements 
• TTL Compatible 
• Compact Size 
• Field Expandable 
• One Power Supply Voltage 
• Address Registers 
• Single Board System 
• Board Select 
• Two Chassis Systems 

in-Unichassis 

in-Minichassis 
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in-26A series 

Product Characteristics 
Capacity: 

Word Length: 

Cycle/ Access Times: 

Dimensions: 
Memory Board 
(4K x 10) 

Mating Connectors: 

Operational Modes: 

Interface 
Characteristics: 

DC Power 
Requirements: 

Temperature: 

Relative Humidity: 
Altitude 

4096 words expandable to 65K 
words by the addition of memory 
cards 
8, 9, 1 O bits per card. Longer 
words can be made by adding 
additional memory cards 
in-26A-1 - 650 nanoseconds 
in-26A-2 - 475 nanoseconds 
in-26A-3 - 375 nanoseconds 

8.175 inches High 
6.0 inches Deep 
0.5 inch mounting centers 
Amp 1-67878-0 
Sylvania 7900-0281-X 
Winchester HW50D0111 
Viking 3VH50/ 1 CNS 
Stanford Applied 

Engineering CP8000-1 00 
CDC VPB01C50EOOA1 
READ (NDRO) 
WRITE 

TTL-compatible-Open 
Collector (S/N 7438) or 
three-state (S/N OM 8094). 
Byte Select (5-bit) 

in-26A ~ +5.0V ± 5% 
1.25A Typical 
3.0A Maximum 

0°c to +50°C operating 
ambient 
-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating Up to 
50,000 feet non-operating 

Memory Operation 
The in-26A memory system is capable of performing 
in the following modes: READ (NDRO) and WRITE. 

Read (NDRO) 
With the READ/WRITE line at OV, the memory will 
perform a READ operation from the selected word and 
transfer the data to the output bus. The contents of the 
word location is not changed. 
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Write 
With the READ/WRITE line at +V, the memory will 
perform a WRITE operation into the selected word. Data 
on the input bus will be clocked into the Data Register 
and stored in the Selected Word. 

Standard Input Lines 
The following lines carry input information to the 
memory system. All timing relationships are measured 
at the 1 .5V level of the leading edge of all signals. All 
input signals are TTL level compatible, loading is 
different and will be specified for each individual input. A 
low input is <0.8V. A high input is> 2.0V. 

Cycle Initiate 
A CYREQ is required at the beginning of each cycle. 
CYREQ 1s an active low signal and should have the 
following characteristics: 

Rise and fall times (1 V-2V) 
Duration (1.5V-1.5V) 
Loading: 

Read 

20 ns maximum 
100 ns 
250 µA 

No special signal is required to indicate a READ 
operation. The READ mode is mutually exclusive with 
the WRITE mode, hence a low input on the WRITE line at 
t0 is indicative of a READ operation. Data will be 
available on the output bus, delayed from t0 by the 
access time, associated with the address provided. 

Byte Lines 
Two byte control lines are provided for 5-bit byte 
operation Enabling BYTE 1 will write into the lower 5-
bits. Enabl'ng BYTE 2 will write into the higher 5-bits. 

Timing - Same as write, but opposite polarity. 

Options 
• Minichassis 
• UT-26/ 50 Series Interface Boards 
• EX-26/ 50 Extender Boards 



in-40 Series 
GENERAL PURPOSE 

RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 16K x 18/32K x 9 Per Card, Separate Control 

Card Drives Up to 8 Memory Cards 
To 256K x 9, 128K x 18 or 64K x 36 Per 7" 

Minichassis, Including Power 
To 768K x 9, 384K x 18, 256K x 36, 128K x 54 

or 96K x 72 Per 10-1/2" Unichassis 

The Intel!< in-40/ 42/ 44 Semiconductor Memory 
System is available as a basic card set or mounted in a 
card chassis with connectors and back panel wiring. 
The basic system consists of three cards called the 
Memory Unit Card (MU), the Control Unit Card (CU), and 
the Buffer Unit Card (BU). This system provides 16K x 18 
or 32K x 9 per card set and can be expanded to 128K x 
18 or 256K x 9 by the addition of Memory Unit Cards. A 
single Control Unit Card is capable of addressing 128K x 
18 or 256K x 9. Module selection is done internally in the 
memory system. 

Features: 
• Low Cost Memory 
• High Reliability 
• High Density 
• Modular Expandability 
• Module Interchangeability 
• Automatic Refresh 

• Field Expandable 
• Byte Control 
• Module Select 
• Address Register 
• Data Register 

(Optional) 
• Fast Cycle Time 
• TTL Compatible 

• Basic Module Available 
As 16K x 18 or 32K x 9 

• Low Power Requirements 
• Compact Size 

A014 

(91 

ADDRESS 
LOGIC 

CONTROL 
LOGIC 

DATA 
LOGIC 

USEL, LSEL 

121 

• Two Chassis Systems 

in-40 Series Block Diagram (Word Length Less Than 9-Bits) 
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in-Minichassis 
Dimensions: 7"H x 19"W x 17"0 

in-Unichassis 
Dimensions: 10.S"H x 19"W x 12.S"D (Large) 

10.S"H x 19"W x 8.S"D (Small) 

BYENLL 
91 

BYENU ADDRESS 
92 LOGIC 

AD00·13 

CYREO, 
READC 

CONTROL 
CY ACK, LOGIC 
DAVIL 

WDALO 
TO DATA AD AUS 

LOGIC 
(18) 

(18) RDA LO TO A DAUB 

in-40 Series Block Diagram (Word Length More Than 9-Bits) 
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in-40 series 

Product Characteristics 
Storage Capacity: 

Word Length: 

Cycle Time: 

Access Time: 

Retention Time: 

Modes of Operation: 

Input/ Output: 
Address Input: 

Data Input: 
Data Output: 
Input Controls 

Output Controls: 

Temperature: 

Relative Humidity: 
Altitude 

Interface: 
Input: 

Logic Low 
Logic High 

Output: 
Logic Low 
Logic High 

Dimensions: 

4096, 8192, 16,384, 32,768 
words, expandable to 128K x 18 
or 256K x 9 
8,9, 10,12, 16 or 18-bits per 
memory card. Longer words are 
made by combining memory 
cards. 
in-40 - 500 nanoseconds 
in-42 - 550 nanoseconds 
in-44 - 875 nanoseconds 
in-40 - 330 nanoseconds 
in-42 - 400 nanoseconds 
in-44 - 480 nanoseconds 
in-40 - 2 milliseconds 
in-42 - 2 milliseconds 
in-44 - 1 millisecond 
Write 
Read (NDRO) 
Data Save 
R/M/W 
Refresh 
TTL Compatible 
12-18 lines, binary 
(Single-ended) 
Up to 18 lines, (Single-ended) 
Up to 18 lines, (Single-ended) 
4 lines (cycle request, 
read /write, byte control), 
Single-ended 
2 lines (cycle acknowledge, 
data available), Single-ended 
0°c to +50°C operating 
ambient 
-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 1 0,000 feet operating Up 
to 50,000 feet non-operating 
TTL levels all inputs and outputs 

-1.0 to +0.7V @ ~ 2 mA 
+2.2 to +5.5V @ ~ 1 00 uA 

-0.5 to +0.5V @ ~ 16 mA 
+2.4 to 5.25V @ ~ 200 uA 
Each Card, MU and CU, is 
~0.45" thick and has the 
outline dimensions as shown: 
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I 
8.175" 

l 
Weight: 

Optional Items: 

-1 
6.375" 

J 
Each card weighs less than 
1 pound 
Built-in data register which 
permits write data to be sampled 
earlier in the cycle than would 
normally be required. 

Module D.C. Power Requirements 
MU-40/ 42/ 44 

SELECTED 

Voltage Current (Max.) Regulation 

v00 +12.0V 1.3 Amps ±5% 
Vcc 1 +5.0V 0.35 Amps ±5% 
Vcc2 +5.0V 0.65 Amps ±5% 
v88 -5.0V < 1 0.0 Milliamps ±5% 

UNSELECTED 

Voltage Current (Max.) Regulation 

Voo +12.0V 0.20 Amps ±5% 
Vcc 1 +5.0V 0.35 Amps ±5% 
Vcc2 +5.0V 0.65 Amps ±5% 
Vss -5.0V <1 0 0 Milliamps ±5% 

CU-40/ 42/ 44 

Voltage Current (Max.) Regulation 

Vcc1 +5.0V 2.00 Amps ±5% 
'Vcc2 +5.0V 0.55 Amps ±5% 
Vss -5.0V 0.30 Amps ±5% 

• < 1.0 mA during Data Save. 



in-65 
GENERAL PURPOSE BORAM 

MEMORY SYSTEM 
CAPACITY: 128K Bytes Per MU-65 Card 

2 Megabytes Per Megachassis™ 

The in-65 is a general purpose and a very economical 
CCD memory system designed around the lntell"" 2416 
component. This product is best described and utilized 
as a Block-Oriented Random Access Memory. The 
system can be used to randomly address blocks of data 
and then transfer data sequentially within the data block 
at very high data rates. The system is available as a 
basic card set which consists of the CU-65, MU-65 and 
BU-65. The CU-65 provides all interface, timing and 
control logic for up to 8 MU-65's. The MU-65 contains all 
the memory components (2416's) and associated driver 
and buffer circuits. The BU-65 is synchronized to the 
CU-65 and provides for word length expansion. The 
system 1s available as a basic card set or mounted in a 
card chassis, the "Megachassis'"" with connectors and 
backpanel wiring Entire systems with power supplies, 
racks and cooling fans can also be provided. The 
standard system modules can be organized into many 
different system configurations and capacities, ranging 
from 1 Megabit to hundreds of Megabits. The large 
capacity, high performance characteristics and econ
omy of the in-65 make it ideally suited for disc and drum 
replacement and data rate buffer applications. 

Features: 
• Reduced Latency ( 150 us average) 
• Improved Reliability and Maintainability 
• Modular Design 
• Module Expandability and Interchangeability 
• High Data Transfer Rates 
• Block and Word Modes of Operation 
• Low Cost 
• Simple Asynchronous Interface 
• Fully Buffered 
• Options 

- Byte Parity 
- ECC 
- Error Logger 

in-Megachassis'" 
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in-65 

Product Characteristics 
Storage Capacity: 

(Maximum) 

Byte Length: 

Word Length: 
Modes of Operation: 

Data Rates 
(Parallel Data): 

Latency: 

Temperature: 

Humidity: 
Altitude: 

Cooling: 

Card Dimensions: 
(MU-, BU-, CU and 
and UT-65) 

Weight (Typical) 

DC Power 
Requirements: 

MU-65 - 128K Bytes 
Megachassis - 2 Megabytes 
(16 MU-65 cards) 
7,8, or 9-bits. The 9th bit can 

be either a parity or data bit. 

1 to 8 bytes 
Block (Read, Write) 
Random or Word (Read, Write) 

Seek 
Stand by /Refresh 
.2 to 1.78 Megawords per 
second 
300 us maximum, 150 us 

average 
0°C to 50°C operating 
ambient, -40°C to +125°C 
non-operating 
Up to 90% non-condensating 

Oto 10,000 feet operating. Up 

to 50,000 feet non-operating 
For multiple card installation, 

a cooling air flow of 300 cubic 

feet per minute is 
recommended. 
15.00 inches High 
12.00 inches Deep 
0.625 inch mounting centers 

Card Cage Clearance: 0.125 
inches along the 12" 
card edge. 

Cards - 2 lbs. each 
Megachassis™ - 20 lbs. each 

(2 backplanes)- less boards 

Four regulated power supply 
voltages a re required 

MU-65 
CU-65 
BU-65 

Maximum~ 

35W 9.5W 
28W 28W 
9W 9W 

Memory Operation 
Interface 
The standard in-65 system provides an asynchronous 

type interface. All interfacing to the in-65 system is to 

either the CU-65 or BU-65. The user does not interface 

directly to the MU-65. All CU-65 and BU-65 interface 

signals are TTL compatible and capable of driving about 

3 to 4 foot interface cables. The I I 0 connectors.used for 

the in-65 system card assemblies are 80-pin, double

sided connectors with 125 mil centers and 0.025 square 

inch wire-wrap posts. The connectors are an integral 

part of the backplane assembly. 
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Options 
Parity Option -001: The in-65 has a number of possible 

parity options: 
a. Checks byte or word parity on data transmitted from 

user prior to storage. The parity bit(s) may or may not 

be stored. 
b. Generates byte or word parity on data transmitted 

from user for storage, or on stored data for transmittal 

to user. 
c. Checks byte or word parity of stored data against 

stored parity bit(s) or (b) above. 

In case of either a transmitted parity failure (a) or a 

storage parity failure (c), a parity error signal is returned 

to the user. Parity is normally calculated on an 8-bit data 

byte, but may be "chained" to calculate parity on longer 

data words, with a slight degradation in access and 

cycle times. 

Error Correction Option -002: The in-65 memory system 

can be provided with error correction circuits for those 

systems requiring improved system reliability. The 

typical error correction circuits utilized with the in-65 

system correct single-bit errors and detect double-bit 

errors 

Error Log Option -003 The in-65 system can be 

provided with error logging circuits to enhance system 

maintainability. The error log option is used in 

conjunction with the error correction option and stores 

information concerning single-bit failures. 

Utility Card (UT-65) Option -004: A utility card with wire

wrap sockets for integrated circuits is available in the 

same form factor as the MU-65, CU-65 and BU-65. This 

card can be used for special customer interfaces. 

Maintenance Philosophy 

The in-65 memory system requires minimal periodic 

maintenance or adjustments except to clean filters or 

fan assemblies and adjust voltages on the system power 

supplies. A module replacement maintenance philos

ophy is recommended. 



in-477 
CRT REFRESH/SPECIAL PURPOSE 

MEMORY SYSTEM 
CAPACITY: 16K x 16 (256K x 1) Per Card 

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 store a 512 x 
512 CRT image 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 parallel mode. The card contains a sixteen 
bit parallel-to-serial register with external clocking and 
loading, to permit a serial bit readout at higher speeds 
than the normal card cycle time. 

Refreshing of the data in the N-Channel MOS RA M's is 
normally achieved by sequential scanning of the 
memory for CRT display refresh purposes. For special 
applications, the card can be refreshed externally at a 
rate of 64 times every 2 milliseconds, rather than 256 
times every 2 milliseconds during the normal display 
refresh scan. This is accomplished by refreshing one 
row in all 64 RA M'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. 

VCRT CHASSIS 

HCRT CHASSIS 

Features: 
MA04-09 JNTERNAL CHIP ADDRESSES W81 

• Single Card Memory 

• Designed for use with a 512 x 512 
display matrix, accomplishing a 
complete 512-bit line refresh and 
update in approximately 52 
microseconds 

• Automatic or customer-controlled 
refresh 

• Allows "RANDOM INSTANTA
NEOUS" updating of data 

• Single boards can be used for 
"CHARACTER/GRAPHIC" displays 

• Multiple boards can be used for 
"GRAY-SCALE AND COLOR" 
displays 

• Two speeds are available 

• Uses Intel 2107B 4K Dynamic RAM 
components 

• Operates in parallel word, serial word, 
and single bit modes 

~ 

~ 

~CH~G~AT~E _ __,CONTROL 
~ AND 

TIMING 

MEMORY STORAGE 

WORD MOOE WED 15 ROAT A 
BIT MOOEWEXX° 0-15 

BIT MOOE LOGIC 1--+-e~-~~~------+---. 
WRTIM 

CLEAR SET ENABLE 

DAXX (DATA OUT 1 LINE) 

OAOO 15 (DATA OUT 16 LINES) 

_oA_00_1_5 ~IDA_T_A_IN_16_L_IN_ES~) ____ ___,DATA LATCH WH DATA 0-15 

OAXX (DATA IN 1 LINE) 

Memory Block Diagram 
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in-477 

Product Characteristics 
Storage Capacity: 256K bits, addressable as a 16K 

word by 16-bit memory, or as a 
256K word by 1-bit memory. 

Cycle Time: in-477 650 nanoseconds 
in-477-1 450 nanoseconds 

Access Time: in-477 350 nanoseconds 
in-477-1 280 nanoseconds 

Retention Time: 2 milliseconds 
Split Cycle: (R/M/W Cycle) 

in-477 950 nanoseconds 
in-477-1 750 nanoseconds 

Serial Data Rate: 1 0 megahertz, maximum 

Modes of Operation: Write Word (Parallel 16-bit data 
word transfer) 

Read Word (Parallel 1 6-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 Signals: 

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, bi-directional 
lines 

Clock 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 

Logic Levels: TTL levels for all inputs and 
outputs. 

Temperature: 0°c to +50°C operating 
ambient, -40°C to +125°C non-
operating 

Relative Humidity Up to 90% with no condensation 
Altitude: Up to 1 0,000 feet operating. Up 

to 50,000 feet non-operating 

Card Dimensions: 15 inches long by 15 inches 
wide, with 0.5 inch mounting 
centers 

Power Requirements: +5V ±5% @ 3.0A, maximum 
+12V ±5% @ 1.5A, maximum 
-5V ±5% @ 0.05A, maximum 

Interface Connectors: Interface connections for the 
memory can be made via two 
100-pin edge connectors on the 
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Intel 46-0010-001 
Viking 3VH50/1 CN5 
Amp 1-67878-0 

memory card which mate with 
any of the following connectors: 

CDC VPB01C50EOOA1 
Sylvania 7900-0281-X 

Memory Operation 
Read Operation 
Read and Write can be combined for Read/Modify/ 

Write operation. During a parallel read operation, the full 

data word (16-bits) is placed on 16 bi-directional lines 

and transferred from memory. 

At the same time, all 16 data bits read out from memory 
may be transferred out serially on a single line. These 

bits are used to refresh a video display. Serial data is 
transferred out via parallel-to-serial shift registers 

enabled by word sync and clock sync inputs. 

During a single-bit read operation, the 16-bit data word 

is read out from memory, but only one of the 16-bits is 

transferred out on a single output line. Single-bit read 

operation can occur simultaneously with serial read out. 

but not simultaneously with parallel operations. 

Write Operation 
During parallel write mode, 16 data bits are received at 

the memory interface and stored. In single-bit write 

operations, only one selected data bit is transferred into 

the memory and stored. Single-bit write and parallel 

write operations are mutually exclusive. 

Clear Set Operation 
The memory may be initialized, reset or erased by 

means of the clear set operation which forces all 16-bits 

of the data word selected to a "1" or "O" level, via a single 
input line. 

Refresh Operation 
The in-477 refresh operation takes place automatically 

during serial read operations for video refresh. Address 

bits 4-11 are toggled, allowing a complete refresh 
operation in 256 cycles. Address lines 4-11 must be 
connected to the lowest order video scan address lines. 
No special provisions are necessary during horizontal or 
vertical retrace. However, if vertical retrace exceeds 1.4 

milliseconds, then a refresh address counter is needed. 

This can be supplied by the low order bits of the video 
scan address counter. 

The refresh enable jumper option allows an externally 

controlled refresh operation, which is completed in 64 
cycles. 

Optional Features 
A number of optional features are available with the in-

477 memory. These options are implemented by 
installing or removing certain jumpers 

in-477 Chassis 
Maximum Cooling 
Capacity Dimensions Provided 

HCRT 12 Cards 105"H x 19"W x 19"D Yes 

VCRT 24 Cards 1 75"H x 1 9"W x 1 9"D No 



in-1600 
GENERAL PURPOSE 

RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 64K x 18/128K x 9 Per Card, Separate Control Card Drives 

Up to 8 Memory Cards 
To 1024K x 9, 512K x 18 or 256K x 36 Per 7" Minichassis, 

Including Power 
To 3072K x 9, 1536K x 18, 1024K x 36, 512K x 54 or 

384K x 72 Per 10-1/2" Unichassis 

The Intel® in-1600/ 1620 Semiconductor Memory 
System is available as a basic card set or mounted in a 
card chassis with connectors and back panel wiring. 
The basic system consists of three cards called the 
Memory Unit Card (MU), the Control Unit Card (CU), and 
the Buffer Unit Card (BU). This system provides 64K x 18 
or 128K x 9 per card set and can be expanded to 512K x 
18 or 1 024K x 9 by the addition of Memory Unit Cards. A 
single Control Unit Card is capable of addressing 512K x 
18 or 1024K x 9. Module selection is done internally in 
the memory system. 

Features: 
• Low Cost Memory • Field Expandable 
• High Reliability • Byte Control 
• High Density (2 Zones Maximum) 
• Modular Expandability • Module Select 
• Module Interchangeability • Address Register 
• Automatic Refresh • Data Register (Optional) 
• Fast Cycle Time 
• TTL Compatible 

• Basic Module Available 
as 64K x 1 8 or 1 28K x 9 

• Low Power Requirements 
• Compact Size 

ADDRESS 
AD14 LOGIC 

CONTROL 
LOGIC 

DATA 
LOGIC 

• Two Chassis Systems 

191-------~~-->--' 
RDA LO TO R0ATn 

in-1600 Series Block Diagram (Word Length Less Than 9-Bits) 
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in-Unichassis 
Dimensions: 10.5"H x 19"W x 12.5"0 (Large) 

10.5"H x 19"W x 8.5"0 (Small) 

BYENLL 
91 

BYENU ADDRESS 
92 LOGIC 

AD00·13 

CYREG. 
READC 

CONTROL 
CYACK, LOGIC 
OAVIL 

WDALO 
TO DATA ADAUB 

LOGIC 
(18) 

OENL LATCH 
12) (2) 

(18) RDALO TO RDAUB 

in-1600 Series Block Diagram (Word Length More Than 9-Bits) 

II 



in-1600 

Product Characteristics 
Storage Capacity: 

Word Length: 

Cycle Time: 

Access Time: 

Retention Time: 

Modes of Operation: 

Input/ Output: 
Address Input: 

Data Input: 
Data Output: 
Input Controls: 

0L'tput Controls: 

Temperature: 

Relative Humidity: 
Altitude: 

Interface: 
Input: 

Logic Low 
Logic High 

Output: 
Logic Low 
Logic High 

Dimensions: 

16,384, 32,768, 65,536, 131,072 
words expandable to 1024K x 
1 8 or 2048K x 9 
8,9,10,12,16 or 18-bits per 
memory card. Longer words are 
made by combining memory 
cards 
in-1600 - 500 nanoseconds 
in-1620 - 550 nanoseconds 
in-1600 - 330 nanoseconds 
in-1620 - 400 nanoseconds 
in-1600 - 2 milliseconds 
in-1620 - 2 milliseconds 
Write 
Read (NDRO) 
Refresh 
TTL Compatible 
14-20 lines, binary, 
(Single-ended) 
Up to 18 lines, (Single-ended) 
Up to 18 lines, (Single-ended) 
3 lines (cycle request, 
read /write, byte control), 
Single-ended 
3 lines ( cycle acknowledge, 
memory busy, data available), 
Single-ended 
0°C to +50°C operating 
ambient 
-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 
TTL levels all inputs and outputs 

-1.0 to +0.5V @< 2 mA 
+2.0 to +5.5V @<; 1 OOµA 

-05 to +5.0V @< 15 mA 
+2.4 to 5.25V@ (; 200µA 
Each Card, MU and CU, is 
:':( 0.45" thick and has the outline 
dimensions as shown: 

I 
8.175" 

l 
f+-------10.5"------

Weight: 

Optional Items: 

Each card weighs less than 
1 pound 
Built-in data register which 
permits write data to be sampled 
earlier in the cycle than would 
normally be required. 

Module D.C. Power Requirements 
MU-1600/1620: 

SELECTED 

Voltage Current (Max.) Regulation 

v00 +12.0V 1.6 Amps ±5% 
Vcc1 +5.0V 0.85 Amps ±5% 
Vcc2 +5.0V 1.15 Amps ±5% 
v88 -5.0V 13.0 Milliamps ±5% 

UNSELECTED 

Voltage Current (Max.) Regulation 

v00 +12.0V 0.26 Amps ±5% 

Vcc1 +5.0V 0.85 Amps ±5% 
Vcc2 +5.0V 1.15 Amps ±5% 
v88 -5.0V 13.0 Milliamps ±5% 

CU-1600/1620 

Voltage Current (Max.) Regulation 

Vcc1 +5.0V 3.00 Amps ±5% 
Vcc2 +5.0V 0.55 Amps ±5% 
v88 -5.0V 0.30 Amps ±5% 



in-3000 
GENERAL PURPOSE AND MINICOMPUTER 

RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 64K x 22 Per Card 

To 256K x 22 or 128K x 44 Per 5-1/4" 
HMS Chassis, Including Power 

Presently available memory systems can be updated to 
higher densities and better performance with the in-
3000 series which is available as: 

Interface - Memory System Single Card 

1. A single printed circuit card memory system with its 
own control, optional error correction and detec
tion. The in-3000 memory card (MU-30XX) contains 
all the required memory interface logic and up to 
64K words x 22 bits of 16K x 1-bit (or SK x 1) Dynamic 
RAMs. 

2. Up to 4 printed circuit memory cards (MU-30XX) 
horizontally-mounted in a chassis complete with 
connector, back plane wiring self test card, optional 
interface card, and power supply. 

Features: 
• Stand-alone memory system 
• Automatic refresh or customer controlled refresh 
• Variable memory size per board 
• Single board as a memory system 
• Variable bit length per word 
• Fast Cycle Time 
• Fast Access Time 
• High Reliability 
• Modular Expandability 
• Field Expandable 
• ECC Option 
• ±15V Option 
• TTL Compatible 
• Optional termination on the board 
• Self-Test card with microprogrammable control 
• EMM u3000 system compatible 

Pin 
No. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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Edge Connector 

J1 J2 

ov OV 
+5V DI06 
-5V DI07 
ov DI05 
+12V D104 
+V TERM D006 

D007 
D005 
D004 
DI03 
DI02 

Al15 

SC 0020 
MS3 DB ERR 
MS2 0021 
MS1 
BCL2 DISA ECC 
ADOP ECHK 
MB Dl20 
Al13 Dl21 
BCL1 OV 
DA +12V 
TIOP OV 
MEM PROTECT -5V 

+5V 
ov ov 

Pin. Edge Connector 
No. J1 J2 

41 OV ov 
42 +5V DI01 
43 -5V DIOO 

44 ov DI08 
45 +12V Dl17 
46 AI08 D003 
47 AI07 D002 
48 AI06 D001 
49 Al11 DODO 
50 Al10 D008 
51 ov D017 
52 AI09 Dl16 

53 AI03 D016 
54 OV D015 
55 AI04 OV 
56 AI05 Dl15 
57 ov Dl14 
58 AIOO D014 
59 AI01 D013 
60 ov ov 
61 AI02 Dl13 
62 Al12 Dll 2 
63 GR D012 
64 COOP OV 

65 WP OV 
66 OV ov 
67 ov ov 
68 Dl18 ov 
69 Dl19 D011 
70 Al14 0111 

71 D018 Dl10 
72 D019 D010 
73 XA 1 D009 
74 DI09 

75 XA 2 +V TERM 
76 +12V 
77 OV 
78 XA 3 -5V 
79 RP +5V 

80 ov OV 



in-3000 

Product Characteristics 

Storage Capacity: 16,384, 32,768, 65,536 words 
per board expandable to 256K x 
22 or 512K x 11 per system with 
multiple boards 

Word Length: 16 or 22-bits per memory card. 
Longer words are made by 
combining memory cards 

Cycle Time: 450 nanoseconds 

Access Time: 275 nanoseconds 
Note With ECC option -001, add 50 ns to the access 

time. 
Retention Time: 
Modes of Operation: 

Input I Output: 
Address Input: 

Data Input: 
Data Output: 
Input Controls: 

Output Controls: 

Temperature: 

Relative Humidity: 
Altitude 

Interface: 
Input: 

Logic '1' 
Logic 'O' 

Output: 
Logic '1' 
Logic 'O' 

Dimensions: 

2 milliseconds 
Write 
Read (NDRO) 
Read-Modify-Write 
Refresh 
TTL Compatible 
14-20 lines, binary 
(Single-ended) 
Up to 22 lines, (Single-ended) 
Up to 22 lines, (Single-ended) 
11 lines, Single-ended, Initiate, 

Byte Control1. Byte Control2. 
Split Cycle, Write Pulse, General 

Reset, address option, timing 
option, ECC check, ECC 
disable, memory protect 
5 lines (memory busy, double 
error, write parity, memory pro
tect, data available ).Single-ended 
0°c to +50°C operating 
ambient 
-40°C to +125°C non-operating 

Up to 90% with no condensation 
Oto 10,000 feet operating. Up to 
50.000 feet non-operating 
TTL levels all inputs and outputs 

-1 Oto +0.7 Volts @:s;: 2 mA 
+2.2 to +5.5 Volts @ :s;: 2 µA 

-0.5 to +0.5 Volts @ :s;: 60 mA 
+2.4 to 5.25 Volts @:s;:1 µA 
Each printed circuit card has the 
outline dimensions: 11.75 x 
15.40 inches, as shown 

J2 

J1 

EDGE 
CONNECTOR 

i----~ 15.40" ----
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Weight: 

Optional Items: 
-001 
-003 
-004 
-005 
-006 
-007 
-008 

D.C. Power 
Requirements: 

*Single Memory 

Each card weighs less than 
2 pounds 

ECC 

±15V option 
Termination on board 
Extender Card 
Chassis with Power Supply 
Self-Test Card 
Custom Interface Card 

Cards: +12V ±5% - 1.7 Amps max. 
+5V ±5% - 6.0 Amps max. 
-5V ±5% - 0.08 Amps max. 

Termination Voltage: +5V ±5% - 0.7 Amps max. 

'Large systems with a self-test card/optional interface card 
add 10 amps (max.) to +5V D.C. 

Interfacing and Pin Assignments 
The in-3000 series single printed circuit memory card is 

designed to use two (2) 80-pin edge connectors with 

pins on 0.125 inch centers. All signals between the 

processor and the single printed circuit memory card 

must be carried on twisted pair transmission lines. 

1
270<> 

PLUG +2% 
IN 

RESISTOR 
PACK 510H 

±2% 

I 

I 

:ll~:7VK 
±5% 

' I 
TWISTED PAIR ~ 

~~~8 =~8g:::;-L< 
_('., ,1,_ 
-::- I 

_____ _J L------

Memory To Processor Interface Circuitry 



in-4580 
BORAM OR RANDOM EXTENSION MEMORY SYSTEM 

CAPACITY: 1 Megaword by 60 or 64 Bits Plus 8 Error Correction Code Bits 

The Intel® in-4580 is a monolithic memory system 
capable of storing a minimum of 262K words and a 
maximum of 1 Megaword of information. The Intel@ in-
4580 can be used to extend the CPU storage or as a 
swapping storage media for virtual operating systems. 
The system consists of a frame, power supplies, basic 
storage modules, cooling fans, interface unit and cables. 
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Features: 
• Free-standing unit 
• 1,048,576 words x 60 or 64 bits plus 8 additional 

bits of error detection/correction information 
• Single channel access to storage 
• Single-bit error correction and double-bit error 

detection 
• Automatic error logging to tally single and double-bit 

errors for later preventive maintenance 
• Field-expandable 

• ECL-compatible interface ~-
• Uses 2107B - 4K MOS Dynamic RAM Component 
• Refresh - 2 milliseconds - transparent to user 
• 100 ns maximum sequential accesses 
• 600 ns maximum random accesses 
• Minimum block length (16 words) 



in-4580 

Product Characteristics 
Input Power 

Requirements: 

Physical Dimensions: 

Cycle Time 
(16K words): 

Access Time: 

Ambient 
Temperature: 

Humidity 
Altitude: 

Voltage: 208V /230V ±10% 
Frequency: 3-phase 60 Hz 
60 inches High 
40 inches Wide 
37 inches Deep 

Write - 1.6 us 
Read - 1.6 us 
600 ns first transfer. 1 00 ns on 
subsequent transfers 

0°C to 45°C Operating 
-18°C to +85°C Non-operating 
O to 90% with no condensation 
1 0,000 feet operating, 30,000 
feet non-operating 

System Description 

Mechanical 
The frame incorporates two gates, a fixed gate on the 
right and swing-out gate on the left. The fixed gate on the 
right contains the interface unit and has room for four ( 4) 
BS M's each containing up to 1 /8 Megaword. The swing
out frame on the left contains four (4) BSM's. Each gate 
has its individual cooling fans and filters. 

Storage Element 
The basic storage element is the Intel® 21078 device 
which is a 4096 bit MOS N-Channel Random Access 
Memory (RAM). This device is TTL-compatible with 200 
ns access time and a cycle time of 400 ns. Sixty four (64) 
of these devices are organized on a printed circuit 
memory module in 32K x 8 organization. Either 18 or 36 
of the above modules are used to make up the Basic 
Storage Module (BSM). 
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Power Supplies 
The in-4580 memory system is built with modular power 
supplies. The power supplies receive their "raw" AC 
from a power distribution unit. 

Power Distribution Unit (PDU) 
The POU can be operated either locally or in a remote 
power control mode. The POU contains power 
sequencing circuitry and over and under voltage 
sensing. If any of the DC voltages deviate from the 
specified tolerances, the memory system is "powered 
down" and LED indicators display when a particular 
voltage has failed. 

Cooling Unit 
The cooling unit consists of 4 fans placed at the bottom 
of each gate. The cooling unit will force 1 000 cubic feet 
per minute of computer room air through the BSM's. No 
under-floor cooling air is required 

Interface Unit 
The custom-built interface unit contains all transmitters, 
receivers, data, address and control logic elements 
necessary to operate the memory. 

Typical Application 
SPECIAL 

.-----.INTERFACE r ______ -, 

CDC 6000 
SERIES OR 

CYBER 

PORT 3 

PORT 4 CONT~c;LLEA 

PORT 2 

ECS EC 

I I 
I I 
I INTEL I 
1 in-4580 I 

I I 
I I 
L ______ _J 



in-8100 
INTEL NON-VOLATILE 

RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: 2048 x 16 or 4096 x 8 

The Intel® in-8100 Series is a single card memory 
designed to meet non-volatile requirements of Random 
Access Memory (RAM) Systems. The memory system 
retains the data integrity for 96 hours after the loss of 
main input power. The in-8100 Series RAM system is 
supplied with an on-card battery - Nickel-Cadmium. 
Battery charging capability is included. Extended 
backup time can be achieved by external battery 
connection. The maximum storage capability is 4096 x 8 
words per board. A large RAM system can be configured 
with multiple cards. 
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Features: 

• Single board memory 
• Single +5V voltage 
• Battery backup - Non-volatility 
• No refresh 
• Modular expandability 
• TTL compatible 
• Low power requirement 
• Basic system available 4096 x 8 
• High Reliability 
• Module Select 
• Field Expandability 



in-8100 

Product Characteristics Memory Operation 
Storage Capacity I 

Board: 
Word Length: 

Access/Cycle Time 
Modes of Operation 

Interface Signals: 
Address Lines 
Data Input/Output 

Lines: 
Input Control Lines: 

It. Ootpct Ccotrnt Lm" 

Internal Control Line: 
Input Power: 

Battery Backup: 

Temperature: 

Relative Humidity: 
Altitude: 

Form Factor: 

2048 x 1 6 or 4096 x 8 bits 
8-bits or 16-bits via 
reconfiguration jumpers 
720/770 ns 
Read (NDRO) 
Write 
TTL Compatible 
16 lines, single-ended 

Up to 16 lines, bi-directional 
Memory Read, Memory Write, 
Inhibit, Reset (all active low) -
Primary 
AC Low (Active High), Power 
Fail Sense Reset (Active Low) -
Battery Backup 
Transfer Acknowledge, 
Advanced Acknowledge (Both 
Active Low) -
Primary 
Power Fail Sense, Power Fail 
Interrupt (Both Active Low) -
Battery Backup 
Memory Protect 
+5V ±5%, 1.7A worst-case 
operating 
Standby power for memory 
array and associated backup 
logic. Data integrity guaranteed 
for 96 hours 
0°C to 55°C operating ambient 
(no moving air) 
-40°C to +125°C non-operating 
Up to 90% non-condensating 
Up to 1 0,000 feet operating 
Up to 50,000 feet non-operating 
The memory is packaged on a 
single PC board 12 00" x 6.75" 
which is designed to be 
mounted in a card cage on 0.6" 
centers 
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The memory will perform READ (NDRO) and WRITE 
operations and also support battery backup. 

Read (NDRO) 
With the Memory Read Command line at OV, the memory 
will perform a READ operation from the selected word 
and transfer the data to the data bus. An Acknowledge 
signal will also be generated on the bus. The contents of 
the word location are not changed. 

Write 
With the Memory Write Command line at OV, the memory 
will accept data from the data bus and perform a write 
operation into the selected word. An Acknowledge 
signal will also be generated on the bus. 

Battery Backup 
In the event that main power fails, on-board batteries 
supply power to the memory array and thus assure data 
integrity. Rechargeable 150 mA Hr Ni-Cad batteries 
are used. The batteries are mounted on the PC board in 
a small case which is field replaceable. The batteries are 
capable of supporting the memory array for a minimum 
of 96 hours. There is an on-board fuse protecting the on
board charging circuit for the batteries. There is also a 
switch which switches the batteries off and on; thereby 
disconnecting them fiom the load. 

Device 
The board uses the Intel® 5101 CMOS 1 K RAM's to 
implement the memory array. These devices provide 
minimum power dissipation, minimum cost and 
minimum access time. 

Base Address Selection 
For 4K x 8 configuration, base address selection is on 
4K boundaries. For the 2K x 16 configuration, base 
address selection is on 2K boundaries. 



memory system 
applications 
Applications for memory systems are numerous and 
require a variety of speeds, organizations and 
features. The Intel product line is designed to meet 
these needs; and new products, incorporating the 
latest technology, are being added continuously. 

in-26A-General Purpose RAM 
Memory System 
Requirement 
CRT refresh of a 512 line by 256-bit or 256 line by 
256-bit display is required. Effective access time is 
zero nanoseconds and effective Read I Modify /Write 
cycle time is 200ns, 

Solution 
Thirty two (32) in-26A memory boards with two (2) 
address cards and one ( 1) control card are needed. 
Eight-way interleave of blocks of four MU's to 
achieve cycle time and a look-ahead address 
scheme which, along with the interleave, effects a 
zero nanosecond access time after the initial 800ns 
latency time. 

in-40-General Purpose RAM 
Memory System 
Requirement 
A memory system is needed which will accept a real 
time digitized signal, store consecutvie time blocks of 
this signal, and read out the time blocks at data 
rates of 1 0, 1 00, or 1 000 times the input data 
rate. The process yields three modes of time 
compression of the input signal. Since the time 
compressed signal is processed by a sequential 
framing device (much like a television system), the 
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data can be repeated on a frame-by-frame basis. 
The frame rate for this system will be 30Hz or 33.3 
milliseconds in length. The analog bandwidth is 
1 OM Hz which will require a minimum of 23 x 106 
words/second data rate. 

Solution 
Five (5) CU-40's and twenty (20) MU-40's configured 
as a 64K x 88 (90) memory is provided. The 1/0 and 
control boards serially shift eleven ( 11) 8-bit bytes for 
a parallel, 88-bit load. A number of read cycles take 
place, equal to the compression factor (10, 100, 
1 000), for each write cycle with one of each eleven 
bytes of read data accumulating per read cycle, 
allowing 10 bytes to be shifted out during the write. 

in-1600-Computer Main Memory 
Requirement 
A main memory is required for a large computer 
system. Modularity, maintainability, density and high 
reliability are of primary importance; and very fast 
supplier delivery of both prototypes and production 
units is needed. Each memory has capacities from 
128K to 512K 4-byte words and it would be 
desirable to have two 512K word memories in one 
cabinet. 

Solution 
A truly up-to-date and superior solution is the in-1600 
Series memory system, which is a 16K RAM version 
of the versatile 4K RAM in-40 Series. The in-1600 
uses the in-40 hardware and accessories, thus 
allowing for fast prototyping and transfer to 
production. The basic building block is a 64K x 



16/18 (128K x 8/9) memory module which, when 
used in conjunction with Control Units (CU's) and 
Buffer Units (BU's), can be assembled into virtually 
any large capacity configuration of memory. ECC, if 
desired, is easily done on a system-level basis. 
Assuming ECC is used, each 512K word memory 
consists of twenty (20) MU-160 (128K x 8 each), 1 
CU-160 and 4 BU-160 cards. De-population of 128K 
word segments is done by removing five (5) MU-160 
cards. This results in 40-bit words, allowing for a 32-
bit data word, seven (7) bits of ECC, plus 1 extra bit. 
Port interface control and ECC require up to seven 
(7) more cards, depending on complexity, per 
memory. The two memories are mounted in two 
standard 33-slot Unichassis, taking less than 40" of 
chassis space with fans and power supplies included. 
Intel sales personnel are prepared to discuss this and 
other approaches to organizing large memory 
systems. 

1/0 & ECC 

I 1CU&4BU's r-1--i ~ UP TO 20 MU 160-, 
_j 

Ir J 

I~~~~~ 
I~~~~~ 

FAN ASSEMBLY 

POWER SUPPLY 

in-1600 - DUAL 524K x 32 PLUS ECC 

I 

-f 
10.5" 

4 
5.25" 
I 

I 
10.5" 

l 
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in-3000-Minicomputer Memory 
Requirement 
A special-purpose processor, requiring 500 ns cycle 
time memory in capacities of 16K to 64K of 18-bit 
word, (with parity) with some applications needing an 
additional 64K to 256K words of memory. The 
customer is concerned with memory reliability for 
larger systems. Main memory must be partitioned on 
16K word boundaries, add-on memory at 64K words. 

Solution 
Use the in-3000 as a plug-in card for main memory, 
and a 5-1I4" chassis, complete with power supplies, 
for add-on memory. Use one through four 16K x 18 
in-3016 modules for main memory and one through 
four 64K x 18 in-3064 modules in an in-3000 HMS 
Chassis for add-on memory. For systems where 
highest reliability is desired, incorporate the in-3000 
ECC option in either or both the in-3016 and in-3064. 
Ask your Intel representative to discuss the high 
reliability of the in-3000 Series and the trade-offs 
concerning ECC. 

CPU 

MAIN MEMORY 
1-4 in-3016 

(16K x 18/22) 

~ 

GREATER I 12.25"0R 

ADD-ON MEMORY [~~~~~[==j I 1-4 in-3064 { --+ (INCLUDES 

:~-~;o 18/22) in ~ 5.25" POWER 

HMS CHASSIS ~A~~p;~~S) 



in-477-CRT Refresh 
Requirement 
Image processing of digitally-transmitted photographs 
on a CRT screen in a 512 x 512 matrix. Thirty two 
(32) levels of gray-scale for resolution and three (3) 
bits of control are required with random updating of 
one or more bits of each pixel. Data to be transferred 
in 16-bit words. 

Solution 
Use eight (8) in-477 memory cards, each with 16K x 
16 (256K x 1) of memory and control required to take 
16-bit words and refresh eight (8) bit pixels on a 512 
x 512 CRT screen. Five (5) bits (5 in-477's) of each 
pixel to be used for 32 levels of gray scale, the 
remaining three bits (3 in-477's) of each pixel for 
control functions. Mount the in-477 cards in an HCRT 
chassis, which has 12 slots free to do special control 
and 1/0 logic. The UT-477, with space 
for over 100 DIP sockets, simplifies wire-wrap of 
extra logic required. Your Intel representative can 
assist you in defining your unique CRT refresh 
application and can quote individual in-477 cards or 
fully-interfaced systems. 

8 in-477's 

CPU CRT 

8 SERIAL 
REFRESH 
DATA STREAMS 

4Es~6~~ -( §~~~~~~~~~:::3 1,. HCRT" 

8-in-477'1 { ~ CHASSIS 

IN-CPS-X 5 25,. IN-CPS 
POWER SUPPLY ______j_ CHASSIS 
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in-65-Disc Replacement Memory 
Requirement 
A replacement for a fixed-head per track disc 
memory is required to improve system reliability and 
maintainability and drastically reduce latency time. 
The disc being replaced has a capacity of 5 
megabytes, but many applications are less than 5 
megabytes. 

Solution 
Use a modular in-65 system that has a maximum 
capacity of 5 megabytes, but can be de-populated in 
1 megabyte increments. Organization of the MU-65 
(128K x 8/9) permits efficient incorporation of ECC if 
each megabyte is organized as 128K x 64 data bits 
(8 bytes), plus 8-bits of ECC. The first megabyte of 
storage, I IO and ECC are located in one in-65 
Megachassis'", with additional memory added in 
either one or two megabyte chassis. Interface can be 
16, 32 or 64 data bits wide. The Intel representative 
in your area can assist you in defining a solid-state 
disc replacement for your application. 

3 1/0 & ECC 
CARDS l 1CU-65AND 

4 BU-65 CARDS 

~ 8 MU-65 CARDS 

~ II l 17 S" 1 MEGABYTE l AND ECC 

II 1 BOA 16 
MU-65 17.5" 1 OR 2 MEGABYTE(S) 

CARDS 

J 

II 1 SOR 16 
MU-65 17.5" 1 OR 2 MEGABYTE{$) 

CARDS 

J 
! 

FAN ASSEMBLY 5.25" 

I 

I 
POWER SUPPLY 10.5" 

_l 
in-65 - 128K x 64 THROUGH 640K x 64 PLUS ECC 



in-458-BORAM Extension Memory 

Requirement 
A customer with a large computer system must add 
additional extension memory to an existing add-on 
core memory system. Since very fast data transfer is 
required, a 64-bit data word every 1 OOns, a Block
Oriented Random Access Memory (BORAM) mode of 
operation is acceptable. 

Solution 
Memory in 1024K (1 million) word segments per 
cabinet is supplied with the in-458 BORAM or RAM 
system. Since the data transfer rate requirement is so 
high, the memory is best used in the BORAM mode 
and organized as 64K x 1024-bits (16 words of 64-
bits each), plus 128 ECC bits (16 ECC words of 8-
bits each) for a total of 1152-bits per data transfer. 
Even taking refresh into consideration, since a 
dynamic memory device is used, a data transfer rate 
of 1 OOns or faster per word is accomplished. 
Dynamic MOS memory results in the most cost
effective and lowest power consumption solution. The 
memory consists of 8 BSM's (Basic Storage Modules) 
of 64K x 144-bits each mounted into an easily
maintainable computer-type cabinet. All power 
supplies, interface and cooling is self-contained with 
the memory. If your application is for a lot of 
expansion memory, contact your local Intel 
representative. 

BSM 

BSM 

CONTROL 
PANEL 

BSM 

BSM BSM 

R . 
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in-8100-Process Control Memory 

Requirement 
A manufacturer of process control equipment needs 
to locate relatively small amounts of 16-bit memory 
distributed throughout a plant, and since operational 
integrity is essential, localized battery backup is a 
necessity. 

Solution 
Using the 2K x 16 in-8100 CMOS memory card, 
easy-to-use static memory can be placed wherever 
storage capacity is required. Each in-8100 card has 
its own rechargeable battery backup system mounted 
directly with the memory. Data is retained up to 96 
hours with the self-contained battery, with additional 
capacity easily added remotely. Ask your local Intel 
sales representative how to solve your memory 
problems. 

Conclusion 
These are only eight memory applications that fit 
existing Intel Memory Systems' capability. Our 
experience is a historical encyclopedia of 
semiconductor memory technology and accomplish
ments. We are writing today's chapter - and your 
application should be part of it. 



memory system 
accessories 
Memory Cabinets 
The in-Series Memory Cards are available as 
individual units or as complete systems. Intel features 
a number of memory cabinets that can accomodate 
a variety of memory capacities. The in-CAB Series of 
cabinets are designed to allow customers maximum 
freedom in specifying memory configurations. These 
cabinets contain power supplies, cooling fans and 
interface connections. The in-CAB is a standard 
RETMA 19" rail configuration, including lockable 
casters, convenience outlets and intra-cabinet 
cabling. Heights available up to 7 feet. 

in-BA Blower Assembly 
Standard 5-1I4"H x 19"W x 13"0 rack-mountable six
fan blower assembly for use with all in-Series 
Memory Systems. 

MT-10 Memory Tester 
A ful\ live-pattern memory tester for maintenance, 
trouble-shooting, incoming tests, etc. For use with in-
40/ 42/ 44 Series Memory Systems. 

UT-10 Utility Socket Board 
A standard sized board with room for approximately 
1 00 14 or 16 pin sockets for use in assembling 
custom interfaces to use with in-40/ 42/ 44, in-65, in-
477. Specify UT-80 for in-40/42/44 or other memory 
systems requiring a mix of sockets with from 1 4 to 40 
pins. 

EX-10 Extender Boards 
Permits trouble-shooting and maintenance to be 
performed on individual cards. 

EX-1 0 for all 8"x 1 O" cards 
EX-50 for all 6"x8" cards 
EX-65 for in-65 cards 
EX-477 for in-477 cards 

Unichassis Backplane Interface Connector 
Provides fast, reliable interconnection to the in-Series 
memory system via the backplane wire-wrap pins. 
(Interfaces to 100 pin-connector) 

PCB Mating Connector 
100-pin mating connector for use with the following 
standard Intel memory boards - in-26A, in-40, in-
4 77, in-481. 
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Chassis 
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 specific customer 
applications. These are described below. Your local 
Intel sales representative can help you with your 
particular application. 

Power Supplies 
The in-Series Memory Systems are designed in 
modular form allowing conversion into a variety of 
sizes and configurations. To accomodate these 
various memory sizes, Intel has designed standard JI· 
power supply modules for use in configuring these 
systems Contact your local Intel Memory Systems 
representative for the one that fits 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-10I40 interface card. This 
Minichassis 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. Front panel includes a circuit breaker and 
power indicator lights. This unit features the use of a 
PC backplane for all power and ground connections. 

in-MPS Power Supply 

The minichassis power supply provides the opti
mum solution for all in-40/42/44 and in-160011620 
systems having capacities shown in the charts 
below. The MPS is included in the minichassis. 

A +5V only version of the in-MPS is included for all 
minichassis versions of the in-26A. 

in-26WORDS in40 WORDS 

BK 16K 32K 40K 16K 32K 64K 128K 256K 
x x x 9 x x x x x 
x ~ 18 x x x x 

c; 27 x x x 
36 x x x 



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 backplane 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 the in-Series cabinets. Use the in-SPS or 
in-LPS series of power supplies. 

in-SPS Power Supply 
For in-26A memory systems only +5V is required. 

The in-SPS power supply is used for memory 
capacities above the minichassis. 

RETMA dimensions: 7"H x 19"W x 21 "0 

Model 

in·SPS-1 
in·SPS-2 
in-SPS-3 
in-SPS-4 
in-SPS-5 
in-SPS-6 
in-SPS-7 

* in-SPS-8 

in-26 
WORDS 

4K SK 16K 32K 64K 

9 ·1 -1 ·2 .3 .4 

!!! 
18 

iii 
27 
36 

·1 ·2 .3 -4 .5 
·2 .3 .4 -5 -6 
·2 .3 -4 -6 .7 

72 .3 -4 .5 .7 -8 

*in-SPS-8 Requires 19" Drawer. 

in-LPS Power Supply 

For in-40142144 and in-160011620 memory systems 
above the capacity of the minichassis, use the in
LPS. 

RETMA dimensions: 7"H x 19"W x 21"0 

Model Dwrs. 

in-LPS-1 
in-LPS-2 
in-LPS-3 
in-LPS-4 
in·LPS-5 
in-LPS-6 
in-LPS-7 

2 
2 
2 

9 
Cll 18 

~ 36 
72 

144 

WORDS 

16K 32K 64K 128K 256K 512K 

·1 ·1 ·1 ·1 ·1 ·2 J 
·1 ·1 ·1 ·1 ·2 .3 J 
-1 -1 ·2 ·2 .3 .5 J 
·2 -2 .3 -4 ·5 
.4 .4 .5 -6 .7 

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"0. Thirty three (33) 
card slots are available to house thousands of 
combinations of standard-sized Intel memory cards. 
For example, a 512K x 8 or 1024K x 9 in-40 system 
can be housed with seven I I 0 slots left over for 
address and buffers or for other custom logic. 
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The in-MEGACHASSIS'" will accomodate one or two 
each 11-slot PC backplanes. Each backplane will 
handle up to 8 MU-65's, 2 CU-65's and/or BU-65's, 
plus one I I 0 slot for a UT-65 (socket card). Power 
supplies and cooling fans are not included in this 
chassis. Dimensions are 17.5"H x 19"W x 14"D. Use 
the in-GPS series of power supplies. 

in-GPS Power Supply 

For the in-65 Megachassis'", use the in-GPS Series 
of power supplies. 

RETMA dimensions: l"H x 19"W x 21"0 

MU-65 
Qty. 

1-8 
9-16 

Model 

in-GPS-1 
in-GPS-2 

Power Supply 
Drawers 

2 
2 

Note: Consult factory for confirmation of in-GPS power. 

The in-HCRT is a 12-slot chassis, including cooling 
fans, used for a combination of in-477 CRT Refresh 
Memories and custom control interface cards 
mounted horizontally. A UT-4 77 is available for 
custom logic. Dimensions of the in-HCRT are 10.5"H 
x 19"W x 19"D. Use the in-CPS series of power 
supplies. 

The in-VCRT is similar to the in-HCRT Horizontal 
Chassis, except in-477 boards are mounted vertically. 
Up to 24 in-477 boards can be mounted in the in
VCRT. The UT-4 77 can also be used tor custom 
logic. Power supplies and cooling fans are not 
included. Dimensions of the in-VCRT are 17.5"H x 
19"W x 19"0. Use the in-CPS Series of power 
supplies, and the in-BA Blower Assembly. 

in-CPS Power Supply 
For the two new chassis for the in-477 CRT Refresh 
memory board, the in-CPS provides the best power 
supply solutions. The horizontal mount (in-HCRT) 
has space for up to 12 in-477 boards and the vertical 
mount (in-VCRT) has space for up to 24. 

in-477 Power Supply 
Oty. Model Drawers 

1-4 in-CPS-1 
5-8 in-CPS-2 

9-16 in-CPS-3 
17·24 in-CPS-4 

Note: Specify if power is to be other than 11 OVAC, 50/60 Hz. 



cu= 1 

WORDS BU =O 

8 9 

12BK 1A 1B 

256K 2A 2B 

3B4K 3A 3B 

512K 4A 4B 

640K 5A 5B 

768K 6A 6B 

B96K 7A 7B 

1024K BA BB 

MU=128XB ............. A 
MU= 128 X 9......... . .B 

Megachassis 
(in-65 Boards Only) 

Board Allocation Guide 

cu= 1 cu= 1 

BU= 1 BU=2 

16 18 24 27 32 36 40 

2A 2B 3A 3B 4A 4B 5A 

4A 4B 6A 6B BA BB 10A 

6A 6B 9A 9B 12A 12B 15A 

BA BB 12A 126 16A 16B 

10A !OB 15A 15B 

12A 12B 

14A 14B 

16A 16B 

cu= 1 cu= 1 

BU =3 BU= 4 

45 48 54 56 63 64 

5B 6A 6B 7A 7B BA 

10B 12A 12B 14A 14B 16A 

15B 

CHASSIS WITH ONE BACKPLANE 

CHASSIS WITH TWO BACKPLANES 

Minichassis/Unichassis* 
(For in-26A in-40/42/44 and in-1600/1620 Boards) 

Board Allocation Guide 

72 

BB 

16B 

B 

CU's = N CU's = N CU's = N 

WORDS CU's = N 

B 9 10 12 

16K 1 F 1E 1D IC 

32K 1B IA 20 2C 

4BK 3F 3E 30 3C 

N = 1 G4K 2B 2A 40 4C 

BOK 5F 5E 50 5C 

96K 3B 3A GO GC 

112K 7F 7E 70 7C 

12BK 4B 4A BO BC 

160K 5B 5A 90 9C 

192K 6B GA 100 10C 

224K 7B 7A 110 11C 

25GK BB BA 120 12C 

2B3K 9B 9A 130 13C 

320K 10B 10A 140 14C 

352K 11B 11A 150 15C 

3B4K 12B 12A 160 16C 

416K 13B 13A 170 17C 

44BK 14B 14A lBO lBC 

4BOK 15B 15A 190 19C 

512K 16B 16A 200 20C 

57GK 188 1BA 220 22C 

640K 20B 20A 240 24C 

704K 22B 22A 

7GBK 248 24A 

MU CAPACITY 
A=lGKXlB C=16KX12 E=16KX9(useBKX18) 
B=16KX16 0=16KX10 F=16KXB(useBKX16) 

16 18 24 

1B IA 2C 

2B 2A 4C 

3B 3A 6C 

4B 4A BC 

5B 5A lOC 

GB GA 12C 

7B 7A 14C 

BB BA !GC 

9B 9A 1BC 

!OB 10A 20C 

11B 11A 22C 

12B 12A 24C 

13B 13A 

14B 14A 

15B 15A 

16B 16A 

17B 17A 

1BB lBA 

19B 19A 

20B 20A 

228 22A 

248 24A 

BU's = N BU's = 2N BU's = 3N 

27 32 36 40 48 64 72 

2B 2A 3B 4B 4A 

4B 4A GB BB BA 

GB GA 9B 12B 12A 

BB BA 12B 16B lGA 

lOB lOA 15B 20B 20A 

12B 12A lBB 24B 24A 

14B 14A 21B 

16B !GA 24B 

lBB !BB 

20B 20B 

22B 22B 

24B 24B 

MINICHASSIS D 
UNICHASSIS D + D 

•For in-1600/1620 multiply word capacity shown by a factor of four (4) for chassis capacity. 
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custom 
memory systems 
Since 1971 well over 1 00 different memory 
modules have been designed, many of these 
designed exactly to the specifications of custom 
requirements. Devices ranging from 256-bit to 
16K bit RAM's, numerous shift register and 16K 
CCD's have been used, as required, in best 
meeting the specific needs of our customers. 

Devices 

Types 

Dynamic 
2107 
2104A 
2108 
2116 . 

Static 
2115/2125 
2102A 
2114 
5101 

CCD 
2416 

Presently, we have design knowledge and 
experience in each of the following Intel memory 
types, plus all of the latest driver and other 
support devices. Of particular note is our unique 
experience designing with the 2104A/2108/ 
2116 inter-compatibility line of dynamic 4K, BK 
and 1 6K devices. 

Organization Pins/Package 

4K x 1 22 
4K x 1 16 
BK x 1 16 

16K x 1 16 

1K x 1 16 
1K x 1 16 
1K x 4 18 
256 x 4 22 

16K x 1 18 

•New Devices Added When Available. 
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ADD-ON/ADD-IN MEMORIES 

INTRODUCTION 

Intel Memory Systems provides a number of memories for popular computers. To best fit specific 
applications, both add-in and add-on memory systems are available. Because Intel is the largest inde
pendent manufacturer of semiconductor memory, we provide low cost and fast delivery. 

TABLE OF CONTENTS 

in-400 
in-481 
in-1611 
in-1670 
in-4011 
in-4711 

Honeywell/GE 400 Add-On ........................................... . 
lntellec® Development System Add-In ................................... . 
DEC LSl-ll/PDP-11/03Add-ln ......................................... . 
DEC PDP-11/70Add-On .............................................. . 
DEC PDP-11 Add-On ................................................ . 
DEC PDP-11 Add-On ................................................ . 
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7-9 
7-11 
7-13 



in-400 
INTEL ADD-ON MEMORY SYSTEM FOR THE 
HONEYWELL/GE 400 COMPUTER SYSTEM 

CAPACITY: 32K to 128K Words Per System 

The Intel® in-400 Semiconductor Memory System is 
designed to upgrade or replace the present core 
memory technology used in the Honeywell/General 
Electric GE-400 Computer. A single processor system 
(in-400SP) is available and a dual processor system (in-
400DP) is planned. The system includes error detection, 
correction and logging circuits which enhance the 
system reliability. The Intel standard in-42 Series 
Memory boards are used as the basic memory modules 
in the in-400 Memory System. 

Features: 
• Single Bit Error Correction 
• Double Bit Error Detection 
• Error Correction Inhibit 
• Error Log Feature (stores first bit on each 

memory device} 
• Error Log Interrogation does not interrupt 

System Operation 
• Manual Control of Error Log 
• Operationally Compatible with standard 

GE/HONEYWELL 400 memory interface 
• 128K x 25 with power and cooling mounts easily 1n 

single GE/HONEYWELL door 
• Less than 4.0 Amps at 115V 
• Fully simulates core operation 

READ DATA (25 BITS) 

1 WRITE DATA 

125 BITS) 

r----
ADDRESS 

CONTROL 
SIGNALS 

WAITE 
DATA INTERFACE ADDRESS 

CARD 

RESPONSE 
SIGNALS 

READ 
DATA 

'--I 

1 CONTROL 

RESPONSE SIGNAL 

SYSTEM BLOCK DIAGRAM 
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WRITE DATA 

ECC 
CARD 

READ DATA 

(BITS 31) l READ DATA 
(BITS 31) 

MU-40s MU-40s 
(UPTO 8) (UP TO 8) 

}RIT}ONTROL}DDRESS 
DATA 

JR IT~CONTROJDDR ESS 
DATA 

CONTROL 

CU-40 

ADDRESS 
BU-40 !-;ms' 

1 WRITE DATA 

(BITS 31) 



in-400 

Product Characteristics Error Correction Code (ECC) 
Capacity: 
Word Length: 

Speed: 

Interface: 

Power: 

I\ s'" 

Weight 

Floor Space: 

Configuration: 

32K words to 128K words 
24 data bits, 1 parity bit and 
6 ECC bits 
Notes: 
1. ECC bits are transparent to 

the user. 
2. The 24 data and 1 parity bit 

are treated as one 25-bit data 
word by the ECC circuits 

Compatible with GE-400 
computer. 
(Note: Combination of faster 
memory and asynchronous 
interface increases computer 
throughput 10 to 15%) 
Functionally compatible with the 
GE-400 computer, but requires 
different mating connectors 
500 watts for 128K words. This 
compares to 8,000 watts for the 
equivalent 128K of core memory. 
3 cubic feet for 128K words. 
This compares to 200 cubic feet 
for an equivalent 128K of 
core memory 
1 00 pounds for 128K words. 
This compares to 2600 pounds 
for 128K of core memory 
None required if mounted in the 
host processor. 
The system utilizes the Intel 
standard in-40 series board set. 
A 128K word system utilizes the 
following card types: 

1. MU-40 16 each 
2. CU-40 1 each 
3. BU-40 each 
4. ECC and error 

logger card 1 each 
5. 1/0 card each 
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By incorporating error detection and correction, the in-

400 provides significant improvements in system 

reliability. The ECC provides single-bit correct and 
double-bit detect capability. All single-bit errors are 

transparent to the user. Error information is stored in a 

static RAM included in the error logger card. During 

preventive maintenance periods, this information can be 
manually displayed and decoded to point to a specific 

failed memory component. The net result of the ECC is 

an improvement in system reliability (MTBF) of 15 to 100 

times. 

Dual Port Option 
The dual-processor system will incorporate dual-port 

logic which will accomplish the following basic tasks: 

1. Establish priority in the event both ports attempt to 
access the same 16K address boundaries. Since this 
is a dynamic memory, refresh will be given the first of 
three priorities. 

2. Allows both ports to cycle the memory simultane
ously within different 16K boundaries. 

3. Steer data and control signals allowing either port 

access to any 16K module. 



in-481 
INTEL ADD-IN MEMORY MODULE FOR INTEL® 8008 AND 

8080 BASED MICROCOMPUTER SYSTEMS 
CAPACITY: 16K x 8 Per Module 

The in-481 is a 16K x 8 Random Access Memory that 
utilizes the Intel'"' 21 07B 4K Dynamic RAM Component 
The memory and all refresh and control circuitry are on 
one PC board. The in-481 is expandable to a maximum 
of 64K x 8 by the use of four memory cards. The in-481 
card is designed to interface directly with the Intel® 
IMM8-82 and the IMM8-83 CPU cards. Since the 
characteristics of these two cards are governed by 
either the 8008 or the 8080 microprocessors, it is also 
possible to use the in-481 with any CPU using these 
devices. The physical size of the in-481 is the same as 
the IMM Series. The address, data 1/0, and power pin
outs are the same as the Intel IMM6-28. 4K x 8 Memory. 

Features: 
• IMM8-82 and IMM8-83 

Compatible 
• Automatic Refresh 
• Modular Expandability 
• Module Interchangeability 
• High Density 
• Board Select 
• On Board 4K Address 

Select 
• On Board 4K Enable/ 

Disable 
• Input and output Data 

Registers 
• Low Standby Power 

Dlo - 017 

D00-D01 

CPU 

Interface Connector Pin Assignments 
PINNO. 8008 8080 PIN NO. 8008 

1 35 MDI 7 
2 36 DB7 
3 GND GND 37 MDI 6 
4 GND GND 38 DB 6 
5 WAIT ACK WAIT ACK 39 SYS ENC 

6 TT CLK B 40 
7 OMA READ OMA READ 41 ADD ENA 
8 PWR RESET PWR RESET 42 ADD ENB 
9 ·WE ·WE 43 -9V 
10 NC ¢2 44 -9V ,, MAD 0 MAD 0 45 OMA READ ENABLE 
12 MAD 1 MAD1 46 HOLD ACK 
13 MAO 2 MAD 2 47 
14 MAD 3 MAD 3 48 
15 MAD4 MAD4 49 +12V 
16 MAD 5 MAD 5 50 +12V 
17 MAD6 MA06 51 
18 MAD 7 MAD 7 52 
19 MADS MADS 53 
20 MADS MA09 54 
21 WAIT REG WAIT REG 55 
22 56 
23 MDI 0 MDI 0 57 
24 DB 0 DB 0 58 
25 MDI t MDI 1 59 MAO 13 
26 DB 1 DB 1 60 MAD 12 

27 MDI 3 MDI 3 61 
28 DB 3 DB 3 62 
29 MDI 2 MDI 2 63 MA 14 
30 DB 2 DB 2 64 
31 MDI 5 MDI 5 65 MAD 15 
32 DB 5 DB 5 66 MAO 14 

33 MDI 4 MDI 4 67 DB IN 

34 DB 4 DB 4 68 MA 15 
69 
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8080 PIN NO. 8008 8080 

MDI 7 
DB7 

70 
71 ·READ •READ 

MDI 6 
08 6 

72 
HAL 'f'ACK HALT ACK 

SYS ENC 74 SYNC A OMA ¢2 DISABLE 

75 ---
ADD ENA 76 
ADDENB 77 
-9V 78 
-9V 79 
OMA READ ENABLE 80 
HOLD ACK 81 

82 
83 

+12V 84 
+12V 85 *REF •REF 

86 
87 •SUSY *BUSY 

88 * ENAEF *ENREF 

89 
90 
91 GND GND 

92 GND GND 
93 

MAD 13 94 MAD 11 MAD 11 

MAD 12 95 R/W R/W 

96 MAD 10 MAD 10 
97 

--
MA 14 98 91 ¢1 

99 •5 •5 
MAD 15 100 •5 •5 
MAD 14 
MEM READ CYC 
MA 15 •Status signals from in-481. 



in-481 

Product Characteristics 
Capacity: 

Cycle Time: 
in-481 
in-481-1 

Access Time: 
in-481 
in-481-1 

Power: 
+5V 
+12V 

*-9V 

16K x 8 expandable to 64K x 8 
by use of four memory cards 

11 00 nanoseconds 
600 nanoseconds 

650 nanoseconds 
450 nanoseconds 

1.0A 
0.25A 
30 mA 

*(-9V is zenered to -5V; optional -5VDC at 5 mA) 
Operational Modes: Read (NDRO) 

Write 
Dimensions: 

Temperature: 

Relative Humidity: 
Altitude: 

Connector Type: 
Amp 
Winchester 
Viking 
Sylvania 

*Applications 
8008 

8.00 inches High 
6.18 inches Deep 
0.5 inch mounting centers 
0°c to +50°C operating 
ambient 
-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 

1-67878-0 
HW50D0111 
3VH50/ICN5 
7900-0281-X 

When using the in-481 in an 8008 or 8008-1 
microprocessor based system, the access and cycle 
times are such that WAIT states need not be entered. All 
refresh, write and read cycle requests 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 refreshing is done 
during the T1 state of the 8008; during a HALT or HOLD 
state the memory refresh is synchronized to the 1>1 
clock and occurs every 7.5 µsec. It should be noted that 
a power-up reset circuit initializes all control circuitry on 
the in-481. 
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8080 
When using the in-481 in an 8080A microprocessor 
based system, the memory components used are faster 
in both cycle and access times in order to minimize the 
total number of WAIT cycle requests. All refresh, read 
and write cycle requests are again synchronized to 
specific CPU states or requests. Because of the 2.0 
µsec instruction cycle time of the 8080, a single WAIT 
state or a possible double WAIT state is required during 
memory refresh. A memory refresh is initiated once 
every 31 µsec and it is synchronized to the positive edge 
of SYNC during the T1 state. Normally a single WAIT 
state between T 2 and T 3 states is required if the memory 
is in the process of performing a read operation. If, 
however, a write cycle had been initiated during T 3 of the 
previous subcycle a double WAIT state is requested by 
the in-481. During the HOLD and HALT states, the 
refresh requests are synchronized to the <t>1 clock and 
they occur with a period of 25 µsec. It should be noted 
again that the power-up reset circuit initializes all control 
circuitry 

OMA 
A OMA 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 OMA control of 
the memory. Since refresh is synchronized to the 1>1 
clock, and since additional state lines are brought out 
from the in-481, an access control circuit can be 
implemented to perform OMA After completion of OMA, 
the HOLD and WAIT requests to the CPU card are 
disabled, and memory operation proceeds as normal. 

'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 60 
mA capacity of the INTELLEC® +12V power supply. 



in-1611 
INTEL ADD-IN MEMORY SYSTEM FOR THE 

DEC LSl-11 AND PDP-11/03 MINICOMPUTER FAMILY 
CAPACITY: SK, 16K, or 24K Words Per Card 

The Intel® in-1611 MOS Dynamic RAM Semiconductor 
Memory Card has capacity of SK, 16K, or 24K words 
with 16 bits/word. The card is compatible with the DEC® 
LSl-11 and PDP-11 /03 microcomputers. 

Features: 
• Double Connector Width (ie., "2-wide" card) 
• Requires only one backplane position 
• Highest density available 
• Address selection 
• Low power requirement 
• Totally compatible with LSl-11 hardware and 

software 

General 
The Intel® in-1611 is designed for use in the LSl-11 
(PDP-11 /03) microcomputer. The system is compatible 
with the LSl-11 bus and consists of a single "2-wide" PC 
card. This saves valuable chassis positions since the in-
1611 is one half the size of the standard "quad-wide" 
card. 

The memory card has a capacity of SK, 16K or 24K 16-
bit words. An on-card DIP switch allows the card to be 
positioned on any 4K boundary. Any 4K block within the 
card's address space can be disabled allowing the card 
to work in conjunction with a PROM/ROM memory 
board. 

Interface Pin Assignments 

Pin Signal Name Pin Signal Name 

AA2 +5 (Vee) AA1 
AB2 AB1 
AC2 GNO AC1 
A02 +12 (Vool A01 
AE2 BOOUT L (write sync) AE1 
AF2 BRPL Y L (slave reply) AF1 
AH2 BOIN L (Read sync) AH1 
AJ2 BSYNC L (adr sync) AJ1 GNO 
AK2 BWTBT L (byte select) AK1 
AL2 AL1 
AM2 BIAK1 L AM1 GNO 
AN2 BIAKO L ANl 
AP2 A Pl 
AR2 BOMG1 L AR1 BREF L (Refresh Control) 
AS2 BOMGO L ASl 
AT2 AT1 GNO 
AU2 BOAL 0 L AU1 
AV2 BOAL 1 L AVl 
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Power Interface 

Item Signal DEC Pin 

AA2 

1 +5V Vee BA2 

BV1 

AD2 

2 +12V v00 802 

AC2 AT1 BM1 

3 GND Vss AJ1 BC2 BT1 

AM1 BJ1 

Pin Signal Name Pin Slgnal Name 

BA2 +5 (Vee) BA1 
BB2 BB1 
BC2 GNO BC1 
B02 +12 !Vool B01 
BE2 BOAL 2 L BE1 
BF2 BOAL 3 L BF1 
BH2 BOAL 4 L BH1 
BJ2 BOAL 5 L BJ1 GNO 
BK2 BOAL 6 L BK1 
BL2 BOAL 7 L BL1 
BM2 BOAL 8 L BM1 GNO 
BN2 BOAL 9 L BNl 
BP2 BOAL 10 L BPl 
BR2 BOAL 11 L BR1 
BS2 BOAL 12 L BS1 
BT2 BOAL 13 L BT1 GNO 
BU2 BOAL 14 L BUl 
BV2 BOAL 15 L BVl +5V (Vee) 



in-1611 

· Product Characteristics 
Storage Capacity: 
Word Length: 
Read Access Time: 
Write Access Time: 
Cycle Time: 
Retention Time: 
Modes of Operation: 

Input/Output: 
Data Input: 
Data Output: 
Input Controls: 

Address Input: 

Output Controls: 
Temperature: 

Relative Humidity: 
Altitude: 

Input Power: 

Power Dissipation: 

Weight: 
Dimensions: 

SK, 16K or 24K per card 
16-bits per memory card 
400 nanoseconds 
200 nanoseconds 
Compatible with LSl-11 bus 
2 ms 
Read Word 
Write Word 
Write Byte 
Read (word) modify write 
(byte or word) 
TTL compatible 
16 lines (Single-ended) 
16 lines (Single-ended) 
5 lines, BOIN L, BSYNC L, 
BWTBT L, BDOUT L, BREF L 
(Single-ended) 
16 lines, binary, (Single-ended) 
multiplexed with data bus 
1 line, BRPL Y L 
0°C to 50°C operating ambient, 
40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating. 
+5.0V +5% at 1 O Amps 
+12V +5% at 0.6 Amps 
12.2 Operating 
6.8 Standby 
1 lb. 
Each card requires an LSl-11 
"2-wide" slot and a depth 
of .375". 
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Memory Operation 
The memory card is capable of operating in the following 
modes: Read (Non-Destructive), Write, and Read Modify 
Write. 

Read 
A Read Cycle is begun when the OBIN signal is 
asserted. The contents of the memory location will not 
be altered. 

Write 
A write cycle is begun when the DBOUT signal is 
asserted. If it is to be a byte write only the BWTBT signal 
is asserted during DBOUT. The upper byte is specified 
when AO = 1, the lower when AO = 0. 

Read Modify Write 
A read modify write cycle occurs when the processor 
following a read cycle but before BSYNC is cleared, 
asserts BDOUT. Upper or lower bytes for byte writes are 
specified by AO as in a write cycle (see above). 

Refresh 
Since data is stored in dynamic memory devices (2116, 
21 08) it must be periodically refreshed. This refresh is 
performed automatically every 1.6 milliseconds by 
micro-code on the microcomputer module. 

Input Requirements 
Address, Data Inputs: The address and data signals 

are time multiplexed on a single 
16 line bus 

Input Controls: 5 lines, (Single-ended) BOIN L, 
BSYNC L, BDOUT L, BREF L 

Input Logic Levels: Low= -1.0 to +0.7V@ 2 mA 
High = +2.5 to +5.5 @100 JJA 

Output Specifications 
Data Output: 

Output Controls: 
Output Logic Levels: 

16 lines (Single-ended), time 
multiplexed with address 
1 line (Single-ended), BRPL Y L 
Low = -0.5 to +0.7V @ 2 mA 
High = Open Collector 

Power Requirements, Maximum 

Vee Yoo 
Voltage +4. 75 to 5.25 11.4 to 12.6 

Amps/Selected 0.7A 1.0A 
Card 

Amps/Standby 0.7A 0.2A 
Card 
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INTEL ADD-ON MEMORY SYSTEM FOR THE 

DEC PDP-11/70 COMPUTER SYSTEM 
CAPACITY: 128 Bytes to 1024 Bytes Per Memory Module 

The Intel® in-1670 is a monolithic memory system for 
the DEC PDP-11 /70. All components are engineered to 
meet or exceed the specifications of similar DEC 
components. The Intel® in-1670 is used in the PDP-
11 /70 computer systems. It is a direct replacement for 
the memory module (MJ-11) supplied by DEC. The in-
1670 uses the identical interface signals (control, 
address, data) and cables as the DEC memory module. 
The only power required is 115V AC or 230V AC. 

The in-1670 is fully hardware and software compatible 
with the DEC CPU and provides for upgrades from 128K 
bytes to 4 megabytes of total storage. The in-1670 is 
installed in the CPU memory cabinet. 

No software changes are necessary to the operating 
system or application program. No changes are made to 
the CPU and no modifications are required to the 
memory bus or I IO structure. 

A fully expanded in-1670 memory module contains 
1024K bytes. Each memory module may be interleaved 
with any other memory module of equal capacity. 

The unit is easily field upgradable to larger capacities by 
the simple addition of the memory cards or a memory 
rack containing cards. Since one memory rack contains 
four times the memory in the same space required by 
PDP-11 /70 memory, the in-1670 eliminates the bus 
cable length limitations and allows the user access to 
the full 3,932,160 byte address space. 

Features: 
• Starting address of memory module is selected by 

setting of DIP switches 
• Two-way interleaving between identical size memory 

modules 
• Each memory module contains its own power supply 

and cooling 
• Higher memory density of the in-1670 over the DEC 

memory module reduces cabinet space and power 
requirements 

• Compatible with computer manufacturer supplied 
memory management unit 

• PDP-11 /70 memory may be incremented to 4 
megabytes using in-1670 memory modules 

• Single bit error correction and double bit error 
detection 

• Compatible cycle times to DEC memory 
• User access to the full PDP-11 I 70 address space at 

3,932, 160 bytes 

7-9 

The in-1670 memory system consists of MOS 
semiconductor memory modules that are byte address
able and expandable in 128K byte increments. 

During data transfer each byte has one parity bit 
associated with it. Data is stored with additional error 
correction check bits which will detect and correct 
single bit errors and detect double bit errors. 

CENTRAL 
PROCESSING 

UNIT 

CACHE 
MEMORY 

UNIBUS 
MAP 

r - - - - - - - - - - --, DATA PATHS ARE EITHER 

....-----, I 2 BYTES WIDE - PARITY 

12BK DEC i~~~GEJ~ I 4 BYTOE~WIDE- PARITY 

MEMORY MEMORY I OR 
I I 2 BYTES WIDE - NO PARITY 

L ___ ~A~M_:M~Rv _ ___ _J 

SYSTEM BLOCK DIAGRAM 
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Product Characteristics 
Storage Capacity: 
Word Length: 

Average Cycle 
Time: 

Access Time: 
(Data Ready) 

128K, 256K, 512K and 1024K bytes 
32-bits (4 bytes) per memory word 
plus 8-bits of parity check 
790 nanoseconds 

585 nanoseconds 

Partial Write Time: 950 nanoseconds 
(1 or 2 bytes) 

Mode of Operation: Write Read 

Input/Output: 
Address Input: 
Data Input: 
Data Output: 
Temperature: 

Partial Write (1 or 2 bytes) 
TTL Compatible 
23 lines, binary, (Single-ended) 
Up to 36 lines, bi-directional 
Up to 36 lines, bi-directional 
0°C to +50°C operating ambient 
-40°C to +85°C non-operating 

Relative Humidity: 10% to 90% with no condensation 
Altitude: 0 to 1 0,000 feet operating. Up to 

Input Power: 

Dimensions: 

50,000 feet non-operating 
95V AC to 135V AC or 180V AC 
to 260V AC at 45 to 63 Hz single 
phase, 690VA (max per memory 
module) 
Each memory module is 17.12"W x 
1 0.50"H x 25.00"D 

Weight: <: 70 pounds 

Memory Operation 
The memory module is capable of operating in the 
following modes: Read (Non-Destructive), Write, and 
Partial Write (1 or 2 bytes). 

Read 
Read cycles are determined by the status of MAIN C 
control lines. With both control lines high, ( the data 
stored previously at the address specified by the 
address inputs will be transferred to the output bus. 
Write and Partial Write 
Write cycles are determined by the status of the MAIN C 
control lines. With the C1 control line low, the data on 
the input bus will be written into the address specified by 
the address inputs. One, two or four bytes (8 data bits) 
may be written into the memory word without disturbing 
the adjacent data bytes. A partial write 1s the writing of 
one or two bytes. 

Refresh 
Since data is stored in dynamic memory devices, it must 
be periodically refreshed. This is accomplished 
automatically by the in-1670 system and is transparent 
to PDP-11 /70. 

Error Correction Code (ECC) 
The Intel® in-1670 memory system includes Error 
Correction Coding (ECC) as a standard feature. The 
ECC logic detects single bit memory errors and 
automatically corrects a single bit failure during a READ 
operation. Since most memory errors are due to single 
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bit failures, ECC provides a 1 Oto 25 times improvement 
in memory system reliab1l1ty over systems with parity 
checking only. A double bit error in the READ word will 
not be corrected. For double bit errors, parity bits sent 
to the CPU will be forced to the error state. This allows 
the CPU to process double bit errors as a parity error. An 
error log records the bit location of single bit errors in 2K 
memory segments. The address location of any double 
or multiple bit error is recorded in a 32 position error log 
register. This system is used to diagnose and correct 
potential failures during preventive maintenance. 

Maintainability Features 
The in-1670 memory system provides convenient 
controls, reconfiguration switches, and status indicator 
as standard maintainability features. 

The following controls are located on the rear panel of 
the memory module: 
• AC circuit breaker. 
• Thr.ee power supply output voltage adjustments 
The following controls are located on the control card or 
error logger card: 
• Address select switches to set the starting address for 

the memory bank. 
• Memory on-line/off-line switch to disconnect the in-

1670 from the PDP-11 /70 memory bus. 
• Reset logic switch. 
• Error logger on/off switch. 
• Lamp test 
• ECC on I off switch. 
• Error logger scan switch. 

The following indicators are provided on the control card 
or error logger card: 
• Address parity error indicator. 
• Mismatch error indicator. 
• Write data parity error indicator. 
• Address display. 
• Syndrome bits display 
• Single bit mode or double bit mode indicator. 
• On-line/off-line mode indicator. 

Installation Requirements 
• All cables and connectors supplied by Intel. 
• 1 DEC Memory Cabinet (21 "W x 30"D x 72"H). 
• 1 in-1670 Memory Module. 
Notes: 
1 Installation can be done by the customer or purchased from Intel 
2. Maintenance contracts are available from Intel 

CPU CABINET MEMORY CABINET 

INTEL 
1024K BYTES MAX. 

EXPANSION 
SPACE 

INTEL 
1024K BYTES MAX. 

INTEL 
1024K BYTES MAX. 

11no CPU 

DEC 128K BYTES 
RESIDENT MEMORY 

256K BYTES MAX. 

D = 30" 1-------W = 42" ------< 
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INTEL ADD-ON MEMORY SYSTEM FOR THE 

DEC PDP-11 MINICOMPUTER FAMILY 
CAPACITY: 32K to 128K Words Per 7" High Chassis 

The Intel® in-4011 semiconductor memory system for 
the PDP-11 1s configured from standard memory cards 
designed around a 4096 x 1 NMOS Dynamic RAM. Each 
memory card provides storage for 16K words at PDP-11 
main memory. The in-4011 can be configured with up to 
eight memory cards for a total capacity of 1 28K words. 

The in-4011 is totally hardware and software compatible 
with the PDP-11 system. No hardware modifications to 
the computer system, no wiring changes to the in-4011, 
and no equipment not already a part of the standard in-
4011 system are required to install and operate the 
memory system with the PDP-11 computer. 

The in-4011 system includes parity generation and 
checking. Control signals include parity error detect and 
DC voltage low detect. The interface card and cable are 
Unibus-compatible. 

The in-4011 memory card is a field-proven memory 
design with 3,000 installed memory modules. The 
system features 100% burn-in of all memory cards. This 
field-proven design, complete system test and burn-in, 
and the extended warranty on all systems, assure each 
in-4011 user of a successful and reliable PDP-11 
memory system. 
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Features: 
• Low Cost Memory 
• High Reliability 
• High Density 
• Total Hardware and Software Compatibility 
• Integral Parity Registers 
• Field Proven 
• Field Expandable Up to 128K x 18 
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Product Characteristics 
Storage Capacity: 32,768 words, expandable to Output Controls: 1 line, (Single-ended) 

128K words in 16K increments Temperature: 0°c +50°C operating ambient, 
Word Length: 16-bits per memory word -40°C to +125°C non-operating 
Check Bits: 2 parity bits per memory word Relative Humidity: Up to 90% with no condensation 
Cycle Time 650 nanoseconds Altitude: 0 to 10,000 feet operating. Up to 
Access Time: 500 nanoseconds 50,000 feet non-operating 
Modes of Operation WRITE Interface: TTL levels all inputs and outputs 

READ ("UNIBUS" compatible with 1 
Input/Output: TTL Compatible bus load) 
Address Input: 18 lines, binary, (Single-ended) Dimensions: 7.0 inches High 
Data Input/Output: 16 lines, bi-directional 19.0 inches Wide 

(Single-ended) 17.0 inches Deep 
Input Controls: 3 lines, (Single-ended) Weight: Less than 70 lbs. 

ll 
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INTEL ADD-IN MEMORY SYSTEM FOR THE 

DEC PDP-11 MINICOMPUTER FAMILY 
CAPACITY: SK or 16K Words Per Card 

The Intel® in-4711 is a 16K x 16-bit add-in replacement 
memory designed for use in all models of the DEC PDP-
11 computer family. The in-4711 is both hardware and 
software compatible with the PDP-11 system No 
modifications are required for installation. It utilizes the 
Intel® 2107B 4K dynamic RAM component. The 16K 
word memory with optional parity bits and control 
circuitry are contained on a single PC card. 

Features: 
• Low Cost Memory 
• Fast Cycle Time 
• Low Power Requirements 
• High Reliability 
• Module Interchangeability 
• Modular Expandability 
• Compact Size 
• Byte Operation 
• Address Select Switches 
• Two Way Interleave (16K Boundaries) 
• Compatible with Both DEC PDP-11 

Memory Management and Byte 
Parity Options 
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Read and write cycle times of 620 nanoseconds allow 
significant speed improvement. Interleave operation 
with two memories is possible for maximum throughput. 

Quick address select changes are possible through the 
use of on-board DIP switches. Also, byte operation is 
standard. 

in-4711 Add-In Compatibility 
The in-4 711 may be installed into any of the three 
different types of PDP-11 systems 

•Any PDP-11/05,11/10,11/15,11/35,11/40,11 /45, 
11/50 and 11/55 with an MF11-L or MF11-LP 
backpanel. 

• Any PDP-11 /04, 11 /34 with semiconductor memory 
supplied by DEC. 

• Any PDP-11 /04, 11 /34 with core memory supplied 
by DEC 

The in-4711 may not be installed into any PDP-11 /05, 
11 I 1 0, 11 I 15. 11 I 20, 11 I 35. 11 I 40. 11 I 45. 11 I 50 or 
11 /55 with an MF11-U or MF11-UP backpanel For 
these systems, an in-4011 Add-On Memory System 
should be used to expand the PDP-11 memory 
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Product Characteristics 
Capacity: 

Word Length: 
Cycle Time: 

Read 
Write 

Access Ti me: 
Read 
Write 

Dimensions: 
Memory Board (Hex): 

Operational Modes: 

Interface Characteristics: 
TTL Compatible Logic 
Standard Input Controls: 

BK* and 16K words per 
board 
16-bits 

620 nanoseconds 
620 nanoseconds 

450 nanoseconds 
250 nanoseconds 

15.4 inches High 
8.5 inches Deep 
0.375 inches Wide 
Read Word 
Write Word 
Read Byte 
Write Byte 
Unibus Compatible 

Cycle Initiate (MSYN) 
Byte Select (CO) 
Read/Write (Cl) 
Address Lines (AO-A17) 
Data Lines (DO-D15) 
Slave Sync (SSYN) 

*Note: BK available only for orders of 25 units or more 
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D.C. Power Requirements: 16.5 Watts Typ. 
26.0 Watts Max. 

Temperature: 0°c to +50°C operating 
ambient 
-40°C to +125°C 
non-operating· 

Relative Humidity: Up to 90% with no 
condensation 

Altitude: O to 10,000 feet 
operating 
Up to 50,000 feet 
non-operating 
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INTRODUCTION 

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 com
puter 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 compre
hensive 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, 
1/0 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. 

MCS-40™ SYSTEM 

ROMs 

4308 
4001 

PROGRAMMABLE 
KEYBOARD/DISPLAY 

DEVICE 

4269 

CLOCK GENERATOR 
4201 

CPU 

4040 
4004 

RAM 

4002 

OUTPUT EXPANDER 
4003 

1/0 
INPUT 

GENERAL PURPOSE 
1/0 

4265 

DATA BUS 4 

STANDARD MEMORY 
INTERFACE 

4289 
4008/4009 

PROMs. ROMs, RAM 

4702A 
4316A 

2101 
5101 

5101L 
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4040 

SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 

• Functionally and Electrically 
Upward Compatible to 4004 CPU 

• BK Byte Memory Addressing 
Capability 

• 14 Additional Instructions • 24 Index Registers 
(60 total) Including Logical 
Operations and Read Program 
Memory 

• Subroutine Nesting to 7 Levels 

• Interrupt Capability 

• Standard Operating 
Temperature Range of 
0°to 70°C 

• Also Available With -40° • Single Step Operation 
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 accessable 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 l 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. 
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Pin Description 

Do CY 

o, CM-ROMo 

o, CM ROM1 

STP ACK 

STP 

INT CM-RAM2 

INT ACK CM-RAM3 

SYNC 

Voo 1 

VoD 

RESET TEST 

Do-D3 

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 INTERRUPT 
mode. 

INTA 

INTERRUPT 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 v00 . 

4040 
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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-ROM1 

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 X1 time. 
Output is "open-drain" requiring pull down 
resistor to Voo. 

'Pl. ¢2 

Vss 
Voo 

*Voo1 
**Voo2 

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 
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Instruction Set Format 

A. Machine Instructions 

DJ 

• 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 QPR field containing the 
operation code. The lower 4-bits is the QPA field containing the modifier. For two word 
instructions, the second word contains address information or datil. 

The upper 4-bits (QPR) will always be fetched before the lower 4-bits (QPA) during M1 and M2 
times respectively. 

ONE WC'RD INSTRUCTIONS TWO WORD INSTRUCTIONS 

1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 

D, D, D, Do D, D, D, Do DJ D, D, Do D, D, D, Do 

I x I x I x I x I x I x I x I x I I x I x I x I x I x I x I x I x I 
D, D, Do DJ D, D, 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 x I INDEX REGISTER 
ADDRESS 

R R 

OR 

INDEX REGISTER PAIR 
x x x ADDRESS 

R R x 
OR 

x x DATA 

D D D 

UPPER ADDRESS I 
A3 AJ A3 AJ 

CONDITION 
C2 C3 

INDEX REGISTER l 
ADDRESS 

A R R R 

INDEX REGISTER PAIR 
ADDRESS 

R R X 

OR 

OR 

OR 

MIDDLE ADDRESS LOWER ADDRESS 
Ai Ai A7 A2 A, Al A1 Al 

MIDDLE ADDRESS 
Ai A2 A2 A2 

LOWER ADDRESS 
A1 A, A, A1 

MIDDLE ADDRESS LOWER ADDRESS 
At_ Ai A2 A2 A1 A, A, A1 

UPPER DATA LOWER DATA 
02 D2 D2 D2 D1 D1 D1 D1 

Table I. Machine Instruction Format. 

B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the QPR contains a 4-bit code which identifies 
either the l/Q instruction or the accumulator group instruction and the QPA contains a 4-bit 
code which identifies the operation to be performed. Table II illustrates the contents of each 
4-bit field. 

03 o, o, Do o, D, o, Do 

I x 
I 

x x 
I 

x I x 
I 

x 
I 

x 
I 

x I 
OPR OPA 

INPUT/OUTPUT & 1 

I 
1 

I 
1 0 I x 

I x I x I x I R C\M INSTRUCTIONS 

ACCUMULATOR GROUP 
1 I 1 I 1 I 1 I x x I x I x I INSTRUCTIONS 

WHERE X "' EITHER A "O" OR A "1" 

Table II. 1/0 and Accumulator Group Instruction Formats. 
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4040 Instruction Set 
BASIC INSTRUCTIONS (* = 2 Word Instructions) 

H11 OPR OPA 
Code MNEMONIC D, D, D, D, D, D, D, D, 

DESCRIPTION OF OPERATION 

00 NOP O 0 0 0 0 O 0 O No operation. 

1 -
* JCN 0 0 0 1 

A,A 2 A2 A2 

C, C, C, C, 
A, A, A, A, 

Jump to ROM address A, A, A, A,, A, A, A, A, (within the same 
ROM that contains this JCN instruction) if condition C, C2 C, C, 
is true. otherwise go to the next instruction 
in sequence. _ -·--·----

*FIM 0 0 1 0 R R R 0 Fetch immediate (direct) from ROM Data 02 D, 02 D, D, D, D, D, 
______ D~2_D~2 _D2~D~2 __ D_,~D_,_D_, D_, __ to_in_de_x_r~eg~is_ter pai~c_ation _f1.R~ __ _ __________ _ 

2 -

Fetch indirect from ROM. Send contents of index register pair 
3 - FIN 0 0 R R R 0 location O out as an address. Data fetched 1s placed into register 

________ ~~ati.a_n_R_R11_ _______ _ 

3 - JIN 0 0 R R R 1 Jump indirect. Send contents of register pair RRR out as an address 
at A, and A,ti_m_e_i_nth_e_lr)stru~tion cycle __ _ _______ _ 

4 - *JUN 0 1 0 0 
______ A2 A2 A2 A, 

A, A, A, A, Jump unconditional to ROM address A, A, A, A, A, A, A, A, 
A, A1 A, A, A, A, A, A,. 

5 - * JMS 0 1 0 1 
A, A,A, A, 

A, A, A, A, Jump to subroutine ROM address A, A, A, A, A, A, A, A, 
A, A, A, A, A, A, A, A,, save old address (up 1 level in stack ) 

6 - INC 0 1 1 0 ~_fi__fi__R_lncren:ient_conte11ts_of register RRR_R__ _________ _ 

7 - * ISZ 0 1 1 1 Increment contents of register RRRR. Go to ROM address A, A, A, A, 
R R R R A, A, A, A, (within the same ROM that contains this ISZ instruction) A, A, A, A, A, A, A1 A, ______________ if_r_es_u_lt =!= 0, otherwise go to the next instruction in sequ_en_ce_ __ 

8 - ADD 
g - SUB 

A- LD 

B - XCH 

c - BBL 

D - LDM 

FO CLB 

F1 CLC 

F2 IAC 

0 0 0 

1 1 

_fi__f1 .fi___fi___ Add contents_cJ_~ster RRRR to acc11_m_ul~~_\\'1th__c_arry_ __ 
R R R R Subtract contents of register RRRR to acc1J_mulato_r with b~rrow 
R R -~_J,oad _cont~~f register RRRR_to_ accumulatcJ_r _______ _ 
R R R R Exchange contents of index register RRRR and accumulato_r 

0 0 0 0 Branch back (down 1 level in stack) and load data DODD to 
accumulator. -·-------·----------·--------- --

D D D D Load data DODD to accumulator. 

O __ O_(J___o_ Clear ~h (Accumu~or ~ndcarryL _ 
0 0 0 Clear carry. 
O Increment accumulator. ---·------ --- . _ _. ______ -------

F3 CMG __________ o O 1 1 Complement carr_y_ ________ _ _____ _ 
F4 CMA 0 1 0 0 Complement accumulator. _________ _ 
~~ ______ __0__1_()__1_ Rotat~_le_ft (Accumulator and carfl')_ ______________ _ 

F6 RAR 1 1 1 1 0 1 1 0 ----------
F7 TCC 1 0 1 1 1 
FB DAG 1 0 0 0 

Rotate right. (Accumulator and carry) 

Transmit carry to accumulator and clear carry. ------- --- ---- --- ·------- ---
Decrement accumulator. ----------------------

F9 TCS 1 0 0 1 Transfer carry s_Libtract ~fl_d c~~carry_ _ __ _ _ _____ _ 
_ FA __ ~ ______ 1__(l____1_(l__Jl_et_GarrL_. _____________________ _ 
-~~--1 __ 1 _1_1 __ _1__~__1 _ _1_~cimal ad1u_st accumulatcJ_r_ ______________ _ 

FC KBP 1 1 1 1 1 1 0 0 Keyboard process Converts the contents of the accumulator from a 
·-·-·--. _________ _ci_ne_out_o_f fo_u_r code to_ a IJlr1arY_code 
_£EJ_ _ _[)(;L __ 1 1 1 1 _1_ 1-~-~signat_e command lin_e__ __ 
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4040 

4040 ONLY INSTRUCTIONS 

H11 OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC D, D, D, D, D, D, D, D, 

01 HLT 0 0 0 0 0 0 0 1 Executes Halt until interrupt received. 

02 BBS 0 0 0 0 0 0 1 0 Return from subroutine and restore SAC. 

03 LCR 0 0 0 0 0 0 1 1 Data RAM and ROM bank status loaded into ACC 

04 OR4 0 0 0 0 0 1 0 0 OR accumulator with IR4. 

OS ORS 0 0 0 0 0 1 0 1 OR accumulator with IRS. 

06 AN6 0 0 0 0 0 1 1 0 ANO accumulator with IR6. 

07 .AN? 0 0 0 0 0 1 1 1 .AND accumulator with IR7 . 
------- .. ----

08 DBO 0 0 0 0 0 0 0 Select ROM bank O. 

09 DB1 0 0 0 0 0 0 1 Select ROM bank 1 

QA SBO 0 0 0 0 0 0 Select IA bank O 

OB SB1 0 0 0 0 0 1 1 Select IA bank 1. 

oc EIN 0 0 0 0 0 0 Enable interrupt detection. 
------

OD DIN 0 0 0 Disable interrupt detection. 

OE RPM 0 0 0 0 1 0 Load accumulator from 4.21l9-controlled program RAM. 

4001/ 4002/ 4008/ 4009/ 4289 
INPUT/OUTPUT AND RAM INSTRUCTIONS 

Hex OPR OPA DESCRIPTION OF OPERATION 
t.o_it.e_M_NE~ONIC.!J,_D,[),p,__ O, D, D,[), ______ ·-·--· 

2 - SAC 0 0 1 R R R 1 

EO WRM 1 1 0 0 0 0 

E1 WMP 1 1 0 0 0 1 

E2 WAR t 1 1 0 0 0 1 0 

E3 WPM 1 1 1 0 0 0 1 1 

E4 WRO 1 1 0 0 

ES WR1 1 1 0 0 0 1 

E6 WR2 1 1 1 0 1 1 0 

E7 WR3 1 1 1 0 
------

EB SBM 1 1 1 0 1 0 0 0 
-----

E9 ADM 0 

EA RDA 0 

Send register control. Send the address (contents of index 
register pair ARR) to ROM and RAM at X, and X, time in the 

. _ _i_nstruct~o~~····--- .. 
Write the contents of the accumulator into the previously selected 

RAM main memory cha.'.'.l~---.-------
Write the contents of the accumulator into the previously selected 

RAM output port. (Output Lines) 

Write the contents of the accumulator into the previously selected 
ROM output port. (1/0 LmesL ___________ _ 

Write the contents of the accumulator into the previously selected 
half byte of read/write program memory (used 

___ with 4008/4009 or 4289 only) __ ' __ _ 

Write the contents of the accumulator into the previously selected 
RAM status character 0. 

Write the contents of the accumulator into the previously selected 
RAM status character 1 

·----·-----
Write the contents of the accumulator into the previously selected 

RAM status character 2. 

Write the contents of the accumulator into the previously selected 
RAM status character 3 

----··--·· 

Subtract the previously selected RAM main memory character 
from accumulator with borrow 

Read the previously selected RAM main memory character into 
the accumulator. 

Read the contents of the previously selected ROM inp~tport into 
the accumulator. (1/0 Lines) 

EB ADM 1 1 o 1 0 1 1 Add the previously selected RAM main memory character to 
_____ ___ accumulator with carry 

EC ADO 1 ~~~ --1~ ~-Re.idthe previously seleci;iiRA.M status charact;O,;;;o----

----------···-----__ accumulator. __ . ____ _ 

ED RD1 t 1 1 o 1 1 0 Read the previously selected RAM status charact~~-~-· - -
accumulator 

EE RD2 1 1 1 0 1 1 0 Read the previously selected RAM statusdiaracter 2 ~t_o __ _ 
accumulator 

EF RD3 1 1 1 0 -Read t~eviously selected RAM status cha~~;;t;;J ;~to __ _ 
accumulator. 

1 1 
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4040 INSTRUCTION CODES 

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic 
--= 00 NOP 40 JUN so ADO 0 co BBL 0 

01 HLT 41 JUN Sl ADO 1 Cl BBL 1 
02 BBS 42 JUN S2 ADO 2 C2 BBL 2 
03 LCR 43 JUN S3 ADO 3 C3 BBL 3 
04 OR4 44 JUN 84 ADO 4 C4 BBL 4 
05 OR5 45 JUN S5 ADD 5 C5 BBL 5 
06 AN6 46 JUN S6 ADD 6 C6 BBL 6 
07 AN7 47 JUN S7 ADD 7 C7 BBL 7 
08 DBO 4S JUN SS ADD s CB BBL B 
09 DBl 49 JUN S9 ADD 9 C9 BBL 9 
OA SBO 4A JUN SA ADD 10 CA BBL 10 
OB SB1 4B JUN SB ADD 11 CB BBL 11 
oc EIN 4C JUN BC ADD 12 cc BBL 12 
OD DIN 40 JUN BO ADD 13 CD BBL 13 
OE RPM 4E JUN Second hex BE ADD 14 CE BBL 14 
OF - 4F JUN digit is part BF ADD 15 CF BBL 15 
10 JCN CN=O 50 JMS of jump 90 SUB 0 DO LDM 0 
11 JCN CN=l also JNT 51 JMS address. 91 SUB 1 Dl LDM 1 
12 JCN CN=2 also JC 52 JMS 92 SUB 2 D2 LDM 2 
13 JCN CN=3 53 JMS 93 SUB 3 D3 LDM 3 
14 JCN CN=4also JZ 54 JMS 94 SUB 4 04 LDM 4 
15 JCN CN=5 55 JMS 95 SUB 5 05 LDM 5 
16 JCN CN=6 56 JMS 96 SUB 6 D6 LDM 6 
17 JCN CN=7 57 JMS 97 SUB 7 D7 LDM 7 
1S JCN CN=B 5S JMS 9S SUB s DB LDM B 
19 JCN CN=9 also JT 59 JMS 99 SUB 9 09 LDM 9 
lA JCN CN=10alsoJNC 5A JMS 9A SUB 10 DA LDM 10 
1B JCN CN=l 1 5B JMS 9B SUB 11 DB LDM 11 
lC JCN CN=12alsoJNZ 5C JMS 9C SUB 12 DC LDM 12 
10 JCN CN=13 50 JMS 90 SUB 13 DD LDM 13 
lE JCN CN=14 5E JMS 9E SUB 14 DE LDM 14 
lF JCN CN=15 5F JMS 9F SUB 15 OF LDM 15 
20 FIM 0 60 INC 0 AO LD 0 EO WRM 
21 SRC 0 61 INC 1 Al LD 1 El WMP 
22 FIM 2 62 INC 2 A2 LO 2 E2 WRR 
23 SRC 2 63 INC 3 A3 LO 3 E3 WPM 
24 FIM 4 64 INC 4 A4 LO 4 E4 WRO 
25 SRC 4 65 INC 5 A5 LO 5 E5 WRl 
26 FIM 6 66 INC 6 A6 LO 6 E6 WR2 
27 SRC 6 67 INC 7 A7 LO 7 E7 WR3 
2S FIM s 6S INC s AS LO s ES SBM 
29 SRC s 69 INC 9 A9 LO 9 E9 RDM 
2A FIM 10 6A INC 10 AA LO 10 EA RDR 
2B SRC 10 6B INC 11 AB LD 11 EB ADM 
2C FIM 12 6C INC 12 AC LD 12 EC RDO 
2D SRC 12 60 INC 13 AD LO 13 ED RDl 
2E FIM 14 6E INC 14 AE LD 14 EE RD2 
2F SRC 14 6F INC 15 AF LO 15 EF RD3 
30 FIN 0 70 ISZ 0 BO XCH 0 FO CLB 
31 JIN 0 71 ISZ 1 Bl XCH 1 Fl CLC 
32 FIN 2 72 ISZ 2 B2 XCH 2 F2 IAC 
33 JIN 2 73 ISZ 3 B3 XCH 3 F3 CMC 
34 FIN 4 74 ISZ 4 B4 XCH 4 F4 CMA 
35 JIN 4 75 ISZ 5 B5 XCH 5 F5 RAL 
36 FIN 6 76 ISZ 6 B6 XCH 6 F6 RAR 
37 JIN 6 77 ISZ 7 B7 XCH 7 F7 TCC 
3S FIN s 78 ISZ s BS XCH s FS DAC 
39 JIN B 79 ISZ 9 B9 XCH 9 F9 TCS 
3A FIN 10 7A ISZ 10 BA XCH 10 FA STC 
3B JIN 10 7B ISZ 11 BB XCH 11 FB DAA 
3C FIN 12 7C ISZ 12 BC XCH 12 FC KBP 
30 JIN 12 70 ISZ 13 BO XCH 13 FD DCL 
3E FIN 14 7E ISZ 14 BE XCH 14 FE -

3F JIN 14 7F ISZ 15 BF XCH 15 FF -
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4040 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. 0°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 

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 = 0°C to 70°C; Vss -Voo = 15V ±5%; tq,pw = tq,01 = 400 nsec; tq,02 = 150 nsec; 4040 Voo1 = Voo2 = Voo; Logic "O" is 

defined as the more positive voltage (V1H. VoH ); 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 

lss Standby Supply Current (Voo1 + Voo2l 3 5 mA TA= 25°C, Voo = Vss 

loo Supply Current (Voo + Voo1 + Voo2l 40 60 mA TA= 25°C 
(total) 

INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA V1L = Voo 

V1H Input High Voltage (Except Clocks) V55-1.5 Vss+.3 v 
V1L Input Low Voltage (Except Clocks) Voo V55-5.5 v 
V1LO Input Low Voltage Voo Vss-4.2 v 4040 TEST and 

INT inputs 

V1Hc Input High Voltage Clocks Vss-1.5 Vss+.3 v 
V1LC Input Low Voltage Clocks Voo Vss-13.4 v 

OUTPUT CHARACTERISTICS 

I Lo Data Bus Output Leakage Current 10 µA Vour-12V 

VoH Output High Voltage Vss-.5V Vss v Capacitive Load 

loL Data Lines Sinking Current 8 15 mA VourVss 

loL CM-ROM Sinking Current 6.5 12 mA VouT=Vss 

loL CM-RAM Sinking Current 2.5 6 mA VouT=Vss 

VoL Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 v loL=0.5mA 

RoH Output Resistance, Data Line "O" Level 150 250 n VourVss-.5V 

RoH CM-ROM Output Resistance, Data Line "O" Level 320 600 n VourVss-.5V 

RoH CM-RAM Output Resistance, Data Line "O" Level 1.1 1.8 k.Q VourVss-.5V 

RoH INTA, CY, STPA Output Resistance "O" Level 1.1 1.8 k.Q VouT=Vss·.5V 

CAPACITANCE 

c<1> Clock Capacitance 17 25 pf V1N=Vss 

Cos Data Bus Capacitance 7 10 pf V1N=Vss 

C1N Input Capacitance 10 pf V1N=Vss 

CouT Output Capacitance 10 pf V1N=Vss 
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4040 

Typical D.C. Characteristics 
4040 loo vs. TEMPERATURE 

45 1 v10 "' Vool "'Voo2 

-- ··---r r-
1 I , 

40 -., ---...+----",!~t-

.s 
1 

< 35 

~ 
0 

_c 

30 

25 ··--+-

20~~~~~~~~~~~~~~ 

-40 -20 20 40 60 BO 85 

A.C. Characteristics TA= 0°c to 10°c, Vss -v00 = 15v ±5% 

Limit 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tcv Clock Period 1.35 2.0 µsec 

t¢R Clock Rise Time 50 ns 

t¢F Clock Fall Times 50 ns 

tc/Jpw Clock Width 380 480 ns 

t¢01 Clock Delay ¢ 1 to ¢2 400 550 ns 

t¢02 Clock Delay ¢2 to ¢1 150 ns 

tw Data-In, CM, SYNC Write Time 350 100 ns 

twRPM Data· In Hold Time-RPM Instruction (X2 state) 350 100 ns 

tH[1.3] Data-In, CM, SYNC Hold Time 40 20 ns 

tHRPM Data-In Write Time-RPM Instruction (X2 state) 40 20 ns 

tH [3] Data Bus Hold Time During 150 ns 
X2 - X3 Transition (1/0 Read Instruction only) 

tosl2l Set Time (Reference) 0 ns 

tAccl51 Data-Out Access Time CouT = 

Data Lines 930 ns 500pF Data Lines 

Data Lines 700 ns 200pF Data Linesl4l 

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 Cour20pF 

to EL CY, STPACK, INTACK Delay 2.0 µsec 

NOTES: 1. tH measured with t<J>R = 1 Onsec. 
2. 1ACC 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 the 4040 at X2 always enter a float state until the 4040 

takes over the data bus at 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 /µs. 

4. CoATA BUS= 200pF if 4008 and 4009 or 4289 is used. 
5. The 4040 accumulator is gated out at X1 time at <1>1 leading edge, and the tACC is 930 nsec + t<J>02· 
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4040 

x, 

DATA BUS 

SYNC 

CM-RAM. ROM 

STP, INT ACKNOWLEDGE NEXT INSTRUCTION t-

x, 

ACC 

x, 

I IF SAC I 

L+-tJ 

x, 

I 
ACKNOWLEDGE AFTER 1 MORE INSTRUCTION 

STl'ALK 
-----1--·~l ~ - .'.'.'I'.':_ -'JI J- .j r . 'oEL 

VIA STOP /\\ ViA VIA HALT JI\ j 1 J -._VIA 

- - - -r'--"'IN.!..1---T --~--1-----1--! ---1--J.1~x_.c..JtDEL' tOP 

I ·D~-~ 
INT ACK 

CV 

Figure 1. Timing Diagram. 

Figure 2. Timing Detail. 

~---

10% 

DATABUS,CM I! 

(INPUTS) 
•os 

-lV 

{REFERENCE) - --

DAT A BUS, CM-+-----+- r-+--+-""1L- --· -- -1V 
(OUTPUTS) 

DATA BUS 
INPUT 

(X2 STATE 
OF RPM 
EXECUTION) 

TRUE 
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CYCLE #1 

SYNC 

STOP INPUT ---+-~ 

INTERNAL STOP ---+----~ 

STOP ACKNOWLEDGE ---+--------+--
IF SECOND CYCLE OF 
TWO CYCLE INSTRUCTION 

I 

4040 

N N + 1 
At A2A3 Ml M1X1 X2 X3 A, A1A3M1 M1X1 X2 X3 At A1A3 Mt M1 X1 X2 X3 

-., 
TWO CYCLE INSTRUCTION------------ NOP's --------!+-NEXT INST. 

Figure 3. Stop Timing. 

CYCLE #1 

At A1A3 Mt M2 X1 X2 X3 At A1A3 M, M1 X1 X2X~A1 A1A3 Mt M1 X1 X2 X3 At A1 AJ Ml M1 X1 X2 X3 At A1 AJ Mt M1 Xl. X2 X3 TTTTTTT TT Tl rrT Tr l I I I I I I I I I I I I I 1 I ITT 
SYNC \_j ~ ~ L \..._, -v-

DECODED HALT ---+----~\_ 
f 

HALT FLIP FLOP ---+------~\_ 

STOP ACKNOWLEDGE 

\ J 
STOP INPUT 

\. 1 
INTERNALSTOP ---+---------1---------4----~\_ f 

~ !NST~~~~ION ---+!.------------ NOP's -----------·..--NEXT INST ______. 

Figure 4. Halt Timing (Exit Using Stop Input). 

SYNC 

INTERRUPT 
-INPUT 

.~;::~~ --+---;__-+-----+-----+~----+-----+---t-----+-----+-----+----_-_-_-_-_-+·~(~~FRL~i;r --+------+-----+, 
-----+----~ INTERRUPT --+------+------+-----

ACKNOWLEDGE/MASK '+------+------+------<-----!----~ 
DOUBLE CYCLE 

~-- INSTRUCTION -

Figure 5. Interrupt Timing. 

JUMP TO SUBROUTINE 
AT ADDRESS OJ 
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4040 

CYCLE .::i-1 

A1A2A3M1M2X1X2X3 A1A2A3M1M2X1X2X3A1A2A3M1M2X1X2X3 AiA2A3M1M2X1X2X3 AiA2A3M1M2X1X2X3 

ITTTITI TT TI I I I I I T T TT I I I I I I I I 

SYNC~ LJ L w-
DECODEDHALT ---+---~\ 1 
HALT FLIP-FLOP ---+-------~l'-1'---------+--------+-'j 

STOP ACKNOWLEDGE ---+-------~\_ j 

INTERRUPT ---+--------+------.\_ r------ -

li\JTERNAL INTERRUPT ---+--------+-------+-----,\ r-----

INTERRUPT FLIP-FLOP ---+--------+-------+--------;-,\ r-
~-------r-----~ 

INTERRUPT 
ACKNOWLEDGE MASK ---r--------r-------;--------t---------.\ 

r---- HALT INST -~....-------NOP's------.. 14--------- JUMP TO SUBROUTINE AT 03 _________.. 
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4004 
SINGLE CHIP 4-BIT 

P-CHANNEL MICROPROCESSOR 
• 4-Bit Parallel CPU With 46 

Instructions 
• Instruction Set Includes 

Conditional Branching, 
Jump to Subroutine and 
Indirect 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-0 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 j· 
directly addressed. 

The 4004 is fabricated with P-channel silicon gate MOS technology. 

POWER {- -10V 
SUPPLIES - +5V 

~4 BIT) 
INTERNAL DATA BUS 

ROM 
CONTROL 

CM ROM 

DECIMAL 
ADJUST 

RAM 
CONTROL 

~ 
CM RAM 

Q.J 

TEST 

TEST 

D0-D3 Bl·DlRECTIONAL 

INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 

TIMING 
AND 

CONTROL 

DATA BUS 

SYNC CnKS l 

ffi .... 
z 

~ 
"' u 

~ 

SYNC 01 02 RESET 

8-15 

(4 BIT) 
INTERNAL DATA BUS 

STACK 
MULTIPLEXER 

PROGRAM COUNTER 
{12\ 

LEVEL NO. 1 
{12) 

LEVEL NO. 2 
1121 

LEVEL NO. 3 112) 

ADDRESS 
STACK 

REGISTER 
MPX 

141 141 
0 

2 (41 3 (4) 

4 (4) 5 (4) 

6 (4) 7141 

8 [41 9 (4) 

10(4) 11141 

12(4) 13(4 ) 

14(4) 15(41 

SCRATCH 
PAD 
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Pin Description 

Do 

OATA a, 
BUS 
1/0 D2 

Vss 

CLOCK}"
PHASE 1 " 1 

CLOCK}~ 
PHASE 2 2 

SYNC} 
OUTPUT SYNC 

Do-D3 

CM·RAMo 

CM-RAM 1 

CM·RAM3 

Voo 

MEMORY 
CONTROL 
OUTPUT 

{
MEMORY 

CM-ROM CONTROL 
OUTPUTS 

TEST 

RESET 

Bl DIRECTIONAL 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. 

4004 

8-16 

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. 

<t>,, ¢2 

Two phase clock inputs. 

Vss 
Most positive voltage. 

Voo 
Vss -15 ±5% main supply voltage. 



4004 

Instruction Set Format 

A. Machine Instructions 

D, 

• 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 (QPR) will always be fetched before the lower 4-bits (OPA) during M, and M2 

times respectively. 

ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS 

ht INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 

D3 o, D, Do D, D, D, Do D3 D, D1 Do D, D, 0, Do 

I x I x I x I x I x I x I x I x I x I x I x I x I x I x I x I x I 
D, D, Do D3 D, D, 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 x I INDEX REGISTER 
x x ADDRESS 

R R 

OR 

INDEX REGISTER PAIR 
x x x x ADDRESS 

R R x 

OR 

x x x I x I DATA 

D D , D D 

UPPER ADDRESS I 
A 3 AJ A 3 A3 

DR 

CONDITION 

C1 Cz C3 
x 

OR 

l.__x ...... _x_.l_x~l.._x~-~~ND_E_;D~R~-~~ 
OR 

INDEX REGISTER PAIR 
X ADDRESS 

R R X 

MIDDLE ADDRESS 

Az A2 A2 Az 

MIDDLE ADDRESS 

A2 A2 A2 A2 

MIDDLE ADDRESS 

Az A1 Az Az 

LOWER ADDRESS 
A1 A 1 A 1 A1 

LOWE A AOOR ESS 
A1 A 1 A1 A 1 

LOWER ADDRESS 

A1 A1 A1 A1 

UPPER DATA LOWER DATA 

Oz Dz D2 0 2 o 1 0 1 0 1 0 1 

Table I. Machine Instruction Format 

B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the OPR contains a 4-bit code which identifies either 

the 1/0 instruction or the accumulator group instruction and the OPA contains a 4-bit code which 

identifies the operation to be performed. Table 11 illustrates the contents of each 4-bit field. 

D, D, D, Do D, 0, D, Do 

I x I x x I x I x 
I 

x 
I 

x 
I 

x I 
OPR OPA 

INPUT /OUTPUT & 1 I 1 I 1 0 I x I x I x 
I 

x I RAM INSTRUCTIONS 

ACCUMULATOR GROUP 
1 I 1 1 I 1 I x x 

I 
x 

I 
x I INSTRUCT JONS 

WHERE X" EITHER A "O" OR A 'T' 

Table 11. 1/0 and Accumulator Group Instruction Formats 
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4004 Instruction Set 
BASIC INSTRUCTIONS(* = 2 Word Instructions) 

H11 OPR 
Code MNEMONIC D, D, D, D, 

00 NOP 0 0 0 0 

1-
* JCN 0 0 0 1 

A, A,A,A, 

2 - 0 0 1 0 

OPA 
D, D, D, D, 

0 0 0 0 

C, C, C, C, 
A, A1 A, A, 

R R R 0 

-------------
DESCRIPTION OF OPERATION 

________________ ._ ------------
No operation. _____ _ 
Jump to ROM address A, A, A, A,, A, A, A, A, (within the same 

ROM that contains this JCN instruction) if condition C, C, C, C, 
is true, otherwise go to the next instruction 
in sequence. _______________ _ 

Fetch immediate (direct) from ROM Data D, D, D, D, D, D, D, D, *FIM D, D,D,D, D,D,D,D, -~~~-~-~ ___ t_o_in_de_x_r~eg~ister pair location RRR. -·----- ___ _ 

3 - FIN 0 0 1 1 

3 - JIN 0 0 1 1 

R R R 0 

R R R 1 

Fetch indirect from ROM. Send contents of index register pair 
location O 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 A, time 1n the instruction cycle. 

4 - *JUN 0 1 0 0 A, A, A, A, Jump unconditional to ROM address A, A, A, A, A, A, A, A, 
A, A, A, A, A, A, A, A, A, A, A, A,. ·-------------------

5 - * JMS 0 1 0 1 A, A, A, A, Jump to subroutine ROM address A, A, A, A, A, A, A, A, 
______ A, A, A,_~~~----~,A, A, A,, sa~_ol_d__a.d_dress_(ujl_1_1.e_ve_I if)Stack) 
_6_:_ __ -~ _O 1_2 __ 0 __ fl_fi_~_f'l __ J.ri.crementconte11~freQist_er RRRR ______ _ 

7 - * ISZ 
0 1 1 1 R R R R Increment contents of register RRRR Go to ROM address A, A, A, A, 
A, A, A, A, A, A, A, A, A, A, A, A, (within the same ROM that contains this ISZ instruction) 

__________ __ _ ______ _i~~~ _ _()___ot_~erwis~ go to the next instruction 1nsequen_ce 
8 - ADD 1 0 0 0 R R R R Add contents of register RRRR to accumulator w_1th ~ry 
9 - SUB 1 0 0 1 R R R R ------·----- Subtract contents of register RRRR to_~ccuni_ulator IVl!h~rro'l'I 
A - LO _1_Q_1_Q__~_l1_Load co_ntents of regist~r RRR_R_~~c_u_mulato_f:_ _______ _ 
B - XCH 0 R __ R_~f1_-~x_c:~~ con~erits_o_~irl_d.e_x_regist_!l_'_ R_R_RR and accurn_ulator 

c - BBL 1 1 0 0 0 0 0 0 Branch back (down 1 level in stack) and load data DODD to 
accumulator 

D - LDM 1 1 0 1 D D D D Load data DODD to accumulator 
FO ___ Cl,_[l_ __ 1_1_1_1 ___ _Q_Cl__ o _o _. _Qe_ar_both_JAccurnulator andcarry) 
Fl C:~"._ __ 1_1_, _1_1_Q_I!__()_'. __ Clear~arrl _______ . ________________ _ 
F2 IAC 1 1 1 1 0 0 1 0 Increment accumulator. -------------------------
F3 CMC 1 1 1 1 0 0 1 1 Complement carry. 
~ __ _iMA _ _1__1 _1_1 __ 0_1_0 0 Complement accumulator 
-~~_1_1_1 _1 __ 0_1_Q_!_ Rotat!l_~ (Accumulator_an_d carry) _ 
~--- RAR ___ 1_1_~_1 _ _1J_~_1_0 ~_lllll_t:_(A_ccumulat~r_an_d carry) _____ _ 

F7 TCC 0 1 1 Transmit carry to accumulator and clear carry. 
F8 DAC 1 1 1 1 1 O O O Decrement accumulator 

----------- ----------- ·----- -·---· -
F9 _T_(;_5__1_1 _1_1_ __ 1_(1_()__1__ Transf~~!y_~ubtract and clear carrf_ ______ _ ______ _ 
FA STC 1 1 1 1 1 0 ---------
FB DAA 1 1 1 1 1 0 

FC KBP 1 1 1 1 1 1 0 0 

Set carry 

Decimal ad1ust accumulator 
Keyboard process. Converts the contents of the accumulator from a 

one out of four code to a binary code. 
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4004 

4001/4002/4008/4009/4289 
INPUT/OUTPUT AND RAM INSTRUCTIONS 

Hex OPR OPA 
Code M~~~O-NIC D, D, D, D0 D, D, D, D, 

DESCRIPTION OF OPERATION 

2 - SRC 

EO WRM 

E1 WMP 
----- ----- - - - --

E2 WRR 

E3 WPM 

E4 WRO 

ES WR1 

E6 WR2 

E7 WR3 

EB SBM 

E9 ROM 

EA RDR 

EB ADM 

EC RDO 

ED RD1 

EE RD2 

EF R03 

0 0 

1 1 

1 1 1 

1 1 1 

Send register control Send the address (contents of index 
R R R 1 register pair RRR) to ROM and RAM at X, and X, time in the 

__ instruction cycle ______________ _ 

0 0 0 0 Write the contents of the accumulator into the previously selected 
_______ R_A_M_rnain mefT1ory character. 

0 0 0 1 Write the contents of the accumulator into the previously selected 
___ R~'_.l_ciu_tp_ut_e_o~! (Output_l,i_n_~--

0 0 1 0 Write the contents of the accumulator into the previously selected 
__ __R_Cl_~_output por!: (1/0 Lin_e~s) _________ _ 

0 0 1 1 
Write the contents of the accumulator into the previously selected 

half byte of read/write program memory (used 
_________ with 4008/4009 or 4289 only) 

0 0 1 

0 1 

Write the contents of the accumulator into the previously selected 
RAM status character 0 

Write the contents of the accumulator into the previously selected 
RAM status character 1 _ 

---- --------------------

Write the contents of the accumulator into the previously selected 
RAM status character 2 

Write the contents of the accumulator into the previously selected 
RAM status character 3. 

Subtract the previously selected RAM main memory character 
from accumulator with borrow 

- - --· - ---------

Read the previously selected RAM main memory character into 
the a cc um ulator 

Read the contents of the previously selected ROM input port into 
____________ theac_clJlllulator_(l/(J _ _L,i_n_~s~ _______________ _ 

1 1 1 t 0 1 Add the previously selected RAM main memory character to 
--- -- ---- - -~CC_lHll_ul_atO_f_'Nlt_h__carry __________________ _ 

1 t t 0 1 1 0 0 Read the previously selected RAM status character O into 
accumulator 

t t t 0 

1 1 0 

1 1 0 

Read the previously selected RAM status character t into 
-----'a'-'c-'-c u=--'m u la tor 

Read the previously selected RAM status character 2 into 
accumulator 

Read the previously selected RAM status character 3 into 
accumulator 
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4004 Instruction Codes 

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic 

00 40 JUN --= 80 ADD 0 co BBL 0 -
01 - 41 JUN 81 ADD 1 Cl BBL 1 
02 - 42 JUN 82 ADD 2 C2 BBL 2 
03 - 43 JUN 83 ADD 3 C3 BBL 3 
04 - 44 JUN 84 ADD 4 C4 BBL 4 
05 - 45 JUN 85 ADD 5 C5 BBL 5 
06 - 46 JUN 86 ADD 6 cs BBL 6 
07 - 47 JUN 87 ADD 1 C7 BBL 7 
08 - 48 JUN 88 ADD 8 CB BBL 8 
09 - 49 JUN B9 ADD 9 C9 BBL 9 
OA - 4A JUN BA ADD 10 CA BBL 10 
OB - 4B JUN BB ADD 11 CB BBL 11 
oc - 4C JUN BC ADD 12 cc BBL 12 
OD - 40 JUN BO ADD 13 CD BBL 13 
OE - 4E JUN Second hex SE ADD 14 CE BBL 14 
OF - 4F JUN I- digit is part BF ADD 15 CF BBL 15 
10 JCN CN=O 50 JMS of jump 90 SUB 0 DO LDM 0 
11 JCN CN= 1 also JNT 51 JMS address. 91 SUB 1 01 LDM 1 
12 JCN CN=2 also JC 52 JMS 92 SUB 2 02 LDM 2 
13 JCN CN=3 53 JMS 93 SUB 3 03 LDM 3 
14 JCN CN=4also JZ 54 JMS 94 SUB 4 04 LDM 4 
15 JCN CN=5 55 JMS 95 SUB 5 05 LDM 5 
16 JCN CN=S 56 JMS 96 SUB 6 06 LDM 6 
17 JCN CN=7 57 JMS 97 SUB 1 07 LDM 1 
18 JCN CN=8 58 JMS 98 SUB 8 08 LDM 8 
19 JCN CN=9 also JT 59 JMS 99 SUB 9 09 LDM 9 
1A JCN CN=10alsoJNC 5A JMS 9A SUB 10 DA LDM 10 
lB JCN CN=11 5B JMS 9B SUB 11 DB LDM 11 
1C JCN CN=12 also JNZ 5C JMS 9C SUB 12 DC LDM 12 

ll 
1D JCN CN=13 50 JMS 90 SUB 13 DD LDM 13 
1E JCN CN=14 5E JMS 9E SUB 14 DE LDM 14 
1F JCN CN=15 5F JMS 

0 
9F SUB 15 OF LDM 15 

20 FIM 0 60 INC AO LO 0 EO WRM 
21 SRC 0 61 INC 1 Al LO 1 El WMP 
22 FIM 2 62 INC 2 A2 LO 2 E2 WRR 
23 SRC 2 63 INC 3 A3 LO 3 E3 WPM 
24 FIM 4 64 INC 4 A4 LO 4 E4 WRO 
25 SRC 4 65 INC 5 A5 LO 5 E5 WR1 
26 FIM 6 66 INC 6 A6 LO 6 E6 WR2 
27 SRC 6 67 INC 1 A7 LO 1 E7 WR3 
2B FIM B GB INC B AB LO B EB SBM 
29 SRC B 69 INC 9 A9 LO 9 E9 ROM 
2A FIM 10 GA INC 10 AA LO 10 EA RDR 
2B SRC 10 6B INC 11 AB LO 11 EB ADM 
2C FIM 12 6C INC 12 AC LO 12 EC RDO 
20 SRC 12 60 INC 13 AD LO 13 ED RD1 
2E FIM 14 6E INC 14 AE LO 14 EE RD2 
2F SRC 14 6F INC 15 AF LO 15 EF RD3 
30 FIN 0 70 ISZ 0 BO XCH 0 FO CLB 
31 JIN 0 71 ISZ 1 Bl XCH 1 Fl CLC 
32 FIN 2 72 ISZ 2 B2 XCH 2 F2 IAC 
33 JIN 2 73 ISZ 3 B3 XCH 3 F3 CMC 
34 FIN 4 14 ISZ 4 B4 XCH 4 F4 CMA 
35 JIN 4 75 ISZ 5 B5 XCH 5 F5 RAL 
36 FIN 6 76 ISZ 6 B6 XCH 6 F6 RAR 
37 JIN 6 17 ISZ 7 B7 XCH 1 F7 TCC 
3B FIN B 7B ISZ B BB XCH B FB DAC 
39 JIN B 79 ISZ 9 B9 XCH 9 F9 TCS 
3A FIN 10 7A ISZ 10 BA XCH 10 FA STC 
3B JIN 10 7B ISZ 11 BB XCH 11 FB DAA 
3C FIN 12 7C ISZ 12 BC XCH 12 FC KBP 
30 JIN 12 70 ISZ 13 BO XCH 13 FD DCL 
3E FIN 14 7E ISZ 14 BE XCH 14 FE -
3F JIN 14 7F ISZ 15 BF XCH 15 FF -
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4004 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. 0°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 

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 ; 0°C to 70°C; Vss -Voo ; 15V ± 5%; t<f>PW ; t<f>Ol ; 400 nsec; logic "O" is defined as the more positive voltage 
(V1H. VoH); logic "1" is defined as the more negative voltage (VIL· Vod; Unless Otherwise Specified. 

SUPPLY CURRENT 

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

loo Average Supply Current 30 40 mA TA;25°C 

INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA V1L ;Voo 

V1H Input High Voltage (Except Clocks) V55-1.5 V55+.3 v 
V1L Input Low Voltage (Except Clocks) Voo Vss-5.5 v 
V1LO Input Low Voltage Voo v55-4.2 v 4004 TEST Input 

V1HC Input High Voltage Clocks Vss-1.5 V55+.3 v 
V1LC Input Low Voltage Clocks Voo v55-13.4 v 

OUTPUT CHARACTERISTICS 

ILO Data Bus Output Leakage Current 10 µA Vour-12V 

VoH Output High Voltage V55-.5V Vss v Capacitance Load 

loL Data Lines Sinking Current 8 15 mA VouT;Vss 

loL CM-ROM Sinking Current 6.5 12 mA VouT;Vss 

loL CM-RAM Sinking Current 2.5 6 mA VouT;Vss 

Vol Output Low Voltage, Data Bus, CM, SYNC v55-12 Vss-6.5 v loL ;0.5mA 

RoH Output Resistance, Data Line "O" Level 150 250 n VouT;V55-.5V 

RoH CM-ROM Output Resistance, Data Line "O" Level 320 600 n VouT;V55-.5V 

RoH CM-RAM Output Resistance, Data Line "O" Level 1.1 1.8 kn VourVss-.5V 

CAPACITANCE 

c<t> Clock Capacitance 14 20 pF V1N;Vss 

Cos Data Bus Capacitance 7 10 pF V1N;Vss 

C1N Input Capacitance 10 pF V1N;Vss 

CouT Output Capacitance 10 pF V1N;Vss 
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Typical D.C. Characteristics 

0 
.9 

4004 

POWER SUPPL V CURR ENT 
VS. TEMPERATURE 

tqiPW = tq.io 1 = 400 nsec 

tqio2 = 150 nsec 

~ 32 l-"',,_,-=:--t~~~-+~~~-+-~~---t 
.E 
fz 
'" a: 
a: 0 28 r-~~--t---"'"'"---..: 

>-

& 
ii\ 
ffi 24 r-~~--j~~~-+~-.:;::----t-~~---1 

~ 

20 ~~~~~~~~~~~~~~~ 
0 20 40 60 80 

AMBIENT TEMPERATURE (°C) 

A.C. Characteristics 
~ TA ·0° C h> 70° C, V&;-\loo • 15V '5% 

Symbol Parameter Limit 
Min. Typ. 

tcv Clock Period 1.35 

tq,R Clock Rise Time 

tq,f Clock Fall Times 

tq,PW Clock Width 380 

tq,01 Clock Delay </J1 to </J2 400 

tq,02 Clock Delay </J2 to </J1 150 

tw Data-In, CM, SYNC Write Time 350 100 
tH[1,3] Data-In, CM, SYNC Hold Time 40 20 

tH(3] Data Bus Hold Time During M2-X1 and 150 
and X2-X3 Transition. 

tos[2l Set Time (Reference) 0 

tAcc Data-Out Access Time 
Data Lines 
Data Lines 
SYNC 
CM-ROM 
CM-RAM 

toH Data-Out Hold Time 50 150 

Notes: 1. tH measured with tq,R = 1 Onsec. 

Max. 
Unit Test Conditions 

2.0 µsec 

50 ns 

50 ns 

480 ns 

550 ns 

ns 

ns 

ns 

ns 

ns 

CouT = 
930 ns 500pF Data Lines 
700 ns 200pF Data Lines[4l 

930 ns 500pF SYNC 
930 ns 160pF CM-ROM 
930 ns 50pF CM-RAM 

ns Cour20pF 

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 ¢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 X1 and X3 time. Therefore the tH requirement is always insured since each component 
contributes 1 OµA of leakage current and 1 OpF of capacitance which guarantees that the data bus cannot change faster than 1 V /µ.s. 

4. CoATA BUS= 200pF if 4008 and 4009 or 4289 is used. 
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Figure 2. Timing Detail. 
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4003 

10 BIT SHIFT REGISTER/OUTPUT EXPANDER 

• 1 O Bit Serial-In/Parallel Out 

• Serial-Out Capability for 
Additional 1/0 Expansion 

• 16 Pin Dual-In-Line Package 

• Easy Expansion of 1/0 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 1/0 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 10 msec. Data-in and 
CP can be simultaneous. To avoid race conditions, CP is internally delayed. 

PIN CONFIGURATION 

CLOCK} 
PULSE INPUT CP E ENABLE INPUT 

DATA IN SERIAL OUT 

PARALLEL {llo Voo 

OUTPUTS 
o, 09 

Vss Os 

r 07 
PARALLEL 
OUTPUTS 

PARALLEL Q 
05 OUTPUTS 3 

n. 05 

Voo Vcs 

POWER I I ON CLEAR 

~~ 
(ENABLE)v--
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Pin Description 
Pin No. 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

5 

14 

15 

16 

Designation 

CP 

DATA IN 

Oo 

o, 
02 

03 

04 

05 

06 

07 

Os 

Og 

Vss 

Voo 

Serial out 

E 

4003 

Description of Function 

The clock pulse input. A "O" 
(Vss) to "1" (Voo) transition 
will shift data in. 

Serial data input line. 

Parallel data output lines, when 
enabled. Each pin may be made 
TTL compatible with a 5.6K 
pull-down resistor to Voo. 

Most positive supply voltage. 

Main supply voltage value must 
be Vss - 15.0V ± 5% (-10v 
for TTL operation) 

Serial data output. 

Enable, when E = "1" (Voo) 
the output lines contain valid 
data. When E = "O" (Vss) the 
output lines are at Vss· 

Functional Description 
The 4003 is designed to be typically appended to an 

MCS-40 1/0 port. This can be the 1/0 port of a 4001, 4002, 
4289, 4308, or a 4265. One 1/0 line is assigned to be the 
Enable (E), another the Clock (CP), and still another the 
Serial Data-Input. 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 --Voo), the shift register contents are read out; 
when not enabled (E = 0-- VssL the parallel-out lines are at 
Logic "O" (Vssl. 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. In this mode if up to three output lines are 
connected together, the state of the output is high (Logic 
"O" or Vssl 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. 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. 0°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 
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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 
spec1t1cat1on is not implied. 



4003 

D.C. Characteristics 
TA = 0°C to +70°C; Vss -Voo = 15V ±5%; tq,PW = tq, 01 = 400 nsec, tq, 02 = 150 nsec, unless otherwise specified. 

Logic "O" is defined as the more positive voltage (V1H. VoH), Logic "1" is defined as the more negative voltage (V1L. Vol). 

SUPPLY CURRENT 

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

loo Average Supply Current 5.0 8.5 mA twL = twH = 8µsec; 
TA= 25°C 

1/0 INPUT CHARACTERISTICS 

I LI Input Leakage Current 10 µA V1L = Voo 

V1H Input High Voltage V55 -1.5 Vss+.3 

V1L Input Low Voltage Voo V55-4.2 v 
1/0 OUTPUT CHARACTERISTICS 

loL Parallel Out Pins 0.6 1.0 mA VouT = ov. For TTL 
Sinking Current, "1" Level compatibility a 5.6KQ 

(±10%) resistor between 

output and Voo should 
be added.C21 

loL Serial Out Sinking Current, "1" Level 1.0 2.0 mA VouT = ov 
Vol Output Low Voltage Vss-11 v55 -7.5 Vss-6.5 v loL = 10µA 

RoH Parallel-Out Pins Output 400 750 n VouT = -0.5V 
Resistance "O" Level 

RoH Serial Out Output Resistance "O" Level 650 1200 n VouT = -0.5V a Notes: 1. Typical values are to TA= 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; V1N = OV; TA = 25°C; Unmeasured Pins Grounded. 

Symbol Test Typ. 

Input Capacitance 5 

Typical D.C. Characteristics 

Cl 
9 

POWER SUPPLY CURRENT 
VS. TEMPERATURE 

twL"" twH = 8µsec 

20 40 60 

AMBIENT TEMPERATURE (°C) 

Max. Unit 

10 pF 

80 
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OUTPUT CURRENT VS. 

OUTPUT VOLTAGE 

,_2 i----jf---1---t---+ v00 = -1 s.ov 
twL = twH =a µsec 

..J 

9 
I 1.0 ~-1---1---t--t----jf----l----i 

" s .81<-''<-'.l---l---t---j--1---1----i 

~ 
a: 
~ .6f---f-.>..""'e-.-:~..c..--j~ 
<.> 

5 
~ .41---1---1----'1°'2~.,---l---t----I 

" 0 

_, -2 -3 -4 -5 

OUTPUT VOLTAGE (V) 

-6 -7 



A.C. Characteristics 
TA= 0°C to +70°C; Voo = -15 ±5%, Vss = GND 

Symbol Parameter 

twL CP Low Width 

twH[l] CP High Width 

tco Clock·On to Data-Off Time 

tod121 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 6µsec. 
2. Data can occur prior to CP. 

Timing Diagram 

0l lV 

Limit 
Min. Typ. Max. 

6 10,000 

6 

3 

250 

250 1750 

350 

200 1250 

1.0 

CP rr-o--------~~ 1wH~-"-------•11 

DATA IN 

EN AHLE 
('il 5v 

IEl -------+----...J 

SERIAL OUT 

'ct3 
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Unit Test Conditions 

µsec 

µsec 

µsec 

nsec 

nsec 

nsec CouT = 20pF 

nsec CouT = 20pF 

µsec CouT = 20pF 



4265 
PROGRAMMABLE GENERAL PURPOSE 1/0 DEVICE 

• Multi-Mode 14 Operating Modes • TTL Interface 

• 16 Lines of 1/0 Capability • Up to Eight 4265s Per System 

• Bit Set/Reset • Interface to Standard RAMs 

• Multiplexable Outputs • 28 Pin Dual-In-Line Package 

• Eight Bit Transfer Mode • Interface to Standard RAMs 

• Interfaces to 8080 Peripherals • 28 Pin Dual-In-Line Package 

• Synchronous and Asynchronous • Standard Operating Temperature 
Interface Range of 0° to 70° C 

• Strobed Buffer Inputs and Outputs • Also Available with -40° to 
+85° C Operating Range 

The 4265 is a general purpose 1/0 device designed to interface with the MCS-40'" microcomputer family. This device provides 
four software programmable 4-bit 1/0 ports which can be configured to allow any one 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 for MCS-40 1/0 commands. As 1n the case of the 4002 or any MCS-40 peripheral c1rcu1t, select1 :m occurs only when the 
proper SRC code and the CM signal are present simultaneously. 

The 4265 provides an extremely flexible, general purpose 1/0 system capable of handling 4-or 8-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 Y are low-power TTL compatible. 

PIN CONFIGURATION 

v" VDD 

o, w, 

o, w, 

o, w, 

o, w, 

RESET x, 

CM-RAM x, 

SYNC x, 

\''1 x, 

,_.,l v, 

z, v, 

z, v, 

z, v, 

z, Voo1 
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Pin Description 
Pin No. 

2-5 

6 

7 

9-10 

DO 
01 
02 

03 

SYNC 

., 
¢2 

CM 
RESET 

Designation 

D0-03 

RESET 

CM 

¢1-¢2 

DATA 
~ BUS 

1/0 
~ 

0-

1 
0---
0---

TIMING 
REGISTER 

0 

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 (Vool 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, RDM, 
WRM,WMP,SBM, ADM, WR0-3 
and RD0-3. 

Pin No. 

8 

24-27 
20-23 
16-19 
11-14 

28 

15 

Designation 

SYNC 

W3-WO 
X3-XO 
Y3-YO 
Z3-ZO 

Voo 

Voo1 

Vss 

Non-overlapping clock signals 

which determine timing. 
28 =TOTAL PINS 

4265 HARDWARE BLOCK DIAGRAM 

4 

u 
rI MODE REGISTER 

TI1IIl1+ 
MODE DECODER r---

1--
4 .---l 

1-- il I ~ ' I 
I 
I 
I 
I 

INSTRUCTION I 
I DECODER 1/0 PORT 
I CONTROL 
' 
~ 

LOGIC 

J ~ 

I----, 

,____ 
,____ 

A_ 

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 (Vool will 
appear on a port as a "1" posi

tive true (Vssl. These ports are 
TTL compatible. 

Main power supply pin. Value 
must be Vss -15V ±5%. 

Supply voltage fo1 1/0 ports, 

Most positive supply voltage 

(Voo1 = OV, Vss = 5V for TTL 
1/0 ports. Voo1 = Voo for 
MOS loads only). 

r--

) 1/0 
PORT 

4 w 

~ 
1/0 

PORT 

4 x 

~ 
-1' 

~ 

:;: 

-0 

~ 
~ 

~ 

WO 
W1 
W2 

W3 

XO 
X1 
X2 
X3 

~ 
1/0 

PORT 
~ 

-0 

YO 
Y1 
Y2 
Y3 4 

y 

"'" 
=?} 

--" 

~ I I 
VSS VDD VDD1 (l/O PORTS ONL YI lF ~' z 

~ 

-0 

-0 

zo 
Z1 

Z2 
Z3 
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4265 PROGRAMMABLE MODES 

OPERATING MODES 

• Mode 1 

• Mode 2 

• Mode 3 

• Mode 4 

• Mode 5 

• Mode 6 

• Mode 7 

8-Bit Asynchronous 1/0 Port (Bidirec

tional) 
4-Bit Input Port (Unbuffered) 

8-Bit Asynchronous 1/0 Port (Bidirec
tional) 

4-Bit Output Port 

8-Bit Synchronous 1/0 Port (Bidirec
tional) 

4-Bit Synchronous Output Port 

Four 4-Bit Output Ports 

Three 4-Bit Output Ports 
One 4-Bit Input Port (Unbuffered) 

Two 4-Bit Output Ports 
Two 4-Bit Input Ports (Unbuffered) 

One 4-Bit Output Port 
Three 4-Bit Input Ports (Unbuffered) 

• Mode 8 - Three 4-Bit Synchronous Outµut 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 1/0 Port (Bidirec
tional) 
2 Device Selection Control Signals 

• Mode 13 - 8-Bit Address Port 
4-Bit Asynchronous 1/0 Port (Bidirec
tional) 

CONTROL AND OPERATING MODE 

• Mode 0 - Four 4-Bit Input Ports (Unbuffered) 

Resets 1/0 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 

]+ --~ 
~ 

MODEO 

w·x 4 

y•• 

z•• 

MODE5 

8 
W,X ------

y• 4 

z•• 4 

ASYNC 
MODE1 CONTROL 

J 
MODE6 

w __i,___ 
x __i,___ 
y 4 

Z**~ 
SYNC 

MODE 11 CONTROL 

W,X 

Y** 

Z** 

MODE2 

W* 
X* 
Y* 

z·· 

MODE7 

W,X 

y 

z•• 

MODE12 

8 -4 

4 

ASYNC 
CONTROL 

SRC 8 

DATA 4 

SYNC. 

4 
CONTROL 

+ADDRESS 
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W,X 

Y** 

z•• 

MODE3 

w 
x 

y•• 

z•• 

W,X 

y 

Z** 

MCDE13 

8 w 
4 x 
3 Y** 

Z** 
SYNC 

CONTROL MODE4 

SRC 8 

DATA 4 

4 w-
4 

3 
Z** ,..____.... 

___ _.SYNC 
MODE 9 CONTROL 

ASYNC. - 4 
CONTROL 

* UNBUFFERED INPUT PORTS. 

**THE LINES ON THESE PORTS 
ARE SUBJECT TO THE BIT 
SET COMMAND. 
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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 WRM instruction to select 
one 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, WRl, WR2, 
WR3) and seven READ operations {RDO, RDl, RD2, RD3, 
ADM, SBM, ROM). These allow data in 4-bit or 8-bit format 
to be transmitted between the 4265 and external 1/0 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 00-3 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 00-3 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 
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tied to the user system. The user can selectively alter the bit 
polarity. To alter a bit, the MCS-40 WRM command is utilized. 

The 4265 is selected via the CM-RAM line and an appro
priate MCS-4<fSRC 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 would not normally be initiated 
by the software once the part is designed into a specific ap
plication. 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" pro-
gram initiation. The mode selection is accomplished with the • 

•~"m"'''°' OP'rnod of"" WMP oommood. -

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. 
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Table 1. Detailed Description of 4265 Operating Modes. 

Mode PortW Port X Port Y 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 ZO; Asynchronous input I Asynchronous input I 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 V55. is normally at V55. 
assumes value loaded assumes value loaded out on Ports W, X. Port W, X input I Goes to Voo1 on I Goes to Voo1 on 
by WRO. byWRl. I buffers. I execution of WR 1. I trailing edge of Zl 

2 Bi-directional; Output Bi-directional; Outputs Buffered output port I I Returns to Vss on I and remains at Voo1 
enabled by signal ZO; enabled by signal ZO; I 

I trailing edge of ZO. I until execution of 

When enabled output When enabled output I ROI. 
assumes value loaded assumes value loaded I I 

I 
by WRO. by WR1. I I I 

3 Bi-directional; Outputs Bi·directional; Outputs Buffered output port Synchronous output. l Synchronous output. I Synchronous output. I Unassigned. line is 

enabled during WR 1 enabled during WR 1 Normally at V55; Normally at V55; goes I Normally at V55; goes an output and can 

cycle. Output cycle. Output goes to v001 during I to Vo01 during RD1 I to Voo1 during WR2 I be set with WR M. 

assumes value loaded assumes value loaded execution of WR 1. I instructions. I instructions. I Normally at Vss 

by WRO. by WRl. J_ I I after mode 3 set. 

4 Buffered output port Buffered output port Buffered output port Buffered 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 0 utput signal nor I Output signal nor· Unassigned output. 
maUy at V55; goes mally at V55; goes I mally at V55; goes I Normally at Vss 
to Vo01 during I to Vooi during I to Voo1 during I after mode 8 set. 
WRO. WR 1. WR2. I 

9 Buffered input port, Buffered output port Buffered output port Input signal used 
I 

Output signal nor· I Output signal nor· T U~assigned output. 
loaded by signal ZO. to load Port W mally at v55; goes 

I malty at Vss: goes I Normally at Vss 
asynchronously. I to V001 during to Voo 1 during l after mode 9 set. 

_)_ WRl. I WR2. 

10 Buffered input port, Buffered input port, Buffered output port Input signal used I Input signal used I Output signal nor· I Unassigned output. 
loaded by signal ZO. loaded by signal Z 1. to load Port W I load Port X I mally at V55; goes I Normally at Vss 

asynchronously. 

l 
asynchronously. to Voo 1 during 

I 
after mode 10 set. 

I WR2. 

11 Buffered input port, Buffered input port, Buffered input port, Input siynal used I Input signal used : Input signal used 
I 

Unassigned output. 
loaded by signal ZO. loaded by signal Z 1. loaded by signal Z2. to load Port W I to load Port X to load Port Y Normally at V ss 

asynchronously. _]_ asynchronously. I asynchronously. I after mode 11 set. 

12 Buffered output port, Buffered output port, Bi·directional; Outputs Output signal nor· I Output signal nor· T Output signal ~ 0 utput signal 
loaded by SAC in- loaded by SRC in· enabled at any WR mally at Vss: goes I mally at v55; goes I which is loaded Wlich is loaded 
structions-conta ins structions-contains instruction; mput to Voo 1 during any 

I 
to Voot during any I with address bit I wtth address bit 

upper 4-bits of SAC lower 4-bits of port unbuffered. WA instruction. RO instruction. corresponding to I corresponding to 
data. SR C data. I I WR or AO I WR or RO 

I I operation. operation. 

13 Buffered output port, Buffered output port, Bi-directional; 0 utputs Asynchronous I Asynchronous I Output signal nor· I Output signal nor-
loaded by SAC in· loaded by SAC in- enabled by signal ZO; input used to I input used to I mally at V5s; goes mally at V55; goes 
structions-contains structions- contains Inputs loaded by enable data out I load data to I to v001 on I to Voo1 on trailing 
upper 4-bits of SR C tower 4-bits of signal Zl. on Port Y. I Port Y input I execution of WR I edge of Z1 and re-
data. SAC data. buffers I instruction. Returns I mains at V001 

I 
I 

to Vss on trailing I 
until execution of 

I edge of ZO. RD instruction. 

14 Alt outputs di'sabled, All outputs disabled, All outputs disabled, All outputs disabled, l All outputs disabled, ~ Alt outputs disabled, I Alt outputs disabled, 
data saved. data saved. data saved. data saved. data saved. data saved. data saved. 

15 Previous informa· Previous informa- Previous informa· Previous informa- I Previous informa-

l 
Previ~us informa- I Previous informa-

tion restored. tion restored. tion restored. lion restored. 
_]_ 

tion restored. tion restored. 
_]_ 

tion restored. 
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a. Reset Mode - Mode O 

WMP Operand - 0000 

Mode Description: The Reset Mode provides for a program· 
mable reset. Reset will clear all 1/0 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 1 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 D0-3, transferring the 
state of the port lines into the accumulator. A positive "1" 
(Vss) will appear in the accumulator as a negative true "1" 
(Voo). Port Y will also respond to the ROM, SBM and 
ADM instructions. 

b. 8-Bit Asynchronous 1/0 Mode with Input - Mode 1 

WMP Operand - 0001 

Mode Description: The 8-bit I /0 mode is used to transfer 
bi-directional data bytes between the MCS-40, .. and 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 These two ports are combined to transfer 
8-bits of 1/0 under asynchronous con
trol of Port Z, Port W will be loaded 

M, M2 x, v,, 
Voo 

o, 

"2 LJ LJ LJ 
READ PORT 
WITH RDx 

DATA BUS 
FLOATING OUTPUT BUFFER 

Figure 1. 4265 Mode 0 Timing. 
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Port Y 

Port Z 

ZO OA 

Z2 01 

x, 

LJ 

ENABLE IF 
RD 

with a WRO and Port X will be loaded 
with WR 1. The WR 1 will initiate the 
write "handshake" on Port Z. When the 
two ports are interrogated, a sequential 
RDO and RDl will cause the IA line to 
be deactivated. 

This port is an unbuffered input, inter
rogated with an RD2, RDM, 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 01 signal. The OA signal 
will enable the 4265 output buffer onto 
Ports W and 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 1. Port W 
and Port X should be loaded in the WRO
WR 1 sequence. When the 0 I signal is 
active, the external device will request jl 
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 1. 

x, I A, I 

~ 

LJ LJ 

FLOATING 
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Z1 II 

Z3 IA 

Input initiate to the 4265 from the users 
logic. The signal will be used as a strobe 
signal to latch the 8-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 IA signal will transition to the posi· 
tive state when an RD 1 command is ex
ecuted. This indicates that the processor 
has interrogated Port W, X buffer. The 
processor should read the data in these· 
quence of R DO followed by an RD 1. 

c. 8-Bit Asynchronous 1/0 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 SBM. 

RD0 
INST. #1 WR0 WR 1 RD1 

SYNC u EXECUTED u u EXECUTED u EXECUTED u 
DATALATCHEDINPORTw __________ __.X~'--w_R_o_·x_2_ .• _2_N_E_w_o_A_T_A_L_A_T_cH_E_D ________________ ~ 

OATA LATCHED IN PORT x ____________________ w_R_,_·x_2·_•2 _ __JX) NEW DATA LATCHED 

01 {4265 GENERATED), Z2 

OA {USER GENERATED). lo 

W,XOUTPUTs ____________ F_L_o_AT_l_N_G ____________ L..E_N_A_BL~E~D-'----F~LO~A~T~IN~G:..... __ 

INPUT STROBE, 
II {USER GENERATED), z1 

IA (4265 GENERATED), z3 

W BUFFER TRANSFERRED 
TOD BUS 

X BUFFER TRANSFERRED 
TOD BUS 

DATA BUS OUTPUT 

Figure 2. 4265 Modes 1 and 2 Timing. 

~ 
DATA LOADED 

RDO·X2·¢2 

FLOATING FLOATING 

ENABLED 
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d. 8-Bit Synchronous 1/0 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 

Port W, X These two ports are combined to trans· 
fer bi-directional 8-bit information under 
synchronous control. Output data should 
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 RDl. 

Port Y 

v,, 

This port is a 4·bit output port. I nfor
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, ROM, 
ADM and SBM. 

x, 

PORT X LOADED 

LJ 

Port Z 

ZO OS 

Zl IS 

Z2 YS 

Z3 

x, 

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 
W and 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. RDl will 
input information pertaining to Port X. 
The ports must be read by RDO followed 
by an RD 1. Data will be latched in the 
W and X Ports with the RDO. Informa
tion should be valid at the trailing edge 
of IS. 

Port Y output 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, 

W. X OUTPUTS 
(PROVIDED BY 4265) __________ F_L_oA_r_1N_G _________ _,_ ___ EN_A_B_LE_o __ _._ __ F_Lo_A_r_1N_G __ 

OUTPUT STROBE, Z0 

W BUFFER TRANSFERRED 
TOD BUS 

X BUFFER TRANSFERRED 
TO 0 BUS 

INPUT STROBE, Z1 

DAT A BUS OUTPUT 

PORT Y LOADED 

OUTPUT STROBE, Z2 

OUTPUT PORTY 

Figure 3. 4265 Mode 3 Timing. 

FLOATING 
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WR1·X3 

RDO 

ENABLED FLOATING 

LJ WR2·X2·¢2 

WR2·X3 

ANY TRUE 
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e. Four Port Programmable 1/0 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 ROM, ADM and SBM in addition to RD2. 

M, M, x, v,, 
Voo 

o, 

•2 u u lJ 
LOAD PORT 
WITH WRx 

PORT OUTPUT 

READ PORT 
WITH A"x 

DATA BUS 
FLOATING OUTPUT BUFFER 

Figure 4. 4265 Modes 4-7 Timing. 
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x, x, A, 

u LJ u 
X2·':'2 

ANY TRUE 

X2·¢2 

ENABLE IF 
FLOATING 

RD 
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f. Three Port Programmable 1/0 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, Input 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. 

DATA LATCHED 
IN OUTPUT BUFFERS 

OUTPUT STROBE 
FROM 4265 

OUTPUT DATA 

TO 4265 

x, 

LJ LJ 

ANY 

LJ 

INPUT STROBE ~ 

INPUT ------< 
BUFFER ~ DATA LATCHED 

READ PORT 
WITH ROX 

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 (WR0-2) 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 buffers may also be read with the respective R Dx. 

x, x, 

LJ LJ LJ 
X2·¢2·WRX 

x, 

TRUE 

X2·¢2 

DATA OUTPUT FLOATING I ENABRLDED IF I 
BUFFER ENABLE __________________ .__ ___ ~---------------~ FLOATING 

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 W and X. The 4265 
will treat all SRC 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 
W and 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 WR0-3 and the port input buffer will be 
read with RDO.RD3, ROM, 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, ROM, 
ADM, and SBM. The port will output 
data with a WRO-WR3. 

Vss 

SRC DATA VALID 

x, 

Port Z 
zo Q.S 

Z1 IS 

Z2,Z3 

Output strobe from 4265. 
Active during WRO-WR3. Data will be 
valid during this strobe. 

Input strobe from 4265. 
Active during RDO-RD3, ROM, 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 ROM, SBM and ADM. If, for 
example an I /0 sequence consists of an 
RD3 followed by an ADM, Z3 and Z2 
will be at 11 state by the R 03 and re
main in that state for the ADM com
mand. If the third 1/0 command is a 
WRO, the Z3 and Z2 will be placed to 
the 00 state. 

Effect of R Ox and WRx Instructions: 

x, 

Z3 Z2 

0 0 
0 1 

0 

No Change 
(Positive True) 

RDO, WRO 
RD1, WR1 
RD2, WR2 
RD3, WR3 
ROM, ADM, SBM 

AND LATCHEDPORTW------------------..J '--------------

SRC DATA VALID 
ANO LATCHED PORT x ___________________ A_N_v __ ___J ~'-"C-·X_3_o'---T-Ru_• __ 

MEMORY EXPANSION 
ADDRESS · Z3. Z2 

WR!TE TO 
PORTY 

OUTPUT STROBE 

OS. Zo 

00 IF ROO, WRO 10 IF RD2, WR2 
01 IF RD1,WR1 11 lF RD3,WA3 

TRUE 

WAX·X3 

P.ORT YOUTPUTBUFFER'--------------------.--------.------

1FROM 4265) 

INPUT STROBE 
IS, z1 

FLOATING DATA ENABLED FLOATING 

RD·X2 

DATA BUSOUTPUT---------------,---:E'."'."NA'°'B"'LE°"D--r-------------
BUFFEA FLOATING IF RD FLOATING 

Figure 6. 4265 Mode 12 Timing. 
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h. 4-Bit 1/0 Mode with 8-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 Sarne as Mode 12. 

Port Y Bi-directional port similar to Port Wand 
Port X in mode 1. 

Port Z 

zo 
Z2 

Z1 

Z3 

QA* 

01* 

11 * 

IA* 

Output acknowledge to 4265. 

Output initiate from 4265, active during 
WRx. 

Input initiate to 4265. 

Input acknowledge from 4265 active 
during RDx, ROM, 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. 

Vss 

Voo 

., 
SAC DATA VALID 

i. Disable/Enable 

WMP Operands 1110 and 1111 do not cause mode change; 
they disable or enable the 4265 GP 1/0. 

WMP 1110 ·chip disable: 
a. All output buffers are disabled · 1/0 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 set/reset can be initiated. 
5. Any mode change can be initiated. 
6. The chip can be deselected by an SRC 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. 

ANY TRUE 
AND LATCHED PORTW-----------------------' '---------------

SAC DATA VALID ANY )( SRC·X3«t>3 
ANO LATCHED POAT X---------------------------- . 

TRUE 

WAITE TO WAX·X2·tti2 
~y ) 

01 (4265GENERATEDI, Z2----------------------+--iq~-----c'r--------

OA (USER GENERATED), z, 9 R 
W, x OUTPUTS ___________ •_LD_A_r_1N_G ___________ 

1_j..._._N_A_BL_•_o~_._ ___ ._w_A_r_1N_G __ _ 

INPUT STROBE, V)~ 
11 (USER GENERATED), z, ______ _.~,.., DATA l.OAOED 

IA (4265 GENERATED), Z3 -

X BUFFER TRANSFERRED 
TOD BUS 

Figure 7. 4265Mode13 Timing. 

d 
AD1·X2·¢"2 
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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 /0 I ines wi II 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 0. 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 Voo1. Note 
that Port Z is a control port in all modes except modes 4- 7 
and RESET mode. Any mode change which leaves Port Zin 
a non-control port will leave Port Z output buffers in their 
previous state. 

M, M, x, 
Vss ., 

Voo ., lJ LJ lJ 
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 WRM 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: 

I 03 I 02 I D 1 I D~ 
~-~-t,~--~,L~ 1 = Set, 0 = Reset 

L ______ Bit SEiection 000 - YO 

001 -Y1 
010 - Y2 
011 - Y3 

100- zo 
101 - Z1 
110 - Z2 
111 - Z3 

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 1/0 Instructions 

Table 2 provides a summary of MCS-40 1/0 instructions 

used with the 4265. 

x, x, A, 

lJ LJ lJ 
' 

WRM·X2·¢2 
\ 
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Table 2. 4265 1/0 Instruction. 

Hex OPR OPA OESCRIPTION OF OPERATION Code MNEMONIC DJ D2 D, Do DJ D2 D, D0 

Mode Independent Operations 
EO WRM 0 0 0 0 0 The port Y or port Z bit designated by D3 D2 D, of the accumulator 

is set or reset according to D0 (1=set, O=reset). 111 

E1 WMP 0 0 0 0 Sets the mode of the 4265 to the value contained in the accumulator. 121 

Mode Dependent Operations 
Mode Mode Mode 

1-3 0, 4-11 12 and 13 
2- SRC 0 0 1 0 R R R 1 For modes 0-11, the contents of register pair ( RRReven )-+ 

RRR are used to select the 4265 chip (first two PortW 
bits of first register will contain 1 O or 11. (RRR000 )-> 
depending on chip address) Port X 

E4 WRO 0 0 0 0 (ACC)-> (ACC)-> (ACC)-> 
Port W Port Wl 11 Port Y 

ES WR1 0 0 0 (ACC)-> (ACC)-> (ACC)-> 
Port X Port X111 Port Y 

E6 WR2 0 0 0 (ACC)-> (ACC)-> (ACC)-> 
Port v1 11 Port y1 11 Port Y 

E7 WR3 0 0 (ACC)-> (ACC)-> 
Port Z 11.31 Port Y 

EC ROO 0 0 0 (Port W)-~ (PortW)-> (Port Y)-+ 
ACC ACC ACC 

ED RD1 0 0 (Port X)_, (Port X)-> (PortY)-> 
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 RDM 0 0 0 (Port Y)_, (Port Y)_, (Port Y)-+ 
ACC ACC ACC 

EB ADM 0 0 (Port Y) +(ACC) (Port Y) +ACC (Port Y)+ACC 
+CY-+ACC +CY->ACC +CY-.. ACC 

EB SBM 0 0 0 0 (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 1/0 ports. WMP 1111 enables all 1/0 ports. In both cases, the mode is not changed. 
3. No action in Modes 8· 11. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias . . . . . . . . . . . . . . . . . 0°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 

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 rat mg 

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°C to 70°C; Vss -Voo = 15V ±5%; tq,PW = tq,01 = 400nsec; tq,02 = 150nsec; Voo1 = Vss -5V; Logic "O" is defined 

as the more positive voltage (V1H, VoH ); Logic "1" is defined as the more negative voltage (V1L. Vod; Unless Otherwise 

Specified. 

SUPPLY CURRENT 

Limits 

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

loo Supply Current l 35 l 50 mA TA= 25°C 

INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA 

V1HO Data Bus Inputs Vss-1.5 Vss+.3 v 
V1HIO 1/0 Port Inputs Vss-1.5 Vss+.3 v 
V1LD Data Bus Inputs Voo Vss-5.5 v 
V1uo 1/0 Port Inputs Voo Vss-4.2 v 

V1L/R,CM Reset Input, CM·RAM Input Voo V55-4.2 v 
V1H/R,CM Reset Input, CM-RAM Input Vss-1.5 V55+.3 v 

V1Hc Input High Voltage Clock V55-1.5 Vss+.3 v 
V1LC Input Low Voltage Clock Voo Voo-13.4 v 

OUTPUT CHARACTERISTICS 

Vo HO Data Bus 0 ut puts Vss--5 Vss v 

VoHIO 1/0 Port Outputs Vss-.5 v loH = -100µA 

VoLD Data Bus Outputs V55-12 Vss-6.5 Capacitive Load 

Vouo 1/0 Port W,X,Y Outputs Voo1+.45 loL = 500µA 

VoLZ 1/0 Port Z Outputs Voo1+.45 loL = 1.6mA 

RoH/O Output Resistance, Data Bus High Level 150 250 n VouT=Vss-.5V 

RoH/10 Output Resistance, 1/0 Port W,X,Y,Z High Level 1200 2000 n VouT=V55-.5V 

louwxv 1/0 Port W,X,Y Sink Current 0.5 mA VouT=Voo1 +0.45V 

louz 1/0 Port Z Sink Current 1.6 mA VouT=Voo1 +0.45V 
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CAPACITANCE 

Symbol 

c"' 
Co.s. 

c, 
Cwxv 
Cz 

4265 

Parameter Min. Typ. Max. 

Clocks (4>1, 4>2) 10 15 

Data Bus 10 15 

CM, RESET, SYNC 3 10 

1/0 Ports W,X, Y 5 10 

1/0 Port Z 10 15 

•oo SUPPLY CURRENT vs. TEMPERATURE 

< 
E 
I 

1-z 
w 
a: 
a: 
::> 
(.) 

> 
...J 

R: 
::> 
(/) 

10L.....~~~~.J._~~~~-'-~~~~-' 

-50 0 50 100 

TEMPERATURE - 0 c 
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Unit Test Conditions 

pF 

pF 

pF V1N = V55. All 
other pins at Vss-

pF 

pF 
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A.C. Characteristics 
TA= 0°Cto 70°C. Vss -Voo = 15V ±5%. 

Symbol I Parameter Min. Typ. Max. Unit Conditions 
-----I-----

tcv Clock Period 1.35 2.0 µsec 
-----+---------------

--- ----- ------ ----------

tii>R Clock Rise Time 50 ns 
---+-------+----+----

tii>F Clock Fall Time 50 ns 
-----+------------------+----- t-----+----f------- +---------------

t¢pw Clock Width 380 480 ns 
----+-- ------- t-------t-- --·--j----- - ---- --------+----------------

tii>o 1 Clock Delay ¢ 1 to ¢ 2 400 550 ns 
----+-----·----------- ---+--------+----+-----+----~-- ---------------

_t_ii>_o_2 __ -+-_C_l_o_ck_D_e_la_v_ii>_2_to_ij>_1 _______ -+_1_5_0_-+----l----+-~~s:~ ------------~-~~~~~~~~-= tw Data-In, CM, SYNC Write Time 350 100 

tHll,3] Data-In, CM, SYNC Hold Time 40 20 
-----+----------------+---- -+---·--+------+----+---------------
tos l2l Set Time (Reference) 0 ns 

-----+----+------+----+------------------

tAcc Data-Out Access Ti me 1 CouT = 

930 ns i 500pF Data Lines Data Lines 

Data-out H~~----==-==-~==L-5oi15o f --G~r =_2_o_p_F _______ _ 
-~--~--~--------------

toH 

1/0 Ports (CPQRT W,X,Y = 100 pF, CpoRT z = 50 pF) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

too Output Settling Time 350 1200 nsec Static Output Ports (1 l 

to1 Output Settling Time 400 1200 nsec } Ports W,X, Mode 1,2 

to Ho Output Hold Time 80 400 nsec Port Y, Mode 13 

to2 Output Settling Time 400 1200 nsec } Ports W,X, Mode 3 

tQH2 Output Hold Time 550 nsec Port Y, Mode 12 

to3 0. S. Settling Time 300 650 nsec } Modes 

tQH3 0. S. Hold Time 550 nsec 3,8,9, 10, 12 

to4 I. S. Delay 200 400 nsec Z1, Modes 3, 12 

tops Page Select, Output Settling Time 250 550 nsec Z2,Z3, Mode 12 

t1so Input Set Time 700 450 nsec } Unbuffered Input 

t1HO Input Hold Time 100 -30 nsec Ports W,X,Y 

t1s1 Input Write Time 900 nsec Buffered Inputs (Ports 

t1H1 Input Hold Time 550 nsec W,X Modes 1,2 Port Y Mode 13) 

tosR Bit Set/Reset Settling Time 900 nsec 

toOl/IA 01,IA Delay Time 950 nsec Z2,Z3, Modes 1,2, 13 (2] 

tPWll II Width 450 nsec Modes 1,2, 13 

tPWIS IS Width 650 nsec Modes 9, 10, 11 (4265 generated) 

Notes: 1. too: all output ports, modes 4-10; Y port, modes 2, 3. 
2. toOl/IA: the maximum delay of any 01, IA edge with respect to its generating signal (strobe edge, clock edge, etc.). Refer to Figure 11 

for generating signals and timing diagram. 
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x, 

DATA BUS 

., 

., 
SYNC 

CM-RAM, ROM 

Figure 9. Timing Diagram. 

DATA BUS, CM 
(INPUTS) 

ANY 

----10% 

\..._..;;L-t------90% 

'os ----.Ill--+""==.-- -5V 
(REFERENCE)-------

DATA BUS, CM,--+-----...... ----+-TR-U-E-+-....,._,_ __ -lV 
(OUTPUTS) -SV 

---1Acc--------+- 1oH 

Figure 10. Timing Detail. 

4265 

x, x, x, 

x, x, x, 

~b~~IC OUTPUT --t--t--------+-t--t---..1.,.---,__,__ __ VoHm 

W,X,Y,Z Vouo 

zo 

ASYNC. 
OUTPUT 

OUTPUT STROBE 

SYNCHRONOUS 
OUTPUT 

Zl(IS). MODE 12 

Z2.Z3, MODE 12 

PORTSW,X,Y 
UNBUFFERED INPUT 

BUFFERED INPUT 
PORTS 

BIT SET 
RESET 

IS, MODE 9.10,11, 12 

l'o•-1 
VOHIO 

-I 'ew" 1--

~'"=1 
l-- 1ewis-.I 

Figure 11. 4265 1/0 Timing Diagram. 
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4269 
PROGRAMMABLE KEYBOARD DISPLAY DEVICE 

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) 

• 2 Key Rollover and Key Debounce 

• External Interrupt Line to Indicate 
When a Character Has Been Entered in 
Character Buffer 

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 

• Display Registers Loadable and 
Readable Selectively or Sequentially 

• 40 Pin Dual In-Line Package 

• Standard Operating Temperature 
Range of 0° to 70° C 

• Also Available with -40° C to +85° C 
Operating Range 

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 (PKO) 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 a single 16 x 8 alphanumeric display; a single 8 x 8 alphanumeric display; a dual 16x 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 DO-D3 

5-6 

2 

26 

3 

4 

17-24 

25 

12-15 
7-10 

34-28 

35 

16 

cln-</'2 

RESET 

Vss 

Voo 

SYNC 

CM 

SO-S7 

RS 

AO-A3 
B0-83 

RO-R7 

SHIFT 

INT 

Bi-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 lines are active high. 

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 (V00) 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 (Voo1). open-sourced 
and may be "OR" -ed with other 
4040 interrupt inputs. 
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Pin No. Designation Function 

11 Voo1 

36 SIC 

Supply voltage for display register 
ports A and B and INT. 

This pin is the control key input from 
the keyboard in the scanned mode. 
In encoded keyboard mode, this pin 
is used to input the strobe pulse 
from an external keyboard encoder. 
The strobe is an active high pulse. 

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 

Output 

Encoded Keyboard 

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 1/0 
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 loadable and readable selectively or 
sequentially. 

Mode Selection 

The CPU communicates with the 4269 PKO 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 PKO. The CPU's accumulator will contain the 
information used for setting the PKO 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: 

D1D2 

0 0 Individual, Scanned Displays 
0 1 Gas Discharge, 20 Characters 
1 0 Gas Discharge, 18 Characters 
1 1 Gas Discharge, 16 Characters 

l ~ 1~0 
Sensor, Scanned 

O 1 Scanned Keyboard 
1 O 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. These two 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 D 1 and Do of the corresponding A register 
location. 

For operations on the display registers, the 4269 PKO 
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 1/0 
instructions can be addressed to either Display Register A 
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or Display Register B, according to the register selected by 
an SRC instruction preceding the 1/0 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, 
A1, B1, etc. 

In the individual, scanned display mode, the 4-bit 
characters of Display Register A are outputted on the Ao-Ai 
lines. The 4-bit characters of Display Register B are 
outputted on the Bo-Bi lines. In the gas discharge modes, 
the Ao-A 1 and Bo-Bi lines output the 6-bit character. The A1 
line serves as the clock to the gas discharge display and the 
A1 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 
Scan (S) lines. Each S Scan line can be used to source a 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 at the 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-Ai 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 0f a logical one 
through a field of zeros. 

Software Operation 

The WRO operates on the 4269 PKO 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: 

RR Reven RR Rodd 

DiD2D1Do D1D2D1Do 

0 1 0 0 nin2n1no Selects one of 16 display register 
characters of Display Register A 
with A outputs continuing to output 
the contents of Display Register A 
synchronized with the S Scan lines. 
Selects one of 16 display register 
characters of Display Register B 
with B outputs continuing to output 
the contents of Display Register B 
synchronized with the S Scan lines. 

0 1 1 0 nin2n1no Selects one of 16 display register 
characters of Register A and places 
the A output lines at Vss level 
(blank). Display RAM contents are 
not modified. 

0 1 1 1 nin2n 1n0 Selects one of 16 display register 
characters of Register Band places 
the B output lines at Vss level 
{blank). Display RAM contents are 
not modified. 

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: 

Q.,L 
0 Display B is 16 nibbles deep. 
1 Display B is 8 nibbles deep. 

Dz 

O Display A is 16 nibbles deep. 
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. 

ROM 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. 

SBM 1110 1000 
Subtracts the contents of the display register pointed to by 
!he display register pointer from the accumulator with 
borrow. 
NOTES· 

1. If Display A or Bis 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 and blanks the display outputs 

3. The displayed nibbles m the 8 deep configuration will be from the least 
s1gn1ficant 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 WRM/RDM 
instructions unless the pointer is reset by an appropriate SAC instruction. 
In the WRM case. the Display Register 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 lower halves of 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 = v._..., and RS= V:-.:-.), and the MSD, the first character (#0) 
scanned (So =Vs:-. and RS = Vnn), and 1f loading is started at display 
register character O successive WRM 1nstruct1ons will shift the display 
data from the LSD to the MSD as 1n a calculator Note that data will then be JI 
read back MSD to LSD with the ROM 1nstruct1on starting at register O ,." 

Gas Discharge Modes 
The 1nstruct1ons which are used 1n the gas discharge 
display modes are described below. 

Mnemonic 
SRC 

Instruction Code 
0010 RRR1 

The contents of the register pair ARR are used to select the 
4269. An SAC is interpreted for gas discharge modes as 
follows: 

RR Reven RRRndd 

D1D2D1Do D1D2D1Do 

0 1 0 0 n1n2n1no 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. 

0 1 0 1 

0 1 1 0 

0 1 1 1 

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. 

n1n2n 1no Selects the nth display register 
character of Display Register A and 
blanks the A and B display output 
{with hex 20) with no modification of 
display RAM contents. 

n1n 2n 1no Selects the nth display register 
character of Display Register Band 
blanks the A and B display output 
(with hex 20) with no modification of 
display RAM contents. 
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WR1 
Resets the internal display register pointer to Display 
Register A position O 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 of the display register pointer 1s Display Register 

A position O, Display Register B position 0, Display Register A position 1, 
etc. 

2. The upper two (four) gas discharge characters. 16-17 (16-19), can be 
addressed only by incrementing the internal display register pointer 
above 15 by a WRM or ROM 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 RD3 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 

A3 A2 A, Ao BJ B2 B, Bo 

I RST I CLK D5 D4 D3 D2 o, Do 
BLANK CODE: x x 1 0 0 0 0 0 

Figure 1. Gas Discharge Display Output Format. 

4. ROM will not cause any display shifting. The read order is MSD to LSD 
with the MSD stored in display register O. 

5. If the display RAM is used as data RAM by the CPU, all 4 bits of Register A 
can be read and written. i.e .. the A3 and A2 RAM positions are not actually 
modified in the RAM. 
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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 ARR are used to select the 
4269. An SAC is interpreted for scanned sensor mode as 
follows: 

RR Reven RR Rodd 

0 1 X X nin2 n 1 X ni-n1 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 SAC instruction. 

RD2 1110 1110 
Loads into ACC the lower 4 bits of the 8-bit sensor RAM 
group previously addressed by an SAC instruction. 

NOTES: 
1. In this mode, the 4269 PKO 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 (V1m 1) and remain active whenever at 
least one intersection remains a logical 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 ARR are used to select the 
4269. An SRC is interpreted as follows for scanned and 
encoded keyboard modes: 

RR Rodd 

D1D2D1Do D1D2D1Do 

0 1 X X X X X X SAC 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. 

RD2 1110 1110 
Reads the second nibble of the current FIFO register 
position. FIFO register position is incremented to the next 
position. 

RDO 1110 1100 
Loads ACC with the FIFO status. 
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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, i.e., 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 wil go to Voo1. When a character is read, the INT will 
change from Voo1 to Vss (open) and back to Voo1 until 
the FIFO has been emptied. If a ninth character is 
inputted to the PKO before one complete character has 
been removed, the overrun status will be set. This will 
cause the INT line to remain active (Voo1) 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 condition 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 second nibble is not 
desired. 

3. For a 16-key Keyboard, successive RD2 instructions will 
be adequate for inputting the key code. 

DESIGN CONSIDERATIONS 
Display Modes 

General Remarks 
Each Display A and Display B output is capable of 
driving one standard TTL load. This is done by using a 
Vss = +5, Voo = -10V and VnD1 = GND. The Vrrn1 pin 
allows the PKO 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 B 
output lines should not exceed 1.6mA. 

The two 16 x 4 Display Registers A and B provide 
information in hexadecimal positive logic conventions. 
Hence, a 0000, negative logic Vss on the data bus, will 
be 0000 (positive logic Voo1) at the A and B display 
output. (The above is equivalent to one level inversion 
between the data outputs of the PKO and the CPU 
accumulator.) 
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Note that since the PKO is at address No. 1 on the CM
RAM line and that since the last 2 bits of the even register 
pair of an SRC instruction cause blanking or unblanking 
of the display and modification of the internal display 
register pointer, that addresses 01 XX are not available 
for addressing other 1/0 ports on the same CM-RAM line 
as the one containing the PKO. 

Individual, Scanned Display Mode 
The digit selection is achieved by using the eight scan 
lines, So-S1, 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 Bis 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 (S0-S 7) 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 ti me. 

For an aesthetic display transition, 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. j 
The outputs can then be unblanked via another SRC : 
when the display register has been completely loaded. 

Gas Discharge Modes (Self-Scan) 
An approximate 100 µsec period, 50% duty cycle clock 
will be provided to the gas discharge display. A reset 
pulse - one clock period long - will be generated every 
112th clock period for the 16/18 digit displays or every 
140th 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 Ar= Vss 
and Ao, 83 - Bo= Voo1, with Ai and A1 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. 
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Keyboard Modes 

Scanned Sensor Mode 

The sensor interface consists of two groups of eight lines, 
the scan strobe lines (S0-S 7) and the return sense lines 
(R 0-R 7). 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 
S/C (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 (Voo1) 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 zero!:. 

The sense return lines are read out by RD1/RD2 
instructions as shown in Figure 2. 

1-- RD1 ------!--- RD2 --1 
lo3 D2 o, DolD3 D2 o, Doi 

I R7 I R6 I R5 I R4 I R3 I R2 I R 1 I RO I 

l. '""' 2. ''"" ""''"· 

If scanned sensor mode and individual, scanned display 
mode are used together, the Scan (S) lines should be 
electrically isolated by diodes (see Figure 4). 

Scanned Keyboard Mode 

a. Key Depression Detection 

These conditions can occur during the keyboard 
interrogation by the PKO (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 PKO 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 PKO temporary register 
with a code given by the values of the Scan and Return 
Lines. The PKO 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 sti II 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 
(S/C) 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 I NT line is activated to a logical "1" (VooI). If 
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 
DEPA ESSION 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 IDEBOUNCE) 
GOT0- 1 

---' 
OTHERWISE 
GO TO- - -~TEST FOR 

RELEASE OF ORIGINAL 

DEPRESSl0111_ l~K::'.' ~L_:O~Fl_I_ ------I 

CYCLE 4 CYCLE 5 CYCLE 6 CYCLE 7 

ORIGINAL 
DEPRESSION 

RELEASED 
AND 

STORED IN 
KEYBOARD 

RAM 

BEGIN 
SEARCH 
FOR NEW 
SINGLE 

DEPRESSION 

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 PKO 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 PKO 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. 

4269 

S/C -------t 
4269 
PKO 

RO 

NOTE THAT ISOLATION DIODES MUST BE PLACED IN 
THE SCAN LINES AS SHOWN IF THE SCAN LINES ARE 
ALSO USED TO STROBE A DISPLAY. IF THE KEYBOARD 
USED HAS A DIODE AT EACH KEY, THEN THE SCAN 
LINE ISOLATION DIODES ARE NOT REQUIRED. 

Figure 4. Hardware Configuration. 

S0 000 

s, 001 

s, 010 

S3 011 

s. 100 

5s 101 

s. 110 

s, 111 

Ro R, R, R3 R. Rs Rs R, 
000 001 010 011 100 101 110 111 SHIFT SIC 

o 1 2 314 5\5 1 xx 
t---+---t----+----;----- - -- -- ---· t-------

8 9 10 11 ' 12 13 14 15 x x 
r--t----+-----+----- +--- +-- --- --- - - -- t--

16 17 18 19 20 21 22 23 x x 
r-----t-----t-----t----,---r--r----- t---tt---+---

24 25 : 26 27 28 29 30 31 x x 
- - - - --------t-----t 

32 33 34 35 36 373839 xx 
- --l---+---+---1--- ---+--+----ll-----+---
40 41 42 43 44 45 46 47 x x 
48 49 50 51 52 53 54 55 x x 
56 57 58 59 60 61 62 63 x x 

Figure 5. Matrix Configuration. 
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~--~---'-------,.____J 

Ro.7 

Figure 6. Key Encoding. 



c. Expansion to 128 Key Scan 

The basic mechanism of the PKO for scanning a 64 key 
matrix can be expanded to interface to a 128 key matrix. 
Note that the CONTROL (S/C) and SHIFT inputs cannot 
be used to directly encode 256 keys since the single key 
depression logic operates with the 6-bit matrix position 

INT 

l SYNC 

•;_ DMRAM 

RESET 

DB 

MCS40 
INTERFACE 

DISPLAY 

4269 

Figure 7. 128 Scanned Input Keys. 

4269 
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code only. However. if full debounce and 2 key roll over 
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 SHIFT 
or S/C input of the PKO. Alternately, two 4269 PK Os can 
be used for interfacing to the 128 keys. 

64 
KEY MATRIX 

MC 14016 
CD 4016 

64 
KEY MATRIX 
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Encotled Keyboard Mode 

Data Format 

In the encoded keyboard mode, the eight return lines are 
directly loaded into the PK D's keyboard Fl FO. 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 descriptior. 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 ¢ 1 and ¢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 Keyboard/Display 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-AJ for Display Register A outputs 
and Bo-83 lines for Display Register B outputs. The Vnn1 
line provides a separate negative supply reference for the A 
and B outputs (and INT). 

Do·D3 

., 

., 
SYNC 

CM-RAM 

RESET 

Voo1-----

Voo----

Vss-----

MCS-40 
DATA BUS 

INTERFACE 

COMMAND 
DECODE 

AND 
CONTROL 

LOGIC 

A B 
DISPLAY DISPLAY 
REGISTER REGISTER 

Figure 8. 4269 Hardware Block Diagram. 
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S/R Counters and Debounce Logic 
The S/R counters are two modulo 8 counters used to 
provide a unique 6-bit code tor 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 eight times 
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 S1 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. 

GAS DISCHARGE -~-
TIMING 

RS 

s, 

Ro 

SHIFT 
SIC 

INT 

Bo 

Ao 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ................. 0°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 

D.C. AND OPERATING CHARACTERISTICS 

·coMMENT: 
Stresses above those listed under ''Absolute Maximum Ratings" 

may cause permanent damage to the device. This 1s a stress rating 

only and functional operation of the device at these or any other 

cond1t1ons above those 1nd1cated 1n the operational sections of this 

specif1cat10n 1s not 1mpf1ed. 

TA= 0°to 70°C; Vss -V00 = 15V ±5%; V001 = Vss -5V;t.ppw= tq, 01 =400nsec;tq,02 = 150nsec; Logic "O" is defined as the 

more positive voltage (V IH, V DH); Logic "1" is defined as the more negative voltage (V1L, Vol); Unless Otherwise Specified. 

SUPPLY CURRENT 

Limits 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

loo Supply Current 40 65 mA TA = 25°C 

1001 v001 Current 15 mA TA= 25°C 

INPUT CHARACTERISTICS 

I LI Input Leakage Current 10 µA V1L = Voo 

V1L Input Low Voltage (Except Clocks, Vss-5.5 v 
Return Lines, Shift, S/C) 

V1L Input Low Voltage (Return Lines, Voo Vss-4.2 v 
Shift, S/C) 

V1H Input High Voltage (Except Clocks) Vss-1.5 Vss+.3 v 

V1HC Input High Voltage Clocks Vss-1.5 Vss+.3 v 

V1Lc Input Low Voltage Clocks Voo Vss-13.4 v 

OUTPUT CHARACTERISTICS 

1Lo Data Bus Output Leakage Current 10 µA VouT = -12V 

1oL Data Bus Sinking Current 8 15 mA VouT = Vss 

10LAB A 0.:/Bo.3 Sinking Current 1.6 mA VouT= VDD1 +.4V 

1oHAB Ao.3 /Bo.3 Drive Current 50 µA VouT = V55 -2.6V 

1ou Interrupt Sinking Current 200 µA VouT = Voo1 +.4V 

1oHS S Lines Driving Current 3.2 mA VouT = V55 -1.0V 

IOHRS RS Line Driving Current 2.5 mA VouT = Vss -2.6V 

ROH Data Bus Output Resistance 150 250 n VouT = Vss -.5V 
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A.C. CHARACTERISTICS 
TA = 0°C to 70°C; Vss -Voo = 15V ±5%. 

Limits 
Symbol Parameter Min. Typ. Max. Unit Test Condition 

tcy Clock Period 1.35 2 µsec 

t<l>R Clock Rise Time 50 nsec 

t<t>f Clock Fall Time 50 nsec 

t<t>PW Clock Width 380 480 nsec 

t¢D1 Clock Delay </>1 to </>2 400 550 nsec 

t¢D2 Clock Delay </>2 to </>1 150 nsec 

tw Data-In, CM, SYNC Write Time 350 100 nsec 

tH[1,2] Data-In, CM, SYNC Hold Time 40 20 nsec 

to:Pl Set Time (Reference) 0 nsec CL= 500 pf 

tAcc Data Bus Access Time 930 nsec CL= 500 pf 

toH Data Bus Hold Time 50 nsec CL= 20 pf 

tRTSK Return Line Pull-Down Time 5 16 µs C = 120pF; Scanned 
Keyboard Mode 

tRTSN Return Line Pull-Down Time 30 200 µs C=120pF; 
Sensor Mode 

CAPACITANCE 

Limits 
Symbol Parameter Min. Typ. Max. Unit Test Condition 

c<t> Clock Capacitance 8 25 pf V1N = Vss 

Cos Data Bus Capacitance 14 25 pf V1N = Vss 

C1N Input Capacitance 10 pf V1N = Vss 

CouT Output Capacitance 15 pf V1N = Vss 

Notes: 1. tH measured with t<t>R = 1 Onsec. 
2. All MCS-40 components which may transmit instruction on 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 X 1 and X3 time. Therefore the tH requirement is always insured since each component contributes 
1 OµA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1V /µs. 

3. tACC is Data Bus, SYNC and CM-line output access time referred to the <1>2 trailing edge which clocks these lines out. tos in the same 
output access time referred to the leading edge of the next ¢2 clock pulse. 

TYPICAL loo SUPPLY CURRENT VS. TEMPERATURE 

<{ 
! 
I-

~ 
a: 
a: 
::> 
(.) 

> _, .. .. 
::> 
"' 

eo~----~--------~ 

60 

40 

20 

o~----~---~----~ 
-50 50 

AMBIENT TEMPERATURE ("CJ 
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x, x, x, 

DATA BUS 

., 

., 
SYNCH 

CM-RAM, ROM 

Figure 9. Timing Diagram. 

Figure 10. Timing Detail. 

DATA BUS, CM 
{INPUTS) 

10% 

----\lr--"h'-"'==-- -1V 
ANY 

'os ----Jl~--+'""==.---5V 
(REFERENCE) -

DAT A BUS, CM'--i-----"""\.~--t--T-RU-E-t-....... rl-----· - lV 

(OUTPUTS) -5V 

--tAcc-

16DEEPMODE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
t--+--+---+---+--+-_,f--+--+---+--+--+-_,~-+--+---+--+--

8 DEEP MODE 0 1 2 3 4 5 6 7 O 1 2 3 4 5 6 7 
f--t--+---+---+--+---lf--t--+---+--+--+---1~-+--+---+--+--

R5-
t---t-~-t-~i----t-~-t----1~-t-~I---- ~ 

i--

52 1---i 
-i--+---1 

53 1---- r----, 
-+--+---!---1 

5'--+---+---+---+---lr----, r----1 !--+--+---+--+---t--1-----l ~r---i--1----1--1--~ 

~-i~ ....... ~-;-~-r-~1----1 t---t~--t~-r~-i-~1-~t----f t----i~-t-~-

50 _1---1--+---+---+---+-__. 

57 
-1---1---+---+---+---+---1-~ 

I--
~ 

~11"'•--f--_2_;_s_c_Lo_c_K_Tl_M_E_5_1t_cv_1 ___ 4096 CLOCK TIMES (tcv)-------------· 

x, 

Figure 11. Individually Scanned Display Mode Timing After Execution of 0 or 16 WRM Instruction (or 8 WRMs for 8 Nibbles 
Deep Mode). 
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-1 1- 8 CLOCK TIMES (tcv) 

s. 

Sn+1 --+---+----+----+------4 

I- 24 CLOCK TIMES (tcvl-l 

Figure 12. Individually Scanned Display Mode. 

s. 

Sn+l -------
Ao 

At 

A, 
~ 

A, 

A, 

Rs 

!'.! ~ I- 9 CLOCK TIMES ltcy I !'.! 

As 

R1 
..-----------201 CLOCK TIMES !tcv) ------------M 

El RETURN LINE SENSED - SCANNED KEYBOARD MODE 

E1 RETURN LINE SENSED - SENSOR MOOE 

Figure 13. Return Line Timing for Scanned Keyboard and Sensor Mode. 

s. -1 1- 3 CLOCK TIMES (tcv) 

Vss ------··- - - - - - - - - - - - - --- - - - - - - - - - - - - -

Ro 

Vss-4.2---

------!----+---------·- - - - - - - - - - - - - - - - - -

32 CLOCK TIMES (tcv)--

----- KEY CLOSED 

----- KEY OPEN 

Figure 14. Detailed Timing - Scanned Keyboard Mode. 
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""~~-!~---------------
-----KEY CLOSED 
-----KEY OPEN 

Figure 15. Detailed Timing - Sensor Mode. 

SELF SCAN'" 
RESET (A3) 

SELF SCAN'~ 
CLOCK (A2) 

LF- DAT A VALID -----------

CHARACTER O ------t~----CHAAACTER 1 ------1 

111 (16CHAR.) 
139 (20 CHAR.) 

Figure 16. Gas Discharge (Self-Scan®) Mode Timing - 16 or 20 Character Mode. 

SELF SCAN" 
RESET (A3) 

SELF SCAN" 
CLOCK(A2) 

1----CHARACTER 0-----t 

Figure 17. Gas Discharge (Self-Scan®) Mode Timing - 18 Character Mode. 
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4201A 

CLOCK GENERATOR 

Complete Clock Requirements for • Provides MCS-40 Reset Function 
MCS-40™ Systems Signal 

Crystal Controlled Oscillator • Standard Operating Temperature Range 
(XT AL External) of 0° to 70°C 

MOS and TTL Level Clock Outputs • Also Available with -40° to +85° C 
Operating Range 

The 4201A is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 
4201A contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level 
clock driver circuits. 

The 4201 A also performs the power on reset function required by MCS-40 components and provides the logic necessary to 
implement the single-step function of the 4040 central processor unit. 

RESET OUT<>-----~ 

N.O. O-----==-
N.C.0----~S~TE=-P-

PIN CONFIGURATION 

4201A 

GND ¢2T 

9n Vee 

92 ,~, 

Voo RESET 

MODE RESET IN 

N. OPEN STOP 

x, ACK 
x, N. CLOSED 

BLOCK DIAGRAM 

SINGLE 
STEP F/F 

~} 
~ 
~~ 

~} 
~ 
~~ 

MOS 

TTL 

1---------------0 STOP 
~-------------QACK 

l l l 
Vss Voo GROUND 
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4201A 

PIN DESCRIPTION 

Pin 
No. Designation 

GND 

2 ¢IT 

3 <1>2 

4 Voo 

5 MODE 

6 N.OPEN 

7 Xl 

8 X2 

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 TTL level clock output. Positive 
true. 

Phase 2 MOS level clock output. Directly 
drives all MCS-40 components. 

Main Power Supply Pin. 
Voo =Vee -15v ±5%. 

Counter mode control pin. Determines 
whether counter divides basic frequency by 8 
or 7. 
Mode 1 = Vcc~+7 

Mode 2 = Voo~ +8 

Input of single step circuitry to which normal
ly open contact of SPDT switch is connected. 

External Crystal Connection. This pin may be 
driven by an external frequency source. X2 
should be left unconnected. 

External Crystal Connection. 

FUNCTIONAL DESCRIPTION 
The 4201 A consists of the following functional blocks: 

CRYSTAL OSCILLATOR 
The oscillator circuit consists of a simple inverter biased in 
the active region and a crystal phase shift network to provide 
positive feedback. 

PROGRAMMABLE SHIFT REGISTER 
The shift register in the 4201A divides the master clock and 
generates the proper states for generating the desired two
phase clock. The circuit 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 foll 
operating frequency range of the MCS-40'" system, the shift 

7 7 COUNTER ~'-'~I _2__,__J__.l'-•--''-5-~I -·~I _1__,I 
>,'~---~ L_ 

MODE 1 

7 8 COUNTER 

MODE2 

4201A Shift Register Modes. 

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 contact of SPDT switch 
is connected. 

Acknowledge input to single step circuitry 
normally connected to stop acknowledge 
output of 4040. The ACK input circuitry, 
contains an internal pull-down resistor, elim
inating the need for any external pull-down. 

Stop output of single step circuitry normally 
connected to stop input of 4040. A SPOT 
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 directly connects 
to all MCS-40 reset inputs. This signal is 
active low. 

Phase 1 MOS level clock output. Directly 
drives all MCS·40 clock inputs. 

Circuit reference potential - most positive 
supply voltage. 

Phase 2 TTL level clock output. Positive 
true. 

register is programmable (using mode pin) as either a 7 bit or 
8-bit device. In the 8-bit mode, the relationship between the 
phases is equal; that is, <fl1 pulse width, <fl2 pulse width, efl1 to 
<fl2 and <fl2 to <fl1 times are all equal. 
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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. 

OUTPUT BUFFERS 
There are two sets of output buffers for the 2 phase clock. 
One set is the MOS 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 to the reset input pin of 
the 4201A as described in the Design Considerations 
section provides power-on delay. The user's system will 
determine the required delay. 

SINGLE STEP CONTROL 
The 4201 A 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 
4201A generates a pulse that allows the 4040 to perform 
only one instruction. The stop command can be provided 
by a SPOT pushbutton (break-before-make) directly since de
bouncing is provided by the 4201 A. A SPST toggle switch, 
in series with the STOP line, provides the Run/Halt feature. 



4201A 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature . . . . . . . . . -55°C to 150°C Ambient 
Operating Temperature ........... 0°C to 70°C Ambient 
Maximum Positive Voltage . . . . . . . . . . . . . . . . Vee +.5V 
Maximum Negative Voltage ................ Voo -.3V 
Maximum Power Dissipation . . . . . . . . . . . . . . . . . . 1.0W 
Maximum Supply Voltage Vee -Voo . . . . . . . . . . 17Vl1l 
Maximum Supply Voltage Vee -Voo . . . . . . . . . . 17V[2l 

Notes: 1. ClOAO· </>1 and </>2 ;;.100pF. 
2. ClOAO· </>1 and <1>2 = O; Roo = 68!1; Bypass Capacitor at 

Voo Pin to GNO. 

*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 = 0°c to 70°C; Vcc-Voo = 15V ±5%; GND =Vee -5V ±5%. 
SUPPLY CURRENT 

Symbol Parameter 
Limit 

Units Conditions Min. l Max. 

loo Supply Current 20 mA 5.185MHz Crystal, CLQAO <fl1 and <fl2=200pF 

INPUT/OUTPUT CHARACTERISTICS 

I LI Input Leakage Current 10 µA Vil = Voo All inputs except X1, X2. 
N. Open, N. Closed 

V1H Input High Voltage Vcc-1.5 Vcc+.5 v All inputs except X1 , X2. Reset 

V1l Input Low Voltage Voo Vcc-13 v All inputs except X1, X2. Reset 

Vol Output Low Voltage Voo Vcc-13.4 v Capacitance load only 

VoH Output High Voltage Vcc-1.5 Vee v Capacitance load only 

Vol </Jn. <Pzr GND+.5 v lol = 1.6mA 

VoH </Jn. </lzr Vcc-.75 v loH = -400µA 

lol </J1. </J2 Sink Current 400 mA VouT =Vee; Pulse Width .;;1µsec 

lol </Jn. </Jzr Sink Current 15 mA VouT =Vee 

lol Reset Sink Current 6 mA VouT =Vee 

lol Stop Sink Current 1 mA VouT =Vee 

loH </J1. </J2 Source Current 180 mA VouT = Voo 

loH </Jn. </Jzr Source Current 8 mA VouT = Voo 

loH Reset Source Current 6 mA VouT = Voo 

loH Stop Source Current 1 mA VouT = Voo 

V1l Reset Input Low Voltage Voo Vcc-11 v 
V1H Reset Input High Voltage Vcc-6.5 Vcc+.5 v 
R1 Pull Up Resistance on 20 120 K!l V1N = Voo 

N. Open, N. Closed 

CAPACITANCE t=1MHz;TA=25°C 

Symbol Parameter 
Limit 

Units Conditions 
Min. Max. 

C1N Input Capacitance 5 pF All Inputs except X1, X2 

CouT </J1, </J2 Output Capacitance 40 pF 

CouT </Jn. </lzr Output Capacitance 10 pF 

CouT Stop Reset Output Capacitance 5 pF 
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4201A 

A.C. CHARACTERISTICS TA = 0°C to 70°C; Vee -V00 = 15V ±5%; G =Vee -5V ±5% 

Symbol Parameter 
Limit 

Units Conditions 
Min. Typ. Max. 

tcv Clock Period txTAL *7 ns 

} t.pP.'11 Clock Pulse Width (2nltcv-10 (2/7)tcv (2/7)tcv+10 ns 

Clock Delay from </11 to </12 (2/7)tcv-10 (2/7)tcv (2/7)tcv+10 
Mode= Vee 

t.po1 ns 

t.po2 Clock Delay from </12 to </11 (1/7)tcv-10 (1/7ltcv (1/7)tcv+10 ns 

tcv Clock Period txTAL *8 ns 

} Modo•Voo 
!<j>P.'11 Clock Pulse Width (1 /4ltcv-10 (1 /4)tcv (1 /4ltcv+1 O ns 

!.po1 Clock Delay from </11 to </12 (1 /4)tcv-1 O (1 /4)tcv (1 /4)tcv+10 ns 

t.po2 Clock Delay from </12 to </11 (1/4ltcv-10 (1 /4)tcv ( 1 /4ltcv+10 ns 

t.po3 TTL Clk to MOS Clk Skewf1l 0 40 ns 

t<l>t}<t>f Clock Rise and Fall Time 50 ns CL =300pF=</11 .</12; 

CL =50pF on <fin ,</izr 

to Delay from Acknowledge to 1 µs CL =20pF 

Stop 

Note: 1. See waveforms section for phase relationships between <1>1. <1>1T. <1>2. and <1>2T. 
2. Proper system operation of all members of the MCS-40' 'component family is guaranteed with the 4201 Clock Generator 

at 1.35 µsec .;;tcv .;;2 µsec. 

TYPICAL CHARACTERISTICS 

•oo CURRENT VS. LOAD CAPACITANCE 

15t-----t~-+~-+-~-t-~+-~+---I 

!------+~-+~-+-~- - --r----+~~ 

O'------'~---'-~---'--~-'---'---~'------' 
0 50 100 150 200 250 300 350 

XTAL SPECIFICATIONS 

Range: 3.5- 5.185 MHz 

Mode: Series or Parallel Resonant 

Recommended: 1. Intel 14801 

2. Crystek 5.185 MHz, 

Spec. No. CY8A 

3. CTS Knights MP051 

XTAL Capacitance Requirements: 15-20 pF 

CL !Jl1, t/>2 (pf) 

CTS Knights 

XTAL Equivalent Circuit 

~1~ 
0-----11~ 

CM LM RM 
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4201A 

CLOCK GENERATOR IMPLEMENTATION 

., 
ACK FROM 4040 

10 STOP ACK 

4201A ~ 
RR H O~~ 

11 STOP TI_j_ RESET STOP RUN INPUT 

s IN .,''::':1:'T7-"""'r.8 x::'::~3 RESET 

CR 

C1 = C2 = 1µF CERAMIC 

CJ= C4 = 15pF - 20pF 

DESIGN CONSIDERATIONS 

CRYSTALS 
Either 7 7 or 78 Modes may be used. Mode equals V cc for 
77, Mode equals VDD for 78. The clock frequency range 
should be between 500 kHz (4 MHz XTAL, 78 MODE) and 
740 kHz (5.185 MHz XTAL, 77 MODE). The crystal may be 
found as a standard product from Intel distributors, CTS 
Knights or Crystek. 

Xl AND X2 INPUT CAPACITANCE 
The XTAL terminals, Xl and X2, should be tied to 15 pF -
20 pF capacitors C3 and C4 to AC system GND. 

POWER SUPPLY VOLTAGE CONSIDERATIONS 
1. Operation is guaranteed with Vcc-VDD = 15V ± 5%. 

During system power-up or during power supply 
glitching, the maximum magnitude of (Vcc-VDDl must 
be limited to 17 volts. 

During the power supply rise time (that is, when 
I Vcc-VDD [ <14.25 volts). improper </!1. and </!2 output 
may occur until [ Vcc-VDD [ reaches the 14.25 minimum 
voltage. 

2. With Vee= +5V, VDD = -10V, bypass capacitor Cl of 1 µF 
and C2 of 1 µF from Vee to GND and VDD to GND, re
spectively, should provide excellent bypassing. Bypass ca
pacitors should be ceramic or equivalent quality to insure 
low inductance and low series resistance. 

3. The purpose of the current limiting register RDD is both 
to limit <P1 and <P 2 rise times and to drop VDD at the 
4201A VDD pin. Values for RDD as a function of 
</!1, </!2 load capacitance are: 

For CLOAD <50 pF; use RDD = 100S1. 

For 50 pF <CLOAD <100 pF; use RDD = 68S1. 
For 100 pF <CLOAD <300 pF; use RDD = 27S1. 
For CLOAD >300 pF; use R DD = 1 OS1. 
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All 4201 A functions requiring the VDD voltage should 
use the pin VDD or node @ on the 4201 A side of resistor 
RDD· Operation with the voltage drop across RDD is 
guaranteed by Intel testing. 

4. Single-Supply System (+15 Vor -15) 

Recommended 4201 A circuit modifications for single 
supply systems are: 

1. The 1 µF ceramic capacitor C1 should be between 
4201 A VDD and Vee pins. 

2. Other capacitors shown as being grounded should be 
connected to V CC· 

3. Reset RR is connected to V CC· Reset CR is connected 
to VDD pin. 

4. The current limiting resistor RDD is still needed in the 
VDD line. 

5. Power Supply Rise Times 

Intel testing is for power supply rise times between 5 ms 
and 300 ms. For power supply rise times less than 5 ms, a 
200KS1 resistor from X1 to GND and C3 = C4 = 5 pF is 
recommended. 

RESET NETWORK 
The Reset input has Vil= Vcc-11 volts and V1H =Vee 
-6.5 volts, with about 1 volt of hysteresis (Schmitt circuit). 

Node @ must be tied to GND or Vee= +5 V; and RR andJI 
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. 
>1µF, 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 510S1 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 <P1T and <P2T are used, G ND pin should be tied to logic 
ground. <P2T levels will swing between Vee and GND. 

UNUSED FUNCTIONS 
If any of the 4201A functions listed below are not used, for 
power conservation it is recommended that the pins be 
connected as described below: 

1. <Pn.<P2T 
Tie GND pin, </in, <P2T to Vcc-

2. Single step 

Tie NO to Vee. 
Tie NC to Node @ (VDD pin). 
Tie STOP ACK to Vee· 
STOP left open. 

3. Reset 

Tie RESET IN, RESET OUT to Vee-
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WAVEFORMS 

--------- ----- tcv --

10% 
50% 50% ., 90% 

t¢r- '•' 
10% 

50% 50% 
90% 

3.5V 
1.5V 1.5V 1.5V 

.SV 

3.5V 
1.5V 1.SV 

.sv 



4008/4009 
STANDARD MEMORY AND 1/0 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 4001or4308 
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. 

PIN CONFIGURATIONS 

------j 
4008 BLOCK DIAGRAM 

o, 
o, 
o, 

o,~~--~~..n"TTi-1 

W Fil 

110. "-11 
--ov,. 

.. . , ., ., .. .. .. ., 

SYNC ., .. 

c, 
c, 
c, 
c, 

o·, 
o·, 

o; 

"°' 110, 

1101 

"'" 
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4009 BLOCK DIAGRAM 

DATA BUS 

1.....----<>0, 
!.-.-~ ..... .,,,,, .__._._ _ _,,o, 

<>---~---1 I~ t•I 1 ..... -t-t~.-¢0, 



4008/4009 

Pin Description 
4008 

Designation/ 
Pin No. Type of Logic Description of Function 

1-4 Do-D3/Neg. Bidirectional data bus. All ad
dress, instruction and data 
communication between proc
essor and the PROGRAM 
MEMORY or 1/0 ports is trans
mitted on these 4 pins. 

7-8 

6 

5 

23-16 

l. 1~13. 11 

9 

10 

12 

24 

SYNC/Neg. 

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. 
Used for decoding SRC and 1/0 

Ao-A7/Pos. 

F/L/Neg. 

W/Pos. 

Vss 

Voo 

instructions. 

Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at Ai and A2. 

Chip select output buffers. The 
address data generated by the 
processor at AJ, or during an 
SRC are transferred here. 

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 ±S%. 

Pin No. 

23-20 

5-8, 1-4 

14-13 

11 

15 

9 

10 

19-16 

23 

12 
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4009 
Designation/ 
Type of Logic Description of Function 

Do-D3/Neg. Bidirectional data bus. All ad
dress, instruction and data 
communication between proc
essor and the PROGRAM 
MEMORY or 1/0 ports is trans
mitted on these 4 pins. 

D'1-D's/Pos. 

SYNC/Neg. 

The eight bits of instruction 
from the program memory are 
transferred on these 4009 pins 
(most significant bit is Da). 

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 R DR in
struction. 

OUT/Neg. 

l/Oo-1/03/Pos. 

Voo 

Vss 

Output signal, active low 
(Vool. generated by the 4009 
when the processor executes a 
WR R instruction. 

Bidirectional 1/0 data bus. Data 
to and from 1/0 ports or data 
to write PROGRAM MEMORY 
are transferred via these pins. 

Main power supply pin. Value 
must be Vss -15V ±5%. 

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 and 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 latches 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 M1 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 1/0 address in 
its eight bit SRC register. The content of this 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 1/0 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 instruction and 1/0 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 1/0 input 
buffers to transfer the input data from the 1/0 bus to the data 

Absolute Maximum Ratings* 

bus. When the 4009 interprets a WRR (Write ROM Port) 
instruction, it transfers output data from the CPU to the 1/0 
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 4008are 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 1/0 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 a 
address lines for higher order addresses. • 

Ambient Temperature Under Bias . . . . . . . . . . . . . . . . . 0°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 
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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. 
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D.C. and Operating Characteristics 
TA = 0°C to 70°C; Vss -Voo = 15V ±5%; tq,PW = tq,o 1 = 400 nsec; tq,02 = 150 nsec; Logic "O" is defined as the more positive 
voltage (V1H, VoH ); Logic "1" is defined as the more negative voltage (V1L. Vod; Unless Otherwise Specified. 

SUPPLY CURRENT 
Limit 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

loo Average Supply Current (4008 only) 10 20 mA TA= 25°C 

loo Average Supply Current (4009 only) 13 30 mA TA= 25°C 

INPUT CHARACTERISTICS-ALL INPUTS EXCEPT 1/0 PINS 

lu Input Leakage Current 10 µA V1L = Voo 

V1H Input High Voltage (Except Clocks) Vss-1.5 Vss+.3 v 
V1L Input Low Voltage (Except Clocks) Voo Vss-5.5 v 
V1HC Input High Voltage Clocks v55-1.5 Vss+.3 v 
V1LC Input Low Voltage Clocks Voo Vss-13.4 v 

OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT 1/0 PINS 

I Lo Data Bus Output Leakage Current 10 µA VouT = -12V 

VoH Output High Voltage V55-.5V Vss v Capacitance Load 

loL Data Lines Sinking Current 8 15 mA VouT = Vss 

loL[l] Address Line Sinking Current (4008 only) 7 13 mA VouT = Vss 

loL In, Out, F /L, Chip Select 1.6 4 mA VouT = Vss -4.85 

loL[2] W Output, Sinking Current (4008 only) 2.5 5 mA VouT = Vss 

Vol Output Low Voltage, Data Bus, CM, SYNC Vss-12 v55-6.5 v loL = 0.5mA 

RoH Output Resistance, Data Line "O" Level (4008only) 150 250 Q VouT = Vss -.5V 

RoH Address, Chip Select Output Resistance, .6 1.2 kQ VouT = Vss -.5V 
"O" Level (4008 only) 

RoH Output Resistance, Data Line "O" Level (4009 only) 130 250 Q VouT = Vss -2V 

lcF[J] Address, C/S Output "1" Clamp Current (4008 only) 16 mA VouT = Vss -6V 

lcF[J] In, Out "1" Clamp Current (4009 only) 16 mA VouT = Vss -6V 

1/0 INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA 

V1H[4l Input High Voltage V55-1.5 Vss+.3 v 
V1L Input Low Voltage (4009 only) Voo Vss-4.2 v 

1/0 OUTPUT CHARACTERISTICS 

VoH Output High Voltage V55-.5V v louT = o 
RoH 1/0 Output "O" Resistance (4009 only) .25 1.0 kQ VouT = Vss -.5 

loL 1/0 Output "1" Sink Current (4009 only) 5 12 mA VouT = Vss -.5V 

loL 1/0 Output "1" Sink Current (4009only) 1.6 4 mA VouT = Vss -4.85V 

lcF 1/0 Output "1" Clamp Current (4009 only) 16 mA VouT = Vss -6V 

CAPACITANCE 

Cip Clock Capacitance 8 15 pF V1N = Vss· 

Cos Data Bus Capacitance 7 10 pF V1N = Vss 

GtN Input Capacitance (4008 only) 10 pF V1N = Vss 

C1N Input Capacitance (4009 only) 15 pF V1N = Vss 

CoUT Output Capacitance 10 pF V1N = Vss 

Notes: 1. The address lines will drive a TTL load if a 470n resistor is connected in series between the address output and the TTL input. 
2. A 6.8k!l 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 V1H = Vss -1.5 via the 4009 latch. Refer to Figure 3. 

8-70 



4008/4009 

A.C. Characteristics 

TA= 0°Cto 70°C, V85 -Voo = 15V ±5% 

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

tcv Clock Period 1.35 2.0 µsec 

t<f>R Clock Rise Time 50 ns 

t<f>F Clock Fall Times 50 ns 

t<f>PW Clock Width 380 480 ns 

t</>01 Clock Delay </>1 to <1>2 400 500 ns 

t</>02 Clock Delay <f>2 to </>1 150 ns 

tw Data-In, CM, SYNC Wri~e Time 350 100 ns 

tH[1,3] Data-In, CM, SYNC Hold Time 40 20 ns 

tos[2l 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 µs CL= 100pF 

tw1 Data In Write Time (4009) 470 ns CL= 200pF on data bus 

to 1/0 Output Delay (4009) 1.0 µs CL= 300pF 

ts1 IN Strobe Delay (4009) 450 ns CL= 50pF 

ts2 OUT Strobe Delay (4009) 1.0 µs CL= 50pF 

Notes: 1. tH measured with tq,R = 1 Onsec. 
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 <P2 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 Xi and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10µA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V /µs. 
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Timing Diagram 
•2 

., 
SYNC 

CM· ROM 

Ao - AJ (40081 ----+---~_),( }-----+--+---+--------~-------+-+-~~ SAC REGISTER LOW 4 BITS 

-- 1A1 i:-
A,-A7(4008)----+---------+)<Jl---+--------~-------+-+-~M'l-_s_R_c_R ... EG_1_sT_E+R_H_1G_H_4 ... •_1T_s_-+--+-

-l••2 - - 'cs 1-
Co - C3 14008) )1--------1--------+--+----l~ SAC REGISTER HtGH 4 BITS (except WPM) 

----+-----C-H~l~~~~~~~~~~T~A-ic~Mc~EE~ ... o-~-7M_E .... -_J r- I- lAl 

(FROM ROM ~·~ ~:~~ -----<----------~---+----~) PROGRAM INSTRUCTION 

DAT~~~----+-----------j---------+--~'~-------~--+----+--+--+---+---+--
f'---A~~~~~~~~~EES~~~~E--f.-tw1-j 1wo--j ~ two~ -~ 

W{40081 ___ --t-----------------------------+----+----+-J_~~f~Mt-~---!-.l+--+--
f/L (4008) -----1---------------------+-nl- -H-;;;-H ~R7,R;:-w"""tc LO~ t"R ~c;;;j, WP;., -1 

tFD-.j f-- tFo~ 
I )4 'o ., 

1/0 OUTPUT 140091 t-----------------FLOATING-------------1------1 

--q --t-:;r 
\.IF RDA INSTR ../I_ IF WAR 

ts1- ~ ts1~ 1- INST~.:..,tr. 

INPUT MUST BE VALID f\[=.J 
DURING SHADED TIME • ts2 l r- --1 -ts2 

IN STROBE (4009) 

OUT STROBE (4009) 

··-- 110 INPUT 140091 =============~OO~N~'T~C~A~R~E===================JJ:illL!l!l!lit====O~O~N~'T~C~A~R~E == 
- "EXTERNAL MEMORY CHIP SELECT ACCESS TIME MUST BE LESS THAN OR EQUAL TO 900m 

Figure 1. 4008 and 4009 Timing Diagram. 
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Figure 2. MCS-40 Timing Detail. 
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1/0 

I-

I-

1/0 INTERNAL 

EXPLANATION: 

WITH Vss = +5V and Voo = -10V, AN EXTERNAL TTL INPUTTING TO 
THE 4009 ON THE 1/0 LINE, RAISES THE 1/0 LINE TO 2.4V. THE 01-RA 
INVERTER TURNS "OFF" ANO 02 PULLS THE 1/0 LIME TO Vss- A LOW 
TTL SIGNAL OVERRIDES 02. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE. THE EXTERNAL l/O LINES REMAIN HIGH THROUGH 02. 

THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vee"' Vss ON TTL OUTPUTS, AS R1 DOES ON 4001/4308 INPUT PORTS. 

Figure 3. 4009 1/0 Latch. 



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 10°c 

• Also Available With 
-40° to +85° C Operating 
Range 

The 4289 standard memory interface and 1/0 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'" RO Ms (4308 and 4001) with 
no change to software. 

The 4289 also contains a 4 bit bi-directional 1/0 port and necessary steering logic to multiplex a host of 1/0 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-A3 states of an instruction cycle. The eight 
bit instruction is presented to the CPU during Ml and M2 states of the instruction cycle via the four bit data bus. jl 
The 4289 stores the SAC instruction operand as an 1/0 address and responds to the ROM 1/0 instructions (WAR and RDA) by • 
reading or writing data to and from the processor and 4289 1/0 bus. 
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PIN CONFIGURATION 

Pin Description 

Designation/ 
Pin No. Type of Logic Description of Function 

Bidirectional data bus. All ad

dress, instruction and data 
1-4 Do-D3/Neg. 

communication between proc

essor and the PROGRAM 

MEMORY or 1/0 ports is trans

mitted on these 4 pins. 

5-8 OPRo-OPR 3/Pos. The high order 4 bits (QPR) of 

9-12 

13-14 

15 

the instruction or data (RPM) 

from the PROGRAM MEM

ORY are transferred to the 

4289 on these pins. 

OPA0-0PA3/Pos. The low order 4 bits (OPA) of 

the instruction or data (RPM) 

are transferred to the 4289 on 

these pins. 

SYNC/Neg. 

Non-overlapping clock signals 

which are used to generate the 

basic chip timing. 

Synchronization input signal 

driven by SYNC output of 

processor. 

4289 

16 

17 

18 

19 

20 

21 

22 

23-30 

31-34 

35 

36-39 

40 
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CM/Neg. 

RESET/Neg. 

IN/Neg. 

OUT/Neg. 

Vss 

PM/Neg. 

F/L/Neg. 

Voo1 

Command input driven by 

CM-ROM output of processor. 

Used for decoding SRC and 

I /O instructions. 

RESET input. A negative logic 

"1" level (Voo) applied to this 

input resets the FIR ST /LAST 

flip-flop. 

Output signal, active low (Vool. 

generated by the 4289 when 

the processor executes an RD R 

or RPM instruction. 

Output signal, active low (Vool. 

generated by the 4289 when 

the processor executes a WR R 

or WPM instruction. 

Most positive supply voltage. 

Output signal, active low (Vool, 

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 (Voo = 

OPR, Vss = OPA). 

Address output buffers. The 

demultiplexed address values 

generated by the 4289 from 

the address data supplied by 

the processor at A1 and A2. 

Chip select output buffers. The 

address data generated by the 

processor at AJ or during an 

SR C are transferred here. 

Supply voltage for address and 

chip select buffers. 

1/03-l/Oo/Pos. Bidirectional 1/0 data port. 

Voo 

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%. 
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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 1/0 ports, the 
4289 has provisions for directly addressing 16channelsof4 
bit 1/0 ports. In its role as a Memory and 1/0 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 WAR, RDA instruction. 

c. Interface to R/W 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 R/W 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 A 1, A2, and A3are latched 

by the 4289 and transferred to the address and chip select 
output buffers. The low order address at A 1 is transferred to 
A0-A3 outputs, the middle order address at A2 is transferred 
to A4-A7 outputs and the high order address at A3 is 
transferred to C0-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 A0-A7 and C0-C3 is transferred 
to the processor via the OPRo-3• OPAo-3 input lines and the 
data output buffer. The high order bits (QPR) 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 BK x 8bitsof Program Memory (4K x 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
ROM 1. 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. 

1/0 Port Operation 
When the processor executes an 1/0 port instruction 

(WRR or RDR), a previously selected 1/0 port (via an SRC 
instruction) is enabled to receive or transmit 4 bits of data. In 

8-75 

the case of WAR, the selected output port receives the 4 bit 
contents of the processor accumulator, and in the case of 
RDA, the selected input port transmits 4 bits of data to the 
processor accumulator. The 4 bit value sent out at X2 time of 
the SAC instruction is used as the port address. Since the 
4289 is capable of addressing 16 4 bit 1/0 ports, it must 
therefore be capable of storing the SAC address sent by the 
processor and presenting that address to the external 1/0 
port selection logic for WAR or RDA instructions which 
follow. To accomplish this, the 4289 behaves as follows: 

a. When the processor executes an SAC instruction, the 
4289 stores the address sent out by the processor at X2 
and X3. The contents of the upper 4-bits of the SAC 
register are transferred during every X1 time to the 
chip select lines and are available for subsequent 1/0 
instructions' port selection. 

b. When the processor then executes a WAR instruction, 
the 4289 latches the data sent out by the processor at 
X2 and transfers this data to the 1/0 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 RDA instruction, the 
4289 generates the IN strobe. This enables the 
selected input port to transmit its data to the 1/0 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 j 
4 bit port number outputted at the chip select lines C0-C3 • 
must be externally decoded to select the appropriate 1/0 
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's 
SAC register. This 8-bit address is the full address of an 8-bit 
word in one Read/Write Program Memory page (256 bytes). 
If more than one page of Read/Write 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 SAC 
register is transferred to the address output buffers A0-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 SAC register to C0-C3. 
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Instead, itforces all 4chip select output buffers to a logic "1" 
state (positive true logic or V55). This forcing of C0-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 R/W memory is 
required, the 1111 condition on C0-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 transmitting 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 Fl RST /LAST flip-flop and 
output signal in the 4289. The state of this flip-flop is used to 
generatethe control signal F/L which determines the proper 
half-byte of program memory. If F/L is a logic "1" state 
(V00), OPR is selected. When F/L is a logic "O" (Vssl. OPA is 
selected. The user can directly reset the FIRST/LAST flip
flop to logic "O" (Vssl 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). l Alternate WPM and RPM instructions should be used with 
care since this can cause an out of sequence with the FIL 
line. 

The OUT strobe signal is generated only during WRR 
and WPM instructions. Hence, the combination of the PM 
signal (or C0-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 1/0 output buffers to the 1/0 port. The 1/0 
port must be connected to the data input pins of the R/W 
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 OPR0-0PR3 and OPA0-0PA3 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 Read/Write Memory is interfaced to a 4289 and is 
used for data storage only, the data is accessed via tne WPM 
and RPM instructions just as Read/Write Program Memory 
would be accessed. The only difference that the chip select 
lines C0-C3 are never used to select the Read/Write Memory 
in an instruction fetch operation. The PM pulse would be 
used to select the Read/Write data memory. 

Note that the RAM instructions ROM, WRM, WRO-WR3, 
RDO-RD3, SBM and ADM cannot be used to access this 
type of data Read/Write memory. 
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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 Appllcatlons 

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 1/0 ports, or more 
complex systems requiring as many as 32 pages (SK x 8) of 
memory and 32 1/0 ports can readily be implemented. 
Several examples will be described here. 

1. Basic PROM Microcomputer System (Figure 1). This 
system contains: 
a. 1K x 8 bits of PROGRAM MEMORY (4702A PROM) 
b. 1280 bits of DATA MEMORY (4002 RAM) 

organized as 16 20-character registers 
c. 4 RAM output ports (4002) 
d. 4 1/0 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 for either 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 2101'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 2101 RAMs are connected to 
the 4289 1/0 port while their outputs are connected directly 
to the OPR-OPA lines. 

The 2101 RAMs can be chip selected 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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two 2101 Read/Write lines according to the F/Lsignal 
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 damagethe RAMs. The TTL pull
up is required to ensure the V1H threshold level. 

3. Two Memory Bank System (Figure 3). Two 4289s are 
used in this 4040 system giving addressability to a full 
SK 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 OPR, 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-40attcv= 1.35µsec 
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 !co and this 
increases 5 nsec/pF for capacitance above 75pF; 
MCS-40 tcv must be increased 2.5ns/pF. 

FOR MAXIMUM SPEED IF UP TO 6 x 4702A 
USED WITHOUT TTL BUFFER. 

4004/4040 t-~~-+~~~~~~~~~~~i-~~~;-:~v-cc--~~~~~-DATABUS 

I I 

FOR Voo1 = -10V 

OMIT IF Voo1 = ov 

r---
1 

I 
I 

4.7KH 

L __ _ 

4289 

--, 
I 
I 

_J 

Figure 4. 4289 and 4702A Block Diagram. 
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Absolute Maximum Ratings* 
Ambient Temperature Under Bias ................. 0°C to 70°C "COMMENT: 

Storage Temperature ........................ -55°C to+ 125°C 
Input Voltages and Supply Voltage 

with respect to Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . +O.SV to -20V 
Power Dissipatiori . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 Watt 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This 1s 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= 0°C to 70°C; Vss -Voo = 15V ±5%; t<t>PW = t<1>01 = 400 nsec; t<1>02 = 150 nsec; 4289 Voo1 = Vss -5V. Logic "O" is defined 
as the more positive voltage (V1H· VoH); Logic "1" is defined as the more negative voltage (VIL• Voll; Unless Otherwise Specified. 

SUPPLY CURRENT 

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

loo Average Supply Current 30 40 mA TA= 25°C 

INPUT CHARACTERISTICS-ALL INPUTS EXCEPT 1/0 PINS 

lu Input Leakage Current 10 µA V1L = Voo 

V1H Input High Voltage (Except Clocks) V55-1.5 Vss+.3 v 
V1L Input Low Voltage (Except Clocks) Voo Vss-5.5 v 
V1LO Input Low Voltage Voo Vss-4.2 v OPR/OPA 

V1HC Input High Voltage Clocks Vss-1.5 Vss+.3 v 
V1LC Input Low Voltage Clocks Voo Vss-13.4 v I.. OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT 1/0 PINS 

ILO Data Bus Output Leakage Current 10 µA VouT = -12V 

VoH Output High Voltage V55-.5V Vss v Capacitive Load 

loL Data Lines Sinking Current 8 15 mA VouT = Vss 
loL[1] Address Line Sinking Current 7 13 mA VouT = Vss. 

Voo1 =Voo 

loL In, Out, F /L, PM Sinking Current, Chip Select 1.6 4 mA VouT = Vss -4.85 
Voo1 = Voo 

VoL[2] Chip Select Output Low Voltage Voo1+.5 v loL = .4mA 

Vol Output Low Voltage, Data Bus, CM, SYNC Vss-12 v55-6.5 v loL = 0.5mA 

RoH Output Resistance, Data Line "O" Level 150 250 n VouT = Vss -.5V 

RoH Address, Chip Select Output Resistance, "O" Level .6 1.2 kn VouT = Vss -.5V 

1/0 INPUT CHARACTERISTICS 

I LI Input Leakage Current 10 µA 

V1Hl3l Input High Voltage Vss-1.5 Vss+.3 v 
V1L Input Low Voltage Voo Vss-4.2 v 

1/0 OUTPUT CHARACTERISTICS 

VoH Output High Voltage Vss-.5V v louT = o 
RoH 1/0 Output "O" Resistance .25 1.0 kn VouT = Vss-.5 

loL 1/0 Output "1" Sink Current 5 12 mA VouT = Vss -.5 

loL 1/0 Output "1" Sink Current 1.6 4 mA VouT = Vss -4.85V 

lcF 1/0 Output "1" Clamp Current 10 mA VouT = Vss -6V 

Notes: 1. The address lines will drive ·a TTL load if a 470!1 resistor is connected in series between the address output and the TTL input. 
2. 4289 Address (Ao-A7) Outputs are also tied to Voo1 but are tested with capacitive load only. 
3. TTL VoH = 2.4V will ensure 4289 V1H = V55-1.5V via the 4289 latch. Refer to Figure 5. 
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D.C. and Operating Characteristics (Continued) 

CAPACITANCE 

Symbol Parameter 

c<t> Clock Capacitance 

Cos Data Bus Capacitance 

C1N Input Capacitance 

CouT Output Capacitance 

4289 IQL VS. Vol (FOR 1/0 PINS) 

TA~ 25"C 

v00 = V55 -15V 

_a 

o~~~~~~~~~~~~~~~ 

0 -1 -2 -3 -4 -5 -6 -7 -8 

VOL (V) 

1/0 

1/0 INTERNAL 

Figure 5. 4289 1/0 Latch. 
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Min. 

;j' 
.§ 
a 
a 

Limit 
Typ. Max. Unit Test Conditions 

14 20 pF V1N = Vss 

7 10 pF V1N = Vss 

15 pF V1N = Vss 

10 pF V1N = Vss 

4289 too vs. TEMPERATURE 
24 

22 

20 

18 

16 

14 

12 ----i-
I 

10 
-40 -20 20 40 60 80 85 

TA ('C) 

EXPLANATION: 

WITH Vss = +5Vand Voo = -10V, AN EXTERNAL TTL INPUTTING TO 
THE 4289 ON THE 1/0 LINE, RAISES THE 1/0 LINE TO 2.4V. THE 01-RA 
INVERTER TURNS "OFF" AND 02 PULLS THE 1/0 lll\JE TO Vss. A LOW 
TTL SIGNAL OVERRIDES 02. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE, THE EXTERNAL 1/0 LINES REMAIN HIGH THROUGH 02. 
THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vee= Vss ON TTL OUTPUTS, AS R1 DOES ON 4001/4308 INPUT PORTS. 

JI 
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A.C. Characteristics 
TA= 0°C to 70°C, Vss -VDD = 15V ±5% 

Limit 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tcv Clock Period 1.35 2.0 µsec 

t¢R Clock Rise Time 50 ns 

t¢F Clock Fall Time 50 ns 

t¢PW Clock Width 380 480 ns 

t¢D1 Clock Delay ¢1 to ¢2 400 550 ns 

t¢D2 Clock Delay ¢2 to ¢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 

t05121 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 

tA1[4] ¢1 to Output Delay A1 400 1000 ns CL= 250pF; Ao-A3 

tTA1[4J Data Bus to Output Delay A1 500 700 ns CL = 250pF; Ao-A3 

ll 
tA2[4] ¢1 to Output Delay A2 400 580 ns CL = 250pF; A4-A7 

tTA2[ 4J Data Bus to Output Delay A2 500 700 ns CL= 250pF; A4-A7 

tcs[4,5J ¢1 to Chip Select Output Delay A3 150 350 ns CL= 50pF 

tTc[4,5] Data Bus to Chip Select Output Delay A3 250 350 ns CL= 50pF 

twm QPR to Data Bus Delay 250 350 ns CouT = 20pF, Data Bus 

tsRC Output Delay at X1 Time 400 700 ns CL= 250pF 

ts1 IN Strobe Delay Time 500 ns CL= 50pF 

t52 OUT Strobe Delay Time, Falling 500 ns CL= 50pF 

tfD F /L and PM Delay Time 300 500 ns CL= 100pF 

tw.110 1/0 Input Write Time 400 250 ns 

tH,1/0 1/0 Input Hold Time 40 0 ns 

tD,1/0 1/0 Output Delay Time 400 1000 ns CL= 300pF 

tw1 Data In Write Time 350 ns CouT = 200pF, Data Bus 

Notes: 1. IH measured with t<t>R = 10nsec. 
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 <P2 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 X1 and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10µA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V /µ.s_ 

4. IA 1. IA2· tcs apply if Data Bus is valid before <1>1 trailing edge. IT A· ITC apply if Data Bus becomes valid after <1>1 trailing edge. 
5. Measured at output of 3205 decoder. 
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4002 

320 BIT RAM AND 4 BIT OUTPUT PORT 

• Four Registers of 20 4 Bit 
Characters 

• Direct Interface to MCS-40™ 
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. As a 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 Voo or v55, 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 

.... r ··1 
o, 

OUTPUT 
BUS 

02 LINES 
1/0 02 

o, o, 

llss •oo 

CLOCK}~ {MEMORY 
CM CONTROL PHASE 1 INPUT 

CLOCK}i62 iHARO WIREO 
!>HASE 2 Po CHIP SELECT 

\~~~~}SYNC 
INPUT 

RESET 

BLOCK DIAGRAM 

¢, 0-------I TIMING 1-----o SYNC 

¢20-------L.....--..--.................. ......J 

Do 

o, 

o, 

o, 
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Pin Description 
Pin No. 

1·4 

5 

6-7 

8 

9 

10 

Chip No. 

11 

12 

0 
1 

2 
3 

13-16 

Designation 

SYNC 

RESET 

Po 

CM 

4002 Option 

4002-1 
4002-1 
4002-2 
4002-2 

Voo 

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 (Vool applied to the chip 
will cause a clear of all output 
and control static flip-flops and 
will clear the RAM array. To 
completely clear 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: 

Po 

Vss 
Voo 
Vss 
Voo 

SRC ADDRESS 
(RRR EVEN) 

03 D2 

0 0 
0 

0 

Command input driven by 
CM-RAM output of processor. 
Used for enabling the device 
during the decoding SRC and 
instructions. 

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
mains 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. 
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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 1/0 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 jl 
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 
1/0 instruction's execution. 

The eight bits of the register pair addressed by the SR C 
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 (03, D2) select the chip and the two lower 
order bits (0 1 , 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 1/0 output in
structions). 

The following RAM and 1/0 output instructions are executed 
by the 4002. 

1. ROM 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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4002 

2. R D0·3 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
vious I y selected RAM main memory character 
location. 

4. WR0-3 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. ADM 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. 
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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 D2, D3, only the chip with tile proper option 
and P0 state will be ready for the 1/0 or RAM operation that 
follows. 

When an 1/0 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 1/0 or RAM operation to be 
performed. 

In the 1/0 mode of operation, the selected 4002 chip (by 

SRC), after receiving the OPA of an 1/0 instruction 
(CM-RAM activated at M2), will decode the instruction. 

If the instruction is WMP, the data present on the data bus 

during X2 • <P2 will set the output flip-flops associated with 
the 1/0 pins. That information will be available until next 
WMP for peripheral devices control. 

In the RAM mode, the operation is as follows: When the 
CPU receives an SRC instruction, it will send out the content 

of the designated index register pair during X2 and x3 and 
will activate one CM-RAM line at X2 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 ................. 0°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= 0°C to 70°C; Vss-Voo = 15V ±5%; t<PPW = t<1>01 = 400 nsec; t<1>02 = 150 nsec. Logic "O" is defined as the more positive 
voltage (V1H. 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 

loo Average Supply Current 17 33 mA TA = 25°C 

INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA V1L =Voo 

V1H Input High Voltage (Except Clocks) v55-1.5 V55+.3 v 
V1L Input Low Voltage (Except Clocks) Voo Vss-5.5 v 
V1HC Input High Voltage Clocks V55-1.5 Vss+.3 v 
V1LC Input Low Voltage Clocks Voo Vss-13.4 v 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT 1/0 PINS 

ILO Data Bus Output Leakage Current 10 µA Vour-12V 

VoH Output High Voltage Vss-.5V Vss v Capacitive Load 

loL Data Lines Sinking Current 8 15 mA VouT=Vss 

Vol Output Low Voltage, Data Bus, CM, SYNC Vss-12 Vss-6.5 v loL=0.5mA 

RoH Output Resistance, Data Line "O" Level 150 250 n VourVss-.5V 

1/0 OUTPUT CHARACTERISTICS 

VoH Output High Voltage Vss-.5V v lourO 

RoH 1/0 Output "O" Resistance 1.2 2 kn VouT=V55-.5V 

loL 1/0 Output "1" Sink Current 2.5 5 mA VouT=Vss-.5V 

loL[1] 1/0 Output "1" Sink Current 0.8 3 mA VouT=Vss-4.85V 

Vol 1/0 Output Low Voltage Vss-12 Vss-6.5 v lour50µA 

CAPACITANCE 

c<P Clock Capacitance 8 15 pF V1N=Vss 

Coe Data Bus Capacitance 7 10 pF V1N=\fss 

C1N Input Capacitance 10 pF V1N=Vss 

CouT Output Capacitance 10 pF V1N=Vss 

Note: 1. For TTL compatibility, use 12k!1 external resistor to Voo. 
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Typical D.C. Characteristics 

_, 
9 

1 
§ 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

v 00 = -1s.ov 
tq,PW = tq,01 = 400 nsec 
t.po2 = 150 nsec 

~ 3 i---i--"<"""1......-...._,-__, _ __, _ __,,--__, 
:i 
(.) 

~ 2f----J---t--+-""":.:s;:s;:-+--+----l 
~ 
0 

o~-~-~---------
o -1 -2 -3 -4 --5 -6 -7 

OUTPUT VOLTAGE (V) 

A.C. Characteristics 

TA = 0°C to 70°C, Vss-Voo = 15V ±5%. 

Symbol Parameter 

tcv Clock Period 

tq,R Clock Rise Time 

tq,F Clock Fall Times 

tq,p;v Clock Width 

tq,01 Clock Delay c/>1 to c/>2 

t<l>D2 Clock Delay c/>2 to c/>1 

tw Data-In, CM, SYNC Write Time 
tH[l,3] 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 

to 1/0 Output Delay 

Notes: 1. tH measured with tq,R = 1 Onsec. 

4002 

POWER SUPPLY CURRENT 
V" TFMPFRATURE 

21 

c 
!? 
I ., 19 

s 
f-

ffi 
a: 
a: 
:i 17 
(.) 

~ 
~ 
a: 15 

~ 
f;? 

20 40 60 80 

AMBIENT TEMPERATURE {"Cl 

Limit 
Unit Test Conditions 

Min. Typ. Max. 

1.35 2.0 µsec 

50 ns 

50 ns 

380 480 ns 

400 550 ns 

150 ns 

350 100 ns 

40 20 ns 

0 ns 

CouT = 
930 ns 500pF Data Lines 

930 ns 500pF SYNC 

930 ns 160pF CM-ROM 

930 ns 50pF CM-RAM 

50 150 ns Cour20pF 

1500 ns Cour100pF 

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 4>2 clock pu-lse. 

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 X1 and X3 time. Therefore the tH requirement is always insured since each component 
contributes 1 OµA of leakage current and 1 OpF of capacitance which guarantees that the data bus cannot change faster than 1 V /µs. 
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DATA BUS 

SYNCH 

CM-RAM, ROM 

Figure 1. Timing Diagram. 

Figure 2. Timing Detail. 

4002 

x, x, 

IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 

DATA BUS, CM 
(INPUTS) 

~=='----10% 

"--~r------90% 

----\tr--,..,l.-J'"=='----1V 
ANY ANY 

<os ----J[~--+Mo==·-·- -5V 
(REFERENCE) --

DATA BUS, CM.--t------,.~--t--T-RU-E-t-~'.-1--- - lV 
(OUTPUTS) -5V 
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4001 

256 x 8 MASK PROGRAMMABLE ROM 
AND 4 BIT 1/0 PORT 

• Direct Interface to MCS-40™ 
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 4 1/0 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 o, llO, INPUT/ 
IUS OUTPUT 
110 02 1102 LINES 

o, 1/03 

Vss Yoo 

CLOCIC}fl> {MEMORY 
PHASE I 1 CM CONTROL 

INPUT 
CLDCK}f! {CLEAR INPUT 

PHASE 2 2 Cl FOR 1/0 LINES 

I:~~~} SYNC RESET 
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BLOCK DIAGRAM 

:: 0-0 --------"'I ROM TIMING i..l •o-------<O SYNC 

o, 
o, 
o, 
o, 

CLEAR 

DATA 
BUS 

IN-OUT 
BUFFER 

1/0 
INTERFACE 

11 ... 
110, 1103 

ninu -----<>Vss 

-------~CM 

CONTROL 

ADDRESS 

'---------<>AST 

MEMORY 
DATA 
MUK ROM 

256 x 8 

REGISTER 1------''d 
AND 

DECODER 



4001 

Pin Description 

Pin No. 

1-4 

5 

6-7 

8 

9 

10 

11 

12 

13-16 

Designation/ 
Type of Logic 

Vss 

ef>l, ef>2/Neg. 

SYNC/Neg. 

RESET/Neg. 

CL/Neg. 

CM-ROM/Neg. 

Voo 

Desaiption 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 
(Vool on this pin will clear in
ternal flip-flops and buffers. 
The input buffers are not 
cleared by this signal. 

Clear input for 1/0 lines. A neg
ative level on this pin will clear 
the 1/0 buffers. This pin may 
be driven by a TTL output and 

a 1 K pull-up to Vss. 

Chip enable generated by the 
processor. 

Main supply voltage value. Must 
be Vss - 15.0V ±5%. 

A single 1/0 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, r/>1 and r/>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 #-0, 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 (M 1 
& 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 1/0 
external lines. Each chip has the capability to identify itself 
for an 1/0 port operation, recognize an 1/0 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 (Vool. 
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1/0 Options 

Each 1/0 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) 

2. 

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 1/0 operation. Data at X3 is ignored. 

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 1/0 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 1/0 option has both inputs and outputs within the 
same 4 1/0 lines, the user can choose to have either "O" 
or "1" transferred to the accumulator for those 1/0 pins 

coded as outputs, when an RDR instruction is executed. 
For example, given a port with the 1/0 lines coded 
with 2 inputs and 2 outputs, when RD R is executed, 
the transfer is as shown below: 

13 0 2 0 1 lo (ACC) 

1 x x 0-.1 

\ I 
Input Data 

(1 orO) (1 orO) 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: M1 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 0 - 15. 

In the 1/0 mode of operation, the selected 4001 (by SRC). 
after receiving RDR will transfer the information present at 
its 1/0 pins to the data bus at X2. If the instruction received 
was WRR, the data present on the data bus at X2·'1>2 will be 
latched on the output flip-flops associated with the 1/0 lines. 

Ordering Information 

When ordering a 4001, the following information must be 
specified: 

1. Chip number 

2. All the metal options for each 1/0 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 

5. 

6. 

Inverting output (positive logic output) - 1 and 4 are 
connected. 

Non-inverting input (no input resistor - negative logic 
input) - only 5 is connected. 

Inverting input (input resistor to Vss - positive logic in
put) - 2, 6, 7, and 9 are connected. 

Non-inverting input (input resistor to V00 - 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 Voo and "O" 
equals Vss. For positive logic conversion, the inverted 
options should be selected. 

TTL compatibility is obtained by Voo =-lOV ±5% and 
Vss = 5V ± 5%. An external 12K resistor should be used on 
all outputs to insure the logic "O" state (VOLi. 

ROM 
PATTERN MUX 

SET 
LOGIC 

DATA 
BUS 

OUT!>UT 
BUFFER 

31 I· LLr., --2a ~ (PIN 18) 

"""6~2"" 
17 

Rr Voo ·~ 
"1101 .1102.ANDl/03 r- __ r 
FOLLOW THE SAME FORMAT. 7 Vss = GND 10 

If inputs and outputs are mixed on the same port, the 
pins used as the outputs must have the internal resistor 
connected to either VDo 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 1/0 Pin. 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ....... _ ........ _ 0°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 

8-92 

Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress ratmg 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 

specification 1s not implied. 



4001 

D.C. and Operating Characteristics 
TA = 0° C to 70° C; Vss -Voo = 15V ±5%; t<t>PW = t<t>01 = 400 nsec; 14> 02 = 150 nsec; Logic "O" is defined as the more positive 
voltage (V1H, VoH); Logic "1" is defined as the more negative voltage (Vil. Voll; Unless Otherwise Specified. 

SUPPLY CURRENT 

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

loo Average Supply Current 15 30 mA TA= 25°C 

INPUT CHARACTERISTICS - ALL INPUTS EXCEPT 1/0 PINS 

I LI Input Leakage Current 10 µA Vil= Voo 

V1H Input High Voltage (Except Clocks) Vss-1.5 Vgg+.3 v 
V1l Input Low Voltage (Except Clocks) Voo V55-5.5 v 
V1HC Input High Voltage Clocks V55-1.5 Vss+.3 v 
V1lC Input Low Voltage Clocks Voo Vss-13.4 v 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT 1/0 PINS 

llo Data Bus Output Leakage Current 10 µA VouT = -12V 

VoH Output High Voltage V55-.5V Vss v Capacitive Load 

lol Data Lines Sinking Current 8 15 mA VouT = Vss 

Vol Output Low Voltage, Data Bus, CM, SYNC Vss-12 V55-6.5 v lol = 0.5mA 

RoH Output Resistance, Data Line "O" Level 150 250 n VouT = Vss -.5V 

1/0 INPUT CHARACTERISTICS 

lu Input Leakage Current 10 µA 

V1H Input High Voltage Vss-1.5 Vss+.3 v 
V1l Input Low Voltage, Inverting Input Voo Vgg-4.2 v 
V1l Input Low Voltage, Non-inverting Input Voo Vsg-6.5 v 
V1l CL Input Low Voltage Voo V55-4.2 v 
R1 Input Resistance, if Used 10 18 35 k.Q R 1 tied to V55; 

V1N = Vss -3V 
R111l Input Resistance, if Used 15 25 40 k.Q R1 tied to Voo; 

V1N = Vss -3V 

1/0 OUTPUT CHARACTERISTICS 

VoH Output High Voltage Vss-.5V v louT = O 

RoH 1/0 Output "O" Resistance 1.2 2 k.Q VouT = Vss -.5V 

lol 1/0 Output "1" Sink Current 2.5 5 mA l VouT = Vss -.5V 
loL(2] 1/0 Output "1" Sink Current 0.8 3 mA. VouT = Vss -4.85V 

Vol 1/0 Output Low Voltage Vss-12 V55-6.5 v louT = 50µA 

CAPACITANCE 

C¢ Clock Capacitance 8 15 pF V1N = Vss 

Cos Data Bus Capacitance 9.5 15 pF V1N = Vss 

C1N Input Capacitance 10 pF V1N = Vss 

CouT Output Capacitance 10 pF V1N = Vss 

Notes: 1. R1 is large signal equivalent resistance to (V55-12) V. 
2. For TTL compatibility, use 12kn external resistor to Voo. 
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Typical D.C. Characteristics 

0 
9 
I 

< 
! 
I-z 
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a: 
a: 
:::> 
u ,. 
..I .. .. 
:::> 

"' a: w 
;:: 
Ir 

16 

14 

12 

POWER SUPPLY CURRENT 
VS. TEMPERATURE 

twPVV = 1¢01 = 400 nsec 

t4102 = 150 nsec 

10~--~---~--~~~--
o 20 40 60 80 

AMBIENT TEMPERATURE (°C) 

..I 

9 
I 

l 
!;;: 
w 

6 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

v 00 ° -15.ov 

trpPW = tq,01 = 400 nsec 

t.po2 = 150 nsec 

4t-;A.;:t-'..---t--t--+---t---;---; 

~ 3 r--t-'""'<:::-1""<:-....t--+---r---;---; 
:::> 
u 

~ 2t---t~-r-~-t-~~;:-t~---r~~ 
~ 
0 

o~-~-~-~-~-~-~--
o -1 -2 -3 -4 -5 -6 -7 

OUTPUT VOLTAGE IVI 

A.C. Characteristics TA= 0°cto 10°c. v 88 -Voo = 15v ±5% 

Limit 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tcv Clock Period 1.35 2.0 µsec 

t<f>R Clock Rise Time 50 ns 

t<f>F Clock Fall Times 50 ns 

t<f>PW Clock Width 380 480 ns 

t¢01 Clock Delay ¢1 to <1>2 400 550 ns 

t<f>o2 Clock Delay <1>2 to <1>1 150 ns 

tw Data-In, CM, SYNC Write Time 350 100 ns 

tHl1,3] Data-In, CM, SYNC Hold Time 40 20 ns 

tosl2l 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 

t1H 1/0 Input Hold-Time 100 ns 

to 1/0 Output Delay 1500 ns CouT = 100pF 

tcl4l 1/0 Output Lines Delay on Clear 1500 ns CouT = 100pF 

Notes: 1. tH measured with t.pR = 1 Onsec. 
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. 
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 X1 and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10µA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V /µ.s. 

4. CL on the 4001. is used to asynchronously clear the output flip-flops associated with the 1/0 lines. 
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DATA BUS 

SYNCH 

CM-RAM, ROM 

1/0 INPUT 

110 OUTPUT 

CLEAR LINE (Cl) 

Figure 1. Timing Diagram 

Figure 2. Timing Detail 

4001 

x, x, 

1 IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 

' I IF 1/0 I I 

----r~---r-J 
• 1c --1 

~<----IF NON-INVERTING 

DATA BUS, CM 
(INPUTS) 

----,1;---r-\-/""="'="---1v 
ANY 

----Jl)---j-.Mo==--- -5V 1os 
(REFERENCE)-

DATA BUS, CM:--t-----"""\,-T"--t--T-A-UE-j---.f+-- - 1V 
(OUTPUTS) -SV 

~tACC-------.. 
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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" - "Cl 5S" 

Finally, the 1/0 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 1/0 line. Hence, for a 4001 there 

will be four bracketed collections of 1/0 options. 

Each 1/0 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 1/0 pin. 

Example: "( )"indicates no connection 

"( 1 )" indicates only #1 

"(2,5,7)" indicates connections 

#2, 5 and 7. 

1/0 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 
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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 (Voo or logic 

1 for MCS-40 CPUs). 

Example of 256 x 8 format (N~256): 

Start Character 

Stop Charact~r I Data Field MSB LSB 

* i i 
BP PP N N N N NF B N N N N N NP PF ... BNP NP PP N NF 

I___~ '-----y-----' 

Word Field 0 Word Field 1 Word Field 255 

3. 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. 

4. Within the ROM pattern words a character, 

"X", may be used. Where "P" and "N" indicate a 

"O" 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 BPNF word, a "B*nF" 

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 ~ n ~ 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. 



inter MCS® 4001 
CUSTOM ROM ROM 
ORDER FORM 

CUSTOMER 

P.O. NUMBER 

DATE 

For Intel use only 

S# pp pp 

STD zz 
DD 

APP DATE 

All custom 4001 ROM orders must be submitted on this form. Prograrnming 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 Intel logo, the 
product type (P4001), the 4-digit Intel pattern number (PPPP), a date 
code (XXXX), and the 2-digit chip number (DD). 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 SPECIFICATIONS 

A. CHIP NUMBER ______ _ 

(Must be specified-any number from 
0 through 15-DD). 

B. 1/0 OPTION - Specify the connec· 
tion numbers for each 1/0 pin (next 
page). Examples of some of the pos
sible 1/0 options are shown below: 

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 input (no input resis
tor! - only 5 is connected. 

4. Inverting input (input resistor to Vss) 
- 2, 6, 7, and 9 are connected. 

5. Non-inverting input (input resistor to 

VDDI - 2, 7, 8, and 10 are con· 
nected. 

6. If 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 1s necessary for test
ing purposes. For example, if there 
are two inverting inputs (with no in
put resistor) 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 
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. 
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INTEL PATTERN NUMBER 

P4001 PPPP 

xx xx zz 
CHIP NUMBER OR 

DATE CODE 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 "O") or an "N" for a low level 
output= VDo (negative logic "1"). 

Note that: 

NOP = BPPPP PPPPF = 0000 0000 

jl 



MCS® CUSTOM ROM ORDER FORM 

4001 1/0 Options 

• r 
v. 

1100 (PIN 16) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T 2L compatibihty on the 1/0 hnes the supply voltages should be 

V00 = -lOV ±5%, v55 = +5V t5% 

b. If non·mverting input option is used, V1L = -6.5 Vohs maximum (not TTL). 

l/02 (PIN14) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T 2L compat1b1l1ty on the 1/0 lines the supply voltages should be 
v 00 ., -1ov t5%. v55 = +5V !5% 

b. If non-1nvert1ng input option 1s used, V1L = -6.5 Volts maximum (not TTL) 
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v. 

1/01 (PIN 15) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T2L compat1b1hty on the 1/0 Imes the supply voltal}l!S should be 

V00 "'-10V !5%. v55 = -i-sv !5% 

b. If non-1nven1ng input option is used, V1L = -6.5 Volts maximum (not TTL). 

1/03 (PIN 13) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 

CONNECTIONS ON SCHEMATIC) _____ _ 

a. For T 2L compat1bd1ty on the I '0 !mes the supply voltages should be 

Voo "-10V •5°{,. V55 '+SV ~s% 

b. If non· invert mg input option ts used, V1L "'-6.5 Volts maximum (not TTL) 



4308 
1024 x 8 MASK PROGRAMMABLE ROM 

AND FOUR 4-BIT 1/0 PORTS 
• Direct Interface to MCS-40™ 

4-Bit Data Bus 
• Equivalent to Four 4001 ROMs 
• Four Independent 4-Bit 1/0 

Ports 

• Input 1/0 Buffer Storage with 
an Optional Strobe 

• 1/0 Ports Low-Power TTL 
Compatible 

• 28 Pin Dual In-Line Package 

• Standard Operating 
Temperature Range of 
0°to 70°C 

• Also Available With -40° 
to +85° C Operating Range 

The 4308 is a 1024 x 8 bit word ROM memory with four 1/0 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 161/0 lines 
arranged in four groups of four lines. 

SYNC 0----------.1 

1/0 PORT 
0 

1+1+ 
1/000 11003 

BLOCK DIAGRAM 

TIMING 

l/OPORT 
l 

HH 
1/0 10 110 13 

PIN CONFIGURATION 

8-99 

1--------~·' 

1/0 POAT 
2 

IH+ 
1/020 1/023 

28 
......,-0 Voo 
....--0 Vss 

1/0 PORT 
3 

fH+ 
110 Jo 1/0 33 



Pin Description 
Designation/ 

Pin No. Type of Logic 

2-5 
14-17 
18-21 
24-27 

6·9 

Vss 

1/013-1/010/Neg. 
1/023-1/020/Neg. 
1/033-1/030/Neg. 
1/003-l/OOo/Neg. 

10, 23 ¢1, ¢2/Neg. 

11 SYNC/Neg. 

12 CM-ROM/Neg. 

13 RESET/Neg. 

CLR/LD/Neg. 

28 Voo 

4308 

Description of Function 

Most positive supply voltage. 

Four 1/0 ports consisting of 4 

bidirectional and selectable 
lines. 

Bi-directional data bus. All in
formation between processor 

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 1 out 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 M1 and 

M2 time periods. A 4004 system can accommodate up to 

four 4308's while a 4040 system can utilize up to eight de-

and device is transmitted to vices. 
these four pins. 

Non-overlapped clock signals 

which determine device timing. 

System synchronization signal 

generated by processor. 

Chip enable generated by the 
processor. 

Reset input. A negative level 

(Vool 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 (Vssl to 

negative (Vool transition will 
cause the 1/0 data to be placed 
in the input latch. A negative 
to positive transition will cause 
the data to be latched. The 1/0 

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 

(Vool on this line will cause the 
designated output latches to 

clear and remain cleared until a 

positive level (Vssl 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%. 
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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 1/0 

external lines. Each chip has the capability to identify itself 

for an 1/0 port operation, recognize an 1/0 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 1/0 ports of a 4308 are program select

able. Each of the four lines can be specified as either inputs 

or outputs via a metal mask option. A complete description 

of the 1/0 option capabilities are given below. The 4308 has 

an input storage buffer for utilization with those 1/0 pins 

designated as inputs. A common strobe line (CLR/LD line) 

allows the loading of data from the 1/0 lines. The same CLR/ 

LD strobe line can also serve as a clear to the 1/0 output port 

buffers when designated. This CLR/LD line is common to all 

ports on a 4308 and when toggled, will effect those 1/0 lines 

connected by the metal mask option. For an input line, if the 

CLR/LD strobe line is left unconnected, of if it is pulled to 

(Vool. then the output fo 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. 

4308 4001 

Page No. Chip No. Page No. Chip No. 

0-3 (0) 0-15 0-15 

4-7 (1) 

8-11 (2) 

12-15 (3) 



INSTRUCTION EXECUTION 
The 4308 responds to tl1e 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 1/0 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 

3. 

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 to the same port. The ACC content 
and carry/link are unaffected. The LSB bit of the 
accumulator appears on l/Oo.) No operation is per
formed on 1/0 lines coded as inputs. 

RDR - Read ROM Port 

The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 

If the 1/0 option has both inputs and outputs within the 
same 4 1/0 lines, the user can choose to have either "O" 
or "1" transferred to the accumulator for those 1/0 pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the 1/0 lines coded with 
2 inputs and 2 outputs, when R DR is executed the trans
fer is as shown below: 

13 02 o, lo (ACC) 

1 x x 0--.-1 

\ I 
Input Data 

(1 orO) (1 orO) 0 

\ I 
User can choose 

4308 
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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 ¢1 and </>2. is used in the 4308 as an in
put to a timing register. 

During time A 1, 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 meta I pre
programmed chip select option, the ROM will respond to the 
current address. 

At time M1 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 1/0 lines (1 port) on a particular 
ROM which are to be used for subsequent ROM 1/0 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" 
(V00 ). The first two bits (D3, D2 ) of this code select a group 
of 1 out 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 1/0 port, it will respond to the 1/0 in two jl· 
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 1/0 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. 



l/OOPTIONS 

The 4308 offers the following options on its 1/0 pins: 

1. Input or output. 

2. Inverted or direct (for input and output). 

3. On-chip resistor connected to either Vss or Voo for 
input pins. 

4. 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 1/0 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. 1/0 pin inputs* 

non-inverting 11, 2, 5, 7, 9 (TTL) - 2, 5, 7, 8 

4308 

b. 1/0 pin outputs 

non-inverting 

inverting 

3, 1 (10 optional) 
4, 1 (10 optional) 

Other combinations exist and should be used with caution. 

*Option 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 1/0 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 LO option and have the in
put buffer become an input flip-flop and to have the 
CLR/LD signal become a clock for loading data. 

For TTL compatibility on the 1/0 lines, the supply voltage 

should be Voo = -10V ±5%, Vss = +5V ±5%. External pull
up is required for outputs. 

~ ---i-nv_e_r-ti_n_g ____ ,_,_._2_._6_._7_._9_(_T_T_L_)_-_2_.6_._7_._8 _________________________ ~ 

3 -J--o_2_ 

Voo 

T 

Figure 1. 43081/0 Pin Options. 
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4308 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ................. 0°C to 70°C 'COMMENT: 

Storage Temperature ........................ -55°C to+ 125°C 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. 

Input Voltages and Supply Voltage 
with respect to Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . +O.SV to -20V 

Power Dissipation .................................... 1.0 Watt 

D.C. and Operating Characteristics 
TA= 0°Cto 70°C; Vss -Voo = 15V ±5%; t.pPW = t.po1=400 nsec; t.po2 = 150 nsec; Logic "O" is defined as the more positive 
voltage (V1H, 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 

loo Average Supply Current 20 40 mA TA= 25°C 

INPUT CHARACTERISTICS - ALL INPUTS EXCEPT 1/0 PINS 

lu Input Leakage Current 10 µA Vil= Voo 

V1H Input High Voltage (Except Clocks) Vss-1.5 V55+.3 v 
V1l Input Low Voltage (Except Clocks) Voo Vss-5.5 v 
V1LO Input Low Voltage Voo V55-4.2 v CLR/LD pin 

V1HC Input High Voltage Clocks V55-1.5 V55+.3 v 
V1lC Input Low Voltage Clocks Voo v55-13.4 v 

OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT 1/0 PINS 

ILO Data Bus Output Leakage Current 10 µA VouT = -12V 

VoH Output High Voltage V55-.5V Vss v Capacitive Load 

lol Data Lines Sinking Current 8 15 mA VouT = Vss 

Vol Output Low Voltage, Data Bus, CM, SYNC Vss-12 V55-6.5 v lol = 0.5mA 

RoH Output Resistance, Data Line "O" Level 200 300 n VouT = Vss -.5V 

1/0 INPUT CHARACTERISTICS 

I LI Input Leakage Current 10 µA 

V1H Input High Voltage Vss-1.5 Vss+.3 v 
V1l Input Low Voltage Voo Vss-4.2 v 
V1l CLR/LD Input Low Voltage Voo V55-4.2 v 
R1 Input Resistance, if Used 10 18 35 kn R 1 tied to V55; 

V1N = Vss -3V 
R111J Input Resistance, if Used 15 25 40 kn R1 tied to Voo; 

V1N = Vss -3V 

1/0 OUTPUT CHARACTERISTICS 

VoH Output High Voltage Vss-.5V v louT = o 
RoH 1/0 Output "O" Resistance 1.2 2 kn VouT = Vss -.5V 

loL 1/0 Output "1" Sink Current 2.5 5 mA VouT = Vss -.5V 

loLl21 1/0 Output "1" Sink Current 0.8 3 mA VouT = Vss -4.85V 

lcF 1/0 Output "1" Clamp Current 4 mA VouT= Vss -6V; 
TA= 70°C 

Vol 1/0 Output Low Voltage Vss-12 V55-6.5 v louT = 50µA 
Notes: 1. RI is large signal equivalent resistance to (Vss -12) V. 

2. For TTL compatability, use 12kn external resistor to Voo-
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D.C. and Operating Characteristics 
CAPACITANCE 

Symbol Parameter 

c"' Clock Capacitance 

Coe Data Bus Capacitance 

C1N Input Capacitance 

CouT Output Capacitance 

4308 OUTPUT PINS ("1" LEVEL) 

VOUT (V) 

4308 

Min. 

"' .S 
Q 

_o 

Limit 
Typ. Max. Unit Test Conditions 

14 20 pF V1N = Vss 

7 10 pF V1N = Vss 

10 pF V1N = Vss 

10 pF v,N = Vss 

4308 SUPPLY CURRENT VS. TEMPERATURE 

15 

10 

4308 OUTPUT PINS ("O" LEVEL) 

1 
x 

_o 
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4308 

A.C. Characteristics 

TA= 0°C to 70°C, Vss -Voo = 15V ±5% 

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

tcv Clock Period 1.35 2.0 µsec 

t<f>R Clock Rise Time 50 ns 

t<f>F Clock Fall Time 50 ns 

t</>r'W Clock Width 380 480 ns 

t</>01 Clock Delay </>1 to </>2 400 550 ns 

t</>o2 Clock Delay </>2 to </>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 

tosl2l 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 1/0 Input Set-Time 50 ns 

t1H 1/0 Input Hold-Time 100 ns 

tpw 110 C/L Pulse-Width 1000 400 ns 

tw C/L C/L Write Time 350 200 ns 

tH C/L C/L Hold Time 100 ns 

to 1/0 Output Delay 1500 ns CouT = 100pF 

tcl5J 1/0 Output Delay on C/L 750 1500 ns CouT = 100pF 

tw <j>2F[S] Data In Write Time with Respect to <1>2 -30 -60 ns 

Notes: 1. tH measured with tipR = 1 On sec. 
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 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 X1 and X3 time. Therefore the tH requirement is always insured since each 
component contributes 10µA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1 V /µs. 

4. tACC· 4308 is guaranteed with t<j>D2 = 200 nsec. 
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 <1>2 falling edge by 4004, 4040 tACC- If tPW<j>2 is widened, then tcy is increased 

and Data Bus Inputs remain valid before tP2 falling edge. Thus, twq,2F is not a system constraint. 
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x, 

DATA BUS 

'" 
SYNCH 

CM-RAM, ROM 

1/0 INPUT 

l/OOUTPUT 

CIL 

Figure 2. Timing Diagram. 

Figure 3. Timing Detail. 

., 

"' 

r---- - tl'\"J C/L 
I 

DATA BUS, CM 
(INPUTS) 

4308 

x, x, 

IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 

I IFl/O I IFSRC I 
_L____ Lt_tJ 

----.,1r--"M._,,,=='----1V 

----Jl1'---l..;/:"'.==----5V 

DATA BUS, CM_-+-----.,J,--1----1---.._,_ ___ ,V 
(OUTPUTS) --+------'""'--1.---1.--"+----sv 
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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. 

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"-" 

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 1/0 options would be specified on a 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

"(n1, n2, n3 ... )". 

where (n1, n2 ... ) are the option numbers asso· 
ciated with one 1/0 line. Hence, for the 4308 
there will be sixteen bracketed collections of 1/0 
options. 

Each I /0 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 1/0 pin. 

Example: "( )" indicates no connection 
"( 1 )" indicates only #1 
"(2,5,7)" indicates connections 
#2, 5 and 7. 

1/0 options should be placed on the tape sequen
tially for the 4308, from l/OOo - 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. 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 (Voo or logic 
1 for MCS.40 CPUs). 

Example of 256 x 8 format (N=256): 

Start Character 

1 
MSB LSB 

i i 
Stop Character I 

* 

Data Field 

BP PP N N N N NF B N N N N N NP PF ... BNP NP PP N NF 

'------,----' '-----,-------' '-----,-------' 

3. 

4. 

Word Field 0 Word Field 1 Word Field 255 

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 
"O" 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 BPNF word, a "B*nF" 
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 :<:: n :<:: 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. 



............. ·-- ...... 1n1e1 CUSTOM ROM ROM 
ORDER FORM 

CUSTOMER 

P.O. NUMBER 

DATE 

For Intel use only 

S# pp pp 

STD zz 
DD 

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 Intel logo, 
the product type (P4308). the 4-digit Intel pattern number 
(PPPP), a date code (XXXX), and the 2-digit chip number 
(DD). 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. 1/0 OPTION - Specify the connection numbers for each 
1/0 pin. See table below. 

C. 4308 CUSTOM ROM PATTERN - Programming informa
tion should be sent in the form of computer punched cards 

PIN OPTION 

1/0~ 27 1 2 3 4 5 6 7 8 9 10 11 

1/0 01 26 1 2 3 4 5 6 7 8 9 10 11 

1/0 02 25 1 2 3 4 5 6 7 8 9 10 11 

1/0 03 24 1 2 3 4 5 6 7 8 9 10 11 

1/0 1o 5 1 2 3 4 5 6 7 8 9 10 11 

1/0 11 4 1 2 3 4 5 6 7 8 9 10 11 

1/0 12 3 1 2 3 4 5 6 7 8 9 10 11 

1/0 13 2 1 2 3 4 5 6 7 8 9 10 11 

1/0 2o 17 1 2 3 4 5 6 7 8 9 10 11 

1/0 21 16 1 2 3 4 5 6 7 8 9 10 11 

1/0 22 15 1 2 3 4 5 6 7 8 9 10 11 

1/0 23 14 1 2 3 4 5 6 7 8 9 10 11 

1/0 3o 21 1 2 3 4 :; 6 7 8 9 10 11 

1/0 31 20 1 2 3 4 5 6 7 8 9 10 11 

1/0 32 19 1 2 3 4 5 6 7 8 9 10 11 

1/0 33 18 1 2 3 4 5 6 7 8 9 10 11 

NOTE: Options 10 and 11 cannot both be specified. 
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• P4308 

I xxxx 
'----r--' 

DATE CODE 

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= Voo (negative logic "1 "). 

Note that: NOP= BPPPP PPPPF = 0000 0000 

7/ s/<>---OVoo 

y 
1/0 PORT LINE OPTION iv,, 



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 µW /Bit 
Maximum 

• Three-State Output - OR-Tie 
Capability 

• Fully Decoded - On Chip Address 
Decode 

• Interface to 4004/4040 CPU Via 
4008/4009 or 4289 Standard Memory 
Interface 

• Standard Operating Temperature 
Range of 0° to 70° C 

• Also Available with -40° to 
+85° C Operating Range 

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 components. 

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 

A, Vee 

AB o, 
Ag o, 

A,o o, 
Ao o, 
A, o, 
A2 06 

A3 o, 
A, OB 

A, cs, 

A6 cs, 
GND cs, 

PIN NAMES 

Ao· A10 ADDRESS INPUTS 

01- Os DATA OUTPUTS 

CS1- CS3 PROGRAMMABLE CHIP SELECT INPUTS 

A'° 

Ag 

AB 

A, 

A6 

A,, 

A, 

A, 

A, 

A, 

Ag 
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4316A 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias .......... 0°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 
TA= 0°C to +70°C, V cc= 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. TYP.111 

I LI Input Load Current 
(All Input Pins) 

ILQH Output Leakage Current 

ILOL Output Leakage Current 

Ice Power Supply Current 40 

V1L Input "Low" Voltage -0.5 

*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional 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 µA V1N = 0 to 5.25V 

10 µA CS= 2.2V, VouT = 4.0V 

-20 µA CS= 2.2V, VouT = 0.45V 

98 mA All inputs 5.25V Data Out Open 

0.8 v 
V1H Input "High" Voltage 2.0 Vcc+l.OV v 
Vol Output "Low" Voltage 0.45 v loL = 2.0 mA 

VoH Output "High" Voltage 2.2 v loH = -lOOµA 

A.C. Characteristics 
TA = 0°C to+ 70°C, V cc= +5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. TYP.(1) MAX. 

tA Address to Output Delay Time 400 850 

tco Chip Select to Output Enable Delay Time 300 

toF Chip Deselect to Output Data Float Delay Time 0 300 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Capacitance(21 TA = 2s 0 c, t = 1 MHz 

Output Load ... 1 TTL Gate, and CLOAD = 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 

SYMBOL 

C1N 

CouT 

TEST 

All Pins Except Pin Under 
Test Tied to AC Ground 

All Pins Except Pin Under 
Test Tied to AC Ground 

UNIT 

nS 

nS 

nS 

LIMITS 

TYP. MAX. 

4 pF 10 pF 

8 pF 15 pF 

121 This parameter is periodically sampled and is not 100% tested. 
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Typical D.C. Characteristics 
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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 

• Standard Operating 
Temperature Range of 
0° to 70°C 

• Also Available with -40° to 
+85° C Operating Range 

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 MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 

PIN CONFIGURATION BLOCK DIAGRAM 

Az 
DATA OUT 1 DATA OUT 8 

cs--

*DATA OUT 1 

*DATA OUT 2 

PROGRAM --
*DATA OUT 3 

"DATA OUT 4 

*DATA OUT 5 

*DATA OUT 6 

"DATA OUT 7 

*DATA OUT 8 

*THIS PIN IS THE DATA INPUT LEAD DUPING PROGRAMMING. 

PIN NAMES 

ADDRESS INPUT~ 
-CHIPSElECilNPUT 

DATA OUTPUTS 
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4702A 

Pin Connections 
The external lead connections to the 4702A differ, depending on whether the device is being programmed 11 I or used in read 

mode. (See following table.) 

~ 
12 13 

M (Vee l (Program) 

Read Vee Vee 

Programming GND Program Pulse 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to +70°C 

Storage Temperature . . . . . . . . . . . . . -65°C to +125°C 

Soldering Temperature of Leads (10 sec) . . +300°C 

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 I (Vee I 

GND Vee VGG Vee Vee 

GND Vas Pulsed VGG (V1 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. 

TA = 0°C to 70°C, Vee= +5V±5%, V 00 =-10V±5%, VGG =-10V±5%, unless otherwise noted. 

SYMBOL TEST MIN. TYPJ2] MAX. UNIT CONDITIONS 

Ill Address and Chip Select 10 µA VIN O.OV 

Input Load Current 

)LO Output Leakage Current 10 µA l VouT - O.OV, cs - Vee -2 

'001 Power Supply Current 39 54 mA ! CS-Vee -2 
I loL·O.OmA.TA -25°c 

1002 Power Supply Current 36 50 I mA cs-o.o 
! loL -0.0mA. TA - 25°C 

1003 Power Supply Current 43 63 mA I cs-vcr: -2 

'oL -0.0mA . TA = 0°C 

1eF1 Output Clamp Current 8 14 I mA VOUT 1.0V. TA - 0°C 

1eF2 Output Clamp Current 13 mA VOUT = -1.0V, TA = 25°C 

1cc Gate Supply Current 10 I µA 

V1u Input Low Voltage for -1.0 0.65 v 
TTL Interface 

V1L2 Input Low Voltage for 

I 
Voo Vee -6 v 

MOS Interface 

VIH Address and Chip Select Vee -2 Vee +0.3 v 

Input High Voltage 

1oL Output Sink Current 1.6 4 
I 

rnA VOUT 0.45V 

VOL Output Low Voltage 7 0.45 v Im lGmA 

VOH Output High Voltage 3.5 v (OH -100µA 

Note 1: In the programming mode, the data mputs 1-8 are pins 4-· 11 respectively. CS -== GN D. 

Note 2: Typical values are at nominal voltages and TA "' 25° C. 
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4702A 

A.C. Characteristics 
TA = O" C to+ 70°C, Vee = +5V ±5%, V00 = -1 OV ±5%, VGG = -1 OV ±5% unless otherwise noted 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT 

Freq. Repetition Rate 1 MHz 
toH Previous read data valid 100 ns 
tAee Address to output delay 1.7 µs 
tes Chip select delay 800 ns 
tea Output delay from CS 900 ns 
too Output deselect 300 ns 

Capacitance* TA = 25°c 

SYMBOL TEST MINIMUM TYPICAL MAXIMUM UNIT CONDITIONS 

C1N Input Capacitance 8 15 pF V1N=Vcc.CS=Vcc. 1 All unused pins 

CouT Output Capacitance 10 15 pF 
VouT=Vec. are at A.C. 
VGG=Vcc ground 

*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; medsurements 

made at output of TTL gate (tpo <15 ns) 
b) For pure capacitive load of 75pf. 

AOOV~:S~ ~: x 
VIL ,'""'-----------', ~---

-+-I 1(\ r- 1 

r--- tm1--I 
I I CS v," !"\ 

Vil : ..._ _________ ..._ __ 

VO" 
DATA 
OUT 

I 

"DATA OUT 
INVALID 

-.i !,,, 
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Typical Characteristics 

0 

0 
0 

OUTPUT CURRENT VS. 
Voo SUPPL y VOLTAGE 

loo CURRENT vs. TEMPERATURE 

CS• 0 OV 

28 1-+-+-+-+-+~1 +-++~ 

AM8lENT TEMPERATURE 1°c1 

ACCESS TIME VS. 
LOAD CAPACITANCE 

SPEC. POINT 

1600 f-+--+---4-+-+--+---4f--l--+-+ 

1500 f-+--+---4-+-+--+f-f--l--+-+ 

1400 ~__j_J......J.o=db::!::::±±=t=t=l 
1300 f---+-+f-f--l--l--+-1---1---+f-

, 100 f---+-+f-f--1--+ 

1ooof---+-+--if--l--+ 

l TTL LOAD -+-
Vee = +SV 

v00 = -10V -+--
~=G : ;~O~ +-

0o 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE 1.pF) 

4702A 
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OUTPUT CURRENT VS. 
TEMPERATURE 

-lOV 

+.45V 

0 10 2030405060 7080 

I I ·7"1' TEM .. RATURE i"CI I 

~cc : ~~~v I I 
DO I 

VGG = -10V 

v0 H o_ov 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

1,.0 
I I I • Yee = +SV 

! "' +-- v00 = -10V -, 
! 100 

VGG -lOV 

+--TA 25C -

_l iL . s a z 
rs oovV • 

0 '° v 0 L 0 4 a 

v¥ ___,, 

OUTPUT VOLTAGE IVOL TSI 

ACCESS Tl ME VS. 
TEMPERATURE 

--+-+ 
SPEC. POINT 

1 TTL LOAD' 20 pf t-
Vee = +5V t-
Voo = -10V 

VGG = -10V +-
_l _l _l _l 

0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE ( C) 



4702A 

PROGRAMMING OPERATION 

D.C. and Operating Characteristics for Programming Operation 
TA= 25°C, Vee = OV, V88 = +12V ± 10%, CS= OV unless otherwise noted 

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 

IL 11 P Address and Data Input 10 mA VIN = -48V 
Load Current 

IL 12P Program and VGG 10 mA VIN = -48V 
Load Current 

IB B V88 Supply Load Current .05 mA 
looPlll Peak 100 Supply 200 mA Voo = Vp•ov= -48V 

Load Current VGG = -35 

VIHP Input High Voltage 0.3 v 
VIL lP Pulsed Data Input -46 -48 v 

Low Voltage 

VIL2P Address Input Low -40 -48 v 
Voltage 

VILJP Pulsed Input Low V00 -46 -48 v 
and Program Voltage 

VIL4P Pulsed Input Low -35 -40 
I 

v 
VGG Voltage I 

Note 1: loop flows only during Voo. VGG on time. looP should not be allowed to exceed 300mA for greater than lOOµsec. Average power 
supply current looP is typically 40mA at 20% duty cycle. 

A.C. Characteristics for Programming Operation 
TAMBIENT = 25°C, Vee = OV, V88 = + 12V ± 10%, CS= OV unless otherwise noted 

SYMBOL 

tow 

tvw 

tvo 

tAcw 121 

tACH 121 

TEST 

Duty Cycle IVoo , VGG ) 

Program Pulse Width 

Data Set Up Time 

Data Hold Time 

Voo ' VGG Set Up 

Voo ' VGG Hold 

Address Complement 
Set Up 

MIN. 

25 

10 

100 

10 

25 

TYP. MAX. UNIT 

20 % 

3 ms 

µs 

µs 

µs 

100 µs 

µs 

25 Address Complement µs 
Hold 

CONDITIONS 

VGG = -35V, Voo = 
Vprog = -48V 

~~~~~-+-~~~~~~~~~---!~~~--+--~~ +---- --+-~-----+-----~~~~~~~~~ 

Address True Set Up 10 µs 
~~-~---+~~~--j-~~~-+---~~+-~---~-+----- --

Address True Hold 10 µs 

Note 2. Alt 8 address bits must be in the complement state when pulsed v00 and VGG move to their negative levels. The addresses (0 through 
255) must be programmed as shown in the timing diagram for a minimum of 32 times. 
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4702A 

Switching Characteristics for Programming Operation 
PROGRAM OPERATION 

Conditions of Test: 

Input pulse rise and fall times~ lµsec 
cs= ov 

PROGRAM WAVEFORMS 

.j tACH ~ 
I I I 

Acw-----i I I 
0 

ADDRESS 
31NARY COMPLEMEN

ADDRESS OF WORD 
TO BE PROGRAMMED 

BINARY ADDRESS 
OF WORD TO BE 

PROGRAMMED 

-40 to -48 

PULSED Voo 
POWER SUPPLY 

-46 to -48 

PULSED VGG 
POWER SUPPLY 

-35 to -40 

- tvo .. 
I \_ .... I 

\~/ 
PROGRAMMIN:----------------.t:J-toPW • -

PULSE 

-46 to -48 

Programming Operation 

A7 A5 Whan the Data Input for Then the Data Output WORD 
the Program Mode is: during the Read Mode is: 

0 0 0 

V1uP = --48V pulsed Logic 1 = VoH = 'P' on tape 0 

I 
0 

I 
I I 

V1HP=-ov Logic 0 =Vol ,,,'N' on tape 
255 

Address Logic Level During Read Mode: Logic 0 = Vi L ( ........ 3V) Logic 1 =Vt H ( ....... 3Vl 

Address Logic Level During Program Mode: Logic 0 = V1L2P ( "'-40V) Logic 1 = V1HP (,....,OV) 
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4702A 

MCS-40™ Program Memory In 4702A PROMs 
Memory address, memory data, 1/0 bus, and chip select lines from 4289 or a 4008/4009 are defined with respect to positive 
logic. The MCS-40'" data and control lines from the CPU are defined with respect to negative logic. As a result, in 4702A 
program memory used with the 4289 or 4009, programs should be coded with logic "1" =high level and logic "O'' =low level (i.e., 
NOP = 0000 0000 = NNNN NNNN). 

For 4702A PROM programs which are to be converted to 4001or4308 ROM memory, a preferred method is to use negative logic 
program memory in the 4702A and place inverting buffers at the data inputs of the 4289 or 4008/4009. This allows program code 
to be consistent with that of the 4001 and 4308 mask programmed RO Ms and assures that 4289 or 4008/4009 input capacitance 
will not limit system speed when using several 4702A PROMs for program storage. (Note that programs are defined for the 
4001/4308 ROMs in terms of negative logic such that NOP = 0000 0000 = PPPP PPPP.) 

Programming Operation 

I. Operation of the 4702A in 
Program Mode 
Initially, all 2048 bits of the ROM are in 
the "O" state (output low). Information 
is introduced by selectively program
ming "1 "s (output high) in the proper 
bit locations. 

Word address selection is done by the 
same decoding circuitry used in the 
READ mode (see table on page 6 for 
logic levels). All 8 address bits must be 
in the binary complement state when 
pulsed V00 and V55 move to their nega
tive levels. The addresses must be held 
in their binary complement state for a 
minimum of 25 1csec after V00 and VsG 
have moved to their negative levels. 
The addresses must then make the 
transition to their true state a minimum 
of 10 µ.sec 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 information 
pattern in the eight bits of each word. 
A low data input level ( - 48V) will pro
gram a "1" and a high data input level 
(ground) will leave a "O" (see table on 
page 6). All eight bits of one word are 
programmed simultaneously by setting 
the desired bit information patterns on 
the data input terminals. 

During the programming, V6 G, V00 and 
the Program Pulse are pulsed signals. 

II. Programming of the 4702A Using 
Intel Microcomputers 
Intel provides low cost program devel
opment systems which may be used to 
program its electrically programmable 
ROMs. Note that the programming 
specifications that apply to the 4702A 
are identical to those for Intel's 1702A. 

A. lntellec® 4 

The lntellec® 4 program development 
system is used as a program develop
ment tool for the 4004 and 4040 micro
processors. As such, it is equipped 
with a PROM programmer card and 
may be used to program Intel's elec
trically programmable and ultraviolet 
erasable ROMs. 

An ASR-33 teletype terminal is used 
as the input device. Through use of 
the lntellec software system monitor, 
programs to be loaded into PROM 
may be typed in directly or loaded 
through the paper tape reader. The 
system monitor allows the program 
to be reviewed or altered at will 
prior to actually programming the 
PROM. For more complete informa
tion on this program development 
system, refer to the Intel Micro
computer Catalog or the lntellec 
Specifications. 

B. lntellec® MOS 

An lntellec® MOS system can also be 
used with a Universal PROM Program
mer (UPP) to program 4702A PROMs. 
The 1702A/4702A personality card 
must be plugged into the appropriate 
PROM programmer card socket of the 
UPP for this programming operation. 
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Ill. 4702A Erasing Procedure 

The 4702A may be erased by exposure 
to high intensity short-wave ultraviolet 
light. See the EPROM programming 
section, page 3-55, for details. 



4801 
CLOCK GENERATOR CRYSTAL 

FUNDAMENTAL - TYPE 5.185 MHz 
FOR 4004/4201A or 4040/4201A CPU SET 

• "AT" Cut Fundamental Frequency 

• Room Temperature Frequency Adjusted 
Within ±.005% 

• Used With 4201A in MCS-40™ System 

• Temperature Range -55°C to 125°C 

The 4801 is a quartz crystal resonator to be used with a 4201A in an MCS-40 microcomputer system. The selection of 5.185 

MHz gives a 1.35µs clock period (740 KHz) for a 4004 or 4040 at the q, 1 and q,2 outputs. 

ELECTRICAL CHARACTERISTICS 

Recommended Drive Level . . . . . . . . . . . . . . . . 10mW 

Type of Resonance . . . . . . . . . . . . . . . . . . . . . . Serial 

Appr. Equivalent Series Resistance . . . . . . . . . . 35 ohms 

Maximum Shunt Capacity. . . . . . . . . . . . . . . . . . . 7pF 

Maximum Frequency Deviation 
0°C to 70°C . . . . . . . . . . . . . . . . . . ±.005% 

-55°C to 125°C . . . . . . . . . . . . . . ± .02% 
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CLOCK GENERATOR IMPLEMENTATION 

15 ¢1 
14 

HI 

C1 = C2 = 1µ F CERAMIC 

C3 = C4 = 15pF - 20pF 

DESIGN CONSIDERATIONS 

CRYSTALS 

Either 77 or 78 Modes may be used. Mode equals Vee for 
77, Mode equals VDD for 78. The clock frequency range 
should be between 500 kHz (4 MHz XTAL, 78 MODE) and 
740 kHz (5.185 MHz XTAL, 77 MODE). 

X1 AND X2 INPUT CAPACITANCE 
The XTAL terminals, X1 and X2, should be tied to 15 pF -
20 pF capacitors C3 and C4 to AC system GND. 

POWER SUPPLY VOLTAGE CONSIDERATIONS 
1. Operation is guaranteed with Vee-VDD = 15V ± 5%. 

During system power-up or during power supply 
glitching, the maximum magnitude of (Vee-VDD) must 
be limited to 17 volts. 

During the power supply rise time (that is, when 

I Vee-VDD J <14.25 volts), improper ¢1, and ¢2 output 
may occur until I Vee-VDD I reaches the 14.25 minimum 
voltage. 

2. With Vee= +5V, VDD = -1 OV, bypass capacitor C1 of 1 µF 
and C2 of 1 µF from Vee to GND and VDD to GND, re
spectively, should provide excellent bypassing. Bypass ca
pacitors should be ceramic or equivalent quality to insure 

low inductance and low series resistance. 

3. The purpose of the current limiting register R DD is both 
to limit ¢ 1 and ¢2 rise times and to drop VDD at the 
4201A VDD pin. Values for RDD as a function of 
¢1, ¢2 load capacitance are: 

For CLOAD <50 pF; use RDD = 10on. 

For 50 pF <CLOAD <100 pF; use RDD = 68S1. 

For 100 pF <CLOAD <300 pF; use RDD = 27S1. 

For CLOAD >300 pF; use R DD = 10r2. 

4801 
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All 4201 A functions requiring the VDD voltage should 
use the pin VDD or node@ on the 4201 A side of resistor 
RDD· Operation with the voltage drop across RDD is 
guaranteed by Intel testing. 

4. Single-Supply System (+15 V or -15) 

Recommended 4201A circuit modifications for single 
supply systems are: 

1. The 1 µF ceramic capacitor C1 should be between 
4201 A VDD and Vee pins. 

2. Other capacitors shown as being grounded should be 
connected to Vee. 

3. Reset RR is connectea to Vee. Reset CR is connected 
to VDD pin. 

4. The current limiting resistor RDD is still needed in the 
VDD line. 

5. Power Supply Rise Times 

Intel testing is for power supply rise times between 5 ms 
and 300 ms. For power supply rise times less than 5 ms, a 
200Kr2 resistor from Xl to GND and C3 = C4 = 5 pF is 
recommended. 

RESET NETWORK 
The Reset input has v1L = Vee-11 volts and V1H =Vee 

-6.5 volts, with about 1 volt of hysteresis (Schmitt circuit). 

Node @ must be tied to GND or Vee= +5 V; and RR and jl 
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. 
>1µF, 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 510r2 or 1 Krl is to limit Reset input 
fall time on manual Reset, so that the Reset input does not 

fall below VDD· 

TTL CLOCK OUTPUTS 

If ¢1T and ¢2T are used, GND pin should be tied to logic 
ground. <Pzr levels will swing between Vee and GND. 

UNUSED FUNCTIONS 
If any of the 4201A functions listed below are not used, for 
power conservation it is recommended that the pins be 
connected as described below: 

1. ¢n,¢2T 

Tie GND pin, </Jn. ¢zr to Vee. 
2. Single step 

Tie NO to Vee. 
Tie NC to Node @ (VDD pin). 
Tie STOP ACK to Vee· 
STOP left open. 

3. Reset 

Tie RESET IN, RESET OUT to Vee· 
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MCS-48™ MICROCOMPUTER 

TABLE OF CONTENTS 

8048/8748/8035 8-Bit Microcomputer 
8243 MCS-48'" Input/Output Expander . 
Expansion of the MCS-48'" System ... 

INTRODUCTION 

. 9-4 

. 9-9 

. 9-14 

The MCS-48'" Microcomputer family is the first family of true single-chip microcomputers. The 8048 
contains the following functions in a 40-pin package: 

8-bit CPU 
1 K x 8 ROM Program Memory 
64 x 8 RAM Data Memory 
27 1/0 Lines 
8-bit Timer/Event Counter 
8-level Stack 
Single Level Interrupt 

A repertoire of over 90 instructions requiring only one or two clock cycles make the 8048 single chip 
microcomputer equal in performance to many multichip microprocessors. Only a single 5V power 
supply is required for operation. 

For prototype or low volume applications, the pin and functionally interchangeable 8748 provides 
user programmable and erasable EPROM Memory in place of the 8048 mask programmable ROM. 

The 8035 is an 8048 without internal progam memory which allows the user to match his program 
memory requirements exactly by using a wide variety of external memories. 

To allow the MCS-48 to solve a wide range of problems and to provide for future expansion, all 8048 
functions have been made externally expandable using either special expanders or standard 
memories and peripherals. An efficient low cost means of 1/0 expansion is provided by the 8243 1/0 
Expander which provides 16 1/0 lines in a 24-pin package. For systems with large 1/0 requirements 
multiple 8243's can be used. 

For such applications as Keyboards, Displays, Serial communication lines, etc., standard 8000 Series 
peripheral circuits may be added. Program and data memory may be expanded using standard 
memories or the 8355 and 8155 memories that also include programmable 1/0 lines and timing 
functions. 

The 8048 is an efficient control processor as well as an arithmetic processor. The instruction set allows 
the user to directly set and reset individual lines within its 1/0 ports as well as test individual bits within 
the accumulator. A large variety of branch and table look-up instructions make the 8048 efficient in 
implementing standard logic functions. Special attention was also given to code efficiency, over 70% 
of the instructions being single byte and all others being only two bytes. Because of this efficiency, 
many applications requiring 1.5K to 2.0K bytes of program storage in other processors may be 
compressed into the 1K words resident in the 8048. 
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8048/87 48/8035 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

*8048 Mask Programmable ROM 
*8748 User Programmable/Erasable EPROM 
*8035 External ROM or EPROM 

8-Bit CPU, ROM, RAM, 1/0 in • 1 K x 8 ROM/EPROM 
Single Package 64 x 8 RAM 

Interchangeable ROM and EPROM 27 1/0 Lines 

Versions • Interval Timer/Event Counter 
Single SV Supply • Easily Expandable Memory and 1/0 
2.5 µsec and 5.0 µsec Cycle Versions • Compatible with 8000 Series Pe;ipherals 
All Instructions 1 or 2 Cycles. • Single Level Interrupt 
Over 90 Instructions: 70% Single Byte 

The Intel® 8048/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's 
N-channel silicon gate MOS process. 

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory,271/0 lines.and an 8-bit timer/counter in addition 
to on board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard memories and 8000 series peripherals. The 8035 is the equivalent of an 8048 without program memory. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low-cost high volume production, and the 8035 without program memory for use with external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 

PIN CONFIGURATION LOGIC SYMBOL 
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8048/87 48/8035 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ........... 0°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 .............................. 1.5 Watt 

P11r11 · 1"/i;s · 'Ai 
"1etric li~~~ot 11 fi11111 •w'Aa ~~ 

are S/fb. specif;, • q 
~ect to C11t1011 S. 

'COMMENT: c1i,,,f/e. a,,,e 
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= 0°Cto 70°C, Vee = v00 = +5V ±5%, Vss = OV 

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

VIL Input Low Voltage 
-.5 .8 v (All Except XTAL1, XTAL2) 

V1H Input High Voltage 
2.0 Vee v (All Except XTAL1,XTAL2,RESET) 

V1H1 Input High Voltage (RESET,XTAL1) 3.0 Vee v 

VoL Output Low Voltage 
.45 v IOL = 2.0mA (BUS, RD, WR, PSEN, ALE) 

Vou Output low Voltage 
.45 v loL = 1.6mA (All Other Outputs Except PROG) 

VoH Output High Voltage 
2.4 v loH = 100µA (BUS, RD, WR, PSEN, ALE) 

VoH1 Output High Voltage 
2.4 v loH = 50µA (All Other Outputs) 

I IL Input leakage Current 
±10 µA Vss,;;;v1N,;;;vcc (Tl, EA, I NT) 

1oL Output leakage Current (Bus, TO) 
-10 µA v cc ;;>v1N;;. Vss +.45 (High Impedance State) 

loo Voo Supply Current 10 30 mA 

1cc V cc Supply Current 80 180 mA 

A.C. CHARACTERISTICS TA= 0°Cto 70°C, Vee= V00 = +5V±5%, v 55 = OV 

8048-8 
8748-8 

8048/8748/8035 8035-8 
Symbol Parameter Min. Max. Min. Max. Unit Conditions (Note 1) 
ILL ALE Pulse Width 400 800 ns 

IAL Address Setup to ALE 150 150 ns 

ILA Address Hold from ALE 80 80 ns 

tee Control Pulse Width (PSEN, RD, WR) 900 1800 ns 

tow Data Set-Up Before WR 500 1000 ns 

two Data Hold After WR 120 120 ns CL= 20pF 

tcv Cycle Time 2.5 15.0 5.0 15.0 µs 6 MHz XTAL 
(3 MHz XTAL for -8) 

toR Data Hold 0 200 0 200 ns 

IRO PSEN, RD to Data In 500 1000 ns 

tAw Address Setup to WR 230 260 ns 

tAo Address Setup to Data In 950 1900 ns 

IAFC Address Float to RD, PSEN 0 0 ns 
Note1: Control Outputs: CL= 80 pF, 2.2K to Vss. 4.3K to Vee 

BUS Outputs: CL= 150 pF, 2.2K to Vss. 4.3K to Vee tcy = 2.5µs 
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8048/87 48/8035 ::':!~LI"""'~ 
8748 ERASURE CHARACTERISTICS 

The erasure characteristics of the 8748 are such that 

erasure begins to occur when exposed to light with 

wavelengths shorter than approximately 4000 Angstroms 

(A). It should be noted that sunlight and certain types of 

fluorescent lamps have wavelengths in the 3000-4000A 

range. Data show that constant exposure to room level 

flourescent lighting could erase the typical 8748 in 

approximately 3 years while it would take approximately 1 

week to cause erasure when exposed to direct sunlight. If 

the 8748 is to be exposed to these types of lighting 

conditions for extended periods of time, opaque labels are 

available from Intel which should be placed over the 8748 

window to prevent unintentional erasure. 

WAVEFORMS 

l~tll--1 
ALE J I.__ _____ __, L 

~ 1AFC[~'oc---j 
~~~~ ........ ~+-- -~~~~~~ 

PSEN 

BUS 

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 

ALE J L 

BUS 

WRITE TO EXTERNAL DATA MEMORY 

9·6 

Parame(/''~ is not;~ bi 
ic l1111its •llla/s . Fl 

are sub· Pec1ficar· 
/ecr to ch ton. Som 

ange. 
The recommended erasure procedure (see page 3-55) for 

the 8748 is exposure to shortwave ultraviolet light which 

has a wavelength of 2537 Angstroms (A}. The integrated 

dose (i.e., UV intensity X exposure time) for erasure 

should be a minimum of 15W-sec/cm2. The erasure time 

with this dosage is approximately 15 to 20 minutes using 

an ultraviolet lamp with a 12000µW/cm2 power rating. The 

8748 should be placed within one inch from the lamp tubes 

during erasure. Some lamps have a filter on their tubes 

and this filter should be removed before erasure. 

8748 EPROM PROGRAMMING 
See the EPROM programming section, page 3-55. 

ALE J L 

READ FROM EXTERNAL DATA MEMORY 



8048/87 48/8035 ~, 
Para,,, · '.his; 1 ll 

PIN DESCRIPTION 
etr1c l. s llot ~ 11/)its a 8 '1ita1 

resuh· spec;,,. ll~ 
~ect t 'C"ti0 Designation Pin# Function Designation Pin# Function o ch"11u:· Sol/)e 

Vss 20 Circuit GND potential RD 8 Output strobe activated during a 

Voo 26 Programming power supply; +25V BUS read. Can be used to enable 
during program, +5V during oper- data onto the BUS from an external 
ation for both ROM and PROM. device. 
Low power standby pin in 8048 Used as a Read Strobe to External 
ROM version. Data Memory. (Active low) 

Vee 40 Main power supply; +5V during ~ESET 4 Input which is used to initialize the 
operation and programming. processor. Also used during PROM 

PROG 25 Program pulse (+25V) input pin programming verification, and 
during 8748 programming. power down. (Active low) 

Output strobe for 8243 1/0 WR 10 Output strobe during a BUS write. 
expander. (Active low)(Non TTL V1Hl 

P10-P17 27-34 8-bit quasi-bidirectional port. Used as write strobe to Externa I 
Port 1 Data Memory. 
P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 35-38 ALE 11 Address Latch Enable. This signal 

P20-P23 contain the four high occurs once during each cycle and 
order program counter bits during is useful as a clock output. 
an externa I program memory fetch 

The negative edge of ALE strobes and serve as a 4-bit 1/0 expander 
bus for 8243 address into external data and pro-

DB0-DB 7 12-19 True bidirectional port which can 
gram memory. 

BUS be written or read synchronously PSEN 9 Program Store Enable. This output 

using the RD, WR strobes. The occurs only during a fetch to exter-

port can also be statically latched. nal program memory. (Active low) 

Contains the 8 low order program SS 5 Single step input can be used in con-

counter bits during an external junction with ALE to "single step" 

program memory fetch, and receives the processor through each in-

the addressed instruction under the struction. (Active low) 

jl control of PSEN. Also contains the EA 7 Externa I Access input which forces 
address and data during an external all program memory fetches to re-
RAM data store instruction, under ference external memory. Useful 
control of ALE, RD, and WR. for emulation and debug, and 

TO Input pin testable using the con- essential for testing and program 

ditional transfer instructions JTO verification. (Active high) 

and JNTO. TO can be designated as XTAL1 2 One side of crystal input for inter-
a clock output using ENTO CLK nal oscillator. Also input for exter-
instruction. TO is also used during nal source. (Not TTL Compatible) 
programming. XTAL2 3 Other side of crystal input. 

T1 39 Input pin testable using the JT1, 
and JNT1 instructions. Can be des-
ignated the timer /counter input using 
the STRT CNT instruction. 

INT 6 Interrupt input. Initiates an inter-
rupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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8048/87 48/8035 

INSTRUCTION SET 

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles 

" ADD A, R Adrl register to A .: CALL Jump to subroutine 2 2 

ADD A,@R Add data memory to A '5 RET Return 2 
~ 

ADD A, #data Add immediate to A 2 2 .c RETR Return and restore status 2 

" ADDC A, R Add register with carry Cl) 

ADDC A, @R Add data memory with carry 

ADDC A, #data Add immediate with carry 2 2 CLR C Clear Carry 

ANL A, R And register to A CPL C Complement Carry 
~ 

ANLA, @R And data memory to A "' CLR FO Clear Flag 0 
.!!! 

ANL A, #data And immediate to A 2 2 u. CPL FO Complement Flag 0 

ORLA, R Or register to A CLR Fl Clear Flag 1 

g ORLA, @R Or data memory to A 1 CPL Fl Complement Flag 1 

.!!! ORL A, #data Or immediate to A " 2 2 
E XRLA, R Exclusive Or register to A 
" u XRLA,@R Exclusive or data memory to A 

MDV A, R Move register to A .. 1 
<t XRL A, #data Exclusive or immediate to A 

MDV A,@R Move data memory to A 1 
2 2 

INCA Increment A 
MDV A, #data Move immediate to A 2 2 

DEC A Decrement A 
MDV R, A Move A to register 1 1 

CLR A Clear A 
MOV@R, A Move A to data memory 1 1 

CPLA Complement A ~ 

MOV R, #data Move immediate to register 2 2 

DAA Decimal Adjust A " MOV@R,#data Move immediate to data memory 2 2 > 
0 

SWAP A Swap nibbles of A ::< MDV A, PSW Move PSW to A 1 

RLA Rotate A left ~ MDV PSW, A Move A to PSW .. XCH A, R Exchange A and register 
RLC A Rotate A left through carry 0 

RR A Rotate A right 
XCHA,@R Exchange A and data memory 1 

RRCA Rotate A right through carry 
XCHD A, @R Exchange nibble of A and register 1 
MOVX A,@R Move external data memory to A 2 
MOVX @R, A Move A to external data memory 2 

INA, P Input port to A 2 MOVP A, @A Move to A from current page 2 

OUTL P, A Output A to port 2 MOVP3 A, @A Move to A from Page 3 2 

ANL P, #data And immediate to port 2 2 
'5 ORL P, #data Or immediate to port 2 2 
fr INSA, BUS Input BUS to A 

MDV A, T Read Timer/Counter 

" 
2 

g OUTL BUS.A Output A to BUS 1 2 ~ MOVT, A Load Timer/Counter 
c 

ll " 
ANL BUS, #data And immediate to BUS 2 2 " STRTT Start Timer 

a. 0 

..: OR L BUS, #data Or immediate to BUS 2 2 ~ STRT CNT Start Counter 

MOVD A, P Input Expander port to A 2 
:;; STOPTCNT Stop Timer/Counter 
E 

MOVD P, A Output A to Expander port 2 i= EN TCNTI Enable Timer/Counter Interrupt 

ANLD P, A And A to Expander port 2 
DIS TCNTI Disable Timer/Counter Interrupt 

ORLD P, A Or A to Expander port 2 

EN I Enable external interrupt 
~ 

ti; INC R Increment register DIS I Disable external interrupt 

i;; INC @R Increment data memory e SEL RBO Select register bank 0 

'i' DEC R Decrement register 
1: SEL RB1 Select register bank 1 

a: 0 
u SEL MBO Select memory bank O 

SEL MB1 Select memory bank 1 

JMP addr Jump unconditional 2 2 ENTO CLK Enable Clock output on TO 

JMPP@A Jump indirecc 2 
DJNZ R, addr Decrement register and skip 2 2 

JC addr Jump on Carry = 1 2 2 
NOP No Operation 

JNC addr Jump on Carry = 0 2 2 
J Z addr Jump on A Zero 2 2 
JNZ addr Jump on A not Zero 2 2 

.c JTO addr Jump on TO= 1 .. 2 2 
c .. JNTO addr Jump on TO= 0 2 2 
di JT1 addr Jump on T1 = 1 2 2 

JNT1 addr Jump on T1 = 0 2 2 
JFO addr Jump on FO = 1 2 2 
JF 1 addr Jump on Fl= 1 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT= 0 2 2 
JBb addr Jump on Accumulator Bit 2 2 

Mnemonics copyright Intel Corporation 1976 
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8243 
MCS-48™ 

INPUT/OUTPUT EXPANDER 

Low Cost • 24 Pin DIP 
Simple Interface to MCS-48™ Micro- • Single SV Supply 
computers • High Output Drive 
Four 4-Bit 1/0 Ports • Direct Extension of 
AND and OR Directly to Ports Ports 

Resident 8048 1/0 

The 8243 is an input/output expander designed specifically to provide a low cost means of 1/0 expansion for the MCS-48 
family of single-chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost. single supply voltage and 
high drive current capability. 

The 8243 consists of four 4-bit bi-directional static 1/0 ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only four (4) 1/0 lines of the 8048 be used for 1/0 expansion and also 
allows multiple 8243's to be added to the same bus. 

The 1/0 ports of the 8243 serve as a direct extension of the resident 1/0 facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 

PIN CONFIGURATION BLOCK DIAGRAM 

POAT4 

P50 Vee 
P40 P51 

1'41 P52 

P42 P53 

P43 P60 
PORT 5 cs P61 

PROG P62 

P23 P63 

P22 P73 

P21 P72 

P20 P71 
PORTS GND P70 

PORT 7 
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PIN DESCRIPTION 
Symbol 

PROG· 

P20-P23 

GND 

P40-P43 
P50-P53 
P60-P63 
P70-P73 

Vee 

Pin No. Function 

7 Clock Input. A high to low 
transistion on PROG signifies 
that address and control are 
available on P20-P23, and a low 
to high transition signifies that 
data is available on P20-23. 

6 

11-8 

12 

2-5 
1,23-21 
20-17 
13-16 

24 

Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 

Four (4) bit bi-directional port 
contains the address and con
trol bits on a high to low 
transition of PROG. During a 
low to high transition contains 
the data for a selected output 
port if a write operation, or the 
data from a selected port before 
the low to high transition if a 
read operation. 

0 volt supply. 

Four (4) bit bi-directional 1/0 
ports. May be programmed 
to be input (during read), 
low impedance latched output 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be directly written, ANDed or 
ORed with previous data. 

+5 volt supply. 

FUNCTIONAL DESCRIPTION 
General Operation 
The 8243 contains four 4-bit 1/0 ports which serve as an 
extension of the on-chip 1/0 and are addressed as ports 4-
7. The following operations may be performed on these 
ports: 

• Transfer Accumulator to Port. 
• Transfer Port to Accumulator. 
• AND Accumulator to Port. 
• OR Accumulator to Port. 

All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each transfer 
consists of two 4-bit nibbles: 

The first containing the "op code" and port address and 
the second containing the actual 4-bits of data. 

8243 

9-10 

A high to low transition of the PROG line indicates that 
address is present while a low to high transition indicates 
the presence of data. Additional 8243's may be added to 
the 4-bit bus and chip selected using additional output 
lines from the 8048/8748/8035. 

Power On Initialization 
Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Vee drops below 1V. 

P21 P20 Address Code P23 P22 Instruction Code 

0 0 Port 4 0 0 Read 
0 1 Port 5 0 1 Write 

0 Port 6 0 ORLD 
Port 7 ANLD 

Write Modes 
The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi.A takes new data, OR's it with the old data and 
then writes it to the port. ANLD Pi.A takes new data AN D's 
it with the old data and then writes it to the port. Operation 
code and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. On the low to 
high transition of PROG data on port 2 is transferred to the 
logic block of the specified output port. 

After tt1e logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs are entered. 

Read Mode 
The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the tri-stated mode while port 2 is 
returned to the input mode. 

Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the 
low impedance drive from the 8243 output. 



a243 ~c~!~IMINARy 
parametric limits ~r! lmba! specification s 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... 0°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 = 0°C to 70°C, Vee = 5V ±5% 

SYMBOL PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 

Vou Output Low Voltage Ports 4-7 

VOL2 Output Low Voltage Ports 4-7 

VoH1 Output High Voltage Ports 4-7 

11L Input Leakage Ports 4-7 

VOL3 Output Low Voltage Port 2 

1cc Vee Supply Current 

VoH2 Output Voltage Port 2 

1vss Ice Plus Sum of all loL from 16 Outputs 

A.C. CHARACTERISTICS 
TA = 0°C to 70°C, Vee = 5V ±5% 

SYMBOL PARAMETER 

tA Code Valid Before PROG 

ts Code Valid After PROG 

tc Data Valid Before PROG 

tD Data Valid After PROG 

tE Float After PROG 

tJ Enabled After PROG 

tG Data Valid Before PROG 

tF Data Valid After PROG 

tH Floating After PROG 

tK PROG Negative Pulse Width 

tcp CS Valid Before PROG 

tpc CS Valid Before PROG 

tpo Ports 4-7 Valid After PROG 

t1p1 Ports 4-7 Valid Before PROG 

t1p2 Ports 4-7 Valid After PROG 

tACC Port 2 Valid After PROG 

9-11 

su feet to ch~ . ome 
*COMMENT: Stresses_?bove those listed under "Absolutenge. 
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. 

MIN. MAX. UNITS TEST CONDITIONS 

-0.5 0.8 v 
2.0 Vcc+0.5 v 

0.45 v loL = 10 mA 

TBD v loL = 20 mA 

2.4 v loH = -400µA 

TBD µA Vin =Vee to OV 

.45 v loL = 0.8mA 

40 mA 

2.4 loH = -200 µA 

120 mA 

MIN. MAX. UNITS TEST CONDITIONS 

70 ns 80 pF Load 

60 ns 20 pf Load 

200 ns 80 pF Load 

20 ns 20 pF Load 

700 ns 

200 ns 

300 ns 80 pf Load 

20 ns 20 pF Load 

100 ns 20 pF Load 

900 ns 

TBD 

TBD 

TBD 100 pF Load 

TBD 

TBD 

600 ns 80 pF Load 



WAVEFORMS 

PROG 

PORT 2 

PORT 2 

PORTS 4-7 

PORTS 4-7 

8243 

PREVIOUS OUTPUT VALID 

INPUT VALID 
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8243 

EXPANDER INTERFACE 

-=-
1/0 

cs 
P4 1/0 

PROG PROG 

TEST P5 1/0 

8048 INPUTS 8243 

P6 1/0 
P20·P23 DATA IN 

P2 
P7 1/0 

OUTPUT EXPANDER TIMING 

PROG BITS 3,2 BITS 1,0 

01 PORT 
10 ADDRESS 

P20-•2a --(._ __ __,X._ ____ __,,)>----
11 I 

ADDRESS (4-BITS) DATA 14-BITS) 

BUS 

8048 

USING MULTIPLE 8243's 
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EXPANSION OF THE MCS-48™ SYSTEM 

The 8048/8748 or the 8035 may use various combinations of the 8355/8755 Program Memory and 1/0 
Expander and the 8155 Data Memory and 1/0 Expander. 

Data Memory can be expanded beyond the resident 64 words in blocks of 256 by adding 8155's. 
Program Memory can be expanded beyond the resident 1 Kin blocks of 1 K by using the 8355/8755 in 
combination with the 8035 or 8048. Since the 8355 contains 2K words, the 8035 is needed to fill the 
"gaps". For program memory of 1 K or less use the 8048. For programs in the 1 to 2K range use an 
8035/8355 combination and for the 2 to 3K range use an 8048/8355 combination. 

For compatible 8000 Series components see page 10-4. 

1088 

1K 

8048 
4-8155 

832 

768 

8048 

i 3-8155 
<( 

~ 
>-
a: (80) 
0 578 :iii 
w 
:iii 
<( 512 
I-
<( 
c 8048 

2-8155 

320 
(59) 

256 

8048 
8155 

(381 
64 

8048 
(24) 

1K 2K 4K 

PROGRAM MEMORY (ROM) 

( ) Number of Available 
1/0 Lines 
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MCS-80/85™ MICROPROCESSOR 

INTRODUCTION 

Intel 8000 Series microprocessor elements may be used to form a variety of microcomputer systems. Powerful 8-bit 

CPU's such as the 8080A and 8085, combined with general purpose or dedicated peripherals, memories and other 

LSI blocks, make the Intel 8000 Series the largest and most versatile microcomputer family available. 

TABLE OF CONTENTS 

Central Processing Unit and Support Circuits 

8008/8008-1 8-Bit Microprocessor ............................................. . 

8080A Single Chip 8-Bit N-Channel Microprocessor .................................. . 
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Function 

Memory and 1/0 
Expanders for 
MCS-48/85 

RAMs (Static) 

RAMs (Dynamic) 

RAM Support 

Circuits 

RO Ms 

EPROMs 

Peri phera Is 

RECOMMENDED PRODUCTS 
FOR 

MCS-48/80/85 MICROCOMPUTER APPLICATIONS 

TAcc 
Part Page In 

No. No. Description ns 8048 8748 8035 

8155 10-63 RAM-1/0 x x x 
8355 10-75 ROM-1/0 x x x 
8755 10-82 EPROM-1/0 x x x 

8101A-4 10-88 256 x 4 450 x x x 
8102A-4 10-91 lK x 1 450 x x x 
81 llA-4 10-95 256 x 4 450 x x x 
5101 2-112 256 x 4 CMOS 450 x x x 
2114 2-76 lK x 4 450 x x x 

2104A-4 2-40 4K x 1 300 

2107B-4 2-54 4K x 1 270 

2116-4 2-95 16K x 1 300 

3222 5-19 Refresh Controller 

3232 5-24 Refresh Counter I 
Multiplexer 

3242 5-28 Refresh Counter I 
Multiplexer 

8308 10-98 1K x 8 450 x x x 
8316A 10-102 2K x 8 850 x x x 
2316E 3-21 2K x 8 450 x x x 

1702A-2 3-5 256 x 8 650 

8708 10-105 1 K x 8 450 x x x 
2708 3-24 1 K x 8 450 x x x 
2716 3-30 2K x 8 450 x x x 

8205 10-108 1-8 Decoder x x x 
8212 10-114 8-Bit Latch x x x 
8214 10-128 Priority Unit x x x 
8216 10-135 4-Bit Bus Driver x x x 
8224 10-33 Clock Generator 

8226 10-135 4-Bit Bus Driver x x x 
8228 10-43 System Controller 

8238 10-43 System Controller 

8251 10-143 USART x x x 
8253 10-159 Interval Timer x x x 
8255A 10-170 PPI x x x 
8257 10-195 OMA 

8259 10-212 Interrupt x x x 

8271 10-228 Floppy Disk x x x 
8273 10-232 SDLC x x x 
8275 10-236 CRT x x x 
8279 10-240 KYBD/Display x x x 
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8008/8008-1 
EIGHT-BIT MICROPROCESSOR 

• Instruction Cycle Time - 12.5 µs with 
8008-1 or 20 µs with 8008 

• Directly Addresses 16K x 8 Bits of 
Memory (RAM, ROM, or S.R.) 

• Interrupt Capability 

• 48 Instructions, Data Oriented 
• Address Stack Contains Eight 14-Bit 

Registers (Including Program Counter) 
Which Permit Nesting of 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.). 

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 1/0 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 

TEMP. REG. J [ 
a. (S) 

TEMP. REG. J 
b. 18) 

L FLAG H 
FLIP-FLOPS I-

II 
...__l__,JARITHMETIC 

--Y; LOGIC 
UNIT 

(ALU) p 
1Bif--

POWER {- -9V 

[ STATUS 
PPLIES - +5V 

INT 
SU 

TTT 1 
SO S1 52 INT 

2_ 
DATA BUS 

BUFFER 

1 

l 

Bl-DIRECTIONAL 
DATA BUS 

~ 
INSTRUCTION L 

REGISTER 181(" 

l 
INSTRUCTION 

DECODER 
AND 1--1 MACHINE 

CYCLE 
ENCODING 

LJ 
J 

J TIMING 1 J AND 
CONTROL 

READY SYNC CLOCKS 

t T 1 1 
READY SYNC ol o2 
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(8 BIT) 
INTERNAL DATA BUS 

lL ]_ 
j STACK 1 ACCUMULATOR l MULTIPLEXER 181 

PROGRAM COUNTER B 
(14) REG. 181 

c LEVEL NO. 1 (14) REG. 181 

D LEVEL NO. 2 
(14) REG. 181 

E LEVEL NO. 3 
(14) REG. 181 

H LEVEL NO. 4 (14) REG. 181 

LEVEL NO. 5 
L 

(14) REG. 181 

LEVEL NO. 6 
(14) SCRATCH 

PAD 
LEVEL NO. 7 
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ADDRESS 
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8008/8008-1 

8008 FUNCTIONAL PIN DESCRIPTION 

Voo INTERRUPT 

D70-- 2 READY 

D50 (,, 

Ds<>-- 4 "2 

DATA D4 

BUS D, 

0 '•} D, 12 0 S1 STATE 

o,o.....s 11 0 s, 

D0 0-- 9 10 Vee 

Do-D1 

Bl-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and 1/0 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 INTERRUPT 
mode. 

ll READY 

READY input. This command line is used to syn
. chronize the 8008 to the memory cycle allowing 

any speed memory to be used. 
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SYNC 

SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma
chine cycle. 

ct>,, <1>2 

Two phase clock inputs. 

So,S1,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, S1, and S2, along with SYNC inform the pe
ripheral circuitry of the state of the processor. 

Vee +5V ±5% 

Voo -9V ±5% 



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 D1 Ds D5 D4 D3 D2 D1 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 Instructions 

I D 1 Ds 05 04 D3 D2 o, Do I OP cooE 

Two Byte Instructions 

Three Byte lnstruct•ons 

MINIMUM INSTRUCTION CODE 
MNEMONIC STATES ~06 D5 D4 D3 D2 D1 Do 

REQUIRED 

{11Mov r 1 , , 2 151 1 1 D D D s s s 
121 MOV '· M 181 1 1 D D D 1 1 1 

MDV M, r 171 1 1 1 1 1 s s s 
131 MVI, (81 0 0 D D D 1 1 0 

B B B B B B B B 

MVIM 191 0 0 1 1 1 1 1 0 

B B B B B B B B 
INR r 151 0 0 D D D 0 0 0 

DCR r 151 0 0 D D D 0 0 1 

Accumulator Group Instructions 

TYPICAL INSTRUCTIONS 

Re91s1e1 to re91s!1::r, rnernorv i~!Prt-nce. 

110 a111hme11c or log1c<1I, 

Immediate fT10de 1ns1ruct1ons 

JUMP or CALL 1nstr1JCl10!lS 

DESCRIPTION OF OPERATION 

Load index register ri with the content of index register r2. 

Load index register 1 with the content of memory register M. 

Load memory register M with the content of index register r. 

Load index register r with data B . . . B. 

Load memory register M with data B . . . B. 

Increment the content of index register r (r I- A). 

Decrement the content of index register r (r I- A). 

The rf'st1lt of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 

ADDr 151 1 0 0 0 0 s s s Add the content of index register r, memory register M, or data 

ADD M 181 1 0 0 0 0 1 1 1 B ... B to the accumulator. An overflow (carry) sets the carry 

ADI (81 0 0 0 0 0 1 0 0 flip-tlop. 

B 8 B B B B B B 

ADCr 151 1 0 0 0 1 s s s Add the content of ind~x register r, memory register M, or data 

ADC M 181 1 0 0 0 1 1 1 1 B ... B from the accumulator with carry. An overflow (carry) 

ACI 181 0 0 0 0 1 1 0 0 sets the carry flip-flop. 

B B 8 B 6 B B B 

SUB r 151 1 0 0 1 0 s s s Subtract the content of index register r, memory register M, or 

SUB M (81 1 0 0 1 0 1 1 1 data B . . . B from the accumulator. An underflow (borrow) 

SUI 181 0 0 0 1 0 1 0 0 sets the carry ftip-flop. 

B B B B B B B B 

SBB r 151 1 0 0 1 1 s s s Subtract the content of index register r, memory register M, or data 

SBB M 181 1 0 0 1 1 1 1 1 data B ... B from the accumulator with borrow. An underflow 

SBI 181 0 0 0 1 1 1 0 0 (borrow) sets the carry flip-flop. 

B B B B B B B B 

10-7 

• -



• -

8008/8008-1 

BASIC INSTRUCTION SET --- --------- - --- ------- --, --

MINIMUM INSTRUCTION COOE 

MNEMONIC STATES D1D6 0s D4 DJ D2 Di Cb DESCRIPTION OF OPERATION 

REQUIRED 

ANAr 151 1 0 1 0 0 s s s Compute tht> loqic:dl AND of the content of index register r, 

ANAM 181 1 0 1 0 0 1 1 1 rrn~rnory reg1stP1 M, or datd 8 . . . 8 with the accumulator. 

ANI 181 0 0 1 0 0 1 0 0 

8 6 6 6 6 6 6 6 

XRAr (5) 1 0 1 0 1 s s s Compute the EXCLUSIVE OR of the content of index register 
XRA M 181 1 0 1 0 1 1 1 1 r, memory register M, or data 8 . . . 8 with the accumulator. 

XRI 181 0 0 1 0 1 1 0 0 

6 6 6 6 6 6 6 6 
ORAr 151 1 0 1 1 0 s s s Computf' the INCLUSIVE OR of the content of index register 

ORAM 181 1 0 1 1 0 1 1 1 r, memory reg1s1er m, or data 8 . . . B with the accumulator. 

ORI 181 0 0 1 1 0 1 0 0 

6 8 8 6 6 6 6 6 

CMP r 151 1 0 1 1 1 s s s Compare the content of index register r, memory register M, 

CMP M 181 1 0 1 1 1 1 1 1 or data B .. . B wtth the accumulator. The content of the 

CPI 181 0 0 1 1 1 1 0 0 accumulator is unchanged. 

6 6 6 6 6 6 6 8 

RLC 151 0 0 0 0 0 0 1 0 Rotate the content of the accumulator left. 
ARC 151 0 0 0 0 1 0 1 0 Rotate the content of the accumulator right. 

RAL 151 0 0 0 1 0 0 1 0 Rotate the content of the accumulator left through the carry, 

RAR 151 0 0 0 1 1 0 1 0 Rotate the content of the accumulator right through the carry. 

Program Counter and Stack Control Instructions 

141 JMP 1111 0 1 x x x 1 0 0 Unconditiona11y jump to memory address 83 ... 6362 ... 62. 

62 62 62 62 62 62 62 6~ 
x x 63 63 63 63 63 63 

151 JNC, JNZ, {9or 11) 0 1 0 C4 C3 0 0 0 Jump to memory address 83 ... 6362. .. 82 if the condition 
JP, JPO 

62 62 62 62 62 62 82 6~ flip-flop is false. Otherwise. execute the next in·:1i...1ction in sequence. 

x x 63 63 63 83 63 Bj 
JC, JZ (9or 11) 0 1 1 C4C3 0 0 0 Jump to memory address 83 . . . 6362 ... 82 1r t~.e cor-dition 
JM, JPE 62 62 62 Bi 62 62 62 62 flip-flop is true. Otherwise, execute the next instructit..n in sequence. 

x x 63 63 63 83 63 63 

CALL 1111 0 1 x x x 1 1 0 Unconditionally call the subroutine at memory address 83. 

62 62 62 62 62 62 62 62 6362. . 82. Save the current address (up one level in the stack). 

x x 63 63 63 63 63 63 

CNC, CNZ, 19 0' 111 0 1 0 C4 C3 0 1 0 Call the subroutine at memory address 83 ... 8382 ... 82 if the 
CP, CPO 62 62 62 62 62 62 62 62 condition flip-flop is false. and save the current address (up one 

x x 63 63 63 63 63 63 level in the stack.) Otherwise, execute the next instruction in sequence. 

CC, CZ, 19 0, 111 0 1 1 C4 C3 0 1 0 Call the subroutine at memory address 83 ... 8382. . . 82 if the 
CM, CPE 62 62 62 62 62 62 62 62 condition flip-flop is true, and save the current address (up one 

x x 63 63 63 63 63 63 level in the stack). Otherwise. execute the next instruction in sequence. 

RET 151 0 0 x x x 1 1 1 Unconditionally return (down one level in the stack). 

ANC, ANZ, 
AP, APO 

(3 or 5) 0 0 0 C4 C3 0 1 1 Return (down one level in the stack) if the condition flip-flop is 

false. Otherwise, execute the next instruction in sequence. 

RC, AZ (3 or 5) 0 0 1 C4 C3 0 1 1 Return (down one level in the stack) if the condition flip-flop is 
AM, APE 

true. Otherwise, execute the next instruction in sequence. 

RST 151 0 0 A A A 1 0 1 Call the subroutine at memory address AAAOOO (up one level in the stack). 

Input/Output Instructions 
IN 181 0 1 0 0 M M M 1 Read the content of the selected input port (MMM) into the 

f-----
accumulator. 

OUT 161 0 1 R R M M M 1 Write the content of the accumulator into the selected output 

pmt IRRMMM, RR I 001. 

Machine Instruction 
HLT 141 0 0 

1 1 

0 0 0 

1 1 1 

0 0 X Enter the STOPPED state and remain there until interrupted. 

141 1 1 1 

NOTES· 
(1) SSS'- Source Index Register . } These registers, fj, are designated A(accumulator-000), 

ODD= Destination Index Register 8(001), C(OlO), 0(011), E(100), H(101), Lf110). 
(2) Memory registers are addressed by the contents of registers H & L. 
(3) Additional b\,1 tes of instruction are designated by BBBBB888. 
(4) X = "Don't Care". 

(5) f"lag flip-flops are def 1ned by c4 C3 carry (DO-overflow or underflow), Lero (01-result is zero), sign ( 1 0-MSB of result is "1 "l, 

parity ( 11-parity 1s even). 
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8008/8008-1 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature 'COMMENT 

Under Bias 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Input Voltages and Supply 
Voltage With Respect 
to Vee +0.5 to -20V 

Power Dissipation 1.0 W @ 25°C 

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. 

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee = +5V ±5%, Voo = -9V ±5% unless otherwise specified. Logic "1" is defined 

as the more positive level (V1H, V0H ). Logic "O" is defined as the more negative level (V1L, V0 L ). 

SYMBOL PARAMETER LIMITS 
UNIT 

TEST 
MIN. TYP. MAX. CONDITIONS 

100 AVERAGE SUPPLY CURRENT-
OUTPUTS LOADED' 30 60 mA T = 25°C 

1------·-
I 

A ·-·-----j 

Ill INPUT LEAKAGE CURRENT 10 µA v,N = ov 

VIL INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) I VDD vcc-4.2 v 

--
VIH INPUT HIGH VOLTAGE 

(INCLUDING CLOCKS) vcc-1.5 vcc+0.3 v 

-v:-fOuTPUT LOW VOLTAGE 0.4 v 10 L = 0.44mA 

L ·- -- t--. ---1-----1---
CL = 200 pF 

VOH OUTPUT HIGH VOLTAGE vcc-1.5 v 10 " = 0.2mA 

A.C. CHARACTERISTICS 

*Measurements are made while 
the 8008 is executing a typical 
sequence of instructions. The 

test load is selected such that 

at VOL= 0.4V. loL= 0.44mA 
on each output. 

TA= 0°C to 70°C; Vee= +5V ±5%, v00 = -9V ±5%. All measurements are referenced to 1.5V levels. 

8008 8008-1 

LIMITS LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 

MIN. MAX. MIN. MAX. 

tcv CLOCK PERIOD 2 3 1.25 3 µs tR.t F = 50ns 

t R•t F CLOCK RISE AND FALL TIMES 50 50 ns 

t¢1 PULSE WIDTH OF ¢1 .70 .35 µs 

!¢2 PULSE WIDTH OF ¢2 .55 .35 µs 

t01 CLOCK DELAY FROM FALLING .90 1.1 1.1 µs 
EDGE OF ¢ 1 TO FALLING EDGE 

OF ¢ 2 

to2 CLOCK DELAY FROM ¢ 2 TO ¢ 1 .40 .35 µs 

to3 CLOCK DELAY FROM ¢ 1 TO ¢ 2 .20 .20 µs 

too DATA OUT DELAY 1.0 1.0 µs CL= 100pF 

toH HOLD TIME FOR DATA BUS OUT .10 .10 µs 

t1H HOLD TIME FOR DATA IN Ill [1] µs 

tso SYNC OUT DELAY .70 .70 µs CL= 100pF 

ts1 STATE OUT DELAY (ALL STATES 1.1 1.1 µs CL= 100pF 

EXCEPT T1 AND T1I)1 2 1 

ts2 STATE OUT DELAY (STATES 1.0 1.0 µs CL= 100pF 

T1ANDT11) 

tRW PULSE WIDTH OF READY DURING .35 .35 µs 

¢ 22 TO ENTER T3 STATE 

tRD READY DELAY TO ENTER WAIT .20 .20 µs 

STATE 

t 2l 1t the INTERRUPT is not used, all states have the same outnut delay, t 51 . 
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8008/8008-1 

TIMING DIAGRAM 

121 

SYNC 
to1- tso--

l:r~,~~~ f _=_=_=_=_=_=..._=_=_=_=_-_-_:...11-... -------+---+-~· .. --•i--t------':·--------+---+--,----· 
1

_ DATA OUT 

-------too-

STATE I LINES 

s, 

s, 

---------- ts2 -

/1] ---- tRD 
- -- - -.,, 1.---t---"''"' { 

1------------ ----------------~-------------!•<-----~~ 
r, ~ ~ 

Notes: 1. READY line must be at "O" prior to c/>22 of T2 to guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200ns (max.) of falling edge of c/>1. 

TYPICAL D.C. CHARACTERISTICS 

POWER SUPPLY CURRENT 

VS. TEMPERATURE 

-· i 22 

TYPICAL A.C. CHARACTERISTICS 
DATA OUT DELAY VS. 

OUTPUT LOAD CAPACITANCE 

OUTPUT SINKING CURRENT 
VS. TEMPERATURE 

r, 

OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 

V00 • -9V 

- Vee • SV 

T.., = 70"C 

OUTPUT VOLTAGE IV). VoH 

' lL 
J7 CAPACITANCE f = 1MHz; TA = 25°C; Unmeasured Pins Grounded 

, y . 
' 

_Lv 
SYMBOL TEST 

LIMIT (pf) 

TYP. MAX . 

CIN INPUT CAPACITANCE 5 10 

COB DATA BUS 1/0 CAPACITANCE 5 10 

~ COUT OUTPUT CAPACITANCE 5 10 

0 ' 

OATll BUS Cj),P.6,CIT<!oNCE !pfl_ C08 
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8080A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functionally and electrically compatible with the Intel® 8080. 

• TTL Drive Capability • Sixteen Bit Stack Pointer and Stack 

• 2 µs Instruction Cycle Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Powerful Problem Solving • Decimal,Binary and Double 
Instruction Set Precision Arithmetic 

• Six General Purpose Registers • Ability to Provide Priority Vectored 
and an Accumulator Interrupts 

• Sixteen Bit Program Counter for • 512 Directly Addressed 1/0 Ports 
Directly Addressing up to 64K Bytes 
of Memory 

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 1/0. Signals to control the interface to memory and 1/0 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. 

8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 

0 7 0 0 

Bl-DIRECTIONAL 
DATA BUS 

POWER1- +12V 
SUPPLIES - •5V 

--sv 
-GNO 

(8 BIT) 
INTERNAL DATA BUS 

DECIMAL 
ADJUST 

INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 

TIMING 
AND 

CONTROL 

DATA BUS INTERRUPT HOLD WAIT 
WAITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 

l 1 
WR OBIN INTE INT HOLD HOLD WAIT SYNC <:11 02 RESET 

ACK READY 
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(8 BIT) 
INTERNAL DATA BUS 

MULTIPLEXER 
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TEMP REG. 
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z l8)1 TEMP REG 
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REG. 
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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. 

A1s.Ao (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 

(up to 64K 8-bit words) or denotes the 1/0 device number for up 

to 256 input and 256 output devices. Ao is the least significant 

address bit. 

DrDo (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 

between the CPU, memory, and 1/0 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. 

OBIN (output) 

DATA BUS IN; the OBIN 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 1/0. 

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 /0 

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) l\ 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 1/0 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 LO 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 (DrDol will be in their high impedance 

state. The CPU acknowledges its state with the HOLD AC

KNOWLEDGE (HLDA) pin. 

HLDA (output) 

HOLD ACKNOWLEDGE; the HLDA signal appears in response 

to the HOLD signal and indicates that the data and address bus 

RESET 

HOLD 
INT 

?z 

INTE 

WR 

SYNC 

+5V 

Pin Configuration 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

40 

39 

38 

37 

36 

35 

34 

INTEL 33 

32 

8080A 31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

A3 

+12V 

Az 
Ai 

Ao 

WAIT 

READY 

¢1 

HLDA 

will go to the high impedance state. The H LOA 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 LOA signal appears after the rising edge of ¢1 

and high impedance occurs after the rising edge of ¢ 2. 

INTE (output) 

INTERRUPT ENABLE; 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 (M 1) when an interrupt is accepted and i' 

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)ll l 

RESET; while the RESET signal is activated, the content of the 

program counter is cleared. After RESET, the program will star· 

at location 0 in memory. The INTE and HLDA flip/flops are alsc 

reset. Note that the flags, accumulator, stack pointer, and register 

are not cleared. 

Vss Ground Reference. 

Voo +12 ± 5% Volts. 

Vee +5 ± 5% Volts. 

Vss -5 ±5% Volts (substrate bias). 

¢1, ¢2 2 externally supplied clock phases. (non TTL compatible 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... 0°C to +70° C 
Storage Temperature . . . . . . . . . . . . . . . -65° C to + 150° C 
All Input or Output Voltages 

With Respect to V88 . . . . . . . . . . . . . . -0.3V to +20V 
Vee. Voo and Vss With Respect to Vas -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= 0°C to 70°C, V00 = +12V ± 5%, Vee= +5V ± 5%, Vas= -5V ± 5%, Vss = OV. Unless Otherwise Noted. 

Symbol Parameter Min. 

V1LC Clock Input Low Voltage Vss-1 

V1HC Clock Input High Voltage 9.0 

V1L Input Low Voltage Vss-1 

V1H Input High Voltage 3.3 

Vol Output Low Voltage 

VoH Output High Voltage 3.7 

loo IAVI Avg. Power Supply Current (Vool 

lcc1Av1 Avg. Power Supply Current (Vccl 

Isa (AVI Avg. Power Supply Current (Vas I 

l1L I 
Input Leakage 

lcL Clock Leakage 

loL [2] Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
Vee= Voo = Vss = ov. V88 =-5V 

Symbol Parameter Typ. Max. Unit 

c<P Clock Capacitance 17 25 pf 

C1N Input 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 OBIN is high and V1N > V1H an internal active pull up will 

be switched onto the Data Bus. 
3. Al supply I ti.TA= -0.45%fC. 

Typ. Max. 

Vss+0.8 

Voo+1 

Vss+0.8 

Vcc+1 

0.45 

40 70 

60 80 

.01 1 

±10 

±10 

-100 

I 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

10-13 

Unit 

v 
v 
v 
v 
v 
v 

mA 

mA 

mA 

µA 

µA 

µA 
mA 

µA 

Test Condition 

} loL = 1.9mA on all outputs, 
loH =-150µA. 

} Opec.,ioc 
T cv = .48 µsec 

Vss < V1N <Vee 

Vss .;;:; VcLOCK .;;:; Voo 

Vss<V1N<Vss+0.8V 

Vss +0.8V<V1N <Vee 

v ADDA/DATA = Vee 

v ADDA/DATA = Vss + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. [3] 

+25 +50 

AMBIENT TEMPERATURE ("C) 

DATA BUS CHARACTERISTIC 
DURING OBIN 

•75 



8080A 

A.C. CHARACTERISTICS 
TA = 0°C to 70°C, Voo = +12V ± 5%, Vee= +5V ± 5%, Vss = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tcv[3J Clock Period 0.48 2.0 µsec 

t,. t1 Clock Rise and Fall Time 0 50 nsec 

tq,1 </>1 Pulse Width 60 nsec 

tq,2 <i>2 Pulse Width 220 nsec 

to1 Delay </>1 to </>2 0 nsec 

to2 Delay </>2 to </>1 70 nsec 

to3 Delay </>1 to </>2 Leading Edges 80 nsec 

toA [2] Address Output Delay From </>2 200 nsec 
} CL= 100pf 

too [2J Data Output Delay From </>2 220 nsec 

toe [2J Signal Output Delay From <f>i, or </>2 (SYNC, WR,WA1T, HLOA) 120 nsec 
}cL =50pt 

toF [21 OBIN Delay From </>2 25 140 nsec 

to1[ 1l Delay for Input Bus to Enter Input Mode toF nsec 

tos1 Data Setup Time During ¢ 1 and OBIN 30 nsec 

TIMING WAVEFORMS[14l (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"O" = 1.0V; INPUTS "1" = 3.3V, "O" = 0.8V; OUTPUTS "1" = 2.0V, "O" = 0.8V.) 

ll ..__too---- - to1 ....--

-~ 

·~. D7-Do------------~----- --
SYNC ----------+---' 

- toe-

OBIN 

READY 

INTE 

10-14 
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8080A 

A.C. CHARACTERISTICS (Continued! 

TA = 0°C to 70°C, VDD = +12V ± 5%, Vee= +5V ± 5%, V88 = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

'" 

SYNC 

OBIN 

READY 

WAIT 

Symbol 

tDs2 

tDH [1] 

t1E [2] 

tRs 

tHs 

tis 

tH 

tFD 

tAwl2] 

tDwl2l 

twDl2l 

twA[2] 

tHF[2] 

twF 12l 

tAH 121 

Parameter Min. Max. Unit Test Condition 

Data Setup Time to </12 During OBIN 150 nsec 

Data Hold Time From ¢2 During OBIN [1] nsec 

INTE Output Delay From </J2 200 nsec CL= 50pf 

READY Setup Time During ¢2 120 nsec 

HOLD Setup Time to ¢2 140 nsec 

INT Setup Time During ¢2 (During ¢1 in Halt Mode) 120 nsec 

Hold Time From </J2 (READY, INT, HOLD) 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 I- CL= 1 OOpf: Address, Data 
CL =50pf: WR, HLDA, OBIN 

HLDA to Float Delay [8] nsec 

WR to Float Delay [9] nsec 

Address Hold Time After OBIN 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. 

toH = 50ns or toF, whichever is less. 
2. Load Circuit. 

8080A 
OUTPUT 

+5V 

2.1K 

' 1FD 

-~---1-· --= --'" l-1=-+-=."1-,W-A --l----'!'""--
' . ! -·~'-----!-----+---

3. tcy = to3 + tr¢2 + t<1>2 + tf¢2 + to2 + tr¢1 ~ 480ns. 

TYPICAL t. OUTPUT DELAY VS. t. CAPACITANCE 
+20 

c 

>-

~ 
+10 

0 
I-

ii'. 
I-
::l -10 0 .., 

-50 

...'!.CAPACITANCE {pf) 

IC ACTUAL - CsPEcl 

+50 +100 

4. The following are relevant when interfacing the BOBOA to devices having V1H = 3.3V: 
a) Maximum output rise time from .BV to 3.3V = 100ns@ CL= SPEC. 

HOLD ~ b) Output delay when measured to 3.0V =SPEC +60ns@ CL"' SPEC. 

HLDA 

INT 

INTE 

c) If CL -4' SPEC, add .6ns/pF if CL> CsPEC· subtract .3ns/pF (from modified delay) if CL< CsPEC· 
5. tAW"' 2 tcy -103 -trip2 -140nsec. 
6. tow= tcv -to3 -tr¢2 -170nsec. 
7. If not HLDA, two= twA = 103 + 1r¢2 +10ns. If HLOA, two= twA = 1WF· 
8. 1Hf = t03 + trq,2 -50ns. 
9. twF = to3 + trq,2 -10ns 

10. Data in must be stable for this period during OBIN ·T3. Both tos1 and tos2 must be satisfied. 
11. Ready signal must be stable for this period during T2 or Tw. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during TJ, T4, 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 specifK: machine cycle. 
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INSTRUCTION SET 

ll . 

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 Instruction 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 l~ft 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 1/0 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 CMG instruction allows it to be comple
mented. CMA complements the contents of the accumulator 
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. 

ID 7 D6 D5 D4 D3 D2 D1 Doi 

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 

I D1 Ds D5 D4 D3 D2 

Two Byte Instructions 

D1 Ds Ds D4 D3 D2 

D1 Ds D5 D4 D3 D2 

Three Byte Instructions 

D1 Ds D5 D4 D3 D2 

D1 Ds D5 D4 D3 D2 

D1 Ds Ds D4 D3 D2 

D, Do I OP CODE 

D, Do OP CODE 

D, Do OPERAND 

D, Do I OP CODE 

D, Do I LOW ADDRESS OR OPERAND 1 

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 "O" is defined as a low level. 

10-16 



8080A 

8080 INSTRUCTION SET 

Summary of Processor Instructions 

Instruction Codel 11 Clock11; Instruction Code{ll Clockl21 
Mnemonic Descriplion D7 D5 D5 D4 DJ D2 D1 Do Cycles Mnemonic Description D7 D5 D5 D4 DJ D1 D1 Do Cycles 

MOVE, LOAD. AND STORE 
MOVr1,r1 Move-register to register s s s JPO Jump on parity odd 10 
MOV M,r Move register to memory s s PCHL H & L lo program 
MOV r,M Move memory to register counter 

MVI r Move immediate register CALL 
MVI M Move immediate memory 10 CALL Call unconditional 17 
LXI B Load immediate register 10 cc Call on carry 11117 

Pair B & C CNC Call on no carry 11117 
LXI D Load immediate register 10 CZ Call on zero 11117 

Pair D & E CNZ Call on no zero 11117 
LXI H Load immediate register 10 GP Call on pos1t1ve 11117 

Pair H & L CM Call on minus 11117 
STAX B Store A indirect CPE Call on parity even 11117 
STAX D Store A indirect CPO Call on parity odd 11117 
LDAX B Load A indirect 

RETURN 
LDAX D Load A indirect 7 

RET Return 1 0 0 1 10 
STA Store A direct 13 

RC Return on car·ry 5111 
LOA Load A direct 13 

RNC Return on no carr·y 5111 
SHLD Store H & L direct 16 

RZ Return on zero 5111 
LHLD Load H & L direct 16 

RNZ Return on no zero 5/ 11 
XCHG Exchange D & E H & L 

RP 5111 Registers Return on pos1t1ve 

STACK OPS 
RM Return on minus 0 0 5111 

RPE Return on parity even 0 5111 
PUSH B Push register Pair B & 11 RPO Return on parity odd 1 0 5111 

C on stack 

PUSH 0 Push register Pair D & 11 RESTART 

E on slack RST Restart A A A 11 

PUSH H Push register Pair H & 11 INCREMENT AND DECREMENT 
Lon stack INR r Increment register 

PUSH PSW Push A and Flags 11 OCR r Decrement register 
on slack INR M Increment memory 10 

POP B Pop register Pair B & 10 OCR M Decrement memory 10 
C off stack 

INX B Increment B & C 5 
POP D Pop register Pair D & 10 

E off stack registers 

jl POP H Pop register Pair H & 10 INX D Increment D & E 

L off stack registers 

POP PSW Pop A and Flags 10 INX H Increment H & L 

. 

off slack registers 

XTHL Exchange top of 18 DCX B Decrement B & C 

stack. H & L DCX D Decrement D & E 

SPHL H & L to stack pointer DCX H Decrement H & L 

LXI SP Load 1mmed1ale stack 10 ADD 
pointer ADD r Add register to A s 

INX SP Increment stack pointer ADC r Add register to A s 
DCX SP Decrement stack with carry 

pointer ADD M Add memory to A 

JUMP ADC M Add memory lo A 

JMP Jump unconditional 10 with carry 

JC Jump on carry 10 
ADI Add immediate to A 
ACI Add 1mmed1ale lo A 

JNC Jump on no carry 10 with carry 
JZ Jump on zero 10 DAD B Add B & C to H & L 10 
JNZ Jump on no zero 10 DADD Add D & E to H & L 10 
JP Jump on positive 10 DAD H Add H & L to H & L 10 
JM Jump on minus 10 DAD SP Add stack pointer to 10 
JPE Jump on parity even 10 H & L 

NOTES 1 DDDorSSS:B 000.C 001.D 010.E 011.H 100.L 101.Memory.110.A 111 'All mnemonics copyright 

2. Two possible cycle times. (6112) indicate mstruct1on cycles dependent on cond111on flags 0 Intel Corporation 1977 
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8080A 

8080 INSTRUCTION SET 

Summary of Processor Instructions (Cont.) 

Instruction Code(ll Clock(21 
Mnemonic Description D1 D5 D5 D4 DJ D1 D1 Do Cycles 

SUBTRACT 
SUB r Subtract register s 

from A 

SBB r Subtract register from s 
A with borrow 

SUB M Subtract memory 
from A 

SBB M Subtract memory from 
A with borrow 

SUI Subtract immediate 
from A 

SBI Subtract immediate 
from A with borrow 

LOGICAL 
ANA r And register with A s 
XRA r Exclusive Or register s 

with A 

ORA r Or regrster with A 

CMPr Compare regrster with A s 
ANA M And memory with A 
XRA M Exclusive Or memory 

with A 
ORAM Or memory wrth A 7 

CMP M Compare memory with A . 7 

ANI And immediate with A 

XRI Exclusive Or 1mmedrate 
With A 

ORI Or immediate with A 
CPI Compare immediate 

wrth A 

ROTATE 
RLC Rolate A left 

RAC Rotate A 11ght 

RAL Rotate A left through 
carry 

RAR Rotate A rrght through 
carry 

SPECIALS 
CMA Complement A 
STC Set carry 

CMG Complement carry 

DAA Decrmal ad1ust A 

INPUT /OUTPUT 
IN Input 10 

OUT Output 10 

CONTROL 
El Enable Interrupts 

DI Disable Interrupt 
NOP No-operation 

HLT Halt 

NOTES: DOD or SSS: B=OOO. C=001. 0=010. E=011. H=100. L=101. Memory=110. A=111 
Two possible cycle times. 16/ 12) indicate instruction cycles dependent on conditron ilags 
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8080A-1 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functionally and electrically compatible with the Intel® 8080. 

• TTL Drive Capability • Sixteen Bit Stack Pointer and Stack 

• 1.3 µ.s Instruction Cycle 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Powerful Problem Solving • Decimal,Binary and Double 
Instruction Set Precision Arithmetic 

• Six General Purpose Registers • Ability to Provide Priority Vectored 
and an Accumulator Interrupts 

• Sixteen Bit Program Counter for • 512 Directly Addressed 1/0 Ports 
Directly Addressing up to 64K Bytes 
of Memory 

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 1/0. Signals to control the interface to memory and 1/0 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. 

8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 

D7 · 0 0 

Bl-DIRECTIONAL 
DATA BUS 

POWERl- +12V 
SUPPLIES - +5V 

--5V 

- GND 

(8 BIT) 
INTERNAL DATA BUS 

DECIMAL 
ADJUST 

INSTRUCTION 
DECODER 

ANO 
MACHINE 

CYCLE 
ENCODING 

TIMING 
ANO 

CONTROL 

DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 

1 1 
OBIN INTE INT HOLD HJLOWAIT 1 SYNC 1 ,·,2 RESET 

ACK READY 

10-20 

18 BIT) 
INTERNAL DATA BUS 

MUL TlPLEXER 

w 181 z 181 

TEMP REG. TEMP REG. 

B 181 c 
REG. REG. 

0 181 E 
REG. REG. 

ISi L 181 

REG. REG. 

1161 
STACK POINTER 

1161 
PROGRAM COUNTER 

INCAEMENTER/DECREMENTE R 
ADDRESS LATCH 

ADDRESS BUFFER 

A15 11.u 
ADDRESS BUS 

REGISTER 
ARRAY 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... 0°C to +70° C 
Storage Temperature ............... -65°C to +150°C 
All Input or Output Voltages 

With Respect to Vas . . . . . . . . . . . . . . -0.3V to +20V 
Vee. Voo and Vss With Respect to V6 s -0.3V to +20V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . 1.5W 

D.C. 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= 0°C to 70°C, v00 = +12V ± 5%, Vee= +5V ± 5%, Vss = -5V ± 5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. Typ. Max. 
~~~--+---------~-----1---~--~1-----l-----+~-~1--~~-~---------~ 

V1LC Clock Input Low Voltage Vss-1 Vss+0.8 

Clock Input High Voltage 9.0 Voo+1 

I Input Low Voltage Vss-1 Vss+0.8 

Input High Voltage 3.3 Vcc+1 

Output Low Voltage 0.45 

VoH Output High Voltage 3.7 

loo IAVI Avg. Power Supply Current (Voo I 40 70 

lcclAVI Avg. Power Supply Current (Vccl 60 80 

lss IAVI Avg. Power Supply Current (Vasi .01 

.l. Input Leakage ±10 

I Clock Leakage ±10 

loL [2] Data Bus Leakage in Input Mode -100 
-2.0 

I 
Address and Data Bus Leakage----+-- ----1 +10 

-100 During HOLD J 

l 
CAPACITANCE 

Vee= Voo = Vss = ov. Vss = -5V 

Symbol Parameter Typ. Max. Unit 

Cq, Clock Capacitance 17 25 pf 

C1N Input 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 OBIN is high and V1N > V1H an internal active pull up will 

be switched onto the Data Bus. 
3. ti.I supply I ti.TA = -0.45%f C. 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to V ss 
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TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. [3] 

AMBIENT TEMPERATURE (cC) 

DATA BUS CHARACTERISTIC 
DURING OBIN 
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A.C. CHARACTERISTICS CAUTION: When operating the BOBOA-1 at or near full speed, care must be taken to assure precise timing compatibility 
between 8080A -1, 8224 and 8228. 

TA = 0°C to 70°C, Voo = +12V ± 5%, Vee = +5V ± 5%, V00 = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tevl3l Clock Period .32 2.0 µsec 

t,, t1 Clock Rise and Fall Time 0 25 nsec 

t.t>1 </>1 Pulse Width 50 nsec 

tq,2 ¢2 Pulse Width 145 nsec 

to1 Delay r/l1 to r/l2 0 nsec 

to2 Delay </>2 to </>1 60 nsec 

to3 Delay <f>i to efl2 Leading Edges 60 nsec 

toA 121 Address Output Delay From </>2 150 nsec 
} CL= 50pf 

too 121 Data Output Delay From r/l2 180 nsec 

toel21 Signal Output Delay From <f>i, or ¢2 ISYNe, WR,WA1T, HLDAI 110 nsec 
}cL =50pf 

toF [2) OBIN Delay From r/l2 25 130 nsec 

t 01 111 Delay for Input Bus to Enter Input Mode toF nsec 

tos1 Data Setup Time During r/l1 and OBIN 10 nsec 

TIMING WAVEFORMS1141 (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"O" = 1.0V; INPUTS "1" = 3.3V, "O" = 0.8V; OUTPUTS "1" = 2.0V, "O" = 0.8V.) 

----------- tcv -1 
- -1¢1 

~, 

- 101 -

--t---1. --p- '---~.· .. ~ --- 'Aw----t+--- ii 1: 

100·-- I 1 ' 

A,5-Ao -----------l--"'l'-ll -100-

":. o,-o. ---t---1'------ --

SYNC 

- 1oc-
OBIN 

READY 

WAIT 

HOLD 

HLOA 

INT 

INTE 
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8080A-1 

A.C. CHARACTERISTICS (Continued) 
TA = 0°C to 70°C, VDD = +12V ± 5%, Vee = +5V ± 5%, Vss = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

•2 

A,5·Ao 

D7-Do 

SYNC 

OBIN 

WR 

READY 

WAIT 

HOLD 

HLOA 

INT 

INTE 

Symbol Parameter Min. Max. Unit Test Condition 

tDs2 Data Setup Time to ¢2 During DBIN 120 nsec 

tDH [1] Data Hold Time From ¢2 During DBIN [1] nsec 

t1E [2] INTE Output Delay From ¢2 200 nsec CL= 50pf 

tRs READY Setup Time During ¢2 90 nsec 

tHs HOLD Setup Time to ¢2 120 nsec 

tis INT Setup Time During ¢2 (During <1>1 in Halt Model 100 nsec 

tH Hold Time From ¢2 (READY, INT, HOLD) 0 nsec 

tFD Delay to Float During Hold (Address and Data Busl 120 nsec 

tAw[2) Address Stable Prior to WR [5) nsec --. 

tDwr21 Output Data Stable Prior to WR [6) nsec 

twDr21 Output Data Stable From WR [7) nsec 

twAf2) Address Stable From WR [7] n sec I- CL= 50pf: Address, Data 
CL =50pf: WR, HLDA, DBIN 

tHF[2) HLDA to Float Delay [8) nsec 

twFf2] WR to Float Delay [9] nsec 

tAH [21 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. 

toH"" 50 ns or tOF· whichever 1s less. f\ __ f\ __ 
I 

2. Load C1rcwt. 

+5V 

~i-c, ~§---+•~~~'" 
,. 

,._ 

,._ 

-..,..~~~-+~~~~ .......... --

--

-- toe-----. 
~----"----

-:1~-----

BOBO A 
OUTPUT 

3. tcy = to3 + tr¢2 + ti,ti2 + tf¢2 + to2 + tr¢1 ~ 320ns. 

TYPICAL Ll. OUTPUT DELAY VS. Ll. CAPACITANCE 
+20 ----T·-·--~---~ 

..::. CAPACITANCE (pf) 

(CACTUAL - CsPecl 

4. The following are relevant when interfacing the 8080A to devices having V1H = 3.JV: 
al Maximum output rise time from .SV to 3.3V == 1 OOns@ CL== SPEC. 
b) Output delay when measured to 3.0V = SPEC +60ns@ CL= SPEC. 
c) If CL -:f. SPEC, add .6ns/pF if CL> CsPEC· subtract .3ns/pF (from modified delay) if CL< CsPEC· 

5. tAw = 2 tcv -to3 -tr¢2 -110nsec. 
6. tow= tcv -to3 -tr1>2 -150nsec. 
7. If not HLOA, two= twA = to3 + trq,2 +10ns. If HLOA, two= twA =- tWF· 
8. tHF = to3 + tr¢2 -50ns. 
9. twF = to3 + tr¢2 -1 Ons 

10. Data in must be stable for this period during OBIN ·T3. Both tos1 and tos2 must be satisfied. 
11. Ready signal must be stable for this period during T2 or Tw. (Must be externally synchronized.) 

JI 
lll 

12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during TJ, T4. T5 
and TwH when !n 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-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

• TTL Drive Capability 

• 1.5 µ.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 110 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 1/0. Signals to control the interface to memory and 1/0 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 (OMA) direct memory access or multi-processor operation_ 

8080A CPU FUNCTIONAL BLOCK DIAGRAM D7 Do 
Bl-DIRECTIONAL 

DATA BUS 

POWERl~ +12V 
SUPPLIES - +-5V 

--5V 

- GNO 

{8 B!TI 
INTERNAL DATA BUS 

DECIMAL 
ADJUST 

INSTRUCTION 
DECODER 

AND 
MAC Ht NE 

CYCLE 
ENCODING 

TIMING 
AND 

CONTROL 

DATA BUS INTERRUPT HOLD WAIT 

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 

WR OBIN INTE l}T HOLD HJLD WAIT ! SYNC /t }2 RESET 

ACK READY 
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TEMP REG. 
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181 

181 

181 
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z (BIT TEMP REG 

c 
REG. 

181 

REG 
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A1s Ao 
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8080A-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 
Storage Temperature .. 
All Input or Output Voltages 

With Respect to Vss .. 
Vee. Voo and Vss With Respect to Vss 

.... 0°Cto+70°C 
-65°C to +150°C 

-0.3V to +20V 
-0.3V to +20V 

Power Dissipation ................. . 1.5W 

*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. 

D.C. CHARACTERISTICS 
TA= 0°C to 70°C, Voo = +12V ± 5%, Vee= +5V ± 5%, Vss = -5V ± 5%, Vss ~ OV, Unless Otherwise Noted. 

Typ.Gax. Symbol 

V1LC 

Parameter 

v Clock Input Low Voltage 1 Vss-1 

Min. 

1 Vss+0.8 

Unit Test Condition 

V1HC 

V1L I 
I 

V1H I 

Vol l 
VoH 

Clock Input High Voltage ] 9.0 Voo+1 ! V 
~------<-1-n-p-ut-L-ow_V_o_l_ta_g_e---~-----~~~~ ---1--+----+-IV_s_s_+_O __ B-+-l-V _ ___, 

Input High Voltage ~3 J Vcc+1 · 

Output Low Voltage ' I 0.45 

Output High Voltage 3.7 T 

v 
v } loL = 1.9mA on all outputs, 
v loH = 150µA. T 

loo IAVI 

lcc(AVI 

lss IAVI 

Avg. Power Supply Current (V0 o I 40 70 mA J} o"'"''"" mA 
T CY = .38µsec 

mA 
I 

Avg. Power Supply Current (Vee I 

Avg. Power Supply Current (Vss I 

60 

.01 

80 

l1L Input Leakage ± 10 µA 
~~~~~+--~~~~~~~~~~~~~~r-~~~--+--·------t--------+---~ 

lcL 

loL [2) 

IFL 

Clock Leakage ± 10 µA 
Data Bus Leakage in Input Mode -100 µA 

mA 

Address and Data Bus Leakage 
During HOLD µA 

I -2.0 

i--+---~-~-~---1-----< 

Vss ~ V1N ~ Vee 

Vss ~Ve LOCK ~ Voo 

Vss~VIN ~Vss+0.8V 

Vss +0.8V~V1N ~Vee 

VADDR/DATA =Vee 

v ADDR/DATA = Vss + 0.45V ----~-------------~ ____ _L __ _,__ __ ___,_ ___ ,__ ____________ ~ 

CAPACITANCE 
Vee= Voo = Vss = OV, Vss =-5V 

Symbol Parameter Typ. Max. Unit 

c<1> Clock Capacitance 17 25 pf 

C1N Input 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 OBIN is high and V1N > V1H an internal active pull up will 

be switched onto the Data Bus. 
3. t.I supply It.TA= -0.45%fC. 

Test Condition 

f0 = 1 MHz 

Unmeasured Pins 

Returned to Vss 
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TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NDRMALIZEo.[3] 

AMBIENT TEMPERATURE (°C) 

DATA BUS CHARACTERISTIC 
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8080A-2 

A.C. CHARACTERISTICS 

TA= 0°C to 70°C, Voo = +12V ± 5%, Vee= +5V ± 5%, Vss = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tcvl3l Clock Period .38 2.0 µsec 

t,, t1 Clock Rise and Fall Time 0 50 nsec 

tq,1 c/>1 Pulse Width 60 nsec 

tq,2 ¢2 Pulse Width 175 nsec 

to1 Delay c/>1 to c/>2 0 nsec 

to2 Delay c/>2 to ¢, 70 nsec 

to3 Delay <f>i to ¢2 Leading Edges 70 nsec 

toA [2] Address Output Delay From c/>2 175 nsec 
} CL= 100pf 

too l2l Data Output Delay From c/>2 200 nsec 

tocl21 Signal Output Delay From¢,, or ¢2 (SYNC, WR,WAIT,HLOAI 120 nsec 
}cL =50pf 

toF [2] OBIN Delay From c/>2 25 140 nsec 

t 01 l1J Delay for Input Bus to Enter Input Mode toF nsec 

tos1 Data Setup Time During ¢1 and OBIN 20 nsec 

TIMING WAVEFORMS[l4 l (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"O" = 1.0V; INPUTS "1" = 3.3V, "O" = 0.8V; OUTPUTS "1" = 2.0V, "O" = 0.8V.) 

DATA OUT 
- --- -I 

READY 

WAIT 

HOLD 

HLDA 

INT 

INTE 
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WAIT 

8080A-2 

A.C. CHARACTERISTICS (Continued) 

TA= 0°C to 70°C, VDD = +12V ± 5%, Vee= +5V ± 5%, V88 = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

Symbol 

tDs2 

tDH (1] 

t1E [2] 

tRs 

tHs 

tis 

tH 

tFD 

tAw[2] 

tDwl2l 

twDl2l 

twA[2] 

tHF[2l 

twF (2] 

tAH 121 

Parameter Min. Max. Unit Test Condition 

Data Setup Time to ¢2 During OBIN 130 nsec 

Data Hold Time From ¢2 During OBIN (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 

I NT Setup Time During r/J2 !During ¢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 (5] nsec 
--, 

Output Data Stable Prior to WR (6] nsec 

Output Data Stable From WR (7) nsec 

Address Stable From WR (7) nsec !-- CL= 100pf: Address, Data 
CL =50pf: WR, HLDA, OBIN 

HLDA to Float Delay [8] nsec 

WR to Float Delay (9) nsec 

Address Hold Time After OBIN 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. 
toH = 50 ns or lQF, whichever is less 

2 Load Circuit 

8080A 
OUTPUT 

3. tcy = to3 + trrp2 + tqi2 + t1ip2 + to2 + tr¢1 ~ 380ns. 

+5V 

TYPICAL t. OUTPUT DELAY VS. t. CAPACITANCE 
+20 

0 

> 

~ 
+10 

0 
>-
~ 
>-
::> -10 0 ,, 

-50 

j CAPACITANCE (pf) 

(CACTUAL - CSPEC) 

+50 +100 

4. The following are relevant when interfacing the BOSOA to devices having V1H = 3.3V: 
a) Maximum output rise time from .SV to 3.3V"' 100ns@ CL= SPEC. 

A 
II 

HOLD I-
b) Output delay when measured to 3.0V::: SPEC +60ns@ CL= SPEC. 
c) If CL if: SPEC, add .6ns/pF if CL> Cspec. subtract .3ns/pF (from modified delay) if CL< CsPEC· 

HLOA 

INT 

INTE 

5. tAw = 2 tcy -to3 -tr<t>2 -13Dnsec. 
6. tow= tcy -to3 -tr<t>2 -17Dnsec. 
7. If not HLDA, two= tWA = to3 + trip2 +10ns. If HLDA, two= tWA = tWF· 
8. tHF = to3 + tr¢2 -50ns. 
9. twF = to3 + tr¢2 -1 Ons 

10. Data in must be stable for this period during OBIN ·T3. Both tos1 and tos2 must be satisfied. 
11. Ready signal must be stable for this period during T2 Or Tw. (Must be externally synchronized.I 
12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during TJ, T 4, Ts 

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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• Full Military Temperature Range 
-55°C to +125°C 

• ±10% Power Supply Tolerance 

• 2 µ.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 

• TTL Drive Capability 

The Intel® 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 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 M8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides alm.ost 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 1/0. Signals to control the interface to memory and 1/0 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 (OMA) direct memory access or multi-processor operation. 

10-28 



M8080A 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............. -55°C to +125°C 
Storage Temperature ............... -65°C to +150°C 
All Input or Output Voltages 

With Respect to Vss ............. . -0.3V to +20V 
Vee. Voo 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, Voo = +12V ±10%, Vee= +5V ±10%, Vss = -5V ±10%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. Typ. Max. 

V1Le Clock Input Low Voltage Vss-1 Vss+0.8 

V1HC Clock Input High Voltage 8.5 Voo+l 

V1L Input Low Voltage Vss-1 Vss+0.8 

V1H Input High Voltage 3.0 Vcc+l 

Vol Output Low Voltage 0.45 

VoH 

I 
Output High Voltage 3.7 

loo IAVI Avg. Power Supply Current (Vool 50 80 

lcc1Av1 Avg. Power Supply Current (Vccl 60 100 

lss IAVI Avg. Power Supply Current (V8 si .01 1 

l1L Input Leakage ±10 

lcL Clock Leakage ±10 

loL [2] Data Bus Leakage in Input Mode -100 

I 
-2.0 

IF L 
Address and Data Bus Leakage r-r-- +10 

During HOLD -100 

CAPACITANCE 
Vee= Voo = v 55 = OV, V88 =-5V 

Symbol Parameter Typ. Max. Unit 

c<t> Clock Capacitance 17 25 pf 

C1N Input Capacitance 6 10 pf 

CouT Output Capacitance 10 20 pf 

NOTESo 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When OBIN is high and V1N > V1H an internal active pull up will 

be switched onto the Data Bus. 
3. ~I supply I ~TA= -0.45%/°C. 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

10-29 

Unit 

v 

v 

v 

v 

v 

v 

mA 

mA 

mA 

µA 

µA 

µA 
mA 

µA 

Test Condition 

} loL = 1.9mA on all outputs, 
loH = 150µA. 

} o'"'";'" 
T cv = .48 µsec 

Vss ,;:; V1N ,;:; Vee 

Vss ,;:; VcLOCK ,;:; Voo 

Vss ,;:;v1N ,;:;v5s +0.8V 

V55 +0.8v,;:;v,N ,;:;vcc 

VADDR/DATA =Vee 

v ADDR/DATA = Vss + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. [3] 

-55 +50 

AMBIENT TEMPERATURE (°C) 

DATA BUS CHARACTERISTIC 
DURING OBIN 

+125 

A a 



M8080A 

A.C. CHARACTERISTICS 
TA; -55°C to +125°C, Voo; +12V ±10%, Vee; +5V ±10%, Vss; -5V ±10%, Vss; OV, Unless Otherwise Noted. 

Symbol Parameter Min. Max. Unit Test Condition 

tcvl3l Clock Period 0.48 2.0 µsec 

t,. t1 Clock Rise and Fall Time 0 50 nsec 

tq,1 c/>1 Pulse Width 60 nsec 

tq,2 ¢2 Pulse Width 220 nsec 

to1 Delay </>1 to </>2 0 nsec 

to2 Delay </>2 to </>1 80 nsec 

to3 Delay </>1 to </>2 Leading Edges 80 nsec 

toA [2] Address Output Delay From </>2 200 nsec 

le, <50pf 

too 121 Data Output Delay From </>2 220 nsec 

toe 121 Signal Output Delay From </>1. or </>2 (SYNC, WR.WAIT, HLOA) 140 nsec 

toF [2] OBIN Delay From </>2 25 150 nsec 

to1l1J Delay for Input Bus to Enter Input Mode toF nsec 

tos1 Data Setup Time During </> 1 and OBIN 30 nsec 

TIMING WAVEFORMS ll 4 l (Note: T1m:.1g measurements are made at the following reference voltages: CLOCK "1"; 7.0V, 

"O"; 1.0V; INPUTS "1"; 3.0V, "O"; 0.8V; OUTPUTS "1"; 2.0V, "O"; 0.8V.) 

f\......__ _ __,l\~-

OBIN 

READY -~@ 1-- ~.!~1-
tRs 1- tRs I--

WAIT --------------------------'-" ---,-0~---· -1-.Jf_ ,:_I J~ -
HOLD ·i:r++}.__+"I'_--_, 
HLDA 

INT 

INTE 
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M8080A 

A.C. CHARACTERISTICS !Continued) 

TA; -55°C to +125°C, VDD; +12V ±10%, Vee; +5V ±10%, V88 ; -5V ±10%, Vss; OV, Unless Otherwise Noted. 

Symbol 

tDs2 

tDH (1] 

t1E [2] 

tRs 

tHs 

tis 

tH 

tFD 

tAwl2] 

tDwl2l 

tw 0 12l 

twA(2] 

tHF[2] 

twf (2] 

tAH (2] 

., 

~,s·Ao 

DrDo 

SYNC 

OBIN 

WR 

IEADY 

WAIT 

HOLD 
f-

HLDA 

f-
INT 

INTE 

Parameter Min. Max. Unit Test Condition 

Data Setup Time to ¢2 During DBIN 130 nsec 

Data Hold Time From ¢2 During DBIN [1] nsec 

INTE Output Delay From ¢2 200 nsec CL; 50pf 

READY Setup Time During ¢2 120 nsec 

HOLD Setup Time to ¢2 140 nsec 

INT Setup Time During ¢2 (During <1>1 in Halt Model 120 nsec 

Hold Time From ¢2 (READY, INT, HOLD) 0 nsec 

Delay to Float During Hold (Address and Data Busl 130 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 r CL ;50pf 

HLDA to Float Delay [8] nsec 

WR to Float Delay [9] nsec 

Address Hold Time After OBIN During HLDA -20 nsec 
~ 

---1'-~~~-+~~~~--1---

-~~~~~-t~~~~~~--

-----.... 1oc ---

NOTES: 
1. Data input should be enabled with OBIN status. No bus conflict can then occur and data hold time is assured. 

toH = 50 ns or toF, whichever is less. 
2. Load Circuit. 

M8080A 
OUTPUT 

3. tcv = to3 + tr¢2 + 1¢2 + tf¢2 + 102 + tr¢1 ;;;. 480ns. 

+5V 

2.lK 

TYPICAL .C. OUTPUT DELAY VS . .C. CAPACITANCE 
•20~~~~~~~~~~~~~~~--~ 

> +101--~~~+--~~~-t-~-;L~-t-~~~-l 

'.\ 
w 

" ,.. 
~ ,.. 
5 -101--~~~.f""~~~-t-~~~-t-~~~-1 

..:. CAPAC IT ANGE (pf) 

(CACTUAL - CSPECI 

4. The following are relevant when interfacing the MBOBOA to devices having V1H = 3.3V: 
a) Maximum output rise time from .8V to 3.3V = 1 OOns@ CL= SPEC. 
b) Output delay when measured to 3.0V =SPEC +60ns@ CL"' SPEC. 
cl If CL"# SPEC, add .6ns/pF if CL> CsPEC· subtract .3ns/pF (from modified delay) if CL< CsPEC· 

5. tAw = 2 tcy -to3 -tr92 -140nsec. 
6 tow= tcy -to3 -tr¢2 -170nsec. 
7. If not HLDA, two=twA = to3 + trci2 +10ns. If HLDA, two= tWA = tWF· 
8. tHF = 103 + tr¢2 -50ns. 
9. twF = to3 + tr¢2 -1 Ons 

10. Data in must be stable for this period during DBlN ·T3. Both tos1 and tos2 must be satisfied. 
11. Ready signal must be stable for this period during T2 or Tw. (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, Ts 
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 instruct ion rn 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 ony specific machine cycle. 
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M8080A 

INSTRUCTION SET 

l -

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 usetul 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 M8080A. The ability to 

Data and Instruction 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 l~ft 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 1/0 provided 

for in the M8080A instruction set. 

The following special instruction group completes the 

M8080A instruction set: the NOP instruction, HALT to stop 

processor execution and the DAA instructions provide deci

mal 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 accumulator 

and XCHG exchanges the contents of two 16-bit register 

pairs directly. 

Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 

same format. 

jD7 Ds Ds D4 D3 D2 Dl 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 Byte Instructions TYPICAL INSTRUCTIONS 

I D7 D6 D5 D4 D3 D2 Dl Do I OP CODE Register to register, memory refer-
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 

Two Byte lnstruttions 

D1 Ds Ds D4 D3 D2 D, Do I OPCODE 

D1 Ds Ds D4 D3 D2 Dl Do I OPERAND Immediate mode or 1/0 instructions 

Three Byte Instructions 

D1 Ds Ds D4 D3 D2 Dl Do I OPCODE Jump, call or direct load and store 

D1 Ds Ds D4 D3 D2 Dl Do I LOW ADDRESS OR OPERAND 1 
instructions 

D1 Ds Ds D4 D3 D2 Dl Do I HIGH ADDRESS OR OPERAND 2 

For the M8080A a logic "1" is defined as a high level and a logic "O" is defined as a low level. 
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8224 
CLOCK GENERATOR AND DRIVER 

FOR BOBOA CPU 

Single Chip Clock Generator/Driver • Oscillator Output for External System 
for 8080A CPU 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 

I!§> XTAL1 
DSC §> 

IE> XTAL2 

RESET Vee ~ TANK 

RESIN XTAL 1 ., @> 

ADYIN XTAL 2 
CLOCK 

l!Q> GEN. ., 
+9 

READY TANK 
62(TTU(D. 

SYNC DSC 

¢, (TTL) . , 
@> SYNC STSTB [2:> 

STSTB ¢2 
[3> RESIN 

GND Voo 

RESET [> 

[D RDYIN READY[!> 

PIN NAMES 

RESIN RESET INPUT 

~i: RESET OUTPUT 

ADYIN READY INPUT 

READY READY OUTPUT 

---~~------------

XTAL 1 (-C~NNECTIONS 
r---X-T_A_L _2 ----, I FOR CRYSTAL 
r---------i- ------------j 

f--~-~_N_K_-+--~~-~~l~~~~~~~ 
SYNC SYNC INPUT ¢2 (TTL) ¢2 CLK (TTL LEVEL) 

STSTB STATUS STB Vee +SV 
(ACTIVE LOW) Voo +12V 

¢1 ! 8080 C¢2- CLOCKS 

~L_c-G=N=o----~~-o~v ________ ~ 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... 0°C to 70°C 
Storage Temperature . . . . . . . . . . . . . . -65° C to 150° C 
Supply Voltage, Vee ................ -0.5V to +7V 
Supply Voltage, V00 .............. -0.5V to +13.5V 
Input Voltage ..................... -1.5V to+ 7V 
Output Current ......................... 100mA 

D.C. CHARACTERISTICS 
TA= 0°C to 70°C; Vee= +5.0V ±5%; Voo = +12V ±5%. 

Symbol Parameter Min. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.6 
2.0 

V1wV1L RESIN Input Hysteresis .25 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 

</J1 '</J2 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

lsc[ 11 Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

Ice Power Supply Current 

loo Power Supply Current 

8224 

*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 mA VF= .45V 

10 µA VR = 5.25V 

1.0 v le= -5mA 

.8 v Vee= 5.0V 

v Reset Input 
All Other Inputs 

v Vee= 5.0V 

.45 v (</J1.cP2), Ready, Reset, STSTB 

loL =2.5mA 
.45 v All Other Outputs 

loL = 15mA 

v loH = -lOOµA 
v loH = -lOOµA 
v loH = -lmA 

-60 mA Vo= OV 
Vee= 5.0V 

115 mA 

12 mA 

Note: 1. Caution, <P1 and <1>2 output drivers do not have short circuit protection 

CRYSTAL REQUIREMENTS 

Tolerance: .005% at 0°C -70°C 

Resonance: Series (Fundamental)* 

Load Capacitance: 20-35pF 

Equivalent Resistance: 75-20 ohms 

Power Dissipation (Typ.) : 4mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS 

Vee= +5.0V ± 5%; Voo = +12.0V ± 5%; TA = 0°C to 70°C 

Symbol Parameter Min. 

tq,1 </i1 Pulse Width 2tcy - 20ns 
9 

tq,2 </i2 Pulse Width 5tcy _ 35ns 
9 

to1 </i1 to </i2 Delay 0 

to2 </i2 to </i1 Delay 2tcy - 14ns 
9 

to3 </i1 to </i2 Delay 
2tcy 

9 

tR </i1 and </i2 Rise Time 

tF </i1 and </i2 Fall Time 

toq,2 </i2 to </i2 (l.L) Delay -5 

toss </i2 to STSTB Delay 6tcy - 30ns 
9 

tPW STSTB Pulse Width tcy - 15ns 
9 

toRs 
RDYIN Setup Time to 50ns - 4tcy 
Status Strobe 9 

RDYIN Hold Time 4tcy 
to RH 

After STSTB 9 

toR 
RDYINor RESIN to 4tcy - 25ns 
q,2 Delay 9 

teLK CLK Period 

fmax 
Maximum Oscillating 
Frequency 

C;n Input Capacitance 

8224 

Limits 
Typ. Max. 

2tcy + 20ns 
9 

20 

20 

+15 

6tcy 
9 

tcy 

9 

27 

8 

10-35 

Test 
Units Conditions 

ns 

CL = 20pF to 50pF 

ns </i2TTL,CL=30 
R,=300.\1 
R2=600.\1 

STSTB,CL=15pF 

R1 = 2K 
R2 = 4K 

Ready & Reset 
CL=10pF 

R,=2K 

R2=4K 

MHz 

pF Vee=+5.0V 
v00 =+12V 

Vs1As=2.5V 
f=1MHz 

TEST 
CIRCUIT 

INPUT>----.----~ 

GNO 

ll • 
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8224 

WAVEFORMS 

92nn1 

\ l-_1 SYNC 
(FROM 8080A) 

----toss----

STSTB 

RDYIN OR RESIN 

- - - - - - - - - - - - - - - - - - - ... ~-------r-----------------
READY OUT 

-----------------·I'"- -- ---- - - --- - -- - - -- - -------· 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: 1>1. 1>2 Logic "O" = 1.0V, Logic "1" = 8.0V. All other signals measured at 1.5V. 

EXAMPLE: 

A.C. CHARACTERISTICS (For tcv = 488.28 nsl 

TA = 0°C to 70°C; Voo = +qV ±5%; Voo = +12V ±5%. 

Symbol Parameter Min . 

11>1 ¢1 Pulse Width 89 

tq,2 ¢2 Pulse Width 236 

to1 Delay ¢1 to ¢2 0 

to2 Delay ¢2 to ¢1 95 

to3 Delay ¢ 1 to ¢2 Leading Edges 109 

tr Output Rise Time 

tt Output Fall Time 

toss </>2 to STSTB Delay 296 

toq,2 </>2 to ¢2 (TTL) Delay -5 
." ---·- - ---j 

tPW Status Strobe Pulse Width 40 

to RS RDYIN Setup Time to STSTB -167 

to RH RDYIN HoldTimeafterSTSTB 217 

toR READY or RESET 192 

to ¢2 Delay 

fMAX Oscillator Frequency 

Limits 
Typ. Max. 

---

129 

20 

20 

326 

+15 
··--~·------

---i-------i 

18.432 
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Units Test Conditions 

ns 

I 
tcy=488.28ns 

ns 

ns 

ns t- ¢ 1 & ¢2 Loaded to 

ns 
CL= 20 to 50pF 

ns 

ns 
~ 

ns 

ns 

ns 
Ready & Reset Loaded 

ns to 2mA/10pF 

ns All measurements 

ns referenced to 1.5V 
unless specified 

otherwise. 

MHz 
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M8224 
CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 
Single Chip Clock Generator/Driver • Oscillator Output for External System 
for M8080A CPU Timing 
Power-Up Reset for CPU • Crystal Controlled for Stable System 
Ready Synchronizing Flip-Flop Operation 
Advanced Status Strobe • Reduces System Package Count 
Full Military Temperature Range • ±10% Power Supply Tolerance 
-55°C to +125°C 

The M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, select
ed 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 M8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for M8080A. 

PIN CONFIGURATION 

RESET Vee 

RESIN XTAL 1 

RDYlN XTAL 2 

READY TANK 

SYNC osc 

q, 2 (TTL) " 
STSTB ¢, 

GNO Voo 

STATUS STB 
(ACTIVE LOW) 

1 •oso 
I CLOCKS 

@:> XTAL 1 

1i9 XTAL2 

@> TANK 

M8224 BLOCK DIAGRAM 

ID SYNC -----t---
@:> RESIN--1...---,---, 

PIN NAMES 
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M8224 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ____ . . . . . . -55°C to 125°C 

Storage Temperature . . . . . . . . • • . . -65°C to 150°C 
Supply Voltage, Vee . . . . . . . . . . . . . -0.5V to +7V 
Supply Voltage, Voo . . . . . . . . . . . . -0.5V to +13.5V 
Input Voltage.................. -1.0Vto+7V 
Output Current • • . . . . . . . . . . . . . . . . . . . . 1 OOmA 

D.C. 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= -55°Cto 125°C;Vcc = +5.0V ±10%;Voo = +12V ±10%. 

Limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

V1L Input "Low" Voltage 

V1H Input "High" Voltage RESIN 2.6 
All Other Inputs 2.0 

V1wV1L RESIN Input Hysteresis .25 

Vol Output "Low" Voltage osc, 
</>2 (TTL) 

All Other Outputs 

VoH Output "High" Voltage 

</>1 '</>2 9.0 
READY, RESET 3.3 
OSC, </>2 (TTL), STSTB 2.4 

los(1J Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

Ice Power Supply Current 

loo Power Supply Current 

Note: 1. Caution, <1>1 and <P2 output drivers do not have short circuit protection 

CRYSTAL REQUIREMENTS 

Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overtone mode. 

10-38 

Max. Units Test Conditions 

-.25 mA VF= .45V 

10 µA VR = 5.5V 

-1.2 v le= -5mA 

.8 v Vee= 5.0V 

v 

v Vee= 5.0V 

.45 v loL = lOmA 

.45 v loL = 2.5mA 

v loH = -100µA 
v loH = -100µA 
v loH = -lmA 

-60 mA Vo =OV 
Vee= 5.ov 

115 mA 

12 mA 



M8224 

A.C. CHARACTERISTICS 
Vee = +5.0 ±10%; Voo = +12.0V ±10%; TA = -55°C to +125°C 

Limits 

Symbol Parameter Min. Typ. 

tq,1 c/J1 Pulse Width 2tcy - 20ns 
9 

tq,2 c/J2 Pulse Width 5tcy - 45ns 
9 

to1 c/J1 to c/J2 Delay 0 

to2 c/J2 to c/J1 Delay 2tcy - 25ns 
9 

to3 c/J1 to c/J2 Delay 
2tcy 

9 

tR c/J1 and c/J2 Rise Time 

tF c/J1 and c/J2 Fall Time 

toq,2 c/J2 to c/l2 (TTL) Delay -5 

toss c/J2 to STSTB Delay 5tcy - 30ns 
9 

tpw STSTB Pulse Width tcy - 23ns 
9 

tDRS 
RDYIN Setup Time to 50ns - 4tcy 
Status Strobe 9 

RDYIN Hold Time 4tcy 
toRH 

After STSTB 9 

toR 
READY or RESET to 4tcy - 25ns 
c/J2 Delay 9 

tcLK CLK Period tcy 

9 

fmax 
Maximum Oscillating 

27 
Frequency 

C;n Input Capacitance 
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Max. 

2tcy + 40ns 
9 

25 

25 

+15 

6tcy 

9 

8 

Test 

Units Conditions 

ns 

CL = 20pF to 50pF 

ns 

MHz 

pF 

TEST 
CIRCUIT 

c/l2TTL,CL=30pF 

R1 =300S1 
R2=600S1 

STSTB,CL=15pF 

R, = 2K 

R2 = 4K 

CL=10pF 

R1=2K 
R2=4K 

Vcc=+5.0V 
v00 =+12V 
V01As=2.5V 
f=1 MHz 

INPUT.,.__ _____ __. 

GND 

Al • 
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M8224 

WAVEFORMS 

to2------

SYNC 
(FROM 8080A) \ 

1

1' I 
'-----+----'· 

~----------toss-----

STSTB 

...______toR-

- - - - - - - - - - - - - - - - - - - ,;,,.------!-----------------
READYOUT-----------------'l~- - - - - - -!- - - - - - - - - - - - - - - - - - - • 

:_tDA-! 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: ¢1, ¢2 Logic "O" = 1.0V, Logic "1" = 7.0V. READY, RESET Logic "O" = 0.8V, Logic "1" = 3.0V. 
All other signals measured at 1.5V. 

Example: 
A.C. CHARACTERISTICS ( For tcv = 488.28 ns.) 

TA= -55°C to 125°C; Voo = +5V ±10%; Voo = +12V ±10%. 

Symbol Parameter Min. 
Limits 

Typ. Max. Units Test Conditions 

tq,1 ¢1 Pulse Width 89 ns - tcv=488.28ns 

t<1>2 ¢2 Pulse Width 226 

0 Delay ¢1 to ¢2 
--------t----+----+-----l 

ns 

ns 

to2 Delay ¢2 to ¢1 84 
-----+------·---- --+------+-----+-------! 

ns f- ¢1 & ¢2 Loaded to 

to3 Delay ¢ 1 to ¢2 Leading Edges 109 149 
-------t---·-------------t----+----+--------l 

ns 

tr Output Rise Time 25 ns 

t1 Output Fall Time 25 ns 

toss ¢2 to STSTB Delay 296 326 ns 

to<1>2 ¢2 to ¢2 (TTL) Delay -5 
-------- -- ·----- -1---·- f----· .. -· 

+15 ns 

tPW Status Strobe Pulse Width 31 ns 

to RS RDYIN Setup Time to STSTB -167 ns 

to RH RDYIN Hold Time after STSTB 217 ns 

toR READY or RESET 192 ns 

to ¢2 Delay 
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CL= 20 to 50pF 

Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 

otherwise. 



8801 
CLOCK GENERATOR CRYSTAL 

FOR 8224/8080A 

• Specifically Selected For Intel® 8224 

• 18.432 MHz for 1.95 µs 8080A Cycle 

• Simple Generation of All Standard 
Communication Baud Rates 

• Frequency Deviation ±.005% 

• Frequency Mode-Fundamental 

• 0 - 70° C Operating Temperature 

The 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and 8080A. It resonates in the 
fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full speed (T cv = 488 ns) to have a cycle of 
1.95 µsand also simplifies the generation of all standard communication baud rates. The 8801 crystal is exactly matched to the 
requirements of the 8080A/8224 and provides both high-performance and system flexibility for the microcomputer designer. 

8801 INTERFACE PACKAGING INFORMATION 

8801 

1~400---1 ~~1~~ 
1 I I 

L_ -~ 
i 

.510 i8801 
14 15 

j 
11 22 

12 
~r osc 15 10 

¢2 (TTL) 

3 23 

I 
RDYtN -

Vee 8224 
1.500 

~IJ-, 
CLOCK 

I GENERATOR 

12 
RESIN 

GND T 19 

GND 

STSTB (TO 8228 PIN 1) 
j-+.192->-j 
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APPLICATIONS 

The selection of 18.432 MHz provides the 8080A with clocks 
whose period is 488ns. This allows the 8080A to operate at 
very close to its maximum specified speed (480 ns). The 
8224, when used with the 8801, outputs a signal on its OSC 
pin that is an approximately symetrical square wave at a 
frequency of 18.432 MHz. This frequency signal can be 
easily divided down to generate an accurate, stable baud 
rate clock that can be connected directly to the transmitter 
or receiver clocks of the 8251 USART. This feature allows 
the designer to support most standard communication 
interfaces with a minimum of extra hardware. 

The chart below (Fig. 1) shows the equivalent baud rates 
that are generated with the corresponding dividers. 

8801 

BLOCK DIAGRAM 
r-- - - - , 

aao1 I 

I I 

D~ L - - _J 

8224 

'''} . TO 8080A 
'•2 

,:,2(TTL) TO 8251 
2.048 MHz 

18.432 MHz 

BASIC DIVIDER 

30 9600 BAUD 
(64X) 

TRIM 
DIVIDER 

~;OTHER 
BAUD 

1 
RATES 

' 
' 

BAUD RATE BAUD RATE .•• FREQUENCY 
BASIC PLUS TRIM 

64x 16x ., DIVIDER DIVIDER 

9600 .. 614.4 KH ~30 -

4800 19.2K 307.2 KH ~30 72 

2400 9600 153.6 KH ~30 ~4 

1200 4800 76.8 KH "30 78 

600 2400 38.4 KH 730 716 

300 1200 19.2 KH 730 732 

600 9.6 KH 730 764 

300 4.8 KH 730 7128 

·109.1 6.982 KH ~30 788 

•For 109.1 (64xl Baud rate divide 1200 Baud Frequency (76.8 KHI by 11. 

Figure 1. Baud Rate Chart 

ELECTRICAL CHARACTERISTICS 

Recommended Drive Level . . . . . . . . . . . . . . . . 5mW 
Type of Resonance . . . . . . . . . . . . . . . . . . . . . . Series 
Equivalent Resistance . . . . . . . . . . . . . . . . . . 20 ohms 
Maximum Shunt Capacity . . . . . . . . . . . . . . . . . 7pF 
Maximum Frequency Deviation 

0° - 70°C . . . . . . . . . . . . . . . . . . ± .005% 
-55°- 125°C.................. ± .002% 
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ORDERING INFORMATION 

Intel Products may be ordered from either your local Intel 
sales office or stocking Intel distributor. 



8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 
• Single Chip System Control for 

MCS-80™ Systems 
II" User Selected Single Level Interrupt 

Vector (RST 7) 

• Built-in Bi-Directional Bus Driver for 
Data Bus Isolation 

• 28 Pin Dual In-Line Package 

• Reduces System Package Count 
• Allows the Use of Multiple Byte Instruc

tions (e.g. CALL) for Interrupt 
Acknowledge 

• *8238 Has Advanced IOW /MEMW 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 1/0 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 1/0. This allows for the optimization of control signals, enabling the sys
tems deisgner to use slower memory and 1/0. 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 

STSTB Vee 

HLDA I/OW 

WA MEMW 

OBIN I/OR 

DB4 MEMR 

D4 INTA 

DB7 BUS EN 

D7 D6 

DB3 DB6 

D3 D5 

DB2 DBS 

D2 D1 

DB~ DB1 

GND D~ 

8228/8238 BLOCK DIAGRAM 

{
Do-D,-

CPU 02 -
DATA D3-
BUS D4 -D,-D.D,-

-DBot -001 
-oe2 

- DB3 SYSTEM DATA BUS 
--- 084 

-- 085 
- 086 
-oe7 

STSTB ---------~ 

OBIN --------------i 
WA --------------q 

HLDA --------------; 

PIN NAMES 
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8228, 8238 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -D°C to 7D°C 
Storage Temperature .............. -65°C to 15D°C 
Supply Voltage, Vee ................ -D.5V to +7V 
Input Voltage ..................... -1.5V to +7V 
Output Current ......................... 1DDmA 

*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 = D°C to 7D°C; Vee= 5V ±5%. 

Limits 
Symbol Parameter Min. Typ.111 Max. Unit Test Conditions 

Ve Input Clamp Voltage, All Inputs .75 -1.D v Vee=4.75V; le=-5mA 

IF Input Load Current, 
STSTB 5DD µA Vee= 5.25V 

D2 & Ds 75D µA VF=D.45V 

Do, D1, D4, 05, µA 

& D7 25D 

All Other Inputs 25D µA 

IR Input Leakage Current 
STSTB 1DD µA Vce=5.25V 

DB0-DB7 2D µA VR =5.25V 

All Other Inputs 1DD µA 

VTH Input Threshold Voltage, All Inputs D.8 2.D v Vee= 5V 

Ice Power Supply Current 14D 19D mA Vee=5.25V 

Vol Output Low Voltage, 

Do-D7 .45 v Vee=4.75V; loL =2mA 

All Other Outputs .45 v loL = 1DmA 

VoH Output High Voltage, 

Do-D7 3.6 3.8 v Vcc=4.75V; loH=-1DµA 

All Other Outputs 2.4 v loH = -1mA 

los Short Circuit Current, All Outputs 15 9D mA Vee=5V 

lo(ottl Off State Output Current, 
Al I Control Outputs 10D µA Vee=5.25V; V0 =5.25 

-1DD µA Vo=.45V 

l1NT I NT A Current 5 mA (See Figure below) 

Note 1: Typical values are for TA= 25DC and nominal supply voltages. 
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8228, 8238 

WAVEFORMS 
o, 

>2---~ 

--------~·,'~,r~-----------------
S'fATUSST-ROBE H 

8080 DATA BUS ______ )K_,"-f--+--X-'1'~--------------------
tss r-- --- tSH -:.j 

OBIN 

INTA, IOR, MEMR 

HLOA 

1NTA, 10R, MEMR --------+. 
DURING HLDA 

i 
I 

1 
.. tos -j--- toH -

SYSTEM BUS DURING READ=== = = = = =; _ = = ~ = = = = = = = = = = = = = 4~~ 
8080 BUS DURING READ - - - - - - - - - t- - - -~ - - - - - - - - - - - - - -

1RE ~ ·-

WR \ _j 
.. toe • ~ twR .. i .. j :- 1wR 

tow OR MEM w 
!l~ ------------,,~--~./ 

BOBOBUSDURINGWRITE- - - - - - - - - - - ----A:.,,,r-----------------
- - - - - - - - - -1 --L--~f- two ~ 

SYSTEM BUS DURING WRITE - - - - - - - - - _j. < l r----------------

- ~ tWE !• 
SYSTEM BUS ENABLE 

SYSTEM BUS OUTPUTS - - - - - - - - - - - - - - - < >- - - - - - - - - - - - - - -r-----1 

VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic "O" = 0.8V, Logic "1" = 3.0V. All other signals measured 
at 1.5V. 

*ADVANCED IOW/MEMW FOR 8238 ONLY. 

A.C. CHARACTERISTICS TA= 0°c to 70°C; Vee = 5V ±5%. jl 
Limits 

Symbol 

tpw 

tss 

tsH 

toe 

tRR I 

tRE 

tRD 

twR 

twE 

two 

Delay from STSTB to any Control Signal 

Delay from DBIN to Control Ou_t_p--u-ts---------···· ·--

Delay from DB IN to Enable/Disable 8080 Bus 

Delay from System Bus to 8080 Bus during Read 

Delay from WR to Control Outputs 

Delay to Enable System Bus DB0-DB 7 after STSTB 

Delay from 8080 Bus D0-D 7 to System Bus 

DB0-DB7 during Write 

HLDA to Read Status Outputs 

8 

5 

20 

5 

5 

ns 

ns 

60 ns CL= 100pF 

30 ns CL= lOOpF 

45 ns CL= 25pF 

30 ns CL= 25pF 

45 ns CL= 100pF 

30 ns CL= 100pF 

ns CL= 100pF 

ns 
-----·------------·--;----r---.,----,-------

Setup Time, System Bus Inputs to HLDA 10 ns 
-------------i-----~------i----;---------

H old Time, System Bus Inputs to HLDA 20 ns CL = 100pF 
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CAPACITANCE 
This parameter is periodically sampled and not 100% tested. 

Limits 

Symbol Parameter Min. Typ.111 Max. Unit 

C1N Input Capacitance 8 12 pF 

CouT 
Output Capacitance 

7 15 pF 
Control Signals 

1/0 
1/0 Capacitance 

8 15 pF 
(Dor DB) 

TEST CONDITIONS: Vs1AS = 2.5V, Vee =5.0V, TA= 25°C, f = 1 MHz. 
8228 

Note 2: For Do-D7: R1 = 4Kn, R2 = ~n. 
CL= 25pF. For all other outputs: 23 

R1 = 500n, R2 = 1 Kn, CL= 100pF. 
INTA ..,_ _______ --.J 

INTA Test Circuit (for RST 7) 

TANK 

DSC 

6 2 (TTL) 

RDYIN 

RESIN 

+12V 

+SV 

GND 

13 -
~ 
~ 

3 -
-9 9 - 16 - 8 -

2 25 
GND.- Au 20 26 

+5V A, 
11 27 -5V A, 
28 29 

+12V-- A, 
30 

A, 
31 

As 
32 

8080A 
As 

33 
CPU A, 

34 

13 
As 

35 
SYSTEM DMA REG.--------.. HOLD A, 

1 
A10 

A,, 
40 

14 37 
A12 SYSTEM INT. REQ. - INT 38 
A,, 

16 39 
INT. ENABLE INTE A,. 

36 
A15 18 
WR 

214Ll 

OBIN 
17 

J;i_D_~r HDLA 
21 

15 

11 22 
61 10 15 

DB fE.--. 10 15 Do 

'" 9 17 ~-D, 

~ WAIT D,t!--~ ~ 
8224 4 23 7 10 

8228/8238 
9 

CLOCK REAOY D, Bl-DIRECTIONAL 

GENERATOR i-3--~ 
BUS DRIVER 5 

DRIVER 1 12 D, 
RESET 4 19 

~ Ds 
5 21 ~ D, 

5 19 6 8 7 
SYNC D, 

281------- 23 

r +5V-
14 24 

GND----
STATUS STROBE 1 SYSTEM 26 

CONTROL 25 
22 

BUSEN •u 27 

CPU Standard Interface 
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Au 
A, 

A, 

A, 

A, 

As 
As 

A, 

As 

Ag 

A,o 

A,, 

A,, 

A13 

A14 

A,5 

ADDRESS BUS 

DB0 

DB1 

DB2 

DB3 

DB4 

D"s 
DB6 

DB7 

DATA BUS 

::: Wt CONTROL BUS 
1/0 R 

I/OW 



M8228/M8238 
SYSTEM CONTROLLER AND BUS DRIVER 

FOR M8080A CPU 

• Single Chip System Control for • User Selected Single Level Interrupt 
Mcs:so Systems Vector (RST 7) 

• Built-in Bi-Directional Bus Driver • 28 Pin Dual In-Line Package 
for Data Bus Isolation • Reduces System Package Count 

• Allows the use of Multiple Byte • Full Military Temperature Range 
Instructions (e.g. CALL) for -55°C to +125°C 
Interrupt Acknowledge • ±10% Power Supply Tolerance • M8238 has Advanced IOW/MEMW for 
Large System Timing Control 

The M8228 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 1/0 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 1/0. This allows for the optimization of control signals, enabling the systems designer to use slower memory and 
1/0. 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 M8228 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 M8080A. This feature permits large, interrupt driven systems to have an 
unlimited number of interrupt levels. 

The M8228 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 

STSTB Vee 

HLDA I/OW 

WA MEMW 

OBIN I/OR 

084 MEMA 

04 INTA 

087 BUSEN 

07 06 

083 086 

03 05 

082 085 

02 01 

089 081 

GND O~ 

07-00 

087-080 

I/OR 

I/OW 

MEMR 

M8228/M8238 BLOCK DIAGRAM lo,-
o,-

CPU 0 2 ---
DATA D3___.. 
BUS D4 ----

o, -o,o,-

-00
01 -os, 

-002 := g:! SYSTEM DATA BUS 

-005 
- 086 
-007 

STsrs~--------~ 

OBIN ~--------------1 

WR~-------------<>! 
HLDA ~---------------; 

PIN NAMES 

DATA BUS (8080 SIDE) INTA 

___ DATA BU~_i_SY_S_TEM Slf:?_E)___ __ ~DA 

II<? ~-E-~D WR 
_ _ILQWRITE BUSEN 

MEMORY READ ~~~~!B 

INTERRUPT ACKNOWLEDGE 

HLDA (FROM 8080) 

WR (FROM 8080) ------j 

BUS ENABLE INPUT -----j 

STATUS STROBE (FROM a224'1 
+5V MEMW 

OBIN 
MEMORY WRITE Vee - ;- -----1 

~--~0_0_1N_l_FR_O_M_a_oa~o1 __ -_-~-i~G-N_o_~o_v_oL_T_s _____ ~ 
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M8228/M8238 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ........... -55°C to 125°C 
Storage Temperature ............. -65°C to 150°C 

Supply Voltage, Vee . . . . . . . . . . . . . . -0.5V to +7V 

Input Voltage ................... -1.0Vto +7V 

Output Current . . . . . . . . . . . . . . . . . . . . . . 100mA 

*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; -55°Cto 125°C; Vee; 5V ±10%. 

Limits 
Symbol Parameter Min. Max. Unit Test Conditions 

Ve Input Clamp Voltage, All Inputs -1.2 v le; -5mA 

IF Input Load Current, 500 µA 
STSTB 

D2,Ds 750 µA VF ; 0.4V 

Do. D,, D4. Ds, D1 250 µA 

All Other Inputs 250 µA 

IR Input Leakage Current 

DBo - D1 20 µA VR; 5.5V 

All Other Inputs 100 µA 

VTH Input Threshold Voltage, All Inputs 0.8 2.0 v Vee; 5V 

Ice Power Supply Current 210 mA 

Vol Output Low Voltage, 
Do - D1 .5 v loL; 2mA 

All Other Outputs .5 v loL; 10mA 

VoH Output High Voltage, 

Do - D1 3.3 v loH ; -10µA 

All Other Outputs 2.4 v loH; -1mA 

los Short Circuit Current, All Outputs 15 90 mA Vee; 5V 

lo (Off) Off State Output Current, 
All Controls Outputs 100 µA Vo; 5.5V 

-100 µA Vo; .45V 

llNT INTA Current 5 mA (See Figure on page 3) 

Note 1: Typical values are for TA= 250C and nominal supply voltages. 
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M8228/M8238 

CAPACITANCE This parameter is periodically sampled and not 100% tested. 

Limits 

Symbol Parameter Min. TypJll Max. Unit 

C1N Input Capacitance 8 12 pF 

CouT 
Output Capacitance 

7 15 pF 
Control Signals 

1/0 
1/0 Capacitance 

8 15 pF 
(Dor DB) 

TEST CONDITIONS: VBIAS = 2.5V, Vcc=5.0V, TA= 25°C, f = 1 MHz. 

Note 2: For Oo·07: R1 = 4Kil, R2 = =il, 

CL= 25pF. For all other outputs: 

Ri = 500il, R2= 1Kil,CL = 100pF. 

A.C. CHARACTERISTICS TA = -55°C to 125°C; Vee= 5V ±10%. 

Symbol Parameter 
·- --- ----------------·--

tpw Width of Status Strobe 
---------

tss Setup Time, Status Inputs Do-D7 
---- - -

tsH Hold Time, Status Inputs Do-D7 
·-+---- ---·----· ------- ------

toe Delay from STSTB to any Control Signal 

~t;;--i 
--

Delay from DB IN to Control Outputs 

tRE Delay from DBIN to Enable/Disable 8080 Bus 

tRo Delay from System Bus to 8080 Bus during Read 

twR Delay from WR to Control Outputs 

twE Delay to Enable System Bus DB0-DB7 after STSTB 

two Delay from 8080 Bus D0-D 7 to System Bus 

I 
DB0-DB7 during Write 

tE Delay from System Bus Enable to System Bus DB0-DB 7 

tHo H LOA to Read Status Outputs 

tos Setup Time, System Bus Inputs to HLDA 

toH Hold Time, System Bus Inputs to HLDA 
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23 
INTA ~------~ 

INTA Test Circuit (for RST 7) 

Limits 

Min. Max. Units Condition 

25 ns 

8 ns 
--· 

5 ns 

20 75 ns CL= 100pF 

30 ns CL= 100pF 

45 ns CL= 25pF 

45 ns CL= 25pF 

5 60 ns CL= 100pF 

30 ns CL= 100pF 

ns CL= 100pF 

5 40 

30 ns CL= 100pF 

25 ns CL= 100pF 

10 ns 

20 ns 



WAVEFORMS 

OBIN 

INTA, IOR., MEMR 

INTA, IOR, MEMR 
DURING HLDA 

SYSTEM BUS DURING READ 

8080 BUS DURING READ· - - - - - - -

IOWOA MEMW 

M8228/M8238 

(8238) 

BOBO BUS DURING WRITE - - - - - .:_to_:,-~-1--~ -- ------ --

SYSTEM BUS DURING WRITE - - - - - - - - - < l -==-*================================= 
twE.,. 

,,~1· 
SYSTEM BUS OUTPUTS - - - - - - - - - - - - - - - < t---" >- - - - - - - - - - - - - - -

VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic "O" ~ 0.8V, Logic "1" ~ 3.0V. All other signals measured 
at 1.5V. 

*Advanced IOW/MEMW for M8238 only. 
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M8228/M8238 

18 
WR 

OBIN 17 

HDLA 
21 

MSOBOA 
CPU 

D4 

MEM R 

(FROM 8224) STATUS STROBE CONTROL 

INTA ~ 
ME~ W CONTROL BUS 

M8080A CPU Interface 

Do INTA 
r-- D1 WO 

D2 STACK 

D3 HLTA 

D4 OUT 

Ds M1 

Ds INP 

D1 MEMR 

Status Word Chart 

CD 
0 

1 

0 

0 

0 

1 

0 

1 

0 @ @ 
0 0 0 

1 0 1 

0 0 1 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 1 

22 

® ® 
0 0 

0 1 

1 0 

0 0 

0 0 

0 0 

0 1 

0 0 

I/OR 

I/OW 

TYPE OF MACHINE CYCLE 

(7) ® ® @ 
0 1 0 1 

0 1 1 1 

0 0 0 0 

0 0 1 1 

1 0 0 0 

0 1 0 1 

0 0 0 0 

0 0 1 0 

l ----
INTA 
(NONE) 

INTA 

--------I/OW ~-

1/0 R CONTROL 
~----------- MEM W f--- SIGNALS 

MEM R 

MEMW 

~----------------- MEMR 

~--------------------- MEM "!___ 
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8085 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

• Single +5V Power Supply 

• 100% Software Compatible with 8080A 

• 1.3 µs Instruction Cycle 

• On-Chip Clock Generator (with External 
Crystal or RC Network) 

• On-Chip System Controller 

• Four Vectored Interrupts (One is non
Maskable) 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision 
Arithmetic 

• Direct Addressing Capability to 64K 
Bytes of Memory 

The Intel® 8085 is a new generation, complete 8 bit parallel central processing unit (CPU). Its instruction set is 100% soft
ware compatible with the 8080A microprocessor, and it is designed to improve the present 8080's performance by higher 
system speed. Its high level of system integration allows a minimum system of three IC's: 8085 (CPU), 8155 (RAM) and 
8355/8755 (ROM/PROM). 

The 8085 incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 8080, 
thereby offering a high level of system integration. 

The 8085 uses a multiplexed Data Bus. The address is split between the 8 bit address bus and the 8 bit data bus. The on
chip address latches of 8155/8355/8755 memory products allows a direct interface with 8085. 

8085 CPU FUNCTIONAL 
BLOCK DIAGRAM 

POWER {-+5V 
SUPPLY -GND 

x, 
x, 

CLK 
GEN 

INTR 

CONTROL 

INTA RST6.5 

AST 5.5 RST7.5 

INTERRUPT CONTROL 

TIMING AND CONTROL 

STATUS DMA 

j 

TRAP 

INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 

RESET 
,-----"-----, 

CLK OUT Ri) WA ALE So 81 10/M HLDA RESET OUT 
READY HOLD RESET JN 
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SID SOD 

SERIAL 1/0 CONTROL 

B c 
REG REG 

D '" E 
REG REG 

H L 181 
REG. REG 

(161 
STACK POINTER 

(16) 
PROGRAM COUNTER 

INCAEMENTER/DECREMENTER 
ADDRESS LATCH 

ADDRESS BUFFER 

Ais-Aa 
ADDRESS BUS 

18) 

REGISTER 
ARRAY 

DATA/ADDRESS BUFFER(B) 

A07-AD0 
ADDRESS/DATA BUS 



8085 

8085 FUNCTIONAL PIN DEFINITION 
The following describes the function of each pin: 

Ae-A15 (Output 3-State) 

Address Bus; The most significant 8-bits of the memory 
address or the 8-bits of the 1/0 address, 3-stated during 
Hold and Halt modes. 

ADo.7 (Input/Output 3-state) 

Multiplexed Address/Data Bus; Lower 8-bits of the 
memory address (or 1/0 address) appear on the bus 
during the first clock cycle of a machine state. It then 
becomes the data bus during the second and third clock 
cycles. 

3-stated during Hold and Halt modes. 

ALE (Output 3-state) 

Address Latch Enable: It occurs during the first clock cycle of 
a machine state and enables the address to get latched into 
the on-chip latch of peripherals. The falling edge of ALE is set 
to guarantee setup and hold times for the address information. 
ALE can also be used to strobe the status information. 3-
stated during Hold and Halt modes. 

So, S1 (Output) 

Data Bus Status. Encoded status of the bus cycle: 

S1 So 

x, 
X2 

RESET OUT 

SOD 

SID 

TRAP 

RST7.5 

RST 6.5 

RST 5.5 

INTR 

INTA 

AD0 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

Vss 

Vee 

HOLD 

HLDA 

CLK (OUT) 

RESET IN 

READY 

10/M 

s, 
R5 

WR 

ALE 

So 

A15 

A14 

A13 

A12 

A11 

A10 

Ag 

Ae 

0 0 HALT Figure 1. 8085 PINOUT DIAGRAM 

0 1 WRITE 
0 READ 

FETCH 

S1 can be used as an advanced R/W status. 

RD (Output 3-state) 

READ; indicates the selected memory or 1/0 device is to be 
read and that the Data Bus is available for the data transfer. 
Tri-stated during Hold and Halt. 

WR (Output 3-state) 

WRITE; indicates the data on the Data Bus is to be written 
into the selected memory or 1/0 location. Data is set up at 
the trailing edge of WR. Tri-stated during Hold and Halt 
modes. 

READY (Input) 

If Ready is high during a read or write cycle, it indicates 
that the memory or peripheral is ready to send or receive 
data. If Ready is low, the CPU will wait for Ready to go high 
before completing the read or write cycle. 

HOLD (Input) 

HOLD; indicates that another Master is requesting the use 
of the Address and Data Buses. The CPU, upon receiving 
the Hold request, will relinquish the use of buses as soon 
as the completion of the current machine cycle. Internal 
processing can continue. The processor can regain the 
buses only after the Hold is removed. When the Hold is 
acknowledged, the Address, Data, RD, WR, 10/M, and 
ALE lines are tri-stated. 

HLDA (Output) 

HOLD ACKNOWLEDGE; indicates that the CPU has 
received the Hold request and that it will relinquish the 
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buses in the next clock cycle. HLDA goes low after the 
Hold request is removed. The CPU takes the buses one 
half clock cycle after HLDA goes low. 

INTR (Input) 

INTERRUPT REQUEST; is used as a general purpose 
interrupt. It is sampled only during the last clock cycle of 
the instruction. If it is active, the Program Counter (PC) 
will be inhibited from incrementing and an INTA will be 
issued. During this cycle a RESTART or CALL instruction 
can be inserted to jump to the interrupt service routine. 
The INTR is enabled and disabled by software. It is 
disabled by Reset and immediately after an interrupt is 
accepted. 

INTA (Output) 

INTERRUPT ACKNOWLEDGE; is used instead of (and 
has the same timing as) RD during the Instruction cycle 
after an INTR is accepted. It can be used to activate the 
8259 Interrupt chip or some other interrupt port. 

RST 5.5 } 
RST 6.5 (Inputs) 
RST 7.5 

RESTART INTERRUPTS; These three inputs have the 
same timing as INTR except they cause an internal 
RESTART to be automatically inserted. 

RST 7.5 --+Highest Priority 
RST 6.5 
RST 5.5 --+Lowest Priority 

The priority of these interrupts is ordered as shown above. 
These interrupts have a higher priority than the INTR. 



8085 

TRAP (Input) 

Trap interrupt is a nonmaskable restart interrupt. It is 
recognized at the same time as I NTR. It is unaffected by 
any mask or Interrupt Enable. It has the highest priority of 
any interrupt. 

RESET IN (Input) 

Reset sets the Program Counter to zero and resets the 
Interrupt Enable and HLDA flip-flops. None of the other 
flags or registers (except the instruction register) are 
affected. The CPU is held in the reset condition as long as 
Reset is applied. 

RESET OUT (Output) 

Indicates CPU is being reset. Can be used as a system 
RESET. The signal is synchronized to the processor clock. 

X1, X2 (Input) 

Crystal or R/C network connections to set the internal 
clock generator. X1 can also be an external clock input 
instead of a crystal. 

CLK (Output) 

Clock Output for use as a system clock when a crystal or 
R/C network is used as an input to the CPU. 

10/M (Output) 

10/M indicates whether the Read/Write is to memory or 
1/0. Tri-stated during Hold and Halt modes. 

SID (Input) 

Serial input data line. The data on this line is loaded into 
accumulator bit 7 whenever a RIM instruction is executed. 

SOD (output) 

Serial output data line. The output SOD is set or reset as 
specified by the SIM instruction. 

Vee 
+5 volt supply. 

Vss 
Ground Reference. 

FUNCTIONAL DESCRIPTION 
The 8085 is a complete 8 bit parallel central processor. It is 
designed with N-channel depletion loads and requires a 
single +5 volt supply. Its basic clock speed is 3 MHz thus 
improving on the present 8080's performance with higher 
system speed. Also it is designed to fit into a minimum 
system of three IC's: The CPU, a RAM/10, and a ROM or 
PROM/10 chip. 

The 8085 uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit 
Address/Data Bus. During the first cycle the address is 
sent out. The lower 8-bits are latched into the peripherals 
by the Address Latch Enable (ALE). During the rest of the 
machine cycle the Data Bus is used for memory or 1/0 
data. 
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The 8085 provides RD, WR, and IQ/Memory signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. Hold, Ready, and all Interrupts are 
synchronized. The 8085 also provides serial input data 
(SID) and serial output data (SOD} lines for simple serial 
interface. 

In addition to these features, the 8085 has three maskable, 
restart interrupts and one nonmaskable trap interrupt. 

8085 vs. 8080 
The 8085 includes the following features on-chip in 
addition to all of the 8080 functions. 

a. Internal clock generator 
b. Clock output 
c. Fully synchronized Ready 
d. Schmitt action on RESET IN 
e. RESET OUT pin 
f. RD, WR, and 10/M Bus Control Signals 
g. Encoded Status information 
h. Multiplexed Address and Data 

Direct Restarts and nonmaskable Interrupt 
j. Serial Input/Output lines. 

The internal clock generator requires an external crystal 
or R-C network. It will oscillate at twice the basic CPU 
operating frequency. A 50% duty cycle, two phase, 
nonoverlapping clock is generated from this oscillator 
internally and one phase of the clock (<!>2) is available as an 
external clock. The 8085 directly provides the external 
RDY synchronization previously provided by the 8224. 
The RESET IN input is provided with a Schmitt action 
input so that power-on reset only requires a resistor and 
capacitor. RESET OUT is provided for System RESET. 

The 8085 provides RD, WR and 10/M signals for Bus 
control. An INTA which was previously provided by the 
8228 in 8080 system is also included in 8085. 

STATUS INFORMATION 
Status information is directly available from the 8085. ALE 
serves as a status strobe. The status is partially encoded, 
and provides the user with advanced timing of the type of 
bus transfer being done. 10/M cycle status signal is 
provided directly also. Decoded s0, s1 carries the 
following status information: 

HALT 

WRITE 

READ 

FETCH 

~ 
0 

0 

..§!.._ 
0 

1 

0 

S1 can be interpreted as R/W in all bus transfers. 

In the 8085 the 8 LSB of address are multiplexed with the 
data instead of status. The ALE line is used as a strobe to 
enter the lower half of the address into the memory or 
peripheral address latch. This also frees extra pins for 
expanded interrupt capability. 



INTERRUPT AND SERIAL 1/0 
The 8085 has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080 INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, has 
a programmable mask. TRAP is also a RESTART interrupt 
except it is a non-maskable interrupt. 

The three RESTART interrupts cause the internal 
execution of RST (saving the program counter in the 
stack and branching to the RESTART address) if the 
interrupts are enabled and if the interrupt mask is not set. 
The nonmaskable TRAP causes the internal execution of 
a RST independent of the state of the interrupt enable or 
masks. 

Name 

TRAP 
RST 5.5 
RST 6.5 
RST 7.5 

RESTART Address (Hex) 

2415 
2C16 
3415 
3C15 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensitive 
like INTR (and INT on the 8080) and are recognized with 
the same timing as INTR. RST 7.5 is rising edge-sensitive. 
For RST 7.5, only a pulse is required to set the interrupt 
request. The request is remembered until the request is 
serviced or reset by the SIM instruction or by RESET. 

All the restart interrupts can be individually masked, and 
thus be prevented from interrupting the processor. The 
RST 7.5 request can be set even though the mask is set and 

M, 

CLK r, 

Aa-A15 PCH (HIGH ORDER ADDRESS) 

ADo-7 

ALE 

RB 

WR 

101M 

STATUS S1 So {FETCH) 

FIGURE 2. 8085 BASIC SYSTEM TIMING. 

8085 
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the interrupts are disabled. The masks will only be 
affected by the SIM instruction and RESET. 

The i nterru pis are arranged in a fixed priority that 
determines which interrupt is to be recognized if more 
than one is pending as follows: TRAP - highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This 
priority scheme does not take into account the priority of a 
routine that was started by a higher priority interrupt. RST 
5.5 can interrupt a RST 7.5 routine if the interrupts were re
enabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as 
power failure or bus error. The TRAP input is recognized 
just as any other interrupt but has the highest priority. It is 
not affected by any flag or mask. The TRAP input is both 
edge and level sensitive. TRAP must remain high to be 
acknowledged, but will not be recognized again until it 
goes low, then high again. This avoids any false triggering 
due to noise or logic glitches. 

The serial 1/0 system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 

BASIC SYSTEM TIMING 
The 8085 has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 2 shows an instruction fetch, memory read 
and 1/0 write cycle (OUT). Note that during the 1/0 write 
and read cycle that the 1/0 port address is copied on both 
the upper and lower half of the address. 

M, MJ 

(PC+ 1)H 

10 (READ) 01 WRITE 11 



a -

ABSOLUTE MAXIMUM RATINGS* 

8o8s !!~!~,IMINAR' 
parametric limits ar: ~~!specification. Somi 

Jeer to chan e 
*COMMENT: Stresses above those listed under "Absolute 9 · 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera-

Ambient Temperature Under Bias ......... 0°C to 70°C tion of the device at these or any other conditions above 

Storage Temperature .............. -65°C to +150°C ,those indicated in the operational sections of this specifi-

Voltage on Any Pin 
With Respect to Ground. . . . . . . . . . . . -0.3 to +7V 

Power Dissipation ..................... 1.5 Watt 

cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS 
(TA = 0°C to 70°C; Vee = 5V ±5%; v55 = OV; unless otherwise specified) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 v 
VIH Input High Voltage 2.0 Vee +0.5 v 

VoL Output Low Voltage 0.45 v loL = 2mA 

VoH Output High Voltage 2.4 v loH = -400µA 

1cc Power Supply Current 170 mA 

Ill Input Leakage ±10 µA V;n =Vee 

ILO Output Leakage ±10 µA 0.45V .;; V out .;; V CC 

VILR Input Low Level, RESET -0.5 +o.8 v 

VIHR Input High Level, RESET 2.4 Vee +0.5 v 

VHY Hysteresis, RESET 0.25 v 

Bus Timing Specification as a Teve Dependent 

tAL - (1/2) T- 50 MIN 

tLA - (1/2) T - 20 MIN 

tLL - (1/2) T- 40 MIN 

tLeK - (1/2) T - 50 MIN 

tLe - (1/2) T - 30 MIN 

tAO - (5/2 + N) T - 225 MAX 

tRO - (3/2 + N) T - 200 MAX 

tRAE - (1/2) T - 60 MIN 

teA - (1 /2) T - 40 MIN 

tow - (3/2 + N) T-60 MIN 

two - (1 /2) T - 80 MIN 

tee - (3/2 + N) T - 80 MIN 

tcL - (1/2) T - 110 MIN 

tARY - (3/2) T - 260 MAX 

tHAeK - (1/2) T- 50 MIN 

tHABF - (1/2) T + 30 MAX 

tHABE - (1 /2) T + 30 MAX 

tAe - (2/2) T- 50 MIN 

t, - (1/2) T - 80 MIN 

t2 - (1 /2) T - 40 MIN 

tRV - (3/2) T- 80 MIN 

ti NS - (1/2) T + 200 MIN 

NOTE: N is equal to the total WAIT states. 

T = teve. 
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A.C. CHARACTERISTICS (TA =0°Cto 70°C;Vcc = 5V±5%·V55 =OV) . 
Symbol Parameter Min. Max. 

Tcvc CLK Cycle Period 320 2000 

t1 CLK Low Time 80 

t2 CLK High Time 120 

tr, tf CLK Rise and Fall Time 30 

tAL Address Valid Before Trailing Edge of ALE 110 

tLA Address Hold Time After ALE 100 

tll ALE Width 120 

tLCK ALE Low During CLK High 100 

tLC Trailing Edge of ALE to Leading Edge of 130 
Control 

tAFR Address Float After Leading Edge of 0 
READ (INTA) 

tAO Valid Address to Valid Data In 575 

tRO READ (or INTA) to Valid Data 280 

tROH Data Hold Time After READ (INTA) 0 

tRAE Trailing Edge of READ to Re-Enabling 120 
of Address 

tcA Address (AS-A 15) Valid After Control 120 

tow Data Valid to Trailing Edge of WRITE 420 

two Data Valid After Trailing Edge of WRITE 80 

tee Width of Control Low (RD, WR, INTA) 400 

tcL Trailing Edge of Control to Leading Edge 50 
of ALE 

tARY READY Valid From Address Valid 220 

tRYS READY Setup Time to Leading Edge of CLK 110 

tRYH READY Hold Time 0 

tHACK HLDA Valid to Trailing Edge of CLK 110 

tHABF Bus Float After HLDA 190 

tRV Control Trailing Edge to Leading Edge of 400 
Next Control 

tAC Address Valid to Leading Edge of Control 270 

tHOS HOLD Setup Time to Trailing Edge of CLK 170 

tHDH HOLD Hold Time 0 

ti NS INTR Setup Time to Leading Edge of CLK 360 
(M1, T1 only). Also RST and TRAP 

tlNH INTR Hold Time 0 

NOTES: 1. AS-15 Address Specs apply to 10/iiii, SO and S1. 
2. For all output timing where CL* 150pf use the following correction factors: 

25pf <:; CL < 150pf : -.10 ns/pf 
150pf < CL<:; 300pf : +.30 ns/pf 

3. Output timings are measured with purely capacitive load. 

c ann 
Units Test Conditions 

ns See notes 1, 2, 3, 4, 5 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
T CYC = 320ns; 

ns CL= 150 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

4. All timings are measured at output voltage VL = .8V, VH = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
5. To calculate timing specifications at other values of Tcvc use the table in Table 2. 
6. L.E. = Leading Edge T.E. =Trailing Edge 
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.._ ___ tcvc ----.i 

FIGURE 3. CLOCK TIMING WAVEFORM 

READ OPERATION 

T1 I T2 I TWAIT I T3 I T, 

CLK\ I 1LCK-~ 1 \ I \ I \ 
- 1cA--------

Aa-A1s 

'•o 

AD0-AD7 

1AFR-
ALE 

1RO 

RD;INTA 
1cc 

1ARY 1RYS tRYH 

READY 

WRITE OPERATION 

T1 I T, I TWAIT I T3 I T1 

CLK\ I } r- 1LCK~ 0 1 \ I \ I \ 
Aa-A1s 'c•-~ 

AD0-A07 DATA OUT 

1ow 

ALE 

r-4--- 1AL-

WR 
1cc 

..--tel-

1ARY 1RYS 1RY~ 

READY 

FIGURE 4. 8085 BUS TIMING 
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As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085 can be used with 
slow memory. Hold causes the CPU to relinquish the bus 

when it is through with it by floating the Address and Data 
Buses. (See Figure 5). 

RD 

INTA 

HOLD 

HLDA 

*10/M IS ALSO FLOATING DURING THIS TIME 

FIGURE 5. 8085 INTERRUPT AND HOLD TIMING 

8085 INSTRUCTION SET Summary of Processor Instructions 

Instruction Code111 Clock111 Instruction Code{ll Clock111 
Mnemonic Description D1 D5 D5 D4 D3 D2 D1 Do Cycles Mnemonic Description D1 D5 D5 D4 D3 D2 D1 Do Cycles 

MOVE. LOAD. AND STORE STACK OPS 
MOVrl 12 Move register to register PUSH 8 Push register Pair B & 12 

MOV M.r Move rngiste1· to memory C on stack 

MOV r.M Move memory to register PUSH 0 Push register Pair D & 12 

MVI r Move immediate register 
E on stack 

MVI M Move immediate memory 10 PUSH H Push register Pair H & 12 
L on stack 

LXI B Load immediate register 10 
PUSH PSW Push A and Flags 12 

ParrB&C on stack 
LXI D Load immediate register 10 POP B Pop register Pair B & 10 

Parr D & E C off stack 
LXI H Load immediate register 10 POP D Pop register Pair D & 10 

Parr H & L E off stack 
STAX B Store A indirect POP H Pop register Pair H & 10 
STAX 0 Store A indirect L off slack 
LDAX B Load A rndrrect POP PSW Pop A and Flays 10 
LDAX 0 Load A rndrrect off stack 

STA Store A drrect 13 XTHL Exchange top of 16 

LOA Load A direct 13 stack. H & L 

SHLO Store H & L drrect 16 SPHL H & L to stack pointer 

LHLD Load H & L direct 16 LXI SP Load immediate stack 10 

XCHG Exchange 0 & E. H & L 
pointer 

Registers INX SP Increment stack pointer 

DCX SP Decrement stack 
pointer 
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8085 INSTRUCTION SET Summary of Processor Instructions (Cont.) 

Instruction Code111 Clockl1J Instruction CodeJJJ ClockJ1J 
Mnemonic Oescriplion 07 05 05 04 03 01 01 Oo Cycles Mnemonic Oescriplion 07 05 05 04 03 01 01 Oo Cycles 

JUMP 
JMP Jump unconditional 10 DAD B Add B & C to H & L 10 

JC Jump on carry 7110 DADD Add D & E to H & L 10 

JNC Jump on no carry 7110 DAD H Add H & L to H & L 10 

JZ Jump on zero 7110 DAD SP Add stack pointer to 10 

JNZ Jump on no zero 7110 H & L 

JP Jump on positive 7110 SUBTRACT 
JM Jump on minus 7110 SUB r Subtract register s 
JPE Jump on parity even 7110 from A 

JPO Jump on parity odd 7/10 SBB r Subtract register from s s 
PCHL H & L to program 6 

A with borrow 

counter SUB M Subtract memory 
from A 

CALL SBB M Subtract memory from 
CALL Call uncond1t1onal 18 A with borrow 
cc Call on carry 9/ 18 SUI Subtract immediate 
CNC Call on no carry 9/18 from A 

CZ Call on zero 9/18 SBI Subtract immediate 

CNZ Call on no zero 9/18 from A with borrow 

GP Call on positive 9/18 LOGICAL 
CM Call on minus 9/18 ANA r And register with A 

CPE Cal! on parity even 9/18 XRA I Exclusive Or register s 
CPO Call on parity odd 9/ 18 with A 

RETURN 
ORA r Or register with A s 

RET Return 10 
CMPr Compare register with A s s 

RC Return on carry 6/12 
ANA M And memory with A 

RNC Return on no carry 6/12 
XRA M Exclusive Or memory 

with A 
RZ Return on zero 6/12 ORAM Or memory with A 
RNZ Return on no zero 6/12 CMP M Compare memory with A 
RP Return on positive 6/12 ANI And immediate with A 
RM Return on minus 6/12 XRI Exclusive Or immediate 
RPE Return on parity even 6/12 with A 
RPO Return on parity odd 6/12 ORI Or 1mmed1ate with A 

RESTART CPI Compare immediate 

RST Restart A A A 12 With A 

~ 
INCREMENT ANO DECREMENT ROTATE 

INR r Increment register RLC Rotate A left 

OCR r Decrement register RAC Rotate A right . 
INR M Increment memory 10 RAL Rotate A left through 

OCR M Decrement memory 10 
carry 

RAR Rotate A 11gl1t through 0 1 
INX B Increment B & C 6 carry 

registers 
SPECIALS 

INX D Increment D & E 
registers CMA Complement A 

INX H Increment H & L STC Set carry 

registers CMC Complement carry 

DCX B Decrement B & C DAA Decimal ad1ust A 

DCX D Decrement D & E INPUT /OUTPUT 
DCX H Decrement H & l IN Input 10 

ADD OUT Output 10 

ADD r Add register to A s CONTROL 
ADC r Add register to A s El Enable Interrupts 

with carry DI Disable Interrupt 
ADD M Add memory to A NOP No-operation 
ADC M Add memory to A HLT Halt 

with carry 
NEW 8085 INSTRUCTIONS ADI Add immediate to A 

ACI Add immediate to A RIM Read Interrupt Mask 

with carry SIM Set Interrupt Mask 

NOTES DOD or SSS B 000. C 001. D 010. E 011He100. L 101. Memory 110 A 111 'All mnemonics copyright 

Two possible cycle times. (6/ 121 indicate instruction cycles dependent on condition flags c Intel Corporation 1977 
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SYSTEM INTERFACE 
8085 family includes memory components, which are 
directly compatible to the 8085 CPU. For example, a 
system consisting of the three chips, 8085, 8155, 8355 will 
have the following features: 

In addition to standard 1/0, the memory mapped 1/0 offers 
an efficient 1/0 addressing technique. With this technique, 
an area of memory address space is assigned tor 1/0 
address, thereby, using the memory address tor 1/0 
manipulation. Figure 7 shows the system configuration of 
Memory Mapped 1/0 using 8085. 

• 2K Bytes ROM 
• 256 Bytes RAM 
• 1 Timer/Counter 
• 4 8-bit 1/0 Ports 
• 1 6-bit 1/0 Port 
• 4 Interrupt Levels 
• Serial In/Serial Out Ports 

The 8085 CPU can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 

This minimum system, using the standard 1/0 technique is 
as shown in Figure 6. 

-j TRAP x, 
--! RST7,5 

- RST6.5 

- RST5.5 

x, 

8085 

RESET IN HOLDJ

HLDAt--

soor
s1oi--

- INTR S1 t--
- INTA AODR/ R6~~T Sot--

ADDA DATA ALE RO WR 10/M ROY CLK 

"{8)j'- l Vee 
(8) I 
ltt-

k"'-
~ 

CE POR!~ 
WR 

REi PORT~ 
8155 B 

ALE PORT~ 
...J\ DATA/ C l5) 

ADDA 

• INEJ 10/M TIMER 

RESET OUT!--

..---t--+--i--i--1 IOW 

...--t--+---+---+---t__,REi 

,..._-+--+---+---+---t--1r--i A LE 

-
C----t--+-+-t--1f--t-+-~CE 

As.10 

-v 8355/8755 

l(/A·~~-~~~~~...J\,'-.1 DATA/ 

l\~'<"'--r-r-r-.--.---n,i/ I ADDR 

10/M ~ 
..-;--;--~RESET POR~~ 

•-r-- ROY 

t-- CLK 

,t I I L 
Vss Vee VDD PROG 

I 

-+-'VV',---Vee 

FIGURE 6. 8085 MINIMUM SYSTEM (STANDARD 1/0 TECHNIQUE) 
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8085 MINIMUM SYSTEM CONFIGURATION 

AB-15 

/l 
KAD0-7 

~LE L''> 0 
8085 RD 

r--
WR 

r--
10/M 

r--
CLK 

r--
RESET OUT r--
READY 

r--
r--

TIMER 
WR RD 10/M ~:~~~~~ 

-10/ RDfDW RESET IN ALE CE~ CE M ALE 

T6~~R-

8155 
(RAM, 1/0, COUNTER/TIMER) 

s B 1J 
FIGURE 7. MCS-85'" MINIMUM SYSTEM (MEMORY MAPPED 1/0) 

TRAP x, 
RST7 

- RST6 

- RST5 

-1NTR 

INTA 

ADDA 

(16) 

x, RESET IN 
HOLD-

8085 

HLDA 

SOD 

s, 

ADDA/ Rg~~T So 

DATA ALE RO WR 10/M ROY CLK 

10/M {CS} 

WR 

R6 

DATA 

STANDARD 
MEMORY 

ADDA (CS) 

CLK 

RESET 

10/M (CS) 

WR 

ITTi 

FIGURE 8. MCS-85'" MINIMUM SYSTEM (USING STANDARD MEMORIES) 

10-62 

8355 [AOM + 1/0) 
OR 

8755 [PROM+ 1/0] 

s s 

1/0 PORTS, 
CONTROLS 

v 

v 

Vee 

CLKRST ADY 



*Directly Compatible With 8085 and 8048 CPU 

• 256 Word x 8 Bits • 1 Programmable 6 Bit 1/0 Port 

• Single +SV Power Supply • Programmable 14 Bit Binary Counter/ 

• Completely Static Operation Timer 

• Internal Address Latch • Multiplexed Address and Data Bus 

• 2 Programmable 8 Bit 1/0 Ports • 40 Pin DIP 

The 8155 is a RAM and 1/0 chip to be used in the MCS-85'" and MCS-48'" microcomputer system. The RAM portion is 
designed with 2K bit static cells organized as 256 x 8. It has maximum access time of 400 ns to permit use with no wait states 
in 8085 CPU. 

The 1/0 portion consists of three general purpose 1/0 ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14 bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system. It operates in binary countdown mode, and its timer modes are programmable. 

PIN CONFIGURATION 

PC3 Vee 

PC4 PC2 

TIMER IN PC1 

RESET PC0 

PC5 PB7 

TIMER OUT PB6 

10/M PB5 

CE PB4 

R5 PB3 

WR PB2 

ALE PB1 

AD0 PB0 

AD1 PA7 

AD2 PA6 

AD 3 PA5 

AD4 PA4 

AD5 PA3 

AD6 PA2 

AD 7 PA1 

v,, PA0 

10/M 

AD0~7 

CE 

ALE 

RD 

WR 

RESET 
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8155 FUNCTIONAL PIN DEFINITION 
The following describes the functions of all of the 8155 
pins. 

Symbol 

RESET 

ADo-7 

CE or CE 

ALE 

101'M 

Function 

The Reset signal is a pulse provided 
by the 8085 to initialize the system. 
Input high on this line resets the chip 
and initializes the three 1/0 ports to 
input mode. 

These are 3-state Address/Data lines 
that interface with the CPU lower 8-
bit Address/Data Bus. The 8-bit 
address is latched into the address 
latch on the falling edge of the ALE. 
The address can be either for the 
memory section or the 1/0 section 
depending on the polarity of the 10/M 
input signal. The 8-bit data is either 
written into the chip or Read from the 
chip depending on the status of 
WRITE or READ input signal. 

Chip Enable: Input high on this line 
enables the chip. The line has 
bonding option for input Low (CE). 

Input low on this line and a high on CE 
enable the ADo-7 buffers. If 10/M pin 
is low, the RAM content will be read 
out to the AD bus. Otherwise the 
content of the selected 1/0 port will be 
read to the AD bus. 

Input low on this line and a high on CE 
cause the data on the AD lines to be 
written to the RAM or 1/0 ports 
depending on the polarity of 10/M. 

Address Latch Enable: This control 
signal latches both the address on the 
ADo-7 lines and the state of CE and 
10/M onto the chip at the falling edge 
of ALE . 

10/Memory Select: This line selects 
the memory if low and selects !hf 10 if 
high. 
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Symbol 

PA0_7(8) 

TIMER IN 

TIMER OUT 

Vss 

Function 

These 8 pins are general purpose 1/0 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 

These 8 pins are general purpose 1/0 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 

These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the C/S Register. 
When PCo-5 are used as control 
signals, they will provide the follow
ing: 

PCO - A INTR (Port A Interrupt) 
PC1 - A BF (Port A Buffer full) 

PC2 - A STB (Port A Strobe) 

PC3 - B INTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PCs - B STB (Port B Strobe) 

This is the input to the counter timer. 

This pin is the timer output. This 
output can be either a square wave or 
a pulse depending on the timer mode. 

+5 volt supply. 

Ground Reference. 



OPERATIONAL DESCRIPTION 
The 8155 includes the following operational features: 

• 2K Bit Static RAM organized as 256 x 8 
• Two 8-bit 1/0 ports (PA & PB) and one 6-bit 1/0 port 

(PC) 
• 14-bit binary down counter 

The 1/0 portion contains four registers (Command/ 
Status, PAo-7. PBo-7. PCo-s). The 10/M (10/Memory 
Select) pin selects the 1/0 or the memory (RAM) portion. 
Detailed descriptions of memory, 110 ports and timer 
functions will follow. 

CE 

IO/M 

AD0-7 ADDRESS 

ALE 

RD OR WR 

8155 

The 8-bit address on the AD lines, CE, and 10/M are all 
latched on chip at the falling edge of ALE. Therefore the 
ALE signal should be activated (high) before the 
transistion of c_s and 10/M signal, as shown in Figure 1. A 
low on the 10/M must be provided to select the memory 
section. 

DATA VALID 

NOTE: FOR DETAILED TIMING DIAGRAM INFORMATION, SEE FIGURE 7 AND A.C. CHARACTERISTICS. 

FIGURE 1. MEMORY READ/WRITE CYCLE. 
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PROGRAMMING OF THE COMMAND/ 

STATUS REGISTER 

The command register consists of eight latches one for 

each bit. Four bits (0-3) define the mode of the ports, two 

bits (4-5) enable or disable the interrupt from port C when 

it acts as control port, and the last two bits (6-7) are for the 

timer. 

The C/S register contents can be altered at any time by 

using the 1/0 address XXXXXOOO during a WRITE 

operation. The meaning of each bit of the command byte 

is defined as follows: 

IEA PC2 PC1 PB PA 

::::::: :::: } ~: ~N~~PTUT 
{ 

OO=ALT1 

DEFINES PCo.5 ~~: :~i ~ 
10 =ALT 4 

~-----~ ENABLE PORT A 
INTERRUPT 

} 
1 =ENABLE 

0 = DISABLE 

~-------- ~:;EBRL:U~~AT B 

TIMER COMMAND 

00 = NOP - DO NOT AFFECT COUNTER 

OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 

STOP COUNTING IF THE TIMER IS 

RUNNING 

10 =STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 

IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND CNT LEl'!GTH 

AND START IMMEDIATELY AFTER 

LOADING (IF TIMER IS NOT PRESENTLY 

RUNNING). IF TIMER IS RUNNING, START 

THE NEW MODE AND CNT LENGTH 

IMMEDIATELY AFTER PRESENT TC ll tS REACHED 

·~. FIGURE 2. COMMAND/STATUS REGISTER BIT 

ASSIGNMENT. 

8155 

READING THE COMMAND/STATUS 

REGISTER 

The status register consists of seven latches one for each 

bit; six (0-5) for the status of the ports and one (6) for the 

status of the timer. 

The status of the timer and the 1/0 section can be polled by 

reading the C/S Register (Address XXXXXOOO). Status 

word format is shown below: 

AD7 ADs A05 AD4 AD3 AD2 AD1 ADo 

TIMER INTE B INTR INTE 
B BF B A 

PORT A INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

~---- PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

~------- PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

POAT B INTERRUPT ENABLED 

~----------~ TIMER INTERRUPT (THIS BIT 

IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 

LOW UPON READING OF THE 
C/S REGISTER OR STARTING 
NEW COUNT.) 

FIGURE 3. COMMAND/STATUS REGISTER STATUS 

WORD FORMAT. 
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INPUT/OUTPUT SECTION 

The 1/0 section of the 8155 consists of four registers as 
described below: 

• Command/Status Register (C/S) - This register is 
assigned the address XXXXXOOO. The C/S address 
serves the dual purpose. 

When the C/S register is selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not 
accessible through the pins. 

When the C/S (XXXXXOOO) is selected during a READ 
operation, the status information of the 1/0 ports and 
the timer become available on the ADo-7 lines. 

• PA Register - This register can be programmed to be 
either input or output ports depending on the 
status of the contents of the C/S Register. Also 
depending on the command, this port can operate in 
either the basic mode or the strobed mode (See timing 
diagram). The 1/0 pins assigned in relation to this 
register are PAo-7· The address of this regis'.er is 
XXXXX001. 

TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 

Pin ALT 1 ALT 2 ALT 3 

• PB Register - This register functions the same as PA 
Register. The 1/0 pins assigned are PB0_ 7. The address 
of this register is XXXXX010. 

• PC Register - This register has the address XXXXX011 
and contains only 6-bits. The 6-bits can be program
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD 3 bits of the C/S register. 

When PCo-5 is used as a control port, 3-bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. See Table 1. 

ALT 4 

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
PC1 Input Port Output Port A B£.j£'ort A Buffer Full) A B£.j£'ort A Buffer Full) 
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
PC3 Input Port Output Port Output Port B INTR (Port B Interrupt) 
PC4 Input Port Output Port Output Port B B~ort B Buffer Full) 
PC5 Input Port Output Port Output Port B STB (Port B Strobe) 

The set and reset of INTR and BF with respect to STB, WR and RD timing is shown in Figure 9. 

In .the summary, the registers' assignments are: 

Address Pinouts Functions No. of Bits 

xxxxxooo Internal Command/Status Register 8 
XXXXX001 PA0-7 General Purpose 1/0 Port 8 
XXXXX010 PB0-7 General Purpose 1/0 Port 8 
XXXXX011 PC0-5 General Purpose 1/0 Port or 6 

Control Lines 

When the 1/0 ports are programmed to be output ports, 
the contents of the output ports can still be read by a 
READ operation when appropriately addressed. 

When the 'C' port is programmed to either AL T3 or AL T4, 
the control signals for PA and PB are initialized as follows: 

CONTROL INPUT MODE OUTPUT MODE 

BF Low Low 
INTR Low High 

STROB Input Control Input Control 
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TIMER SECTION 
The timer is a 14-bit counter that counts the 'timer input' 
pulses and provides either a square wave or pulse when 
terminal count (TC) is reached. 

The timer has the 1/0 address XXXXX100 for the low order 
byte of the register and the 1/0 address XXXXX101 for the 
high order byte of the register. 

The timer addresses serve a dual purpose. During WRITE 
operation, a COUNT LENGTH REGISTER (CLR) with a 
::ount length (bits 0-13) and a timer mode (bits 14-15) are 
loaded. During READ operation the contents of the 
counter (the present count) and the mode bits are read. 

To be sure that the right content of the counter is read, it is 
preferable to stop counting, read it, and then load it again 
and continue counting. 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 will specify the length of the next 
count and bits 14-15 will specify the timer output mode. 

There are four modes to choose from: 

0. Puts out low during second half of count. 
1. Square wave 
2. Single pulse upon TC being reached 
3. Repetitive single pulse everytime TC is readied and 
automatic reload of counter upon TC being reached, until 
instructed to stop by a new command loaded into C/S. 

Bits 6-7 of Command/Status Register Contents are used 
to start and stop the counter. There are four commands to 
choose from: 

Note: See the further description on Command/Status 
Register. 

NOP - Do not affect counter operation. 

STOP - NOP if timer has not started; stop 
counting if the timer is running. 

STOP AFTER TC - Stop immediately after 
present TC is reached (NOP iftimer has not 
started) 

START - Load mode and CNT length and 
start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length 
immediately after present TC is reached. 
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TIMER MODE MSB OF CNT LENGTH 

LSB OF CNT LENGTH 

FIGURE 4. TIMER FORMAT 

M2 M1 defines the timer mode as follows: 

M2 M1 

0 

0 

0 Puts out low during second half of 
count. 
Square wave, i.e., the period of the 
square wave equals the count 
length programmed with auto
matic reload at terminal count. 

0 Single pulse upon TC being 
reached. 
Automatic reload, i.e., single pulse 
everytime TC is reached. 

Note: In case of an asymmetric count, i.e. 9, larger half of 
the count will be high, the larger count will stay active as 
shown in Figure 5. 

Note: 5 and 4 refer to the number of clock cycles in that 
time period. 

FIGURE 5. ASYMMETRIC COUNT. 



8085 MINIMUM SYSTEM CONFIGURATION 

Figure 6shows that a minimum system is possible using only 
three chips: 

• 256 Bytes RAM 
• 2K Bytes ROM 
• 38 1/0 Pins 
• 1 Interval Timer 
• 4 Interrupt Levels 

AB-15 

~D0-7 
'I" 
ALE 

8085 RD 

WR 

10/M 

CLK 

RESET OUT 

READY 

TIMER 

8155 

0 

- -RESET IN WR RD ALE CE~ 

l y: LATCHES 

J 
Tb~~R-H TIMER h J_ 

CONTROL 
256 )( 8 

RAM 

101iVi 

J 

. 18155 

~~~~ 
BBB 

FIGURE 6. 8085 MINIMUM SYSTEM CONFIGURATION. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ................ Q°Cto+70°C 
Storage Temperature . . . . . . . . . . . . . . . -65°C to +150°C 
Voltage on Any Pin 

8155 !:c~!~.~l!JINA~ 
IJBP11111ett1c limits are f.t":! speclf1cation S 

su Ject to change: I 

*COMMENT: Stresses above those listed under "Absolute 

With Respect to Ground . . . . . . . . . . . . . . . -0.3Vto +7V 

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. Power Dissipation ............................. 1.5W 

D.C. CHARACTERISTICS (TA = 0°c to 70°C; Vee= 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

V1L Input Low Voltage -0.5 0.8 v 

V1H Input High Voltage 2.0 Vcc+o.5 v 

Vol Output Low Voltage 0.45 v loL = 2mA 

VoH Output High Voltage 2.4 v loH = -400µA 

l1L Input Leakage 10 µA V1N =Vee to OV 

ILO Output Leakage Current ±10 µA 0.45V .;;;vouT .;;;vcc 

Ice Vee Supply Current 180 mA 
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A.C. CHARACTERISTICS (TA= 0°c to 10°c· Vee= 5V + 5%) - o ch, 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS .. ,,~. 

tAL Address to Latch Set Up Time 50 ns 

tlA Address Hold Time after Latch 80 ns 

tLe Latch to READ/WRITE Control 100 ns 

tRo Valid Data Out Delay from READ Control 150 ns 

tAo Address Stable to Data Out Valid 400 ns 

tll Latch Enable Width 100 ns 

tROF Data Bus Float After READ 0 100 ns 

tel READ/WRITE Control to Latch Enable 20 ns 

tee READ/WRITE Control Width 250 ns 

tow Data In to WRITE Set Up Time 150 ns 

two Data In Hold Time After WRITE 0 ns 

tRv Recovery Time Between Controls 300 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Setup Time 50 ns 

tRP Port Input Hold Time 50 ns 
150 pF Load 

tssF Strobe to Buffer Full 400 ns 

tss Strobe Width 200 ns 

tRBE READ to Buffer Empty 400 ns 

ts1 Strobe to INTR On 400 ns 

tROI READ to INTR Off 400 ns 

tpss Port Setup Time to Strobe Strobe 50 ns 

tpHs Port Ho Id Ti me After Strobe 100 ns 

tssE Strobe to Buffer Empty 400 ns 

twsF WRITE to Buffer Full 400 ns 

tw1 WRITE to I NTR Off 400 ns 

tTL TIMER-IN to TIMER-OUT Low 400 ns 

tTH TIMER-IN to TIMER-OUT High 400 ns 

tROE Data Bus Enable from READ Control 10 ns 

Note: For Timer Input Specification, see Figure 10. 

10-71 



8155 

A. READ CYCLE 

CE 

10/M 

ADo-7 

ALE 

....__tRo-

tLc-

B. WRITE CYCLE 

CE 

10/M 

l 
ADa-7 

. 
ALE 

WR 

FIGURE 7. 8155 READ/WRITE TIMING DIAGRAM. 
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BF 

INTR 

INPUT DATA 
FROM PORT 

BF 

INTR 

OUTPUT DATA 
TO PORT 

8155 

A. STROBED INPUT MODE 

~~~~~--'":.;+~~--4~~~~~~~~~~~~~~~~~~~~~ 

B. STROBED OUTPUT MODE 

'w• 

~~~~~~~~~~~~~~~---'~;;_~~~~~~~~~~~~~~~~~~~-

FIGURE 8. BASIC 1/0 TIMING. 
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A. BASIC INPUT MODE 

··2 '"'fl R5 

1 INPUT 

DATA aus· ~ = = = = = =x ...... __________ _ 
B. BASIC OUTPUT MODE 

WR 

DATA Bus· 

OUTPUT 

*DATA BUS TIMING IS SHOWN IN FIGURE 7. 

FIGURE 9. STROBED 1/0 TIMING WAVEFORM. 

COUNT I 

TIMER-IN 

TIMER-OUT 
(PULSE) 

TIMER-OUT 
(SO. WAVE) 

LOAD 
COUNTER --I 
FROM CLR 

________ __J 

--- tcvc ------

COUNTDOWN FROM 3 TO 0 

tcvc 320 ns MIN. 

tAISE & tFALL 30 ns MAX. 

t 1 80 ns MIN. 

t 2 120 ns MIN. 

RELOAD 
COUNTER ---1 
FROM CLR 

tn TIMER-IN TO TIMER-OUT LOW (TO BE DEFINED). 

tTH TIMER-IN TO TIMER-OUT HIGH (TO BE DEFINED). 

FIGURE 10. TIMER OUTPUT WAVEFORM. 
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8355 
16,384 BIT ROM WITH 1/0 

*Directly Compatible With 8085 and 8048 CPU 

• 2048 Words x 8 Bits • Each 1/0 Port Line Individually 

• Single +SV Power Supply Programmable as Input or Output 

• Internal Address Latch • Multiplexed Address and Data Bus 

• 2 General Purpose 8 Bit 1/0 Ports • 40 Pin DIP 

The 8355 is a ROM and 1/0 chip to be used in the MCS-85'" and MCS-48'" microcomputer system. The ROM portion is 

organized as 2048 x 8. It has maximum access time of 400 ns to permit use with no wait states in 8085 CPU. 

The 1/0 portion consists of two general purpose 1/0 ports. Each 1/0 port has 8 port lines, and each 1/0 port line is individ

ually programmable as input or output. 

PIN CONFIGURATION BLOCK DIAGRAM 

Vee 

PB7 
CLK 

PB, 

RESET PB5 READY 

N.C. (NOT CONNECTED) 5 PB4 

READY PB3 
ADo-7 

PB2 

~ PB1 Aa~10 PA0~1 

PBo 

IOW CE 2K X 8 

PA6 Cl' ROM 

~ 
AD0 PA,; 10/M 

AD1 PA4 ALE PBa-1 

AD2 PA3 Ri5 
AD3 PA2 IOW 

AD4 PA1 RESET 

AD5 PA0 IOR 

AD6 A10 

~Vee (+5VI 
AD7 Ag 

Vss 
Vss {OV) 
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8355 FUNCTIONAL PIN DEFINITION 

Symbol 

ALE 

ADo-7 

As-10 

CE 
CE 

101Kii 

RD 

Function 

When ALE (Address Latch Enable) is 
high, ADo-7. 10/M, As-io. CE, and CE 
enter address latched. The signals 
(AD, 10/M, As-10. CE, CE) are latched 
in at the trailing edge of ALE. 

Bi-directional Address/Data bus. The 
lower 8-bits of the ROM or 1/0 
address are applied to the bus lines 
when ALE is high. 

During an 1/0 cycle, Port A or Bare 
selected based on the latched value of 
A Do. If RD or IOR is low when latched 
Chip Enables are active, the output 
buffers present data on the bus. 

These are the high order bits of the 
ROM address. They do not affect 1/0 
operations. 

Chip Enable Inputs: CE is active low 
and CE is active b.!.9.!:1.· The 8355 can be 
accessed only when BOTH Chip 
Enables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the ADo-7 
and READY outputs will be in a high 
impedance state. 

If the latched 10/M is high when RD is 
low, the output data comes from an 
1/0 port. If it is low the output data 
comes from the ROM. 

If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected ROM location or 1/0 
port. When both RD and IOR are high, 
the ADo-7 output buffers are tri
stated. 

If the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of AD0 
to be written with the data on AD0_7. 
The state of 10/M is ignored. 
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Symbol 

CLK 

READY 

PAo-7 

PBo-7 

RESET 

Vee 
Vss 

Function 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high and ALE high. 

Ready is a tri-state output controlled 
by CE, CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK (see Figure 4). 

These are general purpose 1/0 pins. 
Their input/output direction is deter
mined by the contents of Data 
Direction Register (DOR). Port A~ 
selected for write operations when 
the Chip Enables are active and IOW 
is low and a O was previously latched 
from ADo. 

Read operation is selected by IOR low 
when the Chip is enabled and ADo 
low. 

Alternately, 10/M high and RD low 
may be used in place of IOR when the 
chip is enabled and ADo is low to 
allow reading from a port. 

This general purpose 1/0 port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 

An input high on RESET causes all 
pins in Ports A and B to assume input 
mode. 

When the Chip Enables are active, a 
low on IOR will output the selected 
1/0 port onto the AD bus. IOR low 
performs the same function as the 
combination 10/M high and RD low. 

+5 volt supply. 

O volt supply. 
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FUNCTIONAL DESCRIPTION 

ROM Section 
The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables are 
active and 10/M is low when RD goes low, the eight output 
bits of ROM addressed by the latched address are put out 
through ADo-7 output buffers. 

1/0 Section 
The 1/0 section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers in 8355 
determine the input/output status of each pin in the 
corresponding ports. AO specifies an input mode, and a 1 
specifies an output mode. The table summarizes port and 
DOR designation. DDR's cannot be read. 

AD1 A Do Selection 

0 0 Port A 
0 1 Port B 
1 0 Port A Data Direction Register (DOR A) 
1 1 Port B Data Direction Register (DOR B) 

When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into 1/0 port selected by the 
latched value of ADo-1· 

During this operation all 1/0 bits of the selected port are 
affected, regardless of their 1/0 mode and the state of 
10/M. The actual output level does not change until IOW 
returns high (glitch free output). 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with 10/M high, or !OR goes 
low. Both input and output mode bits of a selected port will 
appear on lines ADo-7· 

System Interface with 8085 
A system using the 8355 can use either one of the two 1/0 
Interface techniques: 

• Standard 1/0 
• Memory Mapped 1/0 

If a standard 1/0 technique is used, the system can use the 
feature of both CE and CE. By using a combination of 
unused address lines A11-1s and the Chip Enable inputs, 
the 8085 system can use up to 5 each 8355's without 
requiring a CE decoder. See Figure 1, 

Note: Use CE for the first 8355 in the system, and CE for 
the other 8355's. Permits up to 5 ea. 8355's in a 
system without CE decoder. 
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If a memory mapped 1/0 approach is used the 8355 will be 
selected by the combination of both the Chip Enables and 
10/M using the ADs-15 address lines. See Figure 2. 

/l 
KAa-15 

~ 
KAD0-7 

8085 ~LE 
RD 

1--1 

WR 
r---1 

CLK (r,!12) 
r---1 

READY 
r---1 

10/M 
1--1 

1 Vee t------1 

1~'2 
ADo-7 As-to RO CLK IO/M 

iOR ALE iOW 

8355 

FIGURE 2. 8355 IN 8085 SYSTEM 
(MEMORY-MAPPED 1/0). 

System Interface with 8048 

READY 

? 
v 

cr 

The 8355 contains an 8-bit address latch which allows it to 
interface directly to MCS-48 Microcomputers without 
additional hardware (Figure 3). Program memory is 
accessed by applying 11-bits of address to the Ao-A10 
inputs and a low level on the 10/M and CE inputs then 

8355 
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latching these inputs with ALE. The CE input serves to 
select one of several possible 8355s in a system and the 
10/M signal indicates that a subsequent read operation 
will be from program memory. While ALE is high the Ao
A10, 10/M, and CE inputs are allowed into the 8355 and 
when ALE is brought low, these inputs are latched. If the 
latched conditions indicate that a program memory fetch 
is to occur, a low level on RD will cause the data to be 
outputted on the data bus. 

ALE ALE 2K X B 

PSEN RD 

WR IOW 

8048 RD IOR ROM/ 
PROM 

BUS A/D0-7 
WITH 

1/0 
8355/ 
8755 

P20·P23 Aa·A10 

B 
TEST 1/0 
INPUTS 

FIGURE 3. INTERFACE TO MCS-48'" 
MICROCOMPUTERS 

Programming 

See ROM programming instructions, page 3-55. 

1/0 



8355 ::i~~.~~~INARY 
ABSOLUTE MAXIMUM RATINGS* 

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

With Respect to Ground . . . . . . . . . . . . . . . -0.3V to +7V 
Power Dissipation ............................. 1.5W 

parametric limits are ; 11:! specmcat1on. Some 
u Ject to change. 

*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 = 0°c to 10°c; Vee= 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

V1L Input Low Voltage -0.5 0.8 v 

V1H Input High Voltage 2.0 Vee+o.5 v 

Vol Output Low Voltage 0.45 v loL = 2mA 

VoH Output High Voltage 2.4 v loH = -400µA 

l1L In put Leakage 10 µA V1N =Vee to OV 

ILO Output Leakage Current ±10 µA 0.45V .;;;vouT .;;;vee 

Ice Vee Supply Current 180 mA 

A.C. CHARACTERISTICS (TA= 0°Cto 70°C; Vee= 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

tcvc Clock Cycle Time 320 ns 

T1 CLK Pulse Width 80 ns CLQAO = 150 pF 

T2 CLK Pulse Width 120 ns (See Figure 3) 

t1 ,tr CLK Rise and Fall Time 30 ns 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tLc Latch to READ/WRITE Control 100 ns 

tRo Valid Data Out Delay from READ Control 150 ns 

tAo Address Stable to Data Out Valid 400 ns 150 pF Load 

tLL Latch Enable Width 100 ns 

tROF Data Bus Float after READ 0 100 ns 

tcL READ/WRITE Control to Latch Enable 20 ns 

tee READ/WRITE Control Width 250 ns 

tow Data In to WRITE Set Up Time 150 ns 

two Data In Hold Time After WRITE 0 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time 50 ns 

tRYH READY HOLD TIME 0 120 ns 

tARY ADDRESS {CE) to READY 160 ns 

tRv Recovery Time between Controls 300 ns 

tROE Data Out Delay from READ Control 10 ns 
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t, 

FIGURE 4. CLOCK SPECIFICATION FOR 8355 . 

.._ _____ tcvc-----'"' 

CLK \ ..________,/ \.....______,/ 
As-10 
10/M 

ADo.1 DATA 

cr 

tLL 

ALE 

~ 
1AL 

R5 . 
loR 

tROF 

1AV 1LC 
•ow 

1cc 

IOW 

1CL 

FIGURE 5. ROM READ AND 1/0 READ AND WRITE. 
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CLK 

CE·CE 

ALE 

' 
.... _____ _ 

FIGURE 6. WAIT STATE TIMING (READY= 0). 

A. INPUT MODE 

RDOR 
IOR 

PORT 
INPUT 

DATA* - - - - - - -)( 
BUS - - - - - - - -------------

El. OUTPUT MODE 

PORT 
OUTPUT 

DATA* - - - - - ~ 
BUS - - - - - ...../\.._ _______ _,X ... ____ _ 

*DATA BUS TIMING IS SHOWN IN FIGURE 3. 

FIGURE 7. 1/0 PORT TIMING. 
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8755 
16,384 BIT EPROM WITH 1/0 

*Directly Compatible With 8085 and 8048 CPU 

• 2048 Words x 8 Bits • 2 General Purpose 8 bit 1/0 Ports 

• Single +SV Power Supply (V cc) • Each 1/0 Port Line Individually 

• U.V. Erasable and Electrically Repro- Programmable as Input or Output 

grammable • Multiplexed Address and Data Bus 

• Internal Address Latch • 40 Pin DIP 

The 8755 is an erasable and electrically reprogrammable ROM (EPROM) and 1/0 chip to be used in the MCS-85'" 
and MCS-48'" microcomputer system. The PROM portion is organized as 2048x 8. It has maximum access time of 400 ns to 
permit use with no wait states in 8085 CPU. 

The 1/0 portion consists of two general purpose 1/0 ports. Each 1/0 port has 8 port lines, and each 1/0 port line is individ
ually programmable as input or output. 

PIN CONFIGURATION BLOCK DIAGRAM 

PROG AND CE Vee CLK 

CE PB7 

CLK PB6 READY 

RESET PB,; 

Voo PB4 AD0~1 

READY PB3 

G 
10/M PB2 

Aa~10 PA0~1 

iCIB. PB1 

RD PB0 CE 2K X 8 

IOW PA7 10/M PROM 

~ 
ALE PA6 ALE 
AD0 PA5 R5 

PB0~1 

AD1 PA4 

AD 2 PA3 
IOW 

AD 3 PA2 RESET 

AD4 PA1 IOR 

AD5 PA0 

PROG/CE~ ~Veel+5VI AD6 A10 

AD7 Ag 

v,, VDD Vss (OVI 
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8755 FUNCTIONAL PIN DESCRIPTION 

Symbol 

ALE 

ADo-7 

As-10 

CE/PROG 

CE 

10/M 

RD 

CLK 

READY 

PAo-7 

Function 

When Address Latch Enable is high, 

ADo-7. 10/M, As-10. CE, and CE enter 
the address latches. The signals (AD, 

10/M, As-10. CE) are latched in at the 
trailing edge of ALE. 

Bi-directional Address/Data bus. The 

lower 8-bits of the PROM or 1/0 
address are applied to the bus lines 
when ALE is high. 

During an 1/0 cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 

These are the high order bits of the 
PROM address. They do not affect 
1/0 operations. 

CHIP ENABLE INPUTS: CE is active 
low and CE is active high. Both chip 
enables must be active to permit 
accessing the PROM. CE is also used 
as a programming pin (see section on 
programming). 

If the latched 10/M is high when RD is 
low, the output data comes from an 
1/0 port. If it is low the output data 
comes from the PROM. 

If the latched Chip Enables are active 
when RD goes low, the ADo_ 7 output 
buffers are enabled and output either 
the selected PROM location or 1/0 
port. When both RD and IOR are high, 
the ADo_ 7 output buffers are tri
stated. 

If the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of A Do 
to be written with the data on ADo-7. 
The state of 10/M is ignored. 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high, and ALE high. 

READY is a 3-state output controlled 
by CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK (see Figure 2.). 

These are general purpose 1/0 pins. 
Their input/output direction is deter
mined by the contents of Data 
Direction Register (DDR). Port A is 
selected for write operations when 
the Chip Enables are active and IOW 
is low and a 0 was previously latched 
from ADo. 
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PBo-7 

RESET 

IOR 

Read operation is selected by either 
IOR low and active Chip Enables and 
AD0 low, Qf 10/M high, RD low. active 
Chip Enables, and ADo low. 

This general purpose 1/0 port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 

In normal operation, an input high on 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 
register). 

When the Chip Enables are active, a 
low on IOR will output the selected 
1/0 port onto the AD bus. IOR low 
performs the same function as the 
combination of 10/M high and RD 
low. When IOR is not used in a 
system, IOR should be tied to Vee 
(' 1") 

+5 volt supply. 

Ground Reference. 

Voo is a programming voltage, and it 
is normally grounded. 

For programming, a high voltage is 
supplied with v00, = 25V, typical. 

FUNCTIONAL DESCRIPTION 

PROM Section 

The 8755 contains an 8-bit address latch which allows it to 
interface directly to MCS-48 and MCS-85 Microcom
puters without additional hardware. 

The PROM section of the chip is addressed by the 11-bit 

address and CE. The address, CE and CE are latched into 

the address latches on the falling edge of ALE. If the 

latched Chip Enables are active and 10/M is low when RD 
goes low, the contents of the PROM location addressed by 

the latched address are put out on the ADo-7 lines. 

1/0 Section 

The 1/0 section of the chip is addressed by the latched 

value of AD 0_1. Two 8-bit Data Direction Registers 
determine the input/output status of each pin in the 
corresponding port. A 0 specifies an input mode, and a 1 
specifies an output mode. The table summarizes port and 
DOR designation. Contents of the DDR's cannot be read. 

AD1 ADo Selection 

0 0 Port A 

0 Port B 
O Port A Data Direction Register (DOR A) 

1 Port B Data Direction Register (DOR B) 
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8755 ::~~s~,~~l~AR' 
When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into 1/0 port selected by the 
latched value of ADo-1· During this operation all 1/0 bits of 
the selected port are affected, regardless of their 1/0 mode 
and the state of 10/M. The actual output level does not 
change until IOW returns high. (glitch free output). 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with 10/M high, or IOR goes 
low. Both input and output mode bits of a selected port will 
appear on lines ADo-7· 

ERASURE CHARACTERISTICS 
The erasure characteristics of the 8755 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
{A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000..&. 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 8755 in 

SYSTEM APPLICATIONS 

ALE 

PSEN 
--
WR 

8048 RD 

BUS I\ 8 

P20·P23 4 

lJB 
TEST 1/0 
INPUTS 

parametric limits are AAba: 5Pet1f1tation. Sor 
su 1ect to change. 

approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 8755 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 8755 
window to prevent unintentional erasure. 

The recommended erasure procedure (see page 3-55) for 
the 8755 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms {A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000µW/cm2 power rating.The 
8755 should be placed within one inch from the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 

PROGRAMMING 
See the EPROM programming section, page 3-55. 

ALE 2K X 8 

RD 
IOW 

IOR ROM/ 
PROM 

A/Do-7 
WITH 

1/0 
8355/ 

µ=)110 
8755 

Aa·A10 

FIGURE 1. INTERFACE TO MCS-48'" MICROCOMPUTERS 

A K A,,_,5 
v 

8085 
K ADo.1 

"' ALE 

RD 
1--
1--

WR 

CLK (¢2) 
1--

READY 1--

10/M 
1-- 1 v f-- ]] ~~ 

A!D._7 Aa-10 RO CLK 10/M 
iOR ALE iiiW READY CE 

8755 

•use CE FOR FIRST 8755 IN SYSTEM. AND CE FOR OTHERS. 
BY CONNECTING CE OF EACH 8755 CHIP TO EACH OF A11 
THROUGH A15, THE MINIMUM SYSTEM CAN USE 5-8755's 
(10K BYTES) WITHOUT REQUIRING CE DECODER. 

FIGURE 2. 8755 IN 8085 SYSTEM 
(STANDARD 1/0). 

~ 
v 

8085 

10-84 

~8-15 y 

~~7 
ALE 

f---1 
RD 

f..--1 
WR 

f---1 
CLK (¢2) 

f---1 
READY 

10/M 
f--

1 v 1--

~~ 
A/00_7 Aa-10 RO CLK 10/M 

iOR ALE IDW READY 

8755 

FIGURE 3. 8755 IN 8085 SYSTEM 
(MEMORY-MAPPED 1/0). 

) 
-v 

CE 



s155 !:~!~.'"'INARY 
parametr1c limits ara1n:! speerncat1on. Some 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -10°C to +70°C 
Storage Temperature . . . . . . . . . . . . . . . -65°C to +150° C 
Voltage on Any Pin 

With Respect to Ground ............... -0.5Vto+7V 
Power Dissipation ............................. 1.5W 

e su iect to change. 
*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 ITA = 0°c to 10°c; Vee= 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vec+-0.5 v 
Vol Output Low Voltage 0.45 v loL = 2mA 

VoH Output High Voltage 2.4 v ioH = -400µA 

l1L Input Leakage 10 µA V1N =Vee to OV 

ILO Output Leakage Current ±10 µA 0.45V <VouT <Vee 

Ice Vee Supply Current 180 mA 

A.C. CHARACTERISTICS (TA= 0°c to 10°c; Vee= 5V ± 5%) 

~YMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

teve Clock Cycle Time 320 ns 

T, CLK Pulse Width 80 ns CLOAO = 150 pF 

T2 CLK Pulse Width 120 ns (See Figure 3) 

t1,t, CLK Rise and Fall Time 30 ns 

IAL Address to Latch Set Up Time 50 ns 

ILA Address Hold Time after Latch 80 ns 

tLe Latch to READ/WRITE Control 100 ns 

IRO Valid Data Out Delay from READ Control 150 ns 

IAO Address Stable to Data Out Valid 400 ns 150 pF Load 

ILL Latch Enable Width 100 ns 

IROF Data Bus Float after READ 0 100 ns 

tcL READ/WRITE Control to Latch Enable 20 ns 

tee READ/WRITE Control Width 250 ns 

tow Data In to WRITE Set Up Time 150 ns 

two Data In Hold Time After WRITE 0 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time 50 ns 

tRYH READY HOLD TIME 0 120 ns 

tARY ADDRESS (CE) to READY 160 ns 

IRV Recovery Time between Controls 300 ns 

IROE Data Out Delay from READ Control 10 ns 

10-85 
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8755 

FIGURE 3. CLOCK SPECIFICATION FOR 8755 

CLK 

As-10 

1o;M 

AD0-7 

cr 

ALE 

RD 

iOR 

~-----tcvc· 

\ ._______,/ 
ADDRESS 

1+--------•.0---------, 

ADDRESS 

tLL 

tAL ~tRDE 

---1---+--------.J -tRo-

'Le 

DATA 

i+------ 'ow------< 

IOW 

FIGURE 4. PROM READ AND 1/0 WRITE TIMING. 
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A. INPUT MODE 

RDOR 
IOR 

PORT 
INPUT 

8755 

DATA* - - - - - - - )( 
BUS - - - - - - - ------------

B. OUTPUT MODE 

PORT 
OUTPUT 

DATA* - - - - - ~ 
BUS - - - - - _/\ _________ X.,. ____ _ 

*DATA BUS TIMING IS SHOWN IN FIGURE 4. 

FIGURE 5. 1/0 PORT TIMING. 

' 
.... _____ _ 

FIGURE 6. WAIT STATE TIMING (READY = 0). 
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8101A-4 
1024 BIT STATIC MOS RAM 

WITH SEPARATE 1/0 

* 450 nsec Access Time Maximum 

* 256 Word by 4 Bit Organization 

• Single +SV Supply Voltage 

• Directly TTL Compatible: All Inputs and 
Outputs 

• Static MOS: No Clocks or Refreshing 
Required 

• Simple Memory Expansion: Chip Enable 
Input 

• Powerful Output Drive Capability 

• 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® 8101A-4 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 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 1/0 systems. The output disable function eliminates the need for bi-directional logic in a common 

1/0 system. 

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 

• plastic packaging. 

- PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A, Vee "o 
A, A, A, oo, 

A, RIW A2 

"o CE, 
Al oo, 
A, 

As OD As oo, 

Ao CE2 
Ao 8101A-4 

A, oo, 
A, oo, 

GND 01, 01, 

°'2 
OD 

01, oo, 
01, 

DO, 01, 01, 

01, oo, 
RIW CE2 CE1 

PIN NAMES 
01 1-Dl4 DATA INPUT ce2 CHIP ENABLE 2 

.... A:> ADDRESS INPUTS DD OUTPUT D1SABLE 
R/W READ/WRITE INPUT 00,.004 DATA OUTPUT 

r-cE~···· CHIP ENABLE 1 Vee POWER {+5V) 

Ao 

A1 

A2 

A, 

A, 

R/W 

01, 

01, 

01, 

014 
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8101A-4 

ABSOLUTE MAXIMUM RATINGS* 

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

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

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

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

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee = 5V ±5% unless otherwise specified. 

Symbol Parameter 

I LI Input Current 

ILOH 1/0 Leakage Currentl2l 

ILOL 1/0 Leakage Current[2J 

lee1 Power Supply 
Current 

leC2 Power Supply 

Current 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 

Vol Output "Low" Voltage 

VoH Output "High" 
Voltage 

TYPICAL D.C. CHARACTERISTICS 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 

4 -10 l---~--+--+----j--f---+---1 
§ 

% 
0 

TYPICAL 

VoH (VOLTS) 

Min. 

-0.5 

2.0 

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_[1J Max. Unit Test Conditions 

1 10 µA V1N = 0 to 5.25V 

1 10 µA Output Disabled, VouT=4.0V 

-1 -10 µA Output Disabled, VouT=0.45V 

35 55 mA V1N = 5.25V, lo= OmA 
TA=25°C 

60 mA V1N = 5.25V, lo= OmA 
TA= 0°C 

+0.8 v 
Vee v 

+0.45 v loL = 2.0mA 

v loH = -400µA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

Vol (VOL TS) 

NOTES: 1. Typical values are for TA= 25°e and nominal supply voltage. 
2. Input and Output tied together. 
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8101A-4 

A.C. CHARACTERISTICS 
READ CYCLE TA = 0°C to 70°C, Vee = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. 

tRe Read Cycle 450 

T [1] 
yp. Max. Unit 

ns 

450 ns 
-- - ------t-- -__ t_A ___ +----A_c_c_e_ss_T_im_e __________ -+-------t---

310 ns 
- t----------1------

250 ns 
teo Chip Enable To Output 

-----+------
too Output Disable To Output 

------+------- --- ----------!------ +----+----------l--

toF 121 

toH 

WRITE CYCLE 

Symbol 

Data Output to High Z State 

Previous Read Data Valid 

after change of Address 

Parameter 

0 

40 

Min. 

twe Write Cycle 270 

tAw Write Delay 20 

tcw Chip Enable To Write 250 
------+--------------+----

tow Data Setup 250 

T [1] 
yp. 

200 ns 

ns 

Max. Unit 

ns 

ns 

ns 
---t-------1 

ns 

toH Data Hold 0 ns 

twp Write Pulse 250-----+-------+----+--~ 

twR Write Recovery 0 ns 

t os Output Disable Setup 20 ns 

Test Conditions 

(See Below) 

Test Conditions 

(See Below) 

A.C. CONDITIONS OF TEST 
[3] 

CAPACITANCE TA= 25°C, f = 1 MHz 

'r.tf . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 ns 
Symbol Test 

Limits (pF) 

Input Levels .................. 0.8V or 2.0V 

Timing Reference . . . . . . . . . . . . . . . . . . . 1.5V 

Load ............ 1 TTL Gate and CL= 100 pF 

WAVEFORMS 
READ CYCLE 

t--------- 1RC ------· 

ADDRESS 

---------- 1co --

CE2 

1co---

OD--+----.. - tao-

C1N Input Capacitance 

(All Input Pins) V1N = OV 

CouT Output Capacitance VouT = OV 

WRITE CYCLE 

ADDRESS 

1----'cw----1 

CE1 

CE2 

OD 
{COMMON 1/0) !41 1oH- - (COMMON 1/0) 141 

DATA 
OUT 

~tA--~ 

DATA OUT 
VALID 

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

DATA 
IN 

R'W 

Typ.111 Max. 

4 8 

8 12 

2. toF is with respect to the trailing edge of eE1, eE2, or OD, 

whichever occurs first. 4. OD should be tied low for separate 1/0 operation. 

3. This parameter is periodically sampled and is not 100% tested. 
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8102A-4 

1024 BIT FULLY DECODED STATIC MOS 
RANDOM ACCESS MEMORY 

• Access Time-450ns 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 lntel®8102A-4 is a 1024 word by one 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 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 8102A-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 provide~ a higher functional density on a mon
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

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

As A1 

As As 
Ao 

A, 

R/W Ag A, DIN 

AJ 
A, CE A4 

A, DATA OUT 
As 8102A-4 

As 

A, DATA IN A1 

As Dour 

A4 Vee Ag 

Ao GND cr R/W 

PIN NAMES 

DATA INPUT EE CHIP ENABLE ------
ADDRESS INPUTS Dour DAT A OUTPUT 

READ/WRITE INPUT Vee POWER 1+5VI 

A, 

DATA 

'N 

0' PIN NUMBERS 
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8102A-4 

ABSOLUTE MAXIMUM RATINGS* 

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

Storage Temperature 

Voltage On Any Pin 
With Respect To Ground 

Power Dissipation 

-65°C to +150°C 

-0.5V to +7V 

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. AND OPERATING CHARACTERISTICS 
TA = 0°C to + 70°C, V cc = 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

TYP.111 MIN. 

I LI INPUT LOAD CURRENT 
(ALL INPUT PINS) 

)LOH OUTPUT LEAKAGE CURRENT 

ILOL OUTPUT LEAKAGE CURRENT 

lec1 POWER SUPPLY CURRENT 30 

1cc2 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 

ll '" 
~. TYPICAL D.C. CHARACTERISTICS 

Typical values are for TA= 2soc and nominal supply voltage. 

POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

•• 
v~J.--1 40 

35 

t-t--1 TYPICAL 

1 
Jl 30 

2S 

20 

15 
0 10 20 3040 50 60 70 

T.._ ('C) 

10-92 

MAX. 

10 

5 
-10 

50 

55 

0.8 

Vee 

0.4 

UNIT TEST CONDITIONS 

µA V1N = 0 to 5.25V 

µA CE= 2.0V, VouT = 2.4 to Vee 

µA CE= 2.0V, VouT = 0.4V 

mA ALL INPUTS= 5.25V 
DATA OUT OPEN 
TA= 25°C 

mA ALL INPUTS= 5.25V 
DATA OUT OPEN 
TA= 0°C 

v 
v 
v 10 L = 2.1mA 

v loH- -100µA 

POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

3S~~~~~~-..,--,----, 

Jo L_____j T • L.c -+-->---+----t--< , .. ,. y 
2Sl---+----l~-i.-~"--l--+--+--I 

;(' Y.PICAL 
! 20>---+-..L..o<-<-~---t--+--+--I 

£ 
10 >---+-----1--+----t--+--+--I 

Vee (VOLTS) 



8102A-4 

A.C. CHARACTERISTICS TA = 0°C to 70°C, Vee = 5V ±5% unless otherwise specified 

Limits 
Symbol Parameter 

Min. Typ.[1] 
Unit 

Max. 

READ CYCLE 

tRc Read Cycle 450 ns 

tA Access Time 450 ns 

tco 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 

~_P Write Pulse Width 300 ns 

twR Write Recovery Time 0 ns 

tow Data Setup Time 300 ns 

toH Data Hold Time 0 ns 

tcw Chip Enable to Write Setup Time 300 ns 

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

CAPACITANCE 121 TA = 25°C, t = 1 MHz 

A. C. CONDITIONS OF TEST 

Input Pulse Levels: 

Input Rise and Fall Times: 

0.8 Volt to 2.0 Volt 

10nsec 

1.5 Volts Timing Measurement 
Reference Levels 

Output Load: 

WAVEFORMS 

READ CYCLE 

CHIP 
ENABLE 

DATA 
OUT 

CD 1.5 VOL TS 

@ 2.0 VOLTS 

'J> 0.8 VOL TS 

Inputs: 
Output: 0.8 and 2.0 Volts 

1 TTL Gato and CL= 100 pF 

SYMBOL TEST 
LIMITS (pf) 

TYPJl] MAX. 

C1N INPUT CAPACITANCE 
3 5 

(ALL INPUT PINS) V1N = OV 

CouT OUTPUT CAPACITANCE 
7 10 

VouT = OV 

NOTE: 2. This parameter is periodically sampled 
and is not 100% tested. 

WRITE CYCLE 

CHIP 'cw 
ENABLE 

'•w 'wP 

READ/ 
WRITE 

•ow 

DATA 
IN DATA STABLE 
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8102A-4 

TYPICAL D.C. AND A.C. CHARACTERISTICS 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

-20 

• -" -15 . 
_o 

-10 

V0 H (VOL TS) 

V1N LIMITS VS. TEMPERATURE 
1.8 

~ 
~ 1.4 C-----J--+--~-r---

2 
>-

Vee"' 5.0v 

1·0 0 10 20 30 40 50 60 70 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

Vee MIN. 

1 TTL LOAD 

c,_ "'100pF 
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_o 

-· 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

VOL (VOLTS) 

ACCESS TIME VS. Vee 
NORMALIZED TO Vee : 5.0V 

0.95 

4.0 4.5 

TA ""70"C 

CYCLE TtME"' 350ns 

5.0 5.5 

Vee (VOLTS) 

ACCESS TIME VS. 
LOAD CAPACITANCE 

6.0 

350,--,--,--,--,--,--
TA"' 25"C 

Vee MIN. 
1 TTL LOAD 

, 00 200 300 400 500 600 

cL (pF) 
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8111A-4 
1024 BIT STATIC MOS RAM 

WITH COMMON 1/0 
* 450 nsec Access Time Maximum 
* 256 Word by 4 Bit Organization 

Single +5V Supply Voltage • Powerful Output Drive Capability 

Directly TTL Compatible: All Inputs • Low Cost Packaging: 18 Pin Plastic Dual 
and Outputs In-Line Configuration 

Static MOS: No Clocks or Refreshing • Low Power: Typically 150mW 
Required • Three-State Output: OR-Tie Capability 
Simple Memory Expansion: Chip Enable • Output Disable Provided for Ease of Use 
Input in Common Data Bus Systems 

The Intel® 8111 A-4 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 8111 A-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 OR-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 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 CO.NFIGURATION LOGIC SYMBOL 

AJ 

Ai 

A, 

Ao 

As 

A6 

A1 

GNO 

DO 

Vee 

A, 

RIW 

u:, 

1104 

1/03 

1102 

1/01 

CE2 

PIN NAMES 

Ao-A7 

OD 

, RIW 

IC'E1 r--
I CE, 
I 1101. 1104 

ADDRESS INPU~ 

OUTPUT DISABLE 1 

READ/WRITE INPUT I 

CHIP ENABLE 1 

CHIP ENABLE~ 
DATA INPUT/OUTP~ 

A3 1/03 
8111A4 

A4 1/04 

OD 
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8111A-4 

ABSOLUTE MAXIMUM RATINGS* 

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

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

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

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

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee = 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.111 Max. Unit Test Conditions 

IL1 Input Load Current 

ILOH 1/0 Leakage Current 

ILOL 1/0 Leakage Current 

lee1 Power Supply 

Current 

lee2 Power Supply 

Current 

V1L Input Low Voltage -0.5 

V1H Input High Voltage 2.0 

Vol Output Low Voltage 

VoH 
Output High 

2.4 
Voltage 

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 

AMBIENT TEMPERATURE 

" -10 
! 
< 
0 

-5 

VoH {VOLTSI 

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

1 

-1 

35 

10 

10 

-10 

55 

60 

0.8 

Vee 
0.45 

1 10 

;? 

µA V1N = 0 to 5.25V 

µA Output Disabled, V110=4.0V 

µA Output Disabled, V1to=0.45V 

mA 
V1N = 5.25V 

1110 = OmA, TA= 25°C 

mA 
V1N = 5.25V 

1110 = OmA, TA = 0°C 

v 
v 
v loL = 2.0mA 

v loH = -400µA 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

0.5 1.0 1.5 

VoL !VOL TS) 



8111A-4 

A.C. CHARACTERISTICS 
READ CYCLE TA = 0°C to 70°C, Vee = 5V ±5%, unless otherwise specified. 

Symbol Parameter Min. 

tRe Read Cycle 450 

T 111 yp. Max. 

tA Access Time 450 

tco Chip Enable To Output 310 
-----+-----------------+----t------t-

to o Output Disable To Output 250 
__ t_o_F_l_2_l ---+-D-aia Output to High Z State -- -- -0---t- ------i 200-

WRITE CYCLE 

Symbol 

twc 

tAW 

tcw 

tow 

toH 

twp 

twR 

tos 

Previous Read Data Valid 
after change of Address 

Parameter 

Write Cycle 

Write Delay 

Chip Enable To Write 

Data Setup 

Data Hold 

Write Pulse 

Write Recovery 

Output Disable Setup 

40 

Min. T Ill yp. Max. 

270 

20 

250 

250 

0 

250 

0 

20 

Unit Test Conditions 

ns 

ns 

ns 

ns (See Below) 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns --ns 
(See Below) 

ns 

ns 

ns 

ns 

A.C. CONDITIONS OF TEST 
{3] 

CAPACITANCE TA= 25°C, f = 1 MHz 

tr,tf . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 ns 
Symbol Test 

Limits (pF) 
Input Levels .................. 0.8V or 2.0V 
Timing Reference . . . . . . . . . . . . . . . . . . . 1.5V 
Load . . . . . . . . . . . . 1 TTL Gate and CL = 100 pF 

TypJll Max. 

WAVEFORMS 
READ CYCLE 

CtN Input Capacitance 
(All Input Pins) VtN = OV 

Ct/O 1/0 Capacitance V110 = OV 

WRITE CYCLE 

4 

10 

1-------- tRc------1 1------ 'we ------1 

ADDRESS 

CHIP ---+-~1-----tco
ENABLES 
lffi.ffit 

---t---"'1-too-1 
OUTPUT 
DISABLE 

OATAl/O 
- - - - -- - -""'\ l~--DA_T_A_O_U_T ---;-

VALID 

ADDRESS 

CHIP 
ENABLES 
1CE1.Cf2 J 

OUTPUT 
DISABLE 

DATA 1/0 

\yp----twR-

READ/ I 
WAITE - -tAw.........._...1;"------"'I 

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

10-97 

8 

15 



ll -

intel® 
8308 

8192 BIT STATIC MOS READ ONLY MEMORY 

• Fast Access Time: 450 ns • Three-State Output: OR-Tie Capability 

• Standard Power Supplies: +12V, ±SV 

• TTL Compatible: All Inputs and Outputs 

• Fully Decoded: On Chip Address 
Decode 

• Programmable Chip Select Input for 
Easy Memory Expansion 

• Inputs Protected: All Inputs Have Protec
tion Against Static Charge 

• Pin Compatible to 8708 PROM 

The Intel® 8308 is a 8192 bit static MOS read only memory organized as 1024 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 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 well as OR-tie compatibility on the outputs, facilitates easy memory expansion. 
The pin compatible UV erasable 8708 PROM is available for initial system prototyping. 

The 8308 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 

A1 Vee 

As A, 

As Ag 

A, v,, 

AJ CS1 

A7 Voo 

Al cs2;CS2111 

Ao o, 

o, 01 

o, o, 

03 Os 

Vss o, 

PIN NAMES 
Ao·A g ADDRESS INPUTS 

01-0s DATA OUTPUTS 
CS1 . CHIP SELEC-T-IN-P-UT ____ __, 

CS2/CS2:[1] PROGRAMMABLE CHIP SELECT INPUT 

cs1-

cs21cs2-

IA·-A,_ 
I A,--
I As 

Ao· Ag 
ADDRESS ~ 
INPUTS As-A,_ A,_ A,_ A,_ 

Ao-

BLOCK DIAGRAM 

CHIP SELECT 
LOGIC 

y 

DECODER 

x 
DECODER 

NOTE 1. The CS2/CS2 LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
EITHER A LOGIC 1 (V1H) OR LOGIC 0 (V1Ll- A LOGIC 0 SHOULD 
BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 8708. 
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DATA OUTPUT 
01 Os 

OUTPUT BUFFERS 

Y GATING 

64 x 128 
ROM ARRAY 



ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ...... -25°C to +85°C 

Storage Temperature ............. -65°C to +15a°C 

Voltage On Any Pin With Respect 

To Vss . . . . . . . . . . . . . . . . . . . . -a.3V to 2av 

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

PROGRAMMING 

8308 

*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. 

The programming specifications are in the ROM and PROM Programming Instructions (see page 3-55). 

D.C. AND OPERATING CHARACTERISTICS 

TA= a°C to+ 7a°C, Vee= 5V ±5%; Voo = 12V ±5%, Vss = -5V ±5%, Vss =av Unless Otherwise Specified. 

Symbol Parameter 
Min. 

lu Input Load Current 
-

(All Input Pins Except CS 1) 

ILcL Input Load Current on CS1 

ILPC Input Peak Load Current on CS1 

ILKC Input Leakage Current on CS 1 

ILD Output Leakage Current 

V1L Input "Low" Voltage Vss-1 

V1H Input "High" Voltage 3.3 

Vol Output "Low" Voltage 

VoH1 Output "High" Voltage 2.4 

VoH2 Output "High" Voltage 3.7 

Ice Power Supply Current Vee 

loo Power Supply Current Voo 

lss Power Supply Current V99 

Po Power Dissipation 

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

" E 

O.C. OUTPUT CHARACTERISTICS 

j 4 l---l--+-~--1---+-I---+----+-~ 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

Vol VOL TS 

Limits 

Typ.11] 

1a 

32 

1aµA 

46a 

1a-99 

Unit Test Conditions 
Max. 

±10 µA V1N = a to 5.25V 

-1.6 mA V1N = a.45V 

-4 mA V1N = a.av to 3.3V 

10 µA V1N = 3.3V to 5.25V 

10 µA Chip Deselected 

a.av v 

Vcc+1.a v 

a.45 v loL = 2mA 

v loH = -4mA 

v loH=-1mA 

15 mA 

6a mA 

1 mA 

a4a mW 

0.C. OUTPUT CHARACTERISTICS 

~ -6 l--+--+·--t--+--'..i--+---+----+--1---1 

J-5 1--+---+-+---+---+_.,t----t-

3.8 4.0 4.2 

VoH VOL TS 

Al • 



8308 

A.C. CHARACTERISTICS 

TA= 0°C to +70°C, Vee= +5V ±5%; Voo = +12V ±5%, V88 = -5V ±5%, Vss = OV, Unless Otherwise Specified. 

Limits[21 
Symbol Parameter 

Min. Typ. Max. 

tAcC Address to Output Delay Time 200 450 

tco1 Chip Select 1 to Output Delay Time 85 160 

tco2 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@ loH = -1mA, cl= 100pF. 

Unit 

ns 

ns 

ns 

ns 

CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

CAPACITANCE TA= 25°C, f = 1 MHz, V88 = -5V, V00, 

Vee and all other pins tied to Vgg. 

Output Load ........ 1 TTL Gate, and ClOAD = 100pF 
Input Pulse Levels . . . . . . . . . . . . . . . . . .65V to 3.3V 
Input Pulse Rise and Fall Times . . . . . . . . . . . 20 nsec 
Timing Measurement Reference Level 
.................. 2.4V V1H. VoH; o.av Vil· Vol 

Symbol 

C1N 

CouT 

Test 

Input Capacitance 

Output Capacitance 

1-------- tACC --------I 

Limits 

Typ. Max. 

6pF 

12pF 

l . 
ADDRESS 

Ao·Ao 

1----tco1----1 
cs, 

cs2tcs2 
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8308 

TYPICAL CHARACTERISTICS (Nominal supply voltages unless otherwise noted.) 

< 

IDD vs. TEMPERATURE 
(NORMALIZEDI 

1.3 f---t--t---t--f---t--f---+---t!--1 

1.2 l---t--l---t--l---t--1---+---t--I 

1. 1 f---t--+---t--t--t--t--+---1--1 

1.0 lc--t--t---t--t---t--f---t---t--1 

i'h,. I 

·: ~ -W---+--
""b. i 

" l---+--+--1-___,1---+--'""'R--+--+---1 

,6 1----+--+----+--+----+--+--+---i---< 

10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE TA (°C) 

CS1 INPUT 
CHARACTERISTICS 

-3.0 ,.---,...----,----,.---,,.--.,----, 

I 
-2.5 1----t---+---+-->--+----< 

1 
-2.0 !-----+----<--+--- -<--+----! 

_g -1.5 l----+----+-~r-+--1---+----< 

-i.o 1--1--v--++-)71--1-+--I --+---+----1 

··:~ \~ 
0 .5 1.0 1.5 2.0 2.5 3.0 

VIN (VOLTS) 

10-101 

A OUTPUT CAPACITANCE 
VS. A OUTPUT DELAY 

~O'-----'------'----'---~ 
-100 -50 +50 

a. CAPACITANCE (pf) 

TAcc VS. TEMPERATURE 
(NORMALIZED) 

+100 

1.3 1----+--+--+-->----+---i--+--+--l 

1.2 l---+-1---t--f---+-·--t'---+---t--I 

1.1 1---+-+--t--f---+---tl---+---t--I 

1.0 r-+-r--+-t--t--t--:;;;.t--t---1 
~ .• f--+-+--+~l""'=+-~1----t--t--I 

~ .8 l--"'1=-1----1---t--+---t--+--+---! 

.7 l---t---1----1---t--+---t--+--+---! 

I 
.6 l---t--t--+---t--+---l--+---1---i 

Qi::_ 
0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE TA (°C} 



8316A 
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 ,uW/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 

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 

l 01 02 03 04 05 06 07 08 
A, v cc . A, o, 
Ag o, AlO 

AlO o, A, 

Ao o, 
As 

A, o, 
A2 o, A, 

PROG. 
AJ o, As 

A4 08 A5 

A5 cs, A, 
~ 
~ .__cs, w 

AG cs, "' 16, 384 BIT AJ 0 
0 

CELL MATRIX CHIP GND cs, <{ 

A, SELECT ....._cs2 
INPUT 

A, BUFFERS 

Ao cs, 

PIN NAMES 

Ao Aio ADDRESS INPUTS 

0 1 Os DATA OUTPUTS 

CS1 CS3 PROGRAMMABLE CHIP SELECT INPUTS 
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8316A 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias . . . . . . . . . . . . -10°C to 80° C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground . . . . . . . . . . . -0.5V to +7V 
Power Dissipation . . . . . . . . . . . . . . . . . . 1.0W 
PROGRAMMING: The programming specifications are in 
the ROM and PROM Programming Instructions (see page 3-55). 

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

D.C. AND OPERATING CHARACTERISTICS TA= 0°c to +70°C, Vee= 5V ±5% unless otherwise specified 

LIMITS 
SYMBOL PARAMETER 

MIN. TYP. 111 MAX. 

I LI Input Load Current 1 10 
(All Input Pins) 

ILOH Output Leakage Current 10 

ILOL Output Leakage Current -20 
-

Ice Power Supply Current 40 98 

V1L Input "Low" Voltage -0.5 0.8 

V1H Input "High" Voltage 2.0 Vcc+1.0V 

Vol Output "Low" Voltage 0.45 

VoH Output "High" Voltage 2.2 
L--. 

{ 1) Typical values for TA = 25°C and nominal supply voltage. 

TYPICAL D.C. CHARACTERISTICS 

" _§_ 

9 

V1N LIMITS VS. TEMPERATURE 

TYPICAL I 
_L__.L_ 

I 

' ' 12 f-----T--~----r 

Vee 5 ov 

10~~-~-~-~-~-~---' 
0 10 20 30 40 50 60 70 

TA I Ci 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

30 

25 

20 

15 

10 

Vol 1VOL TSI 
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" .s 
u 
u 

UNIT TEST CONDITIONS 

µA V1N = 0 to 5.25V 

µA CS= 2.2V, VouT = 4.0V 

µA CS= 2.2V, VouT = 0.45V 

mA All inputs 5.25V Data Out Open 

v 
v 
v loL = 2.0 mA 

v loH=-100µA 

STATIC Ice vs. AMBIENT TEMPERATURE 
WORST CASE 

-25 

-20 

20 

I 
Vee ~ 5.25V 
ALL ADDRESSES TIED 
TO Vee 
C!-:ff> DESELECTED 

40 

TA I Cl 

60 

OUTPUTSOURCECURRENTVS. 
OUTPUT VOLTAGE 

80 

1 15 

§ 

-10 

VoH !VOL TSI 



8316A 

A.C. CHARACTERISTICS TA= 0°c to +70°C, Vee= +5V ±5% unless otherwise specified 

LIMITS 

SYMBOL PARAMETER MIN. TYP.l11 MAX. 
UNIT 

tA Address to Output Delay Time 400 850 nS 

tea Chip Select to Output Enable Delay Time 300 nS 

toF Chip Deselect to Output Data Float Delay Time 0 300 nS 

CAPACITANCE <21 TA= 25°C, f = 1 MHz 
CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS LIMITS 

Output Load ... 1 TTL Gate, and CLOAD = 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 

SYMBOL TEST TYP. MAX. 

C1N 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% tasted. 

---- •co ----- -- --- ~'OF 

-------·- -- IA- -- - ----

TYPICAL A.C. CHARACTERISTICS 

ACCESS TIME VS. AMBIENT 
TEMPERATURE 

20 40 

TA I Cl 

60 80 
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~OUTP-UTVA-LIO -----•111/J 
ACCESS TIME VS. LOAD 

CAPACITANCE 

1000 .---....,---,...~--,...---:::...----. 

~ WORSTCASE 

800 l----+---t----+---1-----1 

600 f----+---l----+---1-----1 

~ICAL 
400 f---l-""""==-+---+--1----1 

200 f----+---l----+---1-----1 

100 200 300 400 500 

CLOAO lptdl 
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8708 
8192 BIT ERASABLE AND ELECTRICALLY 

REPROGRAMMABLE READ ONLY MEMORY 

1024x8 Organization 

Fast Programming - • Static-No Clocks Required 
Typ. 100 sec. For All SK Bits • Inputs and Outputs TTL 
Low Power During Programming Compatible During Both Read 
Access Time-450 ns and Program Modes 

Standard Power Supplies- • Three-State Output-OR-Tie 
+12V, ±SV Capability 

The Intel® 8708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (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 device. 

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 CONFIGURATION BLOCK DIAGRAM 

DATA OUTPUT 
A, Vee o, o, 

A, Ag 

A, Ag 

A, ""' 
A, CStWE 

CHIP SELECT C"S'WE--A, 'DD LOGIC 
OUTPUT BUFFERS .. PROGRAM 

Ao o" y 

OE CODER Y GATING o, o, 

o, o, A0 A9 

ADDRESS o, o, INPUTS 

"'' o, 
x 64 x 128 

OF CODER ROM ARRAY 

PIN NAMES PIN CONFIGURATION DURING READ OR PROGRAM 

Ao-A9 ADDRESS INPUTS PIN NUMBER 

01·0a DATA OUTPUTS 
CS/WE CHIP SELECT/WRITE ENABLE INPUT 

MODE 9-11, 13-17 12 18 19 20 21 24 
READ 0 ouT Vss Vss VDO v" v,, v,, 
PROGRAM o,. Vss Pulsed VDD V1HW Vee v,, 

VtHP 
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8708 

PROGRAMMING 
The programming specifications are identical to those of the 2708. (See ROM and PROM Programming Instructions, 

page 3-55). 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -25°C to +85°C 

Storage Temperature .............. -65°C to +125° C 

Voo With Respect to V99 ............ +20V to -0.3V 

Vee and Vss With Respect to V99 ...... +15V to -0.3V 

All Input or Output Voltages With 

Respect to V99 During Read ........ +15V to -0.3V 

CS/WE Input With Respect to V99 

During Programming ............. +20V to -0.3V 

*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. 

Program Input With Respect to V99 ..... +35V to -0 3V 

Power Dissipation . . . . . . . . . . . . . . . . 1.5W 

READ OPERATION 

D.C. AND OPERATING CHARACTERISTICS 

TA= 0°C to 70°C, Vee= +5V ±5%, Voo = +12V ±5%, V99 = -5V ±5%, Vss = OV, Unless Otherwise Noted. 

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

lu Address and Chip Select Input Sink Current 1 10 µA V1N = 5.25 V or V1N = VIL 
--------- -

ILO Output Leakage Current 1 10 µA VouT = 5.25V, CS/WE= 5V 

100 [21 Voo Supply Current 50 65 mA Worst Case Supply Currents: 

lccl2l Vee Supply Current 6 10 mA All Inputs High 
-~-----·· 

199[2] V99 Supply Current 30 45 mA CS/WE= 5V; TA = 0°C 

V1L Input Low Voltage Vss 0.65 v 

V1H Input High Voltage 3.0 Vcc+1 v 

Vol Output Low Voltage 0.45 v loL = 1.6mA 

VoH1 Output High Voltage 3.7 v loH = -100µA 
--------t-----· 

VoH2 Output High Voltage 2.4 v loH = -1mA 

Po Power Dissipation 800 mW TA= 70°C 

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

2. The total power dissipation of the 8708 is specified at 800 mW. It is not calculable by summing the various currents 

Ooo. Ice. and lsB) multiplied by their respective voltages since current paths exist between the various power supplies and 

V55. The I oo, Ice, and 199 currents should be used to determine power supply capacity only. 

TYPICAL D.C. CHARACTERISTICS 

MAXIMUM JUNCTION TEMPERATURE 

VS. AMBIENT TEMPERATURE 

150~--~--------~ 

50"-------~---------+-------+-----< 

O~--~----+----.L..---' 

0 40 60 

20 

RANGE OF SUPPLY CURRENTS 

VS. TEMPERATURE 

ALL POSSIBLE OPERATING 
CONDITIONS 
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Vee z 5.25V 

v 00 = 12.6V 

V88 = -5.25V 

• ! 
_o 

OUTPUT SINK CURRENT 

VS. OUTPUT VOLTAGE 

Vee= 4.75V 

! I 
g--~--

TA=o·c-...1 I 
TA= 25"C 

.2 .4 .6 .8 

Vol (VOL TS) 

1.0 



8708 

A.C. CHARACTERISTICS 
TA= a0 c to 1a°C, Vee= +5V ±5%, Voo = +12V ±5%, V88 = -5V ±5%, Vss =av, Unless Otherwise Noted. 

Symbol Parameter 

tAee Address to Output Delay 

teo Chip Select to Output Delay 

toF Chip De-Select to Output FI oat 

toH Address to Output Hold 

CAPACITANCE TA= 25°C, f = 1 MHz 

Symbol Parameter Typ. Max. Unit Conditions 

C1N Input Capacitance 4 6 pF V1N=aV 

CouT Output Capacitance a 12 pF VouT=av 

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

A.C. TEST CONDITIONS 
Output Load: 1 TTL gate and CL = 10apF 
Input Rise and Fall Times: .;;2ans 

Min. Typ. Max. Unit 

2aa 45a ns 

sa 12a ns 

a 12a ns 

a ns 

Timing Measurement Reference Levels: a.av and 2.aV for inputS; a.av and 2.4V for outputs 
Input Pulse Levels: a.65V to 3.av 

WAVEFORMS 

ADDRESS ----~x ________________ x ________ _ 
C:S./WE 

~·---tco-1 
j..,. ----- --- tAcc---· --------.-1 

ERASURE CHARACTERISTICS 

The erasure characteristics of the 87a8 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4aaa Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3aaa-4aaaA 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 87a8 in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 87a8 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 87a8 
window to prevent unintentional erasure. 

I 

I ' 1.,.____.toF-1 
I 

The recommended erasure procedure (see page 3-55) for 
the 87a8 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 2a minutes using 
an ultraviolet lamp with a 12aaaµW/cm2 power rating.The 
87a8 should be placed within one inch from the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 
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8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 

• I/ 0 Port or Memory Selector 

• Simple Expansion - Enable Inputs 

• High Speed Schottky Bipolar 
Technology - 1 Sns Max. Delay 

• Directly Compatible with TTL Logic 
Circuits 

• Low Input Load Current - .25 mA 
max., 1/6 Standard TTL Input Load 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp 

• Outputs Sink 10 mA min. 

• 16-Pin Dual-In-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 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 diffu
sion process. 

PIN CONFIGURATION LOGIC SYMBOL 

Ao V-cc Ao Oo 

Ai Oo Ai o, 

A2 o, A2 

E, 02 
8205 

E2 03 

E3 04 E, 

07 05 E, 

GRD 06 E, 

ADDRESS ENABLE OUTPUTS 

PIN NAMES Ao A1 A, E, E2 E3 0 1 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 

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 1· E3 ENABLE INPUTS 

Do· 0, 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 
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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FUNCTIONAL DESCRIPTION 

Decoder 

The 8205 contains a one out of eight binary decoder. It ac· 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
A 1 and A2 address input lines, and the device was enabled, 
an active low signal wou Id appear on the 05 output I ine. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out· 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (Ei, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func· 
tion to help reduce package count in his system. 

10·109 

Ao 

A, 

Az 

E, 
r, 
e, 

ADDRESS 

Ao Ai A2 

L L L 
H L L 
L H L 
H H L 
L L H 
H L H 
L H H 
H ... H 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 

ENABLE GATE 

ENABLE 

Ei E2 E3 

L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L L 
H L L 
L H L 
H H L 
H L H 
L H H 
H H H 

DECODER 

1E1:E2·E3l 

OUTPUTS 

0 1 2 3 4 

L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 

o;; 

o; 

0, 

0, 

0. 

o; 

0. 

0, 

5 

H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

6 

H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 

7 

H 

H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
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APPLICATIONS OF THE 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. 1/0 ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S 1, S2) of the 8008 CPU. 

1/0 Port Decoder 
Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for 1/0 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net
works. 

Chip Select Decoder 

Using a very similar circuit to the 1/0 port decoder, an ar-

., 
Ao o, 

A, A, o, 

A, A, o, 

o, 
8205 

o, 

A, E~ o, 

A, E, o, 

EN ,, o, 

Ao o, 

A, o, 

A, o, 10 

o, fl 
8205 PORT 

o, 12 NUMBERS 

E, o, 13 

EN --+-+--+-+--+--<> E, o, 14 

,, o, 

Ao o, 

Al o, 

A, o, 18 

o, 19 
8205 

o, 20 

E, o, 21 

EN--t------01 E, o, 22 

,, o, 23 

ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de
vice has ten (10) address inputs and an active "low" chip 
select (CS). The lower order address bits AO-A9 which come 
from the microprocessor are "bussed" to all memory ele
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A 10-A 14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de
vice. The least significant address bits AO-A9 identify a 
specific location within the selected device. Thus, all ad' 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 

TO 
MEMORIES An-A9 ~--------~/ 

Arn ____ ___,,____, 
Ao o; cs, 

A,, ----+---f----i A, o, cs, 

A,, ---.....-f-1----l A, o; cs, 

o, cs, 
8205 

o, cs, ,, o; cs, 

E; o, cs, 

Voo --+--+--+-+-->----< ,, o; cs, 

Ao o;; cs; 
A, o, cs, 

A, o, CS10 

o-; cs,-; 
CHIP 8205 

o; -~ SELECTS 

E, o; CS 13 

GNO -<>-+--+--+-+-f--.("1 E, o, ~ 
,, o; ~ 

Ao o;; ~ 

A, o; CS17 

A, o, cs18 

a; CS19 
8205 o; - CS20 

E, o; CS21 

E, o; CS22 

,, o; cs23 

I /0 Port Decoder 24K Memory Interface 
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Logic Element Example 

Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the "on-chip" 
enabling gate, the 8205 can be configured to gate its de
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 

An excel lent example of such an application is the "state 
decoder" in an 8008 CPU based system. The 8008 CPU is
sues three bits of information (SO, S1, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 

In the figure below a circuit is shown using the 8205 as the 
"state decoder" for an 8008 CPU that not only decodes the 
SO, S 1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. The T1 

2 13 
T1 

s, 12 
A, 4 11 

T2 

s, 11 , 14 
T3 

8008 
A, 

CPU T4 
8205 ., 5 10 

TS ., 
r, 0 1S 

WAIT 

16 12 
E3 STOP 

T1I 
8201 

CLOCK 
GENERATOR 

SYSTEM RESET 

8205 

and T2 decoded strobes can connect directly to devices I ike 
8212s for latching the address information. The other de
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 

The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider f1 out
put, the boolean equation for it would be: 

T1 = (SO·S1 ·S2)·(SYNC·Phase 2-Reset) 

A six input NANO gate plus a few inverters would be need
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 

OUTPUTS Q -------~ r--+--~--t--~ 
FROM 
8205 

1-----------------, 
5----------------~ 

State Control Coding 

So s, s, STATE 

0 1 0 T1 
0 1 1 T1I 
0 0 1 T2 
0 0 0 WAIT 
1 0 0 T3 
1 1 0 STOP 
1 1 1 T4 
1 0 1 TS 
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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 +75°C 

-65°C to +160°C 

-0.5 to+ 7 Volts 

-1.0 to +5.5 Volts 

125mA 

8205 

*COMMENT 
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= 0°C to +75°C, Vee= 5.0V ±5% 

8205 

SYMBOL PARAMETER 
LIMIT 

UNIT TEST CONDITIONS 
MIN. MAX. 

IF INPUT LOAD CURRENT -0.25 mA Vee = 5.25V. v F = 0.45V 

IR INPUT LEAKAGE CURRENT 10 µA Vee = 5.25V, VR = 5.25V 

Ve INPUT FORWARD CLAMP VOLTAGE -1.0 v Vee = 4.75V, 'c = -5.0 mA 

VOL OUTPUT "LOW"' VOLTAGE 0.45 v Vee= 4.75V, IOL = 10.0 mA 

VOH OUTPUT HIGH VOLTAGE 2.4 v Vee= 4.75V, t 0 H = -1.5 mA 

VIL INPUT "LOW"' VOLTAGE 0.85 v Vee= 5.0V 

VIH INPUT "'HIGH'" VOLTAGE 2.0 v Vee= 5.ov 

1se OUTPUT HIGH SHORT -40 -120 mA Vee = 5.0V, VOUT = ov 
CIRCUIT CURRENT 

Vax OUTPUT "'LOW"' VOLTAGE 0.8 v Vee = 5.0V. lox= 40 mA 
@HIGH CURRENT 

1ce POWER SUPPLY CURRENT 70 mA Vee = 5.25V 
-

TYPICAL CHARACTERISTICS 

OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE OUTPUT "'HIGH" VOLTAGE DATA TRANSFER FUNCTION 

60 t---t----+--j-+--r__,,~~-e--+-·--t----1 
~ 

-10 

1--Jcc 15oJ flY 
l ~ f;". is·c 
TA •O"C--~ ~=75"C 

If--20 

5.0 
I _I 

>-+---+---<-+-·-+Vee= 5.0V t--t--

4.0 l--+----+---<-+----t--+-!---+----+----1 

401---+---+--+-+~~~y--lf--·+--+--+---I 
£ I-

-I 
_A 

-30 

-40 

-50 

i l \ 
1.0 l--+---+---+--+---+---+-tr--#-...l-t+----1 

\:~ 0 L....L.-L--1-.L-...L_L_L..."""..;;;

.2 .4 .6 .8 1.0 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 (VI OUTPUT "HIGH" VOLTAGE (VJ INPUT VOLTAGE IVI 
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SWITCHING CHARACTERISTICS 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1 V and 2V 

Measurements are made at 1.5V 

TEST LOAD: 

39011 

2K 

All Transistors 2N2369 or Equivalent. CL= 30 pF 

TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE 

OUTPUT 

A.C. CHARACTERISTICS TA= 0°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 

CIN 
(1i INPUT CAPACITANCE P8205 4(typ.) 

C8205 5(typ.) 

1. This parameter 1s periodically sampled and 1s not 100% tested. 

TYPICAL CHARACTERISTICS 

g .., 
~ 

"' <( 

~ 
a: 
0 

~ 
a: 
0 
0 
<( 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 

15 

10 

Vee "s.ov 
TA = 25"C 

o~~~~~~~~~~~~~ 

0 so 100 150 200 

LOAD CAPACITANCE (pfl 
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UNIT TEST CONDITIONS 

ns 

' ns I 

ns 

ns 

pF t = t MHz, Vee = av 

pF Vs1AS = 2.0V, TA= 2soc 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 

20~~~~~~~~~-i:~~~~ 

Vee = s.ov 
CL = 30 pF 

t_, 

o~~~~~~~~~~~~~ 

0 25 50 75 

AMBIENT TEMPERATURE ("C) 
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8212 

EIGHT-BIT INPUT /OUTPUT PORT 

• Fully Parallel 8-Bit Data Register • 3.65V Output High Voltage for Direct 
and Buffer Interface to 8080 CPU or 8008 CPU 

• Service Request Flip-Flop for • Asynchronous Register Clear 
Interrupt Generation • Replaces Buffers, Latches and Multi-

• Low Input Load Current - .25 mA Max . plexers in Microcomputer Systems 

• Three State Outputs • Reduces System Package Count 

• Outputs Sink 15 mA 

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, Dl 8 

DO, D08 

DI, Dl 7 

DO, D07 

Dl3 Dl6 

D03 D06 

Dl4 Dl 5 

D04 D05 

STB CLR 

GND Ds, 

PIN NAMES 

LOGIC DIAGRAM 

SERVICE REQUEST FF 

\ 
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FUNCTIONAL DESCRIPTION 

Data Latch 

The 8 flip-flops that make up the data latch are of a 

"D" type design. The output (Q) of the flip-flop will 

follow the data input (D) while the clock input (C) is 

high. Latching will occur when the clock (C) returns 

low. 
The data latch is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (Q) are connected to 

3-state, non-inverting output buffers. These buffers 

have a common control line (EN); this control line 
either enables the buffer to transmit the data from 

the outputs of the data latch (Q) or disables the 
buffer, forcing the output into a high impedance 
state. (3-state) 

This high-impedance state allows the designer to 

connect the 8212 directly onto the microprocessor 
bi-directional data bus. 

Control Logic 

The 8212 has control inputs DS1, DS2, MD and 

STB. These inputs are used to control device selec

tion, data latching, output buffer state and service 
request flip-flop. 

DS1, DS2 (Device Select} 

These 2 inputs are used for device selection. When 

DS1 is low and DS2 is high (DS1 • DS2) the device is 

selected. In the selected state the output buffer is 
enabled and the service request flip-flop (SR) is 

asynchronously set. 

MD (Mode) 

This input is used to control the state of the output 

buffer and to determine the source of the clock input 
(C) to the data latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (C) to the data 

latch is from the device selection logic (DS1 · DS2). 

When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 • 

DS2) and the source of clock (C) to the data latch is 
the STB (Strobe) input. 

STB (Strobe) 

This input is used as the clock (C) to the data latch 

for the input mode MD = 0) and to synchronously 
reset the service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 

The (SR} flip-flop is used to generate and control 

interrupts in microcomputer systems. It is asyn

chronously set by the CLR input (active low). When 

the (SR) flip-flop is set it is in the non-interrupting 

state. 

The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a "NOR" gate. The other input 

to the "NOR" gate is non-inverting and is connected 
to the device selection logic (DS1 • DS2). The output 
of the "NOR" gate (INT) is active low (interrupting 

state) for connection to active low input priority 

generating circuits. 

SERVICE REQUEST FF 

(IT> DS2 

([> MD ---rr-.-<' 

!TI> STB -----,i..,_J 

\ 

OUTPUT 
BUFFER 
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Applications Of The 8212 -- For Microcomputer Systems 
Basic Schematic Symbol VII 8080 Status Latch 

II Gated Buffer VIII 8008 System 
111 Bi-Directional Bus Driver IX 8080 System: 
IV Interrupting Input Port 8 Input Ports 
v Interrupt Instruction Port 8 Output Ports 
VI Output Port 8 Level Priority Interrupt 

I. Basic Schematic Symbols 
Two examples of ways to draw the 8212 on system 
schematics-(1) the top being the detailed view 
showing pin numbers,' and (2) the bottom being the 
symbolic view showing the system input or output 

as a system bus (bus containing 8 parallel lines). 
The output to the data bus is symbolic in referenc
ing 8 parallel lines. 

BASIC SCHEMATIC SYMBOLS 

INPUT DEVICE OUTPUT DEVICE 

(DETAILED) 

INPUT 
STROBE 

13 2 

Vee 
~---~~;~UT 

SYSTEM 
INPUT 

(SYMBOLIC) 8212 

INT 

GND DATA BUS 

II. Gated Buffer ( 3 - STATE) 
The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic DS1 and DS2. 
When the device selection logic is false, the outputs 
are 3-state. 
When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 milli amps. The minimum 
high output is 3.65 volts. 

INT CLR 

DATA BUS 

GATED BUFFER 
3-STATE 

Vee-----------

INPUT 
DATA 
(250 µA) 

STB 

8212 

GND 
GATING { 
CONTROL 
IDS1•DS2) -----------' 
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Ill. Bi-Directional Bus Driver 
A pair of 8212's wired (back-to-back) can be used 

as a symmetrical drive, bi-directional bus driver. 
The devices are controlled by the data bus input 

control which is connected to 051 on the first 8212 
and to 052 on the second. One device is active, and 
acting as a straight through buffer the other is in 
3-state mode. This is a very useful circuit in small 
system design. 

IV. Interrupting Input Port 
This use of an 8212 is that of a system input port 
that accepts a strobe from the system input source, 
which in turn clears the service request flip-flop 
and interrupts the processor. The processor then 

goes through a service routine, identifies the port, 
and causes the device selection logic to go true -
enabling the system input data onto the data bus. 

V. Interrupt Instruction Port 
The 8212 can be used to gate the interrupt instruc
tion, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt 
acknowledge signal from the microprocessor and 
from a port selection signal. This signal is normally 
tied to ground. (051 could be used to multiplex a 
variety of interrupt instruction ports onto a com
mon bus). 
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Bl-DIRECTIONAL BUS DRIVER 

STB 

DATA----" 
8212 

BUS 

DATA BUS 
CONTROL 
10= L - R) 
II= R- L) 

INPUT 
STROBE 

SYSTEM 
INPUT 

GND 

STB 

GND 

INTERRUPTING INPUT PORT 

STB 

8212 

DATA 
BUS 

DATA 
BUS 

SYSTEM 
RESET 

SELECTION 

ii'iiT 

GND PORT { 

(DS1•DS2) -----"" ---- ro '"'0"'""' a (ACTIVE LOW) 
OR 

TO CPU 
INTERRUPT INPUT 

INTERRUPT INSTRUCTION PORT 

RESTART 
INSTRUCTION 
IRST O-RST 7) 

IDSI) PDRT SELECTION 

STB 

8212 

GND 
INTERRUPT ACKNOWLEDGE -----...J 

DATA 
BUS 
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VI. Output Port (With Hand-Shaking) OUTPUT PORT (WITH HAND-SHAKING) 

The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-shaking signal such as "reception of data" 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re
ception of data. The selection of the port comes 
from the device selection logic. (DS1 • DS2) 

VII. 8080 Status Latch 

SYSTEM 
INTERRUPT 

DATA 
BUS 

.----- DUTPUT STRDBE 

STB 

8212 SYSTEM DUTPUT 

SYSTEM RESET 

} 
PORT SELECTION 
(LATCH CONTROL) 

'------- (DS1·DS2) 

Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con
nected to the DS2 input and the phase 1 signal is 
true, which is a TTL level coming from the clock 
generator; then, the status data will be latched into 
the 8212. 

Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 
It is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 

8080 STATUS LATCH 

/Jl-'-'---r -------- ~~ 
D3 3 D3 - DATA BUS 

8080 D4 4 D4 
D5 5 Ds 

D~6 ~ 
7 ~ 

SYNC>--1-9-~ 
DBINt-12---, 

¢1 ¢2 

22 15 

~ 

STATUS 
LATCH 

D1 D0 ~ INTA 12Vf\ 

ov-1 \..~ '-------4 ~ wo Tl T2 
7 

~ STACK 

CLOCK GEN. ~LI 
& DRIVER 

9 
tf5 HLTA ¢1 

16 
OUT 

18 8212 ~ BASIC 
~ M1 ¢2 20 CONTROL 

22 '21 INP BUS 
!-"'- MEMR SYNC 

'ii CLR 
DS2 MD DS1 

1312 y1 DATA 
DBIN 

STATUS 
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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= 0°C to +75°C Vee= +5V ±5% 

Symbol Parameter 
Min. 

1, Input Load Current 
ACK, OS,, CR, 01,-01, Inputs 

I, Input Load Current 
MD Input 

1, 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 

VIL Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

Vo, Output "Low" Voltage 

VoH Output "High" Voltage 3.65 

lsc Short Circuit Output Current -15 

!lo! Output Leakage Current 
High Impedance State 

Ice Power Supply Current 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" mav cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or anv 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 mav affect device 
reliability. 

Limits 
Unit Test Conditions 

Typ. Max. 

-.25 mA V, = .45V 

-.75 mA V, = .45V 

-1.0 I mA V, = .45V 
I 

10 /J,A VR = 5.25V 

30 /J,A V, = 5.25V 

40 /J,A VR = 5.25V 

-1 v le= -5mA 

.85 v 
v 

.45 v loc=15mA 

4.0 v loH = -1 mA 

-75 mA Vo= OV 

20 µA Vo= .45V/5.25V 

90 130 mA 

10-119 

All • 



• -

TYPICAL CHARACTERISTICS 

INPUT CURRENT VS. INPUT VOLTAGE 

~ -100 
TA=25°C 

>-
ffi 
I< 
I< 
::J 
u 
>-
~ 
;!; 

-150 

-200 

-250 

-300 
-3 

TA= 0°C TA=75''C 

-2 -1 +1 +2 

INPUT VOLTAGE (V) 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

OUTPUT "HIGH' VOLTAGE ~V) 

DATA TO OUTPUT DELAY 
VS. TEMPERATURE 

+3 

22~---,------,-------.----,------, 

20 

18 

12t-----+---·-r----r---~----j 

10~--~--~--~--~--~ 
-25 25 50 75 100 

TEMPERATURE {°C) 
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OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 

100 .----,-----;------;------, 

Vee"" +5.0V 

BOr-----t------;------;------, 

40r----r----

20 

OUTPUT "LOW" VOLTAGE (VJ 

DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

50,----,----,----,----,----,----, 

Vee=- +5.0V 

TA= 25 C 

--

101-----t---t--t·--,------,------, 

I 

50 100 150 200 250 

LOAD CAPACITANCE (pF) 

WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 

300 

40~--.-----.------.---,------, 

Vee 0 +5
1
ov 1

1

, 

f 35,----r-----r----;-----r-----i 

I 11 1
' 

30r-----r----r----;-----r-----. 

!~ I II ';.1 I --
_..'.-~-- -f _;;:.....r----; 

STB . ,, - t + -

os, < .• f-:::""_ - t- - -
"1 - ... ··---=±::::= t - -r--------

os, • +-- 1 

25 

20 

151---r-----r----t-----r-·---j 

10~--~--~--~--~--~ 

~ • ~ n -
TEMPERATURE ( C) 



8212 

TIMING DIAGRAM 

DATA 
15Vy- - - - - - - - -y15V 

_____ _/ . · l'-----

~tpw 'H ---1 

srn °' 551 _· _os_2 _________ 1_,sv;( -----..\ .... 1_sv _______ _ 
I+-- 'WE ---j 

OUTPUT ____________ _J~-;-------

______ ,_.s_v;(' ~i._s_v ____ _ 
---------~-'-E ~ r - ~E..::9~~W2._ _ ~ ~ -:::1~----~-
- - - - - - _ _X ~~==---L.'_ 

.5V 
t 

OUTPUT 

DO 

DATA 

rtpwl 

15V} l15V 

------------~-J~~----
____ _:__s~v:---------)(_sv_ __ 
--------f------'_s_ET---~t -

I 

- _..., 

STB or 551 • DS2 1.5V 
tpo -1 

OUTPUT -------__/~5:;------ - - ---

STB ------'~'-1._sv _________________ _ 
~tpw 

NOTE: ALTERNATIVE TEST LOAD 
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8212 

A.C. CHARACTERISTICS 
TA = 0°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 

th Data Hold Time 20 ns 

t Reset To Output Delay 40 ns 

t, Set To Output Delay 30 ns l 
t. Output Enable/Disable Time 45 ns 1 
le Clear To Output Delay 55 ns 

CAPACITANCE* F = 1 MHz v.," = 2.5V Vee= +5V TA= 25°C 

Symbol Test 

C1N DS, MD Input Capacitance 

C1N DS2, CK, ACK, DI ,-Dis 
Input Capacitance 

Gour DO,-DO, Output Capacitance 

SWITCHING CHARACTERISTICS 
CONDITIONS OF TEST 
Input Pulse Amplitude ~ 2.5 V 
Input Rise and Fall Times 5 ns 
Between 1 V and 2V Measurements made at 1.5V 
with 15 mA & 30 pF Test Load 

LIMITS 

Typ. Max. 

9 pF 12 pF 

5 pF 9 pF 

8 pF 12 pF 

TEST LOAD 
15mA & 30pF 

TO 
D.U.T. 

*30pF I 

300 

600 

*INCLUDING JIG & PROBE CAPACITANCE 
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M8212 
EIGHT-BIT INPUT/OUTPUT PORT 

• Fully Parallel 8-Bit Data Register • 3.4V Output High Voltage for Direct 
and Buffer Interface to M8080A CPU 

• Service Request Flip-Flop for Interrupt • Asynchronous Register Clear 
Generation • Replaces Buffers, Latches and Multi-

• Low Input Load Current: .25 mA Max . plexers in Microcomputer Systems 

• Three-State Outputs • Reduces System Package Count 

• Full Military Temperature Range -55° C • ±10% Power Supply Tolerance 
To +125°C • 24-Pin Dual In-Line Package 

The M8212 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, Dl 8 

DO, D08 

01, Dl 7 

Do, D07 

Dl3 Dl6 

D03 DOs 

014 Dl5 

D04 D05 

STB CLR 

GND Ds, 

PIN NAMES 

Dl1-D~~-+f1ATA IN 
-·oo,-:-o~~AT~- ______ ,. __ 
-Ds;"-Os2 · DEVtcE SELECT - --··--
----+-----------
_MD __ i_MODE_ 

STB STROBE 

1NT ---=~TEAR~!!_!_A_c;:!!Y~~W) 
CLR ! CLEAR (ACTIVE LOW) 
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LOGIC DIAGRAM 
SERVICE REQUEST FF 

~MD ---t<H--' 

[I> STB-----tL.J 

\ 

OUTPUT 
BUFFER 

/ 
Do 1 @> • -



M8212 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........ -55°C to +125°C 

Storage Temperature .......... -65°C to +160°C 

All Output or Supply Voltages .... -0.5 to +7 Volts 

All Input Voltages ............ -1.0to5.5Volts 

Output Currents ...................... 125 mA 

D.C. CHARACTERISTICS 
TA = -55°C to +125°C V cc = +5V ±10% 

Symbol Parameter 
Limits 

Min. Typ. 

IF Input Load Current 
ACK, OS,, CR, Dl,-01, Inputs 

IF Input Load Current 
MD Input 

IF Input Load Current 
OS, Input 

IR Input Leakage Current 
ACK, DS, CR, Dl,-01, Inputs 

IR Input Leakage Current 
MD Input 

IR Input Leakage Current 
DS, Input 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

Vol Output "Low" Voltage 

ll . 

VoH Output "High" Voltage 3.4 4.0 

los Short Circuit Output Current -15 

/ 10/ Output Leakage Current 
High Impedance State 

Ice Power Supply Current 90 

10-124 

*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. 

Unit Test Conditions 
Max. 

-.25 mA VF= .45V 

-.75 mA VF= .45V 

-1.0 mA VF= .45V 

10 µA v. = Vee 

30 µA v. = Vee 

40 µA v. = Vee 

-1.2 v le= -5 mA 

.80 v 
v 

.45 v Im= lOmA 

v loH = -.5mA 

-75 mA Vee= 5.0V 

20 µA V0 = .45V to Vee 

145 mA 



M8212 

A.C. CHARACTERISTICS 
TA = -55°C to +125°C Vee= +5V ±10% 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Max. 

tPW Pulse Width 40 ns 

tpo Data To Output Delay 30 ns NOTE1 

twE Write Enable To Output Delay 50 ns NOTE1 

ts ET Data Setup Time 20 ns 

tH Data Hold Time 30 ns 

tR Reset To Output Delay 55 ns NOTE1 

ts Set To Output Delay 35 ns NOTE1 

tE Output Enable/Disable Time 50 ns NOTE1 

tc Clear To Output Delay 65 ns NOTE1 

CAPACITANCE F 1MHz V 81As 2.5V Vee +5V TA 25°C 

Symbol Test 

C1N OS, MD Input Capacitance 

C1N DS,,CLR, STB, Dl,-01, 
Input Capacitance 

CouT DO,-DO, Output Capacitance 

SWITCHING CHARACTERISTICS 

CONDITIONS OF TEST 
Input Pulse Amplitude= 2.5V 

LIMITS 

Typ. Max. 

9 pF 12 pF 

5 pF 9 pF 

8 pF 12 pF 

Input Rise and Fall Times: 5 ns between 1V and 2V 

NOTE 1: TEST CL R, Rz 

tpo, twE, tR, ts. tc 30pF 300!1 600!1 

IE, ENABLE1 30pF 10K!1 1 K!1 

IE, ENABLEt 30pF 300!1 600!1 

IE, DISABLEt 5pF 300!1 600!1 

IE, DISABLEt 5pF 10K!1 1K!1 
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TEST LOAD 
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O.U.T. 
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M8212 

TIMING DIAGRAM 

D... , .• vxr----------y,.v 
________ _/ . lr='PW--1--•H=:.J'-----

STBo< 55,. DS2 1.5Vl \ ..... ·•v ______ _ 
________ L_.w'----~lr---------

OUTPUT -------------------_/\'-1._SV--------

DS1 •DS2+-MD---------~1sv/ \ ,._v ----

~-" 1 r-------~~~-~ 
- - - - - - - - - - -\sv rf'lo==-___i._:_ OUTPUT 

-------------~ 1.---••wr ~-------
CLR 1.5V 1.5V 

DD 
'c lr------

_________________ _/\~"-v ___ _ 
15V ~--------*15V 

--------_J~'SET----15VH' '" ~'----
STB o• 551 • DS2 I \ 

____________ i-_••_D ~ /---------------------

OUTPUT -- - --- - --___ )('-1.s_v ____________ _ 

DATA 

STB 1.5Vr-'\1.5V ----------' ~'•w--1 '----------------
1.SV 1.5V 

1.5V 

~tR_j 
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TYPICAL CHARACTERISTICS 

INPUT CURRENT VS. INPUT VOLTAGE 

-50 

Vee =1s.ov 

~ ~ 
""' 

v ~TA-25C 
TA"" 0 C v VTA =75 c 

~/ 

1 -100 

>-
~ 
~ -150 

" " >-
~ 
~ -200 

-250 -

-300 
-3 -2 -1 

INPUT VOLTAGE !V) 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

-5 

;; -10 

.§ 
>-
~ -15 

"' "' " (,) 

>- -20 

~ 
>-

" 0 -25 

-30 

2.0 

OUTPUT "HIGH 'VOLTAGE !VI 

DATA TO OUTPUT DELAY 
VS. TEMPERATURE 

22 

Vee = +~.ov 
20 

] ,/1 
> 

~ 
18 

,..I-' .... 
0 ;;.."" >-
~ 16 ,.. >- ........ " 0 
0 
>-

" 14 
>-

" 0 

12 

10 
-25 25 50 75 100 

TEMPERATURE f C) 

M8212 
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OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 
100.-----~---~----,------, 

Vee= +5.0V 

80+-----+-----+-----+-----! 

.2 .6 

OUTPUT "LOW" VOLTAGE (V) 

DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

.8 

50.----T---,----,---.-----.---, 

Vee =- +50V 

TA c 25 C 

40+----+---+---+---+----+---! 

30+----+---+---+---+----+-.... -.,..-• .,,....,~ 

i-------1 ,··----1---
2of---t--:-;=-l-~-e:._--t::::;;;;;--"'f::::_--+----j 
~--

10+----+---+---+---+----+---! 

00 50 100 150 200 250 

LOAD CAPACITANCE (pF) 

WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 

300 

40.----,---~--~---,----, 

Vee = +s1.ov 

35f---+----+----ji---+----; 

30i---+----+--i-i---+----; -_ ... :,:... 
25+----+----+-~"""--,r--,-...-----; 

s"'-s ....... A----r- --;: _ 
os, . 1----::'.--1--_--::_:--"f--..:..;.;..i 

20+--0S'.~':7~-~-=-:::i:==:=;:;"=f:;;:;:::..!'~-.:.J-r------1 
I DS1 •. j---

15i---+----+----ji---+----; 

10~--+----,L----:'+----~--~ 
-25 25 50 75 100 

TEMPERATURE ( Cl 
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8214 
PRIORITY INTERRUPT CONTROL UNIT 

• Eight Priority Levels • Fully Expandable 
• Current Status Register • High Performance (SOns) 
• 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 driven microcomputer systems. 

PIN CONFIGURATION 

60 Vee 

0, ECS 

0, R, 

SGS R, 

INT R5 

CLK R, 

8214 
INTE R3 

Ao R, 

A, R, 

A, 10 "• 
ELR 11 ENLG 

GND ETLG 

PIN NAMES 
INPUTS - --- ------ --- -------i 

Ro-A 1 REQUEST LEVELS (R7 HIGHEST PRIORITY) I 
8o-B2 CURRENT STATUS 

SG$ STATUS GROUP SELECT 

ffi ENABLE CURRENT STA'fUS I 
INTE INTERRUPT ENABLE i 

CLOCK (INT F·F) I 
ENABLE LEVEL READ 

ETLG ENABLE THIS LEVEL GROUP 

OUTPUTS' 

Ao·A2 REQUEST LEVELS }- OPEN I 
iNT INTERRUPT (ACT. LOW) COLLECTOR I 

ENLG ENABLE NEXT LEVEL GROUP 

LOGIC DIAGRAM 

[D:> ELR---

@>ETLC--

REQUEST ACTIVITY 

l!D "• 
~ R, 

@> R-, 

~ R3 

~ R; 

~ Rs 

[E> "• 
~ R~ 

IT> 60 

II> a, 
IT> a, 

ID SGS 

IF> ECS 

II> INTE------------~ 
II> CLR-------------~ 
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(OPEN COLLECTOR) 

II> 
A, CD 
A, ITQ> 
ENLG~ 

CD 



8214 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. 0°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 . . . . . . . . . . . . . . . . . . . . . . 100 mA 

TA; 0°C to +70°C, Vee; 5V ±5%. 

Symbol Parameter 
Min. 

Ve Input Clamp Voltage (all inputs) 

IF Input Forward Current: ETLG input 

all other inputs 

IR Input Reverse Current: ETLG input 
al I other in puts 

V1L Input LOW Voltage: all inputs 

V1H Input HIGH Voltage: all inputs 2.0 

Ice Power Supply Current 

Vol Output LOW Voltage: all outputs 

VoH Output HIGH Voltage: ENLG output 2.4 

las Short Circuit Output Current: EN LG output -20 

le EX Output Leakage Current: I NT and A0-A; 

NOTES: 
1. Typical values are for TA= 25°C, Vee= 5.0V. 
2. Bo-82, SGS, CLK, RQ-R4 grounded, all other inputs and all outputs open. 

10-129 

*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 
Unit Conditions Typ_(ll Max. 

-1.0 v lc-5mA 

-.15 -0.5 mA VF;0.45V 
-.08 -0.25 mA 

80 µA VR;5.25V 
40 µA 

0.8 v Vcc;5.0V 

v Vcc;5.0V 

90 130 mA See Note 2. 

.3 .45 v loL ;15mA 

3.0 v loH;-1mA 

-35 -55 mA Vos;OV, Vcc;5.0V 

100 µA VcEx;5.25V 

JI 

"' 
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8214 

A.C. CHARACTERISTICS AND WAVEFORMS TA= 0°C to +70°C, Vee= +5V ±5% 

Limits 
Symbol Parameter Min. Typ.[11 Max. 

tcv CLK Cycle Time 80 50 

tpw CLK, ECS, INT Pulse Width 25 15 

t1ss INTE Setup Time to CLK 16 12 

t1sH INTE Hold Time after CLK 20 10 

tETcs[2l ETLG Setup Time to CLK 25 12 

tETcH12l ETLG Hold Time After CLK 20 10 

tEccsl 2l ECS Setup Time to CLK 80 50 

tECCH[3J ECS Hold Time After CLK 0 

tEcRsl3l ECS Setup Time to CLK 110 70 

tECRH 13) ECS Hold Time After CLK 0 

tEcssl21 ECS Setup Time to CLK 75 70 

tECSH [21 ECS Hold Time After CLK 0 

tocs[2J SGS and 8 0 -82 Setup Time to CLK 70 50 

toCH[2) SGS and 8 0 -8 2 Hold Time After CLK 0 

tRcs13l Ro-R7 Setup Time to CLK 90 55 

tRCH [3] Ro-R 7 Hold Time After CLK 0 

tics INT Setup Time to CLK 55 35 

tc1 CLK to INT Propagation Delay 15 25 

tRIS[4] Ro-R7 Setup Time to INT 10 0 

tR1H[4J Ro-R7 Hold Time After INT 35 20 

tRA Ro-R1 to Ao-A2 Propagation Delay 80 100 

tELA ELR to A0 -A2 Propagation Delay 40 55 

tECA ECS to A0 -A 2 Propagation Delay 100 120 

tETA ETLG to Ao-A2 Propagation Delay 35 70 
--------i--~-

toECS[4J SGS and 80-82 Setup Time to ECS 15 10 

toECHl4J SGS and 8 0 -8 2 Hold Time After ECS 15 10 

tREN R0 -R 7 to ENLG Propagation Delay 45 70 

tETEN ETLG to ENLG Propagation Delay 20 25 

tECRN ECS to ENLG Propagation Delay 85 90 

tECSN ECS to ENLG Propagation Delay 35 55 

CAPACITANCE [sJ 

Limits 
Symbol Parameter Min. Typ.[111 Max 

C1N Input Capacitance 5 ] 10 

CouT Output Capacitance 7 1 12 

TEST CONDITIONS: VsiAS = 2-5V, Vee= 5V, TA= 25°C, f = 1 MHz 

NOTE 5. This parameter is periodically sampled and not 100% tested. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~ I Unit 

1 pF 

I pF 
I 
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WAVEFORMS 

RQ·RJ '(-----------------'!. x-------
·------' . . '------J .... -----

ETLG ------+---'·'----------
tETCS 

INTE 

INT 

------, ,---+---------
--+----+---+-..... ----+------';~--

'RA 
ETA 

-,------

ENLG -----------------"---------------------

NOTES: 

I 1) Typical values are for TA= 25°e ,Vee= 5.0V. 

(2 ) Required for proper operation if ISE is enabled during next clock pulse. 

13) 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 amp I itude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 

TEST LOAD Cl RCUIT 
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M8214 
PRIORITY INTERRUPT CONTROL UNIT 

• Eight Priority Levels • 24-Pin Dual In-Line Package 

• Fully Expandable • Full Military Temperature Range -55°C 

• Current Status Register To +125°C 

• Priority Comparator • ±10% Power Supply Tolerance 

The M8214 is an eight level priority interrupt control unit designed to simplify interrupt driven micro
computer systems. 

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a 
software controlled current status register and issue an interrupt to the system along with vector informa
tion to identify the service routine. 

The M8214 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 driven microcomputer systems. 

PIN CONFIGURATION 

24 

23 

22 

21 

20 

19 

M8214 
18 

17 

16 

15 

14 

13 

PIN NAMES 
r;NPUTS--~-----------

1 ~ REQUEST LEVELS (R7 HIGHEST PRIORITY) 

Bo-82 CURRENT STATUS 

§GS STATUS GROUP SELECT 

ffi ENABLE CURRENT STAl'.US 

INTE INTERRUPT ENABLE 

ill CLOCK (INT f.f) 

ELA ENABLE LEVEL READ 

ETLG ENABLE THIS LEVEL GROUP 

OUTPUTS· 

REQUEST LEVELS }- OPEN 

INTERRUPT (ACT. LOW) COLLECTOR 

ENABLE NEXT LEVEL GROUP 

LOGIC DIAGRAM 

[!_I> ELR ---------------OL...
[j}> ETLG --------------.----1 

C!:> Bo __,.J,-----, 
lD B, 
CI> s, 
[!:> SGS ____,....__ _ __. 

@> ECS 

REQUEST ACTIVITY 

PRIORITY 
COMPARATOR 

[L> INTE------------~ 
~ CLK-------------~ 

10-132 

(OPEN COLLECTOR) 

• 



M8214 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .......... -55°C to +125°C 
Storage Temperature ............ -65°C to +160°C 
All Output and Supply Voltages ........ -0.5V to+ 7V 
All Input Voltages ................ -1.0V to +5.5V 
Output Currents . . . . . . . . . . . . . . . . . . . . . . 100 mA 

TA= 55°C to 125°C Vee= 5V ±10% 

Symbol Parameter 
Min. 

Ve Input Clamp Voltage (all inputs) 

IF Input Forward Current: ETLG input 
all other inputs 

IR Input Reverse Current: ETLG input 

all other inputs 

V1L Input LOW Voltage: all inputs 

V1H Input HIGH Voltage: all inputs 2.0 

Ice Power Supply Current 

Vol Output LOW Voltage: all outputs 

VoH Output HIGH Voltage: ENLG output 2.4 

los Short Circuit Output Current: ENLG output -15 

le Ex Output Leakage Current: I NT, Ao. Ai. A2 

NOTES: 
1. Typical values are for TA= 25° C, Vee= 5.0V. 
2. Bo-82, SGS, CLK, Aci·R4 grounded, all other inputs and all outputs open. 
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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 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 ex tended periods may affect device 

reliability. 

Limits 
Unit Conditions 

Typ,!11 Max. 

-1.2 v lc=-5mA 

-.15 -0.5 mA VF=0.45V 

-.08 -0.25 mA 

80 µA VR=5.5V 

40 µA 

0.8 v Vcc=5.0V 

v Vcc=5.0V 

90 130 mA See Note 2. 

.3 .45 v loL=lOmA 

3.0 v loH=-lmA 

-35 -55 mA Vcc=5.0V 

100 µA VcEx=5.5V 

Al • 
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M8214 

A.C. CHARACTERISTICS TA= -55°c to +125°c, Vee= +5V ±10% 

Symbol Parameter 

tcv CLK Cycle Time 

tpw CLK, ECS, I NT Pulse Width 

t1ss INTE Setup Time to CLK 

t1sH INTE Hold Time after CLK 

tETcsl21 ETLG Setup Time to CLK 

tETcHl2l ETLG Hold Time After CLK 

tEccsl2l ECS Setup Time to CLK 

tEccHl3l ECS Hold Time After CLK 

tEcRsl3l ECS Setup Time to CLK 

tECRH[Jl ECS Hold Time After CLK 

tEcssl2l ECS Setup Time to CLK 

tECSH[21 ECS Hold Time After CLK 

tocsl2l SGS and 80-82 Setup Time to CLK 

tocHl21 SGS and 80-82 Hold Time After CLK 

tRcsl31 Ro-R7 Setup Time to CLK 

tRcHIJl Ro-R 7 Hold Time After CLK 

tics INT Setup Time to CLK 

tc1 CLK to INT Propagation Delay 

tRIS[4] Ro-R 7 Setup Time to INT 

tR1Hl4l Ro-R 7 Hold Time After INT 

tRA Ro-R7 to Ao-A2 Propagation Delay 

tELA ELR to A0-A2 Propagation Delay 

tECA ECS to A0-A2 Propagation Delay 

tETA ETLG to Ao-A2 Propagation Delay 

toEcsl41 SGS and 80-82 Setup Time to ECS 

tDECHl4l SGS and 80-82 Hold Time After ECS 

tREN Ro-R 7 to ENLG Propagation Delay 

tETEN ETLG to ENLG Propagation Delay 

tECRN ECS to ENLG Propagation Delay 

tECSN ECS to EN LG Propagation Delay 

WAVEFORMS (See 8214Waveforms, page 10-1311 

CAPACITANCE 

Symbol Parameter 

C1N Input Capacitance 

CouT Output Capacitance 

TEST CONDITIONS: Vs1AS = 2.5V, Vee= 5V, TA= 25°C, f = 1 MHz 
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Limits 
Min. Typ.[11 Max. Unit 

85 ns 

25 15 ns 

16 12 ns 

20 10 ns 

25 12 ns 

20 10 ns 

85 25 ns 

0 ns 

110 70 ns 

0 

85 70 ns 

0 ns 

90 50 ns 

0 ns 

100 55 ns 

0 ns 

55 35 ns 

15 30 ns 

10 0 ns 

35 20 ns 

80 100 ns 

40 55 ns 

100 130 ns 

35 70 ns 

20 10 ns 

20 10 ns 

45 70 ns 

20 30 ns 

85 110 ns 

35 55 ns 

Limits 
Min. Typ.!11 Max Unit 

5 10 pF 

7 12 pF 



8216/8226 
4-BIT PARALLEL Bl-DIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU 

• Low Input Load Current - .25 mA 
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 loL 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 LOGIC DIAGRAM LOGIC DIAGRAM 

8216 8226 

cs Vee 

oo, OIEN 01, 01, 

000 oo, 
oe0 000 

oo, oo, 
01, oe3 

oo, Dl3 01, °'1 ' 
oe, oo, oe 1 oe 1 

oo, oo, 
DI, 002 

GND DI, 01, Dl2 

oe2 oe2 

oo, oo, 

PIN NAMES 
Dl3 01, 

oe3 oe, 

080-083 
DATA BUS oo, oo, 
Bl-DIRECTIONAL -·---

%-013 DATA INPUT 

DOo-003 DATA OUTPUT 

Di'EN DATA IN ENABLE 
DIRECTION CONTROL 

cs CHIP SELECT cs cs 
DIEN DIEN 
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8216/8226 

FUNCTIONAL DESCRIPTION 

Microprocessors I ike the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif
ically designed to buffer microcomputer system components. 

Bi-Directional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, 1/0, etc., be
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 

Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state. When it is at "zero" the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. l The DIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op
eration. 

(a) 8216 

(b) 8226 

DIEN 

01, 

oo, 

01, 

oo, 

012 

oo, 

01, 

oo, 

DIEN cs 
0 0 DI ·DB 
1 0 DB· DO 

1+ H 1 1 
} HIGH IMPEDANCE 

Figure 1. 8216/8226 Logic Diagrams 
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8216/8226 

APPLICATIONS OF 8216/8226 

8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 

load and is more than adequate for small, single board sys

tems. When expanding such a system to more than one board 

to increase 1/0 or Memory size, it is necessary to provide a 

buffer. The 8216/8226 is a device that is exactly fitted to 

this application. 

Shown in Figure 2 are a pair of 8216/8226'connected di

rectly to the 8080 Data Bus and associated control signals. 

The buffer is bi-directional in nature and serves to isolate the 

CPU data bus. 

On the system side, the DB lines interface with standard 

semiconductor 1/0 and Memory components and are com

pletely TTL compatible. The DB lines also provide a high 

drive capability (50mA) so that an extremely large system 

can be dirven along with possible bus termination networks. 

On the 8080 side the DI and DO lines are tied together and 

are directly connected to the 8080 Data Bus for bi-directional 

operation. The DO outputs of the 8216/8226 have a high 

voltage output capability of 3.65 volts which allows direct 

connection to the 8080 whose minimum input voltage is 

3.3 volts. It also gives a very adequate noise margin of 

350mV (worst case). 

The DI EN inputs to 8216/8226 is connected directly to the 

8080. DIEN is tied to OBIN so that proper bus flow is 

maintained, and CS is tied to BUSEN so that the system 

side Data Bus will be 3-stated when a Hold request has been 

acknowledged during a OMA activity. 

Memory and 1/0 Interface to a Bi-directional Bus 

In large microcomputer systems it is often necessary to pro

vide Memory and 1/0 with their own buffers and at the same 

time maintain a direct, common interface to a bi-directional 

Data Bus. The 8216/8226 has separated data in and data 

out lines on one side and a common bi-directional set on the 

other to accomodate such a function. 

Shown in Figure 3 is an example of how the 8216/8226 is 

used in this type of application. 

The interface to Memory is simple and direct. The memories 

used are typically Intel® 8102, 8102A, 8101 or 81078-4 and 

have separate data inputs and outputs. The DI and DO lines 

of the 8216/8226 tie to them directly and under control of 

the MEMR signal, which is connected to the DIEN input, 

an interface to the bi-directional Data Bus is maintained. 

The interface to 1/0 is similar to Memory. The 1/0 devices 

used are typically Intel® 8255s, and can be used for both 

input and output ports. The 1/0 R signal is connected di

rectly to the DI EN input so that proper data flow from the 

1/0 device to the Data Bus is maintained. 

The 8216/8226 can be used in a wide variety of other buf· 

fering functions in microcomputer systems such as Address 

Bus Drivers, Drivers to peripheral devices such as printers, 

and as Drivers for long length cables to other peripherals or 

systems. 

8080 

Figure 2. 8080 Data Bus Buffer. 

MEMORY 1/0 

Bl-DIRECTIONAL DATA BUS {8) 

DB1 

DB2 

DB, 

DB4 

DB5 

DB, 

DB7 

SYSTEM 
DATA 
BUS 

Figure 3. Memory and 1/0 Interface to a Bi-Directional Bus. 
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8216/8226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............. 0°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 

Symbol Parameter Min. 

IF1 Input Load Current DIEN, CS 

IF2 Input Load Current All Other Inputs 

IR1 Input Leakage Current DIEN, CS 

IR2 Input Leakage Current DI Inputs 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

llol Output Leakage Current DO 
(3-State) DB 

8216 
Ice Power Supply Current 

8226 

Voll Output "Low" Voltage 

8216 
VoL2 Output "Low" Voltage 

8226 

VoH1 Output "High" Voltage 3.65 

VoH2 Output "High" Voltage 2.4 

los Output Short Circuit Current -15 
-30 

NOTE: Typical values are for TA= 25°C, Vee= 5.0V. 

10-138 

*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. Unit Conditions 

-0.15 -.5 mA VF= 0.45 

-0.08 -.25 mA VF= 0.45 

20 µA VR =5.25V 

10 µA VR =5.25V 

-1 v le= -5mA 

.95 v 
v 

20 µA Vo = 0.45V /5.25V 
100 

95 130 mA 

85 120 mA 

0.3 .45 v DO Outputs loL=15mA 
DB Outputs loL =25mA 

0.5 .6 v DB Outputs loL =55mA 

0.5 .6 v DB Outputs loL =50mA 

4.0 v DO Outputs loH = -1 mA 

3.0 v DB Outputs loH = -10mA 

-35 -65 mA DO Outputs Vo~ OV, 
-75 -120 mA DB Outputs Vcc=5.0V 



8216/8226 

WAVEFORMS 

INPUTS ________ x1.5V 

1-tFD 
OUTPUT 
ENABLE 

OUTPUTS 

A.C. CHARACTERISTICS 
TA= 0°C to +70°C, Vee= +5V ±5% 

Symbol Parameter 

Tpo1 Input to Output Delay DO Outputs 

Tpo2 Input to Output Delay DB Outputs 
8216 

8226 
---

TE Output Enable Time 
8216 

8226 

To Output Disable Time 

Limits 

Min. Typ.l1l 

15 

20 

16 

45 

35 

20 

Max. 

25 

30 

25 

65 

54 

35 

TEST CONDITIONS: TEST LOAD Cl RCUIT 

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 151 

Symbol Parameter 

C1N Input Capacitance 

CouT1 Output Capacitance 

CouT2 Output Capacitance 

TEST CONDITIONS: VBIAS = 2.5V, Vee= 5.0V, TA= 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for TA= 25°C, Vee= 5.0V. 

.5V 

Unit Conditions 

ns CL=30pF,R1=300[2 
R2=600[2 

ns CL =300pF, R1=90f2 

ns R2 = 180[2 

ns (Note 2) 

ns (Note 3) 

ns (Note 4) 

Limits 

Min. Typ.111 Max. Unit 

4 8 pF 

6 10 pF 

13 18 pF 

2. DO Outputs, CL= 30pF, R1=300/10 Kn, R2 = 180/1Kn; DB Outputs, CL= 300pF, R1 = 90/10 Kn, R2 = 180/1 Kn. 

3. DO Outputs, CL= 30pF, R1 = 300/10 Kn, R2 = 600/lK; DB Outputs, CL= 300pF, R1=90/10 Kn, R2=180/1 Kn. 

4. DO Outputs, CL= SpF, R1=300/lOKn, R2 = 600/1 Kn; DB Outputs, CL= SpF, R1=90/10 Kn. R2 = 180/1 Kn. 
5. This parameter is periodically sampled and not 100% tested. 
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M8216 
4-BIT PARALLEL Bl-DIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU • 3.40V Output High Voltage for Direct 

• Low Input Load Current: .25 mA Interface to 8080 CPU 
Maximum • Three-State Outputs 

• High Output Drive Capability for Driving • Full Military Temperature Range -55° C 
System Data Bus To +125°C 

• 16-Pin Dual In-Line Package • ±10% Power Supply Tolerance 

The M8216 is a 4-bit bi-directional bus driver/receiver. 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.40V VoH. and for high capacitance 
terminated bus structures, the DB outputs provide a high 50mA loL capability. 

The M8216 is used to meet a wide variety of applications for buffering in microcomputer systems. 

PIN CONFIGURATION 

cs Vee 

oo, DIEN 

os, oo, 

01, os, 

oo, 01, 

081 oo, 

DI, os, 

3ND 01, 

PIN NAMES 

~-~-- - -------, 
08o·DB3 ~t~~~~~IONAL I -
D'<J-013 DATA INPUT 

r-oo~~o;o;r·Aoun;u:r·----
------ +-c-------1 l - DATA IN ENABLE 1 

__ DIEN DIRECTION CONTROL. ; 

CS CHIP SELECT J 
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M8216 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -55°C to +125°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 

TA= -55°C to +125°C, Vee= +5V ±10% 

Symbol Parameter Min. 

IF1 Input Load Current DIEN, CS 

IF2 Input Load Current All Other Inputs 

IR1 Input Leakage Current DIEN, CS 

IR2 Input Leakage Current DI Inputs 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

llol 
Output Leakage Current DO 

(3-State) DB 

Ice Power Supply Current 

Vol1 Output "Low" Voltage 

VoL2 Output "Low" Voltage 

VoH1 Output "High" Voltage 3.4 

VoH2 Output "High" Voltage 2.4 

los Output Short Circuit Current -15 
-30 

NOTE: Typical values are for TA= 25°C, Vee= 5.0V. 

*COMMENT: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 

device. This is a stress rating only and functional 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. Unit Conditions 

-0.15 -.5 mA VF= 0.45 

-0.08 -.25 mA VF= 0.45 

20 µA VR = 5.5V 

10 µA VR = 5.5V 

-1.2 v le= -5mA 

.95 v Vee= 5V 

v Vee= 5V 

20 µA Vo= .45V to Vee 
100 

95 130 mA 

0.3 .45 v DO Outputs loL=15mA 

DB Outputs loL =25mA 

0.5 .6 v DB Outputs loL =50mA 

3.8 v DO Outputs loH = -.5mA 

3.0 v DO Outputs loH = -2mA 

DB Outputs loH = -5.0mA 

-35 -65 mA DO Outputs Vee= 5.0V 

-75 -120 mA DB Outputs Vee = 5.0V 
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M8216 

WAVEFORMS 

INPUTS ________ X15V 

1-••o 
OUTPUT 
ENABLE 

OUTPUTS 

A.C. CHARACTERISTICS 
TA= -55°C to +125°C, Vee =+5V ±10% 

Symbol Parameter 

Tpo1 Input to Output Delay DO Outputs 

Tpo2 Input to Output Delay DB Outputs 
---

Te Output Enable Time 

To Output Disable Time 

Limits 

Min. TypJ1l 

15 

I 20 

45 

20 

Max. Unit 

25 ns 

33 ns 

75 ns 

40 ns 

TEST CONDITIONS: TEST LOAD CIRCUIT 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 

l CAPACITANCE 

Symbol Parameter Min. 
-----1 ·-· 

C1N Input Capacitance 

CouT1 Output Capacitance DO Outputs 

CouT2 Output Capacitance DB Outputs 

TEST CONDITIONS: Vs1AS = 2.5V, Vee= 5.0V, TA= 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for TA= 25°e, Vee= 5.0V. 
2. 

TEST CL R1 R2 

Tpo1 30pF 30011 60012 

Tpo2 300pF 9012 180!1 
T,, (DO, ENABLE!) 30pF 10Kl2 1 K!1 
T,, (DO, ENABLE+) 30pF 300!1 600ll 
T,, (DB, ENABLE!) 300pF 10K!1 1 Kil 
T,, (DB, ENABLEI) 300pF 90!1 18011 

To. (DO, DISABLE!) 5pF 300ll 600!1 
To. (DO, DISABLE)) 5pF 10Kl1 1K!2 
To, (DB, DISABLE!) 5pF 90!2 180!2 
To. (DB, DISABLE!) 5pF J. 10K!1 1 K!1 
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.5V 

Conditions 

(NOTE 2) 

(NOTE 2) 

(NOTE 2) 

(NOTE 2) 

Limits 
Typ.111 Max. Unit 

4 6 pf 

6 10 pf 

13 18 pf 



8251 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous 
Operation 

• Baud Rate -DC to 56k Baud {Sync Mode} 

DC to9.6k Baud (Async Mode} 
• 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, 11;2 , or 2 Stop Bits 
False Start Bit Detection 

• 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 convert 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 

o, 
o, 

R,o 

GND 

o, 
05 

o, 
o, 

hC 

WR 

cs 
crD 

RO 

Rx ROY 

OTA 

ATS 

DSR 

RESET 

CLK 

hD 

TxEMPTY 

CTS 

SYNOET 

TxRDY 

Pm Name Pm Functmn 

07-0o Data Bus (8 bus) 

CID Control or Data 1s 10 be Wntten or Read 

RO Read Data Co111mand 

WR 
cs 
CLK 
RESET 

Tue 
hO 
A;:(: 

R,o 
RllRDY 

TllROY 

Write Data or Control Command 

Chip Enable 
Clock Pulse (TTL) 

Reset 

Transmitter Clock 

Transmitter Data 

Receiver Clock I 
Receiver Data 

Receiver Ready (has character for 8080) 

Transmitter Ready (ready for char from 8080) I 

Pm Name Pin Function 

DSR Data Set Ready 
OTA Data Terminal Ready 

SYNDE T Sync Detect 

ATS 
CTS 
hE 
Vee 
GNO 

Request to Send Data 

Clear to Send Data 

I Transmitter Empty 

+5 Volt Supply 

_J_ Ground 
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BLOCK DIAGRAM 

RESET __ 

DATA 
BUS 

BUFFER 

CLK--- READ/WRITE 

Ci5 ~--- CONTROL 
RD--- LOGIC 

WR 

cs ___ ~ 

OSR

OfR_ 

CTS-~ 

ATS 

TRANSMIT 
BUFFER 

(P ·S) 

TRANSMIT 
CONTROL 

RECEIVE 
BUFFER 

IS ·Pl 

Tl!.ROY 

hE 

_____._ Tl!.C 

R~RDY 

RECEIVE __ R~C 
CONTROL 

_SYNDET 
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8251 

8251 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8251 is a Universal Synchronous/ Asynchronous Re
ceiver/Transmitter designed specifically for the 8080 Micro
computer System. Like other 1/0 devices in the 8080 Micro
computer System its functional configuration is programmed 
by the systems software for maximum flexibility. The 8251 
can support virtually any serial data technique currently 
in use (including IBM "bi-sync"). 

In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8251 to the 8080 system Data Bus. Data is transmitted 
or received by the buffer upon execution of INput or OUT
put instructions of the 8080 CPU. Control words, Command 
words and Status information are also transferred through 
the Data Bus Buffer. 

Read/Write Control Logic 

This functional block accepts inputs from the 8080 Control 
bus and generates control signals for overall device operation. 
It contains the Control Word Register and Command Word 
Register that store the various control formats for device 
functional definition. 

RESET (Reset) 

A "high" on this input forces the 8251 into an "Idle" mode. 
The device will remain at "Idle" until a new set of control 
words is written into the 8251 to program its functional 
definition. ~i_nim':'m R E~~'."_pulse .".".i~t_.~--~~~ tcv-

CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter clock in
puts for synchronous mode (4.5 times for asynchronous 
mode). 

WR (Write) 

A "low" on this input informs the 8251 that the CPU is 
outputting data or control words, in essence, the CPU is 
writing out to the 8251. 

RD (Read) 

A "low" on this input informs the 8251 that the CPU is in
putting data or status information, in essence, the CPU is 
reading from the 8251. 

CID (Control/Data) 

This input, in conjunction with the WR and RD inputs in
forms the 8251 that the word on the Data Bus is either a 
data character, control word or status information. 
1 =CONTROL 0 =DATA 

CS (Chip Select) 

A "low" on this input enables the 8251. No reading or writ
ing will occur unless the device is selected. 

CID RD WR cs 
0 0 1 0 8251 =DATA BUS 
0 1 0 0 DATABUS=8251 

0 1 0 STATUS= DATA BUS 
1 0 0 DATA BUS= CONTROL 
x 0 DATA BUS= 3-STATE 
x x x DATA BUS= 3-STATE 
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8251 

Modem Control 

The 8251 has a set of control inputs and outputs that can 

be used to simplify the interface to almost any Modem. 

The modem control signals are general purpose in nature 

and can be used for functions other than Modem control, 

if necessary. 

DSR (Data Set Ready) 

The DSR input signal is general purpose in nature. Its con

dition can be tested by the CPU using a Status Read opera

tion. The DSR input is normally used to test Modem con

ditions such as Data Set Ready. 

DTR (Data Terminal Ready) 

The DTR output signal is general purpose in nature. It can 

be set "low" by programming the appropriate bit in the 

Command Instruction word. The DTR output signal is norm
ally used for Modem control such as Data Terminal Ready 

or Rate Select. 

RTS (Request to Send) 

The RTS output signal is general purpose in nature. It can 

be set "low" by programming the appropriate bit in the 

Command Instruction word. The RTS output signal is norm
ally used for Modem control such as Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251 to transmit data 
(serial) if the Tx EN bit in the Command byte is set to a 

"one." 

Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the Data 

Bus Buffer, converts it to a serial bit stream, inserts the ap

propriate characters or bits (based on the communication 

technique) and outputs a composite serial stream of data on 

the TxD output pin. 

Transmitter Control 

The Transmitter Control manages all activities associated 

with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 

function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready 

to accept a data character. It can be used as an interrupt to 

the system or for the Polled operation the CPU can check 

TxRDY using a status read operation. TxRDY is automatic
ally reset when a character is loaded from the CPU. 

TxE (Transmitter Empty) 

When the 8251 has no characters to transmit, the TxE out

put will go "high". It resets automatically upon receiving a 

character from the CPU. TxE can be used to indicate the 

end of a transmission mode, so that the CPU "knows" when 

to "turn the line around" in the half-duplexed operational 

mode. TxE is independent of the TxEN bit in the 
Command instruction. 

In SYNChronous mode, a "high" on this output indicates 

that a character has not been loaded and the SYNC charac

ter or characters are about to be transmitted automatically 

as "fillers". TxE goes low as soon as the SYNC is being 
shifted out. 

TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the char
acter is to be transmitted. In the Synchronous transmission 
mode, the frequency of TxC is equal to the actual Baud 

Rate ( 1 X). In Asynchronous transmission mode, the fre, 

quency of TxC is a multiple of the actual Baud Rate. A 

portion of the mode instruction selects the value of the 

multiplier; it can be 1 x, 16x or 64x the Baud Rate. 

For Example: 

If Baud Rate equals 110 Baud, 
TxC equals 110 Hz ( 1x) 
TxC equals 1. 76 kHz ( 16x) 
TxC equals 7.04 kHz (64x). 

The falling edge of TxC shifts the serial data out of the 

8251. 
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Receiver Buffer 

The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
"assembled" character to the CPU. Serial data is input to 
the RxD pin. 

Receiver Control 

This functional block manages all receiver-related activities. 

RxRDY (Receiver Ready) 

This output indicates that the 8251 contains a character that 
is ready to be input to the CPU. RxRDY can be connected 
to the interrupt structure of the CPU or for Polled opera
tion the CPU can check the condition of RxRDY using a 
status read operation. RxRDY is automatically reset when 
the character is read by the CPU. 

RxC (Receiver Clock) 

The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the frequency of 
RxC is equal to the actual Baud Rate (1x). In Asynchronous 
Mode, the frequency of RxC is a multiple of the actual 
Baud Rate. A portion of the mode instruction selects the 
value of the multiplier; it can be 1 x, 16x or 64x the Baud 
Rate. 

For Example: If Baud Rate equals 300 Baud, 
Axe equals 300 Hz (1x) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 
If Baud Rate equals 2400 Baud, 
RxC equals 2400 Hz (1x) 
RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 

Data is sampled into the 8251 on the rising edge of RxC . 

NOTE: In most communications systems, the 8251 will be 
hand I ing both the transmission and reception operations of 
a single link. Consequently, the Receive and Transmit Baud 
Rates will be the same. Both TxC and RxC will require iden
tical frequencies for this operation and can be tied together 
and connected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 

SYNDET (SYNC Detect) 

This pin is used in SYNChronous Mode only. It is used as 
either input or output, programmable through the Control 
Word. It is reset to "low" upon RESET. When used as an 
output (internal Sync mode), the SYNDET pin will go 
"high" to indicate that the 8251 has located the SYNC 
character in the Receive mode. If the 8251 is programmed 
to use double Sync characters (bi-sync), then SYNDET will 
go "high" in the middle of the last bit of the second Sync 
character. SYNDET is automatically reset upon a Status 
Read operation. 

When used as an input, (external SYNC detect mode), a 
positive going signal will cause the 8251 to start assembling 
data characters on the falling edge of the next RxC. Once 
in SYNC, the "high" input signal can be removed. The dura
tion of the high signal should be at least equal to the period 
of RxC. 

): ADDRESS BUS l 
Ao 

) CONTROL BUS \ 
1/0 R I/OW RESET 

., 
(TTL) 

\ DATA BUS :1i 
0 
1· 
~ 

C/i5 cs D7-Do RO WR RESET CLK 

8251 

8251 Interface to 8080 Standard System Bus 
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DETAILED OPERATION DESCRIPTION 

General 

The complete functional definition of the 8251 is program
med by the systems software. A set of control words must 
be sent out by the CPU to initialize the 8251 to support the 
desired communications format. These control words will 
program the: BAUD RATE, CHARACTER LENGTH, 
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH
RONOUS OPERATION, EVEN/ODD PARITY etc. In the 
Synchronous Mode, options are also provided to select either 
internal or external character synchronization. 

Once programmed, the 8251 is ready to perform its com
munication functions. The TxRDY output is raised "high" 
to signal the CPU that the 8251 is ready to receive a char
acter. This output (TxRDY) is reset automatically when the 
CPU writes a character into the 8251. On the other hand, 
the 8251 receives serial data from the MODEM or 1/0 de
vice, upon receiving an entire character the RxRDY output 
is raised "high" to signal the CPU that the 8251 has a com
plete character ready for the CPU to fetch. RxRDY is reset 
automatically upon the CPU read operation. 

The 8251 cannot begin transmission until the TxEN(Trans· 
mitter Enable) bit is set in the Command Instruction and 
it has received a Clear To Send (CTS) input. The TxD out· 
put will be held in the marking state upon Reset. 

Programming the 8251 

Prior to starting data transmission or reception, the 8251 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func
tional definition of the 8251 and must immediately follow 
a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 

This format defines the general operational characteristics 
of the 8251. It must follow a Reset operation (internal or 
external). Once the Mode instruction has been written into 
the 8251 by the CPU, SYNC characters or Command in
structions may be inserted. 

Command Instruction 

This format defines a status word that is used to control 
the actual operation of the 8251. 

Both the Mode and Command instructions must conform to 
a specified sequence for proper device operation. The Mode 
Instruction must be inserted immediately following a Reset 
operation, prior to using the 8251 for data communication. 

All control words written into the 8251 after the Mode In
struction will load the Command Instruction. Command In
structions can be written into the 8251 at any time in the 
data block during the operation of the 8251. To return to 
the Mode Instruction format a bit in the Command Instruc
tion word can be set to initiate an internal Reset operation 
which automatically places the 8251 back into the Mode 
Instruction format. Command Instructions must follow the 
Mode Instructions or Sync characters. 

CID= 1 

C/5 = 1 

CID= 1 

C/5 = 1 

c;D = O 

C/5 = 1 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

DATA 

COMMAND INSTRUCTION 

CID" 0 lr----0-A-TA----j 

C/0 = 1 COMMAND INSTRUCTION 

SYNC MODE 
ONLY" 

*The second SYNC character is skipped if MODE instruction 
has programmed the 8251 to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251 10 ASYNC mode. 

Typical Data Block 
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Mode Instruction Definition 

The 8251 can be used for either Asynchronous or Synchro
nous data communication. To understand how the Mode 
Instruction defines the functional operation of the 8251 the 
designer can best view the devic9 as two separate components 
sharing the same package. One Asynchronous the other 
Synchronous. The format definition can be changed "on 
the fly" but for explanation purposes the two formats will 
be isolated. 

Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 8251 
automatically adds a Start bit (low level) and the program
med number of Stop bits to each character. Also, an even 
or odd Parity bit is inserted prior to the Stop bit(s), as de
fined by the Mode Instruction. The character is then trans
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 

[ s, I ·'1 EP }ENI L, I LJ B, I B, J 

~I 
BAUD RATE FACTOR 

0 1 0 1 

0 0 1 1 

SYNC (1XJ (16X) (64X) MODE 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
1 =ENABLE 0 =DISABLE 

EVEN PARITY GENERATION/CHE CK 
1 =EVEN O=ODD 

NUMBER OF STOP BITS 

0 1 0 1 

0 0 1 1 

INVALID 1 11h 2 
BIT BITS BITS 

When no data characters have loaded into the 8251 the 
TxD output remains "high" (marking) unless a Break (con
tinuously low) has been programmed. 

Mode Instruction Format, Asynchronous Mode 

Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom
inal center. If a low is detected again, it is a valid START 
bit, and the bit counter will start counting. The bit counter 
locates the center of the data bits, the parity bit (if it ex
ists) and the stop bits. If parity error occurs, the parity er
ror flag is set. Data and parity bits are sampled on the RxD 
pin with the rising edge of RxC. If a low level is detected as 
the STOP bit, the Framing Error flag will be set. The STOP 
bit signals the end of a character. This character is then 
loaded into the parallel 1/0 buffer of the 8251. The RxRDY 
pin is raised to signal the CPU that a character is ready to 
be fetched. If a previous character has not been fetched by 
the CPU, the present character replaces it in the 1/0 buf
fer, and the OVERRUN flag is raised (thus the previous 
character is lost). All of the error flags can be reset by a 
command instruction. The occurrence of any of these er
rors will not stop the operation of the 8251. 

TRANSMITTER OUTPUT 

TxD MARKING 

RECEIVER INPUT 

START 
BIT 

PARITY 
BIT 

BIT 
PARITY 

BIT 
RxD ~TART DATABITS 

>--~--~ 

TRANSMISSION FORMAT 

START 
BIT 

RECEIVE FORMAT 

START 
BIT 

CPU BYTE (5-8 BITS/CHAR) 

DATAC~+ACTER 
ASSEMBLED SERIAL DATA OUTPUT (TxD) 

DATA CHARACTER PARITY 
BIT 

SERIAL DATA INPUT (RxD) 

DATA CHARACTER 
PARITY 

BIT 

STJ;J 
s1TS L 

srtr:'I 
s1TS L 

BITS STOD 
!-----'----'--""' 

CPU BYTE (5-8 BITS/CHAR)!f 

DATACH~~ACTER 
"NOTE: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 

BITS THE UNUSED BITS ARE SET TO "ZERO". 

Asynchronous Mode 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251 which usually is a SYNC 

character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 

the falling edge of TxC. Data is shifted out at the same 

rate as the TxC. 

Once transmission has started, the data stream at TxD out

put must continue at the TxC rate. If the CPU does not pro
vide the 8251 with a character before the 8251 becomes 
empty, the SYNC characters (or character if in single SYNC 
word mode) will be automatically inserted in the TxD data 
stream. In this case, the TxEMPTY pin is raised high to sig

nal that the 8251 is empty and SYNC characters are being 
sent out. TxEMPTY goes low when SYNC is being shifted 
out (See Figure below). The TxEMPTY pin is internally 
reset by the next character being written into the 8251. 

AUTOMATICALLY INSERTED BY USART 

I \ 
TxD I DATA I DATA I SVNC1 I SYNC2 I DATA I -- - - -

TxEMPTY ILJl ---- ----\ I 
NOMINAL CENTER OF LAST BIT 

Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the internal SYNC mode has been 

programmed, the receiver starts in a HUNT mode. Data on 
the RxD pin is then sampled in on the rising edge of RxC. 

The content of the Rx buffer is continuously compared 

with the first SYNC character until a match occurs. If the 
8251 has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USA RT ends the 

HUNT mode and is in character synchronization. The SYN
DET pin is then set high, and is reset automatically by a 

STATUS READ. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin. The high level can 

be removed after one RxC cycle. 

Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. 

l scslESol EP }ENl L,1 L, 10 l 0 J 

1c- CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
(1 =ENABLE) 
(O = DISABLE) 

EVEN PARITY GENERATION/CHE 
1 =EVEN 
O=ODD 

EXTERNAL SYNC DETECT 
1 = SVNOET IS AN INPUT 
0 = SVl\IDET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
1 =SINGLE SYNC CHARACTER 
0 =DOUBLE SYNC CHARACTER 

Mode Instruction Format, Synchronous Mode 

SYNC 
CHAR 1 

RECEIVE FORMAT 

SYNC 

CHAR 1 

CPU BYTES (5-8 BITS/CHAR) 

DATAC~~RACTERS 
ASSEMBLED SERIAL DATA OUTPUT (TxD) 

SYNC 
CHAR 2 DATA CH~~ ... AC_T_E_Rs __ ~ 

SERIAL DATA INPUT (RxD) 

SYNC DATA CHARA~CTERS 
CHAR 2 ,__ ___ .... 

CPU BYTES (5-8 BITS/CHAR) 

DATA CH;RACTERS 

Synchronous Mode, Transmission Format 
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COMMAND INSTRUCTION DEFINITION 
Once the ful"ctional definition of the 8251 has been pro
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 8251 
and Sync characters inserted, if necessary, then all further 
"control writes" (C/D ; 1) will load the Command In
struction. A Reset operation (internal or external) will 
return the 8251 to the Mode Instruction Format. 

EH IR ATS ER SBRK AME 

TRANSMIT ENABLE 
1 =enable 
O =disable 

DATA TERMINAL 
READY 
"high" will force DTR 
output to zero 

RECEIVE ENABLE 
~-----I 1 = enable 

0 =disable 

SEND BREAK 

~--------t ~~~=~~T~:D "low" 
0 = normal operation 

ERROR RESET 
~--------. 1 =reset all error flags 

fE, OE, FE 

REQUEST TO SEND 
~----------. "high" will force ATS 

Command Instruction Format 

output to zero 

INTERNAL RESET 
"'1igh" returns 8251 to 
Mode Instruction Format 

ENTER HUNT MODE 
1 = enable search for Sync 
Characters 

STATUS READ DEFINITION 
In data communication systems it is often necessary to 
examine the "status" of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor's attention. The 8251 has facilities that allow the 
programmer to "read" the status of the device at any time 
during the functional operation. 

A normal "read" command is issued by the CPU with the 
CID input at one to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 can be 
used in a completely Polled environment or in an interrupt 
driven environment. 

Status update can have a maximum delay of 16 clock 
periods. 

o, o, 04 

DSR SYNDET FE OE 

Status Read Format 

o, o, o, 

PE TxE RxRDY 

Note1 

SAME DEFINITIONS AS 1/0 PINS 

PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251. 

OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251; 
however, the previously overrun 
character is lost. 

FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251. 

Note 1: TxR DY status bit has similar meaning as the TxR DY 
output pin. The former is not conditioned by CTS and 
TxEN; the latter is conditioned by both CTS and 
TxEN. 
i.e. TxRDY status bit= DB Buffer Empty 

TxRDY pin out= DB Buffer Empty • CTS • TxEN 
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APPLICATIONS OF THE 8251 

Asynchronous Serial Interface to CRT Terminal, 
DC-9600 Baud 

AxD 

TxD SYNCHRONOUS 

8251 RiC 
TERMINAL 

OR PERIPHERAL 

Tie DEVICE 

SYNDET 

Synchronous Interface to Terminal or Peripheral Device 

8251 

ASYNC 
MODEM 

BAUD 
RATE 

GENERATOR 

Asynchronous Interface to Telephone Lines 

SYNC 
MODEM 

Synchronous Interface to Telephone Lines 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... 0°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 

O.C. CHARACTERISTICS 

TA = 0°C to 70°C; Vee= 5.0V ±5%; GND = ov 

Symbol Parameter Min. Typ. 

V1L Input Low Voltage -.5 

V1H Input High Voltage 2.0 

Vol Output Low Voltage 

VoH Output High Voltage 2.4 

loL Data Bus Leakage 

l1L Input Leakage 

Ice Power Supply Current 45 

CAPACITANCE 

TA = 25°C; Vee= GND = OV 

Symbol Parameter Min. Typ. 

YN Input Capacitance 

C110 I /0 Capacitance 

TEST LOAD CIRCUIT: 

2V 

D.U.T. 

24K 

Figure 1. 

8251 

*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 loL = 1.6mA 

v loH = -100µA 

-50 µA VouT = .45V 

10 µA VouT =Vee 

10 µA V1N =Vee 

80 mA 

Max. Unit Test Conditions 

10 pF fc = 1MHz 

20 pF Unmeasured pins returned to GND. 

TYPICAL d OUTPUT DELAY VS. d CAPACITANCE (dB) 

t. CAPACITANCE (pF) 
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A.C. CHARACTERISTICS 

TA/= 0°C to 70°C; Vee= 5.0V ±5%; GND = ov 

BUS PARAMETERS: (Note 1) 

READ CYCLE 

SYMBOL PARAMETER MIN. MAX. 

tAR Address Stable Before READ (CS, C/D) 50 

tRA Address Hold Time for READ (CS, CID) 5 

tRR READ Pulse Width 430 

tRo Data Delay from READ 350 

toF READ to Data Floating 200 

25 

tRv Recovery Time Between WRITES (Note 2) 6 

WRITE CYCLE 

SYMBOL PARAMETER MIN. MAX. 

tAW Address Stable Before WRITE 20 

twA Address Hold Time for WRITE 20 

tww WRITE Pulse Width 400 

tow Data Set Up Time for WRITE 200 

two Data Hold Time for WRITE 40 

NOTES: 1. AC timings measured at VoH ~ 2.0, Vol ~ .8, and with load circuit of Figure 1. 
2. This recovery time is for initialization only, when MODE, SYNC1, SYNC2, COMMAND 

and first DATA BYTES are written into the USART. Subsequent writing of both 
COMMAND and DATA are only allowed when TxRDY ~ 1. 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

tcv 

UNIT 

ns 

ns 

ns 

ns 

ns 

TEST CONDITIONS 

CL= 100 pF 

CL= 100 pF 

CL= 15 pF 

TEST CONDITIONS 
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OTHER TIMINGS: 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

tcv Clock Period (Note 3) .420 1.35 µs 

t"'w Clock Pulse Width 220 .7 tcv ns 

tR,tF Clock Rise and Fall Time 0 50 ns 

toTx TxD Delay from Falling Edge of TxC 1 µs CL= 100 pF 

tsRx Rx Data Set-Up Time to Sampling Pulse 2 µs CL= 100 pF 

tHRx Rx Data Hold Time to Sampling Pulse 2 µs CL= 100 pF 

fTx Transmitter Input Clock Frequency 

1x Baud Rate DC 56 KHz 

16x and 64x Baud Rate DC 520 KHz 

tnw Transmitter Input Clock Pulse Width 

1x Baud Rate 12 tCY 

16x and 64x Baud Rate 1 tcv 

tTPD Transmitter Input Clock Pulse Delay 

1x Baud Rate 15 tcv 

16x and 64x Baud Rate 3 tcv 

fRx Receiver Input Clock Frequency 

1x Baud Rate DC 56 KHz 

16x and 64x Baud Rate DC 520 KHz 

tRPW Receiver Input Clock Pulse Width 

1x Baud Rate 12 tcv 

16x and 64x Baud Rate 1 tcv 

tRPD Receiver Input Clock Pulse Delay 

1x Baud Rate 15 tcv 

l . 
16x and 64x Baud Rate 3 tcv 

tTx TxRDY Delay from Center of Data Bit 16 tcv CL= 50 pF 

tRx RxRDY Delay from Center of Data Bit 20 tcv 

tis Internal SYNDET Delay from Center 25 tcv 

of Data Bit 

tEs Internal SYNDET Set-Up Time Before 16 tcv 

Falling Edge of RxC 

tTxE TxEMPTY Delay from Center of Data Bit 16 tcv CL= 50 pF 

twc Control Delay from Rising Edge of 16 tcv 
WRITE (TxE,DTR,RTS) 

tcR Control to READ Set·Up Time (DSR,CTS) 16 tcv 

3. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1x Baud Rate, fTx or fRx < 1/(30tcy) 
For 16x and 64x Baud Rate, fTx or fRx < 1/(4.5 tcy) 

4. Reset Pulse Width = 6 tcy minimum. 
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READ AND WRITE TIMING 

CLK _J:__•cw-{_~1------,.____~/,.-----.\__ 

"WAITE AND READ PULSES 
HAVE NO TIMING LIMITATION 
WITH RESPECT TO CLK. 

TRANSMITTER CLOCK 
'j' 'TPD =1--AND DATA ~«PW 

TXC (1 x BAUD) 

fie (16x SAUDI 

- - -=-~T-:~ 

16T1<CPERIODS--------~_.., 

RECEIVER CLOCK 
AND DATA 

TxD ~-------------------------~ 

RxC (1x BAR::) =r:-1'-------'s_•_x~~~~~-----------~_t:::::::::_'_"_•x __ --------------==="" - - - - -
INTERNAL ~------tRPW -----~~~••-----tRPO ----~-
~~~:ilNG -----------------''-----------------

~,..----START BIT ------1----ht DATA BIT i- __ 
AxD t ts;;-=-==1=-=-tH~ =-=--..----

Axe (16x BAUD) 

r--s RxC PERIODs--1- 16 RxC PERIODS ----i 
INTERNAL 

~~~:~ING----------''--------------''------------

Tx ROY AND Rx ROY 
TIMING (ASYNC MODEi 

RxD----, START BIT I DATABITS ;: 

TxEMPTY~ 

TxRDY ·~---------------'-r_x--1-tf-I! ~ 
WRITE ~------------------+--"LJ, r-------

WRITE 1st BYTE WRITE 2nd BYTE 11 WRITE 3rd BYTE 

TxD MiiiiKiNGI STARTBIT I DATA BIT;: IPARITYBITJSTOP BIT I START BIT r-
1- 1st DATA BYTE 2nd DATA BYTE 

INTERNAL SYNC DETECT 

RxD 
..-------.LAST BIT..---..-

RESET BY 
SYNDET tis ~·~~SOFTWARE 
(OUTPUT!----------------------------~ COMMAND 

EXTERNAL SYNC DETECT 

RxC ----, ____ ~ .___ __ __.r--11---
'Es 

SYNDET IA--------------------\1---
(INPUT) -------------'1 

RxD ____________ -'-----------_._--------\~ 
>+--------- 1st DATA BYTE -------1 
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M8251 
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, 11h, or 2 Stop Bits 
False Start Bit Detection 

• Baud Rate - DC to 56k Baud (Sync Mode) 
DC to 8.1k Baud (Async Mode) 

• Full Duplex, Double Buffered, 
Transmitter and Receiver 

• Error Detection - Parity, Overrun, 
and Framing 

• Fully Compatible with 8080 CPU 
• All Inputs and Outputs Are 

TTL Compatible 
• Full Military Temperature Range 

-55°C to +125°C 
• ±10% Power Supply Tolerance 

The M8251 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 I BM 
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 

o, o, 

o, Do 

A,D Vee 

GND "'c 

o, DTR 

o, ATS 

o, DsR 
o, RESET 

T,c CLK 

WR T,o 

cs TxEMPTY 

C/0 CTS 

Rci SYNDET 

AxADY TxRDY 

Pin Name Pin Function Pin Name 

D1·Do Data Bus (8 bits) DSR 
CID Control or Data is to be Written or Read DTR 
AD Read Data Command SYNDET 

WA Write Data or Control Command ATS 

Cs Chip Enable CTS 
CLK Clock Pulse (TTL) T'E 
RESET Reset Vee 
hl Transmitter Clock GND 
T,o Transmitter Data 

Axe Receiver Clock 

A'D Receiver Data 

Rx ROY Receiver Ready (has character for 8080) 
TxRDY Transmitter Ready {ready for char. from 8080) 

Pin Function 

Data Set Ready 
Data Terminal Ready 
Sync Detect 
Request to Send Data 
Clear to Send Data 
Transmitter Empty 
+5 Volt Supply 
Ground 
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M8251 BLOCK DIAGRAM 

RESET -

DATA 
BUS 

BUFFER 

CLK- READ/WRITE 
C/5__ CONTROL 
RD_ LOGIC 

WR 

cs ___ _, 

OTA 
MODEM 

CfS CONTROL 

ATS 

INTERNAL 
DATA BUS 

~ 

TRANSMIT 
BUFFER 

IP ·SI 

TxRDY 

TRANSMIT T><E 
CONTROL 

__ f)(C 

RECEIVE 
BUFFER R'D 

{S .p) 

Rx ADY 

RECEIVE _RxC 
CONTROL 

-sYNDET 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ..... -55°C to +125°C 

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

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

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

D.C. CHARACTERISTICS 

TA = -55°C to +125°C; V cc= 5.0V ±10%; GND = OV 

Symbol Parameter Min. Typ. 

V1L Input Low Voltage -.5 

V1H Input High Voltage 2.0 

Vol Output Low Voltage 

VoH Output High Voltage 2.4 

loL Data Bus Leakage 

lu Input Load Current 

Ice Power Supply Current 45 

CAPACITANCE 

TA= 25°C; Vee= GND = ov 

Symbol Parameter Min. Typ. 

YN Input Capacitance 

C110 I /0 Capacitance 

TEST LOAD CIRCUIT: 

2V 

O.U.T. 

24K 

Figure 1. 

M8251 

*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 loL = 1.6mA 

v loH = -100µA 

-50 µA VouT = .45V 
10 µA VouT=Vcc 

10 µA V1N = 5.5V 

80 

Max. Unit Test Conditions 

10 pF fc = 1MHz 

20 pF Unmeasured pins returned to GND. 

TYPICAL a OUTPUT DELAY vs. a CAPACITANCE (dB) 

..\CAPACITANCE (pF) 
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A.C. CHARACTERISTICS [21 

TA = -55°C to +125°C; V cc= 5.0V ±10%; GND = OV 

Symbol Parameter Min. Typ. 

tcv Clock Period .420 

tq,w Clock Pulse Width 220 

tR,tF Clock Rise and Fall Time 0 

twR WRITE Pulse Width 400 

tos Data Set-Up Time for WRITE 200 

toH Data Hold Time for WRITE 40 

tAw Address Stable before WRITE 20 

twA Address Hold Time for WRITE 20 

tRo READ Pulse Width 430 

too Data Delay from READ 

toF READ to Data Floating [3] 25 

tAR Address {CE, C/D) Stable before READ 50 

tRA Address {CE, C/D) Hold Time for READ 5 

toTx TxD Delay from Falling Edge of TxC 

tsRx Rx Data Set-Up Time to Sampling Pulse 2 

tHRx Rx Data Hold Time to Sampling Pulse 2 

fTx [1] Transmitter Clock Frequency 
1X Baud Rate DC 
16X and 64X Baud Rate DC 

fRx [1] Receiver 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 1: The TxC and RxC frequencies have the following limitation with respect to CLK. 
For ASYNC Mode, tTx or tRx ;;> 4.5 tcv 
For SYNC Mode, tTx or tRx ;;> 30 tcy 

2. AC timings are measured atv OH= 2.0V, Vol= O.BV, and load circuit of Figure 1. 
3. Float timings are measured at VoH = 2.48V, Vol= 2.0BV 

Figure 1. Test Load Circuit. 

WAVEFORMS {See 8251 Waveforms, page 10-155) 
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Max. Unit Test Conditions 

1.35 µs 

ns 

50 ns 

ns 

ns 

ns 

ns 

ns 

ns 

350 ns 

200 ns CL =15pF to 100p F 

ns 

ns 

1 µs 

µs 

µs 

56 KHz 
529 KHz 

56 KHz 
529 KHz 

16 CLK Period 

20 CLK Period 

25 CLK Period 

16 CLK Period 



• 3 Independent 16-Bit Counters • Count Binary or BCD 
• DC to 2 MHz • Single +SV Supply 
• Programmable Counter Modes • 24 Pin Dual-In-Line Package 

The 8253 is a programmable counter/timer chip designed for use with microprocessors. It uses nMOS technology with a 
single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as three independent 16-bit counters. each with a count rate of up to 2 MHz. All modes of operation are 
software programmable by the 8080. 

PIN CONFIGURATION 

o, Vee 

o, Wli 
o, Ri5 
o, cs 
o, A, 

o, Ao 
o, CLK 2 

Do OUT 2 

CLK 0 GATE 2 

OUT 0 CLK 1 

GATE 0 GATE 1 

GNO OUT1 

PIN NAMES 

~-~G~A_~T:~.~-_N-. __ - ~~~~:EuRs ~~~~~T~ INPUTS 
tj-~ COUNTER GATE INPUTS 

OUT N COUNTER OUTPUTS 
AD - - REA-ti COUNTER 

CHIP SELECT 

COUNTER SELECT 
+5 VOL TS 

-- ----GR-DUNC 

Ff6 
WA--

Ao 

A, 

cs 
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8253 

8253 BASIC FUNCTIONAL DESCRIPTION 
General 

The 8253 is a programmable interval timer/counter 

specifically designed for use with the Intel® 8080 

Microcomputer system. Its function is that of a general 

purpose, multi-mode timing element that can be treated as 

an array of 1/0 ports in the system software. 

The 8253 solves one of the most common problems in any 

microcomputer system, the generation of accurate time 

delays under software control. Instead of setting up timing 

loops in systems software, the programmer configures the 

8253 to match his requirements, initializes one of the 

counters of the 8253 with the desired quantity, then upon 

command the 8253 will count out the delay and interrupt 

the CPU when it has completed its tasks. It is easy to see 

that the software overhead is minimal and that multiple 

delays can easily be maintained by assignment of priority 

levels. 

Other counter/timer functions that are non-delay in 

nature but also common to most microcomputers can be 

implemented with the 8253. 
• Programmable Rate Generator 
• Event Gou nter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 

the 8253 to the MCS-80'"system data bus. Data is 

transmitted or received by the buffer upon execution of 

I Nput or OUTput CPU instructions. The Data Bus Buffer 

has three basic functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 
3. Reading the count values . 

Read/Write Logic 

The Read/Write Logic accepts inputs from the MCS-80'" 

system bus and in turn generates control signals for 
overall device operation. It is enabled or disabled by CS so 

that no operation can occur to change the function unless 

the device has been selected by the system logic. 

RD (Read) 

A "low" on this input informs the 8253 that the CPU is 

inputting data in the form of a counters value. 

WR (Write) 

A "low" on this input informs the 8253 that the CPU is 

outputting data in the form of mode information or loading 

counters. 

AO, A1 

These inputs are normally connected to the MCS-80'" 

address bus. Their function is to select one of the three 

counters to be operated on and to address the control 

word register for mode selection. 

CS (Chip Select) 

A "low" on this input enables the 8253. No reading or 

writing will occur unless the device is selected. The CS 

input has no effect upon the actual operation of the 

counters. 

8253 BLOCK DIAGRAM 

cs RD WR A, Ao 

0 1 0 0 0 Load Counter No. 0 

0 1 0 0 1 Load Counter No. 1 

0 1 0 1 0 Load Counter No. 2 

0 1 0 1 1 Write Mode Word 

0 0 1 0 0 Read Counter No. 0 

0 0 1 0 1 Read Counter No. 1 

0 0 1 1 0 Read Counter No. 2 

0 0 1 1 1 No-Operation 3-State 

1 x x x x Disable 3-State 

0 1 1 x x No-Operation 3-State 
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Control Word Register 

The Control Word Register is selected when AO, A 1are11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, C-.1unter #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
C()Unting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 
@ TM 

The 8253 is a component of the Intel MCS-80 System and 
interfaces in the same manner as all other peripherals of 
the family. It is treated by the systems software as an array 
of peripheral 1/0 ports; three are counters and the fourth is 
a control register for MODE programming. 

Basically, the select inputs AO, A 1 connect to the AO, A 1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel® 8205 for larger systems. The RD and WR inputs 
are normally connected to the IOR and I OW outputs of the 
8228 but they can be connected to the MEMR and MEMW 
signals in a memory mapped 1/0 configuration so that 
the full memory operating instructions of the 8080A can be 
used to initialize and maintain the 8253. 

8253 BLOCK DIAGRAM 

ADDRESS BUS {16) 

CONTROL BUS 

A1 Ao CS 0 0-07 R'5 WR 
8253 

COUNTER COUNTER COUNTER 
0 , 2 

l OUT G~TE CLK I OUT GATE CLK I OUT G~TE CLK I 

1 r 

8253 SYSTEM INTERFACE 
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8253 DETAILED 
OPERATIONAL DESCRIPTION 

General 

The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 

counting. 

Once programmed, the 8253 is ready to perform whatever 

8253 

M-MODE 

M2 M1 MO 

0 0 0 Mode 0 

0 0 1 Mode 1 

x 1 0 Mode 2 

x 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 

timing tasks it is assigned to accomplish. BCD 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 

system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple 1/0 operations. 

Each counter of the 8253 is individuaily programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Control Word Format 

Do 

SC1 SCO RL1 RLO I M2 I Ml MO BCD 

Definition of Control Fields 

SC-Select Counter 

SC1 sco 
0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Illegal 

RL-Read/Load 

RL1 RLO 

0 0 Counter Latching operation (see 

READ/WRITE Procedure Section) 

1 0 Read/Load most significant byte only. 

0 1 Read/Load least significant byte only. 

1 1 Read/Load least significant byte first, 

then most significant byte. 

0 Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 

MODE Definition 

MODE 0: Interrupt on terminal count. 
The OUTput will be initially low after the Mode set 

operation. After the count is loaded into the selected 
count register, the OUTput will remain low and the 
counter will count. When terminal count is reached the 
OUTput will go high and remain high until the selected 
count register is reloaded with the Mode. 

Reloading a counter register during counting results in 
the following: 

(1) Load 1st byte stops the current counting. 

(2) Load 2nd byte starts the new count. 

The GATE input will enable the counting when high and 
inhibit counting when low . 

MODE 1: Programmable One-Shot. 
The OUTput will go low on the count following the rising 
edge of the GATE input. 

The OUTput will go high on the terminal count. If a new 
count value is loaded while the OUTput is low it will not 
affect the duration of the One-Shot pulse until the 
succeeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will 
remain low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator 

Divide by N counter. The OUTput will be low for one 
period of the input clock. The period from one output 
pulse to the next equals the number of input counts in the 
count register. If the count register is reloaded between 
output pulses the present period will not be affected, but 
the subsequent period will reflect the new value. 

The GATE input, when low, will force the OUTput high. 
When the GATE input goes high, the counter will start 
from the initial count. Thus, the GATE input can be used to 
synchronize the counter. 

When this MODE is set, the output will remain high until 
after the count register is loaded. The output then can also 
be synchronized by software. 

MODE 3: Square Wave Rate Generator. 

Similar to MODE 2 except that the OUTput will remain 
high until one half the count has been completed (for even 
numbers) and go low for the other half of the count. If the 
count is odd, the OUTput will be high for (N+1 )/2 counts 
and low for (N-1)/2 counts. 

If the counter register is reloaded with a new value during 
counting, this new value will be reflected immediately 
after the output transition of the current count. 

MODE 4: Software triggered strobe. 

After the mode is set, the output will be high. When the 
count is loaded, the counter will begin counting. On 
terminal count, the output will go low for one input clock 
period, then will go high again. 

If the count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. The count will be 
inhibited while the gate input is low. Reloading the 
counter register will restart counting beginning with the 
new number. 

8253 

MODE 5: Hardware triggered strobe. 

The counter will start counting after the rising edge of the 
trigger input and will go low for one clock period when the 
terminal count is reached. The counter is retriggerable. 
The output will not go low until the full count after the 
rising edge of any trigger. 

GATE Pin Operations Summary 

~ 
Low 

Or Going 
M 

s 
Low Rising High 

0 Disables -- Enables 
counting counting 

1 -- 1) Initiates --
counting 

2) Resets output 
after next clock 

2 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 

high 

4 Disables -- Enables 
counting counting 

5 -- Initiates --
counting 
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MODE 0 

CLOCK 
i I 

WRn~ 
' I 

0 
OUTPUT (INTERRUPT) 

(n = 4) 1-t--n-I 
I 

5 4 
OUTPUT (INTERRUPT) ' 

MODE 1 

MODE 2 

TRIGGER 

OUTPUT 

(m=5) '---v--' 
B 

___r--
4 

~L~~~~~ 

TRIGGER~ 

3 
OUTPUT 

8253 TIMING DIAGRAMS 

8253 

MODE 3 

CLOCK 

OUTPUT (n = 4) 

OUTPUT (n = 5) 

, 0141 3 2 

OUTPUT (n = 4) 

RESET~ 

MODE 4 

CLOCK 

WR~ 

4 3 2 1 0 
OUTPUT~ 

LOADn 

GATE 

OUTPUT 

MODE 5 

CLOCK 

GATE__r-
4 3 2 1 0 

OUTPUT (n = 4) 

GATE 

OUTPUT (n = 4) 
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8253 READ/WRITE PROCEDURE 

Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL 1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL 1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (216 for Binary or 10' for BCD). In MODE 0 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL 1) are program
med. Then proceed with the restart operation. 

Programming Format 

MODE Control Word 
Counter n 

LSB 
Count Register ':>yte 

Counter n 

MSB 
Count Register byte 

Counter n 

Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 

Alternate Programming Formals 

Example: 

No. 1 
MODE Control Word 

Counter 0 

MODE Control Word 
Counter 1 

No. 2 

MODE Control Word 
Counter 2 

No. 3 

LSB 
Count Register Byte 

Counter 1 
No. 4 

Count Register Byte 

No. 5 MSB Counter 1 

LSB 
Count Register Byte 

Counter 2 
No.6 

MSB 
Count Register Byte 

Counter 2 
No. 7 

LSB 
Count Register Byte 

Counter 0 
No. 8 

MSB 
Count Register Byte 

Counter 0 
No. 9 

Al AO 

1 1 

1 1 

1 1 

0 1 

0 1 

1 0 

1 0 

0 0 

0 0 

Note: The exclusive addresses of each counter's count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 
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8253 READ/WRITE PROCEDURE 
Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple 1/0 read operations of the selected 
counter. By controlling the AO, A 1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first 1/0 Read contains the least significant byte (LSB). 

second 1/0 Read contains the most significant byte 
(MSB). 

Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 

Read Operation Chart 

Al AO RD 

0 0 0 Read Counter No. 0 

0 1 0 Read Counter No. 1 

1 0 0 Read Counter No. 2 

1 1 0 Illegal 

Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter "on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

MODE Register for Latching Count 

AO, A1 = 11 

SC1,SCO- specify counter to be latched. 

D5,D4 - 00 designates counter latching operation. 

X - don't care. 

The same limitation applies to this .mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respeetto Ground 
Power Dissipation 

..... 0°Cto70°C 
-65° C to +150° C 

... -0.5Vto+7V 
1 Watt 

s2s3 :Utic~~,';'MINARy 
Parametric limits fl!/ finba! specification S 

e su 1ect to chan . ome 
*COMMENT: Stresses above those listed under "Abso1Jfe 
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; 0°c to 10°c; Vee; 5V ±5%) 

SYMBOL PARAMETER MIN. 

V1L Input Low Voltage -.5 

V1H Input High Voltage 2.0 

Vol Output Low Voltage 

VoH Output High Voltage 2.4 

I LI Input Load Current 

ILOL Output Leakage Current 

ILoH Output Leakage Current 

Ice Vee Supply Current 

CAPACITANCE TA; 25°C; Vee; GND; ov 

Symbol Parameter Min. Typ. Max. 

C1N Input Capacitance 10 

C110 1/0 Capacitance 20 

10-167 

MAX. 

.8 

Vcc+.5V 

.45 

10 

-10 

10 

85 

Unit 

pF 

pF 

UNITS TEST CONDITIONS 

v 
v 
v loL; 2 mA 

v loH; -400µA 

µA V1N; Vee to OV 

µA VouT; 0.45V 

µA VouT; Vee 

mA 

Test Conditions 

fc; 1 MHz 

Unmeasured pins returned to Vss 

ll • 



8253 

A.C. CHARACTERISTICS TA ; 0°C to 70°C; Vee; 5.0V ±5%; GND; OV 

BUS PARAMETERS: (Note 1) 

READ CYCLE 

SYMBOL PARAMETER MIN. MAX. 

tAR Address Stable Before READ 50 

tRA Address Hold Time for READ 5 

tRR READ Pulse Width 420 

tRo Data Delay from READ 300 

toF READ to Data Floating 200 

25 

WRITE CYCLE 

SYMBOL PARAMETER MIN. MAX. 

tAW Address Stable Before WRITE 50 

twA Address Hold Time for WRITE 20 

tww WRITE Pulse Width 400 

tow Data Set Up Time for WRITE 300 

two Data Hold Time for WRITE 40 

tRv Recovery Time Between WRITES 1 

Note 1: AC timings measured at VoH = 2.0, VoL = .8, and with load circuit of Figure 1. 

WRITE TIMING READ TIMING 

UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns CL; 100 pF 

ns CL; 100 pF 

ns CL; 15 pF 

UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns 

ns 

µs 

DATA BUS---------..... 
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"'"l·h's· ~ l"1C' J.· Is IJ. A.C. CHARACTERISTICS {Cont'd): TA= 0°C to 70°C; Vee= 5.0V ±5%; GND = OV 1"1irs or.,,.,. ~ ... ~ 
.,,.,,s,,'1~1s11. .,Ir.. IA 

~lecr:"'~t-., . .-r~ 
Oc4qfto'l. r 

".?e. so,,,,, 
CLOCK AND GATE TIMING 

SYMBOL PARAMETER 

teLK Clock Period 

tPWH High Pulse Width 

tPWL Low Pulse Width 

tGw Trigger Pulse Width 

tGs Gate Set Up Time To CLKt 

tGH Gate Hold Time After CLKt 

tGL Low Gate Width 

too Output Delay From CLKt 

CLK 

GATEG 

OUTPUT 0 

MIN. MAX. 

300 de 

200 

100 

200 

150 

100 

100 

300 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST CONDITIONS 

CL= 50 pF 
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8255A 

PROGRAMMABLE PERIPHERAL INTERFACE 

• 24 Programmable 1/0 Pins • Direct Bit Set/Reset Capability Easing 

• Completely TTL Compatible Control Application Interface 

• Fully Compatible with Intel • 40 Pin Dual-In-Line Package 

Microprocessor Families • Reduces System Package Count 

• Improved Timing Characteristics • Improved DC Driving Capability 

The 8255A is a general purpose programmable 1/0 device designed for use with microprocessors. It has 24 1/0 

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 1/0 pins may be programmed in sets of 4 to be input or output. In Mode 1, 

the second mode, each group may be programmed to have 8 lines of input or output. Of the remaining four pir.s three are 

used for handshaking and interrupt control signals. The third mode of operation (Mode 2) is a Bi-directional Bus mode 

which uses 8 lines for a bi-directional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the 8255A 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 

CS CHIP SELECT 

RD READ INPUT 

WR WRITE INPUT 

AO,A1 PORT ADDRESS 

PA7-PAO PORT A (BIT) 

P87-P80 PORT B lBIT) 

PC7·PCO PORT C (BIT) 

Vee +5 VOLTS 

GND 11VOLTS 

05---o ,,. __ _ 
CONTROL 

•.---LOGIC 

•,---
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8255A 

8255 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8255 is a Programmable Peripheral Interface (PPI) de
vice designed for use in 8080 Microcomputer Systems. Its 
function is that of a general purpose 1/0 component to inter
face peripheral equipment to the 8080 system bus. The 
functional configuration of the 8255 is programmed by the 
system software so that normally no external logic is nec
essary to interface peripheral devices or structures. 

Data Bus Buffer 

This 3-state, bi-directional, eight bit buffer is used to inter
face the 8255 to the 8080 system data bus. Data is trans
mitted or received by the buffer upon execution of INput 
or OUTput instructions by the 8080 CPU. Control Words 
and Status information are also transferred through the Data 
Bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the 8080 CPU Address and 
Control busses and in turn, issues commands to both of the 
Control Groups. 

(CS) 

Chip Select: A "low" on this input pin enables the com
munication between the 8255 and the 8080 CPU. 

8255 Block Diagram 

(RD) 

Read: A "low" on this input pin enables the 8255 to send 
the Data or Status information to the 8080 CPU on the 
Data Bus. In essence, it allows the 8080 CPU to "read from" 
the 8255. 

(WR) 

Write: A "low" on this input pin enables the 8080 CPU to 
write Data or Control words into the 8255. 

(Ao and A,) 

Port Select 0 and Port Select 1: These input signals, in con
junction with the RD and WR inputs, control the selection of 
one of the three ports or the Control Word Register. They 
are normally connected to the least significant bits of the 
Address Bus (A 0 and A1 ). 

8255 BASIC OPERATION 

Ai Ao RD WR cs INPUT OPERATION (READ) 

0 0 0 1 0 PORT A= DATA BUS 
0 1 0 1 0 PORT B =DATA BUS 
1 0 0 1 0 PORT C =DATA BUS 

OUTPUT OPERATION 
(WRITE) 

0 0 1 0 0 DATA BUS= PORT A 
0 1 1 0 0 DATA BUS= PORT B 
1 0 1 0 0 DATA BUS= PORT C 
1 1 1 0 0 DATA BUS= CONTROL 

DISABLE FUNCTION 
x x x x 1 DATA BUS= 3-STATE 
1 1 0 1 0 ILLEGAL CONDITION 

x x 1 1 0 DATA BUS=3-STATE 
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(RESET) 

Reset: A "high" on this input clears all internal registers in

cluding the Control Register and all ports (A, B, C) are set 

to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is programmed 

by the systems software. In essence, the 8080 CPU "out

puts" a control word to the 8255. The control word con

tains information such as "mode", "bit set", "bit reset" 

etc. that initializes the functional configuration of the 8255. 

Each of the Control blocks (Group A and Group B) accepts 

"commands" from the Read/Write Control Logic, receives 

"control words" from the internal data bus and issues the 

proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7-C4) 

Control Group B - Port Band Port Clower (C3-CO) 

The Control Word Register can Only be written into. No 

Read operation of the Control Word Register is allowed. 

8255 BLOCK DIAGRAM 

Ports A, B, and C 

The 8255 contains three 8-bit ports (A, B, and C). All can 

be configured in a wide variety of functional characteristics 

by the system software but each has its own special features 

or "personality" to further enhance the power and flexi

bility of the 8255. 

Port A: One 8-bit data output latch/buffer and one 8-bit 

data input latch. 

Port B: One 8-bit data input/output latch/buffer and one 

8-bit data input buffer. 

Port C: One 8-bit data output latch/buffer and one 8-bit 

data input buffer (no latch for input). This port can be di

vided into two 4-bit ports under the mode control. Each 4-

bit port contains a 4-bit latch and it can be used for the 

control signal outputs and status signal inputs in conjunc

tion with Ports A and B. 

PIN CONFIGURATION 

PA4 

PA2 PAS 

PA1 PA6 

PA7 

WR 

RESET 

GND o, 
o, 
o, 
o, 
o, 

PC5 o, 
PC4 o, 

0, 
vcc 
P87 

PB6 

PBO PBS 

PB4 

PB3 

PIN NAMES 
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8255 DETAILED OPERATIONAL DESCRIPTION 

Mode Selection 

There are three basic modes of operation that can be select
ed by the system software: 

Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-Directional Bus 

When the RESET input goes "high" all ports will be set to 
the Input mode (i.e., all 24 lines will be in the high im
pedance state). After the RESET is removed the 8255 can 
remain in the Input mode with no additional initialization 
required. During the execution of the system program any 
of the other modes may be selected using a single OUTput 
instruction. This allows a single 8255 to service a variety of 
peripheral devices with a simple software maintenance rou
tine. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in
cluding the status flip-flops, will be reset whenever the 
iiiOdeiseiiangecr'liiiodes may be combined so that their 
functional definition can be "tailored" to almost any 1/0 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 

MODEO 

PB7 -PB0 PC3-Pc0 PC7 -PC4 PA7 -PA0 

MODE 1-.{ B A f 

:tQ?o ! 11 ! l 11 ! ~o 
PB7 -PB0 CONTROL CONTROL PA7-PAcJ 

OR 1/0 OR 1/0 

MODE2 -f B 

:§o l !t I 
A f 

l l I l ~I-DIRECTIONAL 
PB7·PB0 1/0 PA7 -PA0 

CONTROL 

Basic Mode Definitions and Bus Interface 

CONTROL WORD 

l D, l D, D51 D4 l D3 l D2 l Dj D0 J 
w 

L GROUP B ~ 
PORT C (LOWER) 

~1 1 =INPUT 
0 =OUTPUT 

PORT 8 
1 =INPUT 
O"' OUTPUT 

MODE SELECTION 
0 =MODE 0 
1=MODE1 

L GROUP A \ 
PORT C (UPPER) 
1 =INPUT 
0 =OUTPUT 

PORT A 
1 =INPUT 
O= OUTPUT 

MODE SELECTION 
00= MODE 0 
01=MODE1 
1X=MODE2 

MODE SET FLAG 
1 "ACTIVE 

Mode Definition Format 

The Mode definitions and possible Mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical 1/0 approach 
will surface. The design of the 8255 has taken into account 
things such as efficient PC board layout, control signal defi
nition vs PC layout and complete functional flexibility to 
support almost any peripheral device with no external logic. 
Such design represents the maximum use of the available 
pins. 

Single Bit Set/Reset Feature 
Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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o, 

CONTROL WORD 

I 
DON'T 
CARE 

Bit Set/Reset Format 

Operating Modes 
Mode 0 (Basic Input/Output) 

BIT SET/RESET 
1 =SET 
0 =RESET 

BIT SET /RESET FLAG 
0 =ACTIVE 

This functional configuration provides simple Input and 
Output operations for each of the three ports. No "hand
shaking" is required, data is simply written to or read from 
a specified port. 

D7·Do------- - - -- --

Mode 0 (Basic Input) 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op
eration just as if they were data output ports. 

Interrupt Control Functions 
When the 8255 is programmed to operate in Mode 1 or 
Mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the Bit set/reset function of Port C. 

This function allows the Programmer to disallow or allow a 
specific 1/0 device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 

Mode 0 Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 
• Any port can be input or output. 
• Outputs are latched. 
• Inputs are not latched. 
• 16 different Input/Output configurations are possible 

in this Mode. 

---------------~ ~-----'ww-------+<~---------------

•ow -----'wo 

t+------••w-----~ 

CS, A1, AO 

OUTPUT L~~-
Mode 0 (Basic Output) 
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MODE 0 PORT DEFINITION CHART 

A B 

04 03 o, Do 

0 0 0 0 
0 0 0 1 

0 0 1 0 
0 0 1 1 
0 1 0 0 

0 1 0 1 
0 1 1 0 

0 1 1 1' 
1 0 0 0 
1 0 0 1 

1 0 1 0 

1 0 1 1 
1 1 0 0 

1 1 0 1 

1 1 1 0 
1 1 1 1 

MODE 0 CONFIGURATIONS 

CONTROL WORD #0 

0, Ds Ds D4 D, D, D, Do 

I 1 I 0 I 0 I 0 I 0 I 0 I • I • I 
A 8 

8255 

4 

c{ 
Dr Do 

4 

8 _;_8 

CONTROL WORD #1 

D, Ds Ds D, D, D, D, Do 

l 1 l·l·l·l·l·I • I , I 
A 8 

8255 

4 

c{ 
Dr Do 

4 

8 
8 

8255A 

GROUP A GROUPB 

PORTC PORTC 
PORTA # PORTB 

(UPPER) (LOWER) 

OUTPUT OUTPUT 0 OUTPUT OUTPUT 
OUTPUT OUTPUT 1 OUTPUT INPUT 
OUTPUT OUTPUT 2 INPUT OUTPUT 
OUTPUT OUTPUT 3 INPUT INPUT 
OUTPUT INPUT 4 OUTPUT OUTPUT 
OUTPUT INPUT 5 OUTPUT INPUT 
OUTPUT INPUT 6 INPUT OUTPUT 
OUTPUT INPUT 7 INPUT INPUT 
INPUT OUTPUT 8 OUTPUT OUTPUT 
INPUT OUTPUT 9 OUTPUT INPUT 
INPUT OUTPUT 10 INPUT OUTPUT 
INPUT OUTPUT 11 INPUT INPUT 
INPUT INPUT 12 OUTPUT OUTPUT 
INPUT INPUT 13 OUTPUT INPUT 
INPUT INPUT 14 INPUT OUTPUT 
INPUT INPUT 15 INPUT INPUT 

CONTROL WOAD #2 

D, D. Ds D4 D, D, D, Do 

I 1 I 0 I 0 I 0 I 0 I 0 I 1 I · I 
PA7-PA0 A 

8255 

PC7-PC4 

c{ 
D7·Do 

PC3-Pc0 

PO,-PBo 8 

CONTROL WORD #3 

D, D, Ds D, D, D, D, Do 

l 1 l 0 l 0 l 0 l 0 ! 0 l 1 I, I 
PA7-PAo A 

8255 

PC-,-•c, 

c{ 
D7-Do 

PC3-PC0 

PO,-PB0 8 

10-175 

8 

4 

4 

-8 

8 
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PA7-PAo 

PC-,-PC4 

PC3-PC0 

PO,-PBo 

PA7-PAo 

PC-,-PC, 

PC3-PC0 

PB,-•·· 

All -



8255A 

CONTROL WOAD #4 CONTROL WORD .i:8 

o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

I 1 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I I , I 0 I 0 I , I " I " I 0 I " I 

A 
8 

PA7-PAcJ A 
8 

PA7 -PA0 

8255 8255 

4 
PC,-PC4 

4 PC7-PC4 

c{ c{ Dr Do D7·Do 

4 
PC3-PC0 

4 
PC3-PC0 

8 
PB7-Pe0 B 7 

8 
B PB7-PB0 

CONTROL WORD #5 CONTROL WORD #9 

o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

I 1 I 0 I 0 I 0 I 1 I 0 I • I , I 1 , I • I • I , I • I • I 0 I 1 I 
8 

PA7-PAo A 
8 

PA7 -PA, A 

8255 8255 

4 
PC7-PC4 

4 
PC7-PC4 c{ c{ D7-Do 07-Do 

4 
PC3-Pc0 

_L4 PC3-PC0 

B 
_J_B PB7-PB0 B 

8 
PB7-PB0 

CONTROL WORD #6 CONTROL WORD .i:10 

o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

I 1 I 0 I 0 I 0 I 1 I 0 I 1 I • I I 1 I 0 I 0 I ' I 0 I 0 I ' I 0 I 

ll . 

8 
PA7-PAiJ A 

8 
A PA7-PA0 

8255 8255 

4 4 
PC7-PC4 c{ PCrPC4 c{ D7-Do D7·Do 

4 
PC3-Pc0 

_j_. 
PC3-PC0 

B 
8 8 

PB7 -PB0 B PBrPBo 

CONTROL WORD #7 CONTROL WORD #11 

o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

I ' I 0 I 0 I 0 I 1 I 0 I ' I· I I 1 I • I • I ' I • I • I ' I ' I 

A 
8 8 

PA,-PA, PA7-PAo A 

8255 8255 

4 
PCrPC4 

4 
PC7-PC4 c{ c{ Dr Do D7·Do 

4 4 
PC3-PC0 PC3-PC0 

B 
8 

PB7-PB0 
8 

B PB7-PB0 
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CONTROL WORD oi-12 

07 06 D5 D4 03 D2 D1 Do 

I I I I I I I 0 I 0 I 
8 

A 

8255 

c{ 
_L4 

_L 4 

8 
B 

CONTROL WORD ;t-13 

D7 0 6 0 5 D4 0 3 D2 D1 0 0 

I I I I I I I I I 
8 

A 

8255 
4 

c{ 
4 

8 
B 

Operating Modes 

Mode 1 (Strobed Input/Output) 

This functional configuration provides a means for trans
ferring 1/0 data to or from a specified port in conjunction 
with strobes or "handshaking" signals. In Mode 1, Port A 
and Port B use the I ines on Port C to generate or accept 
these "handshaking" signals. 

10-177 

CONTROL WORD #14 

D7 0 6 0 5 0 4 0 3 0 2 0 1 o0 

8 
A 

8255 

c{ 
_L 4 

4 

8 
B 

CONTROL WORD #15 

D7 0 6 0 5 D4 0 3 D2 D1 0 0 

I I I I I I I , I, I 
A 

8 

8255 

4 

c{ 
4 

B 
B -r 

Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 
• Each group contains one 8-bit data port and one 4-bit 

control/data port. 
• The 8-bit data port can be either input or output. 

Both inputs and outputs are latched. 
• The 4-bit port is used for control and status of the 

8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one" and INTE is a "one". 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 

IBF 

INTR 

INTE A 

Control led by bit set/reset of PC 4. 

INTE B 

Controlled by bit set/reset of PC2. 

INPUT FROM _ - -
PERIPHERAL 

Mode 1 (Strobed Input) 
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CONTROL WORD 

RD-

MODE 1 (PORT 8) 

Mode 1 Input 
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Output Control Signal Definition 

OBF (Output Buffer Full F/F) 

The OBF output will go "low" to indicate that the CPU has 
written data out to the specified port. The OBF F/F will be 
set by the rising edge of the WR input and reset by ACK 
input being low. 

ACK (Acknowledge Input) 

A "low" on this input informs the 8255 that the data from 
Port A or Port B has been accepted. In essence, a response 
from the peripheral device indicating that it has received 
the data output by the CPU. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an output device has accepted data transmitted by the 
CPU. INTR is set by ACK is a "one", OBF is a "one" 
and I NTE is a "one". It is reset by the falling edge 
of WR. 

INTEA 

Controlled by bit set/reset of PCs. 

INTEB 

Controlled by bit set/reset of PC 2· 

-twoe 

INTA 

OUTPUT 

Mode 1 (Strobed Output) 
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CONTROL WORD 

CONTROL WORD 

Mode 1 Output 

WR-

WR-

MODE 1 (PORT Al 

PA,-PAo 8 

r--., 
I INTE 1 
I A I PCs - ACKA 

__ J 

MOOE 1 (PORT 8) 

r- - , 
1 INTE I 
I B I __ J 

PS.,-PB0 8 

INTR8 

• -
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Combinations of Mode 1 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed 1/0 
applications. 

PA7-PA0 

RD- PC4 STBA 

PC5 IBFA 
CONTROL WORD 

PC3 INTRA 

2 
Pc.,, -f-- 110 

PC6.7 

1 =INPUT 
0 =OUTPUT 

WR- PC 1 

PC 2 -ACK8 

Operating Modes 

POAT A - {STROBED INPUT) 
PORT B - (STROBED OUTPUT) 

Mode 2 (Strobed Bi-Directional Bus 1/0) 

INTR8 

This functional configuration provides a means for com
municating with a peripheral device or structure on a single 
8-bit bus for both transmitting and receiving data (bi-direc
tional bus 1/0). "Handshaking" signals are provided to main
tain proper bus flow discipline in a similar manner to Mode 
1. Interrupt generation and enable/disable functions are 
also available. 

Mode 2 Basic Functional Definitions: 
• Used in Group A only. 
• One 8-bit, bi-directional bus Port (Port A) and a 5-bit 

control Port (Port Cl. 
• Both inputs and outputs are latched. 
• The 5-bit control port (Port C) is used for control 

and status for the 8-bit, bi-directional bus port (Port 
A). 

Bi-Directional Bus 1/0 Control Signal Definition 

INTR (Interrupt Request) 

A high on this output can be used to interrupt the CPU for 
both input or output operations. 

WR-

CONTROL WORD 

D7 D6 0 5 0 4 0 3 D2 D1 0 0 

1 0 1 0 1/0 1 

PC7 

PC3 

2 
PC4.5 -f-- 1/0 

PC4.5 

1 =INPUT 
0 =-OUTPUT 

RD-

PC1 

PORT A - (STROBED OUTPUT) 
PORT B - (STROBEO INPUT) 

Output Operations 

OBF (Output Buffer Full) 

The OBF output will go "low" to indicate that the CPU has 
written data out to Port A. 

ACK (Acknowledge) 

A "low" on this input enables the tri-state output buffer of 
Port A to send out the data. Otherwise, the output buffer 
will be in the high-impedance state. 

INTE 1 (The INTE Flip-Flop associated with OBF) 

Controlled by bit set/reset of PC6. 

Input Operations 

STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on th is output indicates that data has been loaded 
into the input latch. 

INTE 2 (The INTE Flip-Flop associated with IBF) 

Controlled by bit set/reset of PC 4 . 
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CONTROL WORD 

Mode 2 Control Word 

PC2-0 

1 =INPUT 
O=OUTPUT 

~---~PORTB 

1 =INPUT 
O= OUTPUT 

~----- GROUP B MODE 
O=MODEO 
1=MODE1 

/ 

DATA FROM 
/; 8080 TO 8255 

8255A 

WR-

3 

RD- PC2-0 -+-110 

Mode 2 

l-tAoe---1 Al----<&-------

INTR 
I 

\ 
--------------..... -------------T--.;-tAK--:t-.:::,_ ___ ...., _______ _ 

. / 

- 1s1-I 

!BF 

PERIPHERAL _________ _ 

BUS 

. I 

--hol1'-~-..---I_'"_,", - - - - -J: :.~ 
-1''" _____________ _,, _____________ ...,_ ___ ......,.._ ____ ..,. 

Mode 2 (Bi-directional) 

DATA FROM 
PERIPHERAL TO 8255 

DATA FROM 
8255 TO PERIPHERAL 

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 

(INTR = IBF • MASK • STB •RD+ OBF • MASK • ACK •WR ) 
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MODE 2 AND MODE 0 (INPUT) 

PC3 >---~· ... INTRA 

CONTROL WORD PC6 -ACKA 

07 0 6 05 0 4 0 3 D2 D1 0 0 

I , 1, txM><J o I jol 
PCz-0 
1 =INPUT 
0 =OUTPUT 

RD-

WR-

MODE 2 AND MODE 1 (OUTPUT) 

PC31---- INTRA 

CONTROL WORD 

07 D6 0 5 0 4 0 3 D2 0 1 0 0 

l1i1W>¢<J1ior><J 

RO---~ 

WR----Q PC0 1---- INTR9 

Mode 2 Combinations 

8255A 
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MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD 

07 Ds 05 D4 D3 D2 o, Do 

I , I ' N><D<J o I o:sl 
PCz-0 
1 "'INPUT 
O=OUTPUT 

RD-

WR-

PC3 I---- INTRA 

PC,1-----

MODE 2 AND MODE 1 (INPUT) 

CONTROL WORD 

PC51----- IBFA 

RD- PC1 1---- IBF9 

WR- PCo I---- INTRs 



8255A 

MODE DEFINITION SUMMARY TABLE 

MODEO MODE1 MODE 2 
IN OUT IN 

PAo IN OUT IN 
PA1 IN OUT IN 
PA2 IN OUT IN 
PA3 IN OUT IN 
PA4 IN OUT IN 
PA5 IN OUT IN 
PAs IN OUT IN 
PA7 IN OUT IN 

PBo IN OUT IN 
PB1 IN OUT IN 
PB2 IN OUT IN 
PB3 IN OUT IN 
PB4 IN OUT IN 
PB5 IN OUT IN 
PBs IN OUT IN 
PB7 IN OUT IN 

PCo IN OUT INTRs 
PC1 IN OUT IBFs 
PC2 IN OUT STBs 
PC3 IN OUT INTRA 
PC4 IN OUT STBA 
PC5 IN OUT IBFA 
PCs IN OUT 1/0 

PC7 IN OUT 1/0 

Special Mode Combination Considerations 

There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs -
All input lines can be accessed during a normal Port C 
read. 

If Programmed as Outputs -
Bits in C upper (PCrPC4) must be individually accessed 
using the bit set/reset function. 

Bits in C lower (PC3-PC0 ) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port Band Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source lmA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

Reading Port C Status 
In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

INTRs 
OBFs 
AC Ks 
INTRA 

1/0 

1/0 

ACKA 
OBFA 

GROUP A ONLY 

... • ... • .. ... .. .... .. • ... • ... ... .. ... 
--
--
--
--
--
--
--

--

1/0 

1/0 

1/0 

INTRA 

STBA 
IBFA 

ACKA 
OBFA 

MOOED 
OR MODE 1 
ONLY 

allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 

o, o, 

1/0 1/0 

o, o, 

INPUT CONFIGURATION 

D5 D4 03 Dz 

GROUP A 

OUTPUT CONFIGURATION 

D5 D4 D3 Dz 

GROUP A 

Mode 1 Status Word Format 

0 1 0 0 

IBFs INTRs 

GROUP B 

o, Do 

GROUP B 

GROUP A --~------------GROUP B 

(DEFINED BY MODE 0 OR MODE 1 SELECT!ON) 

Mode 2 Status Word Format 
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APPLICATIONS OF THE 8255 

The 8255 is a very powerful tool for interfacing peripheral 
equipment to the 8080 microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any 1/0 device without the need for ad
ditional external logic. 

Each peripheral device in a Microcomputer system usually 
has a "service routine" associated with it. The routine man
ages the software interface between the device and the CPU. 
The functional definition of the 8255 is programmed by the 
1/0 service routine and becomes an extension of the sys

tems software. By examining the 1/0 devices interface char
acteristics for both data transfer and timing, and matching 
this information to the examples and tables in the Detailed 
Operational Description, a control word can easily be de
veloped to initialize the 8255 to exactly "fit" the applica
tion. Here are a few examples of typical applications of the 
8255. 

INTERRUPT 
REQUEST 

Pc, I PAo 
PA1 

PA2 

::: 
MODE 1 PAs 

(OUTPUT) PAs 

8255 

MODE1 
(OUTPUT) 

INTERRUPT 
REQUEST 

PA7 

PC7 

~
' PC6 

PC5 

PC4 

Printer Interface 

DATA READY 

ACK 

PAPER FEED 

FORWARD/REV 

DATA READY 

ACK 

CONTROL LOGIC AND DRIVERS 

HIGH-SPEED 
PRINTER 

HAMMER 
RELAYS 

INTERRUPT 
REOUE 

ST-=i 

PC3 

8255 

MODE 1 
{INPUT) 

PA0 

PA1 

PA2 

PA3 

PA4 

PA5 

PA6 

PA7 

PC4 

PC5 ,_ 

1•B, 
PB1 

! PB2 

PB3 

PB4 

I 
PB5 

MODEl 
PB6 

{OUTPUT) l 
PB7 

I 

' PC1 

I 
I 

PC 2 

I PCs 

PC0 lfC1 

UP~ INTER A 
REQUEST 

Keyboard and Display Interface 

INTERRUPT 
REQU 

EST-=i 

~ ,,~ 
PA1 

PA2 

MODE 1 PA3 

(INPUT) PA4 

! PA5 

8255 I 
PA6 

i 
PA7 

I 

PC4 

PC 5 

PC6 

L PC7 

r----r~ 
PB1 

i PB2 

.oo .. r (INPUT) pg4 

PB5 

PB6 

PB7 

Ro 

R, 

R, FULLY 

R3 
DECODED 

KEYBOARD 
R, 

Rs 

SHIFT 

CONTROL 

STROBE 

ACK 

Bo 

B, 

B, 
BURROUGHS 
SELF-SCAN 

B3 DISPLAY 

B, 

Bs 

BACKSPACE 

CLEAR 

DATA READY 

ACK 

BLANKING 

CANCEL WORD 

Ro 

R, 

R, 

R3 
FULLY 

DECODED 

R, KEYBOARD 

Rs 

SHIFT 

CONTROL 

STROBE 

ACKNOWLEDGE 

BUSY LT 

TEST LT 

- 'o--j t----"-t--< -- 'o-t--< --'o-t--< -- 'o-t--< -- 0--- t--< l>---j 
--

0-

-'-

Keyboard and Terminal Address Interface 
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PA0 LSB 

PA1 

PA2 

PA3 

PA4 

MODE 0 PA5 t----
(OUTPUT) PA6 12-BIT 

8255A 

INTERRUPT 
REOUE 

ST:J 

PC3 

MODE2 

1 PAo Do 

PA1 D, 

PA2 D, 

PA3 DJ FLOPPY DISK 

PA4 D, 
CONTROLLER 

AND DRIVE 
PAs Ds 

PA7 
D-A I-- ANALOG OUTPUT 

PA5 D, 

CONVERTER 
PC4 IDACJ 

PC5 

8255 
PC6 

PC7 MSB 

l~ 
STB DATA 

PC1 OUTPUT EN 

BIT 

SET/RESET 
PC2 SAMPLE EN 

PC3 STB 

. 
PB0 LSB 

PB1 
8-BIT 
A-D 

PB2 CONVERTER 

~~~~T~ ~ 
PB3 

(ADC) 

PB4 

PB5 

PB6 

PB7 MSB 

Digital to Analog, Analog to Digital 

INTERRUPT 

REQUEST~ 

PC3 I PAo Ro 

--- ANALOG INPUT 

I PA, 1-------i "• CRT CONTROLLER 

! PA2 R2 • CHARACTER GEN. 

I PA3 R3 

II PA4 R4 

PA5 R5 

MODE 1 . PA6 SHIFT 

(OUTPUT)____, PA7 CONTROL 

• REFRESH BUFFER 

• CURSOR CONTROL 

PC 7 0----~~1 DATA READY 

PC 6 ACK 

8255 

I 
PC5 BLANKED 

Lpc4 BLACK/WHITE 

IPC ROW STB 

PC~ 0-----~I COLUMN STB 

PC0 CURSOR H/V STB 

I PB, t----~~·I ' 
MODE 0 ~ PB1 

(OUTPUT) : PB2 t----~~1 

PB3 t----~~1 

PB4 l----~~1 

I 
PB5 

PB6 1----~~I 

CURSOR/ROW/COLUMN 
r--- ADDRESS 

H&V 

PA7 

PC4 

PCs 

PC7 

PC6 

8255 

PC2 

PC0 

PC1 

I~ PB1 

PB2 

MODE 0 PB3 

(OUTPUT) P84 

PB5 

lPBs 
PB7 

Basic Floppy Disc Interface 

INTERRUPT 
REOUES 

T_=J 

PC3 

MODE 1 
(INPUT) 

8255 

MODE 0 
(INPUT) 

MODE 0 
(OUTPUT) 

PA0 -~ 

PA1 

PA2 

PA3 

PA4 

PA5 

PA6 

PA7 

PC4 

PC5 

PC6 

[Co PC1 

PC2 

PB0 

1 PB1 

PB2 

PB3 

PB4 

PB5 

D, 

DATA STB 

ACK (IN) 

DATA READY 

ACK !OUT) 

TRACK "O" SENSOR 

SYNC READY 

INDEX 

ENGAGE HEAD 

FORWARD/REV. 

READ ENABLE 

WAITE ENABLE 

DISC SELECT 

ENABLE CRC 

TEST 

BUSY LT 

Ro 

R, 

R, 8 LEVEL 
PAPER 

R3 TAPE 

R, 
READER 

Rs 

Ro 

R, 

-
STB 

ACK 

STOP/GO 

MACHINE TOOL 

START/STOP 

LIMIT SENSOR (HIV) 

OUT OF FLUID 

CHANGE TOOL 

LEFT/RIGHT 

UP/DOWN 

HOR. STEP STROBE 

VERT. STEP STROBE 

SLEW/STEP 

PB6 ... FLUID ENABLE 

'-~~~...-L-P_B7_!-----~I._~~~~~~~~~~~~~ PB7 i---- EMERGENCY STOP 

Basic CRT Controller Interface Machine Tool Controller Interface 
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8255A 

[ SYSTEM BUS (D, A, AND C) l ,,. 7' 7' 

,--- !----- ---- ----, ,--- -,-- - ---, 

I I I I 
I ~ "2 "2 i I 'v 

I 'v 
I 

I I I I I 
I 8080 

MEMORY I I 8255 I 8255 I 
ROM AND 8255 

I 
CPU RAM I 

MODE2 
I 

MODE2 I 
I I 

I I I A I } A 
I I I I 

I I I I I 
I I I I I 

I 
I MASTER CPU ' 7 I I 'J I 7 I 
I MASTER I I I 

I 
I 1/0 I I I 8080 I 8080 

I I CPU CPU I 
L-----------------~ 

I I I 
I I I 
I MEMORY I MEMORY I 
I I I 
I 

I I 
I I I 1/0 I 1/0 

I I I 
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8255A 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... 0°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 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 = 0°C to 70°C, Vee= +5V ±5%; GND = OV 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

Vil Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 
loL(DB) Output Low Current (Data Bus) 2.5 mA Vol= 0.45V 

lol(PER) Output Low Current (Peripheral Port) 1.7 mA Vol= 0.45V 

loH(DB) Output High Current (Data Bus) -400 µA VoH = 2.4V 

loH(PER) Output High Current (Peripheral Port) -200 µA VoH = 2.4V 

loAR[l] Darlington Drive Current -1.0 -4.0 mA REXT = 750r2; VEXT = 1.5V 

Ice Power Supply Current 120 mA 

l1l Input Leakage 10 µA V1N =Vee 

IQFl Output Float Leakage 10 µA VouT = GND + 0.45, Vee 

Note: 1. Adaptable on any 8 pins from Ports Band C. 

CAPACITANCE TA = 25°C; Vee= GND = ov 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS 

C1N Input Capacitance 10 pF fc=1MHz 

C1J0 1/0 Capacitance 20 pF Unmeasured pins returned to G N 

TEST LOAD CIRCUIT (FOR DB) 

r=:i________::o~!______,.. 
~ ---- - l-. __ :vv ----------...,, Vexr* 

I 100pF 

* VEXT IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE SPECIFICATION. 
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8255A 

A.C. CHARACTERISTICS TA= 0°c to 10°c; Vee= +5V ±5%; GND = ov 

BUS PARAMETERS: 

READ: 

SYMBOL PARAMETER MIN. MAX. 

tAR Address Stable Before READ 0 

tRA Address Stable After READ 0 

tRR READ Pulse Width 300 

tRo Data Valid From READ 250 

toF Data Float After READ 150 

10 

tRv Time Between READS and/or WRITES 850 

WRITE: 

tAw Address Stable Before WRITE 0 

twA Address Stable After WRITE 20 

tww WRITE Pulse Width 400 

tow Data Valid To WRITE (T.E.) 100 

two Data Valid After WRITE 30 

OTHER TIMINGS: 

tws WR=1 To Output 350 

t1R Peripheral Data Before RD 0 

tHR Peripheral Data After RD 0 

tAK ACK Pulse Width 300 

tST STB Pulse Width 500 

tps Per. Data Before T.E. Of STB 0 

tpH Per. Data After T. E. Of STB 180 

tAo ACK=O To Output 400 

tKo ACK=1 To Output Float 250 

20 

twos WR=1 To OBF=O 650 

tAQB ACK=O To OBF=1 350 

ts1s STB=O To IBF=1 300 

tRIB RD=1 To IBF=O 300 

tRIT RD=O To INTR=O 400 

ts IT STB=1 To INTR=1 300 

tAIT ACK=1 To INTR=1 350 

tw1T WR=O To I NTR=O 850 

Note: Period of Reset pulse must be at least 50µs during or after power on. 
Subsequent Reset pulse can be 500 ns min. 
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UNIT TEST CONDITIONS 

ns 

ns 

ns 

ns CL= 100 pF 

ns CL= 100 pF 

ns CL= 15pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns CL= 100 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns CL= 100pF 

ns CL=100pF 

CL= 15pF 

ns CL= 100 pF 

ns CL=100pF 

ns CL= 100 pF 

ns CL= 100 pF 

ns CL= 100 pF 

ns CL= 100 pF 

ns CL= 100 pF 

ns CL= 100 pF 



8255A 

-----------------. !~---- tRR -----1 r----------------

INPUT 

CS, A1, AO 

O,-O,---------~-tRO 11 >--• •• ~r---

Mode 0 (Basic Input) 

--------------~'4-------<ww---
WR 

'ow -----two 

- ------tAw·------< -----'wA-----

CS, Al, AO 

OUTPUT 

Mode 0 (Basic Output) 
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IBF 

INTR 

INPUT FROM - _ -
PERIPHERAL 

Mode 1 (Strobed Input) 

l 
ll 

INTR 

OUTPUT 

Mode 1 (Strobed Output) 

8255A 
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DATA FROM A 8080 TO 8255 

---....-'-.J 

8255A 

1--tAOB---------. ,&----+-------

I INTR 

-------------~l~tAK---:k-J __ \,___ __ _ 

-tsr-

IBF 

PERIPHERAL _________ _ 

BUS - tAoi>j----,----i-t-K-D#'• - - -= i~ ~.: 

Mode 2 (Bi-directional) 

DATA FROM 
PERIPHERAL TO 8255 

DATA FROM 
8255 TO PERIPHERAL 

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF • MASK • STB • RD+ OBF • MASK • ACK• WR ) 
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M8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 

• 24 Programmable 1/0 Pins 
• Completely TTL Compatible 
• Fully Compatible with MCS'"-80 

Microprocessor Family 
• Full Military Temperature Range 

-55°C to +125°C 

• Direct Bit Set/Reset Capability Easing 
Control Application Interface 

• 40 Pin Dual In-Line Package 
• Reduces System Package Count 
• ±10% Power Supply Tolerance 

The M8255A is a general purpose programmable 1/0 device designed for use with microprocessors. It has 24 1/0 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 1/0 pins may be programmed in sets of 4 to be input or output. In 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 Bi-directional Bus mode which uses 8 

lines for a bi-directional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the M8255A 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 M8255A BLOCK DIAGRAM 

PIN NAMES A,---

~---~----------

D7-Do DATA BUS (Bl-DIR~~IONAL) 

L RESET RESET INPUT 

~=~=~=:~=·~====~===~=~=::=:~=:=====--~ Vee +5 VOL TS 

GND P'VOLTS 
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M8255A !:c~!:~t~IJ/11 ~AR~ 
pa1 a111etnc limits a "b! specrr1cat1on. Som 

re su /ect to change. e 
*cOMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ..... -55°C to +125°C 
Storage Temperature .............. -65°C to +150°C 
Voltage On Any P'1n 

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

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= -55°C to +125°C;Vcc = +5V ±10%; GND = ov 
Symbol Parameter Min. Typ. Max. Unit Test Conditions ---r--------- ---- -------+------+--- --· ---- -------t-----·------------V1L Input Low Voltage -.5 .8 v 
V1H Input High Voltage 2.0 Vee v 
Vol Output Low Voltage .45 V loL=1.7mA 

VoH Output High Voltage 2.4 V loH = -50µA (-100µA for D.B. Port) 
loH[l] Darlington Drive Current 1.0 4.0 mA VoH= 1.5V, REXT = 750.11 
Ice Power Supply Current 120 mA 

l1L In put Leakage 10 µA V1N =Vee 

lloFd Output Float Leakage 10 µA VouT = 0.45V !Vee 

NOTE: 
1. Available on 8 pins only. 

A.C. CHARACTERISTICS TA= -55°C to +125°C, Vee= +5V ±10%; GND = OV 

Symbol Parameter Min. Typ. Max. Unit Test Condition 
twp Pulse Width of WR 400 ns 

-
tow Time D.B. Stable Before WR 50 ns 

two Time D.B. Stable After WR 35 ns 
--

tAw Time Address Stable Before WR 20 ns 
-

twA Time Address Stable After WR 20 ns 
-

tcw Time CS Stable Before WR 20 ns 
-

twc Time CS Stable After WR 35 ns 
-

tws Delay From WR To Output 500 ns CL= 50pF 
-

tRP Pulse Width of RD 405 ns 
-

t1R RD Set-Up Time 0 ns 

tHR Input Hold Time 0 ns 

tRo Delay From RD = 0 To System Bus 295 ns CL= 100pF 
-

too Delay From RD= 1 To System Bus 10 150 ns CL= 15pF /100pF 
-

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 500 ns 

tps Set-Up Time For Peripheral 60 ns 

tpH Hold Time For Peripheral 180 ns 
-

tRA Hold Time for A 1, Ao After RD= 1 0 ns 
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A C CHARACTERISTICS (Continued 

1Rc Hold Time For CS After RD= 1 

tAo Time From ACK= 0 To Output (Mode 2) 

tKo Time From ACK= 1 To Output Floating 

two Time From WR= 1 To OBF = 0 

tAo Time From ACK= 0 To OBF = 1 

ts1 Time From STB = 0 To IBF = 1 

tR1 Time From RD= 1 To IBF = 0 

CAPACITANCE TA= 25°C, Vee= GND = OV 

Symbol Parameter 

C1N Input Capacitance 

C110 1/0 Capacitance 

TEST LOAD CIRCUIT: 

DATA FROM 
/ 8080 TO 8255 

Min. 

M8255A 

0 

20 

Typ. 

400 

300 

700 

450 

450 

360 

Max. 

10 

20 

ns 

ns CL= 50pF 

ns CL = 15pF /50pF 

re, o~f 
ns 

ns 

ns 

ns 

Unit Test Conditions 

pF fe = 1 MHz 

pF Unmeasured pins returned 

to GND 

b //t-== 
I '! 1 1!,,-'·0-t 

\ I \I l 
\ 1--'wo~f 

INTR \_\ ___ --J/1 I' 

------------------...-..,.-'AK-I,----------

;-1sr-· 

\..___--Jt/ 
I 

IBF 

----;.,----

PERIPHERAL _________ _ 

BUS 

Mode 2 (Bi-directional) 

DATA FROM 
PERIPHERAL TO 8255 
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8257 
PROGRAMMABLE OMA CONTROLLER 

Four Channel OMA Controller • Auto Load Mode 

Priority OMA Request Logic • Single TTL Clock 

Channel Inhibit Logic • Single +SV Supply 

Terminal Count and Modulo 128 • Expandable 
Outputs • 40 Pin Dual-In-Line Package 

The 8257 is a four-channel Direct Memory Access (OMA) controller. It is specifically designed to simplify the transfer of 
data at high speeds for the Intel Microcomputer Systems. Its primary function is to generate, upon a peripheral request, a 
sequential memory address which will allow the peripheral to read or write data directly to or from memory.Acquisition of 
the system bus is accomplished via the 8080's HOLD function. The 8257 has priority logic that resolves the peripherals 
requests and issues a composite HOLD request to the 8080. It maintains the OMA cycle count for each channel and outputs 
a control signal to notify the peripheral that the programmed number of OMA cycles is complete. Other output control 
signals simplify sectored data transfers and expansion to other 8257 devices for systems that require more than four 
channels of OMA controlled transfer. The 8257 represents a significant savings in component count for OMA-based 8080 
systems and greatly simplifies the transfer of data at high speed between peripherals and memories. 

PIN CONFIGURATION BLOCK DIAGRAM 

I/OR A, 

I/OW Ao 

MEMA As 

MEMW A, 

MARK TC 

READY A, 

HLDA A, 

ADDSTB A, 

AEN Ao 

HRO Vee 

cs Do 

CLK o, 
RESET o, 

DACK 2 o, 
DACK 3 o, 

DR03 DACK 0 

DRQ2 DACK 1 

ORO 1 Ds 
o. 

GND 0, 

PIN NAMES 

----

RESET RESET INPUT cs 
READY READY 

\k:c __ +5 VOLTS 
HRO HOLD REQUEST GND GROUND 

(TO BOSOAI 

HLDA HOLD ACKNOWLEDGE 
(FROM SOBOA) 
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8257 

These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output: 

(DRQ 0 - ORO 3) 

DMA Request: These are individual asynchronous chan
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 

(DACK 0 - DACK 3) 

DMA Acknowledge: An active low level on the acknowl
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. 

2. Data Bus Buffer 

This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the 8080 system data bus: 

(Do-D1) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the 8080 CPU, 
eight-bits of data for a DMA address register, a terminal 
count register or the Mode Set register are received on the 
data bus. When the 8080 CPU reads a DMA address 
register, a terminal count register or the Status register, 
the data is sent to the 8080 over the data bus. During DMA 
cycles (when the 8257 is the bus master), the 8257 will 
output the most significant eight-bits of the memory 
address (from one of the DMA address registers) to the 
8212 latch via the data bus. These address bits will be 
transferred at the beginning of the DMA cycle; the bus will 
then be released to handle the memory data transfer 
during the balance of the DMA cycle. 

BIT 15 

0 
0 

BIT 14 

0 
1 
0 

8257 BLOCK DIAGRAM 
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8257 BASIC FUNCTIONAL DESCRIPTION 

General 
The 8257 is a programmable, Direct Memory Access 
(OMA) device which, when coupled with a single Intel® 
8212 1/0 port device, provides a complete four-channel 
OMA controller for use in 8080 microcomputer systems. 
After being initialized by the 8080 program, the 8257 can 
transfer a block of data, containing up to 16,384 bytes, 
between memory and a peripheral device directly, without 
further intervention required of the CPU. Upon receiving a 
OMA transfer request from an enabled peripheral, the 
8257: 

• Acquires control of the system bus. 

• Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 

• Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A1. outputs 
the most significant eight bits of the memory address 
to the 8212 1/0 port via the data bus (the 8212 places 
these address bits on lines As-A1s. and 

• Generates the appropriate memory and 1/0 read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
OMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral {e.g., a sector of data on a 
floppy disk) in a single "burst''. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count {TC) output, informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) OMA read, which causes data to be transferred from 
memory to a peripheral; (2) OMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) OMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the OMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or 1/0 read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral's OMA 
request for each OMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC {Cyclic 
Redundancy Code) checkword. For example, a block of 
OMA verify cycles might follow a block of OMA read cycles 
{memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 

Block Diagram Description 
1. OMA Channels 

The 8257 provides four separate OMA channels {labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a OMA address register, and (2) a termi
nal count register. Both registers must be initialized 
before a channel is enabled. The OMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of OMA 
cycles minus one before the Terminal Count {TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first OMA cycle for 
that channel. In general, if N =the number of desired OMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of OMA operation 
for that channel: 

8257 BLOCK DIAGRAM 

10-197 

'-' ll 



~ 
ll 

8257 

3. Read/Write Logic 

When the 8080 CPU is programming or reading one of the 
8257's registers {i.e., when the 8257 is a "slave" device on 
the 8080 system bus), the Read/Write Logic accepts the 
1/0 Read {I/OR) or 1/0 Write {I/OW) signal from the 8228 

System Controller chip {if Chip Select, CS is true), 

decodes the least significant four address bits, {Ao-Ai). 
and either writes the contents of the data bus into the 

addressed register {if I/OW is true) or places the contents 
of the addressed register onto the data bus {if I/OR is true). 

During DMA cycles {i.e., when the 8257 is the bus 
"master"), the Read/Write Logic generates the 1/0 read 

and memory write {DMA write cycle) or 1/0 Write and 

memory read {DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 

DMA cycle. 

Note that during DMA transfers Non-DMA 1/0 devices 
should be de-selected {disabled) using "AEN" signal to 
inhibit 1/0 device decoding of the memory address as an 
erroneous device address. 

(I/OR) 

1/0 Read: An active-low, bi-directional three-state line. In 

the "slave" mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 

address register or terminal count register to be read. In 
the "master" mode, I/OR is a control output which is used 

to access data from a peripheral during the DMA write 
cycle. 

(I/OW) 

1/0 Write: An active-low, bi-directional three-state line. In 

the "slave" mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 

or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode, I/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock 
Generator device. (¢2 TTL) 

(RESET) 

Reset: An asynchronous input {generally from an 8224 
device) which clears all registers and control lines. 

(Ao-Ai) 

Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 

which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits of the 16-bit 

memory address generated by the 8257. 

(CS) 

Chip Select: An active-low input which enables the 1/0 
Read or 1/0 Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 

8257 BLOCK DIAGRAM 
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4. Control Logic 

This block controls the sequence of operations during all 

DMA cycles by generating the appropriate control signals 

and the 16-bit address that specifies the memory location 

to be accessed. 

(A4-A1) 

Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait states 
if the selected memory requires longer cycles. 

(HRQ) 

Hold Request: This output requests control of the system 
bus. In systems with only one 8257, HRQ will normally be 
applied to the HOLD input on the 8080 CPU. 

(HLDA) 

Hold Acknowledge: This input from the 8080 indicates 
that the 8257 has acquired control of the system bus. 

(MEMR) 

Memory Read: This active-low three-state output is used 

to read data from the addressed memory location during 

DMA Read cycles. 

(MEMW) 

Memory Write: This active-low three-state output is used 

to write data into the addressed memory location during 

DMA Write cycles. 

(ADSTB) 

Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus by use of 
the Bus Enable input on the Intel® 8228System Controller 
chip. It may also be used to disable (float) the System 
Address Bus by use of an enable on the Address Bus 
drivers in systems to inhibit non-DMA devices from 
responding during DMA cycles. It may be further used to 
isolate the 8257 data bus from the System Data Bus to 
facilitate the transfer of the 8 most significant DMA address 
bits over the 8257 data 1/0 pins without subjecting the 
System Data Bus to any timing constraints for the transfer. 
When the 8257 is used in an 1/0 device structure (as opposed 
to memory mapped}, this AEN output should be used to 
disable the selection of an 1/0 device when the DMA address 
is on the address bus. The 1/0 device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 

(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low
order 14-bits of the terminal count register should be 
loaded with the values (n-1). where n =the desired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 

8257 BLOCK DIAGRAM 
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5. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 

7 6 5 

~~I Enables AUTOLOAO 
Enables TC STOP 
Enables EXTENDED WRITE ·-·- "'" "'"" =n 

2 1 0 

1
1 

mEoebl" OMA Chonnel O ~ Eoobl" OMA Ch,nnel 1 
Enables OMA Channel 2 

~----Enables OMA Channel 3 

The Mode Set register is normally programmed by the 
8080 CPU after the OMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
OMA address and terminal count registers contain valid 
values; otherwise, an inadvertent OMA request (DRQn) 
from a peripheral could initiate a OMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
Mode Set register are explained below: 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each OMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 

If the ROTATING PRIORITY bit is not set (set to a zero), 
each OMA channel has a fixed priority. In the fixed priority 
mode, Channel O has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each OMA cycle (not each OMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 

CHANNEL....,.. CH-0 CH-1 CH-2 CH-3 
JUST SERVICED 

Priority - Highest CH-1 CH-2 CH-3 CH-0 
Assignments 

~ 
CH-2 CH-3 CH-0 CH-1 
CH-3 CH-0 CH-1 CH-2 

Lowest CH-0 CH-1 CH-2 CH-3 

Note that rotating priority will prevent any one channel 
from monopolizing the OMA mode; consecutive OMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. All OMA 
operations began with Channel 0 initially assigned to the 
highest priority for the first OMA cycle. 

Extended Write Bit 5 

If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and I/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within 8080 
microcomputer systems proceed asynchronously to allow 
use of various types of memory and 1/0 devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the 1/0 and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 

TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further OMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
OMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease OMA requests in order to terminate 
a OMA operation. 

Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (OMA starting address, 
terminal count and OMA transfer mode). After the first 
block of OMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
"update" cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 OMA cycle afterthe 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this OMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the 8080 to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

-1PAAAMETERS r- -.I PARAMETERS I· 
FOR BLOCK 1 I IFOR BLOCK 21 

1/0 WRITE 

6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 

UPDATE FLAG 
TC STATUS FOR CHANNEL 0 
TC STATUS FOR CHANNEL 1 

~---TC STATUS FOR CHANNEL 2 

The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the 8080 from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 

._iPARAMETERS]..__ 
I FOR BLOCK 3 : 
I -

--1 ETC - - - - --

--MLD-\ __ JUU1JULJL \ _ _ _ _ _ jl 
DATABLOCK1--11 I It 1 DATABLOCK2~-! i4oATABLDCK3-

DRQ2 

1--
/ I I 

TC 

~ 
UPDATE FLAG 

AUTOLOAD TIMING 
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8257 DETAILED OPERATIONAL SUMMARY 
Programming and Reading the 8257 Registers 
There are four pairs of "channel registers": each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the 8080 executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally I/OR or I/OW while the 8080 places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A.-A 1s (depending on the 
systems memory, 1/0 configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An 1/0 
Write input (or Memory Write in memory mapped 1/0 
configurations, described below) specifies that the 
addressed register is to be programmed, while an 1/0 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (Ai = 0) or the Mode Set (program 
only)/Status (read only) register (Ai= 1) is to be accessed. 

The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao= 0) and the terminal count 
register (Ao= 1), while bits A1 and Az specify one of the 

CONTROL INPUT cs I/OW I/OR A3 

Program Half of a 0 0 1 0 
Channel Register 

Read Half of a 0 1 0 0 
Channel Register 

Program Mode Set 0 0 1 1 
Register 

Read Status Register 0 1 0 1 

four channels. Because the "channel registers" are 16-
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(FIL) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either I/OR or I/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 

8257 REGISTER SELECTION 

ADDRESS INPUTS ·el-DIRECTIONAL DATA BUS 

REGISTER BYTE 
A1 A1 A1 Ao 

F/L 
D1 o, Ds o, 01 02 o, Do 

CH-0 OMA Address LSB 0 0 0 0 0 A1 A, As A, Ai A1 A1 Ao 
MSB 0 0 0 0 1 A15 A14 A13 A12 A11 AJO A9 A, 

CH-0 Terminal Count LSB 0 0 0 1 0 C1 c, Cs c, c, C2 c, Co 
MSB 0 0 0 1 1 Rd Wr C13 C12 C11 CIO c. c, 

CH-1 OMA Address LSB 0 0 1 0 0 
Same as Channel O MSB 0 0 1 0 1 

I I I 
CH-1 Terminal Count LSB 0 0 1 1 0 

MSB 0 0 1 1 1 

CH-2 OMA Address LSB 0 1 0 0 0 
MSB 0 1 0 0 1 

Same as Channel O 

CH-2 Terminal Count LSB 0 1 0 1 0 

I I I MSB 0 1 0 1 1 

CH-3 OMA Address LSB 0 1 1 0 0 
MSB 0 1 1 0 1 Same as Channel 0 

CH-3 Terminal Count LSB 0 1 1 1 0 
MSB 0 1 1 1 1 

MODE SET (Program only) - 1 0 0 0 0 AL TCS EW RP EN3 EN2 EN1 ENO 

STATUS (Read only) - 1 0 0 0 0 0 0 0 UP TC3 TC2 TC1 TCO 

·Ao·A15: OMA Starting Address, Co-C13: Terminal Count value (N-1), Rd and Wr: OMA Verify (00). Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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OMA Operation 

Internal 8257 operations may proceed through seven 
different states. The duration of a state is defined by the 
clock input. When the 8257 is not executing a OMA cycle, 
it is in the idle state, S1 . A OMA cycle begins when one or 
more OMA Request (DRQn) lines become active. The 
8257 then enters state So, sends a Hold Request (HRQ) to 
the 8080 and waits for as many So states as are necessary 
for the 8080 to return a Hold Acknowledge (HLDA). For 
each So state, the OMA Request lines are again sampled 
and OMA priority is resolved (according to the fixed or 
rotating priority scheme). When HLDA is received, the 
OMA Acknowledge (DACKn) line for the highest priority 
requesting channel is activated, thus selecting that 
channel and its peripheral for the OMA cycle. The 8257 
then proceeds to state S1. Note that the OMA Request 
(DRQn) input should remain high until either DACKn is 
received for a single OMA cycle service, or until both the 
DAG Kn and TC outputs are received when transferring an 
entire data block in a "burst" mode. If the 8257 should lose 
control of the system bus (i.e., if HLDA goes false), the 
OMA Acknowledge will be removed after the current OMA 
cycle is completed and no more OMA cycles will occur 
until the 8257 again acquires control of the system bus. 

1. HAQ is set if DR071 is active. 
2. HAQ is reset if DR017 is not active. 

Each OMA cycle will consist of at least four internal 
states: S1, S2, S3, and S4. If the access time for the memory 
or 1/0 devices involved is not fast enough to return the 
required READY response and complete a byte transfer 
within the specified amount of time, one or more wait 
states (SW) are inserted between states S3 and S4. Recall 
that in certain cases the Extended Write option can 
eliminate the need for a wait state. Note that a READY 
response is not required during OMA verify cycles. 
Specified minimum/maximum values for READY setup 
time {IRs), write data setup time (tow), read data access 
time (!Ro) and HLDA setup time (tQs) are listed under A.G. 
CHARACTERISTICS and are illustrated in the accom
panying timing diagrams. 

OMA OPERATION STATE DIAGRAM 

During OMA write cycles, the 1/0 Read (I/OR) output is 
generated at the beginning of state S2 and the Memory 
Write (MEMW) output is generated at the beginning of Si. 
During OMA read cycles, the Memory Read (MEMR) 
output is generated at the beginning of state S2 and the 1/0 
Write (I/OW) output goes true at the beginning of of state 
S3. Recall that no read or write control signals are 
generated during OMA verify cycles. Extended WR for 
MEM and 1/0 will be generated in S2. 
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Memory Mapped 1/0 Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an 1/0 device for memory mapped 1/0 
configurations by connecting the system memory control 
lines to the 8257's 1/0 control lines and the system 1/0 
control lines to the 8257's memory control lines. 

8257 

8257 

MEMRD 

MEMWR 

1/0RD 

l/OWR 

1/0 RD 

l/OWA 

MEMAD 

MEMWR 

This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 

SYSTEM INTERFACE FOR MEMORY MAPPED 1/0 

BIT 15 
READ 

0 
0 

BIT 14 
WRITE 

0 
1 
0 

OMA Verily Cycle 
OMA Read Cycle 
OMA Write Cycle 

Illegal 

TC REGISTER FOR MEMORY MAPPED 1/0 ONLY 

System Interface 

The system interface is similar to the other peripherals of 
the MCS-80.but an additional 8212 is necessary to control 
the entire address 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) 

c CONTROL BUS 

iTOW I/OR 

DATA BUS (8) 

MEMR 

8212 ~· 

BUSEN 11 11 8228 ----+-----. 
~ 

ADSTB AEN 07-Do 1/0 MEM 
w R R w 
8257 

DACK ORO DACK 
MARK TC 3 3 2 

l l 

HOLD 

READY 

HLDA ¢2(TTL) 

HOLD HLDA l CLK READY 

DRQ DACK DRO DACK 
2 1 1 0 

t l 
OMA CHANNEL REQUESTS AND ACKNOWLEDGES 
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DETAILED SYSTEM INTERFACE SCHEMATIC 

osc 

RDYlN 
RESIN 

~ 
3 --1 

8080A 

14 
INT- HOLD 

!Db_'"'--" 
HLDA 
DBIN 

-
WR 

_L 
~ SYNC 

~ READY 

~ RESET 

8224 91 ¢2 

22J 
11 

11 

10 

STSTB 
7 

¢2(TTL) 

6 

25 
26 
27 
29 
30 
31 
32 
33 
34 
35 
1 
40 
37 
38 
39 
36 

13 
21 
17 

J, 18 

l3 4 

~ 13 

~ 16 

~ 11 
9 ~ 5 If----& 18 

~ 20 
16 8 8228 7 

MEMR 24 

MEMW 
26 

I/OR 
25 

I/OW 
27 

INTA 23 

BU SEN 

22 

CHIP SELECT 
READY 

DISABLE 1/0 
ADDRESS BUS 
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23 
22 
21 

3 
4 
1 
2 

13 
12 
11 
6 

~ 
~ 
~ 

'-----;i1 
18 
20 
22 

Vcc4 

GND 

7 10 

HLDA HRQ 

!#--
t#------" 
~ 
~ 37 

38 
39 
40 

19 

8257 
25 

18 
24 

CLK 17 cs 
14 

READY 

16 

15 

36 

5 

AEN ADSTB 

9 8 

13 11 

DS2 STB 
4 
6 
8 
10 
15 

8212 17 
19 
21 

CLR 
MD 051 

2 1 

ADDRESS 
BUS 

15 

Do 

I 
I 
1DATA 
I BUS 
I 
I 

o, 

CONTROL 
BUS 

DRGO 
DACKO 

ORO 2 
DACK 2 

ORO 3 
DACK 3 

TC 

MARK 
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SYSTEM APPLICATION EXAMPLES 

ADDRESS BUS 

DROO 

DACKO 

ORO 1 
8257 

DACK 1 AND 

DISK 2 

8212 DR02 

DACK2 DISK 3 

DROJ I-----·-------
DACK 3 

OMA CONTROLLER 

FLOPPY DISK CONTROLLER (4 DRIVES) 

8257 
AND 
8212 

DRQ 

DACK 

HIGH-SPEED COMMUNICATION CONTROLLER 

DISK 4 

8251 
USART 

MODEM 

TELEPHONE 
LINES 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... 0°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 
TA= 0°C to 70°C, Vee= +5V ± 5%, GND = OV 

SYMBOL PARAMETER 

Vtl Input Low Voltage 

V1H Input High Voltage 

Vol Output Low Voltage 

VoH Output High Voltage 

VHH HRQ Output High Voltage 

Ice Vee Current Drain 

ltl Input Leakage 

loFL Output Leakage During Float 

Note 1: Vee> VouT > GNO + .45V. 

CAPACITANCE 
TA; 25°C; Vee; GND; ov 

SYMBOL PARAMETER MIN. 

C1N Input Capacitance 

C110 1/0 Capacitance 

10-207 

~~!:i.~,11y11 NARY 
parametric limits ar: 11:! specmcat1on. Some 

su 1ect to change 
*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. 

MIN. MAX. UNIT TEST CONDITIONS 

-.5 0.8 Volts 

2.0 Vcc+.5 Volts 

0.45 Volts loL = 1.6 mA 

2.4 Vee Volts loH=-150µA for AB, 
DB and AEN 
loH=-80µA for others 

3.3 Vee Volts loH = -80µA 

120 mA 

10 µA V1N; Vee 

10 µA VouT [iJ 

TYP. MAX. UNIT TEST CONDITIONS 

10 pF fc= 1MHz 

20 pF Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 
TA = 0°C to 70°C, Vee= 5.0V ±5%; GND = ov (Note 1 ). 

8080 BUS PARAMETERS: 
READ CYCLE 

SYMBOL PARAMETER MIN. MAX. 

TAR Adr or CSt Setup to Rd t 50 

TRA Adr or est Hold from Rdt 0 

TRDE Data Access from Rdj, 0 300 

TRDF DB~Float Delay from Rdt 150 

20 

TRW Rd Width 300 

WRITE CYCLE: 

SYMBOL PARAMETER MIN. MAX. 

Tew CSt Setup to Wr t 300 

Twe est Hold from Wrt 20 

TAw Adr Setup to Wd 20 

TwA Adr Hold from Wrt 20 

Tow Data Setup to Wrt 200 

Two Data Hold from Wrt 35 

Twws Wr Width 200 

OTHER TIMING: 

SYMBOL PARAMETER MIN. MAX. 

TRSTW Reset Pulse Width 300 

TRSTO Power Supplyt(Vee) Setup to Reset+ 500 

Tr Signal Rise Time 20 

Tt Signal Fall Time 20 

TRSTS Rese to First IOWR 2 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

µs 

ns 

ns 

tev 

Note 1: All timing measurements are made at the following reference voltages unless specified otherwise: 

8257 PERIPHERAL MODE TIMING DIAGRAM 
WRITE TIMING: 

___ ----~---Tcw--~--.Twc 

READ TIMING: 

:((>.. 

TEST CONDITIONS '<: 

CL= 100pF 

CL= 100pF 

CL= 15pF 

TEST CONDITIONS 

TEST CONDITIONS 

Input "1" at 2.0V, "O" at 0.SV 
Output "1" at 2.0V, "O" at O.SV 

I~"' 

DATA BUS----------

RESET TIMING: 
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A.C. CHARACTERISTICS: OMA (MASTER) MODE 
o o su Ject to change: ome 

TA= 0 Cto 70 C, Vee= +5V ±5%, GND = OV 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

Tev Cycle Time (Period) 0.330 4 µs 

Te Clock Active (High) 150 .8Tey ns 

Tas DROt Setup toe ,J,(Sl,S4) 120 

TaH DROt Hold from HLDAt 0 4 

Toa HROt or tDelay from et(Sl,S4) 160 ns 1 
(measured at 2.0V) 

Toa1 HROt or {Delay from et(Sl,S4) 250 ns 3 
(measured at 3.3V) 

THs H LDAt or ,J,Setup toe t (Sl,S4) 100 ns 

TAEL AENt Delay from e HS1) 300 ns 1 

TAET AENt Delay from e t(SI) 200 ns 1 

TAEA Adr(AB)(Active) Delay from AENt(S1) 20 ns 4 

TFAAB Adr(AB)(Active) Delay from et (S1) 250 ns 2 

TAFAB Adr(AB)(Float) Delay from et(SI) 150 ns 2 

TASM Adr(AB)(Stable) Delay from et(S1) 250 ns 2 

TAH Adr(AB)(Stable) Hold from et(S1) TAsM-50 2 

TAHR Adr(AB)(Valid) Hold from Rdt(S1,SI) 60 ns 4 

TAHW Adr(AB)(Valid) Hold from Wrt(S1,SI) 300 ns 4 

TFADB Adr(DB)(Active) Delay from et(S1) 300 ns 2 

TAFDB Adr(DB)(Float) Delay from et(S2) TsTT+20 250 ns 2 

TASS Adr(DB) Setup to AdrStbt(S1-S2) 100 ns 4 

TAHS Adr(DB)(Valid) Hold from AdrStb,J,(S2) 50 ns 4 

TSTL AdrStbt Delay from et(S1) 200 ns 1 

TSTT AdrStbt Delay from et(S2) 140 ns 1 

Tsw AdrStb Width (S1-S2) Tev-100 ns 4 

TAse Rdt or Wr(Ext)t Delay from AdrStbt(S2) 70 ns 4 

Tose Rdt or Wr(Ext)t Delay from Adr(DB) 20 ns 4 
(Float)(S2) 

TAK DACKt or -fDelay from e HS2,S1) and 250 ns 1,5 
TC/Markt Delay from et(S3) and 
TC/Markt Delay from et (S4) 

ToeL Rdt or Wr(Ext)t Delay from et(S2) and 200 ns 2,6 
Wd Delay from 1Jt(S3) 

To CT Rdt Delay from eHS1,SI) and 200 ns 2,7 
Wrt Delay from et(S4) 

TFAe Rd or Wr (Active) from et (S1) 300 ns 2 

TA Fe Rd or Wr (Float) from IJt(SI) 150 ns 2 

TRWM Rd Width (S2-S1 or SI) 2Tev + Ta-50 ns 4 

TwwM Wr Width (S3-S4) Tey-50 ns 4 

TwwME Wr(Ext) Width (S2-S4) 2Tey-50 ns 4 

TRs READY Set Up Time to IJ t (S3, Sw) 30 ns 

TRH READY Hold Time from et (S3, Sw) 20 ns 

Notes: 1. Load= 1 TTL. 2. Load= 1 TTL+ 50pF. 3. Load= 1 TTL+ IRL = 3.3K), VQH = 3.3V. 4. Tracking Specification. 
5. Li.TAK< 50 ns. 6. t.ToeL < 50 ns. 7. t.ToeT < 50 ns. 
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DMA MODE WAVEFORMS 

SI 

CLOCK 

DAO 0-3 

HAO 

HLDA 

AEN 

ADA 0-7 (LOWER ADA) 

DATA 0-7 (UPPER ADRI 

ADA STB 

DACK 0·3 

MEM WR/i/O WR 

ll . 

READY 

TC/MARK 
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·CONTROLOVERRIDESEQUENCE--------~·~1·•-------NOTREADYSEQUENCE--------.1 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

..i.-+--------+-------+----- - """\ 

-------c:=>--

SI SI 

'----

'---+-------+--- - - - - - -- -

, :R 
......__ TAHW 

'------ '- --1-------r---
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CLOCK 

DR00-3 

HRO 

HLDA 

AEN 

ADR 6-7 
(LOWER ADR) 

DATA 0-7 
(UPPER AOR) 

AOR STB 

DACK 0-3 

READY 

TC/MARK 
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PROGRAMMABLE INTERRUPT CONTROLLER 

• Eight level Priority Controller • Individual Request Mask Capability 

• Expandable to 64 levels • Single +5V Supply (No Clocks) 

• Programmable Interrupt Modes • 28 Pin Dual-In-line Package 
(Algorithms) • Fully Compatible with Intel CPUs 

The 8259 handles up to eight vectored priority interrupts for microprocessors. 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. 

PIN CONFIGURATION 

cs Vee 

WR Ao 
RD INTA 

0, IR7 

D, IR6 

Ds IR5 

D. IR4 

DJ IR3 

D, IR2 

o, IR1 

Do !RO 

CASO INT 

CAS1 SP 

GND CAS2 

PIN NAMES 

D,-00 DATA BUS (81-DIRECTIONALI 

RD READ INPUT 
f-'~--

WR WRITE INPUT 

Ao COMMAND SELECT ADDRESS 

cs CHIP SELECT 

~AS0--CASCADE LINES 

SP SLAVE PROGRAM INPUT 

INT INTERRUPT OUTPUT 

INTA INTERRUPT ACKNOWLEDGE INPUT 
IRO-IR7 INTERRUPT REQUEST INPUTS 

RD 
WR 

Ao 

cs 

CASO 

CASl 

CAS2 

SP 

DATA 
BUS 

BUFFER 

READ/ 
WRITE 
LOGIC 

CASCADE 
BUFFER/ 

COMPARATOR 
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BLOCK DIAGRAM 

INTA 

IN
SERVlCE 

REG 
(!SRI 

CONTROL LOGIC 

INT 

-rno 
!R1 

INTERRUPT-1R2 
REQUEST -1R3 

REG -rR4 
(IRA) -1R5 

-IRS 
L.... __ ..,r-IR7 

INTERRUPT MASK REG 
llMR) 

~INTERNAL BUS 



INTERRUPTS IN MICROCOMPUTER 
SYSTEMS 

Microcomputer system design requires that 1/0 devices 
such as keyboards, displays, sensors and other com
ponents receive servicing in an efficient method so that 
large amounts of the total system tasks can be assumed by 
the microcomputer with little or no effect on throughput. 

The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect "ask" each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuence polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 

A more desireable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told to do 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete however the processor would resume exactly 
where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIG) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests is 
of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced and issues an Interrupt to 
the CPU based on this determination. 

Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred to 
as a "service routine". The PIG, after issuing an Interrupt 
to the CPU, must somehow input information into the CPU 
that can "point" the Program Counter to the service 
routine associated with the requesting device. The PIG 
does this by providing the CPU with a 3-byte CALL 
instruction. 

8259 

CPU 

RAM 

ROM 

POLLED METHOD 

CPU 

RAM 

ROM 

INTERRUPT METHOD 
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8259 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8259 is a device specifically designed for use in real 
time, interrupt driven, microcomputer systems. It man
ages eight levels or requests and has built-in features for 
expandability to other 8259s (up to 64 levels). It is 
programmed by the system's software as an 1/0 
peripheral. A selection of priority algorithms is available to 
the programmer so that the manner in which the requests 
are processed 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 system environment. 

Interrupt Request Register (IRR) and In-Service 
Register (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). The IRR is used to store 
all the interrupt levels which are requesting service; and 
the ISR is used to store all the interrupt levels which are 
being serviced. 

The IRR bit is set and INT line is raised high whenever 
there is a positive going edge at the IR input. However, the 
IR input must be held high until the 1st INTA pulse has 
arrived. More than one bit of the IRR can be set at once as 
long as they are not masked. The IRR is reset by the INTA 
sequence. 

The ISR bit is set by the INTA pulse (at the same time the 
selected IRR bit is reset). This bit remains set during the 
subroutine until an EOI (End of Interrupt) command is 
received by the 8259. 

The return from the subroutine to the main program may 
look like this: 

DI 
OUT 
POP 
El 
RET 

OCW2 
PSW 

Priority Resolver 

(Send EOI command) 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 

INT (Interrupt) 

This output goes directly to the 8080 INT input. The VoH 
level on this line is designed to be fully compatible with the 
8080 input level. 

INTA (Interrupt Acknowledge) 

This input generally comes from the 8228 of the CPU 
group. The 8228 will produce 3 distinct INTA pulses. The 3 
INTA pulses will cause the 8259 to release a 3-byte CALL 
instruction onto the Data Bus. 
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Interrupt Mask Register (IMR) 

The I MR stores the bits of the interrupt lines to be masked. 
The IMR operates on both the IRR and the ISR. Masking of 
a higher priority bit will not affect the interrupt request 
lines of lower priority. 

8259 BLOCK DIAGRAM 

ADDRESS BUS (16) 

RD WR INT INTA 

8259 
LINES 
CASCADE{~ ::~ Ao 

~12 IWIWIWIWIWIWffiOIW 
._~s~·~~1--'•~~5~·~~3~~"~'~~0 _ __, 

SLAVE 
PROG. 

INTERRUPT 
REQUESTS 

8259 INTERFACE TO 8080 STANDARD 
SYSTEM BUS 
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Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8259 to the 8080 system Data Bus. Control words and 
status information are transferred through the Data Bus 
Buffer. 

Read/Write Control Logic 

The function of this block is to accept OUTput commands 
from the 8080. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows the 
status of the 8259 to be transferred onto the 8080 Data 
Bus. 

CS (Chip Select) 

A "low" on this input enables the 8259. No reading or 
writing of the chip will occur unless the device is selected. 

WR (Write) 

A "low" on this input enables the 8080 CPU to write control 
words (ICWs and OCWs) to the 8259. 

RD (Read) 

A "low" on this input enables the 8259 to send the status of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR) or the BCD of the 
Interrupt level on to the Data Bus. 

AO 8259 BLOCK DIAGRAM 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers as well as reading the various status registers of 
the chip. This line can be tied directly to one of the 8080 
address lines. 

8259 BASIC OPERATION 

Ao D4 DJ RD WR cs INPUT OPERATION (READ) 

0 0 0 IRR, ISR or Interrupting Level=> 

0 0 IMR =>DATA BUS 

OUTPUT OPERATION (WRITE) 

0 0 0 0 0 DATA BUS=> OCW2 

0 0 0 0 DATA BUS=> OCW3 

0 x 0 0 DATA BUS=> ICW1 

DATA BUS (Note 1) 

x x 0 0 DATA BUS=> OCW1, ICW2, ICW3 (Note 2) 

DISABLE FUNCTION 

x x x 0 DATA BUS=> 3-STATE 

x x x x x DATA BUS=> 3-STATE 

Note 1: Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation. 
Note 2: On·chip sequencer logic queues these commands into proper sequence. 
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SP (Slave Program) 

More than one 8259 can be used in the system to expand 
the priority interrupt scheme up to 64 levels. In such case, 
one 8259 acts as the master, and the others act as slaves. A 

"high" on the SP pin designates the 8259 as the master, a 
"low" designates it as a slave. 

The Cascade Buffer/Comparator 

This function block stores and compares the IDs of all 

8259 used in the system. The associated three 1/0 pins 

(CAS0-2) are outputs when the 8259 is used as a master 
(SP = 1 ), and are inputs when the 8259 is used as a slave 

(SP = 0). As a master, the 8259 sends the ID of the 

interrupting slave device onto the CAS0-2 lines. The slave 

thus selected will send its preprogrammed subroutine 
addressed onto the Data Bus during next two consecutive 

INTA pulses. (See section "Cascading the 8259".) 

8259 BLOCK DIAGRAM 

8259 DETAILED OPERATIONAL SUMMARY 

General 

The powerful features of the 8259 in the 8080 micro

computer system are its programmability and its utiliza

tion of the 8080 CALL instruction to jump into any address 
in the memory map. The normal sequence of events that 

the 8259 interacts with the CPU is as follows: 

1. One or more of the INTERRUPT REQUEST lines (IR7-
0) are raised high signaling the 8259 that the peripheral 
equipment(s) are demanding service. 

2. The 8259 accepts these requests, resolves the 
priorities, and sends an INT to the 8080 CPU. 

8259 

3. The 8080 CPU acknowledges the INT and responds 

with an INTA pulse. 
4. Upon receiving the INTA from the CPU group (8228), 

the 8259 will release a CALL instruction code 
(11001101) onto the 8-bit Data Bus through its D7-0 

pins. 
5. This CALL instruction will initiate two more INTA 

pulses to be sent to the 8259 from the CPU group 

(8228). 
6. These two INTA pulses allow the 8259 to release its 

preprogrammed subroutine address onto the Data Bus. 
The lower 8-bit address is released at the first INTA 

pulse and the higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259. The In-Service Register (ISR) is not reset 

until the end of the subroutine when an EOI (End of 
interrupt) command is issued to the 8259. 

Programming The 8259 

The 8259 accepts two types of command words generated 

by the CPU: 
1. Initialization Command Words (ICWs): 

Before normal operation can begin, each 8259 in the 

system must be brought to a starting point - by a 
sequence of 2 or 3 bytes timed by WR pulses. This 

sequence is described in Figure 1. 
2. Operation Command Words (OCWs): 

These are the command words which command the 
8259 to operate in various interrupt modes. These 
modes are: 

a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 

The OCWs can be written into the 8259 at anytime 

during operation. 

Ao 0, 

I 0 A, 

A,5 

D6 D5 D4 D3 D, 

As A5 I 1 0 I F 

Aio 

YES 

READY TO ACCEPT REQUESTS 
IN THE FULLY NESTED MODE 

D, 

I s I 
Ag 

FIGURE 1. INITIALIZATION SEQUENCE 

Do 

0 I ICW1 

As ICW2 

ICW3 
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Initialization Command Words 1 and 2: (ICW1 and ICW2) 

Whenever a command is issued with AO= Oand D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1), 
and initiates the initialization sequence. During this 
sequence, the following occur automatically: 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low to high transition to generate 
an interrupt. 

b. The interrupt Mask Register is cleared. 
c. IR 7 input is assigned priority 7. 
d. Special Mask Mode Flip-flop and status Read Flip-

flop are reset. 

The 8 requesting devices have 8 addresses equally spaced 
in memory. The addresses can be programmed at 
intervals of 4 or 8 bytes; the 8 routines thus occupying a 
page of 32 or 64 bytes respectively in memory. 

The address format is: 

D, Do Ds D4 DJ D, D, Do 

A1 I As As A4 A3 A2 A, Ao 

'----v----L- - _; 
DEFINED BY D5_7 OF ICW1 AUTO MA TICALL Y 

INSERTED BY 8259 

A1s A14 A13 A12 I A11 I A10 I Ag As 

DEFINED BY ICW2 

INTERVAL= 4 

8259 

A0-4 are automatically inserted by the 82S9, while A 1 S-6 
are programmed by ICW1 and ICW2. When interval= 8, AS 
is fixed by the 82S9. If interval = 4, AS is programmed in 
ICW1. Thus, the interrupt service routines can be located 
anywhere in the memory space. The 8 byte interval will 
maintain compatibility with current 8080 RESTART 
instruction software, while the 4 byte interval is best for 
compact jump table. 

The address format inserted by the 82S9 is described in 
Table 1. 

The bits F and S are defined by ICW1 as follows: 
F: Call address interval. F = 1, then interval = 4; F = 0, 
then interval = 8. 

S: Single. S = 1 means that this is the only 82S9 in the 
system. It avoids the necesity of programming ICW3. 

I INTERVAL= 8 

LOWER MEMORY ROUTINE ADDRESS 

D7 D6 D5 D4 D3 D2 Dl DO D7 D6 D5 D4 D3 02 01 DO 

IR 7 A7 A6 A5 1 1 1 0 0 A7 A6 1 1 1 0 0 0 

IR 6 A7 A6 A5 1 1 0 0 0 A7 A6 1 1 0 0 0 0 

IR 5 A7 A6 A5 1 0 1 0 0 A7 A6 1 0 1 0 0 0 

IR 4 A7 A6 A5 1 0 0 0 0 A7 A6 1 0 0 0 0 0 

IR 3 A7 A6 A5 0 1 1 0 0 A7 A6 0 1 1 0 0 0 

IR 2 A7 A6 A5 0 1 0 0 0 A7 A6 0 1 0 0 0 0 

IR 1 A7 A6 A5 0 0 1 0 0 A7 A6 0 0 1 0 0 0 

IR 0 A7 A6 A5 0 0 0 0 0 A7 A6 0 0 0 0 0 0 

TABLE 1. 
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Example of Interrupt Acknowledge Sequence 

Assume the 8259 is programmed with F = 1 (CALL address 
interval = 4), and IR5 is the interrupting level. The 3 byte 
sequence released by the 8259timed by the I NTA pulses is 
as follows: 

D7 D6 D5 D4 D3 D2 Dl DO 

1st INTA 

2nd INT A A7 A6 A5 

CALL 
CODE 

LOWER 
ROUTINE 
ADDRESS 

HIGHER 
3rd INTA A15 A14 A13 A12 All A10 A9 AB ROUTINE 

ADDRESS 

ICW1 

Ao 0., o, 05 o, o, 

A, As 

ICW2 

Ao o, o, o, o, o, 

o, 

o, 

ICW3 (MASTER DEVICE} 

Ao o, o, Os o, o, o, 

ICW3 (SLAVE DEVICE) 

Ao o, o, Os o, o, o, 

Initialization Command Word 3 (ICW3) 

This will load the 8-bit slave register. The functions of this 
register are as follows: 

a. II the 8259 is the master, a "1" is set for each slave in 
the system. The master then will release byte 1 of the 
CALL sequence and will enable the corresponding 
slave to release bytes 2 and 3, through the cascade 
lines. 

b. If the 8259 is a slave, bits 2 - 0 identify the slave. The 
slave compares its CAS0-2 inputs (sent by the 
master) with these bits. If they are equal, bytes 2 and 
3 of the CALL sequence are released. 

If bit Sis set in ICW1, there is no need to program ICW3. 

o, Do 

~ 1 =SINGLE 
0 =NOT SINGLE 

CALL ADDRESS INTERVAL 
1 = INTERVAL IS 4 
0 = INTERVAL IS 8 

A7_5 OF LOWER 

ROUTINE ADDRESS 

o, o, 

UPPER ROUTINE 
ADDRESS 

o, o, 

1 =IR INPUT HAS A SLAVE 
0 • IR INPUT DOES NOT HAVE 

A SLAVE 

o, Do 

l 1 l o l o l o l o l o j m, j 10,j m0 J 
SLAVE ID 

0 1 2 3 4 5 6 7 

0 1 0 1 0 1 0 1 

0 0 1 1 0 0 1 1 

0 0 0 0 1 1 1 1 

INITIALIZATION COMMAND WORD FORMAT 
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Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the 8259, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259 operation, a selection of algorithms can command 
the 8259 to operate in various modes through the 
Operation Command Words (OCWs). These various 
modes and their associated OCWs are described below. 

Interrupt Masks 

Each Interrupt Request input can be masked individually 
by the Interrupt Masked Register (IMR) programmed 
through OCW1. 

8259 

The IMR will operate on both the Interrupt Request 
Register and the In-Service Register. Note that if an 
interrupt is already acknowledged by the 8259 (an INTA 
pulse has occurred), then the Interrupting level, although 
masked, will inhibit the lower priorities. To enable these 
lower priority interrupts, one can do one of the two 
things: (1) Write an End of Interrupt (EOI) command 
(OCW2) to reset the ISR bit or (2) Set the special mask 
mode using OCW3 (as will be explained later in the special 
mask mode.) 

Fully Nested Mode 

The 8259 will operate in the fully nested mode after the 
execution of the initialization sequence without any OCW 
being written. In this mode, the interrupt requests are 
ordered in priorities from Othrough 7. When an interrupt is 
acknowledged, the highest priority request is determined 
and its address vector placed on the bus. In addition, a bit 
of the Interrupt service register (IS 7-0) is set. This bit 
remains set until the 8080 issues an End of Interrupt (EOI) 
command immediately before returning from the service 
routine. While the IS bit is set, all further interrupts of lower 
priority are inhibited, while higher levels will be able to 
generate an interrupt (which will only be acknowledged if 
the 8080 has enabled its own interrupt input through 
software). 

After the Initialization sequence, IRO has the highest 
priority and I R7 the lowest. Priorities can be changed, as 
will be explained in the rotating priority mode. 

Rotating Priority Modes 

The Rotating Priority Modes of the 8259 serves in 
application of interrupting devices of equal priority such 
as communication channels. There are two variations of 
the rotating priority mode: the auto mode and the specific 
mode. 

1. Auto Mode - In this mode, a device after being 
serviced receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case, until 7 other devices are serviced at most once 
each. i.e., if the priority and "in service" status is: 
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BEFORE ROTATE IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 

"IS" STATUS I 0 I 1 0 I 1 I 0 0 I 0 I 0 I 
LOWEST PRIORITY HIGHEST PRIORITY 

PRIORITY STATUS I 7 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
AFTER ROTATE IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 

"IS" STATUS [ 0 I 1 I 0 I 0 0 I 0 0 I 0 I 
LOWEST PRIORITY HIGHEST PRIORITY 

PRIORITY STATUS I 4 I 3 I 2 I 1 I 0 I 7 I 6 I 5 I 
In this example, the In-Service FF corresponding to 
line 4 (the highest priority FF set) was reset and line 4 
became the lowest priority, while all the other priorities 
rotated correspondingly. 

The Rotate command is issued in OCW2, where: R = 
1, EOI = 1, SEOI = 0. 

2. Specific Mode - The programmer can change 
priorities by programming the bottom priority, and by 
doing this, to fix the highest priority: i.e., if IRS is 
programmed as the bottom priority device, the IR6 will 
have the highest one. 

The Rotate command is issued in OCW2 where: R = 1, 
SEOI = 1. L2, L 1, LO are the BCD priority level codes of 
the bottom priority device. 

Observe that this mode is independent of the End of 
Interrupt Command and priority changes can be 
executed during EOI command or independently from 
the EOI command. 

End of Interrupt (EOI) and Specific End of 
Interrupt (SEOI) 

An End of Interrupt command word must be issued to the 
8259 before returning from a service routine, to reset the 
appropriate IS bit. 

There are two forms of EOI command: Specific and non
Specific. When the 8259 is operated in modes which 
preserve the fully nested structure, it can determine which 
IS bit to reset on EOI. When a non-Specific EOI command 
is issued the 8259 will automatically reset the highest IS 
bit of those that are set, since in the nested mode, the 
highest IS level was necessarily the last level acknowl
edged and will necessarily be the next routine level 
returned from. 

However, when a mode is used which may disturb the fully 
nested structure, such as in the rotating priority case, the 
8259 may no longer be able to determine the last level 
acknowledged. In this case, a specific EOI (SEOI) must be 
issued which includes the IS level to be reset as part of the 
command. The End of the Interrupt is issued whenever 
EOI = "1" in OCW2. For specific EOI, SEOI = "1", and EOI = 
1. L2, L 1, LO is then the BCD level to be reset. As explained 
in the Rotate Mode earlier, this can also be the bottom 
priority code. Note that although the Rotate command can 
be issued during an EOI = 1, it is not necessarily tied to it. 

JI • 
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OCW1 

Ao o, o, o, o, o, o, o, Do 

INTERRUPT MASK 
1 = MASK SET 
0 = MASK A ESET 

OCW2 

Ao o, o, °" 
o, o, o, o, °" 

[ o I R }rn1 rn1J o I o I L2 J L1 l L0] 

l 
BCD LEVEL TO BE RESET 

OR PUT INTO LOWEST PRIORITY 

0 , 
' 3 4 5 6 7 

0 1 0 , 0 1 0 1 

0 0 1 1 0 0 , 1 

0 0 0 0 , 1 1 1 

NON-SPECIFIC END OF INTERRUPT 
1 =RESET THE HIGHEST PRIORITY 

BIT OF ISR 
0 =NO ACTION 

SPECIFIC END OF INTERRUPT 
1 = L2. L1, Lo BITS ARE USED 
0 =NO ACTION 

ROTATE PRIORITY 
1 =ROTATE 
O= NOT ROTATE 

OCW3 

[ o I -}sMM}sMMI o J 1 I P Jrn1sJ R1s] 

J.T l READ IN-SERVICE REGISTER 

! CARE 0 1 0 1 

0 0 1 1 

READ READ 

NO ACTION 
IA REG IS REG 
ON NEXT ON NEXT 
Ao PULSE A5 PULSE 

POLLING 

A HIGH ENABLES THE NEXT Rf:l PULSE 
TO READ THE BCD CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUPT. 

SPECIAL MASK MODE 

0 l 1 0 1 

0 l 0 1 1 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 

OPERATION COMMAND WORD FORMAT 
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Special Mask Mode (SMM) 07 06 05 04 03 02 01 DO 

I - I - - I - W2 Wl WO This mode is useful when some bit(s) are set (masked) by 

the Interrupt Mask Register (IMR) through OCW1. If, for 

some reason, we are currently in a subroutine which is 

masked (this could happen when the subroutine 

intentionally masks itself off). It is still possible to enable 

the lower priority lines by setting the Special Mask mode. 

In this mode the lower priority lines are enabled until the 

SMM is reset. The higher priorities are not affected. 

WO - 2: BCD code of the highest priority level 

requesting service. 
I: Equal to a "1" if there is an interrupt. 

The special mask mode FF is set by OCW3 where ESMM = 

1, SMM = 1, and reset where: ESSM = 1 and SMM = 0. 

This mode is useful if there is a routine command 

common to several levels - so that the INTA 

sequence is not needed (and this saves ROM 

space). Another application is to use the poll 

mode to expand the number of priority levels to 

more than 64. 
Polled Mode 

In this mode, the 8080 disables its interrupt input. Service 

to devices is achieved by programmer initiative by a Poll 

command. 

The poll command is issued by setting P = "1" in OCW3 

during a WR pulse. 

The 8259 treats the next RD pulse as an interrupt 

acknowledge, sets the appropriate IS Flip-flop, if there is a 

request, and reads the priority level. 

The word enabled onto the data bus during RD is: 

SUMMARY OF OPERATION COMMAND WORD PROGRAMMING 

AO 04 D3 

OCW1 1 M7-MO 
IMR (Interrupt Mask Register). WR will load it while status can be 

read with RD. 

OCW2 0 0 0 R SEOI EOI 

0 0 0 No Action. 

0 0 1 Non-specific End of Interrupt. 

0 1 0 No Action. 

0 1 1 Specific End of Interrupt. L2, L 1, LO is the BCD level to be reset. 

1 0 0 No Action. 

1 0 1 Rotate priority at EO I. (Auto Mode) 

1 1 0 Rotate priority, L2, L 1, LO becomes bottom priority without 

Ending of Interrupt. 

1 1 1 Rotate priority at EO I (Specific Mode), L2, L 1, LO becomes 

bottom priority, and its corresponding IS FF is reset. 

OCW3 0 1 0 ESMM SMM 

0 0. } Special Mask not Affected. 
0 1 
1 0 Reset Special Mask. 

1 1 Set Special Mask. 

ERIS RIS 

0 0 } No Action. 
0 1 
1 0 Read IR Register Status. 

1 1 Read IS Register Status. 

Note: The 8080 INT input must be disabled during: 

1. Initialization sequence for all the 8259 in the system. 

2. Any control command execution. 
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Reading 8259 Status 

The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable OCW 
and reading with RD for the data bus lines: 

Interrupt Requests Register (IRR): 8-bit register which 
contains the priority levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
IRR when an interrupt is acknowledged. 

In Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

The IRR can be read when prior to the RD pulse, an WR 
pulse is issued with OCW3, and ERIS = 1, RIS = 0 

The ISR can be read in a similar mode, when ERIS= 1, RIS 
= 1. 

There is no need to write an OCW3 before every status 
read operation as long as the status read corresponds with 
the previous one, i.e. the 8259 "remembers" whether the 
IRR or ISR has been previously selected by the OCW3. On 
the other hand, for polling operation, an OCW3 must be 
written before every read. 

For reading the IMR, a WR pulse is not necessary to 
preceed the RD. The output data bus will contain the IMR 
whenever RD is active and AO = 1. 

The IMR can be loaded through the data bus when WR is 
active and AO = 1. 

Polling overrides status read when P = 1, ERIS = 1 in 
OCW3. 

Cascading 

The 8259 can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

A typical system is shown in Figure 2. The master 
controls, through the 3 line cascade bus, which one of the 
slaves will release the corresponding address. 

As shown in Figure 2, the slaves interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl
edged, the master will release the 8080 CALL code during 
byte 1 of INTA and will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. It is 
obvious that each 8259 in the system must follow a 
separate initialization sequence and can be programmed 
to work in a different mode. An EOI command must be 
issued twice: once for the master and once for the 
corresponding slave. An address decoder is required to 
activate the Chip Select (CS) input of each 8259. The slave 
program pin (SP) must be at a "low" level for a slave (and 
then the cascade lines are inputs) and at a "high" level for 
a master (and then the cascade lines are outpus). 

ADDRESS BUS (16) J 

CONTROL BUS 

DATA BUS (8) 

/} 
- - -1 - - - - - --1 - - - ~----11---t---1 

- - t- -1 - - - - f- - - -+- -----+-!------< 
--j---j--

~ 
CS A0 

8259 
SLAVE 2 

Si' 

- - - t- -~--t---.----1 

~7_c-

CASO 

CAS 1 1-

CAS2 1-

CS A0 

I-
8259 

SLAVE 1 

CAS 0 •--+--+--+-+-_.. 

CAS 11--+--+-+-_.. 

CAS 2 •---<-+-_.. 

GL l l l l l l l l Gt 11111111 
21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 

L 
INTERRUPT REQUESTS 

FIGURE 2. CASCADING THE 8259 
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8259 INSTRUCTION SET 

INST. 
NO. MNEMONIC AO D7 D6 D5 D4 

1 ICW1 A 0 A7 AG A5 

2 ICW1 B 0 A7 A6 A5 

3 ICW1 C 0 A7 A6 A5 

4 ICW1 D 0 A7 A6 A5 

5 ICW2 A15 A14 A13 A12 

6 ICW3 M S7 S6 S5 S4 

7 ICW3S 0 0 0 0 

8 OCW1 1 M7 M6 M5 M4 

9 OCW2E 0 0 0 0 

10 OCW2 SE 0 0 0 

11 OCW2RE 0 0 0 

12 OCW2 RSE 0 0 

13 OCW2RS 0 0 0 

14 OCW3P 0 0 0 0 

15 OCW3 RIS 0 0 0 0 

16 OCW3RR 0 0 0 0 

17 OCW3SM 0 1 0 

18 OCW3 RSM 0 0 0 

Notes: 
1. In the master mode SP pin= 1. in slave mode SP= 0. 

2. (-)=do not care. 

8259 

D3 D2 D1 

0 

0 0 

0 0 1 

0 0 0 

A 11 A10 A9 

S3 S2 S1 

0 S2 S1 

M3 M2 M1 

0 0 0 

0 L2 L1 

0 0 0 

0 L2 L1 

0 L2 L1 

1 0 

0 

0 1 

0 0 
0 0 
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DO 

0 

0 

0 

0 

A8 

so 
so 
MO 

0 

LO 

0 

LO 

LO 

0 

0 

0 

0 

OPERATION DESCRIPTION 

Byte 1 initialization, format; 4, single. 

Byte 1 initialization, format; 4, not single. 

Byte 1 initialization, format; 8, single. 

Byte 1 initialization, format; 8, not single. 

Byte 2 initialization (Address No. 2) 

Byte 3 initialization - master. 

Byte 3 initialization - slave. 

Load mask reg, read mask reg. 

Non specific EO I. 

Specific EOI. L2, L1, LO code of IS FF 
to be reset. 

Rotate at EO I (Auto Mode). 

Rotate at EO I (Specific Mode). L2, L 1, LO, 
code of line to be reset and selected as 
bottom priority. 

L2, L 1, LO code of bottom priority line. 

Poll mode. 

Read IS register. 

Read requests register. 

Set special mask mode. 

Reset special mask mode. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power Dissipation 

0° Cto 70° C 
-65° C to +150° C 

-0.5Vto+7V 
1 Watt 

8259 

·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. 

D.C. CHARACTERISTICS (TA= 0°C to 70°C; Vee= 5V ±5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

V1L Input Low Voltage -.5 .8 v 
V1H Input High Voltage 2.0 Vcc+.5V v 
Vol Output Low Voltage .45 v loL = 2 mA 

VoH Output High Voltage 2.4 v loH = -400 µA 

2.4 v loH=-400µA 
VoH-INT Interrupt Output High Voltage 

3.5 v loH = -50 µA 

Input Leakage Current -300 µA V1N = OV 
I 1 L(IRo.7) 

for IR0-7 10 µA V1N =Vee 

I 1L Input Leakage Current 
10 µA V1N =Vee to OV 

for Other Inputs 

ILQL Output Leakage Current -10 µA VouT = 0.45V 

I LOH Output Leakage Current 10 µA VouT =Vee 

Ice Vee Supply Current 85 mA 

CAPACITANCE TA= 25°C; Vee= GND = ov 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS 

C1N Input Capacitance 10 pF fc = 1 MHz 

C1;0 1/0 Capacitance 20 pF Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS (TA= 0°C to 70°C; Vee= +5V ±5%, GND = OV) 

BUS PARAMETERS 

READ 

SYMBOL PARAMETER MIN. MAX. UNIT 

!AR CS/Ao Stable before RD or INTA 50 ns 

tRA CS/Ao Stable after RD or INTA 50 ns 

!RR RD Pulse Width 420 ns 

tRo Data Valid from RD/INT A 300 ns 

toF Data F Joat after RD /I NT A 200 ns 

20 

WRITE 

SYMBOL PARAMETER MIN. MAX. UNIT 

tAW Ao Stable before WR 50 ns 

twA Ao Stable after WR 20 ns 

tcw CS Stable before WR 50 ns 

twc CS Stable after WR 20 ns 

tww WR Pulse Width 400 ns 

tow Data Valid to WR (T.E.) 300 ns 

two Data Valid after WR -40 ns 

OTHER TIMINGS 

SYMBOL PARAMETER MIN. MAX. UNIT 

t1w Width of Interrupt Request Pulse 100 ns 

t1NT INT t after IR t 250 ns 

tic Cascade Line Stable after I NTA t 300 ns 
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CL=100pF 

CL= 100 pF 
CL= 20 pf 

TEST CONDITIONS 

TEST CONDITIONS 
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WAVEFORMS 

READ TIMING 

WRITE TIMING 

OTHER TIMING 

8259 

'"~'""'---J-t,.,~ ~J:". 
ADDRESSBUS----t _____ TAR3 j t=TR=A====== 

1/0 RD ~ TRWS -M ----T-RDE-~-CJ-;· TRDF 
DATA BUS ~-----

I 

ADDRESS BUS~ 

Tew- -lTwc~ 

Jt---~-- --TAw-~--1 
!c-~--+--.....,,;_,...--

DATA BUS 
-------J·~, -t----t---~l'----

:-- TD~'J" ___ Two _________ ...._, .~-----~ 

l/OWR 

IA --)2,w F 
INT Y---------------~\'----------,_:: ________ ~---~----g 

c,_, ~L~---------------' 

Note: Interrupt acknowledge INTA sequence must remain "HIGH" (at least) until leading edge of first INTA. 
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INITIALIZATION SEQUENCE 

DATA BUS-- - ---i--

READSTATUS~OLLMODE 

8259 

WR \~cw 
•o ~ '5 

DATA BUS- - - - - - - - - - - - - - - - - - - - - - - -
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• IBM 3740 Soft Sectored Format • Internal CRC Generation and Checking 
Compatible • Programmable Step Rate, Settle-Time, 

• Programmable Record Lengths Head Load Time, Head Unload Index 

• Multi-Sector Capability Count 

• Maintain Dual Drives with Minimum Soft- • Fully Compatible with 8080 CPU 

ware Overhead Expandable to 4 Drives • Single + 5Volt Supply 

• Automatic Read/Write Head Positioning • 40 Pin Package 
and Verification 

The 8271 Floppy Disk Controller (FDC) is a single chip device designed to interface from one to four floppy disk drive to the 
8080 microcomputer system. Its powerful control functions minimize both hardware and software overhead normally 
associated with floppy disk interface. 

PIN CONFIGURATION 

FAULT RESET Vee 

SELECT 0 LOW CURRENT 

4 MHz CLK LOAD HEAD 

RESET DIRECTION 

READYl SEEK/STEP 

SELECT 1 WR ENBLE 

DACK INDEX 

DRQ WR PROTECT 

Ro READY 0 

WR TAKO 

INT couNT/oPl 

DBO WA DATA 

DB1 FAULT 

DB2 UNSEP-DATA 
---------

DB3 DATA WINDOW 

DB4 SS/PLO 

DBS cs 
DBB N.C. 

DB7 A1 

GND Ao 

DATA BUS 
BUFFER 

DRO 

DACK---~ 

INT--~ 

RESET 

Cs---~ 

CPU INTERFACE 
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INTERNAL 

DATA BUS 

BLOCK DIAGRAM 

REGISTERS 

STATUS REG. COMMAND REG. 

RESULT REG. PARAMETER REG. 

SERIAL 
INTERFACE 

CONTROLLER 

DRIVE 
INTERFACE 

CONTROLLER 

o------ WR DATA 

~----RD DATA 

~---- DATA WINDOW 

DISK INTERFACE 

SELECT 0 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK/STEP 
DIRECTION 
LOW CURRENT 
FAULT RESET 



8271 

General Pin Name 1/0 Description 

The 8271 Floppy Disk Controller (FOG) LSI component is A,-Ao These two lines are used to select 

designed to interface from one to four floppy disk drives to an the destination of source of data to 

eight bit microcomputer. be accessed by the control logic. 

The FOG supports a soft sectored format that is IBM 3740 DRQ 0 The OMA request signal is used to 

compatible. This component is a high level controller that request a transfer of data between , 

relieves the CPU (and user) of many of the control tasks the 8271 and memory. 

associated with implementing a floppy disk interface. The DACK The OMA ACK signal notifies the 
FDC supports a variety of high level instructions which allow 8271 that a OMA cycle has been 
the user to store and retrieve data on a floppy disk without granted. 
dealing with the low level details of the disk operation. 

Select 1- 0 These lines are used to specify the 
In addition to the standard read/write commands a scan Select O selected drive. 
command is supported. The scan command allows the 

user program to specify a data pattern and instruct the Fault Reset 0 The fault reset line is used to reset 

FOG to search for that pattern on a track. Any application an error condition which is latched 

that is required to search the disk (such as point of sale by the drive. 

price lookup, disk directory search, etc.) for information Write Enable 0 This signal enables the drive write 

may use the scan command to reduce the CPU overhead. logic. 

Once the scan operation is initiated, no CPU intervention Seek/Step 0 This multi-function line is used dur-
is required. ing drive seeks. 

Hardware Description Direction 0 The direction line specifies the seek 
direction. 

The 8271 is packaged in a 40 pin DIP The following is a 
Load Head 0 The load head line causes the drive 

functional description of each pin. to load the Read/Write head load 

Pin Name 1/0 Description 
pad against the diskette. 

Low Current 0 This line notifies the drive that track 

Vee PWR +5V supply 43 or greater is selected. 

GND PWR Ground Ready 1, These two lines indicate that the 

4MHz Clock I A 4MHz ±1% square wave clock Ready O specified drive is ready. 

Reset A high signal on the reset input will Fault This line is used by the drive to 

force the 8271 to an idle state. The specify a file unsafe condition. 

8271 will remain idle until a com- Count/OP1 If the seek I direction I count seek 
mand is issued by the CPU. The mode is selected, the count pin is 

drive interface output signals are pulsed for each track. Otherwise this 
forced low. pin is user specified optional input. 

cs The 1/0 Read and 1/0 Write inputs Write Protect This signal is used to specify if the j are enabled by the chip select signal. drive/diskette may be written. 

DBy-DBo 1/0 The Data Bus lines are bidirection- TAKO This signal indicates when the R/W 

. 

al three-state lines (8080 data bus head is positioned over track zero. 

compatible). Index The index signal gives an indication 

WR The Write signal is used to signal of the relative position of the diskette. 

the control logic that a transfer of 
SS/PLO This pin is used to specify the type 

data from the data bus to the 8271 
is required. 

of data separator used. 

RD The Read signal is used to signal Write Data 0 Composite write data. 

the control logic that a transfer of Unseparated This input is the unseparated data 

data from the 8271 to the data bus Data and clocks. 

is required. Data Window This is a data window established 

INT 0 The interrupt signal indicates that by the single-shot or phase-locked 

the 8271 requires service. oscillator data separator. 
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8271 

Principles of Operation 
The 8271 is fully compatible with the 8080 system Bus. As an 
8080 peripheral device, it accepts commands from the CPU, 
executes these Commands and provides a Result back to 
the 8080 CPU at the end of execution. 

Communication with the CPU are through the activating of 
CS, RD, WR pins. The A,,A0 select the appropriate registers 
on chip: 

A1 Ao CS RD CS WR 
0 0 Status Reg Command Reg 
0 1 Result Reg Parameter Reg 

The FDC chip operation is composed of the following gener
al sequence of events: 

The Command Phase 

During the Command Phase, the CPU issues a command 
byte to the 8271. The command byte provides a general 
description of the type of operation requested. Many 
operations require more detailed information about the 
comand. In such case, from zero to five parameters are 
written following the command byte to provide such 
information. The various commands that the 8271 can 
recognize are listed in the Software Operation Section. 

The Execution Phase 

Soon as the last parameter is written into the 8271, the FDC 
enters the Execution Phase. During this phase there is no 
need for CPU involvement. The FDC may optionally 
interface with the 8257 (OMA controller) for high speed data 
transfers (See System Diagram). 

The Result Phase 

During the Result Phase, the FDC chip notified the CPU of 
the outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 
2. An error detected during an operation. 
3. An illegal command or parameter detected during the 

Command Phase. 

In the Result Phase, the CPU Reads the Status Register 
which provides the following information: 

~·1"fu:'1°:~ 
COMMAND BUSY NON-DMA MODE 

COMMAND REG FULL INTERRUPT REQ 
PARAMETER REG FULL RESULT REG FULL 

After reading the Status Register, the CPU then Reads the 
Result Register for more information. 

COMMAND PHASE 

EXECUTION PHASE 

RESULT PHASE 

8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 

THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS. 

THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU WILL PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS. 

MEMORIES 

8257 
DMA 

CONTROLLER 

8271 SYSTEM DIAGRAM 

DRQ 

DACK 
8271 
FDC 

Ao,A1 

080-7 
RD 
WR 
cs 
INT 

DATA OATA 
WINDOW SEPARATOR 

UNSEPARATED DATA 
WR DATA 

CONTROL IN 

CONTROL OUT 
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Software Operation 

The 8271 can accept many powerful commands from the 
CPU. The following is a list of Basic Commands (associated 
Parameters not shown). 

SCAN DATA 

SCAN DATA AND DELETED DATA 

WRITE DATA 

WRITE DATA AND DELETED DATA 

READ DATA 

READ DATA AND DELETED DATA 

READ ID 

VERIFY DATA AND DELETED DATA 

FORMAT 

RECALIBRATE 

SEEK 

READ DRIVE STATUS 

LOAD BAD TRACKS 

SPECIFY 

RESET 

EXECUTION PHASE BASIC CHARACTERISTICS 

The following table summarizes the various commands 
with corresponding execution phase characteristics. 

2 3 

Deleted 
COMMANDS Data Head Ready 

SCAN DATA SKIP LOAD j 

SCAN DEL DATA XFER LOAD j 

WRITE DATA x LOAD j 

WRITE DEL DATA x LOAD j 

READ DATA SKIP LOAD j 

READ DEL DATA XFER LOAD j 

READ ID x LOAD j 

VERIFY DEL DATA XFER LOAD j 

FORMAT x LOAD j 

RECALIBRATE x x 
SEEK x x 

READ DRIVE STAT x x 

LOAD BAD TRACKS x x 

SPECIFY x x 

RESET x UNLOAD x 
Note: 1. '"x'" ~ DONT CARE 

2. "/" ---+ check 
3. "-" --Jo No change 

As an example, the SPECIFY command is associated with 3 
parameters: J 

SPECIFY 
COMMAND 

PARAMETER 0 

07 05 05 04 03 02 01 Do 

Io I 0 I , I , I o I , I , I , I 
lolololololol~ 

OMA= 0, OMA"' 1 

SINGLE/DOUBLE 
ACTUATOR 

PARAMETER 1 ill!~~!~~~~-~~~! ~ 
~STEP RATE, 0-30 ms, 

STEPS OF 2 ms 

~------INDEX COUNT BEFORE 
HEAD UNLOAD (0-15) 

PARAMETER 2 82] I I 
~=:=::'::::::j~=:=~ 

L=-:='. HEAD LOAD, 0-60 ms, 
STEPS OF 4 ms 

~------SETTLE TIME, 0-30 ms, 
STEPS OF 2 ms 

4 5 6 7 8 

Write/ Seek Completion 
Protect Seek Check Result Interrupt 

x YES YES YES YES 

x YES YES YES YES 

j YES YES YES YES 

j YES YES YES YES 

x YES YES YES YES 

x YES YES YES YES 

x YES NO YES YES 

x YES YES YES YES 

j YES NO YES YES 

x YES NO YES YES 

x YES NO YES YES 

x NO NO YES NO 

x NO NO YES NO 

x NO NO NO NO 

x NO NO NO NO 
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8273 
SDLC PROTOCOL CONTROLLER 

• IBM (SDLC) Compatible • Digital Phase Locked Loop-Clock 
• Full Duplex Operation-56K BAUD Recovery 
• SDLC Loop Operation • Minimum CPU Overhead 
• User Programmable Modem Control • Fully Compatible With 8080 CPU 

Ports • Single +5Volt Supply 
• Programmable NRZI Encode/Decode • 40 Pin Package 
• N-Bit Reception Capability 

The 8273 SDLC (Synchronous Data Link Control) Protocol controller is a single chip device designed to support the SDLC 
protocol within the 8080 microcomputer system environment. Its internal supervisory instruction set is oriented to frame 
level (SDLC) functions with a minimum of CPU overhead. 

PIN CONFIGURATION BLOCK DIAGRAM 

TxDRQ 

TxDACK 

RxDRQ 

RxDACK 

TxlNT 

Rx INT 

R6 
WFi 

Ao 

A, 

RESET 

cs 

DATA 
BUS 

BUFFER 

INTERNAL DATA BUS 

CPU INTERFACE 

10-232 

REGISTERS 

CONTROL 
LOGIC 

COMMAND REG 

PARAMETER REG 

TxD 

TxC 

32X CLK 

ATS 

;;a._, 
CTS 

CD 

DPLL 

.-----.,.___ RxD 

RxC 

~-~ FLAGDET 

MODEM INTERFACE 
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General Pin Name 1/0 Description 

The IBM Synchronous Data Link Control (SDLC) communi- TxDRQ 0 The Transmitter DMA Request signal 

cation protocol is a bit oriented communication protocol vs indicates the transmitter Buffer is empty 

the Bl-SYNC protocol which is character or code oriented. and is ready to transmit another data 

The SDLC protocol greatly reduces the overall CPU software byte. 

on one hand and increases the throughput on the other RxRDQ 0 The Receiver DMA Request signal in-
because of its ability to go full-duplexed mode. dicates the Receiver Buffer is full. 

The 8273 SDLC chip is designed to handle the IBM SDLC TxDACK The Transmitter DMA acknowledge sig-
protocol with minimum CPU software. The 8273 handles the nal notifies the 8273 that the T xDMA 
zero-insertion technique used in SDLC protocol, as well as cycle has been granted. 
performing NRZI encoding and decoding for the data. 

RxDACK The Receiver DMA acknowledge signal 
Modem handshake signals are provided so that the CPU 
intervention is minimized. The FCS (Frame check sequence) notifies the 8273 that the RxDMA cycle 

is also generated and checked by the SDLC chip as well as has been granted. 

Flags (01111110) and Idle characters. A,-Ao These two lines are used to select the 

One implementation of SDLC is the Loop-configuration destination or source of data to be 

typified by IBM 3650 Retail Store System which can also be accessed by the control logic. 

handled by the 8273 by going into 1-bit delay mode. In such TxD 0 The NRZI encoded data are transmitted 

configuration a two wire pair can be effectively used for data through the TxD line. 

transfer between controllers and loop stations. Digital phase TxC The transmitter clock controls the TxD 
Locked Loop pin-out can be used by the loop station without BAUD rate. 
the presence of an accurate 1 X clock. 

RxD The Receiver Data line receives the 

Hardware Description NRZI encoded data from the communi-
cation data channel. 

The 8273 is packaged in a 40 pin DIP. The following is a 
RxC The Receiver clock is the 1 X BAUD 

functional description of each pin. 

Pin Name 1/0 Description 
rate that RxD is received. 

PWR +5V supply 
32X CLK The 32X clock is used to provide clock 

GND recovery when Asynchronous modem 

CLK PWR Ground is used. In loop configuration the loop 

RESET A high signal on this pin will force the station can run without an accurate 1 X 

8273 to an idle state. The 8273 will clock by using the 32X CLK. 

remain idle until a command is issued DPLL 0 Digital Phase Locked Loop output can 

by the CPU. The modem interface be tied to RxC and/or TxC when 1 X 

output signals are forced high. clock is not available. DPLL is used 

cs The 1/0 Read and 1/0 Write inputs are with 32X CLK. 

enabled by the chip. FLAG DET 0 Flag Detect signals that a flag (01111110) 

~ DB7-DB0 1/0 The Data Bus lines are bidirectional has been detected. 

three-state line which interface with the RTS 0 Request to send signals the terminal is 

8080 system Data Bus. ready to transmit Data. 

WR The Write signal is used to control the CTS Clear to send signals that the modem is 

transfer of either a command or data ready to accept data tor transmission. 

from CPU to the 8273. CD Carrier Detect signals that the line trans-

RD The Read signal is used to control the mission has started and the 8273 may 

transfer of either a data byte or a status begin sample data on RxD line. 

word from the 8273 to the CPU. PAo-2 General Purpose input Ports. The logic 

TxlNT 0 The Transmitter interrupt signal indi- levels on these lines can be Read by the 

cates that the transmitter logic requires CPU through the Data Bus Butter. 

service. PBo-, 0 General Purpose output Ports. The CPU 

RxlNT 0 The Receiver interrupt signal indicates can write these output lines through 

that the Receiver logic requires service. Data Bus Buffer. 
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8273 

Principles of Operation 
The 8273 is fully compatible with the 8080 system Bus. As an 
8080 peripheral device, it accepts commands from the CPU, 
executes these Commands and provides a Result back to 
the 8080 CPU at the end of execution. Communication with 
CPU is through the activating of CS, RD, WR pins. The A,Ao 
select the appropriate registers on chip: 

A1 AO CS•RD CS•WR 

0 0 Status Reg Command Reg 
0 1 Result Reg Parameter Reg 
1 0 TX Reg -

1 1 RX Reg -

The SDLC chip operation is composed of the following 
general sequence of events: 

The Command Phase 

During the Command Phase, the CPU issues a command 
byte to the 8273. The command byte provides a general 
description of the type of operation requested. Many opera
tions require more detailed information about the command. 
In such case, from zero to four parameters are written 
following the command byte to provide such information. The 
various commands that the 8273 can recognize are listed in 
the Software Operation Section. 

The Execution Phase 

After the last parameter is written into the 8273, the SDLC 
chip enters the Execution Phase. During this phase there is 
no need for CPU involvement. The system might interface 
with the 8257 (OMA controller) if programmed to do so, for 
high speed data transfers (see System Diagram). On the 
other hand for low speed data rate communication TxlNT 
and RxlNT can be used. 

The Result Phase 

During the Result Phase, the SDLC chip notifies the CPU of 
the outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 
2 An error detected during an operation. 

In the Result Phase, the CPU Reads the Status Register 
which provides the following information. 

AX INTERRUPT RESULT AVAILABLE 

TX INTERRUPT RESULT AVAILABLE 

RX INTERRUPT 
c_ ____ TX INTERRUPT 

~----- COMMAND RESULT BUFFER FULL 

~------- COMMAND PARAMETER BUFFER FULL 

'---------- COMMAND BUFFER FULL 
c_ _________ COMMAND BUSY 

Based on the status of the Status Register, the CPU may 
Read the Tx Reg, Rx Reg, or Result Register, if more 
information is needed. 

Software Operation 

The 8273 can accept many powerful commands from the 
CPU. The following is a list of such commands (associated 
parameters not shown). 

General Receive 
Selective Receive 
Selective Loop Receive 
End of Polling Search 
Receive Disable 
Transmit Frame 
Loop Transmit 
Transparent Transmit 
Abort Tx Frame 
Abort Loop Tx 
Abort Transparent Tx 
Read Port A 
Read Port B 
Set/Reset 1 Bit Delay 
Set/Reset Serial 1/0 
Set/Reset Operating Mode 
Set/Reset Port A/B Bit 

COMMAND PHASE 8080 WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 

EXECUTION PHASE 

RESULT PHASE 

THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 

THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU WILL PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 
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• Programmable Screen and Character • Light Pen Detection and Register 
Formats • Dual Row Buffers 

• Six Independent Visual Field Attributes • Programmable OMA Burst Mode 

• Eleven Visual Character Attributes • Single +5 Volt Supply 
(Graphic Capability) • 40 Pin Package • Cursor Control (4 Types) 

The 8275 Programmable CRT Controller is a single chip device designed to interface CRT Raster Scan Displays with the 
8080 Microcomputer System. Its primary function is to refresh the display by buffering the information from main memory 
and keeping track of the display position of the screen. The flexibility, designed into the 8275, will allow simple interface to 
almost any Raster Scan Display with a minimum of external hardware and software overhead. 

PIN CONFIGURATION BLOCK DIAGRAM 
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General Pin Name 

The CRT Controller (8275) is a single chip, programmable, VRTC 
NMOS-LSI device which is designed to provide an interface 

for microcomputers to a large class of CRT character 

displays. The chip provides the display row buffering, raster 

timing, cursor timing, light pen detection and visual attribute 

decoding. It is programmable to a large number of different 

display formats. The controller can be interfaced to standard LCO-LC3 

character generator ROMs for dot matrix decoding. 

The controller can generate a screen format size of from 1 to 
80 characters per row, 1 to 64 rows per screen and from 1 to 

16 horizontal lines per character row. cco-ccs 

The device has 7 character code address bits allowing 6 or 7 
bit ASCII capability or can be used with other 7 bit codes to 

generate up to 128 characters. GPAO, 
GPA1 

Hardware Description 
The 8275 is Packaged in a 40 pin DIP. The following is a LAO, LA1 

functional description of each pin. 

Pin Name 1/0 Description 

Vee +5V power supply 

GND Ground 

CCLK Character Clock (from dot/timing logic) HLGT 

DBrDBo 1/0 Bi-directional three-state data bus lines. 
The outputs are enabled during a read 
of the C or P ports. 

cs Chip select. The read and write are 
RVV 

enabled by CS. 

RD Read input. A control signal to read 
registers. 

WR Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers during a LTEN 
OMA cycle. 

C/P Command or data register select. A 
high input on C/P selects the "C" port 
or command registers and a low input 
selects the "P" port or parameter 
registers. 

INT 0 Interrupt request. Output signal to the VSP 
8080 system indicating that a change 
of status has occurred. 

DRQ 0 OMA request. Output signal to the 8257 
OMA controller requesting a OMA cycle. 

DACK OMA acknowledge. Input signal from 
the 8257 OMA controller acknowledging 
that the requested OMA cycle has been 
granted. 

LPEN Light pen. Input Signal from the CRT 
system signifying that a light pen signal 
has been detected. 

HRTC 0 Horizontal retrace. Output signal which 
is active during the programmed hori-
zontal retrace interval. During this period 
the VSP output is high and the LTEN 
output is low. 
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1/0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Description 

Vertical retrace. Output signal which is 
active during the programmed vertical 
retrace interval. During this period the 
VSP output is high and the LTEN output 
is low. 

Line count. Output from the line counter 
which is used to address the character 
generator for the line positions on the 
screen. 

Character codes. Output from the row 
buffers used for character selection in 
the character generator. 

General purpose attribute codes. Out
puts which are enabled by the general 
purpose field attribute codes. 

Line attribute codes. These attribute 
codes have to be decoded externally 
by the dot/timing logic to generate the 
horizontal and vertical line combina
tions for the graphic displays specified 
by the character attribute codes. 

Highlight. Output signal used to intensify 
the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 

Reverse video. Output signal used to 
indicate the CRT circuitry to reverse 
the video signal. This output is active at 
the cursor position if a reverse video 
block cursor is programmed or at the 
positions specified by the field attribute 
codes. 

Light enable. Output signal used to 
enable the video signal to the CRT. 
This output is active at the programmed 
underline cursor position, and at 
positions specified by the character 
attribute codes during generation of 
graphics display. 

Video suppression. Output signal used 
to blank the video signal to the CRT. 
This output is active: 
- during the horizontal and vertical 

retrace intervals. 
- at the top and bottom lines of rows if 

the number of lines/row are greater 
than or equal to 9. 

- when an end of row or end of 
screen code is detected. 

- when a OMA underrun occurs. 
- at regular intervals (1/16 frame 

frequency for cursor, 1 /32 frame 
frequency for character and field 
attributes)-to create blinking dis
plays as specified by cursor, char
acter attribute, or field attribute 
programming. 

a • 



ll • 

8275 

Principles of Operation 
The basic elements of the CRT controller are the two row 
buffers (80X8), cursor position, light pen position, and visual 
attribute decode and control logic. The CRT controller is 
used with the DMA chip (8257) to provide the high speed 
controlling function of a CRT. 

Two row buffers are utilized to provide display row refresh. 
Each buffer is alternately loaded from main memory and 
then used to provide characters to the external character 
generator and internal visual attribute decode logic during 
row display. Each buffer is loaded from main memory by 
DMA cycles which are requested by the CRT controller at 
programmable intervals. The controller can also be pro
grammed to request a single DMA at a time or bursts of 2, 4, 
or 8 bytes. 

Raster Control and Timing 

The raster logic provides the proper video scan timing for the 
CRT. The various parameters of the raster timing are 
programmable at controller reset. Raster timing is derived 
from the basic character interval clock which is provided to 
the controller from the external dot timing logic. The following 
count functions are performed by the raster logic: 

Character Count 

Horizontal Retrace Interval Count 

Line Count 

Row Count 

Vertical Retrace Interval Count 

Blink Timing 

Cursor 

The cursor location is determined by the cursor line and 
character position registers which are loaded by command to 
the controller. The cursor can be programmed to appear on 
the display as 1) a blinking underline, 2) a blinking reverse 
video block, 3) a non-blinking underline, or 4) a non-blinking 
reverse video block. 

Light Pen 

When the controller detects a light pen signal, the row and 
character position coordinates of the raster are stored in a 
pair of registers. On command to the controller, these 
registers can be read by the microprocessor. The registers 
are loaded on the 0-1 transition of the light pen input which is 
internally synchronized with the character clock. The hori
zontal address will be off three character positions (more if 
external delays are present) and has to be corrected in the 
software. In addition, the controller has a status flag to 
indicate that the light pen signal was detected. 

Visual Attributes 

Visual attributes are generated and timed by the CRT 
controller without the intervention of the external character 
generator. They are actuated and controlled by special code 
combinations. These attribute codes can affect the display 
for just the character position in which they appear (character 
type) or they may affect a field of characters (field type). 

Field Attributes 

The field attributes are control codes which will affect the 
visual characteristics for a field of characters starting at the 
character following the field attribute code up to the character 
which precedes the next field attribute code. A field attribute 
code does not have to occupy a display position. Any of the 
following field display can be independently selected for 
a field: 

Blink 

Highlight 

Reverse Video 

Underline 

Character Attributes 

A character attribute generates a graphics symbol in the 
character position without the use of an external character 
generator. A character attribute is generated through the 
Line Attribute outputs together with the Video Suppress and 
Light Enable outputs. The external logic then can generate 
the proper symbol. Character attributes can be programmed 
to blink or be highlighted. 

Software Operation 

The 8275 can accept commands from the CPU at any time to 
perform the CRT controlling functions. A command 
(C/P=1) from the CPU to the 8275 chip may be followed by 
up to 4 bytes of parameters (C/P=O). The list of commands 
and their associated parameters are summarized below: 

C/P 

0 

0 

0 

0 

1 

0 

0 

DB 

oooxxxxx 
SHHHHHHH 

VVRRRRRR 

UUUULLLL 

DFCCZZZZ 

001SSSBB 

010XXXXX 

011XXXXX 

100XXXXX 

xccccccc 
xxcccccc 
101XXXXX 

110XXXXX 

RESET & STOP DISPLAY 

SCREEN COMPOSITION #1 

SCREEN COMPOSITION #2 

SCREEN COMPOSITION #3 

SCREEN COMPOSITION #4 

START DISPLAY 

STOP DI SPLAY 

READ LIGHT PEN (*2 RD} 
LOAD CURSOR POSITION 
CURSOR X-POSITION 
CURSORY-POSITION 
ENABLE INTERRUPT 

DISABLE INTERRUPT 
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• Simultaneous Keyboard Display • Dual 8 or 16 Numerical Display 
Operations • Single 16 Character Display 

• Scanned Keyboard Mode • Right or Left Entry 16 Byte 

• Scanned Sensor Mode Display RAM 

• Strobed Input Entry Mode • Mode Programmable from CPU 

• 8 Character Keyboard FIFO • Programmable Scan Timing 

• 2 Key or N Key Rollover with • Interrupt Output on Key Entry 
Contact Debounce 

The 8279 is a general purpose programmable keyboard and display 1/0 interface device designed for use with 
microprocessors. The keyboard portion can provide a scanned interface to a 64 contact key matrix which can be expanded 

to 128. The keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the Hall 
effect and Ferrite variety. Key depressions can be 2 key or N key rollover. Keyboard entries are debounced and stored in an 
8 character FIFO. If more than 8 characters are entered, over run status is set. Key entries set the interrupt output line to the 

CPU. 

The display portion provides a scanned display interface for LED, incandescent and other popular display technologies. 
Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 has a 16 x 8display 

RAM which can be organized into a dual 16 x 4. The RAM can be loaded or interrogated by the CPU. Both right entry, 
calculator and left entry typewriter display formats are possible. Both read and write of the display RAM can be done with 

auto-increment of the display RAM address. 

PIN CONFIGURATION LOGIC SYMBOL 

v,, 

PIN NAMES 
INT "' 
DATA 
BUS 

SHIFT 

RD 

WR 
CNTL 

CPU 
5 0 _3 SCAN OUTPUTS INTERFACE 

cs 
Si SCAN 

R-;_;-.. ···- --RETURN INPUTS -~ 

CID 

Ai 

RESET I "'"" CLK Bi DATA 

Bll 

CNTL/STB CONTROL/STROBE INPUT I 

A0_3 _ DIS-PLAv(Ai-OL'.TP~ys--! Ba:;---~OuTPUTS _____ i 
BB --BLANK DISPLAY OUTPUT·-: 

----~----·-_______=:] 

Vss 
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8279 BASIC FUNCTIONAL DESCRIPTION 

Introduction 

Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit mocroprocessors such as the 8080. 

The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 8080 bus. 
The CPU can program all operating modes for the 8279. 
These modes include: 

Input Modes 

• Scanned Keyboard - with encoded (8 x 8 x 4 key 
keyboard) or decoded (4 x 8 x 4 key keyboard) scan 
lines. A key depression generates a 6-bit encoding of 
key position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key or N-key rollover. 

CLOCK RESET DB0-7 

• Scanned Sensor Matrix - with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input - Data on return lines during control 
line strobe is transferred to FIFO. 

Output Modes 

• 8 or 16 character multiplexed displays that can be 
organized as dual 4-bit or single 8-bit. 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Programmable clock to match the 8279 scan times to 
the CPU cycle time. 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 

RD WR CS C/D INT 

l l l l 
1/0 CONTROL 

16 x 8 
DISPLAY 

RAM 

CONTROL ANO 
TIMING 

REGISTERS 

.,. 
FIFO/SENSOR 

RAM 
KEYBOARD 
DEBOUNCE 

AND 
CONTROL 

FIGURE 1. 8279 BLOCK DIAGRAM 

TIMING 
AND 

CONTROL 

L __ _J-------i SCAN COUNTER 
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Hardware Description 
The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 

No. Of 
Pins Designation 

8 DBO-DB7 

CLK 

RESET 

CID 

2 RD, WR 

INT 

2 Vss, Vee 

4 SO-S3 

8 RO-R7 

SHIFT 

Function 

Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans
mitted on these lines. 

Clock from system used to gen
erate internal timing. 

A high signal on this pin resets 
the 8279. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 

Command/Data. A high on this 
line indicates the signals in or 
out are interpreted as a com
mand. A low indicates that they 
are data. 

Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 

Interrupt Output. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and +5 :t10% power 
supply pins. 

Scan outputs which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en
coded (1 of 16) or decoded (1 of 
4). 

Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 

The shift input status is stored 
along with the key position on 
key closure in the Scanned 
Keyboard modes. 

8279 

No. Of 
Pins Designation 

4 
4 

CNTL/STB 

AO-A3 
BO-B3 

BO 

Function 

For keyboard modes this line is 
used as a control input and 
stored like status on a key clo
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 

These two ports are the outputs 
for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SO-S3) for multi
plexed digit displays. The two 4 
bit ports may be blanked inde
pendently. These two ports may 
also be considered as one 8 bit 
port. 

Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 

Principles of Operation 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 

1/0 Control and Data Buffers 
The 1/0 control section uses the CS, CID, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by C/D. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1 ), the devices are in a high impedance 
state. The drivers input during WR•CS and output during 
RD •CS. 

Control and Timing Registers and Timing Control 
These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on th13 data lines with C/D = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a -;- N prescaler 
that can be programmed to match the CPU cycle time to 
the internal timing. The prescaler is software programmed 
to a value between 2 and 31. A value which yields an 
internal frequency of 100 kHz gives a 5.1 ms keyboard 
scan time and a 10.3 ms debounce time. The other 
counters divide down the basic internal frequency to 
provide the proper key scan, row scan, keyboard matrix 
scan, and display scan times. 
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Scan Counter 

The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

Return Buffers and Keyboard Debounce and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes willk recog~ed as an 
error. The status can be read by an RD with CS low and 
CID high. The status logic also provides an INT signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond
ing row of sensor in the sensor matrix. In this mode, INT is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 

Software Operation 

8279 Commands 

The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and C/D high and are loaded to the 8279 on the rising 
edge of WR. 

Keyboard/Display Mode Set 

MSB LSB 

Code: loioioiDIDIKIKIKI 

Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 

0 0 8 8-bit character display - Left entry 

0 16 8-bit character display - Left entry· 

0 8 8-bit character display - Right entry 

16 8-bit character display - Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode. the display is reduced to 4 characters 
independent of display mode set. 

KKK 

0 0 0 Encoded Scan Keyboard - 2 Key Rollover' 

0 0 Decoded Scan Keyboard - 2-Key Rollover 

0 0 Encoded Scan Keyboard - N-Key Rollover 

0 Decoded Scan Keyboard - N-Key Rollover 

0 0 Encoded Scan Sensor Matrix 

0 Decoded Scan Sensor Matrix 

0 Strobed Input, Encoded Display Scan 

Strobed Input, Decoded Display Scan 

Program Clock 

Code: lo ioi 1 I Pi PIP IP IPI 

Where PPPPP is the prescaler value 2 to 31. The 
programmable prescaler divides the external clock by 
PPPPP to get the basic internal frequency. Choosing a 
divisor that yields 100 KHz will give the specified scan and 
debounce times. Default after a reset pulse (but not a 
program clear) is 31. 

Read FIFO/Sensor RAM 

Code: I 0 I 1 [ 0 I Al [ X I A I A I A I X Don't Care 

Where Al is the Auto-Increment flag for the Sensor RAM 
and AAA is the row that is going to be read by the CPU. Al 
and AAA are used only if the mode is set to Sensor Matrix. 
This command is used to specify that the source of data 
reads (CS• RD• CD) by the CPU is the FIFO/Sensor 
RAM. No additional commands are necessary as long as 
'Default after reset 
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data is desired from the FIFO/Sensor RAM. Another 
command is necessary if reading is desired from a 
different row than has been selected. If Al is a one, the row 
select counter will be incremented after each read so the 
next read will be from the next Sensor RAM row. 

In the Auto Increment mode for reading data from the 
FIFO/Sensor RAM, each read advances the address by 
one so that the next read is from the next character. This 
Auto Incrementing has no effect on the display. 

Read Display RAM 

Code: 

Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to read 
next. Since the CPU uses the same counter for reading 
and writing, this command also sets the next write location 
and Auto-Increment mode. This command is used to 
specify the display RAM as the data source for CPU data 
reads. If Al is set, the character address will be 
incremented after each read (or write) so that the next 
read (or write) will be from (to) the next character. 

Write Display RAM 

Code: I 1 I 0 I 0 I Al I A I A I A I A I 
Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to write 
next. The addressing and Auto-Increment are identical to 
Read Display RAM. The difference is that Write Display 
RAM does not affect the source of CPU reads. The CPU 
will read from whichever RAM (Display or FIFO/Sensor) 
was last specified. This command will, however, change 
the location the next Display RAM read will be from if that 
source was specified. 

Display Write Inhibit/Blanking 

Code: I 1 Io I jx j1w j1wjsLjsLj 
A B A B 

Where IW is Inhibit Writing (nibble A or B) and BL is 
Blanking (nibble A or B). If the display is being used as a 
dual 4-bit display, then it is necessary to mask one of the 4-
bit halves so that entries to the Display from the CPU do 
not affect the other half. The IW flags allow the 
programmer to do this. It is also useful to be able to blank 
either half when that half is not to be displayed. The BL 
flags blank the display. The next command sets the output 
code to be used as a "blank". Default after reset is all zeros. 
Note that to blank a display formatted as a single 8-bit 
output, it is necessary to set both BL flags to entirely blank 
the display. A "1" sets the flag. Reissuing the command 
with a "O" resets the flag. 

Clear 

Code: 

Where C0 is Clear Display, CF is Clear FIFO Status 
(including interrupt), and CA is Clear All. C0 is used to 

clear all positions of the Display RAM to a programmable 
code. All ones, all zeros and hexadecimal 20 are possible. 
The 2 least significant bits of C0 are also used to specify 
the blanking code (see below). 

rCo ,~' AU Zem<(X ~ Ooo'«>"l 

0 Hex 20 (0010 0000) 

1 All Ones 

Enable clear display when= 1 (or by CA = 1) 

Clearing the display takes one display scan. During this 
time the CPU cannot write to the Display RAM. The MSB 
of the FIFO status word will be set during this time. 

CF set the FIFO status to empty and resets the interrupt 
output line. After execution of a clear command with CF 
set, the Sensor Matrix mode RAM pointer will be set to row 
0. 

CA has the combined effect of C0 and CF. CA uses the C0 
clearing code to determine how to clear the Display RAM. 
CA also resets the internal timing chain to resynchronize 
it. 

End Interrupt/Error Mode Set 

Code: 

For the sensor matrix modes this command lowers the INT 
line and enables further writing into RAM. (The INT line 
would have been raised upon the detection of a change in 
a sensor value. This would have also inhibited further 
writing into the RAM until reset.) 

For the N-key rollover mode - if the E bit is programmed 
to "1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 
The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when C/D is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 
Data is read when C/D, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto
Increment flag is set. Fl FO reads always increment (if no 
error occurs) independent of Al. 

Data Write 
Data that is written with C/D, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 

A. Scanned Keyboard Mode, 2-Key Rollover 

There are three possible combinations of conditions that 

can occur during debounce scanning. When a key is 

depressed, the debounce logic is set. A full scan of the 

keyboard is ignored, then other depressed keys are 

looked for. If none are encountered, it is a single key 

depression and the key position is entered into the FIFO 

along with the status of CNTL and SHIFT lines. If the FIFO 

was empty, INT will be set to signal the CPU that there is 

an entry in the FIFO. If the FIFO was full, the key w,jll not be 

entered and the error flag will be set. If another closed 

switch is encountered, no entry to the FIFO can occur. If 

all other keys are released before this one, then it will be 

entered to the FIFO. If this key is released before any 

other, it will be entirely ignored. A key is entered to the 

Fl FO only once per depression, no matter how many keys 

were pressed along with it or in what order they were 

released. If two keys are depressed within the debounce 

cycle, it is a simultaneous depression. Neither key will be 

recognized until one key remains depressed alone. The 

last key will be treated as a single key depression. 

B. Scanned Keyboard Mode, N-Key Rollover 

With N-key Rollover each key depression is treated 

independently from all others. When a key is depressed, 

the debounce circuit waits 2 keyboard scans and then 

checks to see if the key is still down. If it is, the key is 

entered into the FIFO. Any number of keys can be 

depressed and another can be recognized and entered 

into the FIFO. If a simultaneous depression occurs, the 

keys are recognized and entered according to the order 

the keyboard scan found them. 

C. Scanned Keyboard - Special Error Modes 

For N-key rollover mode the user can program a special 

error mode. This is done by the "End Interrupt/Error Mode 

Set" command. The debounce cycle and key-validity 

check are as in normal N-key mode. If during a single 

debounce cycle, two keys are found depressed, this is 

considered a simultaneous multiple depression, and sets 

an error flag. This flag will prevent any further writing into 

the Fl FO and will set interrupt (if not yet set). The error flag 

could be read in this mode by reading the FIFO STATUS 

word. (See "FIFO STATUS" for further details.) The error 

flag is reset by sending the normal CLEAR command with 

CF= 1. 

D. Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 

The status of the sensor switch is inputted directly to the 

Sensor RAM. In this way the Sensor RAM keeps an image 

of the state of the switches in the sensor matrix. Although 

debouncing is not provided, this mode has the advantage 

that the CPU knows how long the sensor was closed and 

when it was released. A keyboard mode can only indicate 

a validated closure. To make the software easier, the 

designer should functionally group the sensors by row 

since this is the format in which the CPU will read them. 

The INT line goes high if any sensor value change is 

detected at the end of a sensor matrix scan. The INT line is 

cleared by the first Data Read Command if the Auto-

Increment flag is set to zero, or by the End Interrupt 

command if the Auto-Increment flag is set to one. 

E. Data Format 

In the Scanned Keyboard mode, the character entered 

into the FIFO corresponds to the position of the switch in 

the keyboard plus the status of the CNTL and SHI FT lines. 

CNTL is the MSB of the character and SHIFT is the next 

most significant bit. The next three bits are from the scan 

counter and indicate the row the key was found in. The last 

three bits are from the column counter and indicate to 

which return line the key was connected. 

In Sensor Matrix mode, the data on the return lines is 

entered directly in the row of the Sensor RAM that 

corresponds to the row in the matrix being scanned. 

Therefore, each switch postion maps directly to a Sensor 

RAM position. The SHIFT and CNTL inputs are ignored in 

this mode. Note that switches are not necessarily the only 

thing that can be connected to the return lines in this 

mode. Any logic that can be triggered by the scan lines 

can enter data to the return line inputs. Eight multiplexed 

input ports could be tied to the return lines and scanned by 

the 8279. 

In Strobed Input mode, the data is also entered to the FIFO 

from the return lines. The data is entered by the rising 

edge of a CNTL/STB line pulse. Data can come from 

another encoded keyboard or simple switch matrix. The 

return lines can also be used as a general purpose strobed 

input. 

F. Display 

Left Entry 

Left Entry mode is the simplest display format in that each 

display position directly corresponds to a byte (or nibble) 

in the Display RAM. Address 0 in the RAM is the left-most 

display character and address 15 (or address 7 in 8 

character display) is the right most display character. 

Entering characters from position zero causes the display 

to fill from the left. The 17th (9th) character is entered back 

in the left most position and filling again proceeds from 

there. 

0 1 14 15-Display 

1st entry 1-jTi _- _- -- _- IIJ RAM 
L..'....L-1 Address 

0 1 14 15 

2nd entry QEI=- -=:co 
0 1 14 15 

16th entry CTI=== =EE::! 
0 1 14 15 

17th entry @@=-==~ 
0 1 14 15 

18th entry ~= = = =:@EJ 
LEFT ENTRY MODE 
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Righi Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 

2 14 15 O•Display 

1st entry co- - I I I :~~ess 

0 1 13 14 15 

16th entry GB= = = = I 14115116 I 
1 2 14 15 0 

17th entry ~[ - - =I 151161171 

2 3 15 0 1 

18th entry [2EI = - - = 1161171181 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 

0 1 2 3 4 5 6 7.._ Display 

1st entry ~, 1~1 -1~1 -1-1~1 -1 ~, :~~ess 

0 1 2 3 4 5 6 7 

2nd entry f 1 I 2 I I I I I I 
0 1 2 3 4 5 6 7 

Command I 1 12 I I I I I I I 
10010101 

Enter next at Location 5 Auto Increment 

0 1 2 3 4 5 6 7 

3rd entry 11 I 2 I I I I 3 I I I 
0 1 2 3 4 5 6 7 

4th entry I 1 I 2 I I 3 14 I 

In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 

2 3 4 5 6 7 0-+-Display 

1st entry 
I I I I I I I 1 I 

RAM 
Address 

2 3 4 5 6 7 0 1 

2nd entry I I I I 11 121 

2 3 4 5 6 7 0 1 

Command I I I 1 I 2 I 
10010101 

Enter next at Location 5 Auto Increment 

3 4 5 6 7 0 1 2 

3rd entry I I I 3 I I 1 I 2 I I 

4 5 6 7 0 1 2 3 

4th entry I 3141 I 1 I 2 I I I 

Starting at an arbitrary location operates as shown below: 

Command 
10010101 

1st entry 

2nd entry 

8th entry 

0 2 3 4 5 6 7-+-Display 

I I I I I I I I I :~d~ess 
Enter next at Location 5 Auto Increment 

2345670 

2 3 4 5 6 7 0 

I I I 1 I 2 I I I 
14151611lsl1 l2l3I 

9th entry I 5 I 6 I 7 I 8 I 9 I 2 13 14 I 

Entry appears to be from the initial entry point. 

8/16 Character Display Formats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 charactfi)rs with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 
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The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 

In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indication 
is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the error flag 
and serves as an indication to whether a simultaneous 
multiple closure error has occurred. 

APPLICATIONS 

SHIFT 

CONTROL 

INT SHIFT CNTL 
INT 

8-BIT DATA BUS 
MICRO- DATA 

0 0-1 PROCESSOR BUS 
SYSTEM 

CONTROLS{ 

RD 
IOR 

WR 8279 
IOW 

RESET 
RESET 

es es ADDRESS { 
BUS C/0 

CID 

CLOCK 
CLK 

CLKB0-3 

KEYBOARD 
MATRIX 

8 ROWS 

ADDRESSES 
(DECODED) 

~~~~'I DISPLAY 
CHARACTERS 
DATA 

DISPLAY 

FIGURE 2. GENERAL BLOCK DIAGRAM 
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Error·Underrun 
Error Overrun 

Sensor Closure/Error Flag for 

Multiple Closures 

Display unavailable 
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P•rametric limits!,!~~';:'-' specification. So 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature . . . . . . . . . . . . . . 0° C to 70° C 

Storage Temperature ............. -65°C to 125°C 

Voltage on any Pin with 

Respect to Ground . . . . . . . . . . . . . . -0.5V to + 7V 

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

D.C. AND OPERATING CHARACTERISTICS 
TA = 0°C to 70°C, Vee= +5V ±10%, Vss = ov 

SYMBOL PARAMETER 
MIN. 

Vol Output Low Voltage 

VoH Output High Voltage 2.4 

V1LV Input Low Voltage (for all inputs Vss-0.5 
but R's) 

V1L2 Input Low Voltage for Return Lines Vss-0.5 

V1H Input High Voltage 2.0 

Illa Input Leakage Current 

IFL Output Float Leakage 

Ice Power Supply Current 

l1LL Input Leakage Current on Return Lines, 
Shifts and Control 

VoHL Output High Voltage on Interrupt Line 3.5 

10-248 

1ect to chan i 

*COMMENT: Stresses above those listed under "Absolute ge. 

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 ex tended periods may affect device 
reliability. 

LIMITS 
UNIT TEST CONDITIONS 

TYP. MAX. 

0.45 v loL =2.2 mA 

v loH=-400 µA 

0.8 v 

1.4 v 
v 

±10 µA \f;n=Vcc 

±10 µA V;n=Vcc or V;n=Vss+.45 V 

120 mA 

+10 µA V;n=Vcc 
-100 µA V;n=Vss 

v loH=-100µA 
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A.C. CHARACTERISTICS 
TA= 0° to 70°C, Vee= ±10%, Vss = ov 

SYMBOL PARAMETER 

tReY Read Cycle Time 

tRo IOR to Data Out Stable 

teo CS to Data 0 ut Stable 

teR CID to IOR Set Up Time 

tRe CID to IOR Hold Time 

tow Data Set Up to IOW Trailing Edge 

tew CID Set Up to IOW 

tww IOW Pulse Width 

twe CID Hold from IOW 

two Data Hold from IOW 

t,pw Clock Pulse Width 

tev Clock Period 

tesR CS Stable before IOR 

tRes CS Hold after IOR 

tRR IOR Width 

teoo CID to Data OJtput Stable 

tRDF Data FI oat after I 0 R 

tesw CS Stable before IOW 

twes CS Hold from IOW 

CAPACITANCE 
" SYMBOL TEST 

C;n Input Capacitance 

Cout Output Capacitance 

A.C. TEST CONDITIONS 
Output Load . . . . . . . . . 1 TTL Gate, and C LOAD = 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 
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MIN. 

1000 

0 

0 

150 

0 

250 

0 

-20 

120 

320 

0 

0 

300 

10 

0 

0 

TYP. 

5 

10 

Ch, 

MAX. UNIT TEST CONDITIONS 
'"'Ue. 

nsec 

150 nsec 100 pF on Data Bus 

250 nsec 100 pF on Data Bus 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

250 nsec CL =100 pF 

100 nsec CL=100pF 
nsec CL=15pF 

nsec 

nsec 

MAX. UNIT TEST CONDITIONS 

10 pF V;n=Vee 

20 pF Vout=Vee 

Keyboard Scan Time: 5.1 msec 
10.3 msec 
80 µsec 
10.3 msec 
480 µsec 
160 µsec 
10 µsec 

Keyboard Debounce Time: 
Key Scan Time: 
Display Scan Time: 
Digit-on Time: 
Blanking Time: 
Internal Clock Cycle: 

JI 
Ill 
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WAVEFORMS 

1. Read Operation 

CS OR C/D 

""'"--------------~ 

1------ tRR _____ , 

-tRD- ..._.__._tRDF_____.. 

~AJT~~~~~------------c - DATAVALID----1 ...... ____________ ......., 

2. Write Operation 

~'""' =i'----------
-::: -~l'----------'w_w __ --------------- twcs 

DATA BUS 
(INPUT) 

DATA 
MAY CHANGE 

_____________ _, 

l. 3. Clock Input 

-tow- 'wo 

-DATA VALID 
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SDK-80 
8080 SYSTEM DESIGN KIT 

• Complete Single Board Microcomputer • Large Wire-Wrap area for Custom 
System Including CPU, Memory and 1/0 Interfaces 

• Easy to Assemble Kit-Form • Extensive System Monitor Software 

• High-Performance (2µs Instruction in ROM 

Cycle) • PC Board Format and Power, 

• Interfaces Directly with most Terminals Compatible with INTELLEC® MOS 

(75-4800 Baud) • Complete MCS-80™ Design Library 

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. 

10-251 
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SDK-80 

GENERAL 

The SDK-80 is a complete 8080 microcomputer 
system on a single board, in kit form. It contains 
all necessary components to build a useful, 
functional system. Such items as resistors, 
caps, sockets and connectors are included. 
Assembly time varies from 3 to 5 hours, 
depending on the skill of the user. 

A compact but powerful system monitor is 
supplied with the SDK-80 to provide general 
software utilities and system diagnostics. It 
comes in a pre-programmed ROM. 

The SDK-80 communicates with the outside 
world through the user's console terminal (TTY, 
CRT, etc.). The interface to most common 
terminals is direct and the baud rate is jumper 
selectable for complete flexibility. Both mem
ory and 1/0 can be easily expanded by simply 
soldering in additional devices in locations 
provided for this purpose. A large area of the 
board (12 sq. in.) is laid out as general purpose 
wire-wrap for the users custom interfaces. 

-INTREQ 

!HOLD 

ll a 

SDK-80 Functional Block Diagram. 

REC 
DATA 

INT 

1/0 DATA 
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Only a few simple tools are required for 
assembly; soldering iron, cutters, screwdriver, 
etc. Once construction is complete, the user 
connects his console terminal and power 
supplies (3) to the SDK-80, lights it off and is 
ready to go. The monitor starts immediately 
upon power-on or reset and all commands are 
available to the user at that time. 

Completed Board. 
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SDK-80 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 0000-0FFF 
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 1/0: All signals TTL compatible. 
Serial 1/0: RS232C/EIA 

Interrupts 

20mA current loop TTY 
TTL (one TTL load) 

Single level: Generates RST7 vector. 
TTL compatible input. 

OMA 

Hold Request: Jumper selectable. 
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Software 

System Monitor: Pre-programmed 8708 or 
8308 ROM Addresses; 0000-03FF. 

Features: 
Display Memory Contents (0) 
Move blocks of memory (M) 
Substitute memory locations (S) 
Insert hex code (I) 
Examine Registers (X) 
Program Control (G) 
Break Point Capability 
Power-up start or system reset start. 

1/0: Console Device (serial 1/0) 

Literature 

Design Library: 
8080 Users Manual 
8080 Assembly Language Manual 
PL/M Programming Manual 
MOS Brochure 
Reference Card (Programmers) 
SDK-80 User's Guide 

Connectors 

1/0: 25 pin female (RS232C) 
PCB: MOS format 

Physical Characteristics (MOS Mechanical 
format) 

Width: 12.0 in. 
Height: 6.75 in. 
Depth: 0.50 in. 
Weight: approx. 12 oz. 

Electrical Characteristics (DC Power) 

Vee 5V ±5% 
Voo 12V ±5% 
Vss -10V ±5% 
or -12V ±5% 

Environmental 

Operating Temperature: 0-70°C 

1.3 Amps 
.35 Amps 
.20 Amps 

" • 
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8251 PROGRAMMABLE COMMUNICATION INTERFACE 
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INTRODUCTION 

SERIES 3000 BIPOLAR 
MICROCOMPUTER SYSTEM 

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 effec
tive 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 microprogram memory. 

The entire component family has been designed to interconnect directly, minimizing the need for 
ancillary circuitry. It is available in commercial and military temperature range versions. In addition 
to the components, Intel 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 power development system, Intel provides a 
Total System Solution, from development to production. 

TABLE OF CONTENTS 

Control Unit 

3001 Microprogram Control Unit .................................................. 11-3 
M3001 Microprogram Control Unit ................................................. 11-10 

Central Processing Element 

3002 Central Processing Element .................................................. 11-13 
M3002 Central Processing Element, Mil Temp .......................................... 11-19 

Look-Ahead Carry Generator 

3003 Look-Ahead Carry Generator ................................................. 11-21 
M3003 Look-Ahead Carry Generator, Mil Temp ........................................ 11-24 

Latch Buffer 

3212 Multi-Mode Latch Buffer .................................................... 11-26 
M3212 Multi-Mode Latch Buffer, Mil Temp ........................................... 11-31 

Interrupt Control Unit 

3214 Interrupt Control Unit ..................................................... 11-34 
M3214 Interrupt Control Unit, Mil Temp ............................................. 11-40 

Parallel Bidirectional Bus Driver 

3216/3226 Parallel Bidirectional Bus Driver ........................................... 11-44 
M3216/M3226 Parallel Bidirectional Bus Driver, Mil Temp ................................. 11-47 
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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. 

Control of carry/shift input data to 
the CP array. 

Control of microprogram interrupts. 

CONTAO\. TO 
M~Nl.C>AY 110 

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 Flag 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 

Figure 1. Block Diagram of a Typical System 
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PACKAGE CONFIGURATION 

PX4 Vee 
PX 7 A Co 
PX6 AC1 
PX5 AC5 
SX3 LD 
SX2 ERA 
PR 2 MA a 
sx, MA7 
PR 1 MA5 
SX0 -o 10 MA5 
PRo 11 MA4 
FC3 12 MAo 
FC2 MA3 
FO MA2 

MA 1 
EN 
AC5 
AC4 

CLK AC3 
GND AC2 

'Os:i...\ ~ T-?..C>ll\ 'Ui::i...\ p... T-?..C)'W\ 
\.l\'i:.W\Cl~"( 'U'i:.'J \C.t~ 
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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 

FO 

Fl 

ISE 

CLK 

GND 

ACo-ACs 

EN 

MA0-MA3 

MA4-MAa 

ERA 

LO 

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 Instruction Bus Inputs 

Data on the secondary instruction bus is synchronously loaded into the 
PR-latch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-latch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 

PR-Latch Outputs 

The PR-latch 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 (Fl) 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-latch 
when the clock input (CLK) is low. 

Interrupt 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-latch 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 regist~r. However, it does not 
inhibit the operation of the PR-latch or the generation of the interrupt 
strobe enable. 

+5 Volt Supply 

(1) Active HIGH unless otherwise specified. 
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active LOW 

active LOW 

open collector 

active LOW 
three-state 

active LOW 

three-state 

three-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. 

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 microprcgram address is treated as 
specifying not one, but two addresses -
the row address in the µpper 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 

ERA 

MICROPROGRAM MEMORY 
ADDRESS 

MAe---M"4 

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-latch, 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. 

,------- --, 
INTERRUPT 
STROBE ISE -L----------~ I 

I ENABLE 

ADDRESS 
CONTROL 
FUNCTION 

LOAD 

A Ce 

AC5 

AC, 

AC3 

AC2 

AC, 

ACo 

LO 

FC@ FC1 

FLAG 
LOGIC 

CONtROL 

Figure 2. 3001 Block Diagram 

., 
FLAG 
INPUT 

~o---+--+--<>--+-+------<>--+-+--+------+-~-EN ~~B~~TPUT 

Fo 

FLAG FLAG PRIMARY 
OUTPUT LOGIC INSTRUCTION 

CONT'10L BUS 
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FUNCTK>NAL DESCRIPTION 

ADDRESS CONTROL FUNCTIONS 

The address control functions of the 
MCU are selected by the seven input 
lines designated AC0-AC6 . 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 MA0-MA8 . The 
microprogram address outputs are or
ganized into row and column addresses 
as: 

MAs MA7 MA5 MA5 MA4 

row address 

MA3 MA2 MA1 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 mw and column addresses. 

Symbol 

rown 

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 

Function Description 

Jump in current column. 
AC0-AC4 are used to 
select 1 of 32 row ad
dresses in the current 
column, specified by 

JZR 

JCR 

JCE 

3001 

MA0-MA3, as the next 
address 

Jump to zero row. 
AC0-AC3 are used to 
select 1 of 16 column 
addresses in row0, as the 
next address. 

Jump in current row. 
AC0-AC3 are used to 
select 1 of 16 addresses 
in the current row, speci
fied by MA4-MA9, as 
the next address. 

Jump in current column/ 
row group and enable 
PR-latch outputs. AC0-
AC2 are used to select 1 
of 8 row addresses in the 
current row group, speci
fied by MArMA9, as 
the next row address. The 
current column is speci
fied by MA0-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. 
AC0-AC3 are used to 
select 1 of 16 row ad
dresses in the current 
row group, specified by 
MA9, as the next row 
address. If the current 
column group, specified 
by MA3, is col0-col7, 
the F-latch is used to 
select col2 or col3 as the 
next column address. If 
MA3 specifies column 
group col9-col15, the 
F-latch is used to select 
col 10 or col 11 as the 
next column address. 

Jump/test C-flag. 
AC0-AC2 are used to 
select 1 of 8 row ad
dresses in the current 
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JZF 

row group, specified by 
MA7 and MAa. as the 
next row address. If the 
current column group 
specified by MA3 is 
colo-col7, the C-flag is 
used to select col2 or 
col3 as the next column 
address. If MA3 specifies 
column group colg-col15. 
the C-flag is used to select 
col 10 or col 11 as the next 
column address. 

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-PX7). 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. 
AC0-AC2 are used to 
select 1 of 8 row ad
dresses in the current 
row group, specified by 
MA7 and MA$. 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 PR
latch bits. AC0-AC2 are 
used to select 1 of 8 row 
addresses in the current 
row group, specified by 
MA7 and MA9, as the 
next row address. PR2 
and PR3 are used to 



FUNCTIONAL DESCRIPTION (con't) 

JAL 

JPX 

select 1 of 4 possible 
column addresses in co14 
th rough col 7 as the next 
column address. 

Jump/test rightmost PR
latch bits. AC0 and AC1 
are used to select 1 of 4 
high-order row addresses 
in the current row group, 
specified by MA7 and 
MAa. as the next row 
address. PRo and PR1 are 
used to select 1 of 4 pos
sible column addresses in 
col 12 through col 15 as the 
next column address. 

Jump/test PX-bus and 
load PR-latch. ACo and 
AC1 are used to select 1 
of 4 row addresses in the 
current row group, speci
fied by MAs-MAa. 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. 

3001 

FLAG CONTROL FUNCTIONS 

The flag control functions of the MCU 
are selected by the four input lines 
designated FC0-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 (Fl) line. 
Data on Fl 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 

HCZ 

Function Description 

Set C-flag and Z-flag to 
Fl. The C-flag and the Z
flag are both set to the 
value of Fl. 

Set Z-flag to FI. The Z
flag is set to the value of 
Fl. The C-flag is 
unaffected. 

Set C-flag to Fl. The C
flag is set to the value of 
Fl. The Z flag is 
unaffected. 

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 0. FO is 
forced to the value of 
logical 0. 

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. 

FFl Force FO to 1. FO is 
forced to the value of 
logical 1. 
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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 a~tive HIGH at the 
rising edge of the clock, the data on 
the primary and secondary instruction 
busses, PX4-PX7 and SX0-SX3, is 
loaded into the microprogram address 
register. PX4-PX7 are loaded into 
MA0-MA3 and SX0-SX3 are loaded 
into MA4 -MA7. The high-order bit of 
the microprogram address register MAa 
is set to a logical 0. 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 
col1 5 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
AC6. 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. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ................. 0°C to 70°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = 0°C to 70°C V cc = 5.0V ±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 operation of the device at these or any other 

conditions above those indicated in the operational section of this 

specification is not implied. Exposure to absolute maximum ratings for 

extended periods may affect device reliability. 

SYMBOL PARAMETER MIN TYP(l) MAX UNIT CONDITIONS 

Ve Input Clamp Voltage (All -0.8 -1.0 v le= -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 µA VR = 5.25V 

EN Input 80 µA 

All Other Inputs 40 µA 

V1L Input Low Voltage 0.8 v Vee= 5.0V 

V1H Input High Voltage 2.0 v 

Ice Power Supply Current 121 170 240 mA 

Vol Output Low Voltage 0.35 0.45 v loL = 10 mA 

(All Output Pins) 

VoH Output High Voltage 2.4 3.0 v loH = -1 mA 

(MAo-MAa. ISE, FO) 

las Output Short Circuit Current -15 -28 -60 mA Vee= 5.0V 
(MAo-MAa. ISE, FO) 

lo(ottl Off.State Output Current: 
MAo-MAs. FO -100 µA Vo= 0.45V 
MAo-MAs. FO, PR0-PR2 100 µA Vo= 5.25V 

NOTES: 
(1) Typical values are for TA= 25°C and nominal supply voltage. 
(2) EN input grounded, all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS TA= 0°c to 10°c, Vee= 5.ov ±5% 

SYMBOL 

tev 

twp 

tsF 
tsK 
tsx 
t51 

NOTE: 

Cycle Time (2) 

Clock Pulse Width 

PARAMETER 

Control and Data Input Set·Up Times: 
LO, ACo-ACs 
FCo. FC1 
SX0-SX3, PX4-PX7 
Fl 

Control and Data Input Hold Times: 
LD, AC0-AC5 
FCo, FC1 
SX0-SX3, PX4-PX7 
Fl 

Propagation Delay from Clock Input (CLK) to Outputs 
(MAo-MAg, FO) 

Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (FO) 

Propagation Delay from Control Inputs ACo-ACs to Latch 
Outputs (PR0-PR2) 

Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAg, FO, PR0-PR2) 

Propagation Delay from Control Inputs AC0-AC6 to Interrupt 
Strobe Enable Output (I SE) 

(1) Typical Values are for TA= 25°C and nominal supply voltage. 

121 tev =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 12l TA = 25°C 

SYMBOL PARAMETER 

C1N Input Capacitance: 
CLK,EN 
All Other Inputs 

CouT Output Capacitance 

NOTE: 

MIN 

85 

30 

10 
0 
35 
15 

5 
0 
20 
20 

10 

60 

20 

0 

25 
5 

0 

5 
8 

30 

16 

26 

21 

24 

TEST LOAD CIRCUIT: 

Vee 

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 

(2} This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VslAS = 2.5V, Vee= 5V and 
TA= 25°e. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -55°C to +125°C 

Storage Temperature ................ -65°C to +160°C 

All Input and Supply Voltages ............ -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA= -55°C to +125°C, Vee= 5.0V ±10% 

*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 section of this 

specification is not implied. Exposure to absolute maximum ratings for 

extended periods may affect device reliability. 

SYMBOL PARAMETER MIN TYPlll MAX UNIT CONDITIONS 

Ve Input Clamp Voltage (All --0.8 -1.2 v le=-5mA 

Input Pins) 

IF Input Load Current: 
CLK Input -75 -750 µA VF = 0.45V 
EN Input -50 -500 µA 
Al I Other Inputs -25 -250 µA 

IR Input Leakage Current: 
CLK 120 µA VR = 5.5V 

EN Input 80 µA 
Al I Other Inputs 40 µA 

V1L Input Low Voltage 0.8 v Vee= 5.0V 

V1H Input High Voltage 2.0 v 

Ice Power Supply Current 121 170 250 mA 

Vol Output Low Voltage 0.35 0.45 v loL = 10 mA 
(All Output Pins) 

VoH Output i-ligh Voltage 2.4 3.0 v loH = -1 mA 
(MAo-MAa. ISE, FO) 

los Output Short Circuit Current -15 -28 -60 mA Vee= 5.0V 
(MAo-MAa. ISE, FO) 

lo Iott) Off-State Output Current: 
MAo-MAa. FO -100 µA Vo= 0.45V 
MAo-MAg, FO, PR0-PR2 100 µA Vo = 5.5V 

NOTES: 
111 Typical values are for TA= 25°C and nominal supply voltage. 
(2) EN input grounded, all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS TA = -55°C to +125°C, Vee 

SYMBOL 

tev 

twp 

Cycle Time 12l 

Clock Pulse Width 

PARAMETER 

Control and Data Input Set-Up Times: 
LD, AC0-AC5 
FCo. FC1 
SX0-SX3, PX4-PX7 
Fl 

Control and Data Input Hold Times: 
LD, AC0-AC5 
FCo. FC1 
SX0-SX3, PX4-PX7 
Fl 

Propagation Delay from Clock Input (CLK) to Outputs 
(MAo-MAa. FO) 

tKo Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (FO) 

tFo Propagation Delay from Control Inputs AC0-AC5 to Latch 
Outputs (PR0-PR2) 

tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAa. FO, PR0-PR2) 

tF1 Propagation Delay from Control Inputs AC0-AC5 to Interrupt 
Strobe Enable Output (ISE) 

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

!2l tcy =twp+ 'SF+ 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 121 TA = 25°C 

MIN 

95 

40 

10 
0 
35 
15 

5 
0 
25 
22 

10 

20 

0 

25 
5 

0 

5 
8 

30 

16 

26 

21 

24 

TEST LOAD CIRCUIT: 

Vee 

500!1 

1 Kil 

ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

45 ns 

50 ns 

50 ns 

35 ns 

40 ns 

SYMBOL PARAMETER MIN TYP MAX UNIT 

C1N Input Capacitance: 
CLK,EN 11 16 
Al I Other Inputs 5 10 

CouT Output Capacitance 6 12 

NOTE: 
(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vs1AS --= 2.5V, Vee= 5V and 

TA= 25"C. 

11-11 

pF 
pF 

pF 



3001 WAVEFORMS 

CLK 
CLOCK INPUT 

EN, ERA 
ENABLE INPUTS 

MAo·MAa 
CONTROL MEMORY 
ADDRESS OUTPUTS 

ACo·AC5, LD 
ADDRESS CONTROL 

INPUTS 

PRo·PR2 
"PR" LATCH OUTPUTS 

FCo·FC3 
FLAG CONTROL 

INPUTS 

Fl 
FLAG INPUT 

FO 
FLAG OUTPUT 

ISE 
INTERRUPT STROBE 

ENABLE OUTPUT 

SXo·PX7 
INSTRUCTION 

BUS INPUTS 
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3002 

CENTRAL PROCESSING ELEMENT 

The I NTE L0 3002 Central Processing 
Element contains all of the circuits that 
represent a 2-bit wide slice through the 
data processing section of a digital com
puter_ To construct a complete central 
processor for a given word width N, it 
is simply necessary to connect an array 
of N/2 CPE's together. When wired 
together in such an array, a set of CPE's 
provide the following capabilities: 

2's complement arithmetic 

Logical AND, OR, NOT and 
exclusive-OR 

Incrementing and decrementing 

Shifting left or right 

Bit testing and zero detection 

Carry look-ahead generation 

Multiple data and address busses 

CONTROL TO 
MEMORY 11<> 

High Performance - 100 ns Cycle Time 

TTL and DTL Compatible 

N-Bit Word Expandable Multi-Bus 
Organization 

3 Input Data Busses 
2 Three-State Fully Buffered Output 
Data Busses 

11 General Purpose Registers 

Full Function Accumulator 

Independent Memory Address Register 

Cascade Outputs for Full Carry 
Look-Ahead 

Versatile Functional Capability 
8 Function Groups 
Over 40 Useful Functions 
Zero Detect and Bit Test 

Single Clock 

28 Pin DIP 

Figure 1. Block Diagram of a Typical System 
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PACKAGE CONFIGURATION 

Vee 

F2 

3 F1 

K, 4 25 Fo 

x 5 24 F3 

y 6 23 ED 

co INTEL® 22 Mo 

RO 8 3002 21 Ml 

LI 9 20 o, 
Cl 10 19 o-oo 

EA 11 18 CLK 

A, 12 17 F4 

Ao~ 13 16 F5 

GND 14 15 Fs 

D~\ P>.. ~T\.C)"1\ 'Cl.r:i...'- ~ "°~C)"1\ 
"'l\tW\()~"l '\J"'--'J \C.'t . .'S. 
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PIN DESCRIPTION 

PIN SYMBOL 

1, 2 lo-11 

3,4 

5,6 X, y 

7 co 

8 RO 

9 LI 

10 Cl 

11 EA 

12-13 Ao-A1 

14 GND 

15-17, Fo-F6 
24-27, 

18 CLK 

19-20 Do-D1 

21-22 Mo-M1 

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-A1 ). 

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 (Do-D1) 

+5 Volt Supply 

1. Active HIGH, unless otherwise specified. 
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Active LOW 

Active LOW 

Active LOW 
Th ree·state 

Active LOW 
Three-state 

Active LOW 

Active LOW 

Active LOW 

Active LOW 
Three-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 being 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 
scratchpad 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 F0 -F6, 
are decoded internally to select the 
ALS function, generate the scratchpad 
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 1/0 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 1/0 
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, 1/0 
device data is gated externally onto the 
M-bus. 

SCRATCHPAD 

The scratchpad 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 
1/0 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 8-multiplexer input is always 
logically AN Ded 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 LI 
and RO, are available for use in right 
shift operations. Carry input and carry 
output lines, designated Cl and CO are 
provided for normal ripple carry propaga-

ENABLE EA 
ADDRESS 

MAIN MEMORY 
ADDRESS 

Ai Ao 

LOOK AHEAD {X 
CARRY OUTPUTS y -+-----_j 

MICRO FUNCTION F3 
BUS 

Figure 2. 3002 Block Diagram 
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Mi Mo 

MEMORY 

DATA IN 

tion. CO and RO data are brought out via 
two altern,;tely 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 
being 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 1/0 operations. 

D, 

- _J 

' 11 10 

'" DEVICE IN 
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3002 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ................. 0°C to 70°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = 0°C to +70°C, Vee = 5.0V ±5% 

SYMBOL PARAMETER MIN 

Ve Input Clamp Voltage (All 
Input Pins) 

IF Input Load Current: 
Fo-F5,CLK, Ko. K,,EA, ED 
lo. Ii. Mo. M,, LI 
Cl 

IR Input Leakage Current: 
Fo-F5,CLK,Ko. Ki. EA, ED 
lo. 11, Mo. Mi. LI 
Cl 

V1L Input Low Voltage 

V1H Input High Voltage 2.0 

Ice Power Supply Current (21 

Vol Output Low Voltage (All 
Output Pins) 

VoH Output High Voltage (All 2.4 
Output Pins) 

los Short Circuit Output Current -15 
(All Output Pins) 

lo (ottl Off State Output Current 
Ao. Ai. 0 0, Di. CO and RO 

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

(2) CLK input grounded, other inputs open. 

*COMMENT: Stresses above those listed under "Absolute Ma~imum 
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 section of this 

specification is not implied. Exposure to absolute maximum ratings for 

extended periods may affect device reliability. 

LIMITS 

TYP!ll MAX UNIT CONDITIONS 

·-0.8 -1.0 v le= -5 mA 

-D.05 -0.25 mA VF = 0.45V 
-D.85 -1.5 mA 
-2.3 -4.0 mA 

40 µA VR = 5.25V 
60 µA 
180 µA 

0.8 v Vee = 5.0V 

v 

145 190 mA 

0.3 0.45 v loL = 10 mA 

3.0 v loH = ·-1 mA 

··25 -BO mA Vee= 5.0V 

-100 µA Vo= 0.45V 
100 µA Vo= 5.25V 
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3002 

A.C. CHARACTERISTICS AND WAVEFORMS 

TA = 0°C to 70°C, Vee = 5V ±5% 

SYMBOL PARAMETER MIN 

tev Clock Cycle Time 121 100 

twp Clock Pulse Width 33 

tFs Function Input Set-Up Time (Fo through F5) 60 

Data Set-Up Time: 

tos lo, 1,, Mo. M,' Ko. K, 
tss LI, Cl 

Data and Function Hold Time: 
tFH Fo through F6 

toH lo, 1,, Mo, M,' Ko, K, 
tsH LI, Cl 

Propagation Delay 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 

tee Cl (Ripple Carry) 

Propagation Delay to Ao. A,, Do, D, 

toL Leading Edge of CLK 

toE Enable Input ED, EA 

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

(2) 'CY = tos + 'DL· 

TEST CONDITIONS: 

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 121 TA = 25°C 

SYMBOL 

NOTE: 

Input Capacitance 

Output Capacitance 

PARAMETER 

50 
27 

5 
5 
15 

20 

20 

from: 
5 

TEST LOAD CIRCUIT: 
Vee 

MIN 

TYP111 

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 of measurement is f = 1 MHz, VBIAS = 2.5V, Vee= 5.0V and 
TA= 25°e. 

11-17 



~ 

M3002 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -55°C to +125°C 

Storage Temperature ................ -65°C to +160°C 

All Input and Supply Voltages ............ -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = -55°C to +125°C, Vee = 5.0V ±10%. 

SYMBOL PARAMETER MIN 

Ve Input Clamp Voltage (All 
Input Pins) 

IF Input Load Current: 
Fo-Fs.CLK, Ko. K,, EA.ED 
lo.l1.Mo.M1,LI 
Cl 

IR Input Leakage Current: 
Fo-Fs.CLK, Ko. K,, EA.ED 
lo. 1,, Mo. M,. LI 
Cl 

V1L Input Low Voltage 

V1H Input High Voltage 2.0 

1cc Power Supply Current 

Vol Output Low Voltage (All 
Output Pins) 

VoH Output High Voltage (All 2.4 
Output Pins) 

los Short Circuit Output Current -15 
(All Output Pins) 

lo Iott! Off State Output Current 
Ao, Ai, Do. D1, CO and RO 

NOTES: 
11 I Typical values are for TA= 25°C and nominal supply voltage 

(2) CLK input grounded, other inputs open. 

~~~ 
~~ 

*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 section of this 

specification is not implied. Exposure to absolute maximum ratings for 

extended periods may affect device reliability. 

LIMITS 

TYP(lJ MAX UNIT CONDITIONS 

-D.8 -1.2 v le= -5 mA 

-D.05 -D.25 mA VF= 0.45V 
-D.85 -1.5 mA 
-2.3 -4.0 mA 

40 µA VR = 5.5V 
100 µA 
250 µA 

0.8 v Vee= 5.0V 

v 
145 210 mA 

0.3 0.45 v loL = 10 mA 

3.0 v loH = -1 mA 

-25 -60 mA Vee= 5.0V 

-100 µA Vo= 0.45V 
100 µA Vo= 5.5V 
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M3002 "''(t 
A.C. CHARACTERISTICS AND WAVEFORMS 14~ .. 
TA= -55°Cto +125°C, Vee= 5.0V ±10%. ,.~"-4) 
SYMBOL PARAMETER MIN 

tev Clock Cycle Time [2] 120 

twp Clock Pulse Width 42 

tFs Function Input Set-Up Time (F0 through F6 ) 70 

Data Set-Up Time: 

tos lo. 11. Mo. M,. Ko. K, 
tss LI, Cl 

Data and Function Hold Time: 

tfH Fo through F5 
toH lo. 1,, Mo, M,' Ko, K, 
tsH LI, Cl 

Propagation Delay 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: 

teL Leading Edge of CLK 
tCT Trailing Edge of CLK 
teF Any Function Input 

teo Any Data Input 
tee Cl (Ripple Carry) 

Propagation Delay to Ao, A,, Do, D, 
toL Leading Edge of CLK 
toE Enable Input ED, EA 

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

(2) tev = tos + toL 

TEST CONDITIONS: 

Input pulse amplitude: 2.5 V 
Input rise and fall times of 5 ns between 1 and 2 'olts. 
Output loading is 10 mA and 30 pF. 
Speed measurements are made at 1.5 volt levels. 

CAPACITANCE(2l TA = 25°C 

SYMBOL 

NOTE: 

Input Capacitance 

Output Capacitance 

PARAMETER 

60 
30 

5 
5 
15 

22 

22 

from: 
5 

TEST LOAD CIRCUIT: 
Vee 

500~2 

MIN 

TYP11 l 

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, VBtAS "- 2.5V, Vee"" 5.0V and 
TA= 25°C. 
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3002 WAVEFORMS 

CLOCK INPUT 
CLK 

FUNCTION INPUTS 
Fo-Fs 

OATAINPUTS 

lo. 11. Ko. Ki. Mo. M1 ------' 

CARRY ANO SHIFT 
INPUTS LI, Cl 

CARRY AND SHIFT 
OUTPUTS X, Y, RO 

3002 

~---------tcv---------~ 

l<-------t•s-------

,--------- ----, 
'------

1<---1--1-------tos--------~-- toH 

--, 
'-------

tss tsH 

------' 

~1----txT-----+-->1 

><'-----tx•-----+--~ 

IE-t-t---txo-----+-'>I 

IE-1----tcT-------.;; 
IE-----tc•-------?I 

><------tco _______ _,,. 

\__ ______ _ 

\__ _____ _ 

-------, 

co -- --------------------- _; '-------

,--------------------
ENABLE INPUTS 

EA, ED ---------' 

DATA OUTPUTS 
Ao. A1. Do. D1 

·~1----~-1 
- ---------- --' '-------
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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 
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 
binary adders. 

High Performance - 10 ns typical 
propagation delay 

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 

Diagram of a Typical System 
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PACKAGE CONFIGURATION 

v, Vee 
x, Vs 

ECn+ 8 26 X6 

Cn +fl 25 Cn + 7 

X5 24 X2 

X4 23 Y2 

Y5 INTEL® 22 Cn + 6 
3003 

y 4 21 v, 
Cn + 5 20 X1 

X3 10 19 Xo 

Y3 11 18 Yo 

Cn + 4 12 17 e" 
Cn + 2 13 16 Cn + 3 

GND 14 15 Cn + 1 

DP--\ t>-.. ~~GW\ \.)f::>....\ ~~~Cl""-
W...~W\CY'?..'< \J'\'.J\C-.\S 
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3003 

LOGIC DIAGRAM 

ECn+ 8 V" 

PIN DESCRIPTION 
Y7 

X7 Q-
NAME AND 

TYPE PIN SYMBOL 
FUNCTION 

_;:::; 

h 
1,7,8,11 Yo-Y1 Standard carry Active 
18,21,23 look-ahead HIGH 
27 inputs 

')---
"\. 

J 

2,5,6, 10 Xo-X1 Standard carry Active 
19,20,24 look-ahead HIGH 
26 inputs 

17 Cn Carry input Active 
LOW 

~ 
B= 

4,9, 12 Cn+1- Carry outputs Active Ys 

x. 
13, 15, 16 Cn+s LOW Y5 

3 ECn+S Cn+8 carry 
X5 

Active y 4 

output enable HIGH X4 

Y3 

28 Vee +5 VO It SU pply X3 

v, 
14 GND Ground x, 

v, 
x, 
Yo 

Xo 

Co 

~ 
_J r ::r I> -

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 + 2 = Y 1X 1 + Y 1Y0X0 + Y 1Y0C11 

c,, + 3 = Y2X2 + Y2Y ,x, + Y2Y1 YaXo + Y2Y 1 YoCn 

-------- ------·---·-------
c,, +. 7 = y 6x6 + y 6 y 5X5 + Ys;_ y 5 y 4X4 + y 6 y 5 y 4 y 3X3 + y 6 y 5 y 4 y 3 y 2X2 + y 6 y 5 y 4y3y2y1 x, + y 6 y 5 y 4 y 3 y 2 y 1 y oXo 

+Y6Y5Y4Y3Y2Y1Y0Cn 
-----~-----------------

Cn + 8 = High Impedance State when ECn + 8 Low 

Cn + 8 = Y7X7 + Y7Y6x 6 + Y7Y6Y5x5 + Y7Y6Y5Y 4X4 + Y7 ~6Y5Y4Y 3X 3 + Y7Y6Y5Y 4Y3Y2X2 + Y7Y6Y5Y 4Y 3Y2Y 1X 1 
+ Y 7Y 6Y5Y 4Y 3Y2Y 1 Y0X0 + Y7Y6Y5Y 4Y3Y2Y 1 Y0Cn when ECn + 8 high 
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Cn + 8 

Cn + 7 

Cn + 6 

Cn + 5 

Cn + 4 

Cn + 3 

Cn + 2 

Cn + 1 



3003 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -55°C to +125°C 

Storage Temperature .............. -65°C to +160°C 

All Input and Supply Voltages .......... -0.5V to +7V 

All Input Voltages ................. -1.0V to +5.5V 

Output Currents ....................... 100 mA 

TA= -55°Cto +125°C, Vee= 5.0V ±10%. 

SYMBOL PARAMETER MIN. 

Ve Input Clamp Voltage (All 
Input Pins) 

IF Input Load Current: 
X5,X7,Cn,ECn+8 
Y7,Xo-X5, 
Yo-Ye 

IR Input Leakage Current: 

Cn and ECn + 8 
All Other Inputs 

VIL Input Low Voltage 

V1H Input High Voltage 2.1 

1cc Power Supply Current 

Vol Output Low Voltage (All 
Output Pins) 

VoH Output High Voltage (All 2.4 
Output Pins) 

los Short Circuit Output Current 
(All Output Pins) -15 

lo( off) Off.State Output Current 
(Cn + 8) 

NOTE: 
( 1) Typical values are for TA"" 25"C and nominal supply voltage 

A.C. CHARACTERISTICS 

TA = -55°C to +125°C, Vee= +5.0V ±10% 

SYMBOL PARAMETER 

txc X, Y to Outputs 

tee Carry In to Outputs 

Enable Time, Cn + 8 

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

*COMMENT: Stresses above those listed undet "Absolute Maxi· 
mum Ratings" may cause permanent-damage to the device. This is a 
!tress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec
tion of this specification is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

TYP_(l) MAX. UNIT CONDITIONS 

-0.8 -1.2 v le= -5 mA 

-0.07 -0.25 mA VF=0.45V 
-0.200 -0.500 mA 
-0.6 -1.5 mA 

40 µA Vee= 5.25V, VR = 5.5V 
100 µA 

0.8 v Vee= 5.ov 

v Vee= 5.ov 

80 130 mA All Y and ECn + 8 high, 
All X and Cn low 

0.35 0.45 v IOL = 4 mA 

3 v 10 H = -1 mA 

-40 -65 mA Vee= 5V 

-100 µA Vo= 0.45V 
+100 µA Vo= 5.5V 

MIN. TYP.(1) MAX. UNIT 

3 10 25 ns 

13 40 ns 

20 50 ns 
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*COMMENT: Stresses above those listed under "Absolute Maxi- ~ 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... 0°C to 70°C 

Storage Temperature .............. -65°C to +160°C 

any other conditions above those indicated in the operational sec-
tion of this specification is not implied. Exposure to absolute maxi-All Output and Supply Voltages ......... -0.5V to +7V 

All Input Voltages ................. -1.0V to +5.5V mum ratings for extended periods may affect device reliability. 

Output Currents ....................... 100 mA 

TA= 0°C to +70°C Vee = 5.ov ±5% 

SYMBOL PARAMETER MIN. TYP.(l) MAX. UNIT CONDITIONS 

Ve Input Clamp Voltage (All 
Input Pins) 

-0.8 -1.0 v le= -5 mA 

IF Input Load Current: 

X6,X7Cn,ECn + 8 -0.07 -0.25 mA VF = 0.45V 

Y7,Xo-X5, -0.200 -0.500 mA 

Yo-YB -0.6 -1.5 mA 

IR Input Leakage Current: 
Cn and Een + 8 40 µA VR = 5.25V 
All Other Inputs 100 µA 

VIL Input Low Voltage 0.8 v Vee= 5.ov 

V1H Input High Voltage 2.0 v Vee= 5.ov 

'cc Power Supply Current 80 130 mA All Y and ECn + 8 high, 
All X and Cn low 

Vol Output Low Voltage (All 0.35 0.45 v 'oL = 4 mA 
Output Pins) 

VoH Output High Voltage (All 2.4 3 v loH = -1 mA 
Output Pins) 

1os Short Circuit Output Current 

~ 
(All Output Pins) -15 -40 -65 mA Vee= 5V 

'o(offl Off-State Output Current -100 µA Vo= 0.45V 
(Cn + 8) +100 µA Vo= 5.25V 

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

A.C. CHARACTERISTICS 

TA= 0°C to 70°C, Vee= +5V ± 5% 

SYMBOL PARAMETER MIN. TYP.(1) MAX. UNIT 

txc X, Y to Outputs 3 10 20 ns 

tee Carry In to Outputs 13 30 ns 

tEN Enable Time, Cn + 8 20 40 ns 

NOTE: 
(1) Typical values are for TA""- 25°C and nominal supply voltage. 
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3003 

WAVEFORMS 

k~g-
--------•ee ==1' 

X,Y INPUTS 

Cn+ 1-Cn• 8 OUTPUTS 

NOTE_ Al TERNA TE TEST LOAD 

Cn 11\JPUT 

~--------~ Vee i lOK 

Cn+8 OUT 

1K 

Cn+8 OUTPUT---------------~------"-~~%---"'"'"'k 2):~-~~-~~-~~-~~~0~.,~V~ ::~ 
CAPACITANCE 121 TA 25°C 

SYMBOL 

C1N 

CouT 

NOTE: 

Input Capacitance 

Output Capacitance 

PARAMETER 

All inputs 

en+ 8 

0.5V 

MIN TYP MAX 

12 20 

7 12 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vs1AS = 5.0V, 

Vee= 5.0V and TA= 25"e. 

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 30 pF. 
Speed measurements are made at 1.5 volt levels. 

TEST LOAD CIRCUIT: 

OUT 

30 pF 

11-25 

UNIT 

pF 

pF 

Vee 

1K 

2K 

-= 
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intel 
3212 

MUL Tl-MODE LATCH BUFFER 
The INTE~'3212 Multi-Mode Latch 

Buffer is a versatile 8-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 

Interrupting input/output ports 

MICRO 

MEMORY 

SXO-PX7 

CONTROL TO 
MEMORY 1/0 

Figure 1. Block Diagram of a Typical System 

High Performance - 50 ns Write Cycle 
Time 

Low Input Load Current - 250 µA 
Maximum 

Three-State Fully Buffered Outputs 

High Output Drive Capability 

Independent Service Request Flip
Flop 

Asynchronous Data Latch Clear 

24 Pin DIP 

C.P "'-""-"'-"'-"< 
3()(\2.$ 

INS.H\UCl"\ON BUS 
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PACKAGE CONFIGURATION 

DS1 • 24 Vee 
MD 

23 
INT 

Dl1 
22 

Dia 

D01 
21 

D09 

Dl2 
INTEL® 20 

Dl7 3212 

D02 
19 

D07 

Dl3 
18 
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17 
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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 1 

MD 

STB 

GND 

CLR 

INT 

3212 

NAME AND FUNCTION 

Device Select Input 1 

Mode Input 

When MD 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 1 is low and DS2 is high, the device is selected. 

Clear 

Interrupt 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 HIGH, unless otherwise specified. 
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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 0-output of each data latch will 
follow the data on its corresponding 
date input line (Dl 1-Dlg) 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 (D0 0-D08 ). 

DEVICE SELECT LOGIC 

Two input lines DS 1 and DS 2 are pro
vided for device selection. When DS 1 

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 MD is high, the device is in the 

output mode and, as a result, the out
put buffers are enabled. In this mode, 
the write signal for the data latch is 
obtained from the device select logic. 

SERVICE REQUEST FLIP-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. 

3212 

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. 

~---------------~ 

I I 
I I 
I I 
I 

STB ----+-----_...__,..'""' 
MD-+---+-.-----..-~ 1 

°'' 

°'' 

Dt3 

Dt4 

015+--

015 

Dt7 

M3212 Logic Diagram 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ................. 0°C to 70°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = 0°C to +75°C Vee= +5V ±5% 

Symbol Parameter Min. 

IF Input Load Current 
STB. DS2. CLR, Dl 1-Dlg Inputs 

IF Input Load Current 
MD Input 

IF Input Load Current 
DS 1 Input 

IR Input Leakage Current 
STB, DS, CLR, Dl 1-Dls Inputs 

IR Input Leakage Current 
MD Input 

IR Input Leakage Current 

DS1 Input 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 3.65 

lsc Short Circuit Output Current -15 

llol Output Leakage Current 
High Impedance State 

Ice Power Supply Current 

3212 

*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 section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

Typ. Max. Unit Conditions 

-.25 mA VF ~ .45V 

-.75 mA VF .45V 

-1.0 mA VF .45V 

10 µA VR < Vee 

30 µA VR < Vee 

40 µA VR < Vee 

-1 v le -5 mA 

.85 v 

v 

.45 v loL 15 mA 

4.0 v loH -1 mA 

-75 mA Vee~ 5.0V 

20 µA Vo ~ .45V /5.25V 

90 130 mA 
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3212 

A.C. CHARACTERISTICS TA; 0°C to 75°C, Vee; +5.0V ± 5% 

Symbol Parameter Min. 

tpw Pulse Width 25 

tpo Data To Output Delay 

twE Write Enable To Output Delay 

ts ET Data Setup Time 15 

tH Data Hold Time 20 

tR Reset To Output Delay 

ts Set To Output Delay 

tE Output 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. 

~ CAPACITANCE1" 

Symbol Test 
Min. 

C1N DS 1 , MD Input Capacitance 

C1N DS2, CLR, STB, DI 1-Dl 8 

Input Capacitance 

CouT D0 1-DOg 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: 

Vee 

30012 

60012 

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, VBIAS"' 2.5V, Vee"' 5V and 

TA= 25°C. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -55°C to +125°C 

Storage Temperature ................ -65°C to +160°C 

All Input and Supply Voltages ............ -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = -55°C to +125°C; Vee= 5.0V ±10% 

Symbol Parameter Min. 

IF Input Load Current 
STB, DS2, CLR, 01 1-Dls Inputs 

IF Input Load Current 
MD Input 

IF Input Load Current 
DS 1 Input 

IR Input Leakage Current 
STB, OS, CLR, 01 1-Dls Inputs 

IR Input Leakage Current 
MD Input 

IR In put Leakage Current 
DS1 Input 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 3.5 

lsc Short Circuit Output Current -15 

llol Output Leakage Current 
High Impedance State 

Ice 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 operation of the device at these or any other 
conditions above those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

Typ. Max. Unit Conditions 

-.25 mA VF = .45V 

-.75 mA VF .45V 

-1.0 mA VF .45V 

10 µA VR .;;;; Vee 

30 µA VR.;;;; Vee 

40 µA VR.;;;; Vee 

1.2 v le -5 mA 

.80 v 

v 

.45 v loL = 10mA 

4.0 v loH = .5 mA 

-75 mA Vee= 5.0V 

20 µA Vo = .45V/5.5V 

90 145 mA 
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M3212 

Symbol Parameter Min. Typ. Max. __ Uni_t _____ h_~~~ 
A.C. CHARACTERISTICS TA= -55°C to +125°C, Vee= 5.0V ± 10% 

tpw Pulse Width 40 

tpo Data To Output Delay 

tWE Write Enable To Output Delay 

ts ET Data Setup Time 20 

tH Data Hold Time 30 

tR Reset To Output Delay 

ts Set To Output Delay 

tE Output Enable Time 

te 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. 

l, CAPACITANCeUI 

ns 

30 ns 

50 ns 

ns 

ns 

55 ns 

35 ns 

50 ns CL 30 pf 

55 ns 

TEST LOAD CIRCUIT: 

Vee 

3001! 

60011 

-------------------------------------------- --· ----

Symbol 

Gour 

NOTE: 

Test 

DS1, MD Input Capacitance 

DS2. CLR, STB, DI 1-Dl 8 
Input Capacitance 

DO 1-DOs Output Capacitance 

Min. 

LIMITS 

Typ. Max. Units 

9 12 pf 

5 9 pf 

8 12 pf 

(1) This parameter is periodically sampled and 1s not 100% tested. Condition of measurement is f = 1 MHz, VslAS = 2.5V, Vee= 5V and 

TA= 25°e. 
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3212 

WAVEFORMS 

DATA 15Vy-- ----- ----y15V 

---- _ _/ ~tpw •1• IH =-! '----
STB o• 551 • DS2 1 5Vl \1 5V 

l----1wE----+1 '----------

OUTPUT - - - - - - - - - - --_/ts:--------
DS1 • DS2 1.5V i \ 1.5V 

---------~-'-E-.1 r - ~E..!:!,?~~W.!._ - ~-,-D--=1-,----
0UTPUT ~, ·~----~ 

_______ J\ ~ 

l'Pwj 
CLR 1.5V \ y1.5V 

_______ l.=_~~-'c-~·1 ,------
Do _______________ )\~1-sv ______ _ 

DATA 15Vx,,-----~---,x15V 
_____ _; . . 1'----

f. 'SET ~ 'H 

STB or 5S1 • DS2 1.5V 

tpo ~ 
,-----------

OUTPUT - - - - - - _ _; \~•-sv ________________ _ 

STB ----~~~1-sv _________________ _ 
~tpw 

1 5V 

+·~ts 
1 5V 

NOTE: ALTERNATIVE TEST LOAD 
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3214 

INTERRUPT CONTROL UNIT 

The lnte1®3214 Interrupt Control Unit 

(ICU) implements multi-level interrupt 

capability for systems designed with 

Series 3000 computing elements. 

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 identity the interrupt source. 

The ICU is fully expandable in 8-level 

increments and provides the following 

system capabilities: 

Eight unique priority levels per ICU 

Automatic Priority Determination 

Programmable Status 

N-level expansion capability 

Automatic interrupt vector genera

tion 

High Performance - 80 ns Cycle Time 

Compatible with Intel 3001 MCU and 
3002 CPE 

8-Bit Priority Interrupt Request Latch 

4-Bit Priority Status Latch 

3-Bit Priority Encoder with Open 
Collector Outputs 

DTL and TTL Compatible 

8-Level Priority Comparator 

Fully Expandable 

24-Pin DIP 
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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. 

Interrupt Strobe Enable Input 

The Interrupt 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 
signdl is attached to Ro and the highest is attached to R 7 . 

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 HIGH, unless otherwise noted. 
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3214 

FUNCTIONAL AND LOGICAL DESCRIPTION 

The ICU adds interrupt capability to 
suitably 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. 

Re---~---CJ 

"'---~---a 
"2---~---a 

R3---'----<l 

"•---~---a 

R5---~--Q 

R5 ---'-----CJ 

Rr ---'-----(] 

'• ---'----<l 
a, ---'----<l 

,, ---'-----CJ 

SGS ---'----<l 

INTERRUPT 
REQUEST 

LATCH . 
PRIORITY 
ENCODER 

ec:s ___ ,____ ____ ~ 

'NT 
0'5 
FF 

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 of this routine, the 

microprogram normally reads the re

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 shou Id normally restore the 

prior status in the current status latch. 

The Enable This Level Group (ETLG) 

input and the Enable Next Level Group 

(EN LG) 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. 

"' ---+-------------------~ 

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-82 

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-82. 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. 

CLK ---+--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___ _.J _____________ _j 

Figure 1. 3214 Block Diagram. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic ........................ -65°C to +75°C 

Plastic .......................... 0°C to +75°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA = 0°C to +75°C, Vee = 5.0V ±5% 

SYMBOL PARAMETER 

Ve Input Clamp Voltage (all inputs) 

IF Input Forward Current: ETLG input 
all other inputs 

IR Input Reverse Current: ETLG input 
all other inputs 

VIL Input LOW Voltage: all inputs 

V1H Input HIGH Voltage: all inputs 

Ice Power Supply Current !21 

Vol Output LOW Voltage: all outputs 

VoH Output HIGH Voltage: EN LG output 

3214 

MIN 

2.0 

2.4 

*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 section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

LIMITS 
UNIT CONDITIONS Tvp(1) MAX 

-1.0 v le= -5 mA 

-.15 -0.5 mA VF= 0.45V 
-.08 -0.25 mA 

80 µA VR = 5.25V 
40 µA 

0.8 v Vee= 5.ov 

v Vee= 5.ov 

90 130 mA 

.3 .45 v loL = 15 mA 

3.0 v loH = -1 mA 

los Short Circuit Output Current: ENLG output -20 -35 -55 mA Vee= s.ov 

le EX Output Leakage Current: IA and 100 µA VcEX = 5.25V 
A~-A2 outputs 

NOTES: 

( l)Typica! values are for TA= 25'"'C and nominal supply voltage. 

(21s 0-s2. SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 
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3214 

A.C. CHARACTERISTICS 

TA= 0°e to +75°e, Vee= +5V ± 5% 

PARAMETER 
LIMITS 

UNIT SYMBOL MIN TYP(1) MAX 

tev CLK Cycle Time 80 ns 

tpw CLK, ECS, IA Pulse Width 25 15 ns 

Interrupt Flip-Flop Next State Determination: 

t1ss ISE Set-Up Time to CLK 16 12 ns 

t1sH ISE Hold Time After CLK 20 10 ns 

tETcs2 ETLG Set-Up Time to CLK 25 12 ns 

tETCH2 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 

1RCS3 R0-R7 Set-Up Time to CLK (request latch enabled) 90 55 ns 

IRCH3 R0-R7 Hold Time After CLK (request latch enabled) 0 ns 

11cs IA Set-Up Time to CLK (to set interrupt inhibit F.F. before CLK) 55 35 ns 

l 
tc1 CLK to IA Propagation Delay 15 25 ns 

Contents of Request Latch and Request Level Output Status Determination: 

1RIS4 R0-R7 Set-Up Time to IA 10 0 ns 

tR1H 4 R0-R7 Hold Time After IA 35 20 ns 

tRA R0-R7 to A0-A2 Propagation Delay (request latch enabled) 80 100 ns 

1ELA ELR to A0-A2 Propagation Delay 40 55 ns 

1ECA ECS to A0-A2 Propagation Delay (to enable new requests through request latch) 100 120 ns 

1ETA 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 B0-B2 Set-Up Time to ECS 

SGS and B0-B2 Hold Time After ECS 

Enable Next Level Group Determination: 

R0-R7 to ENLG Propagation Delay 

ETLG to ENLG Propagation Delay 

ECS to ENLG Propagation Delay (eroabling new request through the 
request latch) 

ECS to EN LG Proµagation Delay (enabling new SGS through status latch) 

( l I 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) Theite 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. 

151 tcv =tics+ tc1 

MIN 

15 

15 

TEST' CONDITIONS: TEST LOAD Cl RCUIT 

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(l) 

10 

10 

45 

20 

85 

35 

Joan 

Speed measurements taken at the 1.5V levels. 
OUT 0---~------

CAPACITANCEl5l 

SYMBOL PARAMETER 

Input Capacitance 

CouT Output Capacitance 

TEST CONDITIONS: 
VBIAS = 2.5V, Vee= 5V, TA= 25°C, f = 1 MHz 

NOTE: 

(5)This parameter is periodically sampled and not 100% tested. 

T 30pl 

MIN 
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6Don 

LIMITS 
TYP(l) 

5 

7 

MAX 

70 

25 

90 

55 

MAX 

10 

12 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pf 

pf 
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M3214 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

CerDip ........................ -55°C to +125°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 100 mA 

TA=-55°Cto+125°C;Vcc =5.0V± 10% 

SYMBOL PARAMETER 
MIN 

Ve Input Clamp Voltage (all inputs) 

IF Input Forward Current: ETLG input 
all other inputs 

IR Input Reverse Current: ETLG input 
all other inputs 

VIL Input LOW Voltage: all inputs 

V1H Input HIGH Voltage: all inputs 2.0 

Ice Power Supply Current!21 

Vol Output LOW Voltage: all outputs 

VoH Output HIGH Voltage: ENLG output 2.4 

las Short Circuit Output Current: ENLG output -15 

1CEX Output Leakage Current: IA and 
A0-A3 outputs 

NOTES: 

( l)Typical values are for TA= 25°C and nominal supply voltage. 

121B0-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 

~~~ 
,.~~ 

*COMMENT: Stresses above those listed under "Absolute Maximum ~ 
Ratings" may cause permanent damage to the device. This 1s a stress 
rating only and functional operation of the device at these or any other 

conditions above those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

LIMITS 
UNIT CONDITIONS TYP(1) MAX 

-1.2 v le= -5 mA 

-.15 -0.5 mA VF= 0.45V 
-.08 -0.25 mA 

80 µA VR = 5.5V 
40 µA 

0.8 v Vee= 5.ov 

v Vee= 5.ov 

90 130 mA 

.3 .45 v loL = 10 mA 

3.0 v loH=-1mA 

-35 -55 mA Vee= 5.ov 

100 µA VcEX = 5.5V 
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M3214 

"''~ A.C. CHARACTERISTICS ~~~ 
TA= -55°C to +125°C; Vee = 5.0V ± 10% ,.~ 
SYMBOL PARAMETER LIMITS UNIT~ MIN TYP(1) MAX 

tcv CLK Cycle Time<5l 85 ns 

tpw CLK, ECS, IA Pulse Width 25 15 ns 

Interrupt Flip-Flop Next State Determination: 

t1ss ISE Set-Up Time to CLK 16 12 ns 

t1sH 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 

tEGSH 2 ECS Hold Time After CLK (to hold status in status latch) 0 ns 

tDcs2 SGS and B0-B2 Set-Up Time to CLK (current status latch enabled) 90 50 ns 

tDcH 2 SGS and B0-B2 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 

tc1 CLK to IA Propagation Delay 15 30 ns 

J Contents of Request Latch and Request Level Output Status Determination: 

tR1S4 R0-R7 Set-Up Time to IA 10 0 ns 

tRIH 4 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 B0-B2 Set-Up Time to ECS 

SGS and B0-B2 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 EN LG Propagation Delay (enabling new SGS through status latch) 

(l) 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) tcv =tics+ tc1 

MIN 

20 

20 

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 

300H 

OUT~---------' 

Speed measurements taken at the 1.5V levels. 

~CAPACITANCE''' 
SYMBOL PARAMETER 

Input Capacitance 

Output Capacitance 

TEST CONDITIONS: 
Vs1AS = 2.5V, Vee= 5V, TA= 25°C, f = 1 MHz 

NOTE: 

(S)This parameter is periodically sampled and not 1000/o tested. 

30 pf 

MIN 

11-42 

soon 

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 

·----__ x--- --------------,'------./x-------
'RCS 1RCH 1RIS 1RIH I 

--, r--- -----------
ETLG 

------+---' ,'----------
1ETCS 

ISE 

ECS 

CLK 

ELR 

'---+-----------' \.--------
1 

-;:;;;-1, _____ , 
1ECSN 

ENLG 
-----------------"""X.~_-_-_-_-_-_-_-_-_-_~_-__ --, _ _:x-------
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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, Inverting 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 µamps, to the system bus 
structure. 

LOGIC DIAGRAM 3216 

Dia 

DDo 

Dl1 

D01 

Dl2 

DD2 

01 3 

DD3 

Low Input Load Current-0.25 mA 
maximum 
High Output Drive Capability for 
Driving System Data Busses 

Three-State Outputs 
TTL Compatible 
16-pin DIP 

cs 

DOo 

DBo 

01 0 

001 

GND 

cs 

DOo 

DB a 

Dia 

001 

DB 1 

011 

GND 

INTEL® 
3216 

3216 

INTEL® 
3226 

3226 

LOGIC DIAGRAM 3226 

Dia 

DB0 

DD0 

Dl1 

DB1 

Do, 

Dl2 

DB2 

oo, 

013 

DB3 

oo, 
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Vee 

DCE 

14 003 

13 DB3 

12 013 

11 002 

10 DB2 

°'2 

Vee 

DCE 

14 003 

13 DB3 

12 013 

11 002 

10 DB2 

012 

DBo 

DB1 

oa2 

DB3 



3216, 3226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic ........................ -65°C to +75°C 

Plastic .......................... 0°C to +75°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 125 mA 

TA= 0°C to +75°C, Vee= +5.0V ±5% 

Symbol Parameter Min. 

IF Input Load Current 
DCE, CS Inputs 
All Other Inputs 

IR Input Leakage Current 
DCE, CS Inputs 
DI Inputs 

Ve Input Clamp Voltage 

V1L Input Low Voltage 

V1H Input High Voltage 2.0 

Voll Output Low Voltage 
DO, DB Outputs 

Vol2 Output Low Voltage 
DB Outputs Only 

VQHl Output High Voltage 3.65 
DO Outputs Only 

VoH2 Output High Voltage 2.4 
DB Outputs Only 

lsc Output Short Circuit Current 
DO Outputs -15 
DB Outputs -30 

110 I Output Leakage Current 
High Impedance State 

DO Outputs 
DB Outputs 

Ice Power Supply Current 3216 
3226 

NOTE: Typical values are for TA 0 25"C 

*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 section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

Limit 
Typ. Max. Unit Condition 

-0.15 -0.5 mA VF = 0.45V 
-0.08 -0.25 mA 

80 µA VR = 5.25V 
40 µA 

-1 v le= -5mA 

0.95 v Vee= 5.0V 

v Vee= 5.0V 

0.3 0.45 v DO Outputs loL = 15mA 
DB Outputs loL =25mA 

0.5 0.6 v DB Outputs loL = 50mA 

4.0 v 10 w-1mA 

3.0 v loH=-10mA 

-35 -65 mA Vee= 5.0V 
-75 -120 mA 

20 µA Vo= 0.45V!Vcc 
100 µA 

95 130 mA 
85 120 mA 
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3216, 3226 

A.C. CHARACTERISTICS TA = 0°C to +75°C, Vee= +5.0V ±5% 

Symbol 

Tpo1 

Tpo2 

TE 

To 

Parameter 

Input to Output Delay 

DO Outputs 

Input 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<2l 

54 

35 ns12l 

Condition 

Cl =30pF, R1 =300'2, 

R2=600Q 

Cl=300pF, R1=90Q, 

R2=180Q 

DO Outputs: Cl =30pF, 

R1=300Q/10KQ, 

R2=600Q/l KQ 

DB Outputs: Cl =300pF, 

R 1 =90Q/1 OKQ, 

R2=180Q/1KQ 

DO Outputs: Cl =5pF, 

R 1 =300Q/1 OKQ, 

R 2=600Q/l KQ 

DB Outputs: Cl =5pF, 

R1=90Q/10KQ, 

R 2= 180'2/1 KQ 

(2) The test load circuit is set for worst case source and sink loading on the outputs. The two resistor values for .R1 and R2 correspond to 

worst case sink and source loading, respectively. 

CAPACITANCE 121 TA= 25°C 

Limit 

Symbol Parameter Min. Typ. Max. Unit 

C1N Input 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 = 1MHz, VsJAS = 2.5V, 

Vee= 5.0V and TA= 25°e. 

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. 

Vee 

TEST LOAD CIRCUIT: 

'WAVEFORMS 

====><-lSV~~~~~~-1. ·~ 
INPUTS GND 

• I 

OUTPUT x 1.5V x 
ENABLE 

____, I ~-,....----., -. I___, ~ 
J( ~-~----'---VOH 

------------' ~---------' VOL 

o.sv 

OUTPUTS 1.5V 

O.SV 
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M3216, M3226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic ........................ -65°C to +75°C 

Storage Temperature ................ -65°C to +160°C 

All Output and Supply Voltages ........... -0.5V to +7V 

All Input Voltages ................... -1.0V to +5.5V 

Output Currents ......................... 125 mA 

TA = -55°C to +125°C, Vee= +5.0V ±10% 

Symbol Parameter Min. 

IF Input Load Current 
DCE, CS Inputs 
All Other Inputs 

IR Input Leakage Current 
DCE, CS Inputs 
DI Inputs 

Ve Input Clamp Voltage 

V1L Input Low Voltage M3216 
M3226 

V1H Input High Voltage 2.0 

Vou Output Low Voltage 
DO, DB Outputs 

VoL2 Output Low Voltage 
DB Outputs Only 

VoH1 Output High Voltage 3.4 
DO Outputs Only 

VoH2 Output High Voltage 2.4 
DB Outputs Only 

lsc Output Short Circuit Current 
DO Outputs -15 
DB Outputs -30 

1 10 1 
Output Leakage Current 
High Impedance State 

DO Outputs 
DB Outputs 

Ice Power Supply Current M3216 
M3226 

NOTE: Typical values are for TA= 25°C 

,.~ 
*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 section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 

Limit 
Typ. Max. Unit Condition 

-0.15 -0.5 mA VF= 0.45V 
-0.08 -0.25 mA 

80 µA VR = 5.5V 
40 µA 

-1.2 v le= -5mA 

0.95 v Vee= 5.0V 
0.90 v 

v Vee= 5.0V 

0.3 0.45 v DO Outputs loL =15mA 
DB Outputs loL =25mA 

0.5 0.6 v DB Outputs 10 L = 45mA 

3.8 v loH=-0.5mA JI 
3.0 v loH=-5mA 

-35 -65 mA Vee= 5.0V 
-75 -120 mA 

20 µA Vo= 0.45V!Vcc 
100 µA 

95 130 mA 
85 120 mA 
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M3216, M3226 

A.C. CHARACTERISTICS TA= -55°C to +125°C, Vee= 5.0V ±10% 

Symbol 

Tpo1 

Tpo2 

TE 

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 forT 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 Condition ~~"' 
ns CL =30pF, R1 =300n, 4 

R2=600n 

ns CL =300pF, R 1 =90U, 

R2=1aon 

ns(2) DO Outputs: CL =30pF, 
R 1 =300n/1 OKn, 
R2=6oon11Kn 

ns(2) 

DB Outputs: CL =300pF, 
R1=90n/10Kn, 
R 2= 1 aon11 Kn 

DO Outputs: CL =5pF, 
R 1 =300n/1 OKD, 
R2=600n/1 Kn 

DB Outputs: CL =5pF, 
R1=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 R 1 and R2 correspond to 
worst case sink and source loading, respectively. 

CAPACITANCE(2l TA= 25°C 

Limit 
Symbol Parameter Min. Typ. Max. Unit 

C1N Input 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, Vs I AS= 2.5V, 

Vee= 5.0V and TA = 25° e. 

ll 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 CIRCUIT: 

R1 

Rz 

INPUTS -----~~> 1.~.:--pd --1 --- GND 

OUTPUT 
ENABLE 

OUTPUTS 1.5V 

____,f...___,-, '_'v ____,b °" 

-----*-~~-=r~::: 
o.sv 

11-48 



12 



MICROCOMPUTER SYSTEMS 

INTRODUCTION 

Single Board Computers provide all the resources of a full computer (i.e., CPU, Read/Write Memory, Read 

Only Memory, Parallel 1/0, and Serial 1/0) on a single PC board. Intel's System 80/10 and System 80/20 

extend these capabilities into a low-cost, fully packaged, RETMA rack-mountable computer. Both the 

Single Board Computers and packaged Systems are supported by a complete line of memory and 1/0 

expansion boards, peripheral and OMA controllers, prototyping packages, modular backplane/cardcages, 

and power supplies. 

For those applications with unique requirements, unsuited for the standard SBC 80 and System 80 

products, Intel offers complete custom design, assembly, and test capability. 

TABLE OF CONTENTS 

Single Board Computers 

SBC 80/10 Single Board Computer ....................................................... 12-3 

SBC 80/20 Single Board Computer ....................................................... 12-7 

Packaged Computers 

System 80/10 ................................................................
..... 12-13 

System 80/20 ................................................................
..... 12-18 

Memory and 1/0 Expansion Boards 

SBC 016 16K Byte RAM Memory Board ................................................... 12-24 

SBC 104/108/116 Combination Memory and 1/0 Expansion Board ................................. 12-26 

SBC 416 16K PROM Expansion Board .................................................... 12-30 

SBC 5081/0 Expansion Board .......................................................... 12-32 

SBC 517 Combination 1/0 Expansion Board ................................................. 12-34 

SBC 519 Programmable 1/0 Expansion Board ................................................ 12-38 

Peripherals and Controllers 

SBC 201 Diskette Controller ........................................................... 12-42 

SBC 211/212 Diskette Hardware System ................................................... 12-45 

SBC 501 Direct Memory Access Controller. ................................................. 12-48 

Prototyping Packages and Accessories 

SBC 80P Prototype Package ........................................................... 12-51 

SBC 80P20 Prototype Package .......................................................... 12-54 

SBC 530 Teletypewriter Adapter ........................................................ 12-57 

SBC 604/614 Modular Backplane and Cardcage ............................................... 12-59 

SBC 630 Power Supply ............................................................... 1
2-61 

SBC 635 Power Supply ............................................................... 1
2-63 
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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 parallel 1/0 lines with sockets for 
interchangeable line drivers and terminators 

Programmable Synchronous/ Asynchronous com
munications interface with selectable teletype
writer or RS232C compatibility 

Six interrupt request lines 

Bus drivers for memory and 1/0 expansion 

Compatible with optional memory and 1/0 expan
sion boards. 

The SBC 80/10 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 80/10 is a com
plete 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, 1/0 ports and drivers, serial communications interface, bus control logic and drivers all reside on 
the board. 

Intel's powerful 8-bit n-channel MOS 8080A CPU, fabricated on a single LSI chip, is the central processor for the SBC 80/10. 
The 8080A contains six 8-bit general purpose registers and an accumulator. The six general purpose registers may be ad
dressed individually or in pairs providing both single and double precision operators. 

The 8080A has a 16-bit program counter which allows direct addressing of up to 64K bytes of memory. An external stack, 
located within any portion of read/write memory, may be used as a last in/first out stack to store the contents of the program 
counter, flags, accumulator and all of the six general purpose registers. A sixteen bit stack pointer controls the addressing of 
this external stack. This stack provides subroutine nesting that is bounded only by memory size. 

The SBC 80/10 contains 1 K bytes of read/write memory using Intel® 8111 low power static RAM. All on-board RAM read 
and write operations are performed at maximum processor speed. Sockets for up to 4K bytes of non-volatile read-only 
memory are provided on the board. Read only memory may be added in 1 K byte increments using Intel 8708 erasable 
and electrically reprogra111mable ROMs (EPROMs) or Intel 8308 masked ROMs. All on-board ROM read operations are 
performed at maximum processor speed. 
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SBC 80/10 

The SBC 80/10 contains 48 programmable parallel 1/0 lines 

implemented using two Intel 8255 Programmable Peri

pheral Interfaces. The system software is used to configure 

the 1/0 lines in any combination of unidirectional input/ 

output, and bi-directional ports indicated in Table 1. There

fore, the 1/0 interface may be customized to meet specified 

peripheral requirements. In order to take full advantage of 

the large number of possible 1/0 configurations, sockets are 

provided for interchangeable 1/0 line drivers and termina

tors. Hence, the flexibility of the 1/0 interface is further 

enhanced by the capability of selecting the appropriate 

combination of optional line drivers and terminators to pro

vide the required sink current, polarity, and drive/termina

tion characteristics for each application. The 48 program

mable 1/0 lines and signal ground lines are brought out to 

two 50 pin edge connectors that mate with flat-cable or 

round-cable. 

A programmable communications interface using Intel's 

8251 Universal Synchronous/Asynchronous Receiver/ 

Transmitter (USART) is contained on the board. A jumper 

selectable baud rate generator provides the USART with all 

common communications frequencies. The USART can be 

programmed by the system software to select the desired 

asynchronous or synchronous serial data transmission tech

nique (including IBM Bi-Sync). The mode of operation (i.e. 

synchronous or asynchronous), data format, control char

acter format, parity, and asynchronous transmission rate 

are all under program control. The 8251 provides full du

plex, double buffered transmission and receive capability. 

Parity, overrun, and framing error detection are all incorpo

rated in the USART. The inclusion of jumper selectable 

TTY or RS232C compatible interfaces on the board, in 

conjunction with the USART provide a direct interface to 

teletypes, CRTs, RS232 compatible cassettes, asynchronous 

and synchronous modems. The RS232C or TTY command 

lines, serial data lines, and signal ground lines are brought 

out to a 25-pin edge connector that mates with RS232C 

compatible flat or round cable. 

Interrupt requests may originate from six sources. Two 

jumper selectable interrupt requests can be automatically 

generated by the Programmable Peripheral Interface when a 

byte of information is ready to be transferred to the CPU 

(i.e. input buffer is full) or a byte of information has been 

transferred to a - peripheral device (i.e. output buffer is 

empty). Two jumper selectable interrupt requests can be 

automatically generated by the USART when a character is 

ready to be transferred to the CPU (i.e. receive channel 

buffer is full) or a character is ready to be transmitted (i.e. 

transmit channel data buffer is empty). These four inter

rupt request lines are all individually maskable under pro

gram control. Two interrupt request lines may be interfaced 

directly to user designated peripheral devices; one via the 

system bus and the other via the 1/0 edge connector. The 

six interrupt request lines share a single CPU interrupt level. 

When an interrupt request is recognized, a RESTART 7 

instruction is generated. The processor responds by sus

pending program execution and executing a user defined 

interrupt service routine originating at location 3816. 

SBC 80 memory and I /O capacity may be increased by add

ing standard Intel memory and 1/0 boards. Memory may be 

expanded to 64K bytes by adding user specified combina

tions of SBC-016 16K RAM boards, SBC-416 16K PROM 

boards, and SBC-406 6K PROM boards. Input/output 

capacity may be increased to 504 input lines and 504 out

put lines using SBC-508 1/0 boards, containing 32 input 

lines and 32 output lines per board. Memory and 1/0 may 

be increased simultaneously by adding an SBC-104 board 

containing 4K bytes of RAM, sockets for 4K bytes of 

PROM, 48 programmable 1/0 lines and a USART. Modular 

expandable backplanes and card cages, with a four-board 

capacity, are available to support multi-board systems. 

The development cycle of SBC 80/10 based products may 

be significantly reduced using the lntellec® Microcom

puter Development System. The resident macro-assembler, 

text editor, and system monitor greatly simplify the design, 

development, and debug of SBC 80/10 system software. An 

optional Diskette Operating System allows programs to be 

loaded, assembled, edited, and executed faster than using 

conventional paper tape, card, or cassette peripherals. A 

unique In-Circuit Emulator (ICE-80) option provides the 

capability of developing and debugging software directly on 

the SBC-80/10. 

Intel's high-level programming language, PL/M, provides the 

capability to program in a natural, algorithmic language and 

eliminates the need to manage register usage or allocate 

memory. PL/M programs can be written in a much shorter 

time than assembly language programs. 

TABLE 1 INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 

PORT NO. OF LINES 
INPUT OUTPUT BIDIRECTIONAL CONTROL 

LATCHED & LATCHED & 

UNLATCHED STROBED LATCHED STROBED 

1 8 x x x x x 

2 8 x x x x 
3 8 x x x1 

4 8 x x 
5 8 x x 

6 4 x x 
4 x x 

1. Note: Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 

strobed output or Port 1 is used as a bidirectional port. 
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SBC 80/10 
SPECIFICATIONS 

WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 
Basic Instruction Cycle: 1.95 µsec 
Note: Basic instruction cycle is defined as the fastest 
instruction (i.e. four clock cycles) 

MEMORY ADDRESSING 
On-Board ROM/PROM: 0-0FFF 
On-Board RAM: 3C00-3FFF 

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. 

1/0 ADDRESSING 
On-Board Programmable I /0 (See Table 1) 

8255 No. 1 8255 No. 2 8255 8255 

1J 2J 3 •I5I 6 

USART USART Port No. 1 No 2 
Control 

Data Control 
Control 

Address E~ EijE6 E1E~EA E7 EB EC ED 

1/0 CAPACITY 
Parallel: 48 programmable lines (See Table 1) 

Note: Expansion to 504 input and 504 output lines can be accom~ 
plished using optional 1/0 boards. 

SERIAL BAUD AATES 

Baud Rate (Hz) 

Frequency (KHz) Asynchronous 
(Jumper Synchronous (Program 

Selectable) Selectable) 

~ 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 
6.98 6980 - 110 

SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 

5-8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break character generation 
1, 1·1/2, or 2 stop bits 
False start bit detectors 

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 1/0 (2) 
the programmable peripheral interface (2), or USART (2). 
INTERFACES 

Bus: All signals TTL compatible 
Parallel 1/0: All signals TTL compatible 
Serial 1/0: RS232C, or a 20 mil current t"oop TTY inter
face (jumper selectable) 
Interrupt Requests: All TTL compatible (active low) 
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SYSTEM CLOCK 
2.048 MHz ±0.1% 

CONNECTORS 

No. of 

Interface Double- Centers Mating Connectors Sided (in.) 
Pins 

Bus 86 0.156 CDC YPBOl E43DOOA 1 Wire~Wrap 
Parallel 

50 0.1 3M 3415-000 Flat 
1/0 (2) or Tl H312125 Pins ---·---Serial 

26 0.1 3M 3462-0001 Flat 
1/0 or AMP 88106-1 Flat 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48cm) Depth: 
Height: 6.75 in. (17.15 cm) Weight: 

0.50 in.(1.27 cm) 
14 oz. (484.4 gm) 

ELECTRICAL CHARACTERISTICS 
DC Power: w/o PROM1 
Vee= +5 ±5% 
V00 = +12 ±5% 
Vss = -5V ±5% 
V AA= -12V ±5% 

Ice = 2.9A max 
loo= 140 mA max 
lss=2mAmax 
IAA = 175 mA max 

with PROM2 
4.0A 
400mA 
200mA 
175 mA 

Notes: 1. Does not include power required for optional PROM, 1/0 
drivers, and 110 terminators. 

2. With four 2708 PROMs and ten 220/330!1 resistor packs 
installed, all low. 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers: 

The following line drivers and terminators are all com
patible with the 1/0 driver sockets on the SBC 80/10. 

Driver Characteristic Sink Current (ma) 

7438 1,0C 48 
7437 I 48 
7432 NI 16 
7426 1,0C 16 
7409 Nl.OC 16 
7408 NI 16 
7403 1,0C 16 
7400 I 16 

Note: I= inverting, N.1. = non·inverting, O.C. =open collector. 

Port 1 has 25 nA totem pole drivers and 1 ki:l terminators. 
1/0 Terminators: 

Terminators: 2201:2/3301:2 divider or 1 ki:l pull up 

·~ 22on 

220.11/330n SBC-901 OPTION 
330.12 

lKH 
1Kn +5~ SBC9020PTION 

Bus Drivers: 

Function Characteristic Sink Current (mA) 

Data Tri-State 25 
Address Tri-State 25 
Comniands Tri-State 25 

ENVIRONMENTAL 
Operating Temperature: 0°C to 55°C 

COMPATIBLE BOARDS 
SBC-016 16K byte RAM 
SBC-406 6K byte PROM 
SBC-416 16K byte PROM 
SBC-508 32 input lines/32 output lines 
SBC-104 4K byte RAM, 4K byte PROM, 

48 prog. 1/0 lines, USART 



RS 232C 
COMPATIBLE 

DEVICE 

00 SERIAL 

CONTROL DATA 
INTERFACE INTER· 

4K x 8 
ROM/PROM 
MEMORY 

(SOCK ETSI 

FACE 

SBC 80/10 

CONTROL 
INTERFACE 

USER DESIGNATED 
PERIPHERALS 

D 

1K x 8 
RAM 

MEMORY 

1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Interface are jumper selectable. 

SBC 80/10 BLOCK DIAGRAM 
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SBC 80/20 SINGLE BOARD COMPUTER 

8080ACPU 

2K bytes static read/write memory 

Sockets for 4K bytes of erasable reprogrammable 
or masked Read-Only-Memory 

48 programmable parallel 1/0 lines with sockets for 
interchangeable line drivers and line terminators 

Programmable synchronous/asynchronous RS232C 
compatible serial interface with fully software
selectable baud rate generation 

Full Multi-Master Bus control logic which allows 
up to 16 masters to share system bus 

Eight-level programmable interrupt control 

Two programmable 16-bit BCD and binary timers 

Auxiliary power bus, memory protect, and Power
Fail Interrupt control logic provided for battery 
back-up RAM requirements 

Compatible with optional memory and 1/0 expan
sion boards 

The SBC 80/20 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 80/20 is a complete computer system on a single 6. 75 X 12-inch printed circuit card. The CPU, system clock, read/write memory, nonvolatile read-only-memory, 1/0 ports and drivers, serial communications interface, priority interrupt logic, two programmable timers, multi-master bus control logic, and bus expansion drivers all reside on the board. 
Intel's powerful 8-bit n-channel MOS 8080A CPU, fabricated on a single LSI chip, is the central processor for the SBC 80/20. The 8080A contains six 8-bit general-purpose registers and an accumulator. The six general-purpose registers may be addressed individually or in pairs, providing both single and double precision operators. Minimum instruction execution time is 1.86 µsec. 

The 8080A has a 16-bit program counter which allows direct addressing of up to 65,536 bytes of memory. An external stack, located within any portion of read/write memory, may be used as a last-in/first-out storage area for the contents of the program counter, flags, accumulator, and all of the six general-purpose registers. A 16-bit stack pointer controls the addressing of this external stack. This stack provides subroutine nesting that is bounded only by memory size. 
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SBC 80/20 

The SBC 80/20 contains 2K bytes of read/write memory 

using Intel® low-power static RAM. All on-board RAM 

read and write operations are performed at maximum 

processor speed. Power for on-board RAM memory is pro

vided on an auxiliary power bus, and memory protect logic 

is included, for battery back-up RAM requirements. 

Sockets for up to 4K bytes of nonvolatile read-only-memory 

are provided on the board. Read-only-memory may be 

added in 1 K byte increments using Intel 8708 Erasable 

and Electrically Reprogrammable ROMs (EPROMs) or 

Intel 8308 Masked ROMs. All on-board ROM read opera

tions are performed at maximum processor speed. 

The SBC 80/20 contains 48 programmable parallel 1/0 lines 

implemented using two Intel 8255 Programmable Periph

eral interfaces. The system software is used to configure the 

1/0 lines in any combination of the undirectional input/ 

output, and bidirectional ports indicated in Table 1. There

fore, the 1/0 interface may be customized to meet specified 

peripheral requirements. In order to take full advantage of 

the large number of possible 1/0 configurations, sockets are 

provided for interchangeable 1/0 line drivers and termi

nators. Hence, the flexibility of the 1/0 interface is further 

enhanced by the capability of selecting the appropriate 

combination of optional line drivers and terminators to 

provide the required sink current, polarity, and drive/ 

termination characteristics for each application. The 48 

programmable 1/0 lines and signal ground lines are brought 

4K x 8 
ROM/PROM 

MEMORY 
(SOCKETS) 

2K x 8 
RAM 

MEMORY 

PROGRAMMABLE 
BAUD RATE 
GENERATOR 

RS232C 
COMPATIBLE 

DEVICE 

out to two 50-pin edge connectors that mate with flat, 

woven, or round-cable. 

A programmable communications interface using Intel's 

8251 Universal Synchronous/Asynchronous Receiver/ 

Transmitter (USART) is contained on this board. A soft

ware selectable baud rate generator provides the USART 

with all common communications frequencies. The USART 

can be programmed by the system software to select the 

desired asynchronous or synchronous serial data transmis

sion technique (including IBM Bi-Sync). The mode of 

operation (i.e., synchronous or asynchronous). data format, 

control character format, parity, and baud rate are all under 

program control. The 8251 provides full duplex, double

buffered transmit and receive capability. Parity, overrun, 

and framing error detection are all incorporated in the 

USART. The RS232C compatible interface on the board, 

in conjunction with the USART, provides a direct interface 

to RS232C compatible terminals, cassettes, and asynchro

nous and synchronous modems. The RS232C command 

lines, serial data lines, and signal ground line are brought 

out to a 26-pin edge connector that mates with RS232C 

compatible flat or round-cable. 

The SBC 530 Teletypewriter Adapter provides an optically 

isolated interface for those systems requiring a 20 mA 

current loop. The SBC 530 may be used to interface the 

SBC 80/20 to teletypewriters and other 20 mA current 

loop equipment. 

9 INTERRUPT 

USER DESIGNATED 
PERIPHERALS 

48 PROGRAMMABLE 
PARALLEL 1/0 LINES 

MUL Tl·MASTER ADDRESS BUS Rc:>QUEST LINES 

- =w 
ARBITRATION DATA BUS ~0~TEM 

..__L_o_G_ic _ _, CONTROL BUS 

2 
PROGRAMMABLE 

TIMERS 

SBC 80/20 BLOCK DIAGRAM 
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SBC 80/20 
The SBC 80/20 is a full computer on a single board with 
resources capable of supporting the majority of OEM sys
tem requirements. For those applications requiring addi
tional processing capacity and the benefits of multiprocess
ing (i.e., several CPUs and/or controllers logically share 
system tasks with communication.over the system bus). the 
SBC 80/20 provides full bus arbitration control logic. 

This control logic allows up to four SBC 80/20's or high
speed controllers to share the system bus in serial (daisy 
chain) priority fashion, and up to 16 masters may share 
the system bus with the addition of an external priority 
network. Once bus control is attained, a bus band width of 
up to 5 Mbytes/sec may be achieved. 

The bus controller provides its own clock which is derived 
independently from the processor clock. This allows dif
ferent speed controllers to share resources on the same bus, 
and transfers via the bus proceed asynchronously. Thus, 
transfer speed is dependent on transmitting and receiving 
devices only. This design prevents slow master modules 
from being handicapped in their attempts to gain control of 
the bus, but does not restrict the speed at which faster 
modules can transfer data via the same bus. Once a bus 
request is granted, single or multiple read/write transfers 
can proceed at a maximum rate of 5 million data words per 
second. The most obvious applications for the master
slave capabilities of the bus are multiprocessor configura
tions, high-speed direct-memory-address (OMA) operations 
and high-speed peripheral control, but are by no means 
limited to these three. 

The SBC 80/20 provides three fully programmable and 
independent BCD and binary 16-bit interval timers/event 
counters utilizing an Intel B253 Programmable Interval 
Timer. Two of these timers/counters are available to the 
systems designer to generate accurate time intervals under 
software control. Routing for the outputs and gate/trigger 
inputs of each of these counters is jumper-selectable. Each 
may be independently routed to the programmable inter
rupt controller, the 1/0 line drivers and terminators, or 
outputs from the 8255 Programmable Peripheral Interfaces. 
The third interval timer in the 8253 provides the program
mable baud rate generator for the SBC 80/20 RS232C 
USART serial port. 

In utilizing the SBC 80/20, the systems designer simply 
configures, via software, each timer independently to meet 
system requirements. Whenever a given time delay or count 
is needed, software commands to the programmable timers/ 
event counters select the desired function. Five functions 
are available, as shown in Table 2. The contents of each 
counter may be read at any time during system operation 
with simple READ operations for event counting applica
tions, and special commands are included so that the con
tents of each counter can be used "on the fly". 

An Intel 8259 Programmable Interrupt Controller (PIC) 
provides vectoring for eight interrupt levels. As shown in 
Table 3, a selection of four priority processing modes is 
available to the systems designer so that the manner in 
which requests are processed may be configured to match 
system requirements. Operating mode and priority assign-

TABLE 1 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 

PORT NO. OF LINES INPUT OUTPUT BIDIRECTIONAL CONTROL 

LATCHED & LATCHED & 
UNLATCHED STROBED LATCHED STROBED 

1 8 x x x x x 
2 8 x x x x 
3 4 x x Xl 

4 x x Xl 
4 8 x x x x x 
5 8 x x x x 
6 4 x x x2 

4 x x X2 

NOTES: 1. Part of Port 3 must be uscj as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output port or Port 1 is used as a bidirectional port. 

2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 
strobed output port or Port 4 is used as a bidirectional port. 
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SBC 80/20 

TABLE 2 

PROGRAMMABLE TIMER FUNCTIONS 

FUNCTION OPERATION 

Interrupt on When terminal count is reached, an 

Terminal Count interrupt request is generated. This 
function is extremely useful for 
generation of REAL-TIME CLOCKS. 

Programmable Output goes low upon receipt of an 

One-Shot external trigger edge or software 

command and returns high when 

terminal count is reached. This func-

tion is retriggerable. 

Rate Generator Divide by N counter. The output will 
go low for one input clock cycle, and 
the period from one low-going pulse 
to the next is N times the input clock 

period. 

Square-Wave Output will remain high until one-

Rate Generator half the count has been completed, 

and go low for the other half of the 
count. 

Event Counter On a jumper-selectable basis, the 
clock input becomes an input from 
the ex tern al system. CPU may read 
the number of events occurring after 
the counting "window" has been 
enabled or an interrupt may be gen-

erated after N events occur in the 
system. 

ments may be reconfigured dynamically via software at any 

time during system operation. The PIC accepts interrupt 

requests from the programmable parallel and serial 1/0 
interfaces, the programmable timers, the system bus, or 

directly from peripheral equipment. The PIC then deter

mines which of the incoming requests is of the highest 

priority, determines whether this request is of higher pri

ority than the level currently being serviced, and if appro· 

priate, issues an interrupt to the CPU. Any combination of 

interrupt levels may be masked through storage via soft

ware, of a single byte to the Interrupt Mask Register of the 
PIC. 

The PIC generates a unique memory address for each inter
rupt level. These addresses are equally spaced at intervals 

of 4 or 8 (software selectable) bytes. Th is 32 or 64-byte 

block may be located to begin at any 32 or 64-byte bound

ary in the 65,536 byte memory space. A single 8080 

JUMP instruction at each of these addresses then provides 

linkage to locate each interrupt service routine independ
ently anywhere in memory. 

Interrupt requests may originate from 26 sources. Four 

jumper-selectable interrupt requests can be automatically 

generated by the Programmable Peripheral Interface when a 

byte of information is ready to be transferred to the CPU 

(i.e., input buffer is full) or a byte of information has been 

transferred to a peripheral device (i.e., output buffer is 

empty). Two jumper-selectable interrupt requests can be 

automatically generated by the USART when a character 

is ready to be transferred to the CPU (i.e., receive channel 

buffer is full), or a character is ready to be transmitted (i.e., 

transmit channel data buffer is empty). A jumper
selectable request can be generated by each of the pro

grammable timers. Nine additional interrupt request lines 

are available to the user for direct interfaces to user desig

nated peripheral devices via the system bus, and eight 

interrupt request lines may be jumper routed directly from 

peripherals via the parallel 1/0 driver/terminator section. 

Control logic is also included for generation of a Power-Fail 

Interrupt which works in conjunction with the AC-low 

signal from SBC 635 Power Supply or equivalent. 

SBC 80 memory and 1/0 capacity may be increased by 

adding standard Intel memory, 1/0, and combination 

expansion boards. Memory may be expanded to 65,536 

bytes by adding user-specified combinations of SBC 016 16K 

RAM boards, SBC 416 16K PROM boards, and SBC 406 

6K PROM boards. Input/output capacity may be increased 

to 504 input lines and 504 output lines using SBC 508 1/0 
boards, containing 32 input lines and 32 output lines per 

board. Memory and 1/0 may be increased simultaneously 

by adding an SBC 104 or SBC 108 Combination Board 

containing 4K bytes of RAM (BK bytes for SBC 108), 

sockets for 4K bytes of PROM, 48 programmable 1/0 lines, 

and an RS232C USART serial port. SBC 604 and SBC 614 

Modular Expandable Backplanes and Cardcages, with a 4· 

board capacity, are available to support multi board systems. 

The development cycle of SBC 80/20 based products may 

be significantly reduced using the lntellec® Microcomputer 

Development System. The resident macro-assembler, text 

editor, and system monitor greatly simplify the design, 

development, and debug of SBC 80/20 system software. 

An optional Diskette Operating System provides a relocat

ing macro assembler, relocating loader and linkage editor, 

and a library manager. A unique In-Circuit Emulator 

(ICE-80™) option provides the capability of developing 

and debugging software directly on the SBC 80/20. 

Intel's high-level programming language, PL/M, is also 

available as a resident lntellec® Microcomputer Develop

ment System option. PL/M provides the capability to pro

gram in a natural, algorithm language and eliminates the 

need to manage register usage or allocate memory. PL/M 

programs can be written in a much shorter time than assem

bler languages. 
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TABLE 3 

PROGRAMMABLE INTERRUPT MODES 

MODE OPERATION 

FULLY ~JESTED Interrupt request line priorities 
fixed at 0 as highest, 7 as lowest. 

AUTO-ROTATING Equal priority. Each level, after 
receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 

SPECIFIC System software assigns lowest 
PRIORITY priority level. Priority of all other 

levels based in sequence numeric-
ally on this assignment. 

POLLED System software examines prior-
ity-encoded system interrupt 

status via Interrupt Status Regis-
ter. 



SBC 80/20 
SPECIFICATIONS 

WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 
Basic Instruction Cycle: 1.86 µsec 

Note: Basic instruction cycle is defined as the fastest instruction 
{i.e., four clock cycles). 

MEMORY ADDRESSING 
On-Board ROM/PROM: 0-0FFF 
On-Board RAM: 2K segments ending at any 

jumper-selectable address on a 
16K boundary (e.g., OOOOH. 
4000H .... COOOH). 

MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 2K bytes 
Off-Board Expansion: Up to 65,536 bytes in user-

specified combinations of 
RAM, ROM, and PROM. 

Note: ROM/PROM may be added in 1 K byte increments. 

1/0 ADDRESSING 
On-Board Programmable 1/0 (see Table 1 ). 

8255 No. 1 8255 No. 2 8255 8255 USART USART 
No.2 Port 

11213 41516 
No.1 Data Control 

Control Control 

Address E4_[Eij_ E6 E8lE9_lEA E7 EB EC ED 

1/0 CAPACITY 
Parallel: 48 programmable lines (see Table 1 ). 

Note: Expansion to 504 input and 504 output lines can be ac
complished using optional 1/0 boards. 

SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 

5-8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break character generation 
1, 1 Y2, or 2 stop bits 
False start bit detection 

Baud Rates: 

Frequency Baud Rate (Hzl 
(kHz, Software Selectable) Synchronous Asynchronous 

716 7 64 
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 
6.98 6980 -- 110 

Note; frequency selected by 1/0 write of appropriate 16-bit fre
quency factor to Baud Rate Register. 

Register Address (Hex notation, 1/0 address space) 

Baud Rate Register I DE 

Note. Baud Rate Factor (16 bits) is loaded as two sequential output 
operations to same address (DEH). 

INTERRUPTS 
Register Addresses (Hex notation, 1/0 address space) 

Interrupt Request Register DA 
In-Service Register DA 
Mask Register DB 
Command Register DA 
Block Address Register DB 
Status (Polling Register) DA 

Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 

TIMERS 
Register Addresses (Hex notation, 1/0 address space) 

Control Register DF 
Timer 1 DC 
Timer 2 DD 

Note: Timer counts loaded as two sequential output operations to 
same address, as given. 

Input Frequencies: 
Reference: 1.0752 MHz ±0.1% (0.930 µsec period, 

nominal) 
Event Rate: 1.1 MHz max 1 

Note 1. Maximum rate for external events in Mode 4: Event 
Counter. 

Output Frequencies/Timing Intervals: 

Single Timer/Counter 
Dual Timer/Counter 

Mode Function (Two Timers Cascaded~ 

Min Mox Min Mox 

Real-Time 1.86 µsec 60.948 msec 3.72 µsec 1.109 hrs 
Interrupt 

Programmable 1.86 µsec 60.948 msec 3.72µsec 1.109 hrs 
One-Shot 

Rate Generator 16.407 Hz 537.61 kHz 0.00025 Hz 268.81 kHz 

Square-Wave 16.407 Hz 537.61 kHz 0.00025 Hz 268.81 kHz 
Rate Generator 

INTERFACES 
Bus: 
Parallel 1/0: 
Interrupt Requests: 

All signals TTL compatible 
All signals TTL compatible 
All TTL compatible 

Timer: All signals TTL compatible 
Serial 1/0: RS232C compatible, data set con

figuration 

SYSTEM CLOCK (8080A CPU) 
2.1504 MHz ±0.1% 

ELECTRICAL CHARACTERISTICS 
DC Power: 
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Without With With RAM 
PROM 1 PROM 2 sec 5303 Only4 

Vee ""'+5V !5% 'ce = 4.7A max 5.6A max 5.6A max 960 mA max 

Voo = +12V~5% loo= 100 mA max 370 mA max 470 mA max 

Vgg =-5V.'.5% lss = 1 mAmax 180 mA max 180 mA max 

VAA =-12V+5% IAA = 25 mA max 25 mA max 125 mA max 

Note: 1. Does not include power required for optional PROM, 
I /0 drivers, and 1/0 terminators. 

2. With four 8708 EPROMs and eight 220n/330n input 
terminators installed, all terminator inputs low. 

3. With four 8708 EPROMs, eight 220!:1/330!:1 input termi
nators installed, all terminator inputs low, and SBC 530 
Teletypewriter Adapter drawing power from serial port 
connector. 

4. RAM chips powered via Auxiliary Power Bus. 



SBC 80/20 
SPECIFICATIONS (Can't) 

AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate 
power to RAM for systems requiring battery back-up of 
read/write memory. Selection of this Auxiliary RAM 
Power Bus is made via jumpers on the board. 

MEMORY PROTECT 
An active-low TTL compatible MEMORY PROTECT 
signal is brought out on the Auxiliary connector which, 
when asserted, disables Read/Write access to RAM 
memory on the board. This input is provided for the 
protection of RAM contents during system power-down 
sequences. 

CONNECTORS 

Interface No. of Pins Centers 
(in.I 

Bus 86 0.156 

Paral lei I /0 50 0.1 

Serial 1/0 26 0.1 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 12 oz (340.5 gm) 

Mating Connectors 

CDC VPB01E43AOOA1 

3M 3415·000 or 
Tl H312125 

3M 3462-000 or 
Tl H312113 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers: 

The following line drivers are all compatible with the 
1/0 driver sockets on the SBC 80/20. 

Driver Characteristic Sink Current (mA) 

7438 l,OC 48 
7437 I 48 
7432 NI 16 
7426 l,OC 16 
7409 Nl,OC 16 
7408 NI 16 
7403 l,OC 16 
7400 I 16 

Note: I= inverting; NI= non-inverting; OC =open collector. 

Ports 1 and 4 have 25 mA totem-pole dividers and 1 krl 
terminators. 
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1/0 Terminators: 
Terminators: 220'2/330'2 divider or 1 krl pull-up. 

,5 ~----==-i 
220W33ml JJO.ll 

-= 
0 SBC 901 OPTION 

1 kll 

1 kH +5 ~----Q SBC9020PTION 

Bus Drivers: 

Function Characteristic Sink Current ( mA) 

Data Tri-State 
Address Tri-State 
Commands Tri-State 

ENVIRONMENTAL 
Operating Temperature: 0°C to 55°C 

COMPATIBLE BOARDS 
SBC 016 16K byte RAM 

50 
50 
32 

SBC 104/SBC 108 4K/8K bytes RAM, 4K byte PROM, 
48 programmable 1/0 lines, RS232C Serial Port 

SBC 201 Diskette Controller 
SBC 406 6K byte PROM 
SBC 416 16K byte PROM 
SBC 501 DMA Controller 
SBC 508 32 Input Lines/32 Output Lines 

COMPATIBLE PERIPHERALS 
SBC 211 Single Diskette Systems 
SBC 212 Dual Diskette Systems 

COMPATIBLE HARDWARE 
SBC 530 Teletypewriter Adapter 
SBC 604/614 Backplanes/Cardcages 
SBC 630 Power Supply 
SBC635PowerSup~y 



SYSTEM 80/10 

A completely packaged microcomputer for OEM 
applications 

Processing power from the popular SBC 80/10 
Single Board Computer 

Multi-source interrupt 

Complete power supply with over-voltage protec
tion 

Compact, 3%-inch R ETMA compatible chassis 

Three additional expansion board slots 

Software support from lntellec® 800 System 

Full 8080A instruction set 

Expandable memory capacity 
- 1 K bytes RAM standard 
- Expandable with low-cost 16K RAM, ROM, 

EPROM Modules 

Fully programmable 1/0 
- Standard asynchronous/synchronous serial 

1/0 port with RS232C and TTY interfaces 
- 48 lines parallel 1/0 standard 
- Expandable with low-cost 1/0 and Combina-

tion Modules to 504 input and 504 output 
lines 

Comprehensive System Monitor for loading, execu
tion, and debugging of System 80/10 programs 

- Display and alter memory locations 
- Read and Write paper tape commands 
- CRT or TTY driver 

The System 80/10 is a fully packaged microcomputer utilizing the SBC 80/10 Single Board Computer. Ideal for the OEM 
whose design requires low-cost 19" RETMA compatible rack mountable packaging, the System 80/10 offers easy to use, fully 
programmable 1/0, the computational power of and fully compatible with Intel's SBC 80/10, with both RAM and EPROM 
memory. The enclosed power supply is designed to support not only the Single Board Computer, but also a full complement 
of additional slots for expansion boards. The RETMA compatible chassis houses the computer, power supply, fans, and has 
three additional slots for expansion boards. 
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SYSTEM 80/10 
The heart of the System 80/10 is the SBC 80/10 Single 

Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/10 includes an 8080A CPU, 1 K 

bytes of static RAM memory, sockets for 4K bytes of 
EPROM memory, 48 programmable parallel 1/0 lines with 
sockets for interchangeable- line drivers and terminators, a 
programmable synchronous/asynchronous communications 
interface with RS232C and TTY compatibility, a multi
source, single level interrupt network, and bus drivers for 
memory and 1/0 expansion. 

Read-Only-Memory may be added in 1 K byte increments 
using Intel® 8708 Erasable and Electrically Reprogramma
ble ROMs (EPROMs) or Intel 8308 Masked ROMs. All 
on-board OEM read operations are performed at maximum 
processor speed. 

Intel's powerful 8-bit n-channel MOS 8080A CPU, fabri

cated on a single LSI chip, is the central processor for the 
SBC 80/10. The 8080A contains six 8-bit general-purpose 

registers and an accumulator. The six general-purpose 
registers may be addressed individually or in pairs, provid
ing both single and double precision operations. 

The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 

stack, located within any portion of read/write memory, 
may be used as a last-in/last-out stack to store the contents 
of the program counter, flags, accumulator, and all of the 
six general-purpose registers. A 16-bit stack pointer controls 
the addressing of this external stack. This stack provides 
subroutine nesting that is bounded only by memory size. 

The System 80/10 contains 48 programmable parallel 1/0 
lines implemented using two Intel® 8255 Programmable 
Peripheral Interfaces. The system software may be used to 

configure the 1/0 lines in any combination of unidirectional 

input/output and bidirectional ports indicated in Table 1. 

Therefore, the 1/0 interface may be customized to meet 

specified peripheral requirements. In order to take full 
advantage of the large number of possible 1/0 configura
tions, sockets are provided for interchangeable 1/0 line 

drivers and terminators. Hence, the 1/0 interface is further 
enhanced by the capability of selecting the appropriate 
combination of optional line drivers and terminators to 
provide the required sink current, polarity, and drive/ 
termination characteristics for each application. The 48 

programmable 1/0 lines and signal ground lines are brought 
out to two 50-pin edge connectors that mate with flat-cable 

or round-cable. 

A programmable communications interface using Intel's 
8251 Universal Synchronous/Asynchronous Receiver/ 

Transmitter (USART) is contained on the board. A jumper
selectable baud rate generator provides the USART with all 
common communications frequencies. The USART can be 

programmed by software to determine the desired asyn
chronous or synchronous serial data transmission tech
niques (including IBM Bi-Sync). The mode of data trans
mission, data forlnat, control character format, parity, and 
asynchronous transmission rate are all under program 
control. The 8251 provides full duplex, double buffered 

transmit and receive capability. Parity, overrun, and fram
ing error detection are all incorporated in the USART. The 
inclusion of jumper-selectable TTY or RS232C compatible 
interfaces on the board, in teletypewriters, CRTs, RS232 
compatible cassettes, asynchronous and synchronous 
modems. The RS232C or TTY command lines, serial data 
lines, and signal ground lines are brought out to a 26-pin 
edge connector that mates with RS232C compatible flat
or round-cable. 

TABLE 1 

ll 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 

PORT NO. OF LINES 
INPUT OUTPUT BIDIRECTIONAL CONTROL 

LATCHED & LATCHED & 

UNLATCHED STROBED LATCHED STROBED 

1 8 x x x x x 
2 8 x x x x 
3 8 x x x1 
4 8 x x 
5 8 x x 
6 4 x x 

4 x x 

1. Note: Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 

strobed output or Pod 1 is used as a bidirectional port. 
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SYSTEM 80/10 
Interrupt requests may originate from six sources. Two 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a byte of information has been 
transferred to a peripheral device (i.e., output buffer is 
empty). Two jumper-selectable interrupt requests can be 
automatically generated by the USART when a character 
is ready to be transferred to the CPU (i.e., receive channel 
buffer is full) or a character is ready to be transmitted (i.e., 
transmit channel data buffer is empty). These four inter
rupt request lines are all individually maskable under pro
gram control. Two interrupt request lines may be interfaced 
directly to user-designated pi;Tipheral devices; one via the 
system bus and the other via the 1/0 edge connector. The 
six interrupt request lines share a single CPU interrupt level. 
When a interrupt request is recognized, a RESTART 7 
instruction is generated. The processor responds by sus
pending program execution and executing· a user-defined 
interrupt service routine originating at location 3815. 

System 80/10 memory and 1/0 capability may be increased 
by adding standard Intel memory and 1/0 boards. Memory 
may be expanded by adding combinations of SBC 016 
16K RAM boards and SBC 416 16K PROM boards. Input/ 
output capacity may be increased using SBC 508 1/0 
boards, containing 32 input lines and 32 output lines per 
board. Memory and 1/0 may be increased simultaneously 
by adding an SBC 104 board containing 4K bytes of RAM, 
sockets for 4K bytes of PROM, 48 programmable 1/0 lines, 
and a USART. 

An SBC 604 Modular Cardcage/Backplane is installed in the 
chassis to house the SBC 80/10 and provide an easily acces
sible bus interface. The cardcage houses the SBC 80/10 and 
up to three expansion boards. All SBC 80 bus signals are 
present on all four mating connectors. Also included are 
power supply cables which mate with the power supply 
connectors on the backplane to carry ±5V and ±12V DC. 

A comprehensive system monitor, residing in two Intel 
ROMs, is included to facilitate the loading, execution, and 

SPECIFICATIONS 

WORD SIZE 
Instruction: 
Data: 

CYCLE TIME 

8, 16, or 24 bits 
8 bits 

Basic Instruction Cycle: 1.95 µsec 
Note: Basic instruction cycle is defined as the fastest instruction 

(i.e., four clock cycles). 

MEMORY ADDRESSING 
On-Board ROM/PROM: 0-0FFF 
On-Board RAM: 3C00-3FFF 

MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 1 K bytes 
Off-Board Expansion: Up to 48K bytes using optional 

RAM, ROM, and PROM expan
sion boards. 

Note: ROM/PROM may be added in 1 K byte increments. 

debug of programs. Monitor commands include the ability 
to read and write hexadecimal paper tapes, execute pre
defined program segments, display and alter memory con
tents, and display and alter CPU register contents. Monitor 
commands and resulting information may be initiated and 
displayed using a TTY or CRT terminal. 

The System 80/10 is designed for easy serviceability and is 
very modular. The computer boards are accessible from the 
rear of the package and strain-relief clamps are included to 
protect the 1/0 cabling. 

Wire-wrap jumpers on the SBC 80/10 select either TTY or 
RS232C operation, and a jumper-selectable baud rate 
generator on the SBC 80/10 is used to select the appropri
ate communications frequency. The System 80/10 is 
shipped with the jumpers set for TTY operation. 

The System 80/10 comes with all in-depth documentation 
needed to program and interface with the system. An 8080 
Assembly Language Manual, PL/M Programming Manual, 
and a System 80/10 Hardware Reference Manual, are all 
included to provide clear and concise information relevant 
to the use of your System 80/10. 

The development cycle of System 80/10 based 
products may be significantly reduced using the lntellec® 
Microcomputer Development System. The resident macro
assembler, text editor, and system monitor greatly simplify 
the design, development, and debug of the system software. 
An optional Diskette Operating System allows programs to 
be loaded, assembled, edited, and executed faster than 
using conventional paper tape, card, or cassette peripherals. 
A unique In-Circuit Emulator (ICE-80™) option provides 
the capability of developing and debugging software 
directly on the System 80/10. 

Intel's high-level programming language, PL/M, provides 
the capability to program in a natural, algorithmic language 
and eliminates the need to manage register usage or allocate 
memory. PL/M programs can be written in .a much shorter 
time than assembly language programs. 

1/0 ADDRESSING 
On-Board Programmable 1/0 (see Table 1 ). 

8255 8255 
8255 No. 1 8255 No. 2 No.1 No.1 USART USART Port 

1J2l3 41516 
Con- Con- Data Control 
trol trol 

Address E4JE5j E6 E8l E9jEA E7 EB EC ED 

1/0 CAPACITY 
Parallel: 48 programmable lines (see Table 1 ). 

Note: Expandable with optional 1/0 boards. 

SERIAL BAUD RATES 

Baud Rate (Hzl 
Frequency (kHz) 

Synchronous 
Asynchronous 

(Jumper Selectable) (Program Selectable) 
7 16 7 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 
6.98 6980 -- 110 
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SYSTEM 80/10 
SERIAL COMMUNICATIONS CHARACTERISTICS 

Synchronous: 
5-8 bit characters 
Internal or external character synchronizaticn 

Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break character generation 
1, 1 y,, or 2 stop bits 
False start bit detectors 

INTERRUPTS 
Single-level with on-board logic that automatically vec

tors processor to location 3816 using REST ART 7 

instruction. Interrupt requests may originate from user

specified 1/0 (2), the programmable peripheral interface 

(2), or USART (2). 

INTERFACES 
Bus: 
Parallel 1/0: 

All signals TTL compatible 
All signals TTL compatible 

Serial 1/0: 

Interrupt Requests: 

RS232C or a 20 mA current loop 

TTY interface (jumper-selectable) 

All TTL compatible (active-low) 

SYSTEM CLOCK 
2.048 MHz ±0.1% 

CONNECTORS 

No. of Centers 
Interface Double-Sided (in.) Mating Connectors 

Pins 

Parallel 1/0 (2) 50 0.1 3M 3415-000 Flat 

3M 3462-0001 Flat 
Serial 1/0 26 0.1 

or AMP 88106-1 Flat 

PHYSICAL CHARACTERISTICS 

Height: 8.90 cm (3.5 in.) 
Width: 

At Front Panel: 48.3 cm (19 in.) 

Behind Front Panel: 43.2 cm (17 in.) 

Depth: 50.8 cm (20 in. with all protrusions) 

Weight: 37 lb (16.0 kgm) 

ELECTRICAL CHARACTERISTICS 

Input Power: 
Frequency: 47-63 Hz 
Voltage: 

Standard: 115 VAC ±10% 
Option: 230 VAC ±10% 

Output Power Available For Expansion Boards: 

Power Available Power Available 

Voltage 
Supply without PROM with PROM & Over-Voltaga 

Current & Termination Termination Protection 

Packs Installed Packs Installed* 

+12 2A 1.86A 1.6A +14 to +16 volts 

+5 14A 11.1A 10A 5.8 to 6.6 volts 

-5 0.9A 0.898A 0.7A 5.8 to -6.6 volts 

-12 0.8A 0.625A 0.625A -14 to-16 volts 

*PROMs are 4 each of 8708's; Termination Packs are 10 each of 

22on/330n. 

LINE DRIVERS AND TERMINATORS 

1/0 Drivers: 
The following line drivers and terminators are all com

patible with the 1/0 drive: sockets on the SBC 80/10. 

Sink Sink 

Driver Characteristic Current Driver Characteristic Current 
(mA) (mA) 

7438 l,OC 48 7409 Nl,OC 16 

7437 I 48 7408 NI 16 

7432 NI 16 7403 l,OC 16 

7426 l,OC 16 7400 I 16 

Note: I= inverting; N.I. - non-inverting; O.C. =open collector. 

Port 1 has 25 mA totem-pole drivers and 1 k!.1 termi

nators. 

1/0 Terminators: 
Terminators: 220!.1/330!.1 divider or 1 k!.1 pull-up. 

+5----~~ 
2201213300I ~ 0 SBC 901 OPTION 

330Sl 

1 k!1 

1 kH +5 -----VV'.-------Q SBC 902 OPTION 

Bus Drivers: 

Function Characteristics Sink Current (mA) 

Data Tri-state 25 
Address Tri-state 25 

Commands Tri-State 25 

ENVIRONMENTAL 
Operating Temperature: 0°C to 50°C 

Non-operating Temperature: -40°C to 85°C 
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SYSTEM MONITOR 
Addresses: 

0000-0560H (ROM); 3COOH-3C3FH (RAM) 

Commands: 
Display Memory (D) 
Program Execute (G) 
Insert Instructions into Memory (I) 
Move Memory (M) 
Read Hexadecimal File (R) 
Substitute Memory (S) 
Write Hexadecimal File (W) 
Examine and Modify CPU Registers (X) 

Drivers: 
Console Input 
Console Output 
Reader Input 
Punch Output 

Breakpoints: 
A hardware breakpoint capability may be implemented 
by an interrupt service routine beginning at RAM loca
tion 3C3DH. Typically, a 2-byte call is used. Interrupt 

generation at the breakpoint may be accomplished by 
u'ser hardware or by insertion of single byte calls at 
instruction boundaries. 

EQUIPMENT SUPPLIED 
System 80/10 Computer with power supply, cardcage, 

dual fans, and ROM based system monitor 
115-volt power cable 
115-volt and 230-volt fuses 
8080 Assembly Language Manual 
PL/M Programming manual 
System 80/10 Hardware Reference Manual 
SBC 80/10 Schematics 

COMPATIBLE EQUIPMENT 
SBC 016 16K byte RAM 
SBC 104 4K bytes RAM, 4K bytes PROM, 48 program

mable 1/0 lines, USART 
SBC 108 SK bytes RAM, 4K bytes PROM, 48 program-

mable 1/0 lines, USART 
SBC 201 Flexible Diskette Controller 
SBC416 16K byte PROM 
SBC 508 32 input lines/32 output lines 
SBC 501 DMA Controller 
SBC 955 Serial 1/0 Cable Set 
SBC 956 Parallel 1/0 Cable Set 

SYSTEM 80/10 BLOCK DIAGRAM 

CONTROL 
INTERFACE 

4K x 8 
ROM/PROM 

MEMORY 
(SOCKETS) 

ADDRESS BUS 

TTY 

SERIALOO 
DAT A CONTROL 

INTER- INTERFACE 
FACE 

USER DESIGNATED 
PERIPHERALS 

1K x 8 
RAM 

MEMORY 

1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Interface are jumper selectable. 
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A rack-mountable, packaged microcomputer for 

OEM applications 

Processing power from the popular SBC 80/20 

Single Board Computer. 

Full multiprocessor bus control logic allows addi

tional masters to share system bus 

Eight-level programmable vectored priority inter
rupt control 

Two programmable 16-bit BCD or Binary Timers 

Auxiliary power bus and memory protect control 

logic provided for battery back-up RAM require
ments 

Expandable memory capacity 

- 2K bytes RAM standard 

- Expandable with low-cost 16K RAM, ROM, 
EPROM, and Combination Modules 

Fully programmable 1/0 

- Programmable synchronous/asynchronous 
RS232C compatible serial interface with soft

ware selectable baud rate generation 

- 48 lines parallel 1/0 standard 

- Expandable with low-cost 1/0 and Combina
tion Modules 

Comprehensive System Monitor for loading, execu

tion, and debugging of System 80/20 programs 

- Display and alter memory locations 

- Display and alter registers 

- Single-step program execution 

- Read and Write paper tape commands 

- RS232 driver 

The System 80/20 is a fully packaged microcomputer utilizing the SBC 80/20 Single Board Computer. Ideal for the OEM 

whose design requires low-cost 19" RETMA compatible rack mountable packaging. The System 80/20 offers easy to use, 

fully programmable 1/0, the computational power of the SBC 80/20, and has both RAM and EPROM memory. The enclosed 

power supply is designed to support not only the Single Board Computer, but also a full complement of expansion boards. 

The R ETMA compatible chassis houses the computer, power supply, fans, and has three additional slots for expansion boards. 
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The heart of the System 80/20 is the SBC 80/20 Single 
Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/20 includes an 8080A CPU, 2K 
bytes of static RAM memory, sockets for 4K bytes of 
EPROM memory, 48 programmable parallel 1/0 lines with 
sockets for interchangeable line drivers and terminators, a 
programmable synchronous/asynchronous RS232C com· 
munications interface, programmable eight level vectored 
priority interrupt structure, programmable interval timers, 
and bus drivers for memory and 1/0 expansion. 

Read-Only-Memory may be added in 1 K byte increments 
using Intel® 8708 Erasable and Electrically Reprogramma
ble ROMs (EPROMs) or Intel® 8308 Masked ROMs. All 
on-board memory operations are performed at maximum 
processor speed. 

Intel's powerful 8-bit, N-channel MOS 8080A CPU, fabri· 
cated on a single LSI chip, is the central processor for the 
SBC 80/20. The 8080A contains six 8-bit general-purpose 
registers and an accumulator. The six general-purpose 
registers may be addressed individually or in pairs, provid
ing both single and double precision operations. 

The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located within any portion of read/write memory, 
may be used as a last-in/first-out stack to store the contents 
of the program counter, flags, accumulator, and all of the 
six general-purpose registers. A 16-bit stack pointer controls 
the addressing of this external stack. This stack provides 
subroutine nesting that is bounded only by memory size. 

The System 80/20 contains 48 programmable parallel 1/0 
lines implemented using two Intel® 8255 Programmable 
Peripheral interfaces. The system software may configure 
the 1/0 lines in any combination of unidirectional input/ 
output and bidirectional ports indicated in Table 1. There· 
fore, the 1/0 interface may be customized to meet specified 
peripheral requirements. In order to take full advantage of 
the large number of possible 1/0 configurations, sockets are 

provided for interchangeable 1/0 line drivers and termi
nators. Hence, the 1/0 interface is further enhanced by the 
capability of selecting the appropriate combination of 
optional line drivers and terminators to provide the re
quired sink current, polarity, and drive/termination charac
teristics for each application. 

The 48 programmable 1/0 lines and signal qround lines are 
brought out to two 50-pin edge connectors that mate with 
flat cable, woven cable, or round cable. The user may 
design his own cables or order the SBC 955 Serial Cable 
or the SBC 956 Parallel Cable set. 

A programmable communications interface using Intel's 
8251 Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) is contained on the board. A soft
ware selectable baud rate generator provides the USART 
with all common communications frequencies. The USART 
can be programmed by software to determine the desired 
asynchronous or synchronous serial data transmission tech
nique (including I BM Bi-Sync). The mode of data transmis
sion, data format, control character format, parity, and 
asynchronous transmission rate are all under program con
trol. The 8251 provides full duplex, double buffered trans
mit and receive capability. Parity, overrun, and framing 
error detection are all incorporated in the USART. The 
inclusion of the RS232C compatible interface on the board, 
allows the system to be used directly with CRTs, RS232C 
compatible cassettes, and asynchronous and synchronous 
modems. The RS232C command lines, serial data lines, and 
signal ground lines are brought out to a 26-pin edge con
nector that mates with RS232C compatible flat- or round
cable. A 20-mil TTY compatible interface may be achieved 
by using the SBC 530 TTY Adapter. 

The System 80/20 is a full computer with resources capable 
of supporting the majority of OEM system requirements. 
For those applications requiring additional processing 
capacity and the benefits of multiprocessing (i.e., several 
CPUs and/or controllers logically share system tasks with 
communication over the system bus), the System 80/20 

TABLE 1 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 

PORTS NO. OF LINES INPUT OUTPUT BIDIRECTIONAL CONTROL 

UNLATCHED 
LATCHED & 

LATCHED LATCHED & 
STROBED STROBED 

1 8 x x x x x 
2 8 x x x x 
3 4 x x xi 

4 x x xi 
4 8 x x x x x 
5 8 x x x x 
6 4 x x x2 

4 x x x2 
NOTES: 

1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and strobed output port or Port 1 is used as a bidirectional port. 
2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 

strobed output port or Port 4 is used as a bidirectional port. 
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provides full bus arbitration control logic. This control 

logic allows additional SBC 80/20s or other high-spe~d 

controllers to share the system bus in serial (daisy chain) 

priority fashion, or in parallel priority fashion with the 

addition of an external priority network. Once bus control 

is attained, a bus bandwidth of up to 5 Mbytes/sec may be 

achieved. 
The bus controller provides its own clock which is derived 

independently from the processor clock. This allows dif

ferent speed controllers to share resources on the same bus, 

and transfers via the bus to proceed asynchronously. Thus, 

transfer speed is dependent on transmitting and receiving 

devices only. Th is design prevents slow master modules 

from being handicapped in their attempts to gain control of 

the bus, but does not restrict the speed at which faster 

modules can transfer data via the same bus. Once a bus 
request is granted, single or multiple read/write transfers 
can proceed at a maximum rate of 5 million data bytes per 
second. 

The System 80/20 provides three fully programmable and 

independent BCD and binary 16-bit interval timers/event 

counters utilizing an Intel® 8253 Programmable Interval 

Timer. Two of these timers/counters are available to the 

systems designer to generate accurate time intervals under 

software control. Routing for the outputs and gate/trigger 

inputs of each of these counters is jumper-selectable. Each 

may be independently routed to the programmable inter

rupt controller, the 1/0 line drivers and terminators or out· 

puts from 8255 Programmable Peripheral Interfaces. The 

third interval timer in the 8253 provides the programmable 

baud rate generator for the RS232C USART serial port. 

The systems designer simply configures, via software, each 

timer independently to meet system requirements. When

ever a given time delay or count is needed, software com

mands to the programmable timer/event counters select the 

desired function. Five functions are available, as shown in 

Table 2. The contents of each counter may be read at any 

time during system operation with simple READ operations 

for event counting applications, and special commands are 

included so that the contents of each counter can be used 
"on the fly." 

An Intel® 8259 Programmable Interrupt Controller (PIC) 

provides vectoring for eight interrupt levels. As shown in 
Table 3, a selection of four priority processing modes is 

available to the systems designer so that the manner in 

which requests are processed may be configured to match 

system requirements. Operating mode and priority assign

ments may be reconfigured dynamically via software at any 

time during system operation. The PIC accepts interrupt 

requests from the programmable parat'lel and serial 1/0 
interfaces, the programmable timers, the system bus, or 

directly from peripheral equipment. The PIC then deter

mines which of the incoming requests is of the highest 
priority, determines whether this request is of higher 

priority than the level currently being serviced, and if 

appropriate, issues an interrupt to the CPU. Any combina

tion of interrupt levels may be masked through storage via 
software, of a single byte to the Interrupt Mask Register on 

the PIC. 

The PIC generates a unique memory address for each inter

rupt level. These addresses are equally spaced at intervals 

of 4 or 8 (software selectable) bytes. This 32 or 64-byte 
block may be located to begin at any 32 or 64-byte bound

ary in the 65,536 byte memory space. A single 8080A 
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TABLE 2 

PROGRAMMABLE TIMER FUNCTIONS 

FUNCTION OPERATION 

Interrupt on When terminal count is reached, 

Terminal Count an interrupt request is generated. 
This function is extremely useful 
for generation of REAL-TIME 
CLOCKS. 

Programmable Output goes low upon receipt of 

One-Shot an external trigger edge and re-
turns high when terminal count is 
reached. This function is retrig· 
gerable. 

Rate Generator Divide by N counter. The output 
will go low for one input clock 
cycle, and the period from one 
low-going pulse to the next is N 
times the input clock period. 

Square-Wave Output will remain high until one-

Rate Generator half the count has been com-
pleted, and go low for the other 
half of the count. 

Event Counter On a jumper-selectable basis, the 
clock input becomes an input 
from the external system. CPU 
may read the number of events 
occurring after the counting "win-

dow" has been enabled or an in-
terrupt may be generated after N 
events occur in the system. 

TABLE 3 

PROGRAMMABLE INTERRUPT MODES 

MODE OPERATION 

FULLY NESTED Interrupt request line priorities 
fixed at 0 as highest, 7 as lowest. 

AUTO- Equal priority. Each level, after 
ROTATING receiving service, becomes the 

lowest priority level until next 
interrupt occurs. 

SPECIFIC System software assigns lowest 
PRIORITY priority level. Priority of all other 

levels based in sequence numeric-

ally on th is assignment. 

POLLED System software examines pri· 
ority-encoded system interrupt 
status via Interrupt Status Regis-
ter. 

JUMP instruction at each of these addresses can then pro

vide linkage to locate each interrupt service routine inde

pendently anywhere in memory. 

Interrupt requests may originate from 26 sources. Four 

jumper-selectable interrupt requests can be automatically 

generated by the Programmable Peripheral Interface when a 

byte of information is ready to be transferred to the CPU 

(i.e., input buffer is full) or a byte of information has been 

transferred to a peripheral device (i.e., output buffer is 

empty). Two jumper-selectable interrupt requests can be 
automatically generated by the USART when a character 
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is ready to be transferred to the CPU (i.e., receive channel 
buffer is full) or a character is ready to be transmitted 
(i.e., transmit channel data buffer is empty). A jumper
selectable request can be generated by each of the pro
grammable timers. Nine additional interrupt request lines 
are available to the user for direct interfaces to user desig
nated peripheral devices via the system bus. 

System 80/20 memory may be increased by adding combi
nations of SBC 016 16K RAM boards and SBC 416 16K 
PROM boards. Input/Output capacity may be increased 
using the SBC 508 parallel 1/0, the SBC 517 programmable 
serial and parallel 1/0, or the SBC 519 programmable par
allel 1/0 board. System resources may be increased simul
taneously using SBC 80 combination 1/0 and memory 
expansion boards. All combination boards provide 48 lines 
of programmable parallel 1/0, one programmable serial 
port, and sockets for up to 4K of EPROM. A RAM incre
ment of 4K, BK, or 16K can be chosen with the SBC 104, 
108, or 116, respectively. 

Mass storage capacity may be added to the System 80/20 
with Intel's Flexible Diskette peripherals. The SBC 201 
Diskette Controller is a very powerful and easy to use 
plug-in module which is compatible with several manufac
turers' diskette drives. For a completely tested mass storage 
peripheral, the SBC 211 Single Drive System and the SBC 
212 Dual Drive System are available. 

A Modular Cardcage/Backplane is installed in the chassis to 
house the SBC 80/20 and provide an easily accessible bus 
interface. The cardcage houses the SBC 80/20 and any 
additional expansion boards. All SBC 80 bus signals are 
present on all mating connectors. Also included are power 
supply cables which mate with the power supply connec
tors on the backplane to carry ±5V and ±12V DC. 

A comprehensive system monitor, residing in two Intel 
ROMs, is included to facilitate the loading, execution, and 

SPECIFICATIONS 

WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 
Basic Instruction Cycle: 1.86 µsec 
Note: Basic instruction cycle is defined as the fastest instruction 

(i.e., four clock cycles). 

MEMORY ADDRESSING 
On-Board ROM/PROM: 0-0FFFH 
On-Board RAM: 2K segments ending at any jumper

selectable address on a 16K boundary 
(e.g., OOOOH, 4000H, ... COOOH). 

MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 2K bytes 
Off-Board Expansion: Up to 65,536 bytes in user-specified 

combinations of RAM, ROM, and 
PROM. 

Note: ROM/PROM may be added in 1 K byte increments. 

1/0 ADDRESSING 
On-Board Programmable 1/0 (see Table 11. 

8255 No. 1 8255 No. 2 8255 8255 USART Port No.1 No. 2 1J2J3 41516 Control Control 
Data 

Address E4J E5J E6 EBj E9j EA E7 EB EC 

USART 
Control 

ED 
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debug of programs. Monitor commands include the ability 
to read and write hexadecimal paper tapes, execute pre
defined program segments, display and alter memory con
tents, display and alter CPU register contents, and single 
step program execution. 

Monitor commands and resulting information may be 
initiated and displayed using a CRT or other RS232 device. 

The System 80/20 is designed for easy modular servicing. 
The computer boards are accessible from the rear of the 
package and strain relief clamps are included to protect any 
1/0 cabling added by the OEM. 

The System 80/20 comes with all in-depth documentation 
needed to program and interface with the system. An 8080 
Assembly Language Manual, PL/M-80™ Programming 
Manual, and a Hardware Reference Manual, are all included 
to provide clear and concise information relevant to the use 
of a System 80/20. 

The development cycle of System 80/20 based products 
may be significantly reduced using the I ntellec® Micro
computer Development System. The resident macroassem
bler, text editor, and system monitor greatly simplify the 
design, development, and debug of the system software. 
Optional Diskette Operating Software for the Development 
System programs to be loaded, assembled, edited, and exe
cuted faster than using conventional paper tape, card, or 
cassette peripherals. A unique In-Circuit Emulator (ICE-
80) option provides the capability to use the Development 
System to develop and debug software directly on the 
System 80/20. 

Intel's high-level resident programming language, PL/M-80, 
provides the capability to program in a natural, algorithmic 
language and eliminates the need to manage register usage 
or allocate memory. PL/M-80 programs can be written in a 
much shorter time than assembly language programs. 

1/0 CAPACITY 
Parallel: 48 programmable lines (see Table 1 ). 
Note: Expandable with optional I /0 boards. 

SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 

5-8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break character generation 
1, 1%, or 2 stop bits 
False start bit detectors 

SERIAL BAUD RATES 

Baud Rate (Hz) Frequency (kHz) 
(Software Selectable) Synchronous 

Asynchronous 
(Program Selectable) 

~ 16 764 
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 
6.98 6980 -- 110 

Note: Frequency selected by 1/0 write of appropriate 16-bit fre
quency factor to Baud Rate Register. 



SYSTEM 80/20 

Register Address (Hex notation, 1/0 address space) 

I Baud Rate Register I DE I 
Note: Baud Rate Factor (16 bits) is loaded as two sequential output 

operations to same address (DEH). 

INTERRUPTS 
Register Address (Hex notation, 1/0 address space) 

Interrupt Request Register DA 

In-Service Register DA 

Mask Register DB 

Command Register DA 

Block Address Register DB 

Status (Polling Register} DA 

Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 

TIMERS 
Register Address Hex notation, 1/0 address space) 

Control Register DF 

Timer 0 DC 

Timer 1 DD 

Note: Timer counts loaded as two sequential output operations to 
same address, as given. 

Input Frequencies: 
Reference: 1.0752 MHz ±0.1% (0.930 µsec period, nominal) 
Event Rate: 1.1 MHz max 

Note: Maximum rate for external events in Mode 4: Event 
Counter. 

Output Frequencies/Timing Intervals: 

Mode Function 

a Real-Time 

Interrupt 

1 
Programmable 
One-Shot 

2 Rate Generator 

3 
Square-Wave 
Rate Generator 

INTERFACES 
Bus: 
Parallel 1/0: 
Interrupt Requests: 
Timer: 

Single Timer/Counter Dual Timer/Counter 
(Two Timers Cascaded) 

Min. Max. Min. 

1.86 µsec 60.948 msec 3.72 µsec 

1.86 µsec 60.948 msec 3.72 µsec 

16.407 Hz 537.61 kHz 0.00025 Hz 

16.407 Hz 537.61 kHz 0.00025 Hz 

All signals TTL compatible 
All signals TTL compatible 
All TTL compatible 
All signals TTL compatible 

Max. 

1.109 hrs 

1.109 hrs 

268.81 kHz 

268.81 kHz 

Serial 1/0: RS232C compatible, data set configura
tion 

SYSTEM CLOCK (8080A CPU) 
2.154 MHz ±0.1% 

COMPATIBLE CONNECTORS 

No. of Centers 
Interface Double-Sided (in.) Mating Connectors 

Pins 

Parallel I /0 (2) 50 0.1 3M 3415-000 Flat 

Serial 1/0 26 

PHYSICAL CHARACTERISTICS 
Height: 8.90 cm (3.5 in.) 

Tl H312125 

0.1 3M 3462-0001 
TIH312113 

Width: At Front Panel: 48.3 cm (19 in.) 
Behind Front Panel: 43.2 cm (17 in.) 

Depth: 50.8 cm (20 in. with all protrusions) 

ELECTRICAL CHARACTERISTICS 
Input Power: 

Frequency: 
Voltage: 

47-63 Hz 
Standard: 115 VAC ±10% 
Option: 230 V AC ± 10% 

Flat 

Flat 
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Output Power Available for Expansion Boards: 

Power Avillilable Power AHilillble RAM-Only 

Voltage 
Supply without PROM with PROM & Over·Voltage 

Power 
Current & Termination Terminilltion Protecloon 

Packs Installed Packs Installed• 
Requirements 

•12 2A 1.63A 1.45A t 14 to ; 16 volt~ 

•5 14A 9.1A 8.7A 5.8 to 6.6 11ol1s 0.96A 
-5 0.9A 0.72A 0.54A 5.8 tu --0.6 vol1s 
-12 0.8A 0.77A 0.775A -14 to -16 vol!s 

*PROMs are four 8708s; Termination Packs are eight 220fi/330fi 
Terminator Packs. 

AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate power to 
RAM for systems requiring battery back-up of read/write mem
ory. Selection of this Auxiliary RAM Power Bus is made via 
jumpers on the board. 

MEMORY PROTECT 
An active-low TTL compatible MEMORY PROTECT signal is 
brought out on the Auxiliary connector which, when asserted, 
disables Read/Write access to RAM memory on the board. This 
input is provided for the protection of RAM contents during 
system power-down sequences. 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers: 

The following line drivers are all compatible with the 1/0 driver 
sockets on the SBC 80/20. 

Driver Characteristic Sink Current (mA) 

7438 l,OC 48 
7437 I 48 
7432 NI 16 
7426 l,OC 16 
7409 Nl,OC 16 
7408 NI 16 
7403 l,OC 16 
7400 I 16 

Note: I= inverting; NI =non-inverting; OC =open collector. 

Ports 1 and 4 have 25 mA totem-pole dividers and 1 kn. termi
nators. 

1/0 Terminators: 
Terminators: 220fi/330n divider or 1 kn pull-up. 

22on 

220S!/3~:l: ~ SBC 901 OPTION 

1 kn 
1 kH +5V ~ SBC9020PTlON 

Bus Drivers: 

Function Characteristic 

Data 3-State 
Address 3-State 
Commands 3-State 

ENVIRONMENTAL 
Operating Temperature: 0°C to 50°C 

SYSTEM MONITOR 
Address: 

Sink Current (mA) 

50 
50 
32 

0000-069CH (ROM), 3F80H-3FFFH (RAM) 
Commands: 

Display Memory (D) 
Program Execute (G) 
Insert Instruction into Memory (I) 
Move Memory (M) 
Execute Next Instruction {N) 
Read Hexadecimal File (R) 
Substitute Memory (S) 
Write Hexadecimal File (W) 
Examine and Modify CPU Registers (X) 



SYSTEM 80/20 

Drivers: 
Console Input 
Console Output 
Reader Input 
Punch Output 

Breakpoints: 
Program BREAKing may occur upon any of up to seven system 
conditions. BR EA Ks are implemented via the Programmable 
Interrupt Controller. When a break occurs, the BREAK level, 
all CPU registers, and the next instruction (OP CODE) are dis
played at the console. 

Baud Rate: 
Baud Rate Search Capability automatically sets serial baud rate 
to that of the system console. Allowable baud rates include 110, 
150, 300, 600, 1200, 2400, 4800, and 9600_ 

EQUIPMENT SUPPLIED 
System 80/20 Computer with power supply, cardcage, dual fans, 

and ROM based system monitor 
115-volt power cable 
115-volt and 230-volt fuses 
8080 Assembly Language Manual 
PL/M-80 Programming Manual 
System 80/20 Hardware Reference Manual 
SBC 80/20 Schematics 

4K x 8 
ROM/PROM 
MEMORY 

!SOCKETS) 

CONTROL BUS 

2K x 8 
RAM 

MEMORY 

PROGRAMMABLE 
BAUO RATE 
GENERATOR 

RS232C 
COMPATIBLE 

DEVICE 

COMPATIBLE BOARDS 
SBC 016 16K byte RAM 
SBC 104 4K bytes RAM, 4K bytes PROM, 48 programmable 1/0 

I in es, USART 
SBC 108 BK bytes RAM, 4K bytes PROM, 48 programmable 1/0 

lines, USART 
SBC 116 16K bytes RAM, 4K bytes PROM, 48 programmable 

1/0 lines, USART 
SBC 416 16K byte PROM 
SBC 501 DMA Controller 
SBC 508 32 input lines/32 output lines 
SBC 517 Combination 1/0 Board 
SBC 519 Programmable Parallel 1/0 Board 
SBC 955 Serial 1/0 Cable Set 
SBC 956 Parallel 1/0 Cable Set 

COMPATIBLE PERIPHERALS 
SBC 201 Diskette Controller 
SBC 211 Single Diskette System 
SBC 212 Dual Diskette System 

COMPATIBLE HARDWARE 
SBC 530 Teletypewriter Adapter 

MUL JI.MASTER 
BUS 

ARBITRATION 
LOGIC 

PROGRAM 
MABLE 
INTER 
RUPT 
CON 

TROLLER 

USER DESIGNATED 
PERIPHERALS 

48 PROGRAMMABLE 
PARALLEL 1/0 LINES 

8 INTERRUPT 
Rr::)OUEST LINES ADDRESS BUS 

DATA BUS SYSTEM 80 
BUS 

CONTROL BUS 

, 
PROGRAMMABLE 

TIMERS 

SYSTEM 80/20 BLOCK DIAGRAM 
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SBC 016 16K BYTE RAM MEMORY BOARD 

SBC-80 RAM memory expansion through direct 

bus interface 

16K byte read/write memory capacity 

On-board hardware for refresh of all dynamic 

memory elements 

Jumper selectable starting address for 16K contig

uous addresses 

Read/write data buffers 

TTL compatible data, address, and command signal 

interface 

The SBC-016 is a member of Intel's complete line of SBC-80 memory and 1/0 expansion boards. The SBC-016 interfaces 

directly to any SBC-80 single board computer, via the system bus, to expand RAM memory capacity. 

The board contains 16K bytes of read/write memory, implemented using 32 Intel® 2107 dynamic RAM memory compo

nents. On-board refresh hardware refreshes 64 bit positions of all 32 RAM elements every 1.0 milliseconds. Each refresh cycle 

utilizes memory for 735 nanoseconds. If a read or write cycle is in progress when a refresh cycle is scheduled to begin, the 

refresh cycle is postponed until the end of the read or write cycle. 

The SBC-016 contains a jumper that is used to select contiguous 16K byte address segments that begin in location 0000, 

4000, 8000, or COOO. 

Read/write buffers reside on the board to buffer all data that is written into or read from the memory array. All data, ad

dress, and command signals on the bus interface are TTL compatible. 
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SBC 016 

SPECIFICATIONS 

WORD SIZE 
8 bits 

MEMORY SIZE 
16 ,384 bytes 

CYCLE TIMES 
Read Cycle: 735 ns max 
Write Cycle: 1360 ns max 
Refresh Cycle: 735 ns max 

INTERFACE 
All address, data, and command signals are TTL com
patible. 

ADDRESS SELECTION 
Jumper selection of base address of 16K contiguous 
memory block to reside in locations 0000, 4000, 8000, 
or COOO. 

CONTROL 
mus 

HANDSHAKE 
& REFRESH 

l_QGIC) 

MEMORY 
ARRAY 
16K , 8 

CONNECTOR 
86-pin double-sided PC edge connector with 0.156-inch 
contact centers. 

Mating Connector: Control Data VPB01E43AOOA1. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 12 oz (415.2 gm) 

ELECTRICAL CHARACTERISTICS 
DC Power: 

Vee +5 VDC ±5% 
Ice 1.2Atyp;1.5Amax 
Voo +12 VDC ±5% 
loo 0.7A typ; 1.0A max 
Vss -5 VDC ±5% 
lss 0.2 mA typ; 3.2 mA max 

ENVIRONMENT 
Operating Temperature: 0°C to 55°C 

ADDRESS 

ADDRESS BUS ¢ ______ ..,._ ___________________ D_A_TA_B_us ___ , ~~;.ao 
CONTROL BUS 

16K RAM MEMORY EXPANSION BOARD BLOCK DIAGRAM 
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SBC 104/108/116 COMBINATION MEMORY 
AND 1/0 EXPANSION BOARDS 

4K, SK, 16K bytes of read/write memory (SBC 

104, SBC 108, SBC 116, respectively) 

Sockets for 4K bytes of programmable or masked 

read-only-memory 

Auxiliary power bus and memory protect control 

logic provided for battery back-up RAM require

ments 

48 programmable 1/0 lines with sockets for inter

changeable line drivers and terminators 

Synchronous/ Asynchronous communications inter

face with RS232C drivers and receivers 

Eight maskable interrupt request lines with a pend

ing interrupt register 

1 ms interval timer 

The SBC 104, SBC 108, and SBC 116 are members of Intel's complete line of SBC 80 memory and 1/0 expansion boards. 

Each board interfaces directly with any SBC 80 Single Board Computer, via the system bus, to expand RAM and ROM 

memory capacity; serial and parallel 1/0 capacity. 

The SBC 104 contains 4K, the SBC 108 SK, and the SBC 116 16K bytes of RAM memory implemented using Intel dynamic 

RAM memory components. On-board refresh hardware refreshes a portion of all eight RAM memory elements every 14 

microseconds. If a read or write cycle is already in progress when a refresh cycle is scheduled to begin, the refresh cycle is 

postponed until the end of the read or write cycle. Each refresh cycle utilizes memory for 590 nanoseconds. Typical RAM 

access time is 485 nanoseconds. Typical Read/Write cycle time is 560 nanoseconds. 

Sockets for up to 4K bytes of non-volatile read-only memory reside on the boards. Read-only-memory may be added in 1 K 

byte increments using Intel® 8708 Erasable and Electrically Reprogrammable ROMs (EPROMs) or Intel® 8308 Masked 

ROMs. Typical ROM/EPROM access time is 440 nanoseconds. Typical ROM/EPROM cycle time is 560 nanoseconds. 
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SBC 104/108/116 
Each combination board contains 48 programmable 1/0 
lines implemented using two Intel® 8255 Programmable 
Peripheral Interfaces. The system software is used to con
figure the 1/0 lines in any combination of unidirectional 
input/output, and bidirectional ports indicated in Table 1. 
Therefore, the 1/0 interface may be customized to meet 
specified peripheral requirements. In order to take full 
advantage of the large number of possible 1/0 configura
tions, sockets are provided for interchangeable 1/0 line 
drivers and terminators. Hence, the flexibility of the 1/0 
interface is further enhanced by the capability of selecting 
the appropriate combination of optional line drivers and 
terminators to provide the required sink current, polarity, 
and drive/termination characteristics for each application. 
The 48 programmable 1/0 lines and signal ground lines are 
brought .out to two 50-pin edge connectors that mate with 
flat, round, or woven cable. 

Typical 1/0 Read access time is 280 nanoseconds. Typical 
1/0 Read cycle time is 600 nanoseconds. 

A programmable communications interface using Intel's 
8251 Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) is contained on each board. A 
jumper-selectable baud rate generator provides the USART 
with all common communications frequecies between 75 
Hz and 38.4 kHz. The USART can be programmed by the 
system software to select the desired asynchronous or 
synchronous serial data transmission technique (including 
IBM Bi-Sync). The mode of operation (i.e., synchronous or 
asynchronous), data format, control character format, 
parity, and asynchronous serial transmission rate are all 
under program control. The 8251 provides full duplex, 
double-buffered transmit and receive capability. Parity, 
overrun, and framing error detection are all incorporated 
in the USART. The inclusion of a comprehensive RS232C 
interface on the boards in conjunction with the USART 

provides a direct interface to CRTs, RS232C compatible 
casettes, asynchronous and synchronous modems. The 
RS232C, serial data lines, and signal ground lines are 
brought out to a 26-pin edge connector that mates with 
RS232C compatible flat or round cables. 

The SBC 530 Teletypewriter Adapter provides an optically 
isolated interface for those systems requiring a 20 mA 
current loop. The SBC 530 may be used to interface the 
SBC 104/108/116 Combination Boards to teletypewriters 
and other 20 mA current loop equipment. 

Interrupt requests may originate from eight sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interfaces when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a character has been trans
mitted (i.e., output data buffer is empty). Two jumper
selectable interrupt requests can be automatically generated 
by the USART when a character is ready to be transferred 
to the CPU (i.e., receive buffer is full) or a character has 
been transmitted (transmit buffer is empty). These six 
interrupt request lines are all maskable under program con
trol. Two interrupt request lines may be interfaced directly 
from user-designated peripheral devices via the 1/0 edge 
connector. An on-board register contains the status of all 
eight interrupt request lines, and may be interrogated by 
the CPU. Each interrupt request line is maskable under 
program control. Routing for the eight interrupt request 
lines is jumper-selectable. They may be ORed to provide a 
single interrupt request line for the SBC 80/10, or they may 
be individually provided to the system bus for use by the 
SBC 80/20 Priority Interrupt Controller. 

Each board contains a jumper-selectable 1 ms interval 
timer. The timer is enabled by jumpering one of the inter
rupt request lines from the 1/0 edge connector to a 1 ms 
interval interrupt request signal originating from the baud 
rate generator. 

TABLE 1 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 
PORT NO. OF LINES INPUT OUTPUT BIDIRECTIONAL CONTROL 

LATCHED & LATCHED& 
UNLATCHED STROBED LATCHED STROBED 

1 8 x x x x x 
2 8 x x x x 
3 4 x x X1 

4 x x x1 
4 8 x x x x x 
5 8 x x x x 
6 4 x x X2 

4 x x x2 

NOTES: 1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output or Port 1 is used as a bidirectional port. 

2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 
strobed output or Port 4 is used as a bidirectional port. 
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SBC 104/108/116 

SPEC! FICA TIONS 

MEMORY ADDRESSING 

ROM/EPROM 
4K segments starting at any jumper-selectable base address on a 

4K byte boundary (e.g., OOOOH, lOOOH, ... FOOOH) 

RAM: 
4K, SK, 16K segments starting at any jumper-selectable base ad

dress on a 4K byte boundary (e.g., OOOOH, 1000H •... F000Hi 3 

Note: 3. Base address 7000H not allowed for SBC 108. Base ad

dress 5000H~7000H not allowed for SBC 116. 

MEMORY CAPACITY 
ROM/PROM: 4K bytes (sockets only) 

RAM: 4K bytes for SBC 104, BK bytes for SBC 108, 

16K bytes for SBC 116. 

MEMORY RESPONSE TIME 

Memory Access (ns) Cycle (ns) 

RAM 575 max* 675 max* 

EPROM/ROM 465 max 685 max 

*Without Refresh Interruption. 

1/0 ADDRESSING 

8255 8255 USART USART 
Port 1 2 3 4 5 6 No. 1 No. 2 

Control Control 
Data Control 

Address X4 X5 X6 XB X9 XA X7 XS xc XD 

Note: X is any hex digit assigned by jumper selection. 

1/0 TRANSFER RATE 
Para I lel: Read or Write cycle time 760 ns max 

Serial: (USART) 

Baud Rate (Hz) 

Frequency (kHz) Asynchronous 

(Jumper Selectable) Synchronous (Program Selectable) 

.,. 16 

153.6 -- 9600 
76.8 -- 4800 
38.4 38400 2400 
19.2 19200 1200 
9.6 9600 600 
4.8 4800 300 
6.98 6980 --

SERIAL COMMUNICATIONS CHARACTERISTICS 

Synchronous: 
5-8 bit characters 
Internal or external character synchronization 

Automatic Sync Insertion 
Asynchronous: 

5-8 bit characters 
Break characters generation 
1, 1 Y:i, or 2 stop bits 
False start bit detectors 

.,. 64 

2400 
1200 
600 
300 
150 

75 
110 

l lNTERRUPTS 
Eight interrupt request lines may originate from the Programma

ble Peripheral Interface (4 lines), the USART (2 lines) or user 

specified devices via the 1/0 edge connector (2 lines) or Interval 

Timer. 

INTERRUPT REGISTER ADDRESSES 

Interrupt Mask Register X1 

Interrupt Status Register XO 

Note: X is any hex digit assigned by jumper selection. 

TIMER INTERVAL 

1 .003 ms ±0.1 % when 110 Baud Rate is selected 

1 .042 ms ±0.1 % for al I other Baud Rates 

INTERFACES 
Bus: 
Parallel 1/0: 
Serial 1/0: 

All signals TTL compatible 

All signals TTL compatible 
RS232C 

Interrupt Requests: All TTL compatible 
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CONNECTORS 

Interface 
No. of Centers Mating Connectors 

Pins (in.) 

Bus 86 0.156 CDC VPB01E43AOOA1 

Parallel 1/0 50 0.1 
3M 3415-000 or 
Tl H312125 

Serial 1/0 26 0.1 3M 3462-000 or 
Tl H312113 

Aux Power4 60 0.1 
AMP PE5-14559 or 
Tl H311130 

Note: 4. Connector heights and wire-wrap pin lengths are not 

guaranteed to conform to Intel OEM or MDS packaging. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 

Height: 6. 75 in. (17.15 cm) 
Depth: 
Weight: 

0.50 in. (1.27 cm) 
14 oz (397.3 gm) 

ELECTRICAL CHARACTERISTICS5 

Average DC Current: 
Without EPROM6 With EPROM7 

Vee = +5V ±5% Ice = 2.85A max 3.6A max 

Voo = +12V ±5% loo= 450 mA max 700 mA. max 

VBB = -5V ±5% IBB = 3 mA max 180 mA max 

V AA= -12V ±5% IAA = 60 mA max 60 mA max 

RAMS 

600 mA max 
400 mA max 
3 mA max 
Not Used 

Notes: 5. All current values given here include RAM power. 

6. Does not include power required for optional EPROM, 

1/0 drivers, and 1/0 terminators. 

7. With four 8708 EPROMs and eight 220.11/330!:1 Input 

terminators installed, all terminator inputs low. 

8. RAM chips and RAM control logic (powered via Auxil

iary Power Bus). 

AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate power to 

RAM for systems requiring battery backup of read/write mem

ory. Selection of this Auxiliary RAM Power Bus is made via 

jumpers on the board. 

MEMORY PROTECT 

An active-low TTL compatible MEMORY PROTECT signal is 

brought out on the Auxiliary connector which, when asserted, 

disables Read/Write access to RAM memory on the board. This 

input is provided for the protection of RAM contents during 

system power-down sequences. 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers: 

The following line drivers and terminators are all compatible 

with the 1/0 driver sockets on the SBC 104/108/116. 

Sink Sink 

Driver Characteristic Current Driver Characteristic Current 
(mAI (mA) 

7438 l,OC 48 7409 Nl,OC 16 
7437 I 48 7408 NI 16 

7432 NI 16 7403 l,OC 16 

7426 l,OC 16 7400 I 16 

Note: I =inverting; NI =non-inverting; QC= open collector. 

Ports 1 and 4 have 25 mA totem-pole drivers and 1 k.11 termi

nators. 
1/0 Terminators: 

Terminators: 220.11/330.11 divider or 1 k.11 pull-up. 

+5 ,.------:: 

220D./330D._[ JJOf~l ---~----<O SBC 901 OPTION 

1kQ 

l kH +5 -----"'V'rr-------u SBC 902 OPTION 

Bus Drivers: 

Function 

Data 
Commands 

ENVIRONMENTAL 

Characteristic 

Tri-State 
Tri-State 

Operating Temperature: 0°C to +55°C. 

Sink Current (mA) 

50 
25 



4K \. 8 
ROM/EPROM 

MEMORY 
{SOCKETS) 

RS232C 
INTERFACE 

BAUD RATE 
GENERATOR 

SELECTED 
COMMUNICATIONS 

FREQUENCY 

PROGRAMMABLE 

~---___, co~~~EN~~:6~0NS 
(USART) 

SBC 104/108/116 

USER DESIGNATED PERIPHERALS 

REQUEST 
LINES UINTE~RUPT 

.---.... --...... 
DRIVER/ 

TERMINATOR 
INTERFACE 

PROGRAMMABLE 
PERIPHERAL 
INTERFACE 

4K X 8, BK X 8, 
OR 16K X 8 

RAM MEMORY 

DATA BUS } SBC 80 

ADDRESS BUS $ 
~-+---+----__.________._---------+----+--+- BUS 

CONTROL BUS 

1 INTERRUPTS ORIGINATING FROM THE PROGRAMMABLE COMMUNICATIONS INTERFACE 
AND PROGRAMMABLE PERIPHERAL INTERFACE ARE JUMPER·SELECTABLE 

SBC 104/108/116 BLOCK DIAGRAM 

12-29 



l 

SBC 416 16K PROM EXPANSION BOARD 

Allows SBC 80 EPROM/ROM expansion through 
direct bus interface 

Sockets for up to 16K bytes of interchangeable 
Intel® 8308 maksed ROM or 8708 programmable 
and erasable PROM 

Switches to enable or disable each memory block 

Jumper selectable addresses for each BK block 

Buffered address and data lines 

The SBC-416 is a member of Intel's complete line of SBC BO memory and 1/0 expansion boards. The SBC-416 interfaces 

directly to any SBC BO Single Board Computer, via the System bus, to expand ROM/PROM memory capacity. 

The board contains 16 sockets that can house either Intel® B30B masked ROMs or Intel B70B programmable and erasable 

EPROMs. ROM/PROM memory can be added in 1 K byte increments. The SBC-416 contains a set of jumpers that allow the 

selection of the base address of independent BK memory blocks, to begin on any BK boundary. Switches are used to enable 

on-board memory in 1 K block increments. 
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SBC 416 

SPECIFICATIONS 

WORD SIZE 
8 bits 

MEMORY SIZE 
Sockets for up to 16K bytes. Memory may be added in 
1 K byte increments. 

COMPATIBLE INTEL MEMORY 
ROM: 

8308 
PROM: 

B70B 

INTERFACE 
All address, data, and command signals are TTL com
patible and SBC 80 Bus compatible. 

ADDRESS SELECTION 
Switches and jumpers allowing the selection of a base 
address for each independent BK block of memory, on 
any BK boundaries. 

PROM SELECTED 
READ REQUEST ADDRESS 

TIMING ADDRESS 

CONTROL CONTROL 
BLOCK 

ADDRESS BUS 

DATA BUS 

COMMAND BUS 

ELECTRICAL CHARACTERISTICS 
DC Power: 

+5V 
-5V 
+12V 

Without 
Memory 

0.75A 
--
--

CONNECTOR 

With 8308 

Typ Max 

0.77A D.79A 
0.001A 0.010A 
0.58A 0.96A 

With 8708 

Typ Max 

0.85A 0.91A 
0.48A 0.75A 
0.80A 1.04A 

86-pin double-sided PC edge connector with 0.156-inch 
(0.40 cm) contact centers. 
Mating Connector: Control Data VPB01E43AOOA1. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. 
Height: 6.75 in. 
Depth: 0.50 in. 
Weight: 12 oz. 

ENVIRONMENT 

(30.40 cm) 
(17.15 cm) 
(1.27 cm) 
(340.5 gm) 

Operating Temperature: 0°C to 55°C 

:> 
SOCKETS FOR 

16K BYTES 
OF 

ROM/PROM 
MEMORY 

U,. .. 
DATA LINE BUFFERS 

± )¢ SBC-80 
BUS 

SBC 416 BLOCK DIAGRAM 
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SBC 508 1/0 EXPANSION BOARD 

SBC-80 1/0 expansion via direct bus interface 

Four 8-bit terminated input ports 

Four 8-bit output ports with buffered TTL drivers 

Selectable latched or unlatched input ports 

Latched outputs with selectable width strobes 

Switch selectable 1/0 port addresses 

The SBC-508 is a member of Intel's complete line of SBC-80 memory and 1/0 expansion boards. The SBC-508 interfaces 

directly to any SBC-80 single board computer, via the system bus, to expand input and output port c_apacity. 

Four 8-bit terminated input ports are contained on the board. Data is gated into the port while the strobe is present and 

latched if the strobe is removed. 

The SBC-508 contains four 8-bit output ports. All output lines are driven by TTL level buffer drivers that reside on the board. 

Output data is latched. A strobe signal, of jumper selectable width, is sent to the peripheral device during an output oper

ation. 

Address selection is accomplished using two resident rotary switches, which select one of sixty-four unique base addresses for 

all input and output ports. The board operates with a single +5 volt power supply. 
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SBC 508 

SPECIFICATIONS 

WORD SIZE 
8 bits 

CAPACITY 
Four 8-bit input ports; four 8-bit output ports. 

1/0 INTERFACE CHARACTERISTICS 
1/0 Line Driver Sink Current: 48 mA 
1/0 Line Terminator Load: 1k£1 pull-up. 
Inputs: Data is positive relative to data bus. 
Outputs: Data is positive relative to data bus. 
Output Strobe: Jumper-selectable to 100, 200, 400, 800 

or 1600 ns pulse widths. 
All 1/0 interface data and control signals are TTL levels. 

BUS INTERFACE CHARACTERISTICS 
All data, address, and control signals are TTL com
patible. 

ADDRESS SELECTION 
Input and output ports are accessed as four sequential 
addresses that start in one of 64 switch-selectable loca
tions between 00 and FC16. 

8 BITS 

IN STB 0 

CONNECTORS 
Bus: 

86-pin double-sided PC edge connector with 0.156-inch 
contact centers. 

Mating Connector: Control Data VPB01E43AOOA1. 
1/0: 

100-pin double-sided PC edge connector with 0.1-inch 
contact centers. 

Mating Connector: Viking 3VH50/1JN5. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75in. (17.15cm) 
Depth: 0.50in. (1.27cm) 
Weight: 12 oz. (415.2 gm) 

ELECTRICAL CHARACTERISTICS 
DC Power: 

Vee = +5V ±5% 
Ice = 2.6A max; 1.9A typ. 

ENVIRONMENT 
Operating Temperature: 0°C to 55°C 

OUTPUT 
PORT 0 

8 BITS ADDRESS OUTPUT 
DECODE PORT 1 

PERIPHERAL INSTB 1 
PERIPHERAL 

DEVICES DEVICES 
OUTPUT 8 BITS 
PORT 2 CONTROL 

IN STB 2 (BUS 
HANDSHAKE 

LOGIC) 
OUTPUT B BITS 
PORT 3 

IN STB 3 

ADDRESS BUS 

DATA BUS I QsBc.ao 
CONTROL BUS BUS 

1/0 EXPANSION BOARD BLOCK DIAGRAM 
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SBC 517 COMBINATION 1/0 EXPANSION BOARD 

1/0 addressing and connectors directly compatible 
with SBC 104, SBC 108, and SBC 116 Combina
tion Boards 

48 programmable 1/0 lines with sockets for inter
changeable line drivers and terminators 

Synchronous/ Asynchronous communications inter
face with RS232C drivers and receivers 

Eight maskable interrupt request lines with a pend
ing interrupt register 

1 ms interval timer 

The SBC 517 is a member of Intel's complete line of SBC 80 memory and 1/0 expansion boards. The board interfaces di

rectly with any SBC 80 Single Board Computer, via the system bus, to expand serial and parallel 1/0 capacity. 

The combination 1/0 board contains 48 programmable parallel 1/0 lines. The system software is used to configure the 1/0 

lines to meet a wide variety of system peripheral requirements. The flexibility of the 1/0 interface is significantly enhanced 

by the capability of selecting the appropriate combination of optional line drivers and terminators to provide the required 

sink current, polarity, and drive/termination characteristics for each application. 

A programmable RS232C communications interface is provided on the SBC 517. This interface may be programmed by the 

system software to provide virtually any asynchronous or synchronous serial data transmission technique (including IBM 

Bi-Sync). A comprehensive RS232C interface to CRTs, RS232C compatible cassettes, and asynchronous and synchronous 

modems is thus included on the board. 

An on-board register contains the status of eight interrupt request lines which may be interrogated from the system bus, and 

each interrupt request line is maskable under program control. The SBC 517 also contains a jumper-selectable 1 ms interval 

timer and interface logic for eight interrupt request lines. 
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SBC 517 

The 48 programmable 1/0 lines on the SBC 517 are imple
mented utilizing two Intel® 8255 Programmable Peripheral 
Interfaces. The system software is used to configure these 
programmable 1/0 lines in any of the combinations of uni
directional input/output, and bidirectional ports indicated 
in Table 1. In order to take full advantage of the large 
number of possible 1/0 configurations, sockets are provided 
for interchangeable 1/0 line drivers and terminators to pro
vide the required sink current, polarity, and drive/termina
tion characteristics for each application. The 48 program
mable 1/0 lines and signal ground lines are brought out to 
two 50-pin edge connectors that mate with flat, round, or 
woven cable. 

Typical 1/0 Read access time is 280 nanoseconds. Typical 
1/0 Read cycle time is 600 nanoseconds. 

The programmable communications interface on the SBC 
517 is provided by an Intel® 8251 Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART). The 
USART can be programmed by the system software to 
select the desired asynchronous or synchronous serial data 
transmission technique (including IBM Bi-Sync). The mode 
of operation (i.e., synchronous or asynchronous), data 
format, control character format, parity, and asynchro
nous serial transmission rate are all under program control. 
The 8251 provides full duplex, double-buffered transmit 
and receive capability, and parity, overrun, and framing 
error detection are all incorporated in the USART. The 
comprehensive RS232C interface on the board provides 
a direct interface to RS232C compatible equipment. The 
RS232C serial data lines and signal ground lines are brought 
out to a 26-pin edge connector that mates with RS232C 
compatible flat or round cables. 

The SBC 530 Teletypewriter Adapter provides an optically 
isolated interface for those systems requiring a 20 mA 
current loop. The SBC 530 may be used to interface the 
SBC 517 Combination 1/0 Board to teletypewriters and 
other 20 mA current loop equipment. 

Interrupt requests may originate from eight sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a character has been trans
mitted (i.e., output data buffer is empty). Two jumper
selectable interrupt requests can be automatically generated 
by the USART when a character is ready to be transferred 
to the CPU (i.e., receive buffer is full) or a character has 
been transmitted (transmit buffer is empty). These six 
interrupt request lines are all maskable under program con
trol. Two interrupt request lines may be interfaced directly 
from user designated peripheral devices via the 1/0 edge 
connector. An on-board register contains the status of all 
eight interrupt request lines, and may be interrogated by 
the CPU. Each interrupt request line is maskable under 
program control. Routing for the eight interrupt request 
lines is jumper-selectable. They may be ORed to provide a 
single interrupt request line for the SBC 80/10, or they may 
be individually provided to the system bus for use by the 
SBC 80/20 Priority Interrupt Controller. 

Each board contains a jumper-selectable 1 ms interval 
timer. The timer is enabled by jumpering one of the inter
rupt request lines from the 1/0 edge connector to a 1 ms 
interval interrupt request signal originating from the baud 
rate generator. 

TABLE 1 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 

PORTS NO. OF LINES INPUT OUTPUT Bl DIRECTIONAL CONTROL 

UNLATCHED LATCHED & 
LATCHED LATCHED & 

STROBED STROBED 

1 8 x x x x x 
2 8 x x x x 
3 4 x x xi 

4 x x xi 
4 8 x x x x x 
5 8 x x x x 
6 4 x x x2 

4 x x x2 

NOTES: 

1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output port or Port 1 is used as a bidirectional port. 

2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 
strobed output port or Port 4 is used as a bidirectional port. 
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SBC 517 

SPECIFICATIONS 

1/0 ADDRESSING 

Port , 2 3 4 

Address X4 X5 X6 XS 

5 

X9 

8255 8255 USART 
6 No.1 No. 2 

Data 
Control Control 

XA X7 XB xc 

Note: Xis any Hex digit assigned by jumper selection. 

1/0 TRANSFER RATE 
Parallel: Read or Write cycle time 760 ns max 
Serial: (USART) 

Baud Rate (Hz) 

USART 
Control 

XD 

Frequency (kHz) 
Asynchronous 

(Jumper Selectable) Synchronous 
(Program Selectable) 

C-16 ~64 

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 
6.98 6980 -- 110 

SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 

5-8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 

Asynchronous: 
5-8 bit characters 
Break characters generation 
1, 1%, or 2 stop bits 
False start bit detectors 

INTERRUPTS 
Eight interrupt request lines may originate from the 
Programmable Peripheral Interface (4 lines), the USART 
(2 lines) or user specified devices via the 1/0 edge con
nector (2 lines) or Interval Timer. 

INTERRUPT REGISTER ADDRESSES 

Interrupt Mask Register X 1 

Interrupt Status Register XO 

Xis any Hex digit assigned by jumper selection. 

TIMER INTERVAL 
1.003 ms ±0.1 % when 110 Baud Rate is selected 
1.042 ms ±0.1% for all other Baud Rates 

INTERFACES 
Bus: 
Parallel 1/0: 
Serial 1/0: 

All signals TTL compatible 
All signals TTL compatible 
RS232C 

Interrupt Requests: All TTL compatible 
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CONNECTORS 

Interface 
No. of Centers 

Mating Connectors 
Pins (in.I 

Bus 86 0.156 CDC VPB01E43AOOA1 

Parallel 1/0 50 0.1 
3M 3415-000 or 
Tl H312125 

Serial 1/0 26 0.1 
3M 3462-000 or 

Tl H312113 

Auxiliary 1 60 0.1 
AMP PE5-14559 or 
Tl H311130 

Note 1: Connector heiqhts and wire-wrap pin lengths are not guar· 

anteed to conform to Intel OEM or System packaging. 
Auxiliary connector is used for test purposes only. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 14 oz (397.3 gm) 

ELECTRICAL CHARACTERISTICS 
Average DC Current: 

Vee= +5V ±5% 
V 00 = +12V ±5% 
VAA= -12V±5% 

Ice = 2.4 mA max 
loo= 40 mA max 
IAA = 60 mA max 

Note: Does not include power required for optional 1/0 drivers 
and 1/0 terminators. With eight 220!1./330!1. Input termi· 
nators installed, all terminator inputs low. 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers: 

The following line drivers and terminators are all com
patible with the 1/0 driver sockets on the SBC 517. 

Sink Sink 
Driver Characteristic Current Driver Characteristic Current 

(mA) lmA) 

7438 l,OC 48 7409 Nl,OC 16 
7437 I 48 7408 NI 16 
7432 NI 16 7403 l,OC 16 
7426 l,OC 16 7400 I 16 

Note: I =inverting; Ni= non-inverting; OC =open collector 

Ports 1 and 4 have 25 mA totem-pole drivers and 1 kSl 
terminators. 

1/0 Terminators: 
Terminators: 220Sl/330Sl divider or 1 kSl pull-up. 

22on 

+5~ 
220S!/330S! SBC 901 OPTION 

33011 

1 kH 

1 k!I +5V ~ SBC9020PTIDN 

Bus Drivers: 

Function 

Data 
Commands 

Characteristic 

Tri-State 
Tri-State 

ENVIRONMENTAL 

Sink Current (mA) 

50 
25 

Operating Temperature: 0°C to +55°C 



RS232C 
COMPATIBLE 

DEVICES 

RS232C 
INTERFACE 

BAUD RATE 
GENERATOR 

SELECTED 
COMMUNICATIONS 

FREQUENCY 

SBC 517 

USER DESIGNATED PERIPHERALS 

REQUEST 
LINES U;NTERRUPT 

...----"'---~ 

DRIVER/ 
TERMINATOR 

INTERFACE 

PROGRAMMABLE 
PERIPHERAL 
INTERFACE 

NOTES: INTERRUPTS ORIGINATING FROM THE PROGRAMMABLE COMMUNICATIONS INTERFACE 
AND PROGRAMMABLE PERIPHERAL INTERFACE ARE JUMPER-SELECTABLE. 

SBC 517 BLOCK DIAGRAM 

12-37 

ADDRESS BUS 

DATA BUS 

CONTROL BUS 
) ~ 
~ 



SBC 519 PROGRAMMABLE 1/0 EXPANSION BOARD 

SBC 80 1/0 expansion via direct bus interface 

72 programmable 1/0 lines with sockets for inter
changeable line drivers and terminators 

Eight maskable interrupt request lines with priority 
encoded and programmable interrupt algorithms 

Jumper selectable 1/0 port addresses 

Jumper selectable 0.5, 1.0, 2.0 or 4.0 msec interval 
timer 

The SBC 519 is a member of Intel's complete line of SBC 80 memory and 1/0 expansion boards. The SBC 519 interfaces 
directly to any SBC 80 single board computer, via the system bus, to expand input and output port capacity. 

The SBC 519 provides 72 programmable 1/0 lines. The system software is used to configure the 1/0 lines to meet a wide 
variety of peripheral requirements. The flexibility of the 1/0 interface is further enhanced by the capability of selecting the 
appropriate combination of optional line drivers and terminators to provide the required sink current, polarity, and drive/ 
termination characteristics for each application. 

Address selection is accomplished using wire-wrap jumpers which select one of 16 unique base addresses for the input and 
output ports. The board operates with a single +5 volt power supply. 
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SBC 519 

The 72 programmable 1/0 lines on the SBC 519 are imple
mented utilizing three Intel® 8255 Programmable Periph
eral Interfaces. The system software is used to configure the 
1/0 lines in any combination of unidirectional input/out
put, and bidirectional ports indicated in Table 1. In order 
to take full advantage of the large number of possible 1/0 
configurations, sockets are provided for interchangeable 
1/0 line drivers and terminators. The 72 programmable 1/0 
lines and signal ground lines are brought out to three 50-pin 
edge connectors that mate with flat, round, or woven cable. 

Typical 1/0 Read access time is 350 nanoseconds. Typical 
1/0 Read/Write cycle time is 450 nanoseconds. 

An interval timer is provided on the SBC 519 which may be 
used to generate Real Time Clocking in systems requiring 
the periodic monitoring of 1/0 functions. The timing 
interval is derived from the SBC 80 BUS CCLK (Constant 
Clock) and the timing interval is jumper selectable. Intervals 
of 0.5, 1.0, 2.0, and 4.0 milliseconds may be selected when 
an SBC 80 Single Board Computer is used to generate the 
CCLK. Other timing intervals may be generated if the user 
provides a separate CCLK reference in the system. 

An Intel® 8259 Programmable Interrupt Controller (PIC) 
provides vectoring for eight interrupt levels. As shown in 
Table 2, a selection of three priority processing algorithms 
is available to the system designer so that the manner in 
which requests are serviced may be configured to match 
system requirements. Priority assignments may be recon
figured dynamically via software at any time during system 
operation. The PIC accepts interrupt requests from the pro
grammable parallel 1/0 interfaces, the interval timer, or 
directly from peripheral equipment. The PIC then deter
mines which of the incoming requests is of the highest 
priority, determines whether th is request is of higher 
priority than the level currently being serviced, and if 

appropriate, issues an interrupt to the System Master. Any 
combination of interrupt levels may be masked through 
storage, via software, of a single byte to the Interrupt Mask 
Register of the PIC. 

Interrupt requests may originate from 10 sources. Six 
jumper selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interfaces when 
a byte of information is ready to be transferred to the 
System Master (i.e., input buffer is full) or a character has 
been transmitted (i.e., output data buffer is empty). Three 
interrupt request lines may be interfaced to the PIC directly 
from user designated peripheral devices via the 1/0 edge 
connectors. One interrupt request may be generated by the 
interval timer. 

The PIC interrupt request output line may be jumper
selected to drive any of the nine interrupt lines on the SBC 
80 BUS. Any of the on-board request lines may also drive 
any SBC 80 BUS interrupt line directly via jumpers and 
buffers on the board. 

TABLE 2 

INTERRUPT PRIORITY OPTIONS 

ALGORITHM OPERATION 

FULLY NESTED Interrupt request line priorities 
fixed at 0 as highest, 7 as lowest. 

AUTO-ROTATING Equal priority. Each level, after 
receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 

SPECIFIC System software assigns lowest 
PRIORITY priority level. Priority of all other 

levels based in sequence nu mer-
ically on this assignment. 

TABLE 1 

INPUT/OUTPUT PORT MODES OF OPERATION 

MODE OF OPERATION 

UNIDIRECTIONAL 
PORTS NO. OF LINES INPUT OUTPUT Bl DIRECTIONAL CONTROL 

UNLATCHED LATCHED & 
LATCHED LATCHED & 

STROBED STROBED 
1,4,7 8 x x x x x 
2,5,8 8 x x x x 
3,6,9 4 x x xl.2.3 

4 x x xl.2.3 

NOTES: 

1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output port or Port 1 is used as a bidirectional port. 

2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 
strobed output port or Port 4 is used as a bidirectional port. 

3. Part of Port 9 must be used as a control port when either Port 7 or Port 8 are used as a latched Bl'ld strobed input or a latched and 
strobed output port or Port 7 is used as a bidirectional port. 
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SBC 519 

SPECIFICATIONS 

1/0 ADDRESSING 

Port 
8255 
No.1 

Control 

8255 
No. 2 

Control 

8255 
No. 3 

Control 

Address XO X1 X2 X3 X4 X5 X6 X7 XS X9 XA XB 

INTERRUPTS 
Register Addresses (Hex notation, 1/0 address space) 

Interrupt Request Register XD 

In-Service Register xc 

Mask Register XD 

Command Register XC 

Block Address Register XD 

Status (Polling Register) xc 

Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 

Ten interrupt request lines may originate from the Pro

grammable Peripheral Interface (6 lines), or user specified 
devices via the 1/0 edge connector (3 lines), or Interval 
Timer (1 line). 

INTERVAL TIMER 
Output Register 

Timer Interrupt Register output is cleared by an OUT

put instruction to 1/0 address XE or XF .4 

Timing Intervals 
0.500, 1.000, 2.000, and 4.000 msec ±1%; Jumper 

Selectable.5 

Notes: 4. X is any Hex digit assigned by jumper selection. 

5. Assumes SBC 80 CCLK Frequency of 9.216 MHz ±1%. 

INTERFACES 
Bus: 
Parallel I /0: 
Interrupt Requests: 

CONNECTORS 

All signals TTL compatible 
All signals TTL compatible 
All TTL compatible 

Interface No. of Pins Centers (in.) Mating Connectors 

Bus 86 0.156 CDC VPB01E43AOOA1 

Parallel 1/0 50 0.1 
3M 3415-000 or 
Tl H312125 

Serial 1/0 26 0.1 
3M 3462-000 or 
Tl H312113 

Auxiliary 2 60 0.1 
AMP PE5-14559 or 
Tl H311130 

Note 1: Connector heights and wire-wrap pin lengths are not guar· 

anteed to conform to Intel OEM or System packaging. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 14 oz (397.3 gm) 
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ELECTRICAL CHARACTERISTICS1 

Average DC Current 
Without Terminations With Termination7 

Vee= +5v •5% Ice = 1.5A max 3 .5A max 

Notes: 6. Does not include power required for optional 1/0 

drivers and 1/0 terminators. 

7. With 18 220ll/330l1 Input terminators installed, all 
terminator inputs low. 

LINE DRIVERS AND TERMINATORS 
1/0 Drivers 

The following line drivers and terminators are compati

ble with all the 1/0 driver sockets on the SBC 519. 

Driver Characteristic Sink Current (mA) 

7438 l,OC 48 
7437 I 48 
7432 NI 16 
7426 l,OC 16 
7409 Nl,OC 16 
7408 NI 16 
7403 l,OC 16 
7400 I 16 

Note: I= inverting; NI= non-inverting; OC =open-collector. 

1/0 Terminators 
Terminators: 220D/330r2 divider or 1 kr2 pull-up. 

1k.\l 

lkH +5V~ SBC9020PTION 

Ports 1, 4, and 7 may use any of the drivers or termini

ators shown above for unidirectional (Input or Output) 

port configurations. Either terminator and the following 

bidirectional drivers and terminators may be used for 

Ports 1, 4, and 7 when these ports are used as bidirectional 

ports. 

Bidirectional Drivers 

Driver Characteristic Sink Current (mA) 

Intel® 8216 Nl,TS 25 

Intel® 8226 l,TS 50 

Note: I= inverting; NI =non-inverting; TS= three-state. 

Terminators (for Ports 1, 4, and 7 when used as bidirec
tional ports) 

Supplier Product Series 

CTS 760-

Dale LDP14-02 

Beckman 899-1 

Bus Drivers 

Function Characteristic Sink Current (mA) 

Data Tri-State 50 
Commands Tri-State 25 

ENVIRONMENTAL 
Operating Temperature: 0°C to +55°C 
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SBC 201 DISKETTE CONTROLLER 

Provides interface for high-speed random access 
bulk storage capability for Intel® OEM Com
puters 

Provides microprocessor control of two flexible 
diskette drives 

Microprogrammed for maximum flexibility and 
easy software development 

Compatible with majority of diskette drives, 
including Shugart and Control Data 

Complete CRC data checking 

Data addressed using I BM soft-sectored format 
which allows 256K bytes of data capacity per 

diskette 

SBC bus compatible - plugs into standard System 
80 Backplane or SBC 604/614 Cardcage 

Optional Go/No Go Diagnostic 

The SBC 201 Diskette Controller is a high-speed, modular set of boards which provides the OEM with a powerful and easy to 

use control technique for the interfacing of Intel® OEM Computers with industry standard flexible diskettes. The Diskette 

controller is directly compatible with the entire family of System 80 and SBC 80 OEM computers, and will interface directly 

with the majority of the flexible diskette drives in use today. 

12-42 



SBC 201 
The SBC 201 Diskette Controller provides an easy to use 
interface for the OEM using Intel's OEM computers and 
other manufacturer's flexible diskettes. The controller en
ables the OEM to develop his system software in a simple, 
straightforward manner. All OMA logic is provided, so no 
additional boards or circuitry are required, and either one 
or two flexible diskette drivers may be interfaced to the 
Intel Computer with each SBC 201. The controller is 
implemented with Intel's powerful Series 3000 Bipolar 
Microprocessor Set. The controller facilitates recording all 
data in the IBM-compatible soft-sector format. The con
troller consists of two boards which may reside in the Sys
tem 80 chassis, the SBC 604 or 614 Modular Cardcage, or 
in the OEM's own custom designed, Intel Bus-compatible 
Backplane. The Channel Board and the Interface Board are 
discussed in detail below. 

CHANNEL BOARD 
The Channel Board is the primary control module within 
the diskette controller. The Channel Board receives, 
decodes, and responds to channel commands from the 
Central Processor Unit (CPU) in the Intel OEM Computer 
System. The Channel Board can access a block of system 
memory to determine the particular diskette operations 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, de
signed 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 Microprogram Con
trol 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 microcom
puter set which actually effects the control capability of 
the Channel Board. 

INTERFACE BOARD 
The Interface Board provides the SBC 201 Diskette Con
troller with a means of communication with the diskette 
drives, as well as with the Intel OEM Computer 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 disk
ette platter), cause the head to move to the proper track 
and verify successful operation. The Interface Board ac
cepts the data being read off the diskette, interprets syn
chronizing 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 the system 
memory, the Interface Board requests and maintains DMA 
master control of the system bus, and generates the appro· 
priate memory command. The Interface Board also ac· 
knowledges 1/0 commands as required by the Intel OEM 
Computer Bus. 

The diskette controller is capable of performing seven dif
ferent operations: recalibrate, seek, format track, write 
data, write deleted data, read data, and verify CRC. 
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PROGRAMMING WITH THE SBC FLEXIBLE DISKETTE 
CONTROLLER 

The controller has been designed to make programming 
very easy, but also with unique capabilities which allow the 
OEM to generate sophisticated software when required. 
All diskette operations are initiated by Intel OEM Com
puter, with standard 1/0 commands. Once initiated, how
ever, the Diskette Controller completes the specified oper
ation without further intervention on the part of the CPU. 
From the CPU's point of view, there are only three general 
steps required to complete any diskette operation: 

1. The CPU must prepare and store in system memory an 
1/0 Parameter Block ( IOPB) for each operation to be 
performed. If multiple operations are desired, the IOPBs 
can be linked together in the proper order. 

2. The CPU then passes the memory address of the first (or 
only) IOPB to the diskette controller. 

3. The CPU must process the resultant information from 
the diskette controller upon completion of the opera· 
tion(s). 

The preparation of the IOPB(s) by the CPU requires no 
interaction with the diskette controller. The IOPB is pre
pared as any block of data in memory would be prepared. 
The 10-byte parameter block must adopt the following 
format: 

Byte 1 Channel Word 

2 Diskette Instruction 

3 Number of Records 

4 Track Address 

5 Sector Address 

6 Buffer Address (Lower) 

7 Buffer Address (Upper) 

8 Block Number 

9 Next IOPB Address (Lower) 
10 Next IOPB Address (Upper) 

The channel word or command provides the controller with 
information which: 

1. Determines the method of assigning logical sector 
addresses 

2. Enables or disables a series of possible diskette interrupts 
3. Determines if the parameter block is properly prepared 

4. Determines the length of the data word to be transferred 

COMPATIBLE INTERFACE CABLES 

For the convenience of the OEM, Intel provides cables for 
use with specific manufacturer's drives. The SBC 951 Cable 
may be used to connect the diskette controller to a Shugart 
Model 800/800R Flexible Diskette Drive. The SBC 952 
may be used to connect the controller to a Control Data 
Model 9404 Flexible Diskette Drive. The OEM could, of 
course, fabricate his own cabling for these drives or any 
other flexible diskette drives. 

GO/NO GO DIAGNOSTIC 

For the convenience of the OEM, Intel makes available a 
diskette exerciser and monitor program which facilitates 
the checkout and debugging of OEM built systems using 



SBC 201 

Intel OEM Computers and Diskette Controllers. The 

SBC 915 and SBC 925 Go/No Go Diagnostic programs are 

available on four 1 K byte ROMs which can be installed in 

the PROM/ROM memory section of the Intel Computer. 

The programs include commands to display and alter main 

memory and registers, insert instructions, move main mem· 

ory, substitute main memory, and to exercise the flexible 

SPECIFICATIONS 

MEDIA 
Flexible Diskette 
One Recording Surface 
IBM Soft-Sector Format 

77 Tracks/Diskette 
26 Sectors/Tracks 
128 Bytes/Sector 

PHYSICAL CHARACTERISTICS 
Mounting: 

Height: 
Width: 
Depth: 

Occupies two slots of System 80 Chassis or 

SBC 604 /614 Cardcage 
6.75 in. (17.15 mm) 

12.00 in. (30.48 mm) 
0.50 in. each board (1.27 mm) 

ELECTRICAL CHARACTERISTICS 

DC Power Requirements: 
Channel Board: 5V@ 3.75A (typ), 5A (max) 

Interface Board: 5V@ 1.5A (typ), 2.5A (max) 
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diskette drives by reading and/or writing individual sectors, 

reading sequentially sector·to·sector and track·to·track, and 

writing/reading random sectors and tracks. 

The Go/No Go Diagnostic program is designed to give the 

OEM a convenient means of determining the functionality 

of his system. 

ENVIRONMENTAL CHARACTERISTICS 

Tern peratu re: 
Operating: 0 to 55°C 

Non-Operating: -55°C to +85°C 

Humidity: 
Operating: Up to 90% relative humidity without 

condensation. 

Non-Operating: All conditions without condensation of 

water or frost. 

EQUIPMENT SUPPLIED 

F DC Channel Board 

F DC Interface Board 

Dual Aux ii iary Board Connector 

Hardware Reference Manual 

Reference Schematics 

OPTIONAL EQUIPMENT 
SBC 915 Go/No Go Diagnostic and Monitor Program for 

SBC 80/10 and System 80/10 

SBC 925 Go/No Go Diagnostic and Monitor Program for 

SBC 80/20 
SBC 951 Cables for Shugart Model 800/800R Diskette 

Drives 
SBC 952 Cables for CDC Model 9404 Diskette Drives 



SBC 211/212 DISKETTE HARDWARE SYSTEM 

High-speed, random access bulk storage for Intel's 
OEM Computer family 

Single-drive or dual-drive packages 

IBM soft-sectored format allowing 256K byte data 
storage capacity per diskette 

High-speed 1/0 capability 

- 250 kilobit/sec transfer rate 
- 10 ms track-to-track access time 

Compact chassis design that is RETMA compatible 

Microprogrammed diskette controller allows easy 
software development 

Complete CRC data checking 

SBC Bus compatible - diskette controller plugs 
into standard System 80 Backplane or SBC 604/ 
614 Cardcage 

Optional Go/No Go Diagnostic 

The SBC 211 and SBC 212 are high-speed, random access bulk storage systems for use with Intel's SBC 80 and System 80 
OEM Computers. The SBC 211 is a single-drive diskette system and the SBC 212 is a dual-drive system. Both are complete 
subsystems with the drives fully packaged in a standard RETMA compatible chassis and with Intel's Diskette Controller. The 
controller boards simply plug into the System 80 Backplane or the SBC 604/614 Cardcage and interface with standard cable 
to diskette drives. 
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SBC 211/212 

HARDWARE 

The SBC 211 and 212 Hardware Diskette Systems provide 

direct access to bulk storage, with an intelligent controller, 

and up to two diskette drives. Each drive provides 1 /4 mil

lion 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 con

troller provides an interface to the Intel® OEM Computer 

Bus as well as supporting the two diskette drives. The disk

ette system can record all data in the IBM-compatible soft

sector format. 

The SBC diskette controller consists of two boards, the 

Channel Board and the Interface Board. These two printed 

circuit boards, residing in the SBC 604/614 Cardcage or 

System 80, constitute the diskette controller. Each of the 

system's components are described in more detail in the 

following paragraphs. 

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 one or more bus 

masters in this Intel OEM Computer System. The Channel 

Board can access a block of computer system memory to 

determine the particular diskette operations to be per

formed and fetch the parameters required for the successful 

completion of the specified operation. The control func

tions 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 proces

sor includes four 3002 Central Processing Elements (2-bit 

slice per CPE). a 3001 Microprogram 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 SBC 201 Diskette Con

troller with a means of communication with the diskette 

drives, as well as with the Intel OEM Computer System 

Bus. Under control of the microcomputer being executed 

on the Channel Board, the Interface Board generates tliose 

signals which cause the read/write head on the selected 

drive to be loaded (i.e., to come in contact with the disk

ette platter), cause the head to move to the proper track 

and verify successful operation. The Interface Board ac· 

cepts the data being read off the diskette, interprets syn

chronizing 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 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 the system 

memory, the Interface Board requests and maintains DMA 

master control of the system bus and generates the appro· 

priate memory command. The Interface Board also ac

knowledges 1/0 commands as required by the Intel OEM 

Computer Bus. 
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The diskette controller is capable of performing seven dif· 

ferent operations: recalibrate, seek, format track, write 

data, write deleted data, read data, and verify CRC. 

PROGRAMMING WITH THE SBC FLEXIBLE DISKETTE 

CONTROLLER 

The controller has been designed to make programming 

very easy, but also with unique capabilities which allow the 

OEM to generate sophisticated software as required. 

All diskette operations are initiated by the Intel OEM 

Computer with standard 1/0 commands. Once initiated, 

however, the diskette controller completes the specified 

operation without further intervention on the part of the 

CPU. From the CPU's point of view, there are only three 

general steps required to complete any diskette operation: 

1. The CPU must prepare and store in system memory an 

1/0 Parameter Block (IOPB) for each operation to be 

performed. If multiple operations are desired, the IOPBs 

can be linked together in the proper order. 

2. The CPU then passes the memory address of the first 

(or only) IOPB to the diskette controller. 

3. The CPU must process the resultant information from 

the diskette controller upon completion of the opera

tion(s). 

The preparation of the IOPB{s) by the CPU requires no 

interaction with the diskette controller. The IOPB is pre

pared as any block of data in memory would be prepared. 

The 10-byte parameter block must adopt the following 

format: 

Byte 1 Channel Word 

2 Diskette Instruction 

3 Number of Records 

4 Track Address 

5 Sector Address 

6 Buffer Address (Lower) 

7 Buffer Address (Upper) 

8 Block Number 

9 Next IOPB Address (Lower) 

10 Next IOPB Address {Upper) 

The channel word provides the controller with information 

which: 

1. Determines the method of assigning logical sector 

addresses. 

2. Enables or disables a series of possible diskette inter

rupts. 

3. Determines if the parameter block is properly prepared. 

4. Determines the length of the data word to be trans

ferred. 



SBC 211/212 

GO/NO GO DIAGNOSTIC 

For the convenience of the OEM, Intel makes available a 
diskette exerciser and monitor program which facilitates 
the checkout and debugging of OEM built systems using 
Intel® OEM Computers and Diskette Controllers. The 
SBC 915 and SBC 925 Go/No Go Diagnostic programs are 
available on four 1 K byte ROMs which can be installed in 
the PROM/ROM memory section of the Intel Computer. 
The programs include commands to display and alter main 

SPECIF !CATIONS 

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 

PHYSICAL CHARACTERISTICS 
Controller: 

Mounting: 

Height: 
Width: 
Depth: 

Occupies two slots of System 80 Chassis or 
SBC 604/614 Cardcage 

6.75in. (17.15mm) 
12.00 in. (30.48 mm) 
0.50 in. each board (1.27 mm) 

Chassis and Drives: 
Mounting: 
Height: 
Width: 
Depth: 
Weight: 

Table-top or standard 19" RETMA cabinet 
12.08 in. (30.68 cm) 
16.88 in. (42.88 cm) 
19.0 in. (48.26 cm) 
1 drive - 51 lb (23 kg) 
2 drives - 64 lb (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 

Controller: 
DC Power Requirements: 

Channel Board: 5V@ 3.75A (typ). 5A (max) 
Interface Board: 5V@ 1.5A (typ), 2.5A (max) 

memory and registers, insert instructions, move main mem
ory, substitute main memory, and to exercise the flexible 
diskette drives by reading and/or writing individual sectors, 
reading sequentially sector-to-sector and track-to-track, and 
writing/reading random sectors and tracks. 

The Go/No Go Diagnostic program is designed to give the 
OEM a convenient means of determining the functionality 
of his sytem. 

ENVIRONMENTAL CHARACTERISTICS 
MEDIA 

Temperature: 
Operating: 15.6°C to 51.7°C 
Non-Operating: 5°C to 55°C 

Humidity: 
Operating: 8 to 8% (wet bulb 29.4°C) 
Non-Operating: 8 to 90% 

DRIVES AND CHASSIS 
Temperatures: 

Operating: 10°C to 38°C 
Non-Operating: -35°C to 65°C 

Humidity: 
Operating: 20% to 90% (wet bulb 26.7°C) 
Non-Operating: 5% to 95% 

CONTROLLER BOARDS 
Temperature: 

Operating: 0 to 55°C 
Non-Operating: -55°C to 85°C 

Humidity: 
Operating: Up to 90".{, relative humidity without 

condensation. 
Non-Operating: All conditions without condensation 

of water or frost. 

EQUIPMENT SUPPLIED 
Cabinet, Power Supplies, Line Cord 
Diskette Drive(s) 
FDC Channel Board 
FDC Interface Board 
Dual Auxiliary Connector 
Flexible Diskette Controller Cable 
Peripheral Cable 
Hardware Reference Manual 
Reference Schematics 

OPTIONAL EQUIPMENT 
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SBC 915 Go/No Go Diagnostic and Monitor Program for 
SBC 80/10 and System 80/10 

SBC 925 Go/No Go Diagnostic and Monitor Program for 
SBC 80/20 



SBC 501 DIRECT MEMORY ACCESS CONTROLLER 

Directly compatible with Intel® SBC 80 Single 
Board Computers 

Transfer rate up to 1 million words per second for 
Block Transfers 

Transfers data up to 330K words per second for 
Interleaved Transfers 

Block length up to 65,536 words 

Directly addresses up to 65,536 memory locations 

Transfers initialized via software 

Software selectable/maskable interrupt operations 

Interrupt priority switch selectable 

The SBC 501 is a member of Intel's complete line of SBC 80 OEM Computer Systems. The SBC 501 interfaces directly with 

any SBC 80 Single Board Computer based system, via the system bus. High-speed, Direct Memory Access control and inter· 

facing for transfers between SBC 80 expansion board memory and up to 16 peripheral devices is provided. 
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SBC 501 

Block lengths up to 65,536 bytes long may be transferred 
directly to or from RAM memory in SBC 80 systems at 
rates up to 1 million words per second. The SBC 501 16-bit 
addressing capability allows transfers to take place at any 
location within memory. It is designed to control the 

direct transfer of data to or from Intel SBC 80 Memory 
Expansion or Combination Memory and 1/0 Boards. Two 
transfer modes of operation are included. System software 
is used to select the desired mode. Transfer rates up to 
330K words per second may be achieved in the Shared Bus 
Mode, wherein the SBC 501 requests access to the system 
bus for 600 ns to perform a transfer of one word to or from 
memory. The second mode, the Override Mode, establishes 
the DMA Controller as the only master which may access 
the system bus during the transfer period, thereby provid
ing rapid block transfer capability. This mode provides 
transfer rates up to 1 million words per second. Either 
mode may be used with the SBC 80/20 Single Board Com-

SBC 80 BUS 

PRIORITY 
SELECTION 

{ROTARY 
SWITCH) 

ADDRESS 

CONTROL 

DATA 

puter. The SBC 80/10 Single Board Computer may only 
interact with the SBC 501 in the Shared Bus Mode. 

A 4-bit TAG register is provided which may be used as a 
device select port to provide selection for four (up to 16 
with external decoding) high-speed peripheral devices 
interfacing through the SBC 501. Four timing strobes are 
provided for the control of data input transfers and four 
timing strobes are provided for output transfer operations. 
Strobes are initiated and selected via system software, and 
strobe pulses are jumper-selectable to 100, 200, 400, 800, 
or 1600 ns widths. Interrupt requests originating from 

the DMA Controller are software maskable, active-low, and 
switch-selectable to any one of eight priority levels. User
selected DMA Interrupt requests may originate automatic· 
ally upon completion of a transfer operation, from an 
external DMA device, or from a software command to the 
DMA Controller (for system testing purposes). 

INTERRUPT 
CONTROL 

ADDRESS/COMMAND 
DECODE 

MEMORY 
ADDRESS REGISTER 

WORD COUNT 
REGISTER 

BUS INTERFACE 

EXTERNAL INTERRUPT REQUEST 

EXTERNAL INTERRUPT MASK 

INPUT COMMAND STROBES (4) 

OUTPUT COMMAND STROBES (4) 

SBC 501 DMA CONTROLLER BLOCK DIAGRAM 
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SBC 501 

SPECIFICATIONS 

WORD SIZE 
8 bits 

BLOCK SIZE 
65,536 words, maximum 

ADDRESSING CAPABILITY 
65,536 words 

TRANSFER RATES 

TRANSFER RATES IK bytes/secl 1 

MODE 
Memory Read Memory Write 

Operations Operations 

Typical Worst Case3 Typical Worst Case3 

SHARED BUS, 
CPU Halted2 330 270 330 270 
SHARED BUS. 
CPU Executing 
Code2 180 160 180 160 
OVERRIDE 1000 660 1000 660 

Notes: 1. Transfer rates given are to and from RAM memory on 
SBC 104 or SBC 108 Combination Memory and 1/0 
Boards. 

2. Shared Bus Mode may be used with Intel® SBC 80/10 
or Intel® SBC 80/20. SBC B0/20 may also operate in 
Override Mode. 

3. Assumes every OMA transfer must wait for RAM RE
FRESH CYCLE to be completed. worst case memory 
cycle times. 

INTERRUPTS 
Interrupt requests originating from the OMA Controller 
are software maskable, active-low, and switch-selectable 
to any one of eight priority levels. User-selectable OMA 
Interrupt requests may originate automatically upon 
completion of a transfer operation, from an external 
DMA device, or from a software command to the DMA 
Controller (for system testing purposes). 

KEY REGISTERS 
CONTROL REGISTER (6 bits) 

The contents of the control register specify the BUSY 
status of the DMA Board, the type of operation to be 
performed (transfer or non-transfer). the transfer direc
tion (to or from memory). the interrupt condition (en
abled or disabled). and the means by which the DMA 
Board is using the system bus (Shared Mode or Override 
Mode). 

MEMORY ADDRESS REGISTER (16 bits) 
Contains the address of the next memory location to be 
accessed by the SBC 501. Loaded from the CPU, prior 
to a transfer operation, with the address of the first 
memory location to be accessed. The address is gated 
onto the system address bus during each transfer, and 
incremented by one for each word transferred. 

LENGTH REGiSTER (16 bits) 
Contents of this register specify the total number of 
words to be transferred. This word count is decremented 
by one after each word is transferred. The transfer stops 
when the word count equals zero. 

TAG REGISTER (4 bits) 
The contents of the TAG REGISTER .are used as control/ 
select lines to the external peripheral devices being inter
faced by the SBC 501 (e.g., as the "go" command line 
to each of four devices). or the TAG REGISTER out
puts may be used with external decoding to expand the 
maximum number of DMA peripherals to 16. 
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STATUS REGISTER (8 bits) 
Provides 4 bits of DMA Controller status: Software 
Interrupt, Memory READ/WRITE operation requested, 
External/End-of-Transfer Interrupt, and DMA Controller 
BUSY. The STATUS REGISTER also provides four 
status/control bits directly from user peripheral devices. 

ADDRESS SELECTION 
SBC 501 Registers are located in a Jumper-Selectable 
Block starting at any 16-word boundary in the 1/0 
address space. 

Register locations: 

Address 1 1/0 Operation Function 
XO Output Output Strobe 0 
XI Output Output Strobe 1 
X2 Output Output Strobe 2 
X3 Output Output Strobe 3 
X4 Output Output Tag Strobe 
XS Output Set Interrupt 
X9 Output Reset Interrupt 
XA Output Load Control Register 
XB Output Load Tag Register 
xc Output Load LSB Length Register 
XO Output Load MSB Length Register 
XE Output Load LSB Memory Address Register 
XF Output Load MSB Memory Address Register 
XO Input Input Command Strobe 0 
X1 Input Input Command Strobe 1 
X2 Input Input Command Strobe 2 
X3 Input Input Command Strobe 3 
X4 Input Read LSB Length Register 
X5 Input Read MSB Length Register 
XS Input Read OMA Status 
X7 Input Invalid Command 

Note: 1. X is any HEX digit, assigned by jumpers. 

CONNECTORS 

Interface No. of Pins Centers Mating Connectors I Double-Sided) lin.) 

BUS 86 0,156 
CDC VPB01E43DOOA1 
Viking 2VH43/1AV5 

1/0 100 0.100 
Intel® MOS 990 
Viking 3VH50/1JN5 

INTERFACE CHARACTERISTICS 
1/0 Line Driver Sink Current: 48 mA 
1/0 Line Terminator Load: 150!1 pull-up 
Inputs: Data positive relative to data bus 
Outputs: Data positive relative to data bus 
Output Strobes: Jumper-selectable to 100, 200, 400, 

800, or 1600 ns pulse widths. 
All 1/0 interface data and control signals are TTL com

patible and SBC 80 BUS compatible. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50in. (1.27cm) 
Weight: 12 oz (340.5 gm) 

ELECTRICAL CHARACTERISTICS 
DC Power: 

Vee= 5V ±5% 
Ice = 3.35A max; 2.70A typical 

ENVIRONMENT 
Operating Temperature: 0°C to 55°C 

EQUIPMENT SUPPLIED 
SBC 501 DMA Controller Board 
SBC 501 Schematic 



SBC SOP PROTOTYPE PACKAGE 

SBC 80/10 Single Board Computer 

SBC 604 Cardcage/Backplane with compatible 
power supply cables 

Comprehensive System Monitor residing on two 
Intel® 8708 EPROMs 

RS232C and TTY cables to interface the SBC 
80/10 to any RS232C compatible device or tele
typewriter 

Two 50-pin unterminated flat cables with connec· 
tors that mate with SBC 80/10 parallel 1/0 PC edge 
connectors 

Full complement of EPROMs, 1/0 line drivers, and 
1/0 line terminators 

SBC 905 Universal Prototype Board for interfacing 
custom hardware to the SBC 80/10 

The SBC SOP Prototype Package contains all the hardware, software, and documentation necessary to evaluate Intel's SBC 
80/10 Single Board Computer for OEM applications. 

12-51 



SBC SOP 

The heart of the SBC SOP Prototype Package is the SBC 

S0/10 Single Board Computer, a complete computer on a 

single 6. 75-by-12 inch printed circuit board. The SBC 

S0/10 includes an SOSOA CPU, 1 K bytes of RAM memory, 

sockets for 4K bytes of EPROM memory, 4S programmable 

parallel 1/0 lines with sockets for interchangeable line 

drivers and terminators, a programmable synchronous/ 

asynchronous communications interface with RS232C and 

teletype compatibility, a multi-source single level interrupt 

network and bus drivers for memory and 1/0 expansion. 

An SBC 604 Modular Cardcage/Backplane is included to 

house the SBC S0/10 and provide an easily accessible bus 

interface. The SBC 604 houses the SBC S0/10 and up to 

three expansion boards. All SBC SO bus signals are present 

on all four mating connectors. Also included are two power 

supply cables, which mate with the power supply connec

tors on the backplane, to carry ±5 and ±12 volts DC. 

A comprehensive system monitor, residing in two Intel® 

S70S EPROMs, is included to facilitate the loading, execu

tion, and debug of SBC S0/10 based programs. Monitor 

commands include the ability to read and write hexadeci

mal paper tapes, execute pre-defined program segments, 

display and alter memory contents, display and alter CPU 

register contents. Monitor commands and resulting infor

mation may be initiated and displayed using a teletype or 

CRT terminal. Two cables are provided for this purpose. 

The first interconnects the serial PC edge connector on the 

SBC S0/10 to any RS232 compatible device. The second 

connects the RS232C cable to a teletype. 

Wire-wrap jumpers on the SlilC S0/10 select either teletype 

or RS232C operation and a jumper selectable baud rate 

CONTROL 
INTERFACE 

4K x 8 
ROM/PROM 

MEMORY 
(SOCKETS) 

CONTROL 
INTERFACE 

gener~tor on the SBC S0/10 is used to select the appropri

ate communications frequency. 

Two 50-pin unterminated flat cables are included to facili

tate interfacing the 4S parallel 1/0 lines on the SBC S0/1 O 

to user designated 1/0 devices. The 4S programmable 1/0 
signal lines and corresponding 4S ground lines on the SBC 

80/10 are brought out to two 50-pin PC edge connectors 

where they mate with the two flat cables. The cables are 

left unterminated to allow the user to provide the appro

priate mating connector for any application. 

The SBC SOP prototype package includes a full comple

ment of EPROMs, 1/0 line drivers, and 1/0 line terminators. 

Four Intel S708 EPROMs (1 K bytes each) are included. 

Two EPROMs contain the system monitor and two are un

programmed. Ten 7437 4S-milliamp TTL quad 1/0 line 

drivers, ten Intel SBC 901 220.11./330.11. line terminators, 

and ten SBC 902 1 k.11. line terminators are included. 

An SBC 905 Universal Prototype Board is provided to facil

itate the construction of SBC 80/10 customized 1/0 and/or 

memory hardware. The SBC 905 plugs directly into the 

SBC 604 Cardcage/Backplane and can house up to 95 

16-pin wire-wrap sockets or an equivalent mix of 14, 16, 

18, 22, 24, 28, or 40·pin sockets. 

The SBC SOP Prototype contains all the in-depth documen

tation needed to program and interface the SBC 80/10 

Single Board Computer. An 8080 Assembly Language 

Manual, PL/M Programming Manual, SBC 80/10 Hardware 

Reference Manual, and SBC BOP User's Guide are all 

included to provide clear and concise information relevant 

to the use of the SBC 80/10 in OEM equipment. 

USER DESIGNATED 
PERIPHERALS 

D 

1K x 8 
RAM 

MEMORY 

1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral lntertace are jumper selectable. 

SBC S0/10 BLOCK DIAGRAM 
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SBC SOP 

SPECIFICATIONS 

SINGLE BOARD COMPUTER 
(1) SBC 80/10 Single Board Computer 

CARDCAGE/BACKPLANE 
( 1) SBC 604 Modular Cardcage/Backplane with capacity 

for four SBC boards. 

CABLES 
(2) Power Supply Cables (2 ft long): 

Both required for ±5, ± 12 volts DC; mate with SBC 
604. 

(2) 50-wire parallel 1/0 Flat Cables (5 ft long): 
Both mate with SBC 80/10 50-pin parallel 1/0 PC 
edge connectors. 

( 1) RS232C Cable (2 ft long): 
Flat cable with 26-pin SBC 80/10 connector on one 
end and a standard 25-pin RS232C connector on 
the other end. 

(1) TTY Cable (5 ft long): 
Interconnects RS232C cable with teletype; 25-pin 
RS232C mating connector on one side; seven spade 
lugs on the other end. 

1/0 LINE DRIVERS AND TERMINATORS 
(10) 7437 48 mA totem-pole line drivers 
(10) SBC 901 220D/330D terminators 
(10) SBC 902 1 kD terminators 

UNIVERSAL PROTOTYPE BOARD 
( 1) SBC 905 Universal Prototype Board with capacity for 

95 16-pin wire-wrap sockets or equivalent mix of 14, 
16, 18, 22, 24, 28, or 40-pin sockets; compatible with 
SBC 604 cardcage/backplane. 
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SYSTEM MONITOR 
Addresses: 

0000-06FFH (ROM; 3F80-3FFFH (RAM) 

Commands: 
Display Memory (D) 
Program Execute (G) 
Insert Instructions into Memory (I) 
Move Memory (M) 
Read Hexadecimal File (R) 
Substitute Memory (S) 
Write Hexadecimal File (W) 
Examine and Modify CPU Registers (X) 

Drivers: 
Console Input 
Console Output 
Reader Input 
Punch Output 

Breakpoints: 
A hardware breakpoint capability may be imple
mented by an interrupt service routine beginning at 
RAM location 3C3DH. Typically, a 2-byte call is used. 
Interrupt generation at the breakpoint may be accom
plished by user hardware or by insertion of single byte 
calls at instruction boundaries. 

LITERATURE 
8080 Assembly Language Manual 
SBC 80/10 Hardware Reference Manual 
SBC BOP User's Guide 
SBC 80/10 Schematics 



SBC 80P20 PROTOTYPE PACKAGE 

SBC 80/20 Single Board Computer 

SBC 604 Cardcage/Backplane with compatible 
power supply cables 

Comprehensive System Monitor residing on two 
Intel® 8708 EPROMs 

RS232C cable to interface the SBC 80/20 to 
RS232C compatible devices 

SBC 530 Teletypewriter Adapter and TTY cable to 
interface the SBC 80/20 to teletypewriters 

Two 50-pin unterminated flat cables with con
nectors that mate with SBC 80/20 parallel 1/0 
PC edge connectors 

Full complement of EPROMs, 1/0 line drivers, and 
1/0 line terminators 

SBC 905 Universal Prototype Board for interfacing 
custom hardware to the SBC 80/20 

The SBC 80P20 Prototype Package contains all the hardware, software, and documentation necessary to evaluate Intel's SBC 

80/20 Single Board Computer for OEM applications. 
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SBC 80P20 

The heart of the SBC 80P20 Prototype Package is the SBC 
80/20 Single Board Computer, a complete computer on a 
single 6. 75-by-12 inch printed circuit board. The SBC 
80/20 includes an 8080A CPU, 2K bytes of RAM memory, 
sockets for 4K bytes of EPROM memory, full multi-master 
bus arbitration logic which allows up to 16 CPU or con
troller masters to share the SBC 80 system bus, full pro
grammable multi-mode eight-level vectored interrupt, two 
programmable interval timers which may be used as real
time clocks or for controlled 1/0 timing, 48 programmable 
parallel 1/0 lines with sockets for interchangeable line 
drivers and terminators, and a programmable synchronous/ 
asynchronous communications interface with RS232C 
compatibility. Baud rates for the communications interface 
are software programmable. Systems software is used to 
select the appropriate communications frequency. Bus 
drivers are also included for memory and 1/0 expansion. 

An SBC 604 Modular Cardcage/Backplane is included to 
house the SBC 80/20 and provide an easily accessible bus 
interface. The SBC 604 houses the SBC.80/20 and up to 
three expansion boards. All SBC 80 bus signals are present 
on all four mating connectors. Also included are two power 
supply cables, which mate with the power supply con
nectors on the backplane, to carry ±5 and ±12 volts DC. 

A comprehensive system monitor, residing in two Intel® 
8708 EPROMs, is included to facilitate the loading, execu
tion, and debug of SBC 80/20 based programs. Monitor 
commands include the ability to read and write hexadeci
mal paper tapes, execute pre-defined program segments, 
execute single program instructions, BREAK program 
execution or any of seven system conditions, display, move, 
and alter memory contents, display and alter CPU register 
contents, and read and write memory contents from or to 
paper tape. Monitor commands and resulting information 
may be initiated and displayed using a teletypewriter or 
CRT terminal. Two cables and an SBC 530 Teletypewriter 
Adapter are provided for this purpose. The first intercon-

4K x 8 
ROM/PROM 
MEMORY 

(SOCKETS) 

CONTROL BUS 

2K X 8 
RAM 

MEMORY 

PROGRAMMABLE 
BAUD RATE 
GENERATOR 

RS232C 
COMPATIBLE 

DEVICE 

nects the serial PC edge connector on the SBC 80/20 to 
any RS232C compatible device. For teletypewriter inter
faces, the SBC 530 Teletypewriter Adapter converts 
RS232C signals from the RS232C cable to a 20 mA current 
loop interface. The TTY cable then mates these signals 
directly to a teletypewriter. Any of eight standard baud 
rates may be used with the Monitor. A special "Baud Rate 
Search" capability is built into the Monitor which deter
mines the baud rate of terminal used automatically. 

Two 50-pin unterminated flat cables are included to facili
tate interfacing the 48 parallel 1/0 lines on the SBC 80/20 
to user designated 1/0 devices. The 48 programmable 1/0 
signal lines and corresponding 48 ground lines on the SBC 
80/20 are brought out to two 50-pin PC edge connectors 
where they mate with the two flat cables. The cables are 
left unterminated at the user end to allow the user to pro
vide the appropriate mating connector for any application. 

The SBC 80P20 Prototype Package includes a full comple
ment of EPROMs, 1/0 line drivers, and 1/0 line terminators. 
Four Intel 8708 EPROMs (1 K bytes each) are included. 
Two EPROMs contain the system monitor and two are un
programmed. Eight 7437 48-milliamp TTL quad 1/0 line 
drivers, eight Intel SBC 901 220!1/330!1 line terminators, 
and eight SBC 902 1 kD line terminators are included. 

An SBC 905 Universal Prototype Board is provided to facil
itate the construction of SBC 80/20 customized 1/0 and/or 
memory hardware. The SBC 905 plugs directly into the 
SBC 604 Cardcage/Backplane and can house up to 95 
16-pin wire-wrap sockets or an equivalent mix of 14, 16, 
18, 22, 24, 28, or 40-pin sockets. 

The SBC 80P20 Prototype Package contains all the in-depth 
documentation needed to program and interface the SBC 
80/20 Single Board Computer. An 8080 Assembly Lan
guage Manual, PL/M Programming Manual, SBC 80/20 
Hardware Reference Manual, and SPC 80P20 User's Guide 
are all included to provide clear and concise information 
relevant to the use of the SBC 80/20 in OEM equipment. 

9 INTERRUPT 

USER DESIGNATED 
PERIPHERALS 

48 PROGRAMMABLE 
PARALLEL 1/0 LINES 

MUL fl.MASTER ADDRESS BUS Rr::)OUEST LINES 
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12-55 



SBC 80P20 

SPECIFICATIONS 

SINGLE BOARD COMPUTER 
(1) SBC 80/20 Single Board Computer 

CARDCAGE/BACKPLANE 
( 1) SBC 604 Modular Cardcage/Backplane with capacity 

for four SBC 80 boards. 

INTERFACE ADAPTER 
(1) SBC 530 Teletypewriter Adapter which converts 

RS232C levels to 20 mA current loop interface. 

CABLES 
(2) Power Supply Cables (2 ft long): 

Both required for ±5, ±12 volts DC; mate with SBC 
604. 

(2) 50-wire parallel 1/0 Flat Cables (5 ft long): 
Both mate with SBC 80/20 50-pin parallel 1/0 PC 
edge connectors, unterminated at user end. 

(1) RS232C Cable (2 ft long): 
Flat cable with 26-pin SBC 80/20 connector on one 
end and a standard 25-pin RS232C connector on 
the other end. 

(1) TTYCable(5ftlong): 
Interconnects SBC 530 Teletypewriter Adapter with 
teletypewriter; 25·pin RS232C mating connector on 
one end; seven spade lugs on the other end. 

1/0 LINE DRIVERS AND TERMINATORS 
(8) 7437 48 mA totem-pole I ine drivers 
(8) SBC 901 220S1/330S1 terminators 
(8) SBC 902 1 kS1 terminators 

UNIVERSAL PROTOTYPE BOARD 
I 1) SBC 905 Universal Prototype Board with capacity for 

95 16-pin wire·wrap sockets or equivalent mix of 14, 
16, 18, 22, 24, 28, or 40-pin sockets; compatible with 

SBC 604 cardcage/backplane. 

SYSTEM MONITOR 
Addresses: 

0000-069CH (ROM); 3F80-3FFFH (RAM) 

Commands: 
Display Memory (D) 
Execute Program (G) 
Insert Instruction or Data into Memory (I) 
Move Memory (M) 
Execute Next Instruction (i.e., Single Step) (N) 
Read Hexadecimal File (R) 
Substitute Memory (S) 
Write Hexadecimal File (W) 
Examine and Modify CPU Registers (X) 

Drivers: 
Console Input 
Console Output 
Reader Input 
Punch Output 

Breakpoints: 
Program BR EAKing may occur upon any of up to 
seven system conditions. BR EA Ks are implemented 
via the SBC 80/20 Programmable Interrupt Controller. 
Upon a BREAK; BREAK level, all CPU registers, and 
the next instruction (Op Code) are displayed at the 
console. 

Baud Rates: 
Baud Rate Search capability automatically sets serial 
baud rate to that of system console. Allowable baud 
rates include 110, 150, 300, 600, 1200, 2400, 4800, 
and 9600. 

LITERATURE 
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SBC 530 TELETYPEWRITER ADAPTER 

Compatible with SBC 80/20 Single Board Com
puter 

Compatible with SBC 80 Combination Boards 

Jumper-selectable RS232C Data Set or Data Termi
nal Configuration 

Interface opto-isolated for high noise immunity 

Provides general-purpose RS232C to 20 mA cur
rent loop interface 

Compact, easily mounted package with standard 
connectors 

The SBC 530 provides a compact and flexible means for interfacing the Intel® SBC 80/20 Single Board Computer, SBC 80 
Combination Memory and 1/0 Expansion Boards, and most RS232C compatible equipment to teletypewriters and other 
20 mA current loop equipment. 

The SBC 530 converts RS232C signal levels to an optically isolated 20 mA current loop interface. The SBC 530 provides 
signal translation for Transmitted Data (Txd), Received Data (RcD), and a teletypewriter paper-tape reader relay. The 
RS232C interfaces are jumper-selectable, and may be configured to accept signals from an RS232C Data Terminal or Data 
Set. Threaded holes have been incorporated in the SBC 530 for ease in system chassis design, and multiple units may be 
mounted together to support multiple serial channels. The units are mountable in any of three planes. 

When used with the SBC 80/20 Single Board Computer, power is provided to the SBC 530 directly through its RS232C 
connector. Power may also be provided through either of two auxiliary power connectors for standard current loop interfac
ing. The noise immunity benefits of total inter-system power isolation may be achieved through the use of both auxiliary 
power connectors on the SBC 530. 
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SBC 530 

SPECIFICATIONS 

INTERFACE CHARACTERISTICS 

RS232C Side: 
RS232C Signal Levels in/out 1 

TTY Side: 
20 mA optically-isolated current loop 

Note 1. RS232C Data Set Ready line controls 20 mA paper-tape 
reader relay driver line. 

PHYSICAL CHARACTERISTICS 

Width: 
Height: 
Depth: 
Weight: 

2.876 in. 
4.850 in. 
0.920 in. 
9 oz 

ENVIRONMENT 

(7.31 cm). max 
(12.32 cm), max 
(2.34 cm). max 
(255.4 gm) 

Operating Temperature: 0°C to 55°C 

Mating Connectors 

RS232C 
Cinch DB-25S 

POWER 
Power connectors for ground, +12V and -12V, are 
jumper-selectable. Power may be provided via 25-pin 
RS232C connector or via two separate auxiliary power 
connectors. Auxiliary connectors allow total power 
system isolation at SBC 530 Opto-coupler Interface. 

Power Requirements: 
Voo = +12V ±5% 
V AA = -12V ±5% 

loo= 98 mA max 
IAA = 98 mA max 

EQUIPMENT SUPPLIED 

20 mA (TTY) 

Auxiliary Power 

NOTE: 

ITT Cannon DB-25S 

Cinch DB-25P 

ITT Cannon DB-25P 

Connector 87159-7 

AMP 
Pin 87023-1 

Polarizing 87116-2 
Key 
Connector 09-50-7071 

Molex 
Pin 08-50-0106 

Polarizing 15-04-0219 
Key 

SBC 530 Teletypewriter Adapter 
SBC 530 Schematic 
SBC 530 Outline Drawing 

1. Pins from a given vendor may only be used with connectors 

from the same vendor. 

3 

EB EB J,: 
~--~i 

SBC 530 
TTY ADAPTER 

NOTES: 1. ALL DIMENSIONS IN INCHES. 
2. ALL FOUR MOUNTING HOLES THREADED FOR 6·32 MACHINE SCREWS. 
3. CUTOUTS FOR AUXILIARY POWER CONNECTORS. 

SBC 530 DIMENSIONS 
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SBC 604/614 MODULAR BACKPLANE 
AND CARDCAGE 

Interconnects and houses up to four Intel® SBC 
boards. 

Connectors allow interconnection of two or more 
backplanes. 

Cardcage mounting holes facilitate the intercon
nection of two or more units. 

Compatible with 3.5 inch RETMA rack mount in
crements. 

Dual backplane power supply connectors. 

The SBC-604 and SBC-614 Modular Backplane and Cardcage units provide low-cost, off-the-shelf solutions for OEM products 
using two or more Intel® SBC boards. Each unit interconnects and houses up to four Intel SBC boards. 

The SBC-604 contains a male backplane PC edge connector and bus signal termination circuits. It is suitable for applications 
requiring a single unit, or may be interconnected with the SBC-614 when more than one backplane/cardcage unit is needed. 
The SBC-614 contains both male and female backplane connectors, and may be interconnected with the SBC-604 and the 
other SBC-614 units. Both units are identical with the exception of the backplane connectors and bus signal terminator fea
tures. A single unit may be packaged in a 3.5-inch R ETMA rack enclosure and two interconnected units may be packaged in 
a 7-inch enclosure. The units are mountable in any of three planes. The SBC-604 contains power supply connectors. 
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SBC 604/614 

SPECIFICATIONS 

BACKPLANE CHARACTERISTICS 
All SBC 80 address, data, and command bus lines are 
bussed to all four connectors on the Printed Circuit 
Backplane. 

Power connectors for ground, +5, -5, +12, -12, -10V 
volt power supply lines. 

SBC-604: 
Bus signal terminators, backplane male PC edge connec
tor only, and power supply headers. 

SBC-614: 
Backplane male and female connectors. 

MATING POWER CONNECTORS: 

Connector 87159-7 

AMP Pin 87023-1 

Polarizing 
87116-2 

Key 

Connector 09-50-7071 

Molex Pin 08-50-0106 

Polarizing 
15-04-0219 

Key 

NOTE: 
1. Pins from a given vendor may only be used with connectors 

from the same vendor. 

PHYSICAL DIMENSIONS 
Height: 8.5 in. (21.59 cm) 
Width: 14.2 in. (36.07 cm) 
Depth: 3.34 in. (8.48 cm) 
Weight: 35 oz. (992.23 gm) 

ENVIRONMENTAL 
Operating Temperature 
0°C to 55°C 

.660j 

.188 DIA. THRU, 3 ~I 
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SBC 630 POWER SUPPLY 

Provides ±5 and ±12 volt SBC 80 system voltages. 

Sufficient power for a fully loaded Intel® Single 
Board Compuer plus residual power for user 
functions. 

Compact single chassis. 

Provides additional +26.5 volt supply. 

115 and 230 V AC operation. 

50 Hz or 60 Hz input. 

Keyed standard AC and DC connectors. 

The SBC 630 Power Supply provides a low cost, off-the-shelf, single chassis power generation solution for OEM products 
using Intel® Single Board Computers. 

The SBC 630 provides regulated DC output power at +12, +5, -5, and -12 volt levels. The current capabilities of each of 
these output levels have been chosen to provide power over the temperature range of 0° to +55°C for one Intel Single Board 
Computer fully loaded with 1/0 line terminators or drivers and four 8708 EPROMs plus residual capability for additional 
logic functions in OEM Systems. A +26.5 volt power level has also been provided for use in OEM Products for relay interfaces, 
displays, and for those OEM products requiring in-system 8708 EPROM programming capability. Current limiting protection 
is provided on the +12 volt and +5 volt outputs, and over-voltage protection is incorporated on the +5 volt output. Access to 
AC input and DC output power levels is provided via standard 4-pin and 14-pin keyed connectors, respectively. 
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SBC 630 

SPECIFICATIONS 

INPUT POWER 
Frequency: 47 to 63 Hz 
Voltage: 115 ±10% and 230 ±10% VAC 
Current: 1.8 amps max (at 125 VAC) 

OUTPUT POWER 

Output 
Voltage Current (Max) Accuracy 

+26.5 100mA ±0.5 volt 
+12 1.2A ±5% 
+5 6A ±5% 
-5 300mA ±5% 
-12 300mA ±5% 

MATING CONNECTORS1 

AC Input 

Connector Molex 

Pin Molex 

DC Output 

Connector 
Molex 
AMP 

Polarizing Molex 

Key AMP 

Pin 
Molex 
AMP 

NOTE: 

03-09-1042 or equivalent 

02-09-1118 or equivalent 
(18 to 22 gauge wire) 

09-05-7141 

1-87159-3 
15-04-0219 
87116-2 
08-50-0106 (18 to 22 gauge wire) 

87023-1 (18to22ga~wire) 

1. Pins from a given vendor may only be used with connectors 

from the same vendor. 

PHYSICAL CHARACTERISTICS 
Height: 3.35 in. (8.51 cm) max 
Width: 4.91 in. (12.40cm) max 
Depth: 11.00 in. (27.95 cm) max 
Weight: 8.0 lb (3.63 Kgm) 

OVER-VOLTAGE PROTECTION 
5-volt output: Fixed within the range 6.08 vol!' lo 6. 72 

volts. 

LINE REGULATION 
(10% Line Voltage Change) 

+5 volt and +12 volt outputs: 0.1% 
-5 volt, -12 volt and +26.5 volt outputs: 1% 

LOAD REGULATION 
(Half Load to Full Load) 

+5 volt and +12 volt outputs: 0.1% 
-5 volt, -12 volt and +26.5 volt outputs: 1% 

OUTPUT RIPPLE AND NOISE 
50 mV peak-to-peak on all outputs, maximum 

SHORT CIRCUIT CURRENT 
+5 volt output: 7.5 amp max. 
+12 volt output: 1.5 amp max. 

ENVIRONMENTAL 
Operating Temperature: 0°C to +55°C 

EQUIPMENT SUPPLIED 
SBC 630 Power Supply 
SBC 630 User's Manual (includes schematic) 

r---------11.00MAX--------

!~7.000-- ® 

.. f !1 
I• 

ii 
0 

NOTES: 

(j) AC INPUT HARNESS 6 :t0.5" LONG, FROM 
INDICATED CORNER. 

@ LOCATION OF DC CONNECTOR (ITEM @ ) 
IS WITHIN CROSS-HATCHED VOLUME. 

@ 18 AWG CHASSIS GNO WIRE 8" LONG FROM 
INDICATED CORNER. 

@ DC CONNECTOR, PIN 10 REMOVED AS KEY. 

----- 7.00 ---~~~1 

\ 
@ 

@ ALL FOUR HOLES THREADED FOR 8-32 MACHINE SCREWS. 

SBC 630 MOUNTING INFORMATION 
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SBC 635 POWER SUPPLY 

Provides ±5 and ±12 volt SBC 80 system power. 

Sufficient power for a fully loaded Intel® Single 
Board Computer plus residual power for up to 
three Intel SBC Expansion Boards. 

Compact single chassis. 

"AC Low" Power Failure TTL logic level output 
provided for System Power-Down Control. 

Current limiting and overvoltage protection on all 
outputs. 

100, 115, 215, and 230 VAC operation. 

50 Hz or 60 Hz input. 

DC Power Cables and connectors mate directly to 
SBC 604 Backplane/Cardcage Assembly. 

The SBC 635 Power Supply provides a low cost, off-the-shelf, single chassis power generation solution for OEM products 
using Intel® SBC Boards. 

The SBC 635 provides regulated DC output power at +12, +5, -5, and -12 volt levels. The current capabilities of each of 
these output levels have been chosen to provide power over 0° to +55°C temperature range for an Intel Single Board Com
puter fully loaded with 1/0 line terminators and drivers, and four 8708 EPROMs plus residual capability for most combina
tions of up to three SBC memory, 1/0, or combination expansion boards. 
Current limiting and over-voltage protection is provided on all outputs. Access for AC input is provided via a standard 4-pin 
keyed connector. DC output power levels are provided on cables with keyed connectors which are directly compatible with 
the SBC 604 Modular Backplane/Cardcage assembly. The SBC 635 includes logic which senses a system AC power failure and 
generates a TTL signal for clean system power-down control. 
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SBC 635 

SPECIFICATIONS 

INPUT POWER 
Frequency: 47 to 63 Hz 
Voltage: 100 VAC ±10%, 115 VAC ±10%, 215 VAC 

±10%, 230 VAC ±10% via user-provided 
wiring options 

OUTPUT POWER 

Output Current Over-Voltage 

Voltage Current (Max) Limit (Maxi Protection 

+12 2.0 amp 2.4 amp +14 to +16 volts 

+ 5 14.0 amp 16.8 amp 5.8 to 6.6 volts 

- 5 0.9 amp 1.1 amp - 5.8 to - 6.6 volts 

-12 0.8 amp 1.0 amp -14 

MATING CONNECTORS 1 

AC Input 

Connector Molex 

Pin Molex 

DC Output2 

Header I Molex 
AMP 

"AC Low" Control 

Connector 
Molex 

AMP 

Polarizing Molex 

Key AMP 

03-09-1042 or equivalent 

02-09-1118 or equivalent 

(18 to 22 gauge wire) 

09-66-1071 

87194-6 

09-50-7071 
87159-7 
15-04-0219 

87116-2 

to-16 

Pin 
Molex 08-50-0106 (18 to 22 gauge wire) 

AMP 87023-1 (18 to 22 gauge wire) 

PHYSICAL CHARACTERISTICS 
Height: 
Width: 
Depth: 
Weight: 

3.19 in. max (8.11 cm) 
6.03 in. max (15.32 cm) 

12.65 in. max (32.12 cm) 
13 lb (5.90 Kgm) 

volts 

REMOTE SENSING 
Sensing provided for +5 volt output. 

LINE REGULATION 
±0.1% for 10% line change.3 

LOAD REGULATION 
±0.1 % for 50% load change. 3 

OUTPUT RIPPLE AND NOISE 
10 mV peak-to-peak maximum (DC to 500 kHz). 3 

TRANSIENT RESPONSE 
Less than 50 µsec for 50% I oad change. 3 

OUTPUT VOLTAGE ACCURACY 
All outputs adjustable ±5% from nominal. 4 

POWER FAILURE INDICATION 
An active HIGH, TTL compatible output logic level is 

provided when input voltage falls below 103 VAC 

(RMS)5 to indicate low AC input voltage conditions. All 

output voltages will remain within spec for one-half 

cycle (""8.3 msec @ 60 Hz) minimum after "AC Low" is 

asserted. 

ENVIRONMENTAL 
Operating Temperature: 0°C to +55°C 

EQUIPMENT SUPPLIED 
SBC 635 Power Supply with AC and DC Cables and 

Connectors attached as shown below. 
SBC 635 User's Manual (includes schematic) 

NOTES: 

1. Pins from a given vendor may only be used with connectors 

from the same vendor. 

2. SBC 635 DC output connectors are directly compatible with 

power input power connectors on SBC 604 Modular Back

plane and Cardcage Assembly. 

3. All outputs. 

4. All outputs set to nominal voltage (no load) before delivery. 

5. 206 VAC (RMS) for 230 VAC (RMS) nominal input opera

tion. 

Q) HARNESS LENGTHS ARE FROM CENTER OF SURFACE 
'A" TO CONNECTOR 

o. DC OUTPUT 24 ;() 5 INCHES TO PG CONN 
b DCOUTPUT16'051NCHESTOP8CONN 
c AC INPUT 12 · 0 5 INCHES TO P2 CONN 

@) LOCATION OF 'AC LOW' SIGNAL CONNECTOR !SWITHIN 
CROSS HATCHED VOLUME, ORIENTATION MAY VARY 

Q) ALL FOUR MOUNTING HOLES THREADED FOR 10 24 
MACHINE SCREWS. 

i------- 11 r 
'°'' I : 

:'=l===I ===~==1-Jrl [m 
~--'""~1--.. =~ l ,._j 

SBC 635 MOUNTING INFORMATION 
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INTELLEC® MICROCOMPUTER DEVELOPMENT SYSTEMS 

INTRODUCTION 

Intel OEM Computer Systems products and microcomputer components are supported by the most advanced system develop

ment tools available today: The lntellec® Microcomputer Development System, its In-Circuit Emulators, and its complement 

of advanced development software. Software packages available for use directly on the lntellec system include a resident 

relocatable and linkable macro-assembler, a text editor, operating systems, and utility programs. PL/M, the high-level pro

gramming language Intel specifically designed for 8080-based systems, is also available resident on the lntellec system. The 

PL/M-80 compiler provides the capability to program in a natural, algorithmic language, and eliminates the need to manage 

register usage or allocate memory. 

TABLE OF CONTENTS 

DEVELOPMENT SYSTEMS 

lntellec® Microcomputer Development System ............................................. 13-3 

lntellec® 4/MOD40 Microcomputer Development System ...................................... 13-8 

IN-CIRCUIT EMULATORS 

ICE-30™ 3001 In-Circuit Emulator .................................................... 13-12 

ICE-48™ 8048 In-Circuit Emulator .................................................... 13-17 

ICE-80™ 8080 In-Circuit Emulator .................................................... 13-19 

ICE-85™ 8085 In-Circuit Emulator .................................................... 13-25 

DEVELOPMENT SYSTEMS PERIPHERALS 

lntellec® Diskette Operating System .................................................... 13-27 

PL/M-80 High-Level Programming Language - lntellec® Resident Compiler .......................... 13-33 

MCS-48™ Diskette-Based Software Support Package ......................................... 13-35 

MCS-48™ Paper Tape-Based Assembler ................................................. 13-37 

lntellec® System CRT Keyboard Display ................................................. 13-39 

lntellec® Printer ................................................................. 13-41 

lntellec® High-Speed Paper Tape Reader ................................................. 13-43 

UPP-101, UPP-102 Universal PROM Programmer. ........................................... 13-45 

SIM-101, SIM-102, SIM-104 ROM Simulator .............................................. 13-47 

DESIGN AIDS 

lntellec® PROMPT 48™ MCS-48™ Microcomputer Design Aid ................................. 13-51 

lntellec® PROMPT 80™ 8080 Microcomputer Design Aid ................ _ .................... 13-56 
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INTELLEC® 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Modular microcomputer development system for 
development and implementation of MCS™-48, 
MCS-80, MCS-85, and Series 3000 Microcomputer 
Systems 

Intel® 8080 microprocessor, with 2 µs cycle time 
and 78 instructions, controls all lntellec functions 

Supports assemblers for 8080, 8085, and 8748, 
and resident complier for PL/M 

16K bytes RAM memory expandable to 64K bytes 

2K bytes ROM memory expandable with 6K or 
16K PROM/ROM boards 

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 capabilities 

Eight level nested, maskable, priority interrupt 
system 

Optional PROM programmer peripheral capable of 
programming all Intel PROMs 

ICE™ (In-Circuit Emulator) options extend lntel
lec diagnostic capabilities into user configured 
system allowing real-time emulation of user proces
sors 

Optional 1/0 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 neces
sary functions for program loading, debugging, and 
execution 

RAM resident macro assembler used to assemble all 
MCS 48, 80, and 85 machine instructions with full 
macro and conditional assembly capabilities 

RAM resident text editor with powerful string 
search, substitution, insertion, and deletion com
mands 

The lntellec® Development System is a modular microcomputer development system containing all necessary hardware and soft
ware to develop and implement Intel microcomputer and microcomputer systems. The addition of options and peripherals pro
vides the user with a complete in-circuit microcomputer development system, supporting product design from program develop
ment through prototype debug, to production and field test. 
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INTELLEC® SYSTEM 

INTELLEC HARDWARE 

The standard lntellec® System consists of four microcom

puter modules (CPU, 16K RAM Memory, Front Panel Con

trol, and Monitor), an interconnecting printed circuit 

motherboard, power supplies, 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 µs cycle time, 78 instruc

tions, unlimited subroutine nesting, vectored interrupt, and 

OMA capabilities are fully utilized by the lntellec System 

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 1/0 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 

2107A 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. A 1 ms 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 1/0 is addressed. 

The Monitor module contains the lntellec system monitor 

and all lntellec 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 lntellec peripherals: 

• Teletype 
• CRT 
• High Speed Paper Tape Reader 

• High Speed Paper Tape Punch 

• PROM Programmer 
• Line Printer 

The lntellec universal bus structure enables several CPU 

and OMA 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 any one Intel microcomputer family. 

The lntellec front panel is intended to augment the pri

mary user interaction medium, the system console. The 
simplicity of the front panel coupled with the power of the 

system monitor provides an efficient user/I ntellec 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 lntellec capabilities may be significantly en

hanced by the addition of the following optional features. 

ICE™ (In-Circuit Emulator) extends lntellec diagnostic 

capabilities into user configured systems. The lntellec resi

dent ·ICE processor operates in conjunction with the host 

CPU and interfaces to the user system via an external cable. 

The ICE processor replaces the user system processor pro

viding real time emulation capability. Resident memory 

and 1/0 may be substituted for equivalent user system 

elements; allowing the hardware designer to sequentially 

develop his system by integrating lntellec and user system 

hardware. Display and debug hardware eliminate the need 

for specially constructed user system equivalents. Augment

ing these capabilities are such powerful ICE debug func

tions as setting breakpoints, tracing program flow, single 

stepping, examining and altering CPU registers and memory 

locations. 

The Universal PROM Programmer is an I ntellec peripheral 

capable of programming and verifying the following Intel 

PROMs: 1702A, 2704, 2708, 3601, 3604, 3624, 8702A, 

8704, 8708, 8748, and 8755. Programming and verification 

operations are initiated from the lntellec system console 

and are controlled by programs resident in the lntellec 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. Intel'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 1/0 requirements may be satisfied by 

adding 1/0 modules. Each 1/0 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 1/0 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. 

OMA (direct memory access) modules work in conjunction 

with the lntellec MOS universal bus to maximize the effi

ciency of data transfers between MOS memory and selected 

1/0 devices. Each module contains all the necessary control 

and data transfer logic to implement a complete OMA 

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. 



INTELLEC ® SYSTEM 

INTELLEC SOFTWARE 

Resident software provided with the lntellec 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 oper
ation of the lntellec. 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 1/0 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 lntellec 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 any one 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 
1/0 subroutines in the system monitor. In 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 1/0 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 lntellec Resident Assembler translates symbolic 8080 
assembly language instructions into the appropriate ma
chine 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. 
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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 lntellec 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-80, Intel'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 1/0 in the assembler 
is done through the system monitor, enabling the assembler 
to take advantage of the monitor's 1/0 system. The assem
bler is shipped in hexadecimal object format on paper tape 
or diskette and is standard with each lntellec. 

The lntellec 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-80. It occupies SK 
bytes of RAM memory, including over 4500 bytes of work- a;. 
space. The workspace may be expanded to a maximum of 
58K bytes by adding RAM memory. All 1/0 in the editor is 
done through the system monitor, enabling the editor to 
take advantage of the monitor's 1/0 system. The editor is 
shipped in hexadecimal object format on paper tape or 
diskette and is standard with each I ntellec. 
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INTELLEC ® SYSTEM 

1 PROM PHOGRAMMfH OA TA STATUS COMMANDS 
2 HIGH SPEED PUNCH lJATA STATUS COMMANDS 

3 HIGH SPEED H£AOER DATA STATUS COMMANDS 

4 PRINTER DATA STATUS COMMANDS 
!'.> CAT DATA STATUS COMMANDS 

I 0'.:~,l ~~;~,1 ~'.:o~,l fo'.:o~,l ~;f~~tl ~,::,~~;;:~;;~I 
I 1CE I JsiMULAroRI I RAM I I PROM I I PU~~OSE I J OMA I I co~;:OL I 

L-. ..,.--' L-. .,---' L __ _, L __ __. L,..,--r;-' L_,,,_. L-,,,--' 

6 TTY DATA ~lATUS COMMANDS 
7 FRONT PANEL STATUS SWITCH INPUTS 

8 USER SYSTEM CPU OR MCU PIN SIGNALS 
'l USER SYSTEM ROM l'IN SIGNALS 

10 EIGHT INTERRUPT LINES 
11 FOUR 8 BIT OUTPUT PORTS 
12 FOURS BIT INPUT PORTS 
1J OMA DEVICE DATA STATUS,COMMANDS 
14 DISKETTE DRIVE OATAISTATUSICOMMANOS 

INTELLEC® BLOCK DIAGRAM 

HARDWARE SPECIFICATIONS 

WORD SIZE 
Host Processor (Intel 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 using optional 6K or 16K 
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): 2.0µS 

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%. 

1/0 INTERFACES 
CRT: 

Baud Rates: 110/300/600/1200/2400/4800/9600 

(selectable). 
Code Format: 7-12 level code (programmable). 

Parity: Odd/even (programmable). 
Interface: TTL/RS232C (selectable). 

TTY: 
Baud Rate: 110 
Code Format: 

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. 

1-bit input. 
Data: 8-bit byte 
Interface: TTL 

Punch: 
Transfer Rate: 
Control: 

Data: 
Interface: 

75 cps 
2-bit output 
1-bit input 
8-bit byte 
TTL 
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Printer: 
Transfer Rate: 
Control: 

Data: 
Interface: 

165 cps 
2-bit status input 
1-bit output 
ASCII 
TTL 

PROM Programmer: 
Control: 3 strobes for multiplexed output data. 

Data: 8-bit bidirectional 
Interface: TTL 

GENERAL PURPOSE 1/0 (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 lntellec bus; implemented-tor user 

selected DMA devices through optional DMA module -

maximum transfer rate of 2 MHz. 

MEMORY ACCESS TIME 
RAM: 450 ns 
PROM: 1.3µs using Intel 8708A PROM. 

PHYSICAL CHARACTERISTICS 
Dimensions: 8.5" X 19" X 17" 

Weight: 
21.6 cm X 48.3 cm X 43.2 cm 
65 lb (29.5 kg) 

ELECTRICAL CHARACTERISTICS 

DC POWER 
SUPPLY 

(Volts) 

POWER SUPPLY BASIC SYSTEM CURRENT 
CURRENT REQUIREMENTS 

(Amps) !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 
0.2 



INTELLEC®· SYSTEM 

SOFTWARE SPECIFICATIONS 

CAPABILITIES 
System Monitor: 

Devices supported include: 
ASR 33 teletype 
Intel 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: 
Intel lee System 
331 bytes RAM memory 
2K bytes ROM memory 
System console 

Macro Assembler: 
Required hardware: 

lntellec System 
12K bytes RAM memory 
System console 
Reader device 
Punch device 
List device 

Required software: 
System monitor 

Text Editor: 
Required hardware: 

Intel lee System 
8K bytes RAM memory 
System console 
Reader device 
Punch device 

Required software: 
System monitor 

Tape Format: 
Hexadecimal object format, 
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OPTIONS 
MDS-016 
MDS-406 
MDS-416 
MDS-501 
MDS-504 
MDS-600 
MDS-610 
MDS-620 

16K Dynamic RAM 
6K PROM (sockets and logic) 
16K PROM (sockets and logic) 
OMA Channel Controller 
General Purpose 1/0 Module 
Prototype Module 
Extender Module 
Rack Mounting Kit 

EMULATORS/SIMULA TOR 
MDS-ICE-30 3001 In-Circuit Emulator 
MDS-ICE-80 8080 In-Circuit Emulator 
MDS-SIM-100 Bipolar ROM Simulator 
MDS-ICE-48 8748 In-Circuit Emulator 
MDS-ICE-85 8085 In-Circuit Emulator 

PERIPHERALS 
MOS-UPP Universal PROM Programmer 
MDS-PTR High Speed Paper Tape Reader 
MOS-DOS Diskette Operating System 

INTERFACE CABLES/CONNECTORS 
MDS-920 High Speed Punch Interface Cable 
MDS-930 Peripheral Extension Cable 
MDS-940 OMA Cable 
MDS-950 General Purpose 1/0 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 1/0) 
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 
Diagnostic Program & Manual 



INTELLEC® 4/MOD40 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Complete hardware/software development system 
for the design and implementation of 4040 CPU 
based microcomputer systems 

TTY interfaces, front panel designer's console, and 
high-speed paper tape reader interface, in conjunc
tion with PROM resident system monitor provide 
complete program loading, punching, monitoring, 
interrogation, and alteration capabilities 

Program RAM (4K 8-bit bytes) provides a program 
development medium which lends itself to rapid 
and facile program monitoring and alteration 

Data RAM (320 4-bit bytes expandable to 2560 
bytes) provides data storage capacity 

Program PROM (expandable to 4K 8-bit bytes) in 
conjunction with the resident PROM programmer 
provide capability of simulating final ROM resident 
program 

PROM resident system monitor, RAM resident 
macro-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, and pro
gram flow verification 

1/0 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 avail
able to user via back panel 

Modular design with expansion capability provided 
for up to 11 optional or user designed modules 

The lntellec 4/MOD 40 (imm 4-44A) is a complete, self-contained microcomputer development system designed specifically 

to support the development and implementation of 4040 CPU based microcomputer systems. Its modular design provides the 

flexibility to adapt to any size user system and the resident software facilitates the resident software facilitates program 

development. 

The basic lntellec 4/MOD 40 Microcomputer Development System consists of four microcomputer modules (CPU, RAM, 

MEMORY CONTROL, and PROM PROGRAMMER), power supplies, 1/0 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· microcomomputer system containing the system clock, 1 K 8-bit bytes of PROM memory, 320 4-bit bytes of data 

RAM memory, three 4-bit input ports and eight 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 1/0 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. 
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INTELLEC ® 4/MOD40 SYSTEM 
The I ntellec 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. 1/0 capability can be expanded to 16 4-bit input 
and 48 4-bit output ports using optional imm 4-60 mod
ules. The Universal Prototype Card (imm 6-70) in conjunc
tion with the 11 optional card sockets (which contain all 
essential system signals) provide the capability for interfac
ing custom designed modules. 

The user RESET JN/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. 

Program interrogation and alteration can be accomplished 
by using any desired combination of the front panel design
er's console, a teletype, the imm 4-90 High-Speed Paper 
Tape Reader, and other lntellec compatible peripherals. 
The front panel designer's console provides the capability 
of manually writing data into memory and displaying 
memory contents, monitoring CPU bus contents during 
each processor subcycle, "freezing" system status after exe-

CPU 

PROGRAM/DATA STORAGE MODULE 
DATA STORAGE MODULE 
PROM MEMORY MODULE 
1/0 MODULE 

cution of a predefined instruction after a specified number 
of passes, single-stepping the program and verifying pro
gram flow. The teletype and reader serve as vehicles to 
input and output paper tapes and execute the system 
monitor. 

Every lntellec 4/MOD 40 comes with three systems soft
ware products - the PROM resident system monitor, the 
RAM resident macro-assembler. The system software is a 
powerful application program development tool. 
The system monitor provides the capability of displaying 
and modifying memory contents, reading and punching 
object tapes, dynamically assigning system peripherals, 
program and verify PROMs, and perform other functions 
which significantly reduce program debug and development 
time. 

The lntellec 4/MOD 80 RAM resident macro-assembler 
translates source code into object code which will execute 
on the lntellec 4/MOD 40 or any MCS-40™ system. The 
assembler collects information from the source program, 
builds an internal symbol table, outputs a listing of the 
assembled program including error messages, and punches 
an object program tape. The assembler also contains a paper 
tape edit feature. 

The standard lntellec® 4/MOD 40 comes with the modules 
shown. Expansion capability of both 1/0 and Memory to a 
full MCS-40™ system is provided by using open locations 
on the motherboard. 

PROM 
PROGRAMMER 
MODULE 

INTELLEC® 4/MOD 40 MODULE ASSIGNMENT 
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INTELLEC ® 4/MOD40 SYSTEM 

~ 
~ 

DATA _1'. 

CONTROL CPU BUS 
STORAGE 16 PORTS 

CONSOLE -0 MODULE -v 
1mm4·24 

CONSOLE ~ 
DATA -" 

CONTROL (AVAILABLE ON BACK PANEL) CPU BUS STORAGE 16 PORTS 

BUS RESET STOP INTERRUPT 
v MODULE v 

lUlU 
1mm4-24 

A_ K 3PORTS J 
1k PROM CPU MODULE 

1/0 " 
MONITOR imm4-43 PORTS 

4 PORTS 
v 

LJ> 6 
INST BUS t--

,..----, 
CPU BUS 

t--
CPU BUS 

~ 1-----' 
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t-- ~ 

AO TO A7 
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MODULE 
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RAM MEMORY t--
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CO TO C3 SPORT() 
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~ 
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PROM MEMORY 
1/0 BUS K SPORTS J 

MODULE 
1/0 MODULE 

imm6-26 K 
1mm4-60 

CO TO C3 CO TO C3 ·~ SPORTS 

v " 

'Memory control module selects MONITOR, PROM or RAM for EXECUTION. 

SYSTEMS BLOCK DIAGRAM 
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INTELLEC® 4/MOD40 SYSTEM 
SPECIFICATIONS 

WORD SIZE 
Data: 4 bits 
Instructions: 8 bits/16 bits 

MEMORY SIZE 
5K bytes expandable to 12K bytes (combination of 
PROM, Data RAM, Program RAM) in three 4K byte 
memories selectable for execution from the front panel. 

INSTRUCTION SET 
60, including conditionals, binary and decimal arithme
tic, and 1/0. 

MACHINE CYCLE TIME 
10.Bµs 

SYSTEM CLOCK 
Crystal-controlled at nominal 5.185 MHz. 

1/0 CHANNELS 
All ports are 4-line TTL. Three input ports expandable 
to 16. Eight output ports expandable to 48. 

INTERRUPT 
Available at back panel. 

CONSOLE MEMORY ACCESS 
Standard via control console. 

MEMORY ACCESS TIME 
1 µs with standard memory modules. 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0°C to 55°C. 

ELECTRICAL CHARACTERISTICS 
DC Power Supplies: 

Vee = 5V ±5% 
Voo = -1ov ±5% 

AC Power Supplies: 

Ice= 12A 
loo= 1.8A 

MOD 40: 60 Hz, 115 VAC@200W 
MOD 40/220: 50 Hz, 230 VAC@ 220W 
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PHYSICAL CHARACTERISTICS 
lntellec® 4/40: 7" X 17-1/8" X 12-1/4" (table-top 
only); optional rack mount available. 
Weight: 30 lb (13.61 kg) 

OPTIONAL MODULES 
Available for the lntellec® 4/MOD 40: 

imm 4-22 Instruction/Data Storage Module 
imm 4-24 Data Storage Module 
imm 4-60 Input/Output Module 
imm 6-26 PROM Memory Module 
imm 6-28 RAM Memory Modules 

(additional) 
imm 6-36 Rack Mounting Kit 
imm 6-70 Universal Prototype Module 
imm 6-72 Module Extender 
imm 4-80 High-Speed Paper Tape Reader 

EQUIPMENT SUPPLIED 
imm 4-43 Central Processor Module 
imm 6-28 RAM Memory Module 
imm 6-76 PROM Programmer Module 
Memory Control Module 
Chassis with Motherboard 
Power Supplies 
Control and Display Panel 
Finished Cabinet 
PROM Resident System Monitor 
RAM Resident Assembler 
Programmer's Manual 
Operator's Manual 
Hardware Reference Manual 
Module Schematics 



ICE-30™ 
3001 MCU IN-CIRCUIT EMULATOR 

Extends the lntellec® diagnostic capabilities into 
user configured systems, allowing in-circuit emula
tion of the user system's 3001 MCU 

Direct lntellec® System connection to the user 
configured system is achieved via an external cable 
with 3001 compatible 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 sets two independent breakpoints on 
micro-instruction addresses generated by the 3001 

Allows two independent breakpoints to be set on 
the logical combination of any three TTL compati
ble signals in the user system via three logic probes 

Allows the microprogram word contents to be dis
played and modified when used with the optional 
ROM-SIM modules 

ICE-30 is an lntellec resident module that provides the user with direct in-circuit emulation of the 3001 Microprogram Con

trol Unit (MCU) and complete control over the execution of user developed microprograms. Through in-circuit emulation, 

the designer is able to set microprogram address breakpoints, single-step microprogram execution, and monitor all of the 

address, status, and control lines of the 3001. 
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ICE-JQTM 

HARDWARE 

ICE-30 consists of a single PC board that resides in the 
I ntellec System. An external cable from the board, termi
minating in a 3001 compatible 40-pin connector, forms 
the interface to the user system. Through the 3001 com
patible connector, ICE-30 plugs directly into the user sys
tem's 3001 socket and allows the user to completely 
monitor and control all the activities of the MCU. 

The figure below shows the hardware supplied with the 
ICE-30 package. 

DIRECT INSERTION 
INTO USER'S 

3001 MCU SOCKET 

i3001 

c=::J 
ICE·30 BOARD 

ICE-30 MODULE HARDWARE 

By inserting the board into the lntellec Bus inside a basic 
lntellec system, a 3001 MCU chip in the user's system 
may be emulated. The ICE-30 board contains a 3001 
MCU and peripheral logic required to monitor the 3001 
operation and store trace information. The external cable 
carries status and control lines to and from the 3001 
compatible 40-pin connector and the three logic probe 
lines. In addition, a MATCH line is brought out on the 
external cable which allows ICE-30 to control the user 
system's master clock and perform microprogram halt and 
single-step functions. 

SOFTWARE 

The ICE-30 Software Driver, ICE30SD, is an lntellec 
Microcomputer Development System RAM-resident pro
gram which provides a user interface with the ICE-30 
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hardware. ICE30SD recognizes a set of commands issued 
by the user, translates the commands, and places the 
encoded results into a control block for the hardware. 
Jn this fashion, the user can establish a dialogue with the 
3001 Microcomputer Control Unit (MCU) which is 
connected to the system, thus providing the capability 
to monitor, control or alter its operation. 

ICE30SD is capable of operating in conjunction with a 
RAM-based microprogram in the optional ROM-SIM 
modules (see ROM-SIM Data Sheet #98-211 A). The com
mands provided by ICE30SD may therefore be divided 
into three categories: (1) Those commands unique to the 
optional ROM simulator, (2) Those which support 
ICE30SD functions, and (3) Those commands which are 
common to both ROM-SIM and ICE30SD. 

ICE30SD FUNCTION COMMANDS 
SET 

GO 

Assign values to the two hardware break
point registers, the 9-bit microprogram 
address register, and the PR latch. 

Initiates real-time emulation which contin
ues until an address encountered matches 
one of the two breakpoint values. 

STEP Causes execution to proceed in a non-real
time single-step micro-instruction mode. 

CONTINUE Resumes step mode execution following a 
break condition. 

ENABLE Activates or deactivates the two hardware 
breakpoint registers prior to issuing the 
'GO' command. 

TRAP Used to set or remove any of the five-step 
mode software traps (software breakpoint 
registers). 

COMMON COMMANDS 
(Common to ICE30SD and Optional ROM-SIM) 

DISPLAY Displays the contents of a specified address 
or address range in the simulated control 
storage. 

BASE 

RESTART 

EXIT 

Establishes a mode of display of all output 
data for the 'DISPLAY' command. 

Reinitializes all program variables, except 
the ROM-SIM configuration values, and 
starts execution at the point following the 
ROM-SIM configuration sequence. 

Causes ICE30SD to terminate. 

ROM-SIM COMMANDS 
ICE30SD provides commands necessary to drive the 
optional lntellec microprogram control storage simu
lation module, ROM-SIM. For a description of ROM
SIM capabilities, ask for the ROM-SIM Data Sheet #98-
211A. 

ICE30SD is written in Intel's high-level programming 
language PL/M and will execute in the minimum 16K 
RAM lntellec configuration. 

II 



ICE-3QTM 

OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature under Bias ..... . .... 0° to 45°C 
.-20°C to +75°C 
.. -0.5V to +7V 
. -1.0V to +5.5V 

*COMMENT: Stresses above those listed under "Absolute Maxi

mum Ratings" may cause permanent damage to the device. This is 

a stress rating only and functional operation of the device at these 

or any other conditions above those indicated in the operational 

section of this specification is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device reliability. 

Storage Temperature ....... . 
All Output and Supply Voltages. 
All Input Voltages ......... . 

ll 

CLK \ { 

CLOCK INPUT l\.,_ __ _,./i 
\ 
[\ 

i------- •cs------i---twp---
1~--------•cv----+----~·1 

EN, ERA \If 
ENABLE INPUTS --------+---_/[\'------------+----+--' 

1Eo -

CONTROLM:~;~:~ \/ 

ADDRESS OUTPUTS --+------1---+---'J \_~-------+------1-----' 
~'HF---·f---'sF-

ADDAE~~0ct,;.rR~~ 'JI" 
INPUTS --+------1---+-----'Jl\~-----+------;-------J 

1---- 'Eo-t----1 
- 'FO l---

\
!rr---1----1-------

PRo-PRz II 

"PR' LATCH OUTPUTS ---r----+---t------1---JI\,_ ________ +----------
f+- tHK+---1---r--tsK-----

FLAGc6~r:~r \/ 
INPUTS ---+-----+----l--..J_/\,__i-------1-----1-----' 

i-------4--+•H1~>---+----1 •s1 1--

~ \V 
FLAG INPUT --------1---+---t---t----'_/l\,_ ______ t----------

m ~v 

FLAG OUTPUT --------1--------fv'"'----------i----------

ISE 
INTERRUPT STROBE 

ENABLE OUTPUT 

!----tHx-1-----•sx----•1 

SX0-PX7 \V 
INSTRUCTION 

BUS INPUTS -------+-------_,./!\_,_ __________________ _ 

MATCH 
BREAKPOINT MATCH 
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ICE-3QTM 

D.C. AND OPERATING CHARACTERISTICS 
TA; 0°C to 45°C, V cc; 5.0V ±5% 

SYMBOL PARAMETER MIN 

Ve Input Clamp Voltage 
(All Input Pins) 

IF Input Load Current: 
CLK Input 
Logic Probe Inputs 
All Other Inputs 

VIL Input Low Voltage 

V1H Input High Voltage 2.0 

Ice Power Supply Current 

Vol Output Low Voltage 
PR0-PR2 
All Other Outputs 

VoH Output High Voltage 
MAo-MAs. ISE. FO 2.4 

los Output Short Circuit Current 
MAo-MAs. ISE. FO -40 

lo(OFFI Off-State Output Current 
MAo-MAs. FO 
MAo-MAs. FO, PR0-PR2 

NOTES: 1. Typical values are for TA=- 25.,C and nominal supply voltage. 
2. Not· more than one output should be shorted at one time. 

A.C. CHARACTERISTICS 
TA; 0°C to 45°C, Vee; 5.0V ±5% 

SYMBOL PARAMETER 

tcy121 Cycle Time 

twp Clock Pulse Width 

tcs Clock Pulse Separation 

Control and Oata Input Set·Up Times: 
tsF LO. ACo-ACs 
tsK FCo. FC1 
tsx SX0-SX3, PX4-PX7 
151 Fl 

Control and Data Input Hold Times: 
tHF LO, ACo-ACs 
tHK FCo. Fe, 
IHX SX0-SX3, PX4-PX7 
IHI Fl 

TYpl1l 

-0.8 

0.35 
0.35 

3.0 

tco Propagation Delay from Clock Input (CLK) to Outputs 
(MA0-MA9, FO) 

IKQ Propagation Delay from Control Inputs FC2 and FC3 to 
Flag Out (FOi 

IFQ Propagation Deiay from Control Inputs ACo-ACs to 
Latch Outputs (PR0-PR2I 

tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MA0-MA9, FO, PR0-PR2I 

I Fl Propagation Delay from Control Inputs ACo-ACs to 
Interrupt Strobe Enable Output (ISEI 

1MH Propagation Delay from Clock Input (CLK) to Breakpoint 
Match MATCH 

NOTES: 1 T vrrn .. <JI valuP.s arP. for TA= 25°C and nominal supply voltage. 

2. 'CY 'CO 1 'SF+ twp. 
3. Pin input c.<Jpac11anc:e/output capacitance is 50 pF maximum. 
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MAX UNIT CONDITIONS 

-1.5 v le = -12 mA 

-2.0 mA VF = 0.45V 
-3.0 mA 
-0.4 mA 

0.8 v Vee= 5.0V 

v Vee= 5.0V 

0.0 mA 

0.45 v loL = 16mA 
0.45 v loL =40mA 

v loH = -2 mA 

-120 mA Vee= 5.ov121 

-100 µA Vo = 0.45V 
100 µA Vo = 5.25V 

MIN TYPl11 MAX UNIT 

185 120 ns 

35 20 ns 

150 

13 ns 
13 ns 
13 ns 
13 ns 

15 ns 
15 ns 
15 ns 

90 137 ns 

78 130 ns 

98 150 ns 

50 ns 

86 140 ns 

158 ns 



ICE-3QTM 

SPECIFICATIONS 

PHYSICAL CHARACTERISTICS 
(Printed Circuit Board) 

EQUIPMENT SUPPLIED 
Printed Circuit Board 
Interface Cables and 

ORDERING INFORMATION 

PART NUMBER 

Width: 12.00 in. 
Height: 
Depth: 

6.75 in. 
0.50 in. 

SYSTEM 
BUS 

Buffer Enclosure Assembly 
Reference Manual 
Software Paper Tape 

,-------, 
I P~~1Jic~~~~;CYH I 
I t I 

MDS-30-ICE 

DESCRIPTION 
3000 Series In-Circuit Emulator 

__ A_D_D_R_~_~S_B_IT_S ______ -.J -~I MODU~~~ELECT l--rJ _A_D_D_RE_1~_S_B_IT~S 
ADDRESS 

READ/WRITE 
COMMANDS 

8 
DATA BITS 

I 
I 

DECODING 

~ y 
BIPOLAR 

RAM 
8.192 BITS 

ROM-SIMULATOR 

L - - ...:'.10~:=_ - - _J 
r-------, 

BREAKPOINTS 
AND 

TRACE LOGIC 

TRACE MEMORY 
BREAKPOINT 
COMPARATOR 

I 
I 
I 
I 
I 

I I 
L - ~c~o ~O~L~ - _J 

BUFFER 
BOARD 
CABLE 

ASSEMBLY 

SOR 16 
DATA BITS 

3 LOGIC 
PROBES 

1 1 1 
BUFFER 
BOARD 
CABLE 

ASSEMBLY 

MATCH/ 

FUNCTIONAL BLOCK DIAGRAM OF ICE-30 MODULE, 
OPERATING IN CONJUNCTION WITH 

ROM-SIMULATOR MODULE 

13-16 

USER 
--ROM 

SOCKETS 

USER'S 
3001 MCU 

~CHIP 

SOCKET 



ICE-48™ 
8048 IN-CIRCUIT EMU LA TOR 

Connects lntellec® Microcomputer Development 
System to user configured system via an external 
cable and 40-pin plug, replacing the user 8048 

Emulates user system 8048 

Allows user configured system to borrow static 
RAM memory for program debug 

Provides hardware comparators for user designated 
break conditions 

Eliminates the need for extraneous debugging tools 
residing in the user system 

Collects address, data and 8048 status information 
on machine cycles emulated 

Provides capability to examine and alter CPU 
registers, memory, flag values, and to examine pin 
and port values 

Integrates hardware and software efforts early to 
save development time 

The ICE-48™ Module is an lntellec® System resident module that interfaces to any user configured 8048 system. With an 
ICE-48 Module as a replacement for a prototype system 8048, the designer can emulate the system 8048 in real time, single
step the system's program, and borrow static RAM memory for user system debugging. Powerful hardware and software 
debug functions are extended into the user system with minimum impact. The designer may examine and modify his system 
with symbolic references instead of absolute values. 
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ICE-48TM 
rnliiiil.llYllnll~n y 
Notice: This_ is _not a final specification. Some 
Pl'll!lltF16 l11tt11J 11a subject to cllange 

Integrated hardware/software development can begin as 
soon as there is an 8048 CPU socket for the prototype 

system. Through the ICE48 module's mapping capabilities, 
blocks of static RAM memory can be accessed to allow 

program modification. An output signal provides a synchro
nization pulse for an oscilloscope or other test equipment 

when a break condition is recognized. The user has the 

option of breaking the emulation or using the signal for 
hardware diagnosis. Attempting to mesh completed hard

ware and software products can be costly and frustrating. 

Hardware and software can help debug each other as they 

are developed using an ICE48 module. 

The ICE-48 module is a microcomputer system utilizing 

Intel's 8048 microprocessor as its nucleus. This system 

communicates with the lntellec system 8080 processor 
via direct memory access. Host processor commands and 

SPECIFICATIONS 

ICE48SD OPERATING ENVIRONMENT 
Paper Tape-Based ICE48™ Software 
Required Hardware: 

lntellec® Microcomputer Development System 
System Console 
Reader Device 
Punch Device 
ICE48 Module 

Required Software: 
System Monitor 

Diskette-Based I CE-48 Software 
Required Hardware: 

lntellec® Microcomputer Development System 
System Console 
System Diskette Operating System 
ICE48 Module 

Required Software: 
System Monitor 
ISIS-11 

ORDERING INFORMATION 

Part Number 

MDS48-ICE 

Description 

8048 CPU In-Circuit 
Emulator, Cable 
Assembly and Interactive 
Software included 

ICE-48 status are interchanged through a DMA channel. · 

A parameter block resident in lntellec System main mem-

ory contains detailed configuration and status information 

transmitted at an e(Tiulation break. 

ICE48 hardware consists of two PC boards, which reside in 
the' lntellec System chassis, and a cable assembly which 
interfaces to the user system. A 40-pin socket on the end 
of the cable assembly plugs directly into the socket pro

vided for the user's 8048. 

The ICE48 software is an lntellec System program which 

provides the user with flexible, easy-to-use commands for 
defining breakpoints, initiating emulation, and interrogating 

and altering user system status recorded during emulation. 

A broad range of commands provides the user with maxi

mum flexibility in describing the operation to be per

formed. 

EQUIPMENT SUPPLIED 
Printed Circuit Boards 
Interface Cables and Buffer Module 
Hardware Reference Manual 
Operator's Manual 
Schematic Diagram 
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ICE48 Software, paper tape version (ICE-48 Software, 

diskette-based version, is supplied with MDS-D48 8048 
Software Support Package) 



ICE-80TM 
8080 IN-CIRCUIT EMULATOR 

Connects lntellec® System to user configured sys
tem via an external cable and 40-pin plug, replacing 
the user 8080 

Allows real-time (2 MHz) emulation of the user 
system 8080 

Allows user configured system to share lntellec 
RAM, ROM and PROM memory and lntellec 1/0 
facilities 

Checks for up to three hardware and four software 
break conditions 

Offers full symbolic debugging capabilities 

Eliminates the need for extraneous debugging tools 
residing in the user system 

Provides address, data and 8080 status information 
on last 44 machine cycles emulated 

Provides capability to examine and alter CPU regis
ters, main memory, pin and flag values 

Integrates hardware and software development 
efforts 

Available in diskette or paper tape versions 

The lntellec In-Circuit Emulator/BO (ICE-80) is an lntellec resident module that interfaces to any user configured 8080 sys
tem. With ICE-80 as a replacement for a prototype system 8080, the designer can emulate the system's 8080 in real time, 
single-step the system's program, and substitute lntellec memory and 1/0 for user system equivalents. Powerful lntellec debug 
functions are extended into the user system. For the first time the designer may examine and modify his system with sym
bolic references instead of absolute values. 
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ICE-8QTM 

INTEGRATED HARDWARE/ 
SOFTWARE 
DEVELOPMENT 
The user prototype need consist of no more than an 8080 

CPU socket and a user bus to begin integration of soft

ware and hardware development efforts. Through ICE-80 

mapping capabilities, system resources can be accessed 

for missing prototype hardware. Hardware designs can be 

tested using the system software which will drive the final 

product. 

The system integration phase, which can be so costly and 

frustrating when attempting to mesh completed hardware 

and software products, becomes a convenient two-way 

debug tool when begun early in the design cycle. 

SYMBOLIC DEBUGGING 
ICE-80 allows the user to make symbolic references to 

memory addresses and data in his program. Symbols may 

be substituted for numeric values in any of the ICE-80 

commands. The user is relieved from looking up addresses 

of variables or program subroutines. 

The user symbol table generated along with the object file 

during a PL/M compilation or a MAC80 or resident 

assembly, is loaded to memory along with the user pro

gram which is to be emulated. The user may add to 

this symbol table any additional symbolic values for 

memory addresses, constants, or variables that are found 

useful during system debugging. By referring to symbolic 

memory addresses, the user can be assured of examining, 

changing, or breaking at the intended location. 

ICE-80 provides symbolic definition of all 8080 registers, 

flags, and selected pins. The following symbolic references 

are also provided for user convenience: TIMER, a 16-bit 

register containing the number of ¢ 2 clock pulses elapsed 

during emulation; ADDRESS, the address of the last 

instruction emulated; INTERRUPTENABLED, the user 

8080 interrupt mechanism status; and UPPER LIM IT, the 

highest RAM address that can be occupied by user mem

ory. 

DEBUG CAPABILITY 
INSIDE USER SYSTEM 
ICE-80 provides the user with the ability to debug a full 

prototype or production system without introducing 

extraneous hardware or software test tools. 

ICE-80 connects to the user system through the socket 

provided for the user 8080 in the user system. lntellec 

memory is used for the execution of the ICE-80 soft

ware, while 1/0 provides the user with the ability to 

communicate with ICE-80 and receive information on the 

operation of the user system. 
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MEMORY AND 
1/0 MAPPING 
Memory and 1/0 for the user system can be resident in the 

user system or "borrowed" from the lntellec System 

through ICE-80's mapping capability. 

ICE-80 separates user memory into 16 4K blocks. User 

1/0 is divided into 16 16-port blocks. Each block of mem

ory or 1/0 can be defined independently. The user may 

assign system equivalents to take the place of devices not 

yet designed for the user system during prototyping. In 

addition, memory or 1/0 can be accessed in place of 

suspect user system devices during prototype or produc

tion checkout. 

The user can also designate a block of memory or 1/0 as 

nonexistent. I CE-80 issues error messages when memory 

or 1/0 designated as nonexisting is accessed by the user 

program. 

ICE-80 INSTALLED IN USER SYSTEM 

REAL TIME TRACE 
ICE-80 captures valuable trace information while the user 

is executing programs in real time. The 8080 status, the 

user memory or port addressed, and the data read or 

written (snap data), is stored for the last 44 machine 

cycles executed. This provides ample data for determining 

how the user system was reacting prior to emulation 

break. It is available whether the break was user initiated 

or the result of an error condition. 

For detailed information on the actions of CPU registers, 

flags, or other system operations, the user may operate in 

single or multiple-step sequences tailored to system debug 

needs. 



ICE-8QTM 

HARDWARE 

The heart of ICE-80 is a microcomptuer system utilizing 
Intel's 8080 microprocessor as its nucleus. This system 
communicates with the lntellec® host processor via 1/0 
commands. Host processor commands and ICE-80 status 
are interchanged through registers on the ICE-80 Trace 
Board. ICE-80 and the system also communicate through 
a Control Block resident in the lntellec® main memory 
which contains detailed configuration and status infor
mation transmitted at an emulation break. 

ICE-80 hardware consists of two PC boards, the Processor 
and Trace Boards, residing in the lntellec® chassis, and a 
6-foot cable which interfaces to the user system. The 
Trace and Processor Boards communicate with the system 
on the bus, and also with each other on a separate ICE-80 
bus. ICE-80 connects to the user system through a cable 
that plugs directly into the socket provided for the user's 
8080. 

TRACE BOARD 

The Trace Board talks to the system as a periphera1 
device. It receives commands to ICE-80 and returns 
ICE-80 responses. 

While ICE-80 is executing the user program, the Trace 
Board collects data for each machine cycle emulated (snap 
data). The information is continuously stored in high
speed bipolar memory. 

The Trace Board also contains two 24-bit hardware break
point registers which can be loaded by the user. While in 
emulation mode, a hardware comparator is constantly 
monitoring address and status lines for a match which will 
terminate an emulation. A user probe is also available 
which can be attached to any user signal. When this signal 
goes true a break condition is recognized. 

The Trace Board signals the Processor Board when a com
mand to ICE-80 or break condition has been detected. 
The ICE-80 CPU then sends data stored on the Trace 
Board to the Control Block in memory. Snap data, along 
with information on 8080 registers and pin status, and 
the reason for 1the emulation break are then available for 
access during interrogation mode. Error conditions, if 
present, are transmitted and automatically displayed for 
the user. 

PROCESSOR BOARD 

An 8080 CPU resides on the Processor Board. During 
emulation it executes instructions from the user's pro
gram. At all other times it executes instructions from the 
control program in the Trace Module's ROM. 

The Processor Board contains an internal Clock Generator 
that provides the clocks to the user emulation CPU at 2 
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MHz. The CPU can alternately be driven by a clock de
rived from user system signal lines. The clock source is 
selected by a jumper option on the board. A timer on the 
Trace Board counts the ¢2 clock pulses during emulation 
and can provide the user with the exact timing of the 
emulation. 

The Processor Board turns on an emulation when ICE-80 
has received a RUN command from the system. It termi
nates emulation when a break condition is detected on the 
Trace Board, or the user's program attempts to access 
memory or 1/0 ports designated as nonexistent in the user 
system, or the user 8080 is inactive for a quarter of a 
second. 

The Address Map located on the Processor Board stores 
the assigned location of each user memory or 1/0 block. 
During emulation the Processor Board determines whether 
to send/receive information on the I ntellec or User bus by 
consulting the Address Map. The Processor Board allows 
the ICE-80 CPU to gain access to the bus as a master to 
"borrow" lntellec facilities. At an emulation break, the 
Processor Board stores the status of specified 8080 input 
and output signals, disables all interaction with the user 
bus, and commands the Trace Board to send stored infor
mation to a Control Block in lntellec memory for access 
during interrogation mode. 

CABLE CARD 

The Cable Card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector which plugs into the user sys
tem in the socket designed for the 8080 when enabled by 
the Processor Module's user bus control logic. 

SOFTWARE 

The ICE-80 software driver (ICE80SD) is a RAM-based 
program which provides the user with easy-to-use English 
language commands for defining breakpoints, initiating 
emulation, and interrogating and altering user system 
status recorded during emulation. ICE-80 commands are 
configured with a broad range of modifiers which provide JI 
the user with maximum flexibility in describing the ,:. 
operation to be performed. 

ICE80SD is available in both paper tape and diskette- s 

based versions. The diskette-based version, which is sup
plied on a System Diskette for operation with the 
lntellec Diskette Operating System, provides expanded 
capabilities for retrieving and storing user programs, as 
well as the standard peripherals available in the paper 
tape version. 
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ICE-80™ 

EMULATION COMMANDS: 

GO Initiates real-time emulation and allows 
user to specify breakpoints, data retrieval, 
and conditions under which emulation 
should be reinitiated. 

STEP 

RANGE 

CONTINUE 

CALL 

Initiates emulation in single or multiple 
instruction increments. User may specify 
a register dump or tailor diagnostic activ
ity to his needs following each step, and 
define conditions under which stepping 

should continue. 

Delimits blocks of instructions for which 
register dump or tailored diagnostics are 
to occur. 

Resume real-time emulation. 

Emulate user system interrupt. 

INTERROGATION COMMANDS: 

BASE 

DISPLAY 

Establish mode of display for output 
data. 

Print contents of memory, 8080 registers, 
input ports, 8080 flags, 8080 pins, snap 
data, symbol table, or other diagnostic 
data on list device. Can also be used for 
base-to-base conversion, or addition or 
subtraction in any base. 

CHANGE 

XFORM 

SEARCH 

Alter contents of memory, register, out
put port, or 8080 flag. 

Define memory and 1/0 status. 

Look through memory range for specified 
value. 

UTILITY COMMANDS: 

LOAD 

SAVE 

EQUATE 

FILL 

MOVE 

TIMEOUT 

LIST 

EXIT 

Fetch user symbol table and object code 
from input device. 

Send user symbol table and object code 
to output device. 

Enter symbol name and value to user 
symbol table. 

Fill memory range with specified value. 

Move block of memory data to another 
area of memory. 

Enable/disable user CPU 1 /4 second wait 
state timeout. 

Define list device (diskette-based version 
only). 

Return program control to monitor. 

40·PIN 
SOCKET 

16 ADDRESS 
8 DATA OUT 
8DATAIN 
CONTROL 

BUFFER BO 
CABLE ASSY 

,----- --- ----·-- - - -1 

I I 
I COMPARATOR I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

MPX 

COMMAND 
.l\ND 

STATUS 
REGISTER 

256 ' 8 
RAM 

TRACE 
DATA 

ICE·SO TRACE BOARD 

CONTROL} 
8 DATA BITS INTELLEC BUS 

16 ADDRESS BITS 

lK · 8 
CONTROL 

ROM 

,------------- ! __ , 
I 1 I 

2 MHz 
CLOCK 8080 

BUS CONTROL ADDRESS 
(MASTER) MAP 

ICE·80 PROCESSOR BOARD ____________ __J 

FUNCTIONAL BLOCK DIAGRAM OF ICE-80 MODULE 
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ICE-BO TM 

SAMPLE, ICE-80 DEBUG SESSION 
ISIS 8080 MACRO ASSEMBLER, Vl .0 PAGE 1 

; USER PROGRAM TO OUTPUT A SERIES OF 
; CHARACTERS TO SDK-80 CONSOLE DEVICE 

1320 ORG 1320H 
01E3 co EQU 1E3H ; SDK-80 CONSOLE OUT DRIVER 

1320 0601 START: MVI B,1 ; SET UP B VALUE 
1322 3A3613 LDA DA Tl ; LOAD A WITH DAT1 VALUE 
1325 4F LOOP: MDV C.A 
1326 COE301 CALL co ; SEND C VALUE TO CONSOLE 
1329 79 MOV A,C ; RESTORE A 
132A 93 SBB B ; SUBTRACT B FROM A 
1328 323713 STA RSLT ; STORE RESULT JN RSLT 
132E FE40 CPI 40H ; LAST VALUE TO PRINT 
1330 C22513 JNZ LOOP ; LOOP AGAIN IF A>40H 
1333 C32013 JMP START ; ELSE RESTART WHOLE PROCEDURE 

1336 SA DA Tl: DB SAH 
1337 RSLT: DS 
0000 END 

ISIS, Vl.O INITIAL ICE-80 SESSION 
-ICESO (Note: The SDK·SO Monitor has already been used to initialize the SOK-BO Board) 
ISIS ICE-80, Vl.0 

(j) .. XFORM MEMORY 0 TO 1 U 
"XFORM IO OFH U 

@ "LOAD PROG. HEX 
ERR=067 
STAT=11H TYPE=06H CMND=07H AODR=1320H GOOD=06H BAD=04H 
"CHANGE MEMORY 1321H=FFH 
ERR=067 
STAT=11H TYPE=06H CMND=07H AODR=1321H GOOD=FFH BAD=FDH 
•LOAD PROG. HEX 

iJ) "GO FROM START UNTIL RSLT WRITTEN 
EMULATION BEGUN 

@ EAR=067 
STAT=11H TYPE=07H CMND=02H 

@ •DISPLAY CYCLES 5 

STAT=A2H AODR=1326H DATA=CDH 
STAT'=82H ADDR=1327H DATA=E3H 
STAT=82H ADDR=1328H DATA=OlH 
STAT=04H ADDR=FFFFH DATA=13H 
STAT=04H ADDR=FFFEH DATA=29H 

@ "CHANGE DOUBLE REGISTER SP=13FFH 
"BASE HEX 
"EQUATE STOP=1333H 

(f) "GO FROM START UNTIL STOP EXECUTED THEN DUMP 
EMULATION BEGUN 
B=OlH C=41H D=OOH E=OOH H=OOH L=OOH F=56H A=40H P=1320H "=1333H S=13FFH 
EMULATION TERMINATED AT 1333H 

@ "EXIT 
"FFFF 

1. Set up user memory and 1/0. The program is set up to execute in block 1 (1 OOOH-1 FF F HI of user memory, and requires access to the 
SDK-80 monitor (block 0) and 1/0 ports in block OFH. Both ports and memory are defined as available to the user system. All other 
memory and 1/0 is initialized by ICE-80 as nonexistent (guarded). 

2. A load command generates an error. The type and command numbers indicate that a data mismatch occurred on a write to memory com
mand. The data to be written to address 1320H should have been 06H. When ICE-80 read the data after writing it, a 04H was detected. 
A change command to a different memory address hints that bit 1 does not go to 1 anywhere in this memory block. Examination indi
cates that a pin was shorted on the RAM located at 1300H-13FFH in the prototype system. The problem is fixed and a subsequent 
load succeeds. 

3. A real-time emulation is begun. The program is executed FROM 'START' (1320H) and continues UNTIL 'RSLT' is written (in location 
1328H, the contents of the accumulator is stored in (written into) 'RSLT'). 

4. 

5. 

6. 

An error condition results: TYPE 07, CMND 02 indicate the program accessed a guarded area. 

The last 5 machine cycles executed are displayed. The last instruction executed was a call (CDH). The fourth and fifth cycles are a push 
operation (designated by status 04H) to store the program counter before executing the call. The stack pointer was not initialized in the 
program and is accessing memory location FFFFH. 

After making a note to initialize the stack pointer in the next assembly, a temporary fix is effected by setting the stack pointer to the top 
of user available memory. 

7. After setting the base for displays to hex and adding the symbol 'STOP' to the symbol table, emulation is started which will terminate 
when the instruction at 1333H ('STOP') is executed. When emulation terminates, a DUMP of the contents of user 8080 registers is 
requested. One can see that the value of the accumulator is set at 40H, the stack pointer is set at 13FFH, the last address executed(*) is 
1333H, and the program counter has been set to 1320H. 

8. EXIT returns control to the MOS monitor. 
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ICE-80™ 

ICESOSD OPERATING ENVIRONMENT 
Paper Tape-Based ICESOSD 
Required Hardware: 

lntellec® System 
System console 
Reader device 
Punch device 
ICE-80 

Required Software: 
System monitor 

Diskette-Based ICESOSD 
Required Hardware: 

I ntellec® System 
32K bytes RAM memory 
System console 
MOS-DOS Diskette Operating System 
ICE-80 

Required Software: 
System monitor 
ISIS 

EQUIPMENT SUPPLIED 
Printed Circuit Modules (2) 
Interface Cables and Buffer Board 
Hardware Reference Manual 
Operator's Manual 
Schematic Diagram 
ICE-80 Software Driver, paper tape version 

(ICE-80 Software Driver, disketted-based version is 
supplied with Diskette Operating System) 
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SYSTEM CLOCK 
Crystal controlled 2.185 MHz ±0.01 %. May be replaced 
by user clock through jumper selection. 

PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 8.00 I b (3.64 kg) 

ELECTRICAL CHARACTERISTICS 
DC Power: 

Vee 
Ice 
Voo 
loo 
Vss 
lss 

+5V, ±5% 
9.81 A maximum; 6.90A typical 
+12V, ±5% 
79 mA maximum; 45 mA typical 
-9V, ±5% 
1 mA maximum; 1 µA typical 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0°C to 40°C 
Operating Humidity: Up to 95% relative humidity 

without condensation 

CONNECTORS 
Edge Connector: CDC VPB01E32AOOA1 

ORDERING INFORMATION 
Part Number Description 

MDS-80-ICE 8080 CPU In-Circuit Emulator, Cable 
Assembly and Interactive Software in
cluded 
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8085 IN-CIRCUIT EMULATOR 

Connects lntellec® Microcomputer Development 
System to user configured system via an external 
cable and 40-pin plug, replacing the user 8085 

Emulates user system 8085 

Allows user configured system to share lntellec® 
memory and 1/0 facilities 

Provides capability to examine and alter CPU regis
ters, main memory, flag values, and to examine pin 
and port values 

Eliminates the need for extraneous debugging tools 
residing in the user system 

Collects address, data and 8085 status information 
on machine cycles emulated 

Provides hardware comparators for user designated 
break conditions 

Integrates hardware and software development 
efforts early to save development time 

The ICE-85'" module is an lntellec System resident module that interfaces to any user configured 8085 system. With an 
ICE-85 module as a replacement for a prototype system 8085, the designer can emulate the system 8085, single-step the 
system's program, and substitute lntellec System memory and 1/0 for user system equivalents. Powerful hardware and 
software debug functions are extended into the user system with minimum impact. The designer may examine and modify 
his system with symbolic references instead of absolute values. 
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ICE-85TM 

Integrated hardware/software development can begin as 
soon as there is an 8085 CPU socket and a user bus for the 
prototype system. Through the ICE-85'" module, lntellec 
System equivalents can be accessed for missing 
prototype hardware. Hardware designs can be tested as 
they are developed in a "complete" system. An output 
signal provides a synchronization pulse for an 
oscilloscope or other test equipment when a break 
condition is recognized. The user has the option of 
breaking the emulation or using the signal for hardware 
diagnosis. Attempting to mesh completed hardware and 
software products can be costly and frustrating. Hardware 
and software can help_ debug each other as they are 

developed using an ICE-85 module. 

The heart of the ICE-85 module is a microcomputer 
system utilizing Intel's 8085 microprocessor as its 
nucleus. Commands from the lntellec System host 
processor and ICE-85 status are interchanged through a 
OMA channel. A Parameter Block resident in lntellec 

System main memory contains detailed configuration and 
status information transmitted at an emulation break. 

ICE-85 hardware consists of two PC boards which reside 
in the lntellec System chassis and a cable assembly which 
interfaces to the user system. A 40-pin socket on the end 
of the cable assembly plugs directly into the socket 
provided for the user's 8085. 

The ICE-85 software is an lntellec System RAM-based 
program which provides the user with easy-to-use 
English language commands for defining breakpoints, 
initiating emulation, and interrogating and altering user 
system status recorded during emulation. A broad range 
of command modifiers provides the user with maximum 
flexibility in describing the operation to be performed. 

ORDERING INFORMATION 
Part Number Description 

MDS-85-ICE 8085 CPU In-Circuit Emulator, 
Cable Assembly and Interactive 
Software included 
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OPERATING ENVIRONMENT hange. 

Paper Tape-Based ICE-85 software 

Required Hardware: 
lntellec Microcomputer Development System 
System console 
Reader device 
Punch device 

ICE-85 module 

Required Software: 
System monitor 

Diskette-Based ICE-85 software 

Required Hardware: 
lntellec Microcomputer Development System 
System console 
MOS-DOS Diskette Operating System 
ICE-85 module 

Required Software: 

System monitor 
ISIS-11 

EQUIPMENT SUPPLIED 
Printed Circuit Boards 
Interface Cables and Buffer Module 
Hardware Reference Manual 
Operator's Manual 
Schematic Diagram 

ICE-85 Software, paper tape version 
(ICE-85 Software, diskette-based version, is supplied 

with ISIS-11 System Diskette) 



INTELLEC® DISKETTE OPERATING SYSTEM 

Floppy diskette operating system providing high
speed input/output and data storage for the lntel
lec® Microcomputer Development System 

Supports all existing standard lntellec® peripherals 

Data on flexible diskette addressed using IBM soft
sectored format which allows 1/4 million byte data 
capacity with up to 200 files per diskette 

Supports the resident compiler for PL/M-80, Intel's 
high level programming language 

Relocating macro assembler contains full macro 
and conditional assembly capability 

Linker automatically combines separately assem
bled or compiled programs into a single relocatable 
module 

Library manager for creating and up-dating pro
gram libraries 

Command file facility allows console commands to 
be submitted from a diskette file 

Diskette system text editor with string search, sub
stitution, insertion, and deletion commands 

Diskette operating system functions callable from 
user programs 

Access to all lntellec® monitor facilities 

Dynamic allocation and deallocation of diskette 
sectors for variable length files 

The lntellec® Diskette Operating System is a sophisticated, general purpose, high speed data handler and file 
manipulation system for use with the lntellec Microcomputer Development System 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-11 (Intel Systems Implementation Supervisor), provides the ability to edit, assemble, compile, link, relocate, execute 
and debug programs, and performs all file management tasks for the user. 

DISKETTE OPERATING SYSTEM DRIVES 
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DISKETTE OPERATING SYSTEM 

HARDWARE 
The lntellec® 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 lntellec System bus, as well as 

supporting the two diskette drives. The diskette system 

records all data in the IBM-compatible soft sector format. 

The diskette controller consists of two boards, the 

Channel Board and the Interface Board. These two 

printed circuit boards reside in the lntellec System 

chassis and constitute the diskette controller. Each of the 

systems components is shown in the photograph, and are 

d~scribed 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 lntellec system. 

The Channel Board can access a block of lntellec system 

memory to determine the particular diskette operations 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. 
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INTERFACE BOARD 
The Interface Board provides the diskette controller with a 

means of communication with the diskette drives, as well 

as with the lntellec 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 lntellec 

system memory, the Interface Board requests and 

maintains DMA master control of the system bus, and 

generates the appropriate memory command. The 

Interface Board also acknowledges 1/0 commands as 

required by the lntellec bus. 

The Diskette System is capable of performing seven 

different operations: recalibrate, seek, format track, write 

data, wire 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 

positioning mechanism, and the removable floppy 

diskette platter. These components interact to perform the 

following functions: 

• Interpret and generate control signals. 

• Move read/write head to selected track. 

• Read and write data. 

ADDITIONAL DRIVE UNIT MOS-ORV 



Ul::Sl\t: I It: UPERATING SYSTEM 

SOFTWARE - INTEL SYSTEMS 
IMPLEMENTATION SUPERVISOR (ISIS-11) 
The ISIS-11 operating system resides on the system 
diskette and supports a broad range of user-oriented 
design aid software. Total file management and input 
editing features greatly reduce software development 
time. The ISIS-11 Relocating Macro Assembler, Linker, 
Object Locator and Library Manager can be loaded from 
the diskette in seconds. All passes of the assembler can be 
executed without the need for user intervention. Object 
code and listings may be directed to any output device, or 
stored as diskette files. 

Powerful system console commands are provided in an 
easy-to-use English context. Monitor mode can be 
entered by a special prefix to any system command or 
program call. 

A file is a user-defined collection of information of variable 
length. ISIS-11 also treats each of the standard lntellec® 
system peripherals as files through preassignment 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-11 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. 

ISIS-11 SYSTEM COMMANDS 
The following ISIS-11 system commands are designed to 
provide the user with a powerful, easy-to-use program and 
file manipulation capability: 

ATTRIB 

COPY 

DELETE 

DIR 

RENAME 

FORMAT 

DEBUG 

SUBMIT 

Assigns specified attributes to a file, such as 
write-protect. 

Creates copies of existing diskette files or 
transfers files from one device to another. 

Removes a file from the diskette, thereby 
freeing space for allocation of other files. 

Lists name, size and attributes of files from a 
specified diskette directory. 

Allows diskette files to be renamed. 

Initializes a diskette and allows creation of 
additional system or data diskettes. 

Loads a specified program from a diskette 
into memory and then transfers control to 
the lntellec monitor for execution and/or 
debugging. 

Provides the capability to execute a series 
of ISIS-11 commands which have been pre
viously written to a diskette file. 

The ATTRIB, DELETE and DIR commands have the 
additional capability of operating on several files at once 
via the wildcard file-naming convention. As an example, 
the command "DELETE* .OBJ" deletes all files in the 
diskette directory with the suffix ".OBJ". 
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ISIS-11 SYSTEM CALL CAPABILITY 
The DELETE, RENAME and ATTRIB system commands, 
along with a set of file 1/0 routines are callable from user
written programs. This allows the user to open, close, read 
and write diskette files, access standard peripheral 
devices, write error messages and load other programs via 
simple program call statements. 

ISIS-11 8080 MACRO ASSEMBLER 
The ISIS-11 8080 Macro Assembler translates symbolic 
8080 assembly language instructions into relocatable 
and/or absolute object code modules. 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 d~lete sections of code which 
may vary from system to system, such as the code 
required to handle optional external devices. 
In addition, the user is allowed complete freedom in 
assigning the location of code, data and stack segments. 
The ISIS-11 Assembler accepts diskette file input and 
produces a relocatable object file with corresponding 
symbol table and assembly listing file, including any error 
messages. The list file may then be examined from the 
system console or copied to a specified list device. 
The relocatable object file generated by the assembler 
may be combined with other object programs residing on 
the diskette to form a single relocatable object module or it 
can be converted to an absolute form or for subsequent 
loading and execution. 

ISIS-11 LINKER 
The ISIS-11 LINKER provides the capability to combine 
the outputs of several independently compiled or 
assembled object modules (files) into a single relocatable 
object module. The LINKER automatically resolves all 
external program and data references during the linking 
process. 

Object modules produced from previous link operations 
may be easily linked to a new module. ISIS-11 also 
provides facilities to ease the generation of overlays. 

An optional link map showing the contents and lengths of 
each segment in the output module can be requested. All 
unsatisfied external references are also listed. 

If requested by the user the ISIS-11 LINKER can search a 
specified set of program libraries for routines to be 
included in the output module. 



DISKETTE OPERATING SYSTEM 

ISIS-11 OBJECT LOCATOR 

The ISIS-11 LOCATE program takes output from eitherthe 

PL/M-80 resident compiler, the macro assembler or the 

LINKER and transforms that output from a relocatable 

format to an absolute format which may then be loaded 

via the standard ISIS-11 loader, or loaded into ICE-80'", 

the 8080 In-Circuit Emulator. 

During the LOCATE process, code, data and stack 

segments can be separately relocated, allowing code to be 

put in areas to be subsequently specified as ROM, while 

data and the stack can be directed to RAM addresses. 

A load map showing absolute load addresses for each 

code and data segment and a symbol table dump listing 

symbols, attributes and absolute address can also be 

requested. 

ISIS-11 TEXT EDITOR 

The ISIS-11 Text Editor is a comprehensive tool for the 

entry and correction of assembly language and PL/M-80 

programs for the Intel® 8080 microcomputer. Its 

command set allows manipulation of either entire lines 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 

• 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 are stored on the diskette 

and can be immediately accessed by ISIS-11 commands or 

other programs such as the ISIS-11 8080 Macro Assembler. 

ISIS-11 LIBRARY MANAGER 

The ISIS-11 LIBRARY MANAGER program provides for the 

creation and maintenance of a program library containing 

Intel-provided and user-written programs and sub

routines. These library routines can be linked to a program 

using the ISIS-11 LINKER. Several libraries, each 

containing its own set of routines, can be created. 

ISIS-1 A 16K ABSOLUTE SYSTEM 

For owners of lntellec® systems with less than 32K of 

memory, the limited capability ISIS-1 Diskette Operating 

System, is available. Included in ISIS-1 is a text editor and 

absolute assembler. No relocation or linkage facilities 

exist with ISIS-1. 

!SIS.II 
LOADER 

!SIS.II 
TEXT 

EDITOR 

PL/M 
SOURCE 

RELOCATABLE 
OBJECT 

MODULE 

!SIS.II 
TEXT 

EDITOR 

ASSEMBLY 
LANGUAGE 

SOURCE 

RELOCATABLE 
OBJECT 

MODULE 

LOCATE 

PROGRAM DEVELOPMENT FLOW USING ISIS-11 DISK OPERATING SYSTEM 
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DISKETTE OPERATING SYSTEM 

ISIS OPERATIONAL ENVIRONMENTAL 
ISIS-11 

Required hardware: 
lntellec® Microcomputer Development System 
32K bytes RAM memory 
System console 
Single Floppy Disk Drive 

ISIS-1 

Required hardware: 
lntellec® Microcomputer Development System 
16K Bytes RAM memory 
System Console 
Single Floppy Disk Drive 

HARDWARE SPECIFICATIONS 
MEDIA 

Fie xi ble 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 

Height: 
Width: 
Depth: 
Weight: 

Cabinet 
12.08" (30.68 cm) 
16.88" (42.88 cm) 
19.0" (48.26 cm) 
1 Drive S1 lb (23 kg) 
2 Drives 64 lb (29 kg) 

ELECTRICAL CHARACTERISTICS 

Chassis 
DC Power Supplies 

Voltage Current 

SV 3A ±S% 
-SV 600 mA ±S% 
24V 4A ±S% 

AC Power Requirements 
3 wire input with center conductor (earth ground) tied 
to chassis 

Single-phase, 11S/230 VAC; S0-60 Hz; 160 watts 
lntellec® DOS Controller 

DC Power Requirements 
Channel Board: SV@ 3.7SA (typ), SA (max) 
Interface Board: SV@ 1.SA (typ), 2.SA (max) 

DISKETTE DRIVE PERFORMANCE 
SPECIFICATION 
Capacity (Unformatted): 

Per Disk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 1 megabits 
Per Track . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 kilobits 

Capacity (Formatted): 

Per Disk .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 2.0S M Bits 
Per Track .............................. 26.6 K Bits 
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Data Transfer Rate 2SO Kilobits/sec. 
Access Time: 

Track-to-Track . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 ms 
Head Settling Time .......................... 10ms 

Average Random Positioning Time . . . . . . . . . . . . 260 ms 
Rotational Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . 360 rpm 
Average Latency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 ms 
Recording Mode . . . . . . . . . . . . . . Frequency Modulation 

ENVIRONMENTAL CHARACTERISTICS 

MEDIA 

Temperature: 

Operating: 

Non-Operating: 

Humidity: 

Operating: 

Non-Operating: 

1S.6°C to S1.7°C 
S°C to SS% 

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 
-3S°C to 6S°C 

20% to 80% (Wet bulb 26.7°C) 
S% to 9S% 

CONTROLLER BOARDS 

Temperature: 
Operating: 
Non-Operating: 

Humidity: 
Operating: 

Non-Operating: 

o to 70°C 
-ss0 c to 8S°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-11 System Diskette 
ISIS-1 System Diskette 
ISIS-11 System Users Guide 

OPTIONAL EQUIPMENT 

Rack Mount Kit 
MDS-DRV Additional Drive Unit 
Blank Diskettes 
ISIS-11 System Diskette 
ISIS-1 System Diskette 



DISKETTE OPERATING SYSTEM 

ORDERING INFORMATION 

Part Number 

MDS-1DS/110V 
/220V 

MDS-2DS/110V 
/220V 

MDS-DRV/110V 
/220V 

Description 

Diskette Unit 
with one drive, 
controller, and 
software. 

Diskette Unit 
with two drives, 
controller, and 
software. 

Additional 
drive unit. 
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PL/M-80 
HIGH LEVEL PROGRAMMING LANGUAGE 

INTELLEC® RESIDENT COMPILER 
Cuts software development and maintenance costs 

Speeds project completion 

Improves product reliability 

Eases enhancements as system capabilities expand 

Produces relocatable and linkable object code 

Resident operation on lntellec@ Microcomputer 
Development System 

Sophisticated code optimization reduces applica
tion memory requirements 

PL/M-80 is an advanced high level programming language for Intel® 8080 microprocessors, SBC 80 OEM computer 
systems, and lntellec® Microcomputer Development Systems. PL/M has been substantially enhanced since its 
introduction in 1973 and has become one of the most effective and powerful microprocessor software systems 
implementation tools available. It is easy to learn, facilitates rapid program development and debugging, and significantly 
reduces maintenance costs. 

PL/Mis a powerful high-level algorithmic language in which program statements can naturally express the algorithm to be 
programmed. This frees programmers to concentrate on their system development without having to deal with assembly 
language details (such as register allocation, meanings of assembler mnemonics, etc.). 

The PL/M compiler efficiently converts free-form PL/M programs into equivalent 8080 instructions. Substantially fewer 
PL/M statements are necessary for a given application than if it were programmed at the assembly language or machine 
code level. 

Since PL/M programs are problem oriented and more compact, programming in PL/M results in a high degree of 
productivity during development efforts. This translates into significant reductions in software development and 
maintenance costs for the user. 
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PL/M-80 

FEATURES BENEFITS 

Major features of the Intel PL/M-80 Compiler and 

programming language include: 

• Resident operation on the lntellec® Microcomputer 

Development System eliminates the need for a large in
house computer or costly timesharing system. 

• Generation of relocatable and linkable object code 

permits PL/M programs to be developed and debugged 
in small modules. These modules can be easily linked 
with other modules and/or library routines to form a 

complete application. 

• Extensive code optimization results in generation of 
short, efficient CPU instruction sequences. Major 

optimizations include compile time arithmetic, constant 
subscript resolution, and common subexpression 

elimination. 

• The PL/M-80 Compiler fully supports symbolic 
debugging with the ICE-80'" In-Circuit Emulator. 

• Compile time options include general listing format 

commands, symbol table listing, cross reference listing, 

and "innerlist" of generated assembly language 

instructions. 

• Block structure aids in utilization of structured 
programming techniques. 

• High Level PL/M statements provide access to 

hardware resources (interrupt systems, absolute 

addresses, CPU input/output ports). 

• Complex data structures may be defined at a high level. 

• Re-entrant procedures may be specified as a user 

option. 

PL/M is designed to be an efficient cost-effective solution 

to the special requirements of microcomputer software 

development as illustrated by the following benefits of 

PL/Muse: 

• Low learning effort - PL/M is very easy to learn for even 

the novice programmer. 

• Earlier project completion - Critical projects are 
completed much earlier than otherwise possible 

because PL/M substantially increases programmer 

productivity. 

• Lower development cost - Increases in programmer 

productivity translate into lower software development 
costs because less programming re.sources are 

required for a given function. 

• Increased Reliability - PL/M is designed to assist in the 

development of reliable software (PL/M programs are 

simple statements of the program algorithm). This 

substantially reduces the risk of costly correction of 

errors in systems that have already reached full 
production status because a simply stated program is 

more likely to correctly perform its intended function. 

• Easier Enhancements and Maintenance - Programs 
written in PL/M are easier to read and easier to 

understand. This means it is easier to enhance and 

maintain PL/M programs as system capabilities expand 

and future products are developed. 

• Simpler Project Development - The lntellec® Micro

computer Development system, with resident PL/M-80, 

is all that is needed for development and debugging of 

software for 8080 microcomputers. This reduces 

development time and cost because expensive (and 

remote) timesharing or large computers are not 

required. 

ISIS-11 
LOADER 

ISIS.11 
TEXT 

EDITOR 

PL/M 
SOURCE 

RELOCATABLE 
OBJECT 

MODULE 8- DEBUG 

ISIS-11 
TEXT 

EDITOR 

ASSEMBLY 
LANGUAGE 

SOURCE 

RELOCATABLE 
. OBJECT 

MODULE 

MONITOR LINKER LOCATE f---f-----IL---V-IA __ _. 

OPTIONAL 
ICE-80™ 

IN-CIRCUIT 
EMULATOR 

The PL/M compiler is an efficient multiphase compiler that accepts source programs, translates them into object code, and 

produces requested listings. After compilation, the object program may be linked to other modules, located to a specific 

area of memory, then executed. The diagram shown above illustrates a program development cycle where the program 

consists of two modules, one PL/M and the other assembly language. 
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MCS-48™ 
DISKETTE-BASED SOFTWARE 

SUPPORT PACKAGE 

Extends lntellec® Microcomputer Development 
System to Support MCS-48™ Development 

Takes Advantage of Powerful ISIS-11 File Handling 
and Storage Capabilities 

MCS-48 Assembler Provides Conditional Assembly 
and Macro Capability 

Universal PROM Mapper, in Conjunction with the 
Universal PROM Programmer, Allows for Easy 
Programming and Verification of 8748 PROMs 

The MCS-48™ Diskette-Based Software Support Package (MDS-D48) comes on an Intel® ISIS-11 System Diskette and con
tains the MCS-48 Assembler (ASM48), and the diskette version of the Universal PROM Mapper.(ICE-48™ software will be 
included with MDS-D48 when ICE-48 modules are available for shipment. All MDS-D48 owners will receive updated disk
ettes containing ICE-48 software at that time.) 

The MCS-48 Assembler (ASM48) translates symbolic 8048 assembly language instructions into the appropriate machine oper· 
ation 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 when adding or deleting instructions. Conditional assembly permits the programmer 
to specify portions of the master source document which should be included or deleted in variations on a basic system design, 
such as the code required to handle optional external devices. 

Macro capability allows the programmer to define a routine through the use of a single label. ASM48 will assemble the code 
required by the reserved routine whenever the Macro label is inserted in the text. 
Output from the ASM48 is in standard Intel® Hex format. It may be loaded directly to an ICE-48 module for integrated 
hardware/software debugging. It may also be loaded into the lntellec Development System for 8748 PROM programming 
using the Universal PROM Programmer. 

The Universal PROM Mapper (UPM) software available on the MDS-D48 Diskette allows the user to program and verify all 
Intel PROMs, including the PROM in the 8748 and the 8755, while taking full advantage of the lntellec Diskette Operating 
System's powerful file handling and mass storage capabilities. 
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MCS-48T M DISKETTE-BASED SOFTWARE SUPPORT PACKAGE 

SAMPLE MCS-48T M DISKETTE-BASED ASSEMBLEY LISTING !!~llflllNAn'-
JSJS-118048 MACRO ASSEMBLER, V1.0 

LOC OBJ SEO 

PAGE 1 

SOURCE STATEMENT 

Pa•ametric limit ot a final specif; . l"'1 I 
s are subject to chat1on. Some 

c ange, 

1 ; DECIMAL ADDITION ROUTINE. ADD BCD NUMBER 

2 ; AT LOCATION 'BETA' TO BCD NUMBER AT 'ALPHA' WITH 

3 ; RESULT IN 'ALPHA.' LENGTH OF NUMBER JS 'COUNT' DIGIT 

4 ; PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH 

5 ; AND HAVE EVEN NUMBER OF DIGITS OR MSD JS 0 IF 

0001E 
0028 
0032 
0100 

0100 B81E 
0102 B928 
0104 BA32 
0106 97 
0107 FO 
0108 71 
0109 57 
010A A1 
010B 18 
010C 19 
010D EA07 

USER SYMBOLS 

6 ;ODD) 
7 INIT 
8 
9 L1: 

10 
11 
12 
13 
14 
15 
16 
17 

ALPHA 
BETA 
COUNT 

18+ 
19+L1: 
20+ 
21 
22 LP: 
23 
24 
25 
26 
27 
28 

MACRO 
MOV 
MOV 
MOV 
ENDM 

EOU 
EOU 
EOU 
ORG 
INIT 
MOV 
MOV 
MOV 
CLR 
MOV 
ADDC 
DA 
MOV 
INC 
INC 
DJNZ 
END 

AUGND,ADDND,CNT 
RO, #AUGND 
R1, #ADDND 
R2, #CNT 

30 
40 
5 
100H 
ALPHA, BETA, COUNT 
RO, #ALPHA 
R1, #BETA 
R2, #COUNT 
c 
A,@RO 
A,@R1 
A 
@RO,A 
RO 
R1 
R2,LP 

ALPHA 001E BETA 0028 COUNT 0005 LP 0107 

L1 0102 

ASSEMBLY COMPLETE, NO ERRORS 

ISIS-11 ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE 1 

SYMBOL CROSS REFERENCE 

ALPHA 13# 17 
BETA 14# 17 
COUNT 15# 17 
INIT 7# 17 
L1 19# 
LP 22# 28 

SPECIFICATIONS 

MDS-D48 

Operating Environment: 

Required Hardware 
lntellec® Microcomputer Development System 

System Console 
lntellec Diskette Operating System 

Optional Hardware 
Universal PROM Programmer 

Documentation Package: 

MCS-48™ Assembly Language Manual 

Universal PROM Mapper Operator's Manual 

ISIS-11 System User's Guide 

Shipping Media: 

Diskette 
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ORDERING INFORMATION 

Part No. 

MDS-D48 

Description 

MCS-48 ISIS-11 Based Support Package 

including ASM48 and Universal PROM 

Mapper Software 



MCS-48™ 
PAPER TAPE BASED ASSEMBLER 

Executes on lntellec® Microcomputer Develop
ment System 

Provides Complete Symbolic Assembly Capability 

Conditional Assembly Capability 

Powerful Assembler Command Set Gives User 
Added Flexibility During Assembly 

The MCS-48™ Paper Tape-Based Assembler provides symbolic assembly capability for the entire MCS48 family on the 
lntellec Development System. 

It translates symbolic MCS-48 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 pro
grams when adding or deleting instructions. Conditional assembly permits the programmer to specify portions of the master 
source document which could be included or deleted in variations on a basic system design, such as the code required to 
handle optional peripheral devices. 

Output from the MCS-48 Paper Tape-Based Assembler is in standard Intel® Hex format. It may be loaded directly to an 
ICE48™ module for integrated hardware/software debugging. It may also be loaded into the lntellec Development System 
for 8748 PROM programming using the Universal PROM Programmer and Universal PROM Mapper software. 
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MCS-48T M PAPER TAPE BASED ASSEMBLER_Pll£L# 

P~~tice: This is ~,,,,,,,A.~· 
SAMPLE MCS-48™ PAPER TAPE BASED ASSEMBLY LISTING ametrictim;~0:,:'ir•a_tspecit; .._rt 

SllbJect cation S 
to change." 011 

INTELLEC MONITOR 8048 ASSEMBLER, Vl.O PAGE 1 

LOC OBJ 

0000 
0032 
0036 
0001 
0000 B832 
0002 B936 
0004 BA01 
0006 97 
0007 FO 
0008 71 
0009 57 
OOOA AO 
OOOB 18 
oooc 19 
OOOD EA07 

USER SYMBOLS 

SEQ SOURCE STATEMENT 

0 ; ADD THE BCD NUMBER WHOSE LSD IS AT LOCATION 

1 ; ALPHA AND STORE RESULT IN ALPHA. LENGTH OF NUMBER 

2 ; IS 'COUNT' DIGIT PAIRS. (ASSUME 

3 ; BOTH NUMBERS ARE THE SAME LENGTH AND HAVE AN EVEN 

4 ; NUMBER OF DIGITS, OR THE MOST-SIGNIFICANT DIGIT 

5 ; IS ZERO, IF ODD). 

6 ORGO 
7 ALPHA EQU 50 
8 BETA EQU 54 

9 COUNT EQU 1 

10 ADDBCD: MOV RO, #ALPHA 

11 MOVR1,#BETA 

12 MOV R2, #COUNT 

13 CLR C 
14 LOOP: MOVA, @RO 

15 ADDCA,@R1 

16 DAA 
17 MOV@RO,A 

18 INC RO 

19 INC R1 

20 DJNZ R2, LOOP 
END 

; AUG END, SUM LSD LOCATION IN REG 0 

; ADDEND LOCATION IN REG 1 

; LOOP COUNTER IN REG 2 

; ADD ROUTINE 

;STORE SUM 

; DECREMENT ADDRESS REGS 

: LOOP CONTROL 

ADDBCD 0000 ALPHA 0032 BETA 0036 COUNT 0001 LOOP 0017 

SPECIFICATIONS 

MDS-P48 

Operating Environment: 

Required Hardware 
lntellec® Microcomputer Development System 

System Console 
Reader Device 
Punch Device 

Required Software 
System Monitor 

Documentation Package: 

MCS-48™ Assembly Language Manual 

Shipping Media: 

Paper Tape 

ORDERING INFORMATION 

Part No. 

MDS-P48 

13-38 

Description 

MCS-48 Paper Tape Assembler for the 
lntellec® Microcomputer Development System 



INTELLEC® SYSTEM CRT KEYBOARD DISPLAY 

Teleprinter compatible CRT terminal with detach
able keyboard 

Asynchronous data transfer rates switch selectable 
up to 9600 baud 

RS232C compatible 

2000-character capacity in 25 lines of 80 characters 
each 

Cursor positioning (left, right, up or down) and 
cursor homing capability 

Each CRT is complete with cable, power supply, 
and is system tested with the lntellec system 

The lntellec System CRT Keyboard Display Unit is fully compatible with the lntellec Microcomputer Development System, Diskette Operating System and the entire range of the Intel lee System In-Circuit Emulator design aids . 

INTELLEC SYSTEM KEYBOARD DISPLAY 
SYSTEM CRT 
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CRT KEYBOARD DISPLAY 

SPECIFICATIONS 

DISPLAY FORMAT 
25 lines X 80 characters 

DISPLAY SIZE 
Approximately 6.5" high X 8.4" wide 

CRT SIZE 
12" measured diagonally 

CHARACTER SIZE 
Approximately 0.2" high X 0.1" wide 

CHARACTER TYPE 
5 X 7 dot matrix - 2 dot spacing between characters, 

white on black 

CHARACTER SET 
64-character ASCII 

CHARACTER GENERATION 
MOS ROM 

REFRESH RATE 
60 Hz, 50 Hz optional 

REFRESH MEMORY 
MOS shift register 

CURSOR CONTROL 
Left, Right, Up, Down, Home, Carriage Return, Line Feed 

COMMUNICATIONS INTERFACE 
Serial R5232C 

TRANSMISSION RATE 
Switchable to 9600 baud; Monitor program supports 300, 

1200 and 2400 baud 

COMMUNICATION MODE 
Full duplex, half duplex, 10 or 11-bit word asynchro

nously only 

PARITY 
Odd, even mark, space - Transmit and receive check or 

no check on received data 

ORDERING INFORMATION 

Part Number Description 

MOS-CRT Keyboard 

Display 
Unit 
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CHARACTER MODE 
Character by character transmission 

ERASE MODE 
Erase to end of line, erase to end of memory, clear 

BELL 
Audible alarm when control G is received or 70th charac

ter of line 

KEYBOARD 
Standard TTY keyboard, custom designed, detachable 

module, color coordinated by Intel 

INPUT VOLTAGE 
115 VAC ±10% 60 Hz 

115 VAC ±10% 50 Hz (optional) 

230 VAC ±10% 50 Hz (optional) 

OPERATING TEMPERATURE 
5°C to 40°C after warm-up 

TERMINAL SIZE 
Monitor16.5"WX 14"HX 15"0 

Weight approximately 45 lb 

Keyboard 16.5" W X 3.5" H X 9. 7" D 

Weight approximately 7 lb 

TERMINAL FINISH 
Textured vinyl 

OPERATOR CONTROLS 
Keyboard - Brightness, On-Line/Local 

Rear Panel - Power, Full duplex/Half duplex 

I /0 baud rate, contrast 



INTELLEC® PRINTER 

Provides listing of hard-copy output at 55 lines 
per minute 

Switch-selectable to SO or 132 characters per SW' 
line 

Employs 5X7 dot matrix with standard 2-channel, 
vertical control format 

Prints up to 4 copies on standard SY," fanfold 
paper 

Automatic on-off motor switch for quiet operation 

Optional finished metal stand and paper take-up 
tray available 

The lntellec® Printer provides hard copy listings at 10 to 16 times the speed of a teleprinter. Automatic on-off motor control 
allows the user to maintain a low noise environment and yet send information to the printer from the lntellec system console 
without additional manipulation of line printer switches. The user can select a column width of 80 characters per line (10 
characters per inch) or 132 characters per line (16.5 characters per inch) either manually or under program control. Top of 
page spacing capability is available under user programmable format control. 
The printer uses standard 8%" fanfold paper and can produce up to 4 carbon copies along with the original. Paper can be fed 
from the bottom or rear of the printer for versatility in any lab environment. 
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INTELLEC® PRINTER 

SPECIFICATIONS 

PRINTING METHOD 
Impact, character-by-character printing, one line character 

buffer 

PRINTING RATE 
Characters 100 or 165 characters per second 

Full Lines - 55 lines per minute (80 or 132-character 

line) 

TRANSMISSION RATE - PARALLEL 
Up to 75,000 characters per second 

DATA INPUT 
Parallel 

CHARACTER STRUCTURE 
5 X 7 dot matrix, 10-point type equivalent 

CODE 
USASCll - 64 characters printed 

SWITCH CONTROLS 
ON/OFF, SELECT, FORMS OVERRIDE, NORMAL/ 

CONDENSED TOP OF FORM 

INDICATORS 
PAPER OUT, SELECT 

MANUAL CONTROLS 
Form Thickness, Paper Advance Knob 

BUFFER 
One Line Character Buffer 

FORMAT 
80 or 132 characters maximum per line, 6 lines per inch 

ORDERING INFORMATION 

Part Number 

MDS-PRN 

MOS-STD 

Description 

Printer Unit 

Stand and 
Paper Tray 
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PAPER FEED 
Sprocket fed, 4 1.P.S. slew, adjustable to 9Y:." width 

PAPER 
Standard sprocketed paper 

NUMBER OF COPIES 
Original and up to four carbon copies 

DIMENSIONS 
12%" high, 18%" deep, 23%" wide 

WEIGHT 
66 pounds 

ELECTRICAL REQUIREMENTS 
115 VAC ±10%, 60 Hz (or 230 VAC ±10%, 50 Hz as 

option) 

TEMPERATURE 
Operating - 40° to 1 00° F 
Storage - -40° to 160° F 

HUMIDITY 
Operating - 5% to 90% (no condensation) 

Storage - 0% to 95% (no condensation) 

OPTIONS 
MOS-STD finished metal stand and paper tray 

WARRANTY 
The MDS-PRN is warrantied against defects in materials 

and workmanship for a period of one (1) year on mechan

ical parts, 90 days on electrical parts, and 45 days on 

labor. 



INTELLEC®HIGH SPEED PAPER TAPE READER 

Loads 16K lntellec® program memory in less than 
3 minutes. 

20 times faster than standard ASR-33 Teletype 
reader. 

Data transfer at asynchronous rates in excess of 
2000 characters per second 

Rack-mountable or stand-alone 

The lntellec® High-Speed Paper Tape Reader is an lntellec 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. 
The monitor software provides two key capabilities which significantly enhance the system's performance of the high-speed 
reader. A general-purpose paper tape reader driver is included in the lntellec Monitor which enables all system software or user
written application programs to utilize the high-speed reader features. The monitor also provides dynamic 1/0 reconfiguration, 
permitting reassignment of the high-speed reader to other logical input devices. 

Reader data and command interface hardware is provided with the basic lntellec. A reader/lntellec system interface cable is 
included with the unit. A fanfold tape guide is also included to provide fanfold punch capability to the ASR-33 Teletype. 
The high-speed reader may be used as a table-top unit or mounted in a standard 19" R ETMA cabinet. 

II 
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HIGH SPEED PAPER TAPE READER 

SPECIFICATIONS 

TAPE MOVEMENT 
Tape Reader Speed: 

0 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: 
Width: 
Depth: 
Weight: 

7.75 in. (19.69 cm) 
19.25 in. (48.90 cm) 

11.62 in. (29.52 cm) 
13 lb (5.9 kg) 

ELECTRICAL CHARACTERISTICS 
AC Power Require men ts: 

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. 
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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 
Installation and Operations Guide 

Fanfold Guide Installation Instructions 

ORDERING INFORMATION 

Part Number Description 

MDS-PTR Paper Tape Reader 



UPP-101, UPP-102 
UNIVERSAL PROM PROGRAMMER 

lntellec® Development System Peripheral for 
PROM programming and verification 

Personality cards available for programming all 
Intel® PROM families 

Zero insertion force sockets for both 16-pin and 
24-pin PROMs 

Universal PROM Mapper software provides power
ful data manipulation and programming commands 

Flexible power source for system logic and pro
gramming pulse generation 

Holds 2 personality cards to facilitate programming 
operations using several PROM types 

The Universal PROM Programmer (UPP) is an Intel lee® System peripheral capable of programming and verifying the follow
ing Intel Programmable ROMs (PROMs): 1702A, 2704, 2708, 2716, 3601, 3602, 3604, 3621, 3622, 3624, 8072A, 8704, 
8708. In addition, the UPP programs the PROM memory portions of the 8748 Microcomputer and the 8755 PROM and 1/0 
chip. Programming and verification operations are initiated from the lntellec Development System console and are controlled 
by the Universal PROM Mapper (UPM) program. 
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UPP-101, UPP-102 

FUNCTIONAL DESCRIPTION 

The basic UPP consists of a controller module, two 
personality card sockets, front panel, power supplies, 
chassis and an lntellec Development System intercon
nection cable. An Intel 4040-based intelligent controller 
monitors the commands from the lntellec System and 
controls the data transfer interface between the selected 
PROM personality card and the lntellec memory. A unique 

personality card contains the appropriate pulse genera
tion functions for each Intel PROM family. Programming 
and verifying any Intel PROM may be accomplished by 
selecting and plugging in the appropriate personality 
card. 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 power for system logic and 

for PROM programming pulse generation. 

The Universal PROM Programmer may be used as a table 
top unit or mounted in a standard 19" RETMA cabinet. 

The Universal PROM Mapper (UPM) is the software 
program which controls transfers of data between paper 
tape or diskette files and a PROM plugged into the 

HARDWARE INTERFACE 

Data: Two 8-bit unidirectional buses 
Co~mands: 3 Write Commands 

2 Read Commands 
Initiate Command 

PHYSICAL CHARACTERISTICS 

Dimensions: 6" x 7" x 17" 
14.7 cm x 17.2 cm x 41.7 cm 

Weight: 18 lb (8.2 kg) 

ELECTRICAL CHARACTERISTICS 

AC Power Requirements: 50-60 Hz; 115/230 VAC: 80 Watts 

ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: 0°C to 55°C 

EQUIPMENT SUPPLIED 

Cabinet 
Power Supplies 
4040 Intelligent Cbntroller Module 
Specified Zero Insertion Force Socket Pair 
lntellec® Development System Interface Cable 
Hardware Reference Manual 
Reference Schematics 
Universal PROM Mapper Operator's Manual 
Universal PROM Mapper program (paper tape version -

disk-based version available on ISIS-11 diskettes) 
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Universal PROM Programmer. It uses lntellec System 
memory for intermediate storage. The UPM transfers data 
in 8-bit HEX, BNPF, or binary object format between paper 

tape or diskette files and the lntellec System memory. 
While the data is in lntellec System memory, it can be 
displayed and changed. In addition, word length, bit 
position, and data sense can be adjusted as required for 

the PROM to be programmed. PROMs can also be 
duplicated or altered by copying the PROM contents into 

the lntellec System memory. Easy-to-use PROGRAM and 
COMPARE commands give the user complete control 
over programming and verification operations. The UPM 
eliminates the need for a variety of personalized PROM 
programming routines because it contains the program

ming algorithms for all Intel PROM families. 

There are two versions of the UPM: one that runs under 
I ntellec System Monitor (paper tape system), and one that 
runs under ISIS-11, the lntellec Diskette Operating System 
(diskette-based system). The paper tape version is 
included with the Universal PROM Programmer. The 
diskette-based version of the UPM is available on all ISIS-
11 system diskettes. 

ORDERING INFORMATION 

Universal PROM Programmer: 
UPP-101: with 16-pin/24-pin socket pair 
UPP-102: with 24-pin/24-pin socket pair 

OPTIONS 

Personality Cards: 
UPP-361: 3601 Personality Card 

UPP-816: 2716 Personality Card 
UPP-848: 8748 Personality Card with 40-pin adaptor 
socket 

UPP-855: 8755 Personality Card with 40-pin adaptor 
socket 

UPP-864: 3604/3624 Personality Card 
UPP-872: 8702A/1702A Personality Card 
UPP-878: 8708/8704/2708/2704 Personality Card 

Adaptor Sockets: 
UPP-362: 3602/3621/3622 adapter, for use with UPP-
864 Personality Card 

PROM Programming Sockets: 
UPP-501: 16-pin/24-pin socket pair 
UPP-502: 24-pin/24-pin socket pair 



SIM-101, SIM-102, SIM-104 
ROM SIMULATOR 

Extends the powerful lntellec diagnostic capabili
ties into user-configured systems, allowing simula
tion of the user system's bipolar ROM/PROM 
memory 

Direct lntellec connection to the user-configured 
system via external cables and Intel's ROM/PROM 
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, 
CROM 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 SK bit RAM board, buffer assembly, external cables, and an 
interactive software program. The ROM-SIM software is a PL/M-80 program that operates in the lntellec system 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, CROM IS. 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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SIM-101, SIM-102, SIM-104 

ROM SIMULATOR HARDWARE 

The ROM Simulator Module consists of a memory board 
mounted in the lntellec system chassis, and an external 
Buffer Assembly connected to the Memory board by two 
flat cables for transferring address and data separately. 
The chip interconnect cables are 10-inch, twisted-pair 
cables with either two or four connectors, depending on the 
user's system configuration. These dual-in-line plugs con
nect directly to ROM chip sockets in the user's system. 

The ROM-SIM modules can be configured to fit the user 
system's memory space. The simulated chips (or their 
equivalents) are listed below: 

PRODUCT INTEL® SIMULATED CHIP 

SIM-101 3601/3301A 

SIM-102 3602/3622/3302 

SIM-104 3604/3624/3304A/3324A/8604 

Simulation of data output drivers can be converted from 
three-state to open collectors, or open collector to three
state, by replacing the driver IC's inside the Buffer 
Assembly. 

Data from the lntellec System is written into the random
access memory of the ROM Simulator under software 
control. A user system can read data from ROM Simulator 
memory by inputting memory addresses, just as if the ROM 
Simulator was an array of ROM chips in the user system. 
At any point, the entire memory contents can be displayed 
and/or modified by the operator, regardless of physical 
ROM chip boundaries. 

One ROM Simulator module simulates a block of memory, 
either 512 X 16 bits or 1024 X 8 bits. Therefore, each 
ROM Simulator module can simulate the equivalent 
capacity of two Intel 3604/3624/3304A/3324A/8604 chips 
(512 X 8 organization), four Intel 3602/3622/3302 chips 
(512 X 4 organization), or eight Intel 3601/3301A chips 
(256 X 4 organization). If additional capacity is needed, 
additional Simulator modules can be added as required. 

The lntellec System can accommodate a maximum of four 
Simulator modules (the limie of the system power supply) 
to allow configurations such as 512 words X 64 bits, 1024 
words X 32 bits, 2048 words X 16 bits, and 4096 words X 
8 bits. 

Because of the ROM Simulator's flexibility and its inter
action with the lntellec system software, a wide variety of 
memory configurations can be simulated and software/firm
ware programs can be readily debugged. When the user is 
satisfied that th" memory configuration and programs are 
adequate for us" in the prototype system, the ROM Simu
lator, working in conjunction with a paper tape 1/0 device, 
creates paper tapes for ROM or PROM programming. 
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The ROM Simulator uses a buffer module between the 
user's system and the Simulator to minimize the capacitive 
loading seen by the user's address drivers. Address signals 
are brought into the buffer by a cable from one chip; as an 
option, address signals are propagated to the Simulator 
memory boards within the lntellec chassis. As a result, 
effective Simulator access time is significantly improved 
and the capacitive loading on the user's ROM Simulator 
closely resembles the actual user ROMs or PROMs. 

The interchange among the ROM Simulator products, 
SIM-104, SIM-102, and SIM-101, is accomplished by replac
ing the 10-inch chip interface cables. 

ROM SIMULATOR SOFTWARE 
The ROM Simulator Software provides the user with com
plete control of the structure and contents of the object 
code file which resides in the simulated hardware. Micro
code such as that generated by Intel's Cross Microassembler 
System, CROMIS, is handled with the following compre
hensive repetoire of System Commands: 

• The LOAD command allows BNPF or hexadecimal 
paper tapes to be loaded into specified areas of the ROM 
Simulation Hardware. 

• The VERIFY command compares data on paper tape 
with that loaded in memory and identifies any inconsis
tencies. 

• The PUNCH command punches the contents of specified 
memory modules to paper tape in hexadecimal or BNPF 
format. 

• The INVERT command complements a specified area of 
simulated memory to compensate for cases of mode in
compatibility on input tapes. 

• The DISPLAY MEMORY command prints the contents 
of the specified simulated memory to the terminal. 

• The CHANGE MEMORY command allows for user mod
ification of selected memory locations to aid in inter
active debugging of user code. 

• The BASE and CODE commands allow the user to 
change the default values for the base of numbers 
printed and the format of tapes loaded and punched. 

• The GROUP command allows for insertion of a special 
delimeter in memory content displays for improved 
readability. 

• The OFFSET command is used to bias the DISPLAY 
and CHANGE commands when segments of memory are 
debugged separately. 

• The RESTART and EXIT commands are used to rein
itialize a simulation sequence and to return control to 
the system Monitor upon completion of a simulation. 

ROM-SIM software will reside with the monitor in the basic 
16K lntellec System. An additional lntellec product de
signed to assist in the development efforts of users of the 
Intel 3000 Series elements is ICE-30. This package provides 
for In-Circuit Emulation of the 3001 Microprogram Control 
Unit. Users ordering ICE-30 will obtain the ROM-SIM 
software capabilities as a subset of that package. 



SIM-101, SIM-102, SIM-104 

PROVIDE HIGH ORDER 
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MEM. PROT. 
SW. ,-----

16 DATA 
BITS 

----1 
I 
I 
I 
I 

CABLE 
ASSEMBL V 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BIPOLAR 
RAM 

(8K BITS) 

i._ ROM-SIM 
I MEMORY BOARD 

I 
I 
I 
I 

L ___ _ --,---- ____ J 

INH 
RAM 

ADDRESS DATA 
BITS (16) BITS (8) 

R/W 
COMMANDS 

lNTELLEC MOS BUS 

Fig. 1. Data Flow of ROM-SIM Module 

SPECIFICATIONS 

DC CHARACTERISTICS 

TA= 0°c to 55°C, Vee= 5.0V ±5% 

SYMBOL PARAMETER 

11 Input Load Current 
Low Order Addr AO-AB 
High Order Addr A9-AB 
Chip Selects 

Vol Output Low Voltage 

Ice User Power Supply Sensing 

V1L Input Low Voltage 

V1H Input High Voltage 

VoH Output High Voltage 

lse Output Short Circuit Current at 
Single Output 

le EX Output Leakage Current 

ABSOLUTE MAXIMUM RATINGS 

MIN 

2.0 

-40 

Temperature Under Bias ................................. 0°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 

LIMITS 

MAX 

-1.6 
-2.1 

IF INTEL 3601 PROM TYPE, 
PROVIDE UP TO 4 

HIGH-ORDER ADDRESS BITS 

MOS INTERFACE 
DATA CABLE 

= J3 

~ 

512"16 OR 1K18BITS 
CAPACITY 

P1 

INTELLEC BUS 

CHIP INTERFACE ADDRESS 
AND DATA CABLE (ONE) 

~ 
0 A I DIRECT INSERTION 

I TO USER PROM/ROM 
=B CHIPSOCKETS 

'CHIP INTERFACE DATA CABLE 
BUFFER (ONE FOR SIM-104 THREE FOR 
BOX SIM-102, 101) , 

J1 

(EXTERNAL TO THE 
INTELLEC CHASSIS) 

INSIDE THE 
INTELLEC 
CHASSIS 

6\'2' / 12" BOARD 

Fig. 2. Cable Connection of ROM-SIM Module 

UNIT 
TEST CONDITION 

mA Vee= 5.25V 
V1N = 0.45V 

-0.75 

0.45 v Vee= 4.75V, loL = 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 µA For High Impedance State 
Vee= 5.25V 

250 µA For Open Collector 

CAPACITANCE LOAD 

C1N 
Low Order Address, Chip Selects 45 pF max. 

High Order Address (Coaxial) 50 pF max. 

CouT Data Outputs 50 pF ma1<. 
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AC CHARACTERISTICS 

TA= 0°C to 55°C, Vee= 5.0 ±5% 

SYMBOL 

tA-• tA+ 

ts_, ts+ 

SIM-101, SIM-102, SIM-104 

PARAMETER 
MIN 

Address to Data Output Delay 

Chip Select to Data Output Delay 

CONDITIONS OF TEST: 

LIMITS (ns) 

TYP 

90 

Address Input Rise and Fall Times: 10 ns between 0.BV and 2.0V 

Measurements made at 1.5-volt level. 
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130 
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INTELLEC® PROMPT 48™ 
MCS-48™ MICROCOMPUTER DESIGN AID 

Complete Design Aid and EPROM Programmer 
for revolutionary MCS-48™ Single Component 
Computers including: 

CPUs 8-bit MCS-48™: 8748, 8035 

Program 1 K byte erasable, reprogrammable on
Memory chip (8748). expandable. 1 K byte 

RAM in PROMPT™ system. 

Register 64 bytes RAM on-chip, expandable 
Memory 

Data 
Memory 

1/0 

Control 

Power 

256 bytes RAM in PROMPT™ system, 
expandable 

27 TTL compatible 1/0 lines on-chip, 
expandable 

On-chip clock, internal timer/event 
counter, two vectored interrupts, 
eight level stack 

Single +5 VDC system 

Low Cost 

Simplifies microcomputing - enter, run, debug, 
and save machine language programs with 
calculator-like ease · 

Complete with two removable MCS-48™ CPUs: 

8748 CPU with erasable, reprogrammable 
program memory on-chip 

8035 CPU program memory is off-chip 

Integral keyboard and displays (no teletype
writer or CRT terminal required) 

Extensive PROMPT 48™ monitor allows system 
1/0, bus and memory expansion 

lntellec® Microcomputer Development System 
compatible 

Comprehensive Design Library 

lntellec PROMPT 48 is a low cost, fully-assembled design aid for the revolutionary 8748 single component microcomputer. 

PROMPT 48 simplifies the programming of MCS-48 systems - programs can be entered and debugged with calculator-like 

ease on the large, informative display and keyboard panel. The comprehensive design Ii brary with tutorial manual is ideal for 

newcomers to microcomputing. 

PROMPT 48's panel connector allows easy access to 1/0 ports and system bus. Thus users can expand program memory 

beyond the lk bytes provided internally. PROMPT 48 can serve as an economical 8748 Specialized PROM Programmer (SPP) 

peripheral in lntellec Microcomputer Development Systems. 
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INTELLEC® PROMPT 48™ 

The 8748 is the first microcomputer fully integrated on 
one component. All elements of a computing system are 
provided, including CPU, RAM, 1/0, timer, interrupts and 
erasable, reprogrammable non-volatile program memory. 

PROMPT's PROGRAMMING SOCKET programs this 
revolutionary "smart PROM" - the 8748 - in a highly 
reliable, convenient manner. A fail-safe interlock ensures 
the device is properly inserted before applying programming 
pulses. Each location may be individually programmed, 
one byte at a time. A read-before-write programming 
algorithm prevents device damage by inadvertently pro
gramming unerased memory. 

The EXECUTION SOCKET accepts an 8035 or an 8748. 
Both are supplied with each PROMPT 48, and either can 
serve as heart of the PROMPT system. Th2re are no proces
sors within the PROMPT 48 mainframe, which instead 
contains monitor ROM and RAM, user RAM, peripherals, 
drivers, and sophisticated control circuitry. 

Once a processor is seated in the execution socket and 
power is applied the PROMPT system comes to life. One 
can select various access modes such as program execution 
from PROMPT system RAM, or from on-chip PROM. Thus 
programs can first be executed from PROMPT RAM with 
the 8035 processor. When debugging is complete, the 8035 
(execution socket) processor can program the 8748 (pro
gramming socket) processor. Finally, a programmed 8748 
processor can be exercised by itself from the execution 
socket. The execution socket processor runs either monitor 
or user programs. 

SYSTEM RESET initializes the PROMPT system and enters 
the monitor. MONITOR INTERRUPT exits a user program 
gracefully, preserving system status and entering the 
monitor. USER INTERRUPT causes an interrupt only if 
the PROMPT system is running a user program. 

A comprehensive system monitor resides in four 1 K byte 
read-only memories. It drives the PROMPT keyboard and 

"

displays and responds to COMMANDS and FUNCTIONS. 

The top 16 bytes of on-chip program memory must be used 
by the PROMPT system to switch between monitor and 
user programs. It requires one level of the MCS-48 eight
level stack. 
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PROMPT 48's COMMANDS are grouped and color-coded 
to simplify access to the 8748's separate program and data 
memory. You can EXAMINE and MODIFY registers, data 
memory or program memory. 

Then either the NEXT or PREVIOUS register and memory 
locations can be accessed with one keystroke. 

Programs can be exercised in three modes. GO NO BREAK 
runs in real time. GO WITH BREAK is not real time - after 
each instruction the MCS-48 program counter is compared 
against pending breakpoints. If no break is encountered, 
execution resumes. GO SI NG LE STEP exercises one 
instruction at a time. 

Commands are like sentences, with parameters separated by 
[]NEXT. Each command ends with D EXECUTE/END. 

In addition to the PROMPT basic COMMANDs, thirteen 
functions simplify programming. Each is started merely 
by pressing a HEX DATA/FUNCTIONs key and entering 
parameters as required. 



INTELLEC® PROMPT 48™ 

[£) Port 2 MAP allows you to specify the direction of each 

pin on port 2. Port 2 is multiplexed to address external 

program memory and expand 1/0. Thus it must be 

buffered; the P2 MAP command establishes the direc
tion of buffering. 

[J] Program EPROM programs 8748 EPROMs. 

@] Byte Search with optional mask sweeps th rough 

register, data or program memory searching for byte 

matches. Starting and ending memory addresses are 
specified. 

~ Word Search with optional mask sweeps through 
register, data or program memory searching for word 

matches. Starting and ending memory addresses are 
specified. 

[§] Hex Calculator computes hexadecimal sums and 
differences. 

[l] 8748 Program for Debug is similar to Program EPROM, 

but ensures that the top of program memory contains 

monitor reentry code for debugging. 
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An optional cable, PROMPT-SER, directly connects the 

PROMPT system to virtually any terminal via a rear access 

slot. Another cable, PROMPT-SPP, allows programs and 

data to be downloaded from the lntellec Microcomputer 

Development System to the PROMPT system for debugging. 

You enjoy easy access to the pins of the executing pro

cessor via this 1/0 PORTS and BUS CONNECTOR. Only 

the EA external access, SS single step and X 1, X2 clock 

inputs are reserved for the PROMPT system. 

Thus program or data memory may be expanded beyond 

that provided on-chip or in the PROMPT system. I /0 ports 

can be expanded, as with the 8243, or peripheral controllers 

can be memory-mapped. The 1/0 ports and Bus connector 

allows the execution socket processor to be directly inter

faced to your prototype system, yet be controlled from the 
PROMPT panel. 

The COMMAND/FUNCTION GROUP panel keyboard and 

displays completely control PROMPT 48 - a teletypewriter 

or CRT terminal is not needed. 

A hyphen prompting character appears whenever a 

command or function can be entered. Addresses and data 

are shown whenever EXAM I Ning registers and memory. 

Parameters for COMMANDs and FUNCTIONs are also 
shown. 

ffil Compare will verify any portion of EPROM program 
memory against PROMPT memory. 

ffi.] Move Memory allows blocks of register, data or pro
gram memory to be moved. 

~ Access specifies one of six access modes for PROMPT 

48. For example, EPROM, PROMPT RAM or external 

program memory, and a variety of input/output 

options may be selected. 

fill Breakpoint allows you to set and clear any or all of the 

eight breakpoints. 

~ Clears portions of register, data or program memory. 

IQ] Dumps register, data, or program memory to PROMPT's 

serial channel, for example a teletypewriter paper tape 
punch. 

[] Enter (reads) register, data or program memory from 

PROMPT's serial channel. 

!EJ Fetches programs from EPROM to PROMPT RAM. 

II 
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INTELLEC® PROMPT 48™ 

PROMPT 48™ SIMPLIFIES MICROCOMPUTING 

lntellec PROMPT 48 simplifies the programming of MCS-48 
systems. Like the 8748 it is radically new, highly integrated, 
and expandable. Like the MCS-48 family, it is low cost, and 
ideal for small applications and programs. It is a design aid, 
not a development system with sophisticated software and 
peripherals. 

"PROMPT" stands for PROgraMming Tool. It is a program
mer for 8748 EPROMs, and a versatile aid for debugging 
MCS-48 programs. Programs can be entered via its integral 
panel keyboard, programming socket, or serial channel. 
Almost any terminal can be interfaced to the serial channel, 
including a teletypewriter, CRT, or the lntellec Micro
computer Development System. 

Programs, written first in assembly language, are entered 
in machine language and debugged with calculator-like ease 
on the large, informative display and keyboard panel. Most 
MCS-48 operations can be specified with only two key
strokes. 

Once entered, routines can be exercised one instruction 
(single step) or many instructions at a time. The principal 
MCS-48 register - the accumulator - is displayed while 
single-stepping. Programs can be executed in real-time 
(GO NO BREAK) or with as many as eight different 
breakpoints (GO WITH BREAK). 

PROMPT 48 is a complete, fully assembled and powered 
microcomputer system including program memory, data 
memory, 1/0 and system monitor beyond that available on 
MCS-48 single component computers. 1 K bytes of PROMPT 
system RAM serve as "writable program memory" - a 
ROM simulator for the program memory on each MCS-48 
computer. 256 bytes of PROMPT system RAM serve as 
"external data memory," beyond the 64 register bytes on 
each MCS-48 computer. Users may further expand pro
gram or data memory via the panel 1/0 PORTS and BUS 
CONNECTOR. 

The PROMPT 48 manual includes chapters for the reader 
with little or no programming experience. Topics treated 
range from number systems to microcomputer hardware 
design. A novel, unifying set of tutorial diagrams 
MICROMAPs - simplify microcomputer concepts. 

PROMPT's handy, pocket-sized reference card let can be 
affixed to the mainframe. Programming pads aid in the 
organization and documentation of programs. These 
features, plus a comprehensive design library of manuals, 
articles and application notes, make the lntellec PROMPT 
48 ideal for the newcomer to microcomputing. 

THE REVOLUTIONARY MCS 48™ SINGLE 
COMPONENT COMPUTER 

Advances in n-channel MOS technology allow Intel, for the 
first time, to integrate into one 40-pin component all 
computer functions: 

8-bit CPU 

1 K x 8-bit EPROM/ROM Program Memory 
64 x 8-bit RAM Data Memory 

27 Input/Output Lines 

8-bit Timer/Event Counter 

More than 90 instructions - each one or two cycles - make 
the single chip MCS-48 equal in performance to most 
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multi-chip microprocessors. The MCS-48 is an efficient 
controller and arithmetic processor, with extensive bit 
handling, binary, and BCD arithmetic instructions. These 
are encoded for minimum program length: 70% are single 
byte operation codes, and none is more than two bytes. 

Three interchangeable, pin-compatible devices offer flexi
bility and low cost in development and production: 

8748 with user-programmable and erasable EPROM 
program memory for prototype and pre
production systems 

8048 with factory-programmed mask ROM memory 
for low-cost, high volume production 

8035 without program memory, for use with 
external program memories 

Each MCS-48 processor operates on a single +5 V supply, 
with internal oscillator and clock driver, and circuitry for 
interrupts and resets. Extra circuitry is in the 8048 ROM 
processor to allow low power standby operation: the 64 x 8 
RAM data memory can be independently powered. 

For systems requiring additional compatibility, the MCS-48 
can be expanded with the new 82431/0 expander, 8155 1/0 
and 256 byte RAM, 8755 1/0 and 2K byte EPROM or 
8355 1/0 and 2K ROM devices. MCS-48 processors readily 
interface to MCS-80/85 peripherals and standard memories. 

PROMPT 48 comes complete with two of these revolu
tionary MCS-48 processors - an 8748 and an 8035. 

EXPANDING PROMPT 48™ 

PROMPT 48 may be expanded beyond the resources on the 
MCS-48 single component computer and those in the 
PROMPT system. External program and data memory may 
be interfaced and input/output ports added with the 8243 
1/0 Expander. 

The PROMPT panel 1/0 Ports and Bus Connector allow 
easy access to all MCS-48 pins except those reserved for 
control by the PROMPT system, namely EA external access, 
SS single step, and X 1, X2 clock inputs. 

A Specialized PROM Programmer Kit, the PROMPT-SPP, 
allows PROMPT 48 to serve as an economical 8748 
Specialized PROM Programmer peripheral in lntellec 
Microcomputer Development Systems. The PROMPT-SPP 
cable plugs directly into the rear panel of the I ntellec 
Microcomputer Development System. 

PROMPT 48 can be fully controlled either by the panel 
keyboard and displays, or remotely by a serial channel. 
Thus a teletypewriter or CRT can be used but neither is 
required. Full remote control by a serial channel means 
users can download and debug programs using the PROMPT 
48 together with an lntellec Microcomputer Development 
System. 



INTELLEC® PROMPT 48™ 

SPECIFICATIONS 
TIMING 

Basic Instruction 
Cycle Time 
Clock 

MEMORY BYTES 

Maximum 
Register 64 
Data 3328 
Program 4096 

On Chip 
64 
0 

2.5 µsec 
tcy = 2.5 µsec 

6 MHz ±0.1% 

In PROMPT 48 
0 

256 
1024 EPROM 1024 RAM 

The 8748 contains 64 bytes of register memory, no external data 
memory, and 1024 bytes of EPROM program memory. The PROMPT 
system provides 256 bytes of external data memory, and 1024 bytes 
of RAM program memory. PROMPT RAM program memory can be 
u.sed in place of the On-Chip EPROM program memory; thus 
programs less than 1024 bytes may be designed. For larger programs 
additional memory can be directly interfaced to the MCS-48 bus via 
the PROMPT panel 1/0 Ports and Bus Connector. 

1/0 PORTS 

All MCS-48 1/0 Ports are accessible on the PROMPT panel connector. 

BUS is a true bidirectional 8-bit port with associated strobes. If 
the bidirectional feature is not needed, bus can serve as either 
a statically latched output port or a non-latching input port. Input 
and output lines cannot be mixed. 

PORTS 1 AND 2 are each 8 bits wide. Data written to these ports is 
latched and remains unchanged until written. As inputs these lines 
are not latching. The lines of ports 1 and 2 are called quasibidirec
tional. A special output structure allows each line of port 1 and half 
of port 2 to serve as an input, an output, or both. Any mix of input, 
output, and both lines is allowed. 

Three pins - TO, Tl and INT - can serve as inputs; TO can be 
designated as a clock output. Input/Output can be expanded via the 
PROMPT panel connector with a special 1/0 expander (8243) or 
standard peripherals. 

RESETandlNTERRUPTS 

RESET initializes the PROMPT system and enters the monitor. 
MONITOR INTERRUPT exits a user program gracefully, preserving 
system status and entering the monitor. USER INTERRUPT causes 
an interrupt only if the PROMPT system is running a user program. 
The processor traps to location 3 16 . The MCS-48 timer/event counter 
is not used by the PROMPT system and is available to the user. 

Either timer flag or interrupt will signal when overflow has occurred. 
The timer interrupt can be used only in the GO NO BREAK (real 
time) mode. 

EPROM PROGRAMMING 

PROMPT 48 provides a programming socket to directly program 
8748s. Programs are loaded into the PROMPT RAM program 
memory via keyboard, EPROM, teletypewriter, or other serial 
interface. 

A fail-safe interlock ensures programming pulses are applied only if 
the device is properly inserted. Inadvertent reprogramming is 
prevented by a read-before-write programming algorithm. Each 
location may be individually programmed, one byte at a time. 

PANEL 1/0 PORTS and BUS CONNECTORS 

All MCS-48 pins, except five, are accessible on the 1/0 Ports and 
Bus Connector. The five reserved for PROMPT system control are 
EA external access, SS single step, X 1, X2 crystal inputs, and 5 V. 

Due to internal buffering of the MCS-48 bus, access times will be 
negligibly degraded by the PROMPT system. Since MCS-48 proces· 
sors do not communicate internal address gate status, bus data must 
be driven out if neither PSEN nor RD is asserted. 

SYSTEM DEVICES 

Both user programs and the PROMPT monitor enjoy access to 
system devices: serial 1/0, panel displays and keyboard. These are 
memory-mapped to program memory addresses beyond 2K. 
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The SERIAL 1/0 port (data 820 16, control 821 16) is defined by 
software and jumpers for 110 baud, 20 mA current loop, but can 
easily be jumpered for other baud rates and RS232C levels. Asynch
ronous or synchronous transmission, data format, control characters, 
and parity can be programmed. · 

Software is used to debounce the PANEL KEYBOARD (data 
81015). The monitor's input routines (see SOFTWARE DRIVERS) 
provide this debouncing and can be called from user programs. 

Eight display ports (data 8)0-817 16 ) allow each of the PANEL 
DISPLAYS to be written from user programs. Data written on a 
display device will time out after a fixed interval. Displays must be 
refreshed on a polled or interrupt-driven basis. User programs can 
call SOFTWARE DRIVERS which provide this capability. 

COMMANDS 

I 0 Single Step 
o GO o With Break 

0 No Break 
ID Register 

0 Examine/Modify D Data 
D Program 

l Memory 

D Open Previous/Clear Entry 0 Next 0 Execute/End 

FUNCTIONS 

[2] Port 2 Map 
llJ Program EPROM 187481 

[BJ Compare EPROM with memory 
mJ Move Memory (R, Dor Pl 

!!] Search (R, Dor Pl* Memory for 
1 byte, optional mask 

[5] Search (R, D or P) Memory for 
2 bytes, optional mask 

181 Access 
Im Breakpoint 
[Cl Clear Memory (R, Dor P) 
[Cl Dump Memory (R, Dor Pl Im Hexadecimal Calculator +, -

[2] 8748 Program EPAOM for Debug 
!EJ Enter (Read) Memory (R, Dor Pl 
[fJ Fetch EPROM Program Memory 

* R, Dor Pis Register, Data or Program. 

SOFTWARE DRIVERS 

Panel Keyboard In: KBIN, KDBIN 
Panel Display Out: DGS6, DGOUT, HXOUT, BLK, REFS, ENREF 
Serial Channel: Cl, CO, RI, PO, CSTS 

CONNECTORS 

Serial 1/0: 3M 3462·0001 Flat Crimp/AMP 88106-1 Flat Crimp/ 
Tl H312113 Solder/AMP 1-583485-5 Solder. 

Panel 1/0 Ports and Bus Connector: 3M 3425 Flat Crimp. A 
complete cable set including wirewrap header for prototyping is 
included with each PROMPT. 

EQUIPMENT SUPPLIED 

PROMPT 48 mainframe with two MCS48 processors 18748, 8035), 
display/keyboard, EPROM Programmer, power supply, cabinet and 
ROM-based monitor. 

110VAC power cable, 110 or 220VAC, fuse, Panel 1/0 Ports and 
Bus Connector cable set, PROMPT 48 User's Manual, PROMPT 48 
Monitor Listing, Reference Cardlet, PROMPT 48 Programming Pads, 
MCS48 Microcomputer User's Manuals, MCS48 Assembly Language 
Manual, PROMPT 48 Schematics. 

ORDERING INFORMATION 

PROMPT 48 - Complete PROMPT 48, set 110 VAC 
PROMPT 48·220V - Complete PROMPT 48, set 220 VAC 
PROMPT·SER - Serial cable connects PROMPT to TTY, CRT 
PROMPT-SPP - Specialized PROM Programmer Kit connects 

PROMPT 48 to lntellec Microcomputer Dev
elopment System for EPROM programming 

Additional PROMPT 48 Programming Pads 198401 I and manuals 
{98-402) may be ordered from Intel Literature Department. 

PHYSICAL CHARACTERISTICS 

Maximum Height: 
Width: 
Maximum Depth: 
Weight: 

ELECTRICAL REQUIREMENTS 

13.Scm (5.3 in.) 
43.2 cm (17 in.) 
43.2 cm (17 in.I 

9.6 kg (21 lb.) 

Either 115 or 230 V AC (± 10%) may be switch-selected on the 
mainframe. 1.8 amps max current (at 125 VAC). 

Frequency is 47-63 Hz. 

ENVIRONMENTAL 

Operating Temperature: 
Non-Operating Temperature: 

0°C to +40°C 
-20° C to +65° C 

II 



INTELLEC® PROMPT BOT M 

8080 MICROCOMPUTER DESIGN AID 

Simplifies microcomputing 

Enter, run, debug and save machine language pro
grams with calculator-like ease 

Complete, fully-assembled microcomputer, includ
ing: 

CPU 

Memory 

1/0 

Power 

Standard 8080A on popular SBC 
80/10 Single Board Computer 

1 K byte RAM, 3K byte ROM, and 
two spare 1 K byte 8708 EPROMs 

24 programmable parallel 1/0 (TTL) 
lines, including two: 
8-bit ports, fully implemented 
switches, displays 
Programmable serial 1/0 interfaces 
directly with most terminals 

Only 110 or 230 V AC required 

Low Cost 

PROM Programmer for 8708/2708/2704 UV 
Erasable, Electrically Reprogrammable ROMs 
(EPROMs) 

Integral keyboard and 16-digit display (no tele
typewriter or CRT terminal required) 

Extensive system monitor software in ROM: 
Examine/Display /Modify 
Registers and Memory 
Enter, Run, Test, Single-Step programs 
Hex Calculator 
Move, Search Memory Blocks 

Self-programmable - user can add functions 

Comprehensive design library 

lntellec® PROMPT 80™ is a low-cost, fully assembled microcomputer design aid. PROMPT 80 simplifies the programming of 
SBC 80 and System 80 microcomputers, as well as 8080 processors, 8708/2708/2704 EPROMs and 8255/8251 programma
ble 1/0 devices. 8080 programs can be entered and debugged with calculator-like ease on the large, informative display and 
keyboard panel. The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. 

PROMPT 80's SBC 80/10 can be expanded using the SBC modular cardcage. And PROMPT 80 can serve as an economical 
8708 Specialized PROM Programmer (SPP) peripheral in lntellec Microcomputer Development Systems. 
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INTELLEC® PROMPT 80T M 

PROMPT SIMPLIFIES MICROCOMPUTING 

lntellec PROMPT 80 simplifies the programming of 8080 
processors, SBC 80 and System 80 microcomputers, as 
well as 8708 EPROMs and 8255/8251 programmable 1/0 
devices. 

PROMPT is a low-cost programming tool. It is a micro
computer design aid - not a development system with 
sophisticated software and peripherals. 

PROMPT encourages the preparation and verification of 
small, modular routines which together may comprise 
sizable programs. These are written in assembly language, 
then entered in machine language and debugged with 
calculator-like. ease on the large, informative display and 
keyboard panel. 

Many 8080 operations can be specified with only two 
key strokes. Once entered, programs can be exercised one 
instruction (single step) or many instructions at a time. 
And, any of the 8080 registers can be watched while 
single-stepping. 

Programs are readily saved and instantly reloaded via UV 
Erasable, Electrically Reprogrammable ROMs (EPROMs). 
PROMPT 80 can program the popular 8708 EPROMs in 
small blocks, so routines can be debugged and saved 
incrementally. Several programs are pre-recorded as 
examples on PROMPT's spare 8708 EPROMs. 

PROMPT 80 is a complete, fully assembled and powered 
8080 microcomputer, including RAM, 1/0, and system 
monitor in ROM. Twenty-four lines of programmable, 
TTL-compatible, parallel 1/0 are easily accessed on a 
panel connector. Two 8·bit ports are fully implemented, 
one with displays for output, the other with displays and 
switches for input. PROMPT's programmable serial 1/0 
interfaces directly with most terminals. A teletypewriter 
or CRT can be used, but neither is required because of 
PROMPT's built-in keyboard and display. 

The PROMPT 80 manual includes chapters for the reader 
with little or no programming experience. Topics treated 
range from the number system to microcomputer hard
ware design. A novel, unifying set of tutorial diagrams -
MICROMAP™ - simplify microcomputer concepts. 

PERIPHERALS CENTRAL 
& MEMORY PROCESSOR 

::a~1 1A 
FFFFEJ/ OTHER 

REGISTERS 

OOOO MEMORY 

PROMPT's handy, pocket-sized reference cardlet can be 
affixed to the mainframe. Programming pads aid in the 
organization and documentation of programs. These 
features, plus a comprehensive design library of manuals, 
articles, and applications notes, make lntellec PROMPT 
80 ideal for the newcomer to microcomputing. 
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A COMPLETE COMPUTER 

The heart of PROMPT 80 is the popular SBC 80/10 Single 
Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/10 includes an 8080A, 1 K 
bytes of static RAM memory, and sockets for 4K bytes of 
EPROM memory. Signals to the SBC 80/10 include 48 
programmable, parallel 1/0 lines with sockets for inter
changeable line drivers and terminators, a programmable 
serial channel, a multi-source single level interrupt net· 
work, and bus drivers for memory and 1/0 expansion. 
Read-only-memory may be added in 1 K byte increments 
using Intel 8708 EPROMs or 8308 ROMs. 

The central processor for PROMPT's SBC 80/10 is Intel's 
powerful 8-bit n-channel MOS 8080A CPU. The 8080A 
contains six 8-bit general-purpose registers and an accumu
lator. The six general-purpose registers may be addressed 
individually or in pairs, providing both single and double 
precision operations. 

The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located anywhere in read/write memory, may be 
used as a last-in/first-out store. The contents of the pro
gram counter, accumulator, flags, and all of the general
prupose registers are stacked using a 16-bit pointer. Sub
routine nesting is bounded only by memory size. 

EXPANDING PROMPT 80™ 

PROMPT 80's SBC 80/10 can be expanded via the SBC 
604 Modular Cardcage. The cardcage houses the SBC 
80/10 and up to three expansion boards. Memory and 1/0 
can be added in various combinations. Additional power 
may be required. 

A Specialized PROM Programmer kit, the PROMPT-SPP, 
allows PROMPT 80 to serve as an economical 8708 Spe
cialized PROM Programmer peripheral in lntellec Micro
computer Development Systems. The PROMPT-SPP cable 
plugs directly into the rear panel of the lntellec Micro
computer Development System. 

ll 
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PROM PROGRAMMER 

8708 UV Erasable, Electrically Reprogrammable ROMs 
(EPROMs) can be easily programmed, compared, and 
transferred to RAM using the zero-insertion force socket 
on the panel. A new technique allows 8708 to be partially 
programmed in multiple blocks of 16 bytes. Thus, small, 
modular routines can be entered, tested, and readily saved 
using EPROM. 

EPROMs can also be conveniently duplicated. The master 
(original) device plugs into the SBC 80/10 inside PROMPT 
80, and can be copied to the panel programming socket. 

REGISTER/DISPLAY GROUP 

All 8080 registers can be displayed, even while single
stepping programs. The registers are shown in three rows: 

first row: 

second row: 

B 

H 

c 
L 

D 

Flags 

E 

A 

third row: Program Counter Stack Pointer 

One register row is visible at a time. Three small LEDs to 
the left of these rows indicate which row is displayed. The 
SCROLL REGISTER DISPLAY command displays the 
next row (first, second, third, etc.) 

RESET, INTERRUPTS 

SYS RST resets the system, initializes the PROMPT 80 
registers and enters the monitor. MON INT interrupts a 
user program and enters the monitor saving the user 
registers. USR INT is a user interrupt which traps 
PROMPT 80 to location 3C0216. 

MONITOR 

A comprehensive system monitor resides in three 1 K 
ROMs. It drives PROMPT's keyboard, displays, and 
responds to COMMANDS and FUNCTIONS. The moni
tor is modular, organized so that the third ROM may be 
removed if F FUNCTIONS are not required. This allows 
sizable user routines - as much as 2K ROM/EPROM and 
nearly 1 K RAM - to be exercised. 
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COMMANDS 

PROMPT 80 commands are compatible with those used 
by Intel's SDK, SBC, and lntellec monitors. 

You can EXAMINE/MODIFY a REGISTER, or DIS
PLAY/MODIFY MEMORY. Then either the NEXT or 
PREVIOUS register and memory locations can be opened 
with one button. 

The GO command executes programs, allowing multiple, 
optional breakpoints. Or a program can be SINGLE 
STEPped, executed one instruction at a time. 

The SCROLL REGISTER DISPLAY command displays 
the next row of the REGISTER/DISPLAY GROUP. 
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Commands are entered naturally, like phrases in a sen
tence: the NEXT parameters are separated bycommas [J 
and command sentences end with 0 EXECUTE/END. 

The commands do what makes sense. For example: 

GOD [i] IQJ IQ] 0 EXECUTE/END 
starts the program at address 100. 

GO D [i] IQ] IQ] lJ NEXT ~IQ] IQ] 0 EXECUTE/END 
starts the program at 100, but stops if you get to 200, 
a breakpoint. 

GOD 0 EXECUTE/END 
starts the program where you last stopped. 
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INPUT/OUTPUT GROUP 

The INPUT/OUTPUT (1/0) GROUP features two fully 
implemented B-bit ports, both with displays, and with 
latch switches for the input port E9. The port addresses 
are clearly marked EB and E9. Those two ports and a 
third, at EA, are easily accessible on the 1/0 PORTS 
CONNECTOR. Negative true logic is used throughout the 
1/0 GROUP and PORTS CONNECTOR to enhance noise 
immunity and allow wire-AN Ding. 

PARALLEL 1/0 

The 1/0 PORTS CONNECTOR provides easy access to 24 
parallel, TTL-compatible lines. These lines are addressed 
as three ports (each B lines). port EB, EB, and EA. 

These ports can be defined to be input or output by soft· 
ware. Defining control words, tabulated in "Specifica· 
tions", are sent OUT to port EB, the control word regis
ter. 

SERIAL 1/0 

PROMPT's programmable serial 1/0 readily interfaces 
with most terminals. Jumpers select either 20 mA tele· 
typewriter (TTY) current loop or RS-232C operation, and 
the appropriate communications frequency. Asynchro
nous or synchronous transmission, data format, control 
characters, parity, and transmission rate can be pro
grammed. 

A serial cable kit, PROMPT-SER, connects PROMPT to 
either a teletypewriter or RS-232C standard (CRT) termi
nal through a rear chassis access slot. Teletypewriters may 
require minor reader control modifications. 

COMMAND/FUNCTION DISPLAYS 

The COMMAND/FUNCTION displays show addresses and 
data when DISPLAYing MEMORY, and parameters for 
COMMANDS and FUNCTIONS are entered. 

FUNCTIONS 

Eight FUNCTIONS are provided by PROMPT. Others 
may be added by the user. Pressing a HEX DATA/FUNC-
TIONS key (0-7) starts a function. 

IQ] is FO Read Paper Tape 

[j] is F1 Write Paper Tape 

~ is F2 Program EPROM, Compare 

Q] is F3 Compare EPROM 

@] is F4 Transfer EPROM to RAM 

llil is F5 Move Block Memory 

llil is F6 Hexadecimal Calculator, +, -

IZl is F7 Byte Search Memory, optional mask 

lfil is FB Word Search Memory, optional mask 41 
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SPECIFICATIONS 
WORO SIZE 

Instruction: 
Data: 

TIMING 

8, 16, or 24 bits 
8 bits 

Basic Instruction: 1.95 µsec 
Cycle Time: tcv = 488 nsec 
Clock: 2.058 MHz± 0.1% 

MEMORY BYTES 

ROM/PROM 
RAM 

Addressing 

O-OFFF16 
3C00-3FFF16 

On Board 

4096 
1024 

Monitor Uses 

2048 or 3072 
114 

Up to 48K bytes may be added using optional RAM, ROM, or 
PROM expansion boards and the SBC 604 Cardcage. 

1/0 ADDRESSING 
Ports E4 to E7 are dedicated to PROMPT's display/keyboard 
groups. Ports EB to EB drive the panel 1/0 PORTS CONNEC
TOR and PROM SOCKET. 

Dedicated to 1/0 Ports Connector/ Serial 1/0 
Display/Keyboard PROM Socket USART 

Con- Con- Con-
A B c trot A B c trol Data trol 

PORT E4 E5 E6 E7 EB E9 EA EB EC ED 

PARALLEL 1/0 
The panel 1/0 ports can be defined input or output by OUT
puting control words to port address EB. 

HEX Control Word Port E8 Port E9 Port EA 
(OUT this to EB) Bits 7-0 Bits 7-0 Bits 7-4 Bits 3-0 

80 OUTPUT OUTPUT OUTPUT OUTPUT 

81 OUTPUT OUTPUT OUTPUT INPUT 

82 OUTPUT INPUT OUTPUT OUTPUT 

83 OUTPUT INPUT OUTPUT INPUT 

84 or 85 OUTPUT 
STROBED 

OUTPUT 
OUTPUT Bits 2, 1, 

86 or 87 OUTPUT 
STROBED 0 are strobes 

OUTPUT 
INPUT 

All input ports are TTL-compatible. Ports ES and EA are one
loa"d fully TTL-compatible as output. Port E9 is ordinarily 
used as input. When used as output, E9 can sink at least one 
low-power TTL load. 

SERIAL 1/0 
The serial 1/0 port is defined by software and jumpers. 
PROMPT is configured at the factory for 20 mA current loop 
TTY interface, but can easily be jumpered for RS-232C levels. 

Asynchronous or synchronous transmission, data format, 
control characters, parity and transmission rate can be pro
grammed. 

INTERRUPTS 
PROMPT 80 provides a panel user interrupt to 3C0216· The 
SBC 80/10 supports single level vectoring to location 3816. 
Requests may originate from user-specified 1/0 (2), the parallel 
ports (2), or serial port (2). 

EPROM PROGRAMMl'NG 
8708/2708/2704 EPROMs can be programmed in multiple 
blocks of 16 bytes. Starting and ending memory address need 
only differ by a multiple of 16, and starting EPROM address 
end XXO hexadecimal (X = don't care). Programming time is 
115 sec for 1 K byte, 3 sec for 16 bytes. 

The 8708 may be erased by exposure to high intensit'{ short
wave ultraviolet light at a wavelength of 2537 A. The recom
mended integrated dose (UV intensity X exposure time) is 
1 n W-sec/cm2. 

SYSTEM MONITOR 
Resides in three 8308 ROMs, 0 t'o 3FF 16, 40016 to 7FF16, 
and 80016 to BFF 16. The third ROM implements F FUNC
TIONS, and can be removed. PROMPT has an unused ROM/ 
EPROM socket at address C0016 to FFF16· 
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COMMANDS 
Examine/Modify Register 
Go (with optional breakpoints) 
Scrol I Register Display 

Display /Modify Memory 
Single Step 

Next D 
Open Previous/Clear Entry 

0 Execute/end 

FUNCTIONS 
IQ] Read Tape 
[j] Write Tape 
~ Program EPROM, Compare 
Ql Compare EPROM 
g] Transfer EPROM to RAM 
lfil Move Block Memory 
!§:] Hexadecimal Calculator,+, -
[1] Byte Search Memory, optional mask 
la! Word Search Memory, optional mask 

SOFTWARE DRIVERS 
Panel Keyboard Input 
Console Terminal Input 
TTY Reader Input 

CONNECTORS 

Panel Display Output 
Console Terminal Output 
TTY Punch Output 

3M 3425 Flat 
3M 3415 Fiat 
3M 3462 Flat 

PROMPT Panel 1/0 Ports 
SBC 80/10 Parallel 1/0 
SBC 80/10 Serial 1/0 
SBC 80/10 Bus 
SBC 80/10 Auxiliary Bus 

CDC VPB01E43DOOA1 
Tl H312130 

EQUIPMENT SUPPLIED 
PROMPT 80 mainframe with SBC 80/10, display/keyboard, 
PROM Programmer, power supply, cabinet, and ROM-based 
system monitor 
(2) 8708 EPROMs with pre-recorded example programs 
110 VAC power cable, 110 or 220 VAC fuse 
PROMPT 80 User's Manual, PROMPT 80 Monitor Listing 
PROMPT 80 Reference Cardlist, PROMPT 80 Programming 

Pads 
8080 Systems User's Guide, 8080 Assembly Language Manual 
System 80/10 Hardware Reference Manual 
Design Library of Application Notes, Article Reprints 
PROMPT 80 Schematics 

ORDERING INFORMATION, COMPATIBLE EQUIPMENT 
PROMT-80 - Complete PROMPT 80 set 110 VAC 
PROMT-80-220V - Complete PROMPT 80 set 220 VAC 
PROMT-SER - Serial Cable connects PROMPT to TTY, CRT 
PROMT-SPP - Specialized PROM Programmer Kit connects 

PROMPT 80 to lntellec® Microcomputer Development 
Systems for 8708 EPROM programming. 

All SBC products (additional memory, 1/0, wire-wrap, and 
other boards) are compatible with PROMPT's SBC 80/10. 

Additional PROMPT 80 Programming Pads can be ordered 
from Intel Literature Department. 

PHYSICAL CHARACTERISTICS 
Maximum Height: 13.5 cm (5.3 in.) 
Width: 43.2 cm 117 in.) 
Maximum Depth: 43.2 cm (17 in.) 
Weight: 9.6 kg (21 lb) 

ELECTRICAL REQUIREMENTS 
Either 115 or 230 VAC (±10%) may be switch-selected on the 

mainframe. 1.8 amps max current (at 125 VAC) 
Frequency is 47-63 Hz. 

Internal PROMPT BO 
Voltage Supply PROMPT 80 Requires 

+26.5 0.1A 0.03A 
+12 1.2A 0.5A 
+ 5 6.0A 5.0A 
- 5 0.3A 0.1A 
-12 0.3A 0.2A 

Fixed over-voltage protect on 5V supply 6.2-6.7 volts. 

ENVIRONMENTAL 
Operating Temperature: 10°C to 40°C 
Non-operating Temperature: -20°C to 65°C 
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SOFTWARE AND TRAINING 

INTRODUCTION 

lnsite™, the Intel Software Index and Technology Exchange with over 200 contributed 8-bit programs facil
itates the use of Intel Microcomputer products. This section provides information describing lnsite and includes 
partial listings of the 4-bit and 8-bit program libraries. An lnsite program submittal form is also included. 

Intel Cross Product Software programs are written in FORTRAN IV and are designed to run on a large computer 
system for the purpose of code generation or microcomputer simulation. lntellec® System resident assemblers 
and compilers are detailed in Section 13. 

Intel provides complete training for all of its system related products. Courses are given regularly at Intel's 
Santa Clara, California; Boston, Massachussetts; and Chicago, Illinois Training Centers. These centers are staffed 
by highly trained and experienced instructors. This section provides outlines for several of the courses offered 
by Intel. These courses are also available for on-site courses at your facility. 

TABLE OF CONTENTS 

lnsite™ User's Library 

User's Program Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-3 
lnsite™ Partial Program Index - 8-Bit User's Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-5 
lnsite™ Partial Program Index - 4-Bit User's Library ................................ 14-7 
Intel User's Library Submittal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-8 

Cross Product Software 

CROM IS Series 3000 Cross Microprogramming System ............................... 14-9 
MCS-40TM Cross Assembler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-11 
4004/4040 Simulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-12 
MCS-8™ Cross Assembler ................................................. 14-13 
8008 Simulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-14 
MCS-80™ Cross Assembler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-15 
8080 Simulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-16 
PL/M High Level Programming Language - MCS-8™ ·and MCS-80™ 

Cross Compilers 14-17 

Training/Workshops 

Microcomputer Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-19 
MCS-80TM System Workshop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-20 
PL/M-80 Language Workshop ............................................... 14-21 
MCS-48™ System Workshop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-22 
Programmable Peripheral Circuits Workshop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-22 
Series 3000 Workshop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-23 
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USERS PROGRAM LIBRARY 

Over 200 8-bit programs 

Over 100 4-bit programs 

Source Paper Tapes and Listings available for all 
programs 

Updates of new programs sent every other month 

Five free tapes sent with new membership 

One-year free membership or five free Source 
Tapes for each accepted program submittal 

lnsite ™, Intel's Software Index and Technology Exchange, is a collection of programs, subroutines, procedures and macros 

written by users of Intel's 4004, 4040, 8008 and 8080 microcomputers, SBC 80 OEM computer systems, and lntellec® 

development systems. Thanks to customer contributions to lnsite ™, Intel is able to make these programs available to all 

users of lntel<Bl 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 time. The library of programs also 

serves as a good learning tool for those unfamiliar with Intel assembly language or PL/M, Intel's high-level language for the 
8008 and 8080 microcomputers. 

LIBRARY PROGRAMS AVAILABLE ON PAPER TAPE 
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PROGRAM LIBRARY MANUAL 

Each member will be sent the Program Library Manual 
which is a collection of source listings of library programs 
3 pages and under. Longer programs are represented by an 
abstract which indicates the function of the routine, the 
required hardware and software, and memory require
ments. 

User's Library members will be updated regularly with 
new programs submitted to lnsite during the subscription 
period. 

Here is a sampling of the types of programs contained in 
lnsite: 

Floating Point Packages 
Transcendental and Trig Function 
BASIC Compiler 
Software and Hardware Debugging Routines 
Multiple Precision Arithmetic Routines 
Peripheral Interfaces and Drivers 
Disassemblers 
Cross Assemblers for Mini-Computers 
Games 

SOURCE PAPER TAPES AND LISTINGS 

Source paper tapes and listings are available for most 
programs in lnsite™ A small handling fee will be charged 
for each source tape and listing. Ordering information can 
be found in the Program Library Manual. With your sub
scription, lnsite ™ will send you at no charge five free 
source tapes of your choice. 

MEMBERSHIP 

Membership in lnsite is available on an annual basis. Users 
may become a member through program contribution or a 
membership fee. The membership fee is $100 a year and is 
processed by purchase order or check. Please use the 
attached order form_ 

PROGRAM SUBMITTAL 

Programs submitted for our review must follow the guide
lines listed below: 

1. Programs must be written in a standard Intel Assembly 
Language or PL/M. These languages are documented in 
the following manuals: 

a. 8008 Assembly Programming Manual #98-019B 

b. 8080 Ass~mbly Language Programming Manual 
#98-004C 

c. 4004/4040 Assembly Language Programming Man
ual #98-025A 

d. 8008/8080 PL/M Programming Manual #98-108A 
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PROGRAM SUBMITTAL (Cont) 

2. A source listing of the program must be included. This 
must be the output listing of a compile or assembly_ 
All accepted programs should assemble or compile 
correctly with no syntax errors. No consideration will 
be given to partial programs or duplication of existing 
programs. 

3. A test program which assures the validity of the con
tributed program must be included. This must show 
the correct operation of the program. 

4. A source paper tape or diskette of the contributed 
program is required. This will be used for the reproduc
tion of tapes for other members. 

Complete the Submittal Form as follows: (please type or 
print) 

a. Processor (check appropriate box). 

b. Program title: Name or brief description of program 
function. 

c. Function: Detailed description of operations per
formed by the program. 

d. Required hardware: 

For example: TTY on Port 0 and 1 
Interrupt Circuitry 
1/0 Interface 
Machine line and configuration 

for cross products 

e. Required software: 

For example: TTY Driver 
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) Register modified 
(2) RAM required (bytes) 
(3) ROM required (bytes) 
(4) Maximum subroutine nesting level 

i. Assembler/Compiler used: 

For example: PL/M 
lntellec® Macro Assembler 
IBM 370 Fortran IV 

j. Programmer company and address. 



PARTIAL PROGRAM INDEX - 8-BIT USER'S LIBRARY 

TITLE 

3-Byte Positive Fractional Multiply 
8-Bit Multiply and Divide 
8-Bit Random Number Generator 
16-Bit 2's Complement Signed Multiplication 
16-Bit CRC for Polynomial X16+X12+X5+1 
16-Bit Division - 16-Bit Result 
16-Bit Division - 16-Bit Result 
16-Bit Multiply - 16-Bit Result 
16-Bit Multiply - 16-Bit Result 
16-Bit Multiply - 32-Bit Result 
16-Bit Random Number Generator 
16-Bit Square Root Routine 
32-Bit Binary to BCD Conversion, Leading Zero Blanking 
32-Bit Divide Subroutine 
4040 Cross Assembler for lntellec 8/MOD 80 and MDS-800 
8008 Cross Assembler for HP 3000 
8008 Cross Inverse Assembler for HP 2100 
8008 Disassembler 
8008 MACRO Definition Set for Assembly on PDP-11 
8080 Cross Assembler for HP 3000 
8080 Cross Assembler for HP 2100 DOS 
8080 Disassembler 
8080 Floating Point Extended Math Package 
8080 Floating Point Package with BCD Conversion Routine 
8080 Idle Analyzer for Approximating CPU Utilization 

8080 1/0 System Status Display 
8080 Least Squares Quadratic Fitting Routine 
8080 RAM Memory Test 

AID Converter Routine 
Adaptive Game Program 
Algebraic Compare Subroutine 
APL Graphic Display on a 5 X 7 Dot Matrix 
Approximating Routine 
ASCII Display 
Absorbance Calculation 
Assembler Oriented Centronics 306 Line Printer Handler 

and Error Only Assembler 

Banner Print and Punch 
BASIC CPU State Vector Maintenance 
BASIC Digital Panel Meter Call 
BASIC Interpreter 
BASIC/M Translator and Interpreter 
BCD to Bl N Conversion Routine 
BCD to/from Binary Conversion 
BCD Input and Direct Conversion to Binary Routine 
BCD Multiplication 
BCD Sum for 8008 
BCD Up/Down Counter 
Bl N to BCD Conversion Routine 
Binary to BCD Subroutine 
Binary to HEX Routine 
Binary Loader for MOS 
Binary Multiplication - 24-Bit 
Binary Search 
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TITLE 

Binary Search Routine 
BINDECBIN - Binary to/from BCD 
BIN LB - 8080 System Loader 
Blackjack 
$BLPT 
BOOT - Bootstrap Loading and Program Patching 

Calendar Subroutine 
Character Interpreted Memory Dump 
Clock Subroutine 
Compare 
Compare Object Code Tape with Memory 
Control Data Output 
CRECH - Cyclic Redundancy Check 
Cross Assembler for PDP-11 
Cross Assembler for PDP-11 
Cross Assembler for Nova 1200 
Cross Assembler for Nova 1220, I BM 360/40 and CDC 3300 
Cross Assembler for Varian Data Machine 
CRTBZ - GET 
Cyclic Redundancy Character Generator 
Cyclic Redundancy Check 
Cyclic Redundancy Check for Data String of 216 Bytes 

Data Array Move 
Data 1/0 PROM Processor 
Decrement H and L Registers 
Delete Comments 
Diagnostic 1003 - Memory Validity Check 
Digital to Analog Conversion for Eight Outputs 
Disassembler 
Disk Dump Routine for ICOM F DOS-11/MOD 80 Floppy 

DOS 
Double Precision Integer Arithmetic Package 
Double Precision Multiply 

Elementary Function Package 
ER LIST 
Exam in 

Factorial of a Decimal Number 
Fast Floating Point Square Root Routine 
Fixed and Floating Point Arithmetic Routines 
Fixed Point CHEBYSHEV Sine and Cosine for PL/M Users 
Flag Processing Routine 
Floating Point Decimal and HEX Format Conversion 
Floating Point Format Conversion Package 
Floating Point Math Package 
Floating Point Package for Intel 8008 and 8080 Micro

processors 
Floating Point Procedures 
Floating Point Square Root 

Gambol (Game) 
Game of Life 
Generalized Stepper Motor Drive Program 
Gray to Binary Conversion 
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PARTIAL PROGRAM INDEX - 8-BIT USER'S LIBRARY (Continued) 

TITLE TITLE 

Handler for Tally PTP 
HEX Convert - Convert Intel HEX Format to Prolog HEX 

File Converter 
HEX to Decimal Conversion 
HEX Format Paper Tape Dump for SOK 
HEX Tape Loader for SOK 
High Speed Paper Tape Reader with Stepper Motor Control 

I BM Selectric Output Program 
ICE-80 Disassembler 
I-Command - Insert Data in HEX Form from TTY into 

RAM 
Input/Output Commands for MOS 
lntellec 8/MOD 80 - Silent 700 Interface 
Interfacing the MOS and HP 2644A 
Interrupt Driven Clock Routine 
Interrupt Handler (Re-Entrant) 
Interrupt Service Routine 
1/0 Simulation MACROS 

K, Program Trap and Dump Routine 
Kalah (Game) 

Legible Paper Tape 
List 
Lewthwaite's Game 
List Device Program 
List 1 - High Speed List Program for lntellec 8 
List/Print/Type "List SRC" on Diskette 
Log Base 2 

Mastermind (Game) 
Match Game 
Maze (Game) 
Memory Compare 
Memory Diagnostic Program 
Memory Dump 
Memory Test for the 8080 
Memory Test Program 
Model 101 Centronics Printer Handler 
Mon 256 - 256-Byte PROM Monitor 
Morse Code Generator 
MUL/DIV Multi-Precision Pack for 8080 

Natural Logarithm 
N-Byte Binary Multiplication and Leading Zero Blanking 
Nim (Game) 
!\!ova Cross Assembler - Intel 8080 
Numbers 

Octal Code Conversion for PDP-11 
Octal Debugging Program (ODT) for the MCS-80 Octal 

Computer 
Octal PROM Programming 

Page Break for Tektronix 4010 1/0 Graphics Terminal 
Page Listing Program 
Paper Tape Reformatter for SOK 
Pass - Parameter Passing Routine 
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PDP-11 Binary File to Intel HEX File Converter 
PL/M 80 Pass 3 
PL/M Floating Point Interface 
PL/M Histogram Procedure and Random Number Generat< 
PROM Programmer for lntellec 8 
Proportional Power Control Image Builder 
Punch Binary Tape 
Punch Test or TTY Reader/Punch Test 

RAM Check 
RAM Test Program 
RANDOM$BITS 
Random Number Generator - RNGEN 
Read and Interrupt Modifications for lntellec 8/MOD 80 
Reader Test 
Read/Write Routines for Interchange Tapes 
Real Time Executive 
RMSTF - Integration Routine 
Run 0 

Save/Restore CPU State on an Interrupt 
SDK-80 Keyboard Monitor 
Shellsorting Routine 
Sin X, Cos X Subroutine 
SMAL: Symbolic Microcontroller Assembly Language 
Software Stack Routines for 8008 
Source Paper Tape to Magnetic Cassette 
SQRTF - Calculates 8-Bit Root of 16-Bit Number 
Stage 2 
Structured Assembler for 8080 
Subroutine DMUL T (Decimal Multiplication) 
Subroutine Log - Common Logarithms 
Subroutine SORT 
Symbol Table Dump for lntellec 8/MOD 80 
Symbol Table List Routine 

Tally - Use Tally 2200 Line Printer in Assembly Stage of 
Programming 

Tally R2050 HSPTR Driver 
Tape Duplicator 
Tape Labeler for MOS 
Teleprocessing Buffer Routine 
Terminal Editor 
Text Storage Program 
Tic-Tac-Toe 
Time Sharing Communications 
TIMIT - Interrupt Driven Real Time Clock Routine 
T. I. Si lent 700 Interface - I ntellec MOS 
TRACE - Program Trace and Debugger 
Trace Routine 
TTY Binary Dump Routine 
TTY Binary Load Routine 
Type 

Ou icksort Procedures 

Video Driver 

Word Game, The 



PARTIAL PROGRAM INDEX - 4-BIT USER'S LIBRARY 

TITLE 

Cross Assembler on PDP-8 

Cross Assembler for NOVA Computer 

BNPF Tape Generator for PDP-8 

MCS-4 Simulator for PDP-8 

MCS-40 Cross Assembler (lntellec® 8/MOD 80) 

Intel MCS-40 Cross Assembler and Text Editor 
(Computer Autonation 16/Alpha-LSI) 

A Chebyshev Approximation Package 

Parity Checker/Generator (8-Bit) 

Parity Generator, ASCII Character 

Code Conversion: ASCII to EBCDIC 

Delay Subroutines 

Bit Manipulation Routine 

Universal Logic Subroutines (AND, OR, XOR, XOR) 

8-Bit Parity Check Annex 

Binary to BCD Converter 

Data Compare 

Paper Tape Edit 
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TITLE 

IOMEC SERIES THREE (S-3) Cartridge Interface 

1/0 Test 

Bowmar TP 3100 Printer Routine 

8-Digit Register Diaplsy 

lntellec® 4/MOD 40 - Silent 700 Interface 

PROM Dump Utility Program 

PROFORMA 

Peripheral Interface Routine for a Thermal Strip Printer 

MCS-4/4- Disassembler 

Right Justified HEX 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 



a - . 

insif8 __ 1N_T_E_L"'_U_S_E_R_'S_L_l_BR_A_R_v_s_u_B_M_l_TT_A_L_F_O_R_M_ 

Program 
Title 

Function 

Required 

Hardware 

Required 
Software 

Input 
Parameters 

Output 

Results 

04004 04040 08008 08080 

Registers Modified: 

RAM Required: 

ROM Required: 

Maximum Subroutine Nesting Level: 

Assembler/Compiler Used: 

03000 D Other _____ {use additional sheets if necessary) 

Programmer: 

Company: 

Address: 

City: 

State: 
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CROMIS SERIES 3000 
CROSS MICROPROGRAMMING SYSTEM 

Built-in Series 3000 fields and mnemonics Extended address generation 

User definable fields and mnemonics Graphical microprogram memory display 

Hierarchical field defaults Symbolic label reference directory 

Free field statement format MCU jump address validation 

String macro capability RAM/ROM/PROM programming file generation 

The Intel® Series 3000 Cross Microprogramming System (CROM IS) is an advanced software system that supports the genera

tion of microprograms for custom Series 3000 processor and controller micro-architecture. It provides extensive programming 

facilities that greatly reduce the time and effort required to develop, debug, and document a microprogram. 

CROM IS is designed for use on almost any modern computing system with high-speed 1/0 and on-line file facilities. It is avail

able in ANSI (standard) FORTRAN IV source form for user illustration or may be immediately accessed on any of several 

major time-sharing services throughout the world. To insure the long-term reliability and maintainability of CROM IS, all com

ponent programs are written in a highly modular, structured programming style with extensive operational documentation. 
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SPECIFICATIONS 

XMAS CAPABILITIES 
Translates all 3001 MCU and 3002 CPE mnemonics. 
Dynamically allocates storage for labels, values and 
strings in a user expandable data area. 

TAPE CONTENTS 
TAPE 1 

Part 1 of XMAS FORTRAN IV Source 
TAPE 2 

Accepts microinstruction format definitions of up to 64 
total bits. 

Part 2 of XMAS FORTRAN IV Source 
XMAS Sample Program 
XMAP FORTRAN IV Source Provides extended address generation for up to 16K 

microinstructions. 
XMAP Sample Program 
MERGE File Editing Program 

Includes a 4-level user definable field default mechan
ism. 

XMAP CAPABILITIES SHIPPING MEDIA 

Provides direct or inverted mapping for any bit in any 
microinstruction field. 

Two 2400-foot magnetic tapes. 

Permits explicit 1 's or O's to be specified for unused bit 
locations. 

TAPE FORMAT 
9-track 800 bpi 

unblocked 
unlabeled 

Generates standard BNPF or hexadecimal programming 
files. 

80 byte 
EBCDIC 

Accepts memory configuration defintiions from 1 X 
bits to 16K X 16 bits.; 

DOCUMENTATION 
OPERATIONAL ENVIRONMENT 
Required Hardware: 

CROM IS Reference Specification 
XMAS/XMAP Message Summary 
XMAS Installation Guide 16-bit or larger word size 

5 rewindable data files (disc or tapes) 
Required Software: 

(preamble to XMAS FORTRAN IV source) 
XMAP l1i>tdllation Guide 

ANSI standard FORTRAN IV compiler (preamble to XMAP FORTRAN IV source) 

90H: 
91H: 

94H: 
95H: 

<J2H: M<'Y!,l:UP: 

I* 10,2 USEC UNSIG~ED lb•BIT l~TEGER MULTIPLY 
ASSUMPTIONS: ~ULTIPLICANO IS lh PAIR Of 3212'S 

B!Jfr"ERING M·BUS; 

I* CONVENIENT STRING DEFINITIONS *I 
COUNT STRING 'R8' ; I* LUUP COUNT IN R8 *I 
P,P STRING 'AC' ; I* PARTIAL PRODUCT IN AC *I 
:1.PLHR STRING 'T' ; I* MULTIPLIER IN T •I 
ANCK STRING 'TZM' ; I* PSEUDO OP AND *I 

I* CUN~E~IENT IMPLY DEFlNITIUNS *I 
l~P IMPLY fO = 11B ; I* l~H !~PLIES JNCREMFNT *I 
SllR HPLY FU = 11B ; I* SDH IMPLU:S STORE: fJNLY *I 

I* MASK FIELD DEfl~ITION *I 
~AS~ FIELD LENGTH = 2 

MICROPS( KFFFO = l0B ) 

I* I~ITIALIZE LOOP COUNTER *I 

~ASI'- KllUS 

CSR(CGUNT) ; I* SET COUhT REG TO ALL l's f/ 
A~DKICOUNTJ KFFFO ; ,, rUHCE cou~r PEG ru -16 *' 
CLPIP.P) ; I* CL~AH PAPTIAL PRODUCT *I 
SPA(M,PLIERJ ; I* PL.ACE LSH Of' '1 'PLIER CJN n LINE *I 

I* MAIN MULTIPLY LOOP *I 

l NP (CuUIH) I* It.CPEl"Ud LUCJP COUNT *I 
JFLIONE, ZERO) I* DHANCH ON M'PLIEH Blf *I 

srz ; '* SAV~ CAkRY FOR LOOP EXIT TEST *' 

ll 
OA31i 
0A2J< 
OA4H - . 

;)~; t::: 

7.U<fl: 

AMA(P,P) ; I* hDU MULTIPLICAND TO PARTIAL PRODUCT *I 
SPA(P.Pl STZ ; I* SAVE LSH OF PARTIAL PHODOCI IN Z *I 
S~A(M,PLIER) FFZ I* SHlf'T & LINK IN P•P HII FRUM Z f/ 

JZFI ~PYLOOP, EXIT l ; /*TEST 0LU CAMMY f'UH LOUP EAIT *I 

93H: r.xn: NOPIPOJ JMP(~Xlf) ; 

Eur· 
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MCS-40 CROSS ASSEMBLER 

Accepts all 4004 and 4040 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-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 1/0 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 lntellec® 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 
CAPABILITIES: 
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-cal Is. 

User definable 1/0 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 
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TAPE CONTENTS: 
MCS40™ 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 



4004/4040 SIMULATOR 

Simulates all 4004/4040 machine instructions 

Accepts output from MAC40, the Intel® 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 1/0 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 al lowing 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 FORTRAN IV and is designed to run on most large scale cr;mputer 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. 

M CS-40™ PROGRAM DEVELOPMENT CYCLE 

ASSEMBLY 
LANGUAGE 

SPECIFICATIONS 
CAPABI LI Tl ES: 
Provides total software simulation of 
the Intel® 4004 and 4040 CPU's. 

Can be run in batch or interactive 
mode. ll 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 
BOOB Pl 

BO-byte unblocked 
records 

Unlabeled 
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INTELLEC'''' 4 
MODELS 4 AND 40 

,-------- MICROCOMPUTER 
DEVELOPMENT 

SYSTEMS 

D 
YOUR 

L_______. OWN 
SYSTEM 

TAPE CONTENTS: 
4004/4040 Simulator 
(FORTRAN IV Source) 
MERGE Source File Editing Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 
I NT ERP I 40 Extern a I Reference 
Specification 



intel'' 
MCS-8 TM 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-S™ Cross Assembler, MACS, is a powerful program development tool for Intel's® SOOS microcomputer. MACS 
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 1/0 and text editing capability of a large computer system to further shorten 
the programming task. 

MACS translates symbolic SOOS 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 MACS 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 MACS may be loaded directly to the SOOS Simulator (INTERP/S) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an lntellec® S/Mod S Development System. It may also be punched in 
BNPF format to program ROMs. 

MACS 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-8™ ASSEMBLY LANGUAGE 
PROGRAMMING EXAMPLE: 

001E 
001E OEOO 
0020 2609 
0022 
0022 C2 
0023 1A 
0024 DO 
0025 21 
0026 28 
0027 Cl 
0028 402COO 
0028 83 
002C 
002C 1A 
0020 CB 
002E 442200 

SPECIFICATIONS 
CAPABILITIES: 
Accepts all 4S 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 1/0 formats. 

Batch or interactive mode. 

; UMUL - UNSIGNED INTEGER MULTIPLY 
; CALL ARGUMENTS IN C & D 
; EXIT: HI ORDER PRODUCT IN 8 

LO ORDER PRODUCT IN C 
; REGS: A,8,E AND FLAGS EXCEPT CARRY ALTERED 
UMUL 

UMULO: 

UMUL1: 

MVI B,O 
MVI E,9 

MDV A,C 
RAR 
MDV C.A 
OCR E 
RZ 
MDV A,8 
JNC UMUL1 
ADD D 

RAR 
MDV 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 SO Byte unblocked 
EBCDIC records 
SOO BPI Unlabeled 
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MCS-S™ Cross Assembler 
(FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

CONVS Conversion Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE 
INCLUDES: 
SOOS Assembly Language Programming 
Manual 

MACS External Reference Specification 

Pocket Reference Card 



l 

intel 
8008 SIMULATOR 

Simulates all 8008 machine instructions Written in FORTRAN IV 

Accepts output from PL/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/M compiler or assembled 
on the MACS Cross Assembler may be loaded directly into INTERP/8 for simulation and checkout. 

INTERP/8 provides commands to: 

• Set Breakpoints • Measure Program Timing 
• Trace Program Execution • Examine and Set 1/0 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-8™ PROGRAM D EVELOPMENT CYCLE 

ASSEMBLY 
LANGUAGE 

\ 

PL/M 

\_ 

SPECIFICATIONS 

CAP A Bl LITI ES: 
Simulates all 48 machine instructions 

Allows full 16K program 

Can be run in batch or interactive 
mode 

I\ 
MACS 

t-1 CROSS h 
ASSEMBLER 

.'::, \ 
r--- INTERP/8 

SIMULATOR 

\ 

+- PL/M-8 t-COMPILER 

\i \_ \ 

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 
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INTELLEC'.'' I\ 

r-1 
8/MOD 8 

MICROCOMPUTER 
DEVELOPMENT 

SYSTEM 

'\J 

I\ 

t---!-+ ROM 

\ \ '\J 

I\ 
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 



intel 
MCS-80™ 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 1/0 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 ( INTERP/80) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an lntellec® MOS 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 DECAO: 
0000 OE08 
0002 AF 
0003 LOOP 
0003 1A 
0004 SE 
0005 27 
0006 12 
0007 23 
0008 13 
0009 OD 
OOOA C20300 
DODD C9 

THIS SUBROUTINE PERFORMS DECIMAL ADDITION 
FOR 16 DECIMAL DIGITS ON THE INTEL 80BO 
MICROCOMPUTER. 

THE ADDRESS OF THE FIRST OPERAND IS EXPECTED TO BE IN THE 
D AND E REGISTERS ANO 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 ; INITIALIZE DIGIT COUNTER (HALF) 
XRA A ; CLEAR CARRY BIT 

LDAX 0 LOAD TWO DIGITS FROM FIRST OPERAND 
AOC M ADD TWO DIGITS FROM SECOND OPERAND WITH CARRY 
DAA DECIMAL ADJUST RESULT 
STAX D STORE TWO DIGITS OF RESULTS OVER FIRST OPERAND 
INX H INCREMENT ADDRESS OF SECOND OPERAND 
INX 0 INCREMENT ADDRESS OF FIRST OPERAND 
OCR C DECREMENT DIGIT COUNT 
JNZ LOOP CONTINUE IF MORE DIGITS LEFT 
RET 
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8080 SIMULATOR 

Simulates all 8080 machine instructions Written in FORTRAN IV 

Accepts output from PL/M compiler or MAC80 Cross 
Assembler 

Instantly available on worldwide timesharing services 

Comprehensive user documentation 

Comprehensive debug features 

The 8080 Simulator, INTER P/80™, is a complete simulation and debug program for the Intel® 8080 microcomputer. INTER P/80 

provides powerful commands to control the execution of 8080 programs. Extensive debug features are built in to help reduce the 

time and cost involved in program checkout. 

INTERP/80 simulates execution of all 8080 machine instructions. Programs either compiled on the PL/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 1/0 Ports 

• Dump and Modify Memory • Perform Interrupts 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-80TTv1 PROGRAM DEVELOPMENT CYCLE 

I\ I\ 
MAC BO 

ASSEMBLY 
LANGUAGE t-1 AS~~~~~ER I-

I\ 

INTELLEC® 
MDS 

~MICROCOMPUTER 
DEVELOPMENT 

SYSTEM 

I\ 
\ 

f--+ s11%TJ't:~~R +---+-! ROM 

PL/M 

\ 

SPECIFICATIONS 
CAPABILITIES: 
Simulates all 78 machine instructions 

Allows 16K program, easily 
expandab:e 

Can be run in batch or interactive 
mode 

I\ 

t-1 PL/M-80 
COMPILER 

I\ 

t-

\ 

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 
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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/M HIGH LEVEL PROGRAMMING LANGUAGE 
MCS-8™ AND MCS-80™ CROSS COMPILERS 

Reduces program development time and cost 

Improves product reliability and eases maintenance 

Available for 8008 and 8080 

Comprehensive user documentation 

Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV 

Instantly available on worldwise timesharing services 

PL/M is a high-level system programming language, specifically designed to ease the programming task tor 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 tree-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 tor interactive, symbolic 

debugging or may be punched to paper tape in hex format tor loading into an lntellec® 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 tor immediate use on several worldwide timeshar

ing systems. 

PL/M PROGRAMMING EXAMPLE: 
;• BUBBLE SORT DECLARATION 

SORT PROCEDUREINIADDRESS. 

/• N = LENGTH OF A 

COUNT = NR. OF SWITCHES PERFORMED TO-DATE 

SWITCHED = !BOOLEAN) HAVE WE DONE ANY SWITCHING YET ON THIS SCAN' "/ 

DECLARE IN, I, SWITCH EDI BYTE, 
(TEMP, COUNT) ADDRESS, 

SWITCHED = 1, 
COUNT = 0. 

;• SWITCHED TRUE MEANS NOT DONE YET •/ 

DO WHILE SWITCHED; 

SWITCHED - (!; /• BEGIN NEXT SCAN OF A •I 

DO I = 0TO N-2; 
IF Alli> Al1+1) THEN 

DO; ;• FOUND A PAIR OUT OF ORDER •; 

COUNT = COUNT+ 1. 
SWITCHED= 1. /• SET SWITCHED= TRUE "/ 

TEMP = A(ll, ;• SWITCH THEM INTO ORDER "/ 

Alli = A(l+11. 
A(l+1) = TEMP, 
END; 

END. 
/• HAVE NOW COMPl_ETED A SCAN •I 

ENO ;· WHILE "/; 
;• HAVE NOW COMPLETED A SCAN WITH NO SWITCH I NG •I 

RETURN COUNT. 

END SORT; 
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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 

PL/M 

SHIPPING MEDIA: 
Magnetic tape 

TAPE FORMAT: 
9-track EBCDIC 
800 BPI 80-byte unblocked records 
Unlabeled 
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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) 



MICROCOMPUTER TRAINING 

MICROCOMPUTER TRAINING 

Courses presented at training centers and customer 
facilities. 

Training Centers 
Boston 
Chicago 
Santa Clara 

Scheduled on a continuing basis throughout the 
year. 

System demonstrations 

On-site courses tuned to customer requirements. 

Hands-on laboratory sessions reinforce lecture. 

Training center classes limited to 12 attendees. 

lntellec® Microcomputer Development Systems 
with ICE-80 in laboratory. 

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 offers a selection of workshops that are designed to pro
vide you with the "tools" for making optimum use of Intel microcomputers in system development. The coure prerequisites 
are a knowledge of binary and hexadecimal number systems and basic logic functions. To attain maximum benefit. from 
course presentation, some background in logic design and computer programming is recommended. 

REGISTRATION AND ADDITIONAL INFORMATION: Contact MCD Training at Intel Corporation, Santa Clara, California 
95051, (4081 246-7501, or your local Intel sales office. 
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MCS-80™ SYSTEM WORKSHOP 

This workshop will prepare the student to design and develop a system using the Intel® 8080 microprocessor through the use 

of lecture, demonstration and laboratory "hands-on" experience with the lntellec® MOS development system and ICE-80. 

COURSE OUTLINE: 

DAY 1 
Introduction 
a. Microprocessor System 

1. Function 
2. Organization 
3. Programming 

b. BOBO Overview 
1. Functional sections 
2. Programming model 
3. Execution Sequence 

Assembly Language Instructions 
a. Input/Output 
b. Register/Memory Reference 
c. Arithmetic 
d. Logical 
e. Rotates 

D.evelopment System 
a. Function 
b. System Monitor 
c. Paper Tape System 
d. Disc Operating System 

Macro Assembler and Text Editor 
a. Function 
b. Operation 

System Demonstration 

Laboratory 
Using the System Monitor, Text Editor, and 
Macro Assembler 

DAY 2 
System Timing 
a. Instructions 
b. State transition 
c. Signal relationships 

d. Specifications 

Subroutines 
a. Invocation 
b. Stack memory 
c. Parameters 

Programmed Input/Output 
a. Status Request 
b. Command 
c. Data Transfer 

Interrupt System 
a. Description 
b. AST instruction 
c. Service subroutines 

Laboratory 
a. Using the Disc Operating System 
b. Program assembly and execution 

DAY 3 
Branch Tables 
a. Application 
b. Construction 

Direct Load/Store Instructions 

Special Purpose Instructions 

Macros 
a. Definition 
b. Reference 
c. Expansion 

Programming Examples from the System 

Monitor 

Debugging with the System Monitor 

a. Breakpoints 
b. Examine registers 

Basic System Hardware 
a. Bus Structure 
b. CPU Set 
c. Memory 
d. Input/Output 

Laboratory 
a. Software Debug 
b. PROM Programming 

DAY4 
System Design Based on SBC 80/10 
System Specifications 

CPU Section 
a. Bus structure 
b. System clocks 
c. Interrupt structure 
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Memory Section 
a. Memory map 
b. PROM/ROM 
c. RAM 
d. Addre'5 decoding 
e. Control signals 

Parallel Input/Output 
a. 8255 Operation 
b. Printer interface 
c. Reader/punch interface 
d. A/D and Di A interface 
e. Keyboard/display interface 
f. Control line generation 

Serial 1/0 
a. 8251 Operation 
b. TTY interface 
c. Modem interface 

Laboratory 
Program assembly and execution 

DAY 5 
Expansion of System Resources 

Complete Design Example of Temperature 

Monitor System 
a. System block diagram 
b. 1 /0 interface schematic 
c. Software 

ICE-BO Emulator 
a. Definition 
b. System Overview 

1. Memory and 1/0 sharing 
2. Breakpoint capability 
3. Dynamic tracing 
4. Control block 

ICE-80 Software Driver 
a. Modes 
b. Commands 

System Debugging Example 

System Demonstration 

Laboratory 
a. Using ICE-80 commands 
b. Debugging 



PL/M-80 LANGUAGE WORKSHOP 

This workshop will prepare the student for writing and debugging PL/M-80 programs using lecture, demonstration, and 
laboratory "hands-on" experience with the lntellec® Microcomputer Development System and ICE-80. 

COURSE OUTLINE: 

DAY 1 
Introduction 
a. Preview of Course 
b. Overview of PL/M, Linking and Reloca-

tion 
c. Why use a High Level Language 

Definitions 
a. Symbols 
b. Identifiers 
c. Reserved Words 
d. Comments 
e. Data Elements 
f. Expressions 
g. Statements 
h. Declarations 

Data Elements 
a. Variables 
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 

Assignment 
a. Implement a Given Algorithm in PL/M 

(as a class) 

DAY 2 
ISIS-11 Disc Operating System 
a. Components of System 

ISIS-11 File Structure 
a. System Files 
b. User Files 
c. Device Files 
d. Directory and File Attributes 

ISIS-11 Commands 
a. CUSPS - Commonly Used System Pro-

grams 
b. Directory and Attribute Commands 
c. Rename and Delete Commands 
d. Creating System and User Discs 

ISIS-11 Editor 
a. Definition of Terminology 
b. Invoking the Editor 
c. Editor Commands 
d. Editing Existing Files 

ISIS-11 PL/M 80 Compiler 
a. Invoking PL/M 
b. Compiler Options 

ISIS-11 Locate 
a. Invoking Locate 

Laboratory 
a. Introduction to ISIS-11 Disc Operating 

System 
b. Creating a PL/M Source File 
c. Compiling a PL/M Program 
d. Locating and Executing a PL/M Program 

DAY 3 

Review 

Procedures 
a. Declaration 
b. Invocation 
c. Program Construction 

Data References 
a. Based Variables 
b. Variable Equivalencing 

Statement Labels 

Unconditional Transfers 

Blocks 
a. Concept and Use 
b. Scope of Declarations 

1. Global and local 
2. Nested and parallel blocks 
3. Public and external attributes 

c. Modular Compilation 
d. Modular Prograr.i 

ISIS-11 Link 
a. Invoking Link 
b. Link Options 

Assembly Object Modules 

Laboratory 
a. Compile Program Modules 
b. Link and Locate Modules 
c. Execute Program 
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DAY 4 

Review 

ISIS-11 Librarian 
a. Creating a library 
b. Managing a library 

1. Adding modules 
2. Deleting modules 

ISIS-11 System Interface 
a. System Library 

ICE-80 Emulator 
a. Definition 
b. System Overview 

1. Memory and 1/0 mapping 
2. Breakpoint capability 
3. Dynamic tracing 
4. Control block 

ICE-80 Software Driver 
a. Modes 
b. Commands 

System Debugging Examples 

System Demonstration 

Laboratory 
a. Create a I ibrary 
b. Link object to a I ibrary 
c. Locate 
d. Load and emulate using ICE-80 

DAY 5 

Review 

Interrupt Procedures 

Reentrant Procedures 

Predeclared Procedures 
a. TIME Procedure 
b. MOVE Procedure 
c. LENGTH, LAST and SIZE Procedures 
d. Type Transfers 
e. Shifts and Rotates 

The Memory Array and STACKPTR 
Variables 

Discussion of Selected Programs 

Laboratory 
a. Execution and Debugging of Selected 

Programs 



ll , 
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MCS-48™SYSTEM WORKSHOP 

This workshop will prepare the student to design and develop a system using the Intel 8048 microprocessor through the use 

of lecture, demonstration and laboratory "hands-on" experience with the lntellec® Development System and PROMPT-48. 

COURSE OUTLINE: 
Day 1 
Orientation 
Introduction 
a. Microprocessor System 

1. Function 
2. Organization 
3. Programming 

b. 8048 Overview 
1. Functional Sections 
2. Programming Model 
3. Execution Sequence 

Assembly Language Instructions 
a. 1/0 Instructions 
b. Data Move Instructions 
c. Increment/Decrement Instructions 
d. Branch Instructions 
e. Worksession No. 1 
f. Accumulator Group Instructions 

1. ADD/ADDC 
2. Logicals 

PROMPT-48 
a. Function 
b. Operation 
Laboratory Exercise 
a. Program Entry and Execution 

using PROMPT-48 
Day 2 
Assembly Language Instructions 
a. Accumulator Group Instructions 

1. Flags 
2. Rotates 

b. Specials (XCH, DA, SWAP) 
c. Worksession No. 2 
d. Subroutines 

1. Invocation 
2. Stack Operation 

e. Interrupt System 
1. Description 
2. Service Subroutines 
3. Multiple Source Systems 

Development System 
a. Function 
b. Disk Operating System 
Text Editor and Macro Assembler 
a. Function 
b. Operation 
Laboratory Exercise 
a. BoOtstrap Procedures 
b. Create, Edit and Assemble 

Source Program 
c. Execute Program 
Day 3 
System Timing 
a. Basic Timing and Timer 
b. Bus Timing for Peripheral Devices 
Peripherals and Design 
a. Expanding Memory* 

1. Program Memory (1, 2K ROMs) 
2. Data Memory (RAMs) 

b. Expanding Ports (8243) * 
1. Device Characteristics 
2. Software Control of Ports 

c. Combination Chips* 
1. 8155 RAM and 1/0 Chip 
2. 8355,8755 ROM and 1/0 Chip 

d. Peripheral Interfacing (Parallel)* 
1. 8255 Parallel 1/0 
2. 8279 Keyboard and Display 

Interface 
-Keyboard Scanning 

Techniques 
-Display Refresh 

Laboratory Exercise 
a. Edit and Assemble Using DOS 
b. Execute Using PROMPT-48 

Day 4 
Peripherals and Design 
a. Peripheral Interfacing (Serial)* 

1. Transmission Formats 
2. Asynchronous Operation 
3. RS232C Interface 

b. A/D and D/A Interfacing* 
1. Successive 

Approximation A/D 
2. A/D, D/A Chips 
3. A/D Design 

Laboratory Exercises 
a. Edit and Assemble Programs 
b. Execute Programs 
*Each section will consist of a design example 
including schematic, bus loading calculations, 
software and timing. 

PROGRAMMABLE PERIPHERAL CIRCUITS WORKSHOP 

This course will cover the Programmable Peripheral Circuits that are used in a wide variety of application areas such as process 
control, terminals, communications, numerical control, instrumentation, etc. 

Each device is covered in sufficient depth to allow the attendee to define its hardware and software characteristics and 
evaluate its application areas. 

COURSE OUTLINE: 
Day 1 
Introduction 
a. Programmable Concept 

1. Initialization Commands 
2. Operation Commands 

b. Addressing Methods 
1. Chip Selection 
2. Memory Mapping 
3. 1/0 Mapping 

8253 Programmable Interval Timer 

8257 Programmable OMA Controller 
8259 Programmable Interrupt Controller 

8279 Programmable Keyboard/Display 
Interface 
a. Chip Descriptions and Applications 
b. Programming Requirements 
c. Design Examples 
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Day 2 
8271 Programmable Floppy Disc Controller 

8273 SD LC Protocol Controller 
8275 Programmable CRT Controller 

8155/8355/8755 Combination Memory 
and 1/0 Ports 
a. Chip Descriptions and Applications 
b. Programming Examples 
c. Design Examples 



SERIES 3000 WORKSHOP 

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 

c. Series 3000 System Overview 

CPU Design Example 
a. CPU System Requirements 
b. Architecture of a CPU 
c. 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-Subroutine 
e. Pipelining 
f. Timing Analysis 

Controller Design Example 
a. Disc Controller System Requirements 
b. Architecture of a Disc Controller 
c. Microprogram Implementation 
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DAY 3 
Development Support 
a. Introduction to CROM IS, the Series 

3000 Cross Micro-Assembler 
b. MDS-800 Microcomputer Development 

System 
c. ICE-30 In-Circuit Emulator 
d. ROM Simulator 
e. Demonstration 



2116 16K DYNAMIC RAM 

ll . 
. 
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ORDERING INFORMATION 

Semiconductor components are identified as follows: 

Example: 

M C 5 0 

Four or five characters 
per device type 

Package Type 
B - Hermetic Package, Type B 
C - Hermetic Package, Type C 
D - Hermetic Package, Type D 
M - Metal Can Package 
P - Plastic Package 
X - Unpackaged Device 

M - Indicates Military Operating 
Temperature Range 

Examples: 

L 4 

Up to three character 
modifier for power, 
speed, processing, etc. 

P5101 L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 

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

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

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

Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, CAiifornia 95051. 

*On military temperature devices, 8 suffix indicates MIL-STD-883 Level 8 processing. Suffix C indicates MIL-STD-883 Level 
C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 
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PACKAGING INFORMATION A11 dimensions in inches and (millimeters) 
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.200 (5.080) .095 (2.413) 
MAX. .070 (1.778) ID 
1 c=lNW .130 (3.302) M l[ .080 (2.032) SEATING - - - , Q" PLANE---~ n I .015(0.381) '>.'...'W l l L.015 MIN .. 008 (0.203) : 

.100 (2.540) .065 (1.651) (0.3Sl) ! ~ 

.165 (4.191) .040 (1.016) JI--~ (0.584) L.680 _j 
,------- .014 (0.356) .580 

.110 (2.794) 

.090 (2.286) 

.200 {5.080) .095 (2.413) 

(17.272) 
(14.732) 

MAX. .070 (1.778)h 

s~~~~~G LrWml~= ~~~:g;:;(0381) ~ .. ,..fio y ~ y y· L .015 MIN. 008 (O 203)+ I --!~ 
.100 (2.540) .065 (1.651) JI (0.3Bl} . . ! 1! 
.1ss !4:191) MO {1.01sJ __ .023 fo.sa4J i .sao I r--- .014 (0.356) t- .580 ----1 

.!!Q_ (2.794) (17.272) 

.090 (2.286) (14.732) 

I--------- 2.025 (51.435) ---------1 
1.975 (50.16cl5) PIN 1 MARK 

1 
-~- -l 

CT~J -.:!:::;;:, 

.200 {5.080) .095 (2.413) 
MAX. .070 (1.778)b ! m~-=1m .130 (3.302) -R SEATING - - - .080 (2.032) I O" 

PLANE --1--W n , .015 (0.381) '"":. w ,------- ¥ .015 MIN. .008 (0.203) ' : I 
.100 (2.540) .065 (1.651) (0.381) ,. ,. .. ,,_ L ., ,, ,,, JI. = ,.~, 1. _ = _ 

.110 !2.7941 ·014 (0.355l !1·7.272) 

.090 (2.286) (14.732) 

15-9 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN-LINE PACKAGE TYPE B 
22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

r--~)----i I_ - - - 1.065 (27.051) - ~N_!I 

.370 (9.398) B:==a·~~ -~IN1:r..7l9 ) 
:=-:._-= __l .425 

.200(5.080) .140 (3.556) r- MAX. --"j 

M~X. ffiffl~~-;~~ww·i2o 13.0484) l .17514.445) Ml10.795)-I 

SEATING ----- - - .15513.937) ' ' 0• 

PLANE ~ h J ~ 015 MIN (0.381) ~ _..; 150 

:~ :!:~~: _y-_j I IL . 10.381) . 10.203) .008 L _j' 
~ (2·7941 k- _.J ,023 (0.584) ·510 
.OSO 12 ·2861 .065 (1.651) .032 TYP. .014 {Q.356) .4SO 

.040 11.0W (0.831) ;~~::~~; 

1.270 (32.258) 

,---·- 1.230 (31.242) -~ 

Er--::E___ _ -.Jl13.462) -i= .510 (12.954) 

--·- __l 
.625 

.220(5.558) .150 (3.810) l!MAX.01 
MAX. ~~-;~~ww.110 12.7~ 1.190 14.8261 Ml15.875~1 

SEATING ----- _j :12513.175T I 

PLANE ~ ~ 11 t 015 MlN .Q15 (0.381) : ~ .1.QO (~) . (0.381). .008 (0.203) --: 15 

.1ss 14.1011~12.7941 I I _i 1. _JL.023 I0.5841 I .1oo_j 
.090 (2.286)--! r--- .065 ~ ,O;i TYP .014 (0.356) L .630 

.040 (1.016) (0.813) (17.780) 

(16.002) 

METAL CAN PACKAGE TYPE M 

8-LEAD METAL CAN 
PACKAGE TYPE M 
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,._ ____ I~ i~:;~;~ DIA. 

.185l~.699)~~r·o4o11.0161 

.165 (4.191) ~ MAX. I - --t-, ' 
.500112.11 ·1 I 

L~~ ~~ !~~1i~W" 
.370 ~ I 8 LEADS 
.335 {8.509) DIA. f.-- .019 ~OJA 

.200 (5.08) .Q16 (0.406) . 

TYP.=1 



INTEL MILITARY PRODUCTS 
IC 38510 PROGRAM 

Intel offers selected products in full conformance with requirements for military components. 
Effort is underway by agencies of the Department of Defense with full Intel cooperation to estab
lish "JAN" standards for several of our products. Intel has led these standards by emulating the 
anticipated "JAN" processing and lot acceptance requirements with the Intel in-house IC 38510 
Program. Intel Specifications are available which document general and detailed requirements for 
each of the military products. Detail specifications are organized by generic family and provide all 
information necessary for non-standard parts submissions in accordance with MI L-STD-749, Step I, 
Step 11, and Step 111. These documents are available from your local Intel Sales Office or authorized 
Intel Distributor. 

Three levels of product assurance are offered: Level B, Level C, and Military Temperature Only. 

The Military Temperature level products have guaranteed operating characteristics over the specified 
temperature range and have undergone Intel's rigid product assurance requirements. 

Level C and Level 8 products are in conformance with MI L-STD-883, Method 5004 requirements, 
and in addition, have a specified maximum rebond criteria ( 10%) and a specified burn-in PDA 
(10%), all documented in the detail specifications, consistent with 38510 requirements. Lot con
formance tests are performed in accordance with MI L-STD-883A, Method 5005. 

MCS-80 

MC8080A 
MD8102A-4 
MD8212 
MD8214 
MD8216 
MD8224 
MD8228 
MC8251 
MC8255 
MC8316A 

MC8702A 
MC8708 

INTEL MILITARY PRODUCT FAMILY 

3000 Series PRO Ms 

MD3001 MC1702A 

MD3002 MC2708 

MD3003 MD3601 
MD3212 MD3604 

MD3214 MD3624 

MD3216 

15-11 

RAMs 

MD2102A-4 

MD2115L 
MD2125L 

MC5101-4 
MC5101 L-4 



Wafers 

Lead Frame 
and Base 

Cap 

LEVEL BAND C 
MILITARY PRODUCTS MANUFACTURING FLOW 

Incoming QC Raw Material Inspection 

'~--- Incoming QC Silicon Wafer Inspection 

Wafer Fabrication 

/\----- Post Break Chip Inspection -
MIL-STD-883A, Method 2010 
Condition B 

Lead Frame Attach 

Visual Inspection for Alignment 
and Glass Flow 

Die Attach: Jumper Chip Attach 

~--- Aluminum Ultrasonic Wire Bond 

Optical Inspections 

Contamination Checks 
Particle Counts 
Critical Dimensions 

QA Wafer Inspection 
and Die Count 

QA Post Break Chip 
Inspection, Ml L-STD-
883A, Method 2010 
Condition B 

Visual Inspection of 
Die Attached Units. 
Monitor of Die Attach 
Machines. 

Bond Pull Acceptance to 
r-----------------------~O Monitor Bond Strengths per 

Die Attach and Bond Inspection 
/I"---- per MIL-STD-883A, Method 2010 

Condition B 

Cap Seal 

MIL-STD-883A, Method 2011 

QA Die Attach and Bond 
Inspection per MIL-STD-883A, 
Method 2010 Condition B 
AOL~ 1% 

QA Seal Monitor. Cap 
Alignment and Glass Flow 

r-------------------------Stabilization Bake, 

}----Temperature Cycle, per MIL-STD-883A, 
Method 1010 Condition C, 10 cycles 

Centrifuge, per MIL-STD-883A, Method 
,---- 2001, Condition E, Y 1 Axis, 30KG 

/>---- Hermeticity Testing: Fine Leak - Helium 
or Kr 85 to 5x10-8 cc/sec. 

150° C, 24 Hours 

Gross Leak - Fluorocarbon, 
Condition C2, 100% MIL-STD-
883A, Method 1014 

~--- Trim Tie Bar 
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QA Tin Thickness Monitor 
Thickness Spec 200-700 
Micro inches 

Hermeticity Lot Acceptance 
AOL~ 1% 



LEVEL BAND C 
MILITARY PRODUCTS MANUFACTURING FLOW (Cont'd) 

/>---- Final Visual - Package, Seal Date Code, 
Country of Origin, and 
Lead Inspection 

Final Visual Lot 
t---------------------LJ Acceptance, AOL= 1% 

Mark, Tube Load and Opens and Shorts 
Testing 

Ship to USA 

Stabilization Bake - 150°C, 24 Hours 

,,,_ ___ 25° C Interim Electrical Tests, Level 
B Products Only per Ml L-STD-883A 

Burn-In (Level B Products Only) per 
MIL-STD-883A, Method 1015, Condition 
C or F 

100% Electrical Tests at 25°C 
VJ---- (AC, DC, Function) 

h--- 100% Electrical Test at -55°C 
(AC, DC, Function) Level B Product Only 

/\.---100% Electrical Tests at +125°C 
(AC, DC, Function) Level B Product Only 

Mark Customer Number 

Ship to Customer 

PIECE PARTS 0 MANUFACTURING OPERATION 

Plant Outgoing Inspection* 

Incoming Inspection of 
Foreign Assembly Plant 
Shipments**. LTPD 
Dependent Upon Test 

Final QA Visual and Electrical 
Tests at 25°C, -55°C, and 125°C 
LTPD = 5 (AC, DC and Function) 
(-55°C and +125°C Testing On 
Levels B and C Product Only) 

Group B Tests Performed per 
MIL-STD-883A, Method 5005, 
for Lot Conformance. (Levels 
Band C Only) 

Group C and D Tests Performed 
per MIL-STD-883A, Method 5005, 
for Lot Conformance. (Levels B 
and C Only) 

6_ QA MONITOR 

0 0 MANUFACTURING INSPECTION OR TEST D QA LOT ACCEPTANCE 

*Outgoing Acceptance (Plant Clearance) Inspections: 

Test LTPD ACC 

1. Hermeticity 5 2 

2. Centrifuge 5 2 

3. X-Ray 7 

4. Lead Fatigue 20 0 

5. Acoustic (Loose Particles) AOL= .04% 
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**Incoming Inspection Testing: 

Test LTPD 

1. X-Ray, Die Attach and 7 
Seal Quality 

2. External Visual 7 

3. Opens and Shorts 7 

4. Hermeticity 7 

5. Lead Fatigue 20 

6. Internal Visual 10 

7. Bond Pull 7 

8. Acoustic (1000 Particles) AOL= .04% 

ACC 

0 

0 



STANDARD PRODUCT PROCESSING AND 100% SCREENING 

~~: 9 I 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) 

Die Attach 
(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.) 

15-14 

Hermeticity Testing to 
eliminate devices which 

show insufficient 
hermeticity. (Monitored 

by QA) 
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 (15,000G for 0.5 msec) 
to insure that all devices are adequately 
die attached, bonded and free from 
package defects. (Not 100% screened. 

Monitored by QA) ·· 

Temperature Cycling per MIL-STI 
Method 1010 Test Condition C (1 

-65°C to +150°C) to insure that 1 
are free from metalization, bondir 

packaging defects. (Monitored by C 



Continuity at 
high temperature 

to insure that no 
terminals will open or short at 
high temperatures. (Monitored by QA) 

15-15 

Electrical Testing at 25°C to 
test conditions and limits which guarantee 

AC, DC and functional performance over 
full specified temperature 

range. 

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 

(AQL 1%) 



ADDITIONAL LITERATURE 

Intel provides a variety of brochures, application notes, design manuals and other literature. The list below 
includes the most popular publications available at the time of this publication. If you wish to receive Intel 
literature, contact your local Intel sales office representative, distributor or write Intel Corporation, Litera
ture Department, 3065 Bowers Avenue, Santa Clara, California 5051. Volume and Educational discounts 
are available. 

International locations also provide selected literature in Japanese, French or German. 

Complementary Information 

BROCHURES 

MCS-48™ Brochure 
MCS-80™ Brochure 
MCS-85™ Brochure 
SBC Single Board Computer Brochure 
PL/M Application Brochure 
lntellec® Brochure 

REFERENCE CARDS 

MCS-40™ Assembly Language Reference Card 
MCS-48™ Assembly Language Reference Card 
MCS-80™ Assembly Language Reference Card 

RELIABILITY REPORTS 

RR 6 
RR 7 
RR 8 
RR 9 
RR 10 
RR 11 
RR 12 

1702A Silicon Gate MOS 
2107 A/2107B 
Polysilicon Fuse Bipolar PROM 
MOS Static RAMs 
8080/SOSOA Microcomputer 
2416 16K CCD Memory 
2708 SK Erasable PROM 

RR 14 2115/2125 MOS Static RAMs 

APPLICATION NOTES 

AP 22 Which Way for 16K? 
AP 23 2104A 4K RAM 
AP 24 211616K RAM 
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MANUALS AND HANDBOOKS 

1977 Memory Design Handbook 
MCS-40™ User's Manual 
MCS-48™ User's Manual 
MCS-80™ User's Manual 
MCS-85™ User's Manual 
Series 3000 Reference Manual 
4004/4040 Assembly Language Programming Manual 

MCS-48 Assembly Language Programming Manual 

8080 Assembly Language Programming Manual 

PL/M-80 Programming Manual 
Series 3000 Microprogramming Manual 

SBC 80/10 Hardware Reference Manual 

SBC 80/20 Hardware Reference Manual 

lntellec® Development System Operator's Manual 

lntellec® Development System Reference Manual 
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MICROCOMPUTER AND MEMORY SYSTEM 
SALES AND MARKETING OFFICES 

U.S. AND CANADA SALES OFFICES 
ALABAMA 
Col-Ins-Co 
2806 Broadview Drive 
Huntsville 35810 
Tel: (305) 423-7615 

ARIZONA 
Sal12s Engineering. Inc 
7226 Stetson Drive. Suite 34 
Scottsdale 85252 
Tel. {602) 845-5781 
TWX 910-950-1288 

CALIFORNIA 
Intel Corp_• 
990 E. Arques Ave 
Suite 112 
Sunnyvale 94086 
Tel· (408) 738-3870 
TWX· 910-339-9279 
TWX-910-338-0255 

COLORADO 
Intel Corp 
12075 East 45th Avenue 
Suite 310 
Denver 80239 
Tel: (303) 373-4920 
TWX· 910-932-0322 

CONNECTICUT 
Intel Corp 
8 Mill Plain Road 
Danbury 06810 0 

Tel: (203) 792-8366 

FLORIDA 
lntei Corp 
2020 W. McNab Road, Suite 104 
FL Lauderdale 33309 
Tel. (305) 971-7200 
TWX 510-956-9407 

GEORGIA 
Col-Ins-Co 

Suite 200-3 

1280 Ceda~ Park Circ!e 
Stone Mountain 33083 
Tel· (305) 423-7615 

ILLINOIS 
Intel Corp.• 
1000 Jorie Boulevard 
Suite 224 
Oakbrook 60521 
Tel· (312) 325-9510 
TWX· 910-651-5881 

IND I ANA 
Uata Electronics 
2920 Shelby Avenue 
Indianapolis 46203 
Tel· (317) 784-6360 

IOWA 
Technical Representa11ves. Inc 
1703 Hillside Drive N1W 
Cedar Rapids 
Tel·. (3191396-5662 

KANSAS 
Technical Representatives, Inc 
801 Clairborne 
Olathe 66061 
Tel: (913) 782-1177 
TWX: 910-749-6412 

MARYLAND 
Glen White Associates 
57 West T1monium Road 
Timonium 21093 
Tel: (301) 252-7742 
Intel Corp.• 
57 West Tirnonium Road 
Suite 307 
T1monium 21093 
Tel· (301) 252-7742 
TWX- 710-232-1807 

EUROPEAN MARKETING OFFICES 
BELGIUM 
Intel International" 
Rue du Moulin a Pap1er 
51-Boite 1 
B-1160 Brussels 
Tel: (02) 660 30 10 
TELEX: 24814 

FRANCE 
Intel Corporation, SAR.L. • 
74, Rue D'Arcueil 
Silic 223 
94528 Rungis Cedex 
Tel (01) 687 22 21 
TELEX· 270475 

ORIENT MARKETING OFFICES 
JAPAN 
Intel Japan Corporation• 
Flower Hill-Shinmachi East Bldg 
1·23·9, Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: (03) 426-9261 
TELEX: 781-28426 

HONG KONG 
01 (Far East) Ltd 
Tak Yan Commercial Bldg 6th tloor 
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. 62635 
Warburton O'Donnell Limited 
372 Eastern Valley Way 
Chatswood, N.S.W. 2067 
Tel: 407 3261 
TELEX. WARFRAN AA 21299 

AUSTRIA 
Bacher Elektronische Gerate GmbH 
Meidlinger Hauptstra~~e 76 
A 1120 Vienna 
Tel (0222) 63 63 96 
TELEX: (01) 1532 

BELGIUM 
lnelco Belgium S.A 
Avenue Val Duchesse. 3 
B-1160 Brussels 
Tel: {021 660 00 12 
TELEX: 25441 

DENMARK 
Scandinavian Semiconductor 
SupplyA/S 
Nannasgade 18 
DK-2200 Copenhagen N 
Tel: (01193 50 90 
TELEX: 19037 

FINLAND 
Oy Fintronic AB 
Loennrotinkatu 350 
SF 00180 
Helsinki 18 
Tel: (90) 664 451 
TELEX: 12426 

FRANCE 
Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel (1) 027 75 35 
TELEX: 250997 

GERMANY 
Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 
D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 
TELEX: 02-13590 
Electronic 2000 Vertriebs GmbH 
NeumarketerStrasse 75 
D-8000 Muenchen 80 
Tel_ (089) 434061 
TELEX_ 484426 
Jermyn GmbH 
Postfach 1146 
D-6277 Kamberg 
Tel. (06434) 6005 
TELEX: 464426 

MASSACHUSETTS 
Intel Corp• 
187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel· {617) 256-4131 
TWX 710-343-6333 

MICHIGAN 
Intel Corp 
26500 Northwestern Hwy 
Suite 401 
Southfield 48075 
Tel: (313) 353-0920 
TWX 910-420-1212 
TELEX 2 31143 

MINNESOTA 
Intel Corp 
675 Southgate Office Plaza 
5001 West 80!h Street 
Bloomington 55437 
Tel- (612) 835-6722 
TWX· 910-576-2867 
Data Electronics 
P.O. Box 32087 
Minneapolis 55432 
Tel: (612) 786-9666 

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 08817 
Tel (201) 985-9100 
TWX· 710-480-6238 
0. E. D. 
2916 Federal Street 
Camden 08105 
Tel. (215) 925-8711 

NEW MEXICO 
BFA Corporation 
312 Wes! Parker Road 
Las Cruces99001 
Tel- {505) 523-0601 
TWX. 910-983-0543 
BFA Corporation 
3705Wester1ield, N.E 
Albuquerque87111 
Tel· (505) 292-1212 
TWX: 910·989-1157 

SCANDINAVIA 
Intel Scandinavia A,s· 
Lyngbyvej 32 2nd Floor 
DK-2100 Cope'lhagen East 
Denmark 
Tel: (01) 18 20 00 
TELEX. 19567 
Intel Sweden AB• 
Box 20092 
S-16120 Bromma 
Sweden 
Tel. (08) 98 53 90 
TELEX: 12261 

TAIWAN 
Taiwan Automation Co.· 
6th Floor. 18-1. Lane 14 
Chi-Lin Road 
Taipei 
Tel: (02) 551726-9 
TELEX: 11942 TAIAUTO 

HONG KONG 
ASTEC lnternat•onal 
Keystone House, 2nd Floor 
Hankow Road. Kowloon 
Tel 3-687760 
TELEX: 74899 ASCOM 

ISRAEL 
Eastronics ltd• 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 
Tel: 475151 
TEL.EX_ 33638 

ITALY 
Eledra JS S.P A.• 
Viale Elveiia. 18 
20154Milan 
Tel (02) 3493041 
TELEX· 39332 
Eledra 3S $.PA• 
Via P!iolo Gaidano. 141 D 
10137 Torino 
TEL· (011) 30 97 097- 30 97 114 
Eledra3SSPA. 
Via G1LJseppe Valmarana, 63 
00139 Rome. Italy 
Tel- (06) 81 27 290 81 27 324 
TELEX 63051 

JAPAN 
Pan Electron 
No. 1 Higash1kata-Machi 
Midori-Ku. Yokohama 226 
Tel: (045) 471-8811 
TELEX 781-4773 
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NEW YORK 
Intel Corp• 
6901 Je,icho Turnpike 
Syosset 11791 
Tel (516) 364-9860 
TWX_ 510-221-2198 

T-Squared 
640 Kreag Road 
P.O Box W 
Pittsford 145.14 
Tel: (716) 381-2551 
TELEX: 97-8289 
Intel Corp. 
55 Market Street 
Poughkeepsie 12601 
Tel. {914) 473-2303 
TWX: 510-248-0060 

NORTH CAROLINA 
Col-Ins-Co 
2873 Monticello Drive 
Winston-Salem 27106 
Tel: (305) 423-7615 

OHIO 
ln1el Corp.• 
8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TELEX 288-004 
Intel Corp.• 
26250 Euclid Ave 
Suite 531F 
Euclid 44132 
Tel: (216) 289-0101 
Carter, McCorm1c & Peirce. Inc 
21380 Lorain Road 
Cleveland 44126 
Tel. (216) 333-5650 
Carter, McCormic & Peirce. Inc 
5423 Webs1er Street 
Dayton 45414 
Tel: (513) 278-5873 

ENGLAND 
Intel Corporation (U K) Ltd.• 
Broadfield House 
4 Between Towns Road 
Cowley. Oxford OX4 3NB 
Tel: (0865) 77 14 31 
TELEX. 837203 

TAIWAN (cont.) 
Asionics-Taiwan, Inc 
205 Pa-Teh Road. Section 4 
Taipei 
Tel: 75 55 82 
TELEX: 22158 Asionics 

JAPAN (cont.) 
Ryoyo Electric Corp 
Konwa Bldg 
1-12-22, Tsuk11i. 1-Chome 
Chuo-Ku, Tokyo 104 
Tel· (03) 543-7711 

NETHERLANDS 
lnelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel- (020) 934824 
TELEX: 14622 

NORWAY 
Nordisk Elektron1k /Norge) A/S 
Mustads Vei 1 
N-Oslo 2 
Tel (02) 55 38 93 
TELEX: 16963 

PORTUGAL 
Ditram 
Componentes E Electronica LDA 
Av. Miguel Bombarda. 133 
Lisboa 1 
Tel· 119 45 313 

SOUTH AFRICA 
Electronic Building Elements 
P.O. Box 4609 
Pretoria 
Tel 78 92 21 
TELEX: 30181 

SPAIN 
Interface 
Ronda San Pedro 22 
Barcelona 10 
Tel: 301 78 51 

OREGON 
ES/Chase Company 
p_o_ Box 602 
Beaverton 97005 
Tel: (503) 642-2732 or 228-2521 

PENNSYLVANIA 
Intel Corp.• 
520 Pennsylvania Ave 
Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-0709 

TEXAS 
Microsystems Marketing Inc 
13777 N. Central E.<presswav 
Suite 405 
Dallas 75231 
Tel· (214) 238-7157 
TWX: 910-867-4763 

UTAH 
BFA Corporation 
395 Lawndale Drive 
Salt Lake City 84115 
Tel- (8011466-6522 
TWX: 910-925-5666 

WASHINGTON 
E.S./Chase Co 
P.O. Box 80903 
Seattle 96108 
Tel· (206) 762-4824 
TWX. 910-444-2298 

CANADA 
Intel Corp 
70 Chamberlain Ave 
Ottawa, Ontario KlS 1V9 
Tel. (613) 232-6576 
TELEX. 053-4419 
Multilek, Inc' 
4 Barren Street 
Ottawa, Ontario K2J 1G2 
Tel: {613) 825-4553 
TELEX· 053-4585 

GERMANY 
Intel Semiconductor GmbH' 
Seidlstrasse 27 
8000 Muenchen 2 
Tel: (089) 55 81 41 
TELEX: 523 177 
Intel Sem•conductor GmbH 
0-6272 N1edernhausen 
Wiesenwei:i 26 
Tel. (06127) 2314 
TELEX: 04186183 
Intel Semiconductor GmbH 
0-7000 Stuttgart BO 
Ernsthaldenstrasse 17 
Tel: (0711) 7351506 
TELEX: 7255346 

SWEDEN 
Nordisk Electronik AB 
Fack 
S-10380 Stockholm 7 
Tel. (08) 248340 
TELEX: 10547 

SWITZERLAND 
lndustradeAG 
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 

Jermyn Industries 
Vestry Estate 
Sevenoaks, Keri! 
Tel· (0732) 50144 
TELEX: 95142 

*Field Application Location 



intel 
INTEL SALES AND MARKETING OFFICES 

European Marketing Headquarters 
Intel International, Pare ::>eny -
Rue du Moulin a Papier 51, Bte 1, Brussels, Belgium - Tel.: 02/6603010 - Telex: 24814 

BELGIUM 
Intel International 
Pare Seny 
Rue du Moulin a Papier 51, Bte 1 
B-1160 Brussels 
Tel.: 02/660 30 10 - Telex: 24814 

ENGLAND 
Intel Corporation UK Ltd 
Broadfield House 
4 Between Towns Road 
Cowley, Oxford England OX4 3NB 
Tel.: 0865/771431 -Telex: 837203 

Intel Corporation UK Ltd 
46-50 Beam Street 
Nantwich, Cheshire 
England CW5 5U 
Tel.: 0270/626560 - Telex: 36620 

FRANCE 
Intel s.a.r.I. 
74, Rue d'Arcueil 
Silic 223 
94528 Rungis Cedex 
Tel.: 1/687 22 21 - Telex: 270475 

GERMANY 
Intel Semiconductor GmbH 
D-8000 Miinchen 2 
Seidlstrasse 27 
Tel.: 089/55 81 41 - Telex: 523177 

Intel Semiconductor GmbH 
D-6200 Wiesbaden 1 
Abraham Lincoln Strasse 30 
Tel.: 06121/74855 -Telex: 4186183 

Intel Semiconductor GmbH 
0-700 Stuttgart 80 
Ernsthaldenstrasse 17 
Tel.: 071117351560 -Telex: 7255346 

SCANDINAVIA 
Intel Scandinavia A/S 
Lyngby vej 32 - 2nd floor 
DK-2100 Kobenhavn E 
Tel.: 01/182000 -Telex: 19567 

Intel Sweden AB 
Box 20092 
S-16120 Bromma 
Sweden 
Tel.: (08)375370 -Telex: 12261 



INTERNATIONAL DISTRIBUTORS 

AUSTRIA 
Bacher Elektronische 
Gerate GmbH 
Meidlinger Hauptstrasse 78 
A-1 120 Wien 
Tel.: 0222/83 63 96 - Telex: 01-1532 

BELGIUM 
·1nelco Belgium SA 
Avenue Val Duchesse 3 
B-1160 Bruxelles 
Tel.: 02/6600012 -Telex: 25441 

DENMARK 
Scandinavian Semiconductor• 

Supply NS 
Nannasgade 20 
DK-2200 Kobenhavn N 
Tel.: 01/83 50 90 - Telex: 19037 

FINLAND 
Oy Fintronic AB 
Loenn Rotinkatu 350 
SF - 00180 Helsinki 18 
Tel.: 090/601155 - Telex : 123107 

FRANCE 
Tekelec Airtronic 
Cite des Bruyeres 
Rue Carte Vernet 
F-92310 Sevres 
Tel. : 1 /0277535 - Telex : 250997 

GERMANY 
Alfred Neye Enatechnik GmbH 

D-2085 Ouickborn (Hamburg) 

Schillerstrasse 14 
Tel.: 04106/612-1 -Telex: 2-13590 

Electronic 2000 Vertriebs GmbH 

D-800 MUnchen 80 
Neumarketer Strasse 75 
Tel. : 089/434061 - Telex: 52261 

Jermyn GmbH 
D-6277 Kamberg 
Postfach 1146 
Tel.: 06434/6005 - Telex : 484426 

ISRAEL 
Eastronics Ltd 
11 Rozanis Street 
P.O . Box 39300 
IL-Tel-Aviv 61390 
Tel. : 03/475151 - Telex: 33638 

ITALY 
Eledra Spa 
Viale Elzevia, 18 
1-20154 Milano 
Tel. : 02/34 93 041 - Telex : 39332 

NETHERLANDS 
lnelco Nederland N.V. 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel.: 020/93 48 24 - Telex: 14622 

NORWAY 
Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-Oslo 2 
Tel. : 02/55 38 93 - Telex: 1 7546 

SOUTH AFRICA 
Electronic Building Elements 
P.O . Box 4609 
Pretoria 
Tel. : 078/9221 - Telex : 30181 

Printed in Belg ium 

SPAIN 
Interface SA 
Ronda San Pedro 22, 3°, 3• 
E - Barcelona 1 0 
Tel. : 093/3017851 

SWEDEN 
Nordisk Elektronik AB 
Fack 
S-1 03 Stockholm 7 
Tel.: 08/248340 -Telex : 10547 

SWITZERLAND 
lndustrade AG 
Gemsenstrasse 2 
CH-8021 ZURICH 
Tel. : 01 /60 22 30 - Telex : 56788 

UNITED KINGDOM 
Jermyn Industries 
Vestry Estate 
Sevenoaks Road 
Seveno:ks, Kent 
Tel. : 0732/51174 - Telex: 95143 

GEC Semiconductors Ltd 
East Lane 
GB-Wembley HA97PP 
Tel.: 01/9049303 - Telex: 923429 

Rapid Recall Ltd 
9 Betterton Street 
Drury Lane 
GB - London WC2H 9BS 
Tel.: 01/3796741 - Telex: 2.8752 


