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THE QUIET REVOLUTION AT INTEL

There’s a quiet revolution going on at Intel every ™,
day, where new products are being introduced
that are changing the face of electronic systems
the world over, whether they be in computers,
consumer products, industrial systems, or in new
applications that have never been attacked
before. On the pages of this catalog you will find
some of these products. Why not join the
revolution yourself!

On the cover:

Pictured on the cover of this 1975 edition of the Intel
Data Catalog are seven recently introduced Intel
products. Each represents the state of the semicon-
ductor art in its area of application.

1.

Intel® 8080. Intel Microcomputers have revolu-
tionized the design of logic systems. This 8-bit CPU
is Intel’s third generation Microcomputer. It has a
repertoire of 78 instructions and an instruction
cycle time of 2 usec. The 8080 is manufactured

with N-channel silicon-gate technology. Further
information on the 8080 may be found on page 6-25.

Intel® 5101. This 1024 bit CMOS RAM dissipates
only 15 uw per bit when active and only 0.28 nw per
bit when in power-down standby. It is organized as
256 words by 4 bits and has an access time of 650
nsec. Four versions are available now and extended
temperature range options for military applications
will be offered beginning in March 1975. Specifica-
tions on the 5101 begin on page 2-115.

Intel® 3002. This Schottky Bipolar 2 bit Central
Processing Element contains all of the Central
Processing Unit circuits of a 2 bit wide slice of a
digital computer. An array of 3002’s used in .
conjunction with other members of the Bipolar
Microcomputer Set allows the construction of
extremely powerful Microprogrammed High Speed
Central Processors. Information on the Intel Bipolar
Microcomputer Set begins on page 6-53.

Intel® 2107B. The 2107B 4K N-channel RAM is
expected to be the industry’s workhorse memory.
The 2107B accesses in 200 ns, cycles in 400 ns and
is low in cost due to its single transistor cell design
and small chip size. Specifications begin on page
2-81.

Intel® 2416. This unique new semiconductor
memory is a 16,384 bit CCD Memory, organized as
64 registers of 256 bits each. Each register is
accessed through a decoding network allowing an
average latency time of 100 us and data transfer
rates of up to 64 megabits per second. Information
on the 2416 is on page 4-19.

Intel® 3604. This High Speed 4096 bit PROM is
electrically programmed by selectively blowing a
unique polysilicon fuse through the application of
the appropriate programming pulses. The 3604 is
one product of a 28 member family of High Speed
Schottky Bipolar 1K, 2K, and 4K PROMS and
ROMS. Specifications are on page 3-36.

Intel® 8212. " This Schottky Bipolar circuit is an
input/output port consisting of an 8-bit latch with
three-state output buffers along with control and
device selection logic. Because of their multimode
capability 8212’s can be used to implement latches,
buffers, multiplexers, bi-directional bus drivers, or
interrupting input/output ports. Information on the
8212 is on page 6-63.
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intel corporation

Housed today in approximately 500,000 square feet of facilities, Intel is the
world’s leading supplier of semiconductor memory components. Process
technologies used in production by Intel are p-channel, n-channel, and
complementary silicon gate MOS and SCHOTTKY Bipolar. This breadth of
process technology allows Intel to make the optimum cost-performance
trade off for a particular memory application.

Santa Clara Corporate Headquarters

intel facilities

World-wide facilities: Intel manufacturing facilities are located world-wide. Santa Clara, California serves as
corporate headquarters. Wafer fabrication plants are located in Mountain View, Santa Clara, and Livermore,
California and Portland, Oregon. Assembly operations are performed in Penang, Malaysia; Manila, Philip-
pines; and Santa Clara, California. Marketing offices are located throughout the U.S., in Europe and Japan.
New facilities for our Memory Systems Division, Microma and Micro Computer Systems give Intel a total
of approximately 500,00 square feet.
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FUNCTIONAL INDEX

PAGE PAGE
2 . é RANDOM ACCESS MEMORIES (RAMS) 2-1
EE g SILICON GATE MOS SILICON GATE CMOS
E E §, 1101A 256-bit (256w x 1b) Static 2-3 5101 1024-bit (256w x 4b) Static Low Power 2-115
R 1101A1  256-bit (256w x 1b) Static 23 5101-3 1024-bit (256w x 4b) Static Low Power 2115
1103 1024-bit (1024w x 1h) Dynamic 27 5101L 1024-bit (256w x 4b) Static Low Power 2-115
1103-1 1024-bit (1024w x 1b) Dynamic 212 5101L-3  1024-bit (256w x 4b) Static Low Power 2115
1103A 1024-bit (1024w x 1b) Dynamic 215
- 1103A-1  1024-bit (1024w x 1b) Dynamic 220 | READ ONLY MEMORIES (ROMs and PROMs) 31
1103A-2  1024-bit (1024w x 1b) Dynamic : 2-25
2101 1024-bit (256w x 4b) Static 229 | SILICON GATE MOS
21011 1024-bit (256w x 4b) Static 229 1302 2048-bit (256w x 8b) Mask Programmable 33
21012 1024-bit (256w x 4b) Static 229 1602A  2048-hit (256w x 8b) Electrically Programmable  3-7
2102 1024-bit (1024w x 1b) Static 233 1602A-6  2048-bit (256w x 8b) Electrically Programmable  3-14
21021 1024-bit (1024w x 1h) Static 237 1702A  2048-bit (256w x 8b) Erasable and 37
2102:2 1024-bit (1024w x 1b) Static 229 Electrically Programmable '
21028 1024-bit (1024w x 1b) Static 4 1702A-6  2048-bit (256w x 8b) Erasable and 314
2102A 1024-bit (1024w x 1b) Static 243 Electrically Programmable
2102AL  1024-bit (1024w x 1b) Static 243 | 2308 8192-bit (1024w x 8b) Mask Programmable 317
2102A-2  1024-bit (1024w x 1b) Static 247 2316A 16384-bit (2048w x 8b) Mask Programmable ~ 3-17
2102AL-2 1024-bit (1024w x 1b) Static 247 2704 ° 4096-bit (512w x 8b) Erasable and 318
2102A-4  1024-bit (1024w x 1b) Static 2-49 Electrically Programmable
2102AL-4  1024-bit (1024w x 1b) Static 2:43 2708 8192-bit (1024w x 8b) Erasable and 318
M2102A-4  1024-bit (1024w x 1b) Static 2:51 Electrically Programmable
M2102A-6  1024-bit (1024w x 1b) Static 263
2105 1024-bit (1024w x 1b) Dynamic 255 | SCHOTTKY BIPOLAR
21051 1024-bit (1024w x 1b) Dynamic 265 3301A 1024-bit (256w x 4b) Mask Programmable 3-19
2105-2 1024-bit (1024w x 1b) Dynamic 263 M3301A  1024-bit (256w x 4b) Mask Programmable 3-23.
2107A 4096-bit (4096w x 1b) Dynamic 267 3302 2048-bit (512w x 4b) Mask Programmable 331
2107A-1  4096-bit (4096w x 1b) Dynamic 273 33024 2048-bit (512w x 4b) Mask Programmable 331
2107A-4  4096-bit (4096w x 1b) Dynamic 275 33026 2048-bit (512w x 4b) Mask Programmable 331
2107A-5  4096-bit (4096w x 1b) Dynamic 271 3304A 4096-bit (512w x 8b) Mask Programmable 333
2107A-8  4096-bit (4096w x 1b) Dynamic 279 3304A-4  4096-bit (512w x 8b) Mask Programmable 333
21078 4096-bit (4096w x 1b) Dynamic 281 3304A-6  4096-bit (512w x 8b) Mask Programmable 333
21078-4  4096-bit (4096w x 1b) Dynamic 289 3322 2048-bit (512w x 4b) Mask Programmable 331
21078-6  4096-bit (4096w x 1b) Dynamic 291 33224 2048-bit (512w x 4b) Mask Programmable 331
2 1024-bit (256w x 4b) Static 293 33226 2048-bit (512w x 4b) Mask Programmable 331
211 1024-bit (256w x 4b) Static 293 3324A 4096-hit (512w x 8h) Mask Programmable 333
2111-2 1024-bit (256w x 4b) Static 293 3324A-4  4096-bit (512w x 8b) Mask Programmable 333
2112 1024-bit (256w x 4b) Static 297 3601 1024-bit (256w x 4b) Electrically Programmable  3-25
21122 1024-bit (256w x 4b) Static U 3601-1 1024-bit (256w x 4b) Electrically Programmable  3-25
M3601 1024-bit (256w x 4b) Electrically Programmable  3-29
SCHOTTKY BIPOLAR 3602 2048-bit (512w x 4b) Electrically Programmable  3-32
3101 B4-bit (16w x 4b) Fully Decoded 210 3602-4 2048-bit (512w x 4b) Electrically Programmahle  3-32
3101A B4-bit (16w x 4b) Fully Decoded 2101 3602-6 2048-bit (512w x 4b) Electrically Programmable  3-32
M3101 64-bit (16w x 4b) Fully Decoded 2105 3604 4096-bit (512w x 8b) Electrically Programmable  3-34
M3101A  64-bit (16w x 4b) Fully Decoded 2105| - 3604.4 4096-bit (512w x 8b) Electrically Programmable  3-34
3104 16-bit (4w x 4b) Content Addressable 2107 3604-6  4096-bit (512w x 8b) Electrically Programmable  3-34
3106 256-bit (256w x 1b) Fully Decoded - 21m 3622 2048-bit (512w x 4b) Electrically Programmable ~ 3-32
3106A 256-bit (256w x 1b) Fully Decoded - z1mn 36224 2048-bit (512w x 4b) Electrically Programmable  3-32
3106-8 256-bit (256w x 1b) Fully Decoded 21m 36226 .2048-bit (512w x 4b) Electrically Programmable  3-32
3107 256-bit (256w x 1b) Fully Decoded 211 36m 4096-bit (512w x 8b) Electrically Programmable  3-38
3107A 256-bit (256w x 1b) Fully Decoded 21 36244  4096-bit (512w x 8b) Electrically Programmable  3-38
3107-8 266-bit (256w x 1b). Fully Decoded 2111



FUNCTIONAL INDEX

PAGE PAGE
SHIFT REGISTERS 41 MEMORY SYSTEMS 71 2 . 2
1402A 1024-bit (Quad 256) Dynamic 43 in-10 4K x 18 (or 8K x 9) RAM Memory Board 76 P
1403A 1024-bit (Dual 512) Dynamic 4-3 in-12 4K x 18 (or 8K x 3) RAM Memory Board 7-6 3 = QEC
1404A 1024-bit (Single 1024) Dynamic 43 in-14 4K x 18 (or 8K x 3) RAM Memory Board -6 =] e
1405A 512-bit Dynamic Recirculating 4-7 in-26 4K x 9 RAM Memory Board 7-8 E =
1406 200-bit (Dual 100) Dynamic 411 | - in30 4K x 9 RAM Memory Board 7-10
1407 200-bit (Dual 100) Dynamic 41 in-40 4K x 9 RAM Memory Board 7-12
1506 200-bit (Dual 100) Dynamic 4-11 in-41E 4K x 9 RAM Memory Board 7-14
1507 200-bit (Dual 100) Dynamic 4-11 in-50 1K x 10 RAM Memory Board 7-16
2401 2048-bit (Dual 1024) Dynamic Recirculating 4-15 in-60 20K x 10 Serial Memory Board 7-18
2405 1024-bit Dynamic Recirculating 4-15 in-62 88K x 1 Serial Memory Board 7-20
2416 16,384-bit (64 Registers of 256 bits) 419 in-CAB Memory Cabinets 7-22
Dynamig CCD . in-CHS Card Chassis 7-23
in-PS Power Supplies 7-24
MEMORY PERIPHERALS 5-1 in-Series  Accessories 1-25
3205 One-of-Eight Binary High Speed Decoder 5-3
3207A Quad Bipolar-to-MOS Level Shifter and Driver ~ 5-7 CMOS TIMEKEEPING CIRCUITS 8-1
3207A-1  Quad Bipolar-to-MOS Level Shifter and Driver ~ 5-11 5201 LCD Hours/Minutes/Seconds Decoder-Driver 8.3

3208A Hex Sense Amplifier 513 5201-2 LCD Hours/Minutes/Seconds Decoder-Driver ~ 8-3

3210 TTL-to-MOS Level Shifter and 519 5202 LCD Hours and Minutes Decoder-Driver 8-3
High Voltage Clock Driver 5202-2 LCD Hours and Minutes Decoder-Driver 83

3 ECL-to-MOS Level Shifter and 523 5204 LCD Time/Seconds/Date Decoder-Driver 87
High Voltage Clock Driver 5801 32.768 kHz Oscillator-Divider 811

3235 Quad Bipolar-to-MOS Level Shifter and Driver 5-27

3404 6-bit High Speed Latch 5-3

3408A Hex Sense Amp with Latches 513

MICROCOMPUTER SYSTEMS ' 6-1

MCS 4/40 4-bit Microcomputer Set 6-5

MCS 8/80 8-bit Micracomputer Set 6-25

WF 3000 Bipolar Microprocessor Set 6-53



- NUMERICAL INDEX

- PAGE PAGE
g 2 'c:> 1101A 256-bit (256w x 1b) Static RAM 23 2401 2048-bit (Dual 1024) Dynamic Recirculating 4-15
e <Ef~ 1101A1 256-bit (256w x 1b) Static RAM 2-3 Shift Register
== = 1103 1024-bit (1024w x 1b) Dynamic RAM 2-7 2405 1024-bit Dynamic Recirculating Shift Register ~ 4-15
Qo < 1103-1 1024-bit (1024w x 1b) Dynamic RAM 212 2416 16,384-bit (64 Registers of 256 bits) 4-19
B 1103A 1024-bit (1024w x 1b) Dynamic RAM 215 CCD Register

1103A-1 1024-bit (1024w x 1b) Dynamic RAM 2-20 2704 4096-bit (512 x 8) PROM 3-18
1103A-2 1024-bit (1024w x 1b) Dynamic RAM 2-25 2708 8192-bit (1024 x 8) PROM 3-18
1302 2048-bit (256w x 8b) ROM 33 3001 Microprogram Control Unit 6-59
1402A 1024-bit (Quad 256) Dynamic Shift Register 43 3002 Central Processing Element 6-59
1403A 1024-bit (Dual 512) Dynamic Shift Register 4-3 3003 Look-ahead Carry Generator . 6-60
1404A 1024-bit (Single 1024) Dynamic Shift Register ~ 4-3 3101 64-bit (16w x 4b) RAM 2-101
1405A 512-bit Dynamic Recirculating Shift Register 4-7 3101A 64-bit (16w x 4b) RAM 2-101
1406 200-bit (Dual 100) Dynamic Shift Register 41 M3101 64-bit (16w x 4b) RAM 2-105
1407 200-bit (Dual 100) Dynamic Shift Register 41 M3101A 64-bit (16w x 4b) RAM 2-105
1506 200-bit (Dual 100) Dynamic Shift Register 4-11 3104 16-bit (4w x 4b) Content Addressable RAM 2-107
1507 200-bit (Dual 100) Dynamic Shift Register 411 3106 256-bit (256w x 1b) RAM 2111
1602A 2048-bit (256w x 8b) PROM 37 3106A 256-bit (256w x 1b) RAM 2111
1602A-6 2048-bit (256w x 8b) PROM 3-14 3106-8 256-bit (256w x 1b) RAM 2111
1702A 2048-bit (256w x 8b) PROM 37 3107 256-bit (256w x 1b) RAM 2-111
1702A-6 2048-bit (256w x 8b) PROM 3-14 3107A 256-bit (256w x 1b) RAM 211
2101 1024-bit (256w x 4b) Static RAM 2-29 3107-8 256-bit (256w x 1b) RAM 2111
21011 1024-bit (256w x 4b) Static RAM 2-29 3205 One-of-Eight Binary High Speed Decoder 5-3
2101-2 1024-bit (256w x 4b) Static RAM 2-29 3207A Quad Bipolar-to-MOS Level Shifter and Driver ~ 5-7
2102 1024-bit (1024w x 1b) Static RAM 233 | 3207A-1 Quad Bipolar-to-MOS Level Shifter and Driver ~ 5-11
21021 1024-bit (1024w x 1b) Static RAM 2-37 3208A Hex Sense Amplifier for MOS Memories 5-13
2102-2 1024-bit (1024w x 1b) Static RAM 2-39 3210 TTL-to-MOS Level Shifter and High Voltage 519
2102-8 1024-bit (1024w x 1b) Static RAM 2-41 . Clock Driver ‘

2102A 1024-bit (1024w x 1b) Static RAM 243 3211 ECL-to-MOS Level Shifter and High Voltage 5-23
2102AL 1024-bit (1024w x 1b) Static RAM 243 Clock Driver

2102A-2 1024-bit (1024w x 1b) Static RAM 2-47 3212 Multi-Mode Latch Buffer 6-63
2102AL-2  1024-bit (1024w x 1b) Static RAM 247 3214 Priority Interrupt Control Unit 6-60
2102A-4 1024-bit (1024w x 1b) Static RAM . 249 3216 Non-Inverting Bi-Directional Bus Driver 6-63
2102AL-4  1024-bit (1024w x 1b) Static RAM 249 3226 Inverting Bi-Directional Bus Driver 6-63
M2102A-4  1024-bit (1024w x 1b) Static RAM 2-51 3235 Quad Bipolar-to-MQS Driver 5-27
M2102A-6  1024-bit (1024w x 1b) Static RAM 12-53 3301A 1024-bit (2§6w x 4b) Schottky Bipolar ROM 319
2105 1024-bit (1024w x 1b) Dynamic RAM 2-55 M3301A 1024-bit (256w x 4b) Schottky Bipolar ROM 3-23
2105-1 1024-bit (1024w x 1b) Dynamic RAM 2-55 3302 2048-bit (512w x 4b) Schottky Bipolar ROM 331
210572 1024-bit (1024w x 1b) Dynamic RAM 2-63 3302-4 2048-bit (512w x 4b) Schottky Bipolar ROM 3-31
2107A 4096-bit (4096w x 1b) Dynamic RAM 2-67 3302-6 2048-bit (512w x 4b) Schottky Bipolar ROM 3-31
2107A-1 4096-bit (4096w x 1b) Dynamic RAM 2-713 3304A 4096-bit (512w x 8b) Schottky Bipolar ROM 3-33
2107A-4 4096-bit (4096w x 1b) Dynamic RAM 2-75 3304A-4 4096-bit (512w x 8b) Schottky Bipolar ROM 3-33
2107A-5 4096-bit (4096w x 1b) Dynamic RAM 277 3304A-6 4096-bit (512w x 8b) Schottky Bipolar ROM 3-33
2107A-8 4096-bit (4096w x 1b) Dynamic RAM 2-79 3322 2048-bit (512w x 4b) Schottky Bipolar ROM 3-31
21078 4096-bit (4096w x 1b) Dynamic RAM - 281 3322-4 2048-bit (512w x 4b) Schottky Bipolar ROM 331
2107B-4 4096-bit (4096w x 1b) Dynamic RAM 2-89 3322-6 2048-bit (512w x 4b) Schottky Bipolar ROM 3-31
21078-6 4096-bit (4096w x 1b) Dynamic RAM 2-91 3324A 4096-bit (512w x 8b) Schottky Bipolar ROM 333
2111 1024-bit_(256w x 4b) Static RAM 293 3324A-4 4096-bit (512w x 8b) Schottky Bipolar ROM 333
21111 1024-bit (256w x 4b) Static RAM 2-93 3404 6-bit High Speed Latch 5-3
2111-2 1024-bit (256w x 4b) Static RAM 2-93 3408A Hex Sense Amp with Latches 513
2112 1024-bit (256w x 4b) Static RAM < 2:97 3601 1024-bit (256w x 4b) Schottky Bipolar PROM  3-25
21122 1024-bit (256w x 4b) Static RAM 2-97 3601-1 1024-bit (256w x 4b) Schottky Bipolar PROM  3-25
2308 8192-bit (1024w x 8b) ROM 317 M3601 1024-bit (256w x 4b) Schottky Bipolar PROM  3-29
2316A 16,384-bit (2048w x 8b) ROM 3-18 3602 2048-bit (512w x 8b) Schottky Bipolar PROM  3-32

1-4



NUMERICAL INDEX

3602-4
3602-6
3604
3604-4
3604-6
3622
36224
3622-6
3624
3624-4
4001

4002
4003

4004
4008
4009
4040
4101
4201
4207
4209
4211
4289
4308
4316
4702A
5101
5101-3
5101L
5101L-3
5201

5201-2

5202
5202-2
5204
5801
8008
8008-1
8080

2048-bit (512w x 8b) Schottky Bipolar PROM
2048-bit (512w x 8b) Schottky Bipolar PROM
4096-bit (512w x 8b) Schottky Bipolar PROM
4096-bit (512w x 8b) Schottky Bipolar PROM

4096-bit (512w x 8b) Schottky Bipolar PROM .

2048-bit (512w x 4b) Schottky Bipolar PROM
2048-bit (512w x 4b) Schottky Bipolar PROM
2048-bit (512w x 4b) Schottky Bipolar PROM
4096-bit (512w x 4b) Schottky Bipolar PROM
4096-bit (512w x 4b) Schottky Bipolar PROM
2048-bit (256w x 8b) ROM and
4-bit /0 Port
320-bit RAM and 4-bit 1/0 Port
10-bit Serial-in/Parallel-out,
Serial-out Shift Register
4-bit Central Processor Unit
Address Latch for MCS™4/40
1/0 Device for MCS™4/40
4-bit Central Processor Unit
1024-bit (256w x 4b) Static RAM
Clock Generator for MCS  4/40
General Purpose Input/Qutput
General Purpose Input/Qutput
General Purpose Input/Qutput
Standard Memory and 1/0 Interface
8192-bit (1024w x 8b) ROM
16,384-hit (2048w x 8b) ROM
2048-bit (256w x 8b) PROM
1024-bit (256w x 4b) CMOS Low Power RAM
1024-bit-(256w x 4b) CMOS Low Power RAM
1024-bit (256w x 4b) CMOS Low Power RAM
1024-bit (256w x 4b) CMOS Low Power RAM
CMOS LCD Hours/Minutes/Seconds
Decoder-Driver
CMOS LCD Hours/Minutes/Seconds
Decoder-Driver

'CMOS LCD Hours and Minutes Decoder-Driver

CMOS LCD Hours and Minutes Decoder-Driver
CMOS LCD Time/Seconds/Date Decoder-Driver
CMOS 32.768 kHz Oscillator-Divider

8-bit Central Processor Unit

8-bit Central Processor Unit

8-bit Central Processor Unit

PAGE

3-32
3-32
3-34
3-34
3-34
3-32
3-32
332
3-38
3-38
6-13

6-16
6-17

65
619
619
69
6-16
6-20
6-18
6-18
618
6-20
6-13
6-14
6-15
2115

2115

2115
2-115
83

83

83
83
87
811
6-25
6-25
6-29

8101 1024-bit (256w x 4b) RAM
8102 1024-bit (1024w x 1b) RAM
8102-2 1024-bit (1024w x 1b) RAM
8102A-4 1024-bit (1024w x 1b) RAM
8107A . 4096-bit (4096w x 1b) RAM
8111 | 1024-bit (256w x 4b) RAM
8201 Clock Generator for MCS-8™
8205 High Speed One-of-Eight Binary Decoder
8210 TTL to MOS Level Shifter and
High Voltage Clock Driver

8212 8-bit Input/Output Port
8214 Priority Interrupt Control Unit

. 8216 Non-inverting Bi-Directional Bus Driver
8224 8080 Clock Generator
8228 System Controller for 8080
8251 Universal Communications Interface
8255 Programmable Peripheral Interface
8308 8192-bit (1024w x 8b) ROM
8316 16,384-hit (2048w x 8b) ROM

- 8604 4096-bit (512w x 8b) PROM
8702A 2048-bit (256w x 8h) PROM
8702A-4  2048-bit (256w x 8b) PROM
INTEL MEMORY SYSTEMS
in-10 4K x 18 (or 8K x 9) RAM Memory Board
in-12 4K x 18 (or 8K x 9) RAM Memory Board
in-14 4K x 18 (or 8K x 9} RAM Memory Board
in-26 4K x 9 RAM Memory Board

.in-30 4K x 9 RAM Memory Board.
in-40 " 4K x 9 RAM Memory Board
in-41E 4K x 9 RAM Memory Board
in-50 1K x 10 RAM Memory Board -
in-60 20K x 10 Serial Memory Board
in-62 88K x 1 Serial Memory Board
in-CAB Memory Cabinets
in-CHS Card Chassis
in-PS Power Supplies
in-Series Accessories

PAGE

6-35
6-36
6-36
6-36
6-37
6-35
6-41
6-40
6-40

6-38
6-42
6-38
6-41
6-42
6-39
6-39
6-33
6-33
6-34
6-34
6-34

16
76
1-6
7-8
7-10
712
7-14
1-16
7-18
7-20
1-22
7-23
7-24

- 7-25
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STANDARD PRODUCT PROCESSING AND 100% SCREENING —
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. Optical inspection of sorted dice
per MIL-STD-883 Method 2010.1B to

insure that all devices are free Hermeticity Testing to
8 from internal defects which could eliminate devices which

lead to failure in normal applications. show insufficient
(Monitored by QA) 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 .
Die Attach Pneupactor for constant acceleration and !
(Monitored by QA) 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) )

Lead Bonding (Monitored by QA per
MIL-STD-883 Method 2011 Test Condition D.)

Precap Visual
Inspection per . .
MIL-STD-883 Method ' »
2010.1B 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)

Temperature Cycling per MIL-STD-883
Method 1010 Test Condition C (10 Cycles:
@l —65°C to +150°C) to insure that all devices
are free from metalization, bonding or
packaging defects. (Monitored by QA)

MIL-STD-883 100% screens for class B devices which are performed
on a "Customer-Special” basis are:

Stabilization Bake (Method 1008)

Burn-in (Method 1015, conditions A, B, or C)
MIL-STD-883 Group A Electrical Tests of Method 5005 at maximum
and minimum operating temperatures are performed on a “Cus-
tomer Special” basis. )

MIL-STD-883 Group B and C tests are performed periodically to
provide generic data. Reprints of the reports on these tests are avail-
able from:

Product Marketing

Intel Corporation

3065 Bowers Avenue

Santa Clara, California 95051

1-6 '



COMPUTER GRADE PRODUCTS*

Electrical Testing at 25°C to
test conditions and limits which guarantee
AC, DC and functional performance over
= full specified temperature
range.

*Fine leak limits: All
devices: 5 x 10-7 cc/sec.
Quartz lid devices

are not tested.

Ceramic DIP and Cerdip
Centrifuge for constant acceleration
per MIL-STD-883 Method 2001 Test
Condition E (30,000G Y1 plane)
to insure that all devices are
adequately die attached, bonded
and free from package defects. ¢
e (NOt 100% screened;
) monitored by QA)

Eal

g 3 Continuity at

G/}/ high temperature
to insure that no

terminals will open or short at

high temperatures. (Monitored by QA)

' Deflash, trim and form leads.
Back fill. (Monitored by QA)

Final QA Acceptance per
MIL-STD-883 Method 2009 External
Visual (LTPD 7, Max. Acc. 3), and Electrical AC,
DC, Functional Tests at 25°C with correlated
limits to guarantee performance over *
full specified temperature range
(LTPD 7, Max. Acc. 2)

[=]
=2
<<
w
w
x
w
a
=

- GENERAL
INFORMATION
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PACKAGING INFORMATION

8-LEAD METAL CAN PACKAGE (M)

Dimensions in inches and (millimeters).

10-LEAD FLAT PACK PACKAGE (F)

RS TN
o =2 :335 (8,509)
2 e 308 (7.747) '™
< b= [}
o< 185 (4,699) D40 1.0%6)
L w cEc .165 (4,191) | ( g
i
8562 00 (22.0)
Qo e 500 (12.7) INSULATOR ozl
: i 050 (1,27) .
-— == MIN. v .
- ‘ J ﬂ[] ﬂ [II]\K MAX. . (',?;, Tve. % ::—“ﬁ: PIN #10 IDENTIFICATION,
' supaE aoLEADS . - }_@____ _ ] <
35 (@509) 200 (5,08) 016 (0.406) °'A ) p—— T 1] -
P. t ; .
L \05" EQUALLY . h )
l SPACED |
I__,zm}g‘g{ 1130(3.30) 240(8,10) _|
.034 (0,864) S e T 0650 | 700432) 280 (7,11
028 (0,711) 7 0,64)
R 20-
065
/045 (1,143) ) MAX.
0— r% !gf?_:; 088 _L_l
) L
' W u) NOM.: —‘ 1

10-LEAD METAL CAN PACKAGE (M) 16-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

.370 (9, 398) DIA.
335 (8,509)
.040 (1,016) .335 (8,509)
MAX, 305.(7.747) ©
INSULATOR 1
.050 (1,27) .185 (4,699)
MAX. .165 (4,191)
T 500(12,7)
.019 (0,482) MIN.
016 {0,406) DIA. [In l] ﬂ" {
.230 (5,842) J_ .200 (5,08)
TYP. I 735 (18,669) I o
L 830 (21,082) 1055 (1397)
050 (1,27)125 (375) 206 (6223)
045 (1,143) " }__ MAX. 3 (7,493)
070 (1,778) 1! f L -7
008 (0,203)
p— 1012 (0,305)
023 (0,684) l |
1010 (0,254] . e | L_ﬁuﬂl_’
1065 (1,651 ~ —& (zm) P oazﬂ(gw)__l %(L%{ 410 (10.414)
.034 (0, 853) 045 (1,143) 100 (254) -
028 (0,711) 029 (0,736) +150 (3.81)

16-LEAD CerDIP DUAL IN-LINE PACKAGE (D) 16-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

735 (18,669) 745 (18,923)
830 (21,082) PINT 855 21.717) e
245 (8,223)
zmosy e B e
) 3253175 07511905 |.025 0.635)
REF.
220 (5,588) *‘ L
045 (1183 055 (1307 M 245 (6,223) . i PR = T
[~ o7 0778) 160 (4,084) 295 (7.493) | 155 (3837) P
! - —— 1008 (0203)
L] Anz:‘(nm) .|M (254) 1012 (0,305}
IN.
015 (0,381) ¥ 1008 (0,203) i
023 (0,684) | 020 L,_so_sl 012 (0,305) [ .
| | ‘060 (1,524) 045 (1,143
065 (1,651) A|ﬂ (|n4u)
010 (0,254) 090 (2,286) 032 (0,813) 100( 54) 290 (7,366) 1032 (0,813) .m(og
065 (msn‘" 0279 Y REF. 0 o) T 410 (104141 o (e Rer. REF. 023 (0584) kil e
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PACKAGING INFORMATION

Dimensions in inches and (millimeters).

18-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

ALTERNATE PIN #1 IDENT.
{1F NO NOTCH AT END OF PKG. ™
T s
275 (6,885)
296 (7.493)
890 (22,606 ose
916 (23,281) o " o736
—| | 090 (2,286) —~]  |-24501143 :290 {7,366)
085 (1,397) 310 1065 (1,651, l’.:no (7,874 't'
160 (3.810) -0 z754) fresn 7874
}
i . 2005081 | [
[  “max.

2100 (2,
150 (3,81)

1020 {0,508)
1060 (1.524)

1043 (1,002)
1060 (1,524)

WW’L4H%ﬁ J

2012 (0.305)

o, -

18-LEAD CerDIP DUAL IN-LINE PACKAGE (D)

850 (21,59
930 (23,62)
PIN 1
o T e O e O T e O e e OO o —]—
2% (237)
325 (8260
L9156 [ SN Ry WD Jup WS Ry W0 gy S Ry Wy S | LI-‘_I_
. ﬂL_L
045 (1,14) 070(1,78) 295 (74,93)
| 070 (1,78) 10(2.79)
OPTIONAL | 1 T
— 220
1 { is.50 MAX-
23 loso — % 030
923 (0581 ‘l 020 (051)
0075 (0,19) ez 050 (1.27) 290 237
T et o PER. 100 (250 2o
090 (229) 360 (381)
310 279

18-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

240 (5,096
260 (6,604)

22-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

PIN#11D

380 (9,652)
400 (10.76)| ) ™ 025 (0,635) R. REF.
(NOTCH OPTIONAL)
905 (22,987)
925 (23,495) 100 (2,54)
REF.
.200 (5,08)
PR mams a2 0
- i Sz
e v ‘040 (1.0%6) o84 (1372
.200 (5,08) A %({m)
MAX. ¥ I 1 | eses—— |
mts.m?
" 075 (1,905) o
EF. 15° MAX. i—i
Zﬂ:n(l';‘,ﬁ“)
0576 (1,461) " .
5 1l ’—IMQ%‘J _.ﬂ._\ z
090(2286) 045 (1,143) .032(0813) |-150 (381 1098 (2.489) 100254 pr o 020 (0508 390 9.906)
110(2,794) .065(1,651)  REF. .016 (0,405 012 (0.305) ko] e el 050 (127 JL “#10 (10,414]
24 (0,610) 1010 (0,254)
10 EQ. SPACES @ .
22-LEAD PLASTIC DUAL IN-LINE PACKAGE (P) 24-LEAD CerDIP DUAL IN-LINE PACKAGE (D)
ny 1200 (3048)
1300 (33.02) PINI-
1200 {5,08) R e T e R s SO e TR s e DAY e S e T s O o
240 (8,636)
360 9.144)
mu,ns)l d 550 (1397)
REF. 650 (16,51)
o e g e e e g e e t
e ov0gre 25 085
1710 (28,184) REF. 045 (1.18) 070 (1,78) +500 (12,70
! ™ [T mam o 279) 800 (1528
R ¥ ) W sa— '
e e N ' 1 i
'_"}__‘ 1 I} hr;ss) MaX. 10
015 (0,38) 20)
e .| oz T
woin z. o0t 0191 @ 050 (1,27) ] 600 (15,24)
0.16) 0075 (0, -y . 800 (15,20
nmua) o o9m | H REF. 100 (2,54) 730 (18.54)
J LI __“__ﬂll)(llm\ 0115 (0.29) I I 081 ® ﬂ.‘“
aui mmm o0 (1526 Lol 990 2290
TvE, 10 279

(=]
=4
<
[}
w
>
w
[=]
=
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PACKAG'NG INFORMATION Dimensions in inches and (millimeters).

24-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

=] =
=2 (=
<< - B
wne g
w E
x |
w =3
[=] w
= 2 1.200 (30,48)
- 1.300 (33,02) PINT
oo Fe = oo
OPTIONAL NOTE: 1. OPTIONAL LIDS NOTE1. 0125 (3,175) MAX. FOR 16024
| winbow THICKNESS 0.150 (3810) MAX. FOR 17024
27T NoTE 1 1 ow NOTE2. 0050 (1,270) MAX. FOR 16024
! \ %0(1397) B . 0.075 (1,905) MAX. FOR 17024
I M FOR ERASABLE 550 (13,970)
\ / C % 0 (16,51) 5
AN s B
-
T fom g o o gy ey e R B
045 (1.14)__y NOTE1q 070 (1.78) le—— 0002700 | NOTE 1
oo | [T 1 110 (2,79) 600 (15,24)

K 3 K ¥ 1 1.175 (29,845) N 050 (1270) pep
— - 040 (1,018) 1.300 (33,020) 1120 (3,048)
f ¥ ¥ -
1Y} e S ] [ b
[}

20
‘ 559 A% 1[ T
015 (038) |08 0200 100 ;L—,— F NoTE2
oziosa | 1 =012 {030 R
020 (051) A0 .

0075 (0.19) | o032 e a 050 (127 [e———S000S20____ ““’r‘&“”ﬁ W 14,9

s oze I | 0gn 50 Ban 730 (18,54) - . %}ﬁ% 1008 (0203)
: ) -090 (2.29) ) 090 (2,286) 015 (0,381 e "012 (0305)

o e 0 z7e T 220559 " BENDLINE

24-LEAD PLASTIC DUAL IN-LINE PACKAGE (P) 28-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

1230 (31,242) .
1250 (31,750)
FIN? {REF)
o
190 4820 PINT,
Ty infninlinlsisinininininlelsl
150 (381)
REF. 514 (13,056)
588 (14,735)
250(6,35)
REF. 530 (13462 DO ooooooo Qg
200 (5,081 070 (1,778) 550 (13,970}
AKX, REF. "1 r" /‘-TREF,
el :
165 (4,197 L 1 e L 1
s 1030(0,762) ¢ = 7=
E 020 (0.508) oREFA I
N, 590 (14,986,
o2 0813) ~ # Loz nzu (05081 1
1060 (1,524) . 1100 (2,54) g BENDLINE A0z
REF. TV, :
016 (0,406) 1008 (0,203 s o0y 0 (2.286) 590 (14,986
‘023 (0,584) 1012 (0,305) 023 (0 ~— T a0 ™ 710 (18.034)

28-LEAD PLASTIC DUAL IN-LINE PACKAGE (P). 30-LEAD FLAT PACK PACKAGE (F)

240 (6,096),
| [eersnees) | PIN #1 IDENTIFICATION
frm WY B e B e B e B e B e B e B e W B M s W o018 L
T —rwnos mmr.F ey 30 1
=
270 (6,858)
o L amlem e N
3 ==
40 (13.716) - + L—soaen q INDICATOR e
— .350(8,89) 700 (17.9)
[ 400 (10.2) 730 (18.5)
075 (1.905) =
WEF. ——
S S g g o ’—"==
IW l?ﬁl) v075(‘.905] ‘
REF. 050 1o
05 3 '
NON ACCUM. i o ALTERNATE PIN CONFIGURATION
155 (gi 7) oo
55 (3.3 T 090
005 (229
1253, (013)
!
03200, m)»“__ 18 (0.457) 630(18.002) R = —
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PACKAG'NG |NFORMAT|0N Dimensions in inches and (millimeters).

40-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

2.100 (53,34)
MAX.

PIN 1
imfnlicsinfsinisisicsicicicsiafaizsicsinininin]

a =2
2,2
<=
i
xX 2 e
w

Srcp
=2 2

514 (13,056)
588 (14,935)

Uy ue

1 — 4 230 (5,842)
MAX.
.008 (0,203)
0.020 (0,508) v .012(0,305)
MIN. l L l 1100 (2,54)
.015 (0,381) .090 (2,286) .150 (3,81) .590 (14,986)
: THIN"o23(0584) 00 (25400 11" 710(18034)

40-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

mlinlslsiniaisEeinEsinisinisininEnininlin]

I‘W'

1500 (12,7)
470 (11,938) PIN NO. 1
NOM. IDENTIFICATION

uooduduyguoooouduouuuy

470 (11,938)
M= NoM. ™

1.990 (50,546)
2.020 (51,308)
1190 (4,826)
. . MAX.
1020 (0,508) |
MIN.

%WWWWWTJ =

15

f . MAX.—~ | \e—
100 (2,54) L 4100 (2,54) -050 (1,27) 2020 (0,508) 590 (14,986}
189 TYP. TYP. TYP. 610 (15,394)

381
008 (0,203)
.012 (0,305)




ORDER’ING INSTRUCTIONS

I.  MEMORY COMPONENTS (Products in Sections 2, 3, 4, 5, and 8)

= - E The following list indicates the basic package type(s) available for each Intel product. To order, place the appropriate package
: ;ic = designation letter before the Intel product number. (For example, when ordering Intel’s standard 1103 in a plastic dual in-line
E = E package, it should be ordered as P 1103.)
wo
2 @ = Package Designation Letter Basic Package Type Description
C Ceramic (Metal Lid) Dual In-line Package (Hermetic)
D CerDIP (Glass Seal) Dual In-line Package (Hermetic)
P Plastic Dual In-line Package
M Metal Can Package (Hermetic)
F Flat Package

Within each basic package type there are various outlines corresponding to the different number of leads. (See the package
outline on page 1-8.)

Standard  No. Standard  No.
: Package Type Of Package Type Of
Intel Product Type Available Leads Vlntel Product Type Available Leads
1101A, 1101A-1 P C 16 3101, 3101A P CD 16
1103, 1103-1, 1103A, 1103A, C D‘ 18 3104 Cc 24
1103A-2 3106, 3106A, 31068, 3107, P C D 18
1302 P C 24 3107A, 3107-8
1402A C 16 3205 P CD 16
1403A M '8 3207A, 3207A-1 D 16
1404A M 8 3208A P D 18
1405A M 10 3210 D 18
1406, 1407, 1506, 1507 M 8 3211 D 18
1602A, 1602A-6 Cc 24 3235 D 16
1702A, 1702A-6 C 24 3301A P CD 16
2101, 2101-1, 2101-2 P C D 22 M3301A C D ‘16
2102, 2102-1, 2102-2, 2102-8 P C 16 3302, 3302-4, 3302-6 P cD 16
2102A, 2102AL, 2102A-2, 3304A, 3304A-4, 3304A-6 c D 24
2102AL-2, 2102A-4, P CD 16 3322, 3322-4, 33226 P CD 16
2102AL-4 3324A, 3324A-4 c D 24
M2102A-4, M2102A-6 c 16 3404 PCOD 16
2105, 2105-1, 2105-2 P C 18 3408A P D 18
2107A, 2107A-1, 2107A-4, P C D 7 3601, 3601-1 D 16
2107A-5, 2107A-8 M3601 D 16
2107B, 2107B-4, 2107B-6 P C D 22 _ 3602, 3602-4, 3602-6 D 16
2111, 2111-1,2111-2 P C D 18
2112, 2112-2 P C D 16 3604, 3604-4, 3604-6 D 24
g 3622, 3622-4, 3622-6 D 16
2308 P C 24
2316A P o 24 3624, 3624-4 D 24
5101,5101-3,5101L,5101L-3 P C D 22
2401, 2405 P C 16
C2416 p 29 5201, 5201-2 F 30
5202, 5202-2 F 30
P2416 P 18
5204 F 30
2704 Cc 24 5801 E 10
2708 Cc 24

NOTE: The data sheets in this catalog are subject to change without notice. You can insure
your specification is the current revision by contacting your local Intel sales office.
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LITERATURE GUIDE

The following literature guide provides further information on many products described in this data catalog.
The list includes only a few of our major pieces of literature. If you have specific requirements for more de-
tailed information on one or more of our products, contact your local Intel sales office or Intel Corporation,
3065 Bowers Avenue, Santa Clara, California 95051. If you wish to receive literature on a continuing basis,
please fill our the card at the front of this book.

GENERAL
INFORMATION
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APPLICATION NOTES AND ARTICLE REPRINTS

AP4  Designing Memory Systems with the Intel® 2107A 4K RAM

AP5 Designing High Speed, Low Cost Memory Systems with the Intel® 2105
AP6 Designing with Intel® PROMs & ROMs

AP8  Designing with Intel Static MOS RAMs

AP10  Memory System Design with the Intel® 21078 4K RAM

AR12  Semiconductor Memory Costs Present and Future

AR14 1024 Bit Bipolar RAM

MICROCOMPUTER LITERATURE

AR3 Microcomputers, What they mean to your Company
MCS-40™ User’s Manual

MCS-8™ User’s Manual

MCS-80™ Systems Manual

p-8 Amsy Layout Considerstions Possible component placement for & 16K X 18 For
A Alsyout for the Z10TA s hown in Figue 15A. The mermo 1
Layou th e Tey = 700 nsec
g TRER * 2
N -6

PREF = 1078+1.8
PREF = 126 MW

moy @) | @ rossive wewony cano comonent pLacement
e v

The sbove calculations do not include VCC power
dissipated by supporting TTL logic. It is possible
uce the TTL power drain on

igure 1
most efficient with & sequential
retresh cycle every 31.2 ysec).
Power dusapated o nly operation —
(e.8. for battery back up) 1s calculated as follows Vea GENERATOR

(for burs refresh or sequer :

(I v
| TCY = Cycle time of refresh cycle
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INFORMATION

INTEL DISTRIBUTORS

U.S. DISTRIBUTORS

WEST MID-AMERICA

ARIZONA ILLINOIS OHIO

Cramer/Arizona Cramer/Chicago Hamilton/Avnet Electronics

2643 East University Drive 1911 So. Busse Rd. 118 Westpark Road

Phoenix 85034 Mt. Prospect 60056 Dayton 45459

Tel: (602) 263-1112 Tel: (312) 593-8230 Tel: (513) 433-0610

Hamilton/ Avnet El Hamilton/Avnet TWX: 810-450-2531

2615 South 21st Street 3901 No. 25th Ave. Sheridan Sales Co.

Phoenix 85034 Schiller Park 60176 10 Knollcrest Drive

Tel: (602) 275-7851 Tel: (312) 678-6310 Cincinnati 45222
Tel: (513) 761-5432

CALIFORNIA KANSAS TWX: 810-461-2670

Hamilton/Avnet Electronics
575 E. Middlefield Road
Mountain View 94040

Tel: (415) 961-7000
Hamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

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

Tel: (213) §58-2121
Cramer/San Francisco

720 Palomar Avenue
Sunnyvale 94086

Tel: (408) 739-3011
Cramer/Los Angeles

17201 Daimler Street

Irvine 92705

Tel: (714) 979-3000
Cramer/San Diego

8975 Complex Drive

San Diego 92123

Tel: (714) 565-1881

COLORADO
Cramer/Denver

5465 E. Evans PI. at Hudson
Denver 80222

Tel: (303) 758-2100
Hamilton/Avnet Electronics
5921 No. Broadway
Denver 80216

Tel: (303) 534-1212

NEW MEXICO
Hamilton/Avnet

Hamilton/Avnet Electronics
37 Lenexa Industrial Center
9900 Pflumm Road

Lenexa 66215

Tel: (913) 888-8900

MICHIGAN

Sheridan Sales Co.
24543 Indoplex Drive
Farmington Hills 48024
Tel: (313) 477-3800
Cramer/Detroit

13193 Wayne Road
Livonia 48150

Tel: (313) 425-7000
TWX: 810-242-2985
Hamilton/Avnet Electronics
12870 Farmington Road
Livonia 48150

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

MINNESOTA

Industrial Components, Inc.
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831-2666
Cramer/Bonn

7275 Bush Lake Road
Edina 55435

Tel: (612) 835-7811
Hamilton/Avnet Electronics
7683 Washung(on Avenue, So.
Edina 5!

Tel: (612) 941-3801

MISSOURI

2450 Baylor Drive, S.E.
Albuquerque 87119
Tel: (505) 765-1500
Cramer/New Mexico
137 Vermont, N.E.
Albuquerque 87108
Tel: (505) 265-5767

OREGON

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

Tel: (503) 292-3534

UTAH |

Cramer/Utah

391 W. 2500 South

Salt Lake City 84115

Tel: (801) 487-4131
Hamilton/Avnet Electronics
647 W. Billinis Road

Salt Lake City 84119

Tel: (801) 262-8451

WASHINGTON
Hamilton/Avnet Electronics
13407 Northrup Way

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

Tel: (206)-763-2300
Cramer/Seattle

5602 Sixth Ave. South
Seattle 98108

Tel: (206) 762-5755

Hamilton/Avnet

364 Brookes Lane

Hazelwood 63042

Tel: (314) 731-1144

Sheridan Sales Co.

110 South Highway 140, Suite 10
Florissant 63033

Tel: (314) 837-5200

Cramer/Cleveland

5835 Harper Road
Cleveland 44139

Tel: (216) 248-8400

TWX: 810-427-9407
Hamilton/Avnet Electronics
761 Beta Drive

Cleveland 44143

Tel: (216) 461-1400
Cramer/Tri States, Inc.
666 Redna Terrace
Cincinnati 45215

Tel: (513) 771-6441

TWX: 810-461-2882
Sheridan Sales Co.
23224 Commerce Park Road
Beachwood 44122

Tel: (216) 831-0130
Sheridan Sales Co.
Shiloh Building, Suite 250
5045 North Main Street
Dayton 45405

Tel: (513) 277-8911

TEXAS

Cramer Electronics

2970 Blystone

Dallas 75220

Tel: (214) 350-1355
Hamilton/Avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: (214) 661-8661
Hamilton/Avnet Electronics
1216 W. Clay

Houston 77019

Tel: (713) 526-4661
Component Specialties, Inc.
10907 Shady Trail, Suite 101
Dallas 75220

Tel: (214) 357-4576
Component Specialties, Inc.
7313 Ashcroft Street
Houston 77036

Tel: (713) 771-7237

WISCONSIN
Cramer/Wisconsin
430.West Rawson Avenue
Oak Creek 53154

Tel: (414) 764-1700

NORTHEAST

CONNECTICUT
Cramer/Connecticut

35 Dodge Avenue

North Haven 06473

Tel: (203) 239-5641
Hamilton/Avnet Electroni¢s
643 Danbury Road
Georgetown 06829

Tel: (203) 762-0361

MARYLAND
Cramer/EW Baltimore
7255 Standard Drive
Hanover 21076

Tel: (301) 796-5790
Cramer/EW Washington
16021 Industrial Drive
Gaithersburg 20760

Tel: (301) 948-0110
Hamilton/Avnet Electronics
7255 Standard Drive
Hanover 21076

Tel: (301) 796-5000

MASSACHUSETTS

Cramer Electronics Inc.

85 Wells Avenue

Newton 02159

Tel: (617) 969-7700
Hamilton/Avnet Electronics
185 Cambridge Street
Burlington 01803 .

Tel: (617) 273-2120

NEW JERSEY
Cramer/Pennsylvania, Inc
12 Springdale Road

Cherry Hill Industrial Cemer
Cherry Hill 08003

Tel: (609) 424-5993

TWX: 710-896-0908
Hamilton/Avnet Electronics
218 Little Falls Road

Cedar Grove 07009

Tel: (201) 239-0800

TWX: 710-994-5787
Cramer/New Jersey

No. 1 Barrett Avenue
Moonachie 07074

Tel: (201) 935-5600
Hamilton/Avnet Electronics
113 Gaither Drive

East Gate Industrial Park
Mt. Laurel 08057

Tel: (609) 234-2133

TWX: 710-897-1405

NEW YORK
Cramer/Binghamton
3220 Watson Boulevard
Endwell 13760

Tel: (607) 754-6661
Cramer/Rochester

3000 Winton Road South
Rochester 14623

Tel: (716) 275-0300
Hamilton/Avnet Electronics
167 Clay'Road

Rochester 14623

Tel: (716) 442-7820
Cramer/Syracuse

6716 Joy Road

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

E. Syracuse 13057

Tel: (315).437-2642
Cramer/Long lIsland

29 Oser Avenue
Hauppauge, L.I. 11787
Tel: (516) 231-5600

TWX: 510-227-9863
Hamilton/Avnet Electronlcs
70 State Street
Westbury, L.I. 11590
Tel: (516) 333-5800

TWX: 510-222-8237

PENNSYLVANIA
Sheridan Sales Co.

1717 Penn Avenue, Suite 5009

Pittsburgh 15221
Tel: (412) 244-1640
Cramer Electronics
616 Beatty Drive
Monroeville 15146
Tel: (412) 242-7410

SOUTHEAST

ALABAMA

Cramer/EW Huntsville, Inc.
2310 Bob Wallace Avenue, SW.
Huntsville 35805

Tel: (205) 539-5722

Hamilton/ Avnet Electronics
805 Oster Drive NW

Huntsville 35805

Tel: (205) 533-1170

FLORIDA

Cramer/E.W. Hollywood
4035 No. 29th Avenue
Hollywood 33020

Tel: (305) 923-8181
Hamilton/Avnet Electronics
4020 No. 29th Ave.
Hollywood 33021

Tel: (305) 925-5401
Cramer/E.W. Orlando
345 No. Graham Ave.
Orlando 32814

Tel: (305) 894-1511

GEORGIA

Cramer/EW Atlan

3923 Oakcliff Induslnal Center
Atlanta 30340

Tel: (404) 448-9050
Hamilton/Avnet Electronics
6700 | 85, Access Road, Suite 2B
Norcross 30071

Tel: (404) 448-0800

NORTH CAROLINA
Cramer Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711

CANADA

BRITISH COLUMBIA
L. A. Varah Ltd.
2077 Alberta Street
Vancouver 10

Tel: (604) 873-3211

ONTARIO

Cramer/Canada

920 Alness Avenue, Unit No. 9
Downsview

Toronto 392

Tel: (416) 661-9222

TWX: 610-492-6210
Hamilton/Avnet Electronics
6291-16 Dorman Road
Mississauga L4V 1H2

Tel: (416) 677-7432

TWX: 610-492-8867
Hamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 2B4

Tel: (613) 226-1700

TWX: 610-562-1906

QUEBEC

Hamilton/Avnet Electronics
2670 Paulus

St. Laurent H45 1G2

Tel: (514) 331-6443

TWX: 610-421-3731
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RANDOM ACCESS MEMORIES

Electrical Characteristics Over Temperature
" Power .
Type No. of Description Organizatior: | Access Time | Cycle Time | Dissipation Max.[1] | Supplies [V] | Page No.
Bits Max. Max. Operating/Standby
1101A 256 | Static Fully Decoded 256 x 1 1500ns 1500ns 685mW/340mW +5, -9 23
1101A1 256 | Hi-Speed Static Fully Decoded 256 x 1 1000ns 1000ns 685mW/340mW +5, ~§ 23
1103 1024 | Dynamic Fully Decoded 1024 x 1 300ns 580ns 400mW/67 mW +16, +19 27
11031 1024 | Dynamic Fully Decoded 1024 x 1 150ns 340ns 400mW/76 mW +19, 422 2-12
1103A 1024 | Dynamic Fully Decoded 1024 x 1 205ns - 580ns 400mW/64 mW +16, +19 2-15
1103A-1 1024 | Dynamic Fully Decoded 1024 x 1 145ns 340ns 625mW/10mW +19, +22 2-20
1103A-2 1024 | Dynamic Fully Decoded 1024 x 1 145ns 400ns 570mW/10mW +19,+22 2-25
2101 1024 | Static, Separate 1/0 256 x 4 1000ns 1000ns 350mw +5 2-29
2101-1 1024 | Static, Separate 1/0 256 x 4 500ns 500ns 350mW +5 2-29
2101-2 1024 | Static, Separate 1[0 256 x 4 650ns 650ns 350mW +5 2-29
2102 1024 | Static Fully Decoded 1024 x 1 1000ns 1000ns 350mwW +5 2-33
21021 1024 | Hi-Speed Static Fully Decoded 1024 x 1 500ns 500ns 350mwW +5 237
21022 1024 | Static Fully Decoded 1024 x 1 650ns 650ns 350mW +5 239
2102-8 1024 | Static Fully Decoded 1024 x 1 1500ns 1500ns 350mwW +5 24
2102A 1024 | Very High Speed Static 1024 x 1 350ns 350ns 350mW/42mwW +5 243
2102A-2 1024 | Very High Speed Static 1024 x 1 250ns 250ns 350mW/42mW +5 2-47
2102A-4 1024 | Very High Speed Static 1024 x 1 450ns 450ns 350mW/42mW +5 249
a M2102A4 | 1024 | Static, Tp = 55°C to +125°C 1024 x 1 450ns 450ns 350mW +5 251
E M2102A-6 | 1024 | Static, Tp = 55°C to +125°C 1024 x 1 650ns 650ns 350mW +5 2-53
';: 2105 1024 | Hi-Speed Dynamic Fully 1024 x 1 95ns 200ns 460mW/97mW +12,-5.2 2-55
(=) Decoded -
3 2105-1 1024 | Very High Speed Dynamic 1024 x 1 80ns 180ns ~513mW/97 mW +12,-5.2 255
g Fully Decoded
% [ 21052 1024 | High Speed Dynamic with 1024 x 1 85ns 180ns 540mW/97mW +12,-5.2 2-63
Invisible Refresh ,
2107A 4096 | Dynamic Fully Decoded 4096 x 1 300ns 700ns 458 mW/10mW +12, +5, =5 2-67
2107A41 4096 | Dynamic Fully Decoded 4096 x 1 280ns 550ns 516 mW/16mW +12,+5, -5 2-13
2107A-4 4096 | Dynamic Fully Decoded 4096 x 1 350ns 840ns 405mW/10mW +12, +5, -5 2-75
2107A-5 - 4096 | Dynamic Fully Decoded 4096 x 1 420ns 970ns 376 mW/11mW +12,+5, -5 277
2107A-8 4096 | Dynamic Fully Decoded 4096 x 1 420ns 970ns 376 mW/11mwW +12,+5, -5 2-79
21078 4096 | Dynamic Fully Decoded 4096 x 1 200ns 400ns 960 mW/16mW +12, 45, ~5 2-81
210784 4096 | Dynamic Fully Decoded 4096 x 1 270ns 470ns 960 mW/18mW +12, +5, -5 2-89
21078-6 4096 | Dynamic Fully Decoded 4096 x 1 -350ns 800ns 840 mW/25mW +12, +5, =5 291
2m 1024 | Static, Common /0 with 256 x4 1000ns 1000ns 350mW . +5 293
Output Deselect . !
211141 1024 | Static, Common /0 with 256 x 4 500ns 500ns 350mwW +5 293
Output Deselect
21112 1024 | Static, Common I/0 with 256 x 4 650ns 650ns 350mwW +5 2-93
Output Deselect
2112 1024 | Static, Common 1/0 without 256 x 4 1000ns 1000ns 350mW +5 297
Output Deselect
2112-2 1024 | Static, Common 1/0 without 256 x 4 650ns 650ns 350mwW +5 2-97
Qutput Deselect
3101 64 Fully Decoded 16x4 60ns 60ns 525mW +5 2101
3101A 64 High Speed Fully Decoded 16x4 35ns 35ns 525mW +5 2-101
M3101 64 Fully Decoded (—55°C to 16x4 75ns 75ns 546 mwW +5 2105
+125°C
M3101A 64 High Speed Fully Decoded 16x4 45ns 45ns 546 mW +5 2-105
« (~55°C to +125°C) .
< | 3104 16 Content Addressable Memory 4x4 30ns 40ns 625mwW +5 2-107
2 | 3106 256 High Speed Fully Decoded 256 x 1 80ns 80ns 650mw +5 221
@ . (With 3-State Output) )
E 3106A 256 High Speed Fully Decoded 256 x 1 60ns 70ns 650mwW +5 211
E (With 3-State Output) )
S | 31068 256 High Speed Fully Decoded 256 x 1 80ns 80ns 650 mwW +5 2
« (With 3-State Output) .
3107 256 High Speed Fully Decoded 256 x 1 80ns 80ns 650mwW +5 211
(With Open Collector Qutput)
3107A 256 High Speed Fully Decoded 256 x 1 60ns 70ns 650mW +5 2111
(With Open Collector Qutput)
31078 256 | High Speed Fully Decoded 256 x 1 60ns 70ns 650mW +5 21
(With Open Collector Output)

] 5101 1024 | Static CMOS RAM 256 x 4 650ns 650ns 142mW/75 W +5 2115
§ E 5101-3 1024 | Static CMOS RAM 256 x 4 650ns 650ns 142mW/1mW +5 2-115
= | 5101L 1024 | Static CMOS RAM 256 x 4 650ns 650ns 142mW/30uW +5 2-115
@ g 5101L-3 1024 | Static CMOS RAM 256 x 4 650ns 650ns 142 mW/400 W +5 2115 »

Note 1:.Power Dissij with i power supply current and nominal supply voltages.
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|nte|® Silicon Gate MOS 1101A, 1101A1

256 BIT FULLY DECODED
RANDOM ACCESS MEMORY

= Access Time -- Typically Below = Simple Memory Expansion --

650 nsec - 1101A1,850 nsec -1101A Chip Select Input Lead
= Low Power Standby Mode = Fully Decoded --On Chip Address
» Low Power Dissipation -- Typically Decode and Sense

less than 1.5 mW/bit during access = Inputs F_',rotecte-d -- All Ir_1puts Have
= Directly DTL and TTL Compatible Protection Against Static Charge

= Ceramic and Plastic Package --

" Three-state Output-- 16 Pin Dual In-Line Configuration

OR-tie Capability

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

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

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

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

The Intel 1101A is fabricated with silicon gate technology. This low threshold technology allows the design
and production of higher performance 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 BLOCK DIAGRAM
| 4

—
Ay 41 16f T RW cs Ao | 2 4
5 7T— 4 4
—1Onw A w . ¢
A, ]2 15 RW 10— % wa z 256 BIT
@ ag o — RAM
Ay T3 1o BATA out 922 5 ] 2 § w PLANE
Doyt Jo— A £ =
v, =4 13 paTA OUT Ao Tour n—s 2] X =
Ay x . x
Vee 15 12 pATA N —A:2 _— L
—A; Doyt p—— S— : L
= I nfa A, A 13.DATA SENSE Y ADDRESS
4 ouT CIRCUIT DECODE
A, 47 103 A, —1"s S
—Ag o w
Voo 48 9f A —1a 5% =5 Y INPUT BUFFERS
oo 2 7 CF{ 2w
14DATA R
ouT @ Az
L
T 6 1 3 2
PIN NAMES 16
D)y DATA INPUT cs CHIP SELECT 15 BW Vec'® Vop'8
Ao— A, ADDRESS INPUTS Doyur  DATA OUTPUT DATA IN Vo4
R READ/WRITE INPUT 12
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SILICON GATE MOS 1101A, 1101A1

Absolute Maximum Ratings'"’

Temperature Under Bias 0°C to 70°C
Storage Temperature —65°C to +160°C
. All Input or Output Voltages with Respect to the Most
Positive Supply Voltage, V¢ +0.5V to —20V
Supply Voltages Vppand Vpwith Respect to Ve —-20V
Power Dissipation _ TWATT

D.C. and Operating Characteristics
= 0°C to 70°C, Vo =5V + 6%, Vpp = -9V + 5%,'VD = —9V + 5%, unless otherwise specified

sYmBoL TEST min.  Tve? max. | uniT CONDITIONS

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

(ALL INPUT PINS) '
llo | OUTPUT LEAKAGE CURRENT <10 500 nA Vour =00V, T8 = Vee =2
Ibp1 | POWER SUPPLY CURRENT, Vpp 13 19 mA | Ta=25°C
lop2 POWER SUPPLY CURRENT, V5, 25 mA Tp=0°C Continuous
oy POWER SUPPLY CURRENT, V,, 12 18 mA | Ta=260c, [ DPeEOR
g POWER SUPPLY CURRENT, Vg, 2 mA | Ta=o0°C, oL~
v, | INpUT“LOW” vOLTAGE -10 V25 | v |
Vi@ | INPUT “HIGH" VOLTAGE V-2 Vectd | v
loi | OUTPUT SINK CURRENT 30 8 mA | Vour = +0.45V, T, = +25°C
lota | OUTPUT SINK CURRENT 2.0 mA | Vour = +045V, T, = +70°C
lce | OUTPUT CLAMP.CURRENT 6 13 mA | Vour=-1.0V
lomy | OUTPUT SOURCE CURRENT | 3.0 -8 mA | Vour=0.0V,T,=+25°
lowg | OUTPUT SOURCE CURRENT | —2.0 -7 mA | Vour =00V, T,=+70°C
VoL | OUTPUT “LOW" VOLTAGE +045 | v loL =2.0mA
Vo | OUTPUT “HIGH" VOLTAGE #3565  +4.9 v low = —1004A
Cn@ | INPUT CAPACITANCE 7 10 | pF Vin = Vee

(ALL INPUT PINS) .
Cour®| OUTPUT CAPACITANCE 7 10 oF | Vour=Vee fT: N
C,@ | v, POWER SUPPLY . 20 35 oF Vp = Vee

CAPACITANCE

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

Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
Note 2: Typical values are at nominal voltages and T 5 = 25°C.
Note 3: ATTL driving the 1101A, 1101A1 must have its output high > Vee—2 even if it is loaded by other bipolar gates.
"Note 4: This parameter is periodically sampled and is not 100% tested
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SILICON GATE MOS 1101A, 1101A1

A.C. Characteristics 7, = 0°C to 70°C, Vc= 5V + 5%, Vp= —9V + 5%, Vpp= —9V + 5%

READ CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT
t , Read Cycle 1101A 1.5 psec
RC 1101A1 1.0 usec
¢ Address to Chip 1101A 1.200 psec
AC Select Delay 1101A1 0.7t1 psec
t, Access Time 1101A 0.85 1.5 psec B
1101A1 0.65 1.0 psec
ton Previous Read Data Valid 0.05 psec
WRITE CYCLE
twe Write Cycle 0.8 usec
two Address to Write Pulse Delay 0.3 psec
twp Write Pulse Width 0.4 psec
tow Data Set up Time 0.3 psec
ton Data Hold Time 0.1 psec
CHIP SELECT AND DESELECT
tow Chip Select Pulse Width 0.4 psec
tos Ac?ess Time Through © 0.2 03 psec
Chip Select Input
tep Chip Deselect Time 0.1 0.3 psec

CONDITIONS OF TEST: -
Input pulse amplitudes: 0 to 5V, Input puls

e rise and fall time: 10 nsec. Speed measurements referenced to 1.5V levels (unless

otherwise noted). Output load is 1 TTL gate and C;_ = 20 pF; measurements made at output of TTL gate (tpp < 10 nsec)

READ CYCLE

ADDRESSES

R/W

OUTPUTS

1 ——
— ~—tAC
0

RC

(

3

l«—— =100 ns

A * <—:tt0H
0 = o —

CHIP SELECT AND DESELECT

ADDRESSES

OUTPUTS

X,
0 f

WRITE CYCLE

ADDRESSES

R/W

DATA IN

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

we

X

D

M

] —
—>-\k—_<_50ns
0

=100 ns —»

1 ~tWD
0 twp —>

1

—

N

Vp AND CS LEAD

OUTPUTS

Vpp = —9V + 5%
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RAMs

SILICON GATE MOS 1101A, 1101A1

Typical D. C. Characteristics

OUTPUT SINK CURRENT VS TEMPERATURE POWER DISSIPATION VS VOLTAGE POWER DISSIPATION VS TEMPERATURE
12 T T 300 . " s00
Vee = 5.0V Vee =50V : )

10 Vp = Vpp = -9.0V Ta = 26°C 200 | Vec =50V
RE‘ S Vour = 45V POWER DISSIPATED [Ipp x (IVppl+ Vo)l Vp = Vpp =-9.0V
o ~ 8Y MEMORY CELLS _ | |
< 8 —~—~— 200 AN . o= | 300 | POWER DISSIPATED [Ipp x (IVppl + Vee)]
] ~~L. 3 - s BY MEMORY CELLS
g - E L= E Seaa
< - © 200
3 ¢ [ - z =T
M ; POWER DISSIPATED [Ip x (IVpl + V() § \1’\\ -
] BY PERIPHERAL CIRCUITRY — e
2 oa 100 150 A
2 e -
5 POWER DISSIPATED [Ip, x (Vpl + Vel
° 2 190 I'gv PERIPHERAL CIRCUITRY

N
1 WORST case TTL LoA” o7
0 1 ] 1 ol 0
0 20 40 60 80 100 0 -8.0 -9.0 -10.0 [} 20 a0 60 80 100
AMBIENT TEMPERATURE (°C) VOLTAGE (Vp, Vpp) AMBIENT TEMPERATURE (°C)

Typical A. C. Characteristics

OUTPUT CURRENT VS OUTPUT VOLTAGE

ACCESS TIME VS.
LOAD CAPACITANCE

TVee = s0v PPy
Vp=Vpp = 9.0V 14

12 Tp = 26°C
16
1: Ta =70°C Ve = 5.0V
T, =0%C ¢ BIPOLAR LOGIC 14 Vp = Vpp = —9.0V |
A ‘0" LEVEL
(EN (WORST CASE) TA=70°C : —A ~ 0.9ns/pF y
240 - 12— ac — AL
1 OUTPUT VOLTAGE (V) g . 44// [ w1
= s
~7-6-56-4-3-2-1 %51 2 3 4f5 6 7 w 10 Tolh
-2 . = 1
- 2 "
+ |
-6 g 8 = ¥ .
—87 - Q / N
T, =70°C _/_,g Ta=0°C < Ta = 25°C : g & 0.7 ns/ pF——]
' = 25°C %}i + . W
—16 -+ 1o, (mA) . =
on oL
0 100 200 300 400
LOAD CAPACITANCE (pF)
ACCESS TIME VS. 1101A/1101A1 ACCESS TIME Vs.
TEMPERATURE OPERATING REGION SUPPLY VOLTAGE
14 r —~ 19 T - 14 + - -+ T
Vee = 5.0V | [ Vee = 5.0V 1TTL LOAD
Ta = 0°C 10 70°C -
1.2 | Vo = Voo = -0.0V 18 A 12 noafly Ta 25°C cL =20 pF
: 17TTL LOAD . AN
. N\ VDD = —wv
C, = 20 pF - AN Y
1.0 : Aede==T | & 16 |—] TYPICAL 210 b—yoa1 {D NN /Vno =-ov__ |
g " 1ot [ OPERATING L 7] NN Voo = —av_ |
E |~ 25 REGION 4 2 \Qk\ ><
w < ~ 7 w
E 8 e noal ==T = 1 \:', § ' kt\ N N
- -~
I 4 ~
] | o J#“spEciFiED™] L @ & -
8 06 === 13 7T OPERATING = o 6 Vpp = —10V P~~~
< o - REGION b < v 9v—/ I3
12 y3 -z D~ T ~
. a Vpp = -8V
04 iR
> te
)
°T 9 10 1 12 13 14 15 16 17 ’ 0% 7 & -9 -0 -m
[} 20 40 60 80 100
cc — Vop (VOLTS) Vp (VOLTS)

AMBIENT TEMPERATURE (°C)
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Intel Silicon Gate MOS 1103
FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

= [ ow Power Dissipation — Dissipates = Simple Memory Expansion —

Power Primarily on Selected Chips Chip Enable Input Lead
= Access Time — 300 nsec = Fully Decoded—on Chip Address
Decode

= Cycle Time — 580 nsec

s Refresh Period... 2 milliseconds
for 0—70° C Ambient

= OR-Tie Capability

= Inputs Protected — All Inputs Have
Protection Against Static Charge

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

The Intel®1103 is designed primarily for main memory applications where high performance,
low cost, and large bit storage are important design objectives.

It is a 1024 word by 1 bit random access memory element using normally off P-channel
MOS devices integrated on a monolithic array. It is fully decoded, permitting the .use of an
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only
during precharge.

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is
accomplished in 32 read cycles and is required every two milliseconds.

A separate cenable (chip enable) lead allows easy selection of an individual package when
outputs are OR-tied.

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

Ay 1 18 READ/WRITE . | | I
Ao O0—] MEMORY MATRIX:
A, 2 17 Ve PRC CE RW Ay O—1 10F 32 32 READ/ 64
—1°mn A; O— ROW | WRITE — 32 ROWS
A, O—4 SELECTOR AMPLIFIERS 32 COLUMNS
Ay 3 16 CENABLE 3
n
A, O— 024 BITS)
A4 15 A, A
- 1A P
PRECHARGE 5 14 DATA OUT —qA, ‘
: . p— A. 1103 \ DATA IN
Ay 6 13 A 12 Dour REFRESH AMPLIFIERS;[<#—O
3 READ WRITE COLUMN
Ag 7 12 DATA IN A GATING l >0
—a Vgg O 1 DATA OUT
As 8 " Voo —Re Vgg O—— I3
i o—
A, 9 10 Vgg —{ A Voo )
C oO—
n PRECHARGE ) OF 32
PIN NAMES CENABLE O—— 8> COLUMN SELECTOR
READ/WRITE O—8
D,y  DATA INPUT PRC  PRECHARGE INPUT ‘L J) I (L (L
Aqg—A ADDRESS INPUTS CE CHIP ENABLE LOGIC 0 = HIGH VOLTAGE
_0 "9 LOGIC 1 = LOW VOLTAGE Ag Ag A; Ag Ag
RN  READ/WRITE Dour DATA OUTPUT
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SILICON GATE MOS 1103

2-8

Maximum Guaranteed Ratings*®

0°C to 70°C
—65°C to0 +150°C

Temperature ‘Under Bias
Storage Temperature

All Input or Output Voltages with
Respect to the Most Positive

*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-

Supply Voltage, Vgg —25V to 0.3V
Supply Voltages Vpp and Vgg

with Respect to Vgg —25V to 0.3V
Power Dissipation 1.0wW

tended periods may affect device reliability.

D.C. and Operating Characteristics .
T, =0°Cto+70°C, VS(;'= 16V £ 5%, (Vgg —VSS)(6)= 3V to 4V, V, = 0V unless otherwise specified

SYMBOL TEST MIN.  TYP.  MAX. |UNIT CONDITIONS
I INPUT LOAD CURRENT (ALL INPUT PINS) 1 LA Vin =0V
Lo OUTPUT LEAKAGE CURRENT 1 pA VouT =0V
lag Vgg SUPPLY CURRENT 100 uA
1pp1{2) [ SUPPLY CURRENT DURING Tpe 37 56 mA ALL ADDRESSES = 0V
PRECHARGE = 0V
CENABLE = Vgg: To = 259C
Ipp2 (2)| SUPPLY CURRENT BURING Ty, 38 59 mA ALL ADDRESSES = 0V
PRECHARGE = 0V
CENABLE = 0V; T, = 25°C
Ipp3 ‘2| SUPPLY CURRENT DURING Tpqy 5.5 il mA | PRECHARGE = Vgg
. CENABLE = 0V; T, = 25°C
Ippa!? | SUPPLY CURRENT DURING Tep 3 4 mA PRECHARGE = Vgg
CENABLE = Vss Ta= 250C
1o8°Ay | AVERAGE SUPPLY CURRENT 17 25 mA | CYCLE TIME = 580 ns; PRECHARGE
WIDTH = 190 ns; Ty = 25°C
ViL1{7 | INPUT LOW VOLTAGE Vgs—17 Vgg—14.2| V Ta =0°C
(ALL ADDRESS & DATA-IN LINES)
Vi | INPUT LOW VOLTAGE Vgg—17 Vgs—14.5( V Tp = 70°C
(ALL ADDRESS & DATA-IN LINES)
V1378 INPUT LOW VOLTAGE (PRECHARGE Vgs—17 Vgs—14.7| V Ta =0°C
CENABLE & READ/WRITE INPUTS)
ViL47®) INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgs—15.0{ V Ta = 70°C
CENABLE& READ/WRITE INPUTS)
Vin1?) | INPUT HIGH VOLTAGE Vgg—1 Vgg+1 vV - | Ta=0°
(ALL INPUTS)
Vin2(?) | INPUT HIGH VOLTAGE Vss—0.7 Vgs+1 v Ta =70°C
(ALL INPUTS)
loH1 | OUTPUT HIGH CURRENT 600 900 4000 pA Ta =25°C
IoH2 | OUTPUT HIGH CURRENT 500 800 4000 LA Ta =70°C
(4
oL OUTPUT LOW CURRENT See Note 3 RLoap =1009
VoH1 | OUTPUT HIGH VOLTAGE ’ 60 90 400 mV | Ta =25°C,
Vonz | OUTPUT HIGH VOLTAGE 50 80 400 mV | Ta =70°C,
VoL OUTPUT LOW VOLTAGE See Note 3 |
Note 1:

The Vgg current drain is equal to (Ipp + lgn) or (Ipp + IoL)-

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

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

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

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

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

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

Note 8:

The maximum values for V| (for precharge, cenable & read/write) may be increased to Vgg—14.2 @ 0°C and Vgg—14.5 @ 70°C (same
values as those specified for the address & data-in lines) with a 40ns degradation (worst case) in taC: tPC. tRC: tWe: tRwe: tacct and tacca-



SILICON GATE MOS 1103

Supply Current vs Temperature

60 —
* ~ v, { }— 168V 62 J|';\ Vss = ‘6-3V|
56 > 5 - ay— 60 |——-) — Vgg —Veg = 3V—]
55 < Va8 “Vss = 3V—-‘ 59 < 88 Uss
N ~ \~~
—_ - -
o8 GUARANTEEDA F GUARANTEED
A T 5 T i
£ 40 \ 8 45
35 \ \ 40 \
TYPICAL
3 1 [ - TYPICAL
0 25 50 70 0 25 50 70
T(°C) T(°C)
12 I LI !
\\ Vg =16.8V xss = :/6-8V3V
5 Ve =3V —
1 Vgg —Vgs = 3V BB SS
< - -
— ~ % -
< 10 ™ ~¢ GUARANTEED < 39 GUARANTEED
VB I~ \ N vg
Lo 6 AN o 3
\ e ————
5 - T‘YNCAL 2 TYPICAL
4 1
0 25  50. 70 0 25 50 70
T(oC) Ti°C)
IDD(mA)—\ Ipp vs TIME
Typical Characteristics Ta=25°C
Vgg = 16.8V
16 : i I — . Vgg—Ves = 3V
15 v I5p2=59
1.4 Vgg—Vss=4V A // Ipp1=56
1.3
g e
T 1.
T 1.1 A
£, Tpps=T1]
.9 Ta=0°C Topa™ I TIME
3‘8 Tp=25°C Tec Tov TPOV Tep
o - or
& Ta=70°C Tew+Tw
Y ’ y Note 1. &l i i i i
. DD is due to charging of internal device node
14 15 16 17 18 19 20 capacitance at precharge
Vgg (VOLTS) Note 2. These values are taken from a single pulse measurement
24 12
T T
LV Vemav—] A '
Ba~Vss 1 V4 Vgg = 16.8V
22 |—33% DUTY CYCLE A
ON PRECHARGE 1.0
2 A A —
E 1/ < Vgg = 15.2V
g /, /, ; 0.8 I
-~ / 5 | OPERATING
g A 06 REGION
x v :
TA=250C
OPERATING —— A
__REGION  ___| 0.4 Vgg—Vss=3V
. 11 X : to 4V
55
0 14 15 16 17 18 19 20 0 20 40 60 80 100 120
Vgg (VOLTS) Toy (ns)
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SILICON GATE MOS 1103

AC Characteristics T, =0°C to 70°C, Vg, = 16 + 5%, (Vg —Vgs) = 3.0V to 4.0V, Vpy =0V
READ, WRITE, AND READ/WRITE CYCLE ) .

SYMBOL TEST MIN. TYP. -MAX. UNIT CONDITIONS
tees TIME BETWEEN REFRESH 2 ms
t..(1) | ADDRESS TO CENABLE SET UP TIME 115 ns
tea CENABLE TO ADDRESS HOLD TIME 20 ns
(1 | PRECHARGE TO CENABLE DELAY ° 125 ns
ter CENABLE TO PRECHARGE DELAY 85 ns
t PRECHARGE & CENABLE OVERLAP, LOW 25 75 ns tT = 20ns
toum PRECHARGE & CENABLE OVERLAP, HIGH 140 ns ty =20ns
tow PRECHARGE & CENABLE OVERLAP, 45 95 ns
50% POINTS
READ CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
tic(1) | READ CYCLE 480 ns I
teov PRECHARGE TO END OF CENABLE 165 500 ns
teo END -OF PRECHARGE TO 120 ns
OUTPUT DELAY
tr=20ns
tica!’’| ADDRESS TO OUTPUT ACCESS 300 NS | tacnia + tovimin | G0 = 100 pF
+ troms + 2tr r' Rioao = 1002
Veer = 40 mV
ticci'’’| PRECHARGE TO OUTPUT ACCESS 310 NS {tecmn + tovime
+ trome + 2 tr
: J
WRITE OR READ/WRITE CYCLE
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
twc(?) [ WRITE CYCLE . 580 ns t = 20 ns
tawd 1) | READ/WRITE CYCLE 580 ns :
tow PRECHARGE TO READ/WRITE DELAY 165 500 ns
twe READ/WRITE PULSE WIDTH 50 ns
tw READ/WRITE SET UP TIME 80 ns
tow DATA SET UP TIME 105 ns
ton DATA HOLD TIME 10 ns
to END OF PRECHARGE TO 120 ns Cuono = 100 pF
’ OUTPUT DELAY Rioko = 1009
tew ‘RELATIONSHIP BETWEEN CENABLE AND 0 ns Vaer = 40 mV
READ/WRITE
Note 1:  These times will degrade by 40 ns (worst case) if the maximum values for V| (for precharge, cenable and read/write inputs) go to
Vgs—14.2V @ 0°C and Vgg—14.5V @ 70°C as defined on page 2.
*CAPACITANCE Ta=25¢C
SYMBOL TEST TYp.| PLASTICPKG. CERAMIC PKG. | uNIT CONDITIONS
Cro ADDRESS CAPACITANCE 5 7 12 PF | Vin= Vs h
(o PRECHARGE CAPACITANCE 15 18 195 pF | Vi = Vs
Cee CENABLE CAPACITANCE 15 18 21 pF | Vin= Vs f=1MHz
All Unused
Cew READ/WRITE CAPACITANCE 11 15 19.5 pF | Vin= Vs L pins Zr:e
Cwm | DATA INPUT CAPACITANCE 4 5 75 pF | CENABLE =ov| AtAC.
Vi = Ves Ground
Cia DATA INPUT CAPACITANCE 2 4 6.5 pF | CENABLE = Vss
. . Vin = Vss
Cour DATA OUTPUT CAPACITANCE 2 3 7 pF | Vour=0V J

*This parameter is periodically sampled and is not 100% tested

. They are measured at worst case operating conditions.



SILICON GATE MOS 1103

WRITE CYCLE OR READ/WRITE CYCLE

Timing illustrated for minimum cycle.

50 100 150 200 250 300 350 400 450 500 550 580
I I 1 I 1 1 t I 1 | 1 1
twe ORY,
|~ ADDRESS CAN CHANGE we =T Tawe :
Vin ADDRESS
ADDRESS 8 ADDRESS STABLE CAN CHANGE
Vi
1
|~ toyu > > A |
Vin tac L
<-tovm
PRECHARGE L..
Viu I 71
tec tcp
Vi SR . | e —
CENABLE tove I
Vi |
tow —>lcw |-
Vin > JE—
READ/WRITE \4'—'wv
Vie )
-
tow oM
DATA Vi DATA CAN DATA CAN
™ ORARGE STABLE DATA TIME OHANGE
Vi |
Vou I
DATA Vagr DATA OUT N\
out R NOT VALID N
V, L 'LOAD
o . Cionp = 100pF
DATA OUT
t -
Acct VALID
| ACC2
ADDRESS CAN CHANGE
tae
Vin
ADDRESS ADDRESS STABLE
Vie
Y
Vin ‘—\ tac P
PRECHARGE /
Vie N e
the
Vin ™
CENABLE
Vie
tovt f < teov
Vin
READ/WRITE /
Vi :
< o
Vou ———N
DATA Veee  c40mV N\ N\
or -, Rloao =100 =7 [N\ AN
oL c
LoD ==
DATA OUT| o
= tacer VALID
tacc2
NOT
OTE @ Vop 2V t; IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS -
NOTE @ Vg5 — 2V
NOTE 3ty IS REFERENCED TO POINT (D OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST
NOTE 4 tp, IS REFERENCED TO POINT (2) OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST




intal Silicon Gate MOS 1103-1

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

» Access Time —150 nsec - : = Cycle Time —340 nsec

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

SYMBOL TEST MIN. TYP. MAX. | UNIT| CONDITIONS
L INPUT LOAD CURRENT 10 | ,A | Vw=0v
(ALL INPUT PINS) .
lo OUTPUT LEAKAGE CURRENT 10 | uA | Vour=0V
Ios V. SUPPLY CURRENT 100 | LA
loor SUPPLY CURRENT 45 60 mA | ALL ADDRESSES = 0V
DURING Tec PRECHARGE =0V
: CENABLE =V,
T, = 25°C
lose | SUPPLY CURRENT 50 68.5| mA| ALL ADDRESSES = 0V
DURING Tov PRECHARGE =0V
CENABLE =0V
T.= 25°C
oot SUPPLY CURRENT 8.5 11 mA | PRECHARGE = Vi
DURING Trov CENABLE = 0V
T.= 25°C
lo’© | SUPPLY CURRENT 3.0 4 mA | PRECHARGE = Vs
DURING Ter CENABLE = Vj
T, = 25°C
loavs | AVERAGE SUPPLY 20 23 mA | CYCLE TIME = 340 ns
CURRENT PRECHARGE WIDTH@50%
105ns, T, = 25°C
Vi INPUT LOW VOLTAGE Vgs— 20 Vs—18 | V
Vi INPUT HIGH VOLTAGE Ves—1 Vs+1 | V
lowi OUTPUT HIGH CURRENT 1150 1300 7000 | «A |T. = 25°C
lovs OUTPUT HIGH CURRENT 900 1150 7000 | A |T.=55°C )
lod OUTPUT LOW CURRENT See Note 3 Riows = 100 2
Vou | OUTPUT HIGH VOLTAGE . .| 115 130 700 | mV |T. = 25°C,
Vorz | OUTPUT HIGH VOLTAGE 920 115 700 | mV |T. =55°C,
Vo! | OUTPUT LOW VOLTAGE See Note 3

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

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

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

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

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

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



SILICON GATE MOS 1103-1

AC Characteristics (T, =0°C t055°C, Vi = 19+ 5%V, — Vgs = 3.0V to 4.0V, V,, = 0V)
READ, WRITE, AND READ/WRITE CYCLE :

SYMBOL TEST MIN. TYP.  MAX. UNIT CONDITIONS
teer TIME BETWEEN REFRESH 1 ms
tac ADDRESS TO CENABLE SET UP TIME 30 ns
tcx | CENABLE TO ADDRESS HOLD TIME 10 ns
tic PRECHARGE TO CENABLE DELAY 60 ns
ter CENABLE TO PRECHARGE DELAY 40 ns
ton. PRECHARGE & CENABLE OVERLAP, LOW 5 : 30 ns t7 = 20ns
tow PRECHARGE & CENABLE OVERLAP, HIGH 85 ns tp = 20ns
towm PRECHARGE & CENABLE OVERLAP 25 50 ns
50% POINTS : :
READ CYCLE
SYMBOL © TEST MIN. TYP.  MAX. UNIT CONDITIONS '
ti(V | READ CYCLE ) 300 ) ns tr=20ns
trov PRECHARGE TO END OF CENABLE 115 500 ns
o1 | END OF PRECHARGE TO 75 ns Ciono=50 pF
OUTPUT DELAY Rioso = 1002
Vrzee =80 mV
tacci'?'| ADDRESS TO OUTPUT ACCESS 150 ns tacmin + Yovimin + tromes + 2 tr
Cuono = 50 pF
Rioao = 1002
X Vrer = 80 mV
tace'’’| PRECHARGE TO OUTPUT ACCESS 180 . ns trcmin 4 tovimin + tromes + 2t
Croano = 50 pF
Ruono = 10002
Veer = 80 mV
WRITE OR READ/WRITE CYCLE
SYMBOL . TEST ' MIN. TYP.  MAX. UNIT CONDITIONS
twe WRITE CYCLE 340 ns b = 20 ns
tiwc'?) | READ/WRITE CYCLE 340 ns
tw | PRECHARGE TO READ/WRITE DELAY 115 500 ns
twe READ/WRITE PULSE WIDTH . 20 ns
tw READ/WRITE SET UP TIME 20 ns
tow DATA SET UP TIME 40 ns
ton DATA HOLD TIME 10 ns -
tol? | END OF PRECHARGE TO 75 ns - Cion,= 50 pF
OUTPUT DELAY Riono = 10002
tew RELATIONSHIP BETWEEN CENABLE 0 ns Vier =80 mV
. AND READ/WRITE

NOTE 1: These times will degrade by 35 nsec if a VR point 0f"40 mV is chosen instead of the 80 mV point defined in the spec.

*CAPACITANCE Ta=25°C

SYMBOL TEST TYp. | PLATIIGPKG. | CERAMICPKG. | uNiT CONDITIONS

Cro ADDRESS CAPACITANCE 5 7 12 pF Vin = Vss R

Cee PRECHARGE CAPACITANCE 15 18 19.5 pF Vi = Vss

Cee CENABLE CAPACITANCE 15 18 21 PE | Vi = Vs f=1MHz

All Unused|

Caw READ/WRITE CAPACITANCE 11 15 19.5 pF Vin = Vss - Pins Are

Cw | DATA INPUT CAPACITANCE 4 5 75 pF | CENABLE = gv| AtA.C.-
Vin = Vss Ground

Cia DATA INPUT CAPACITANCE . 2 4 6.5 pF CENABLE = Vs
Vin = Vss

Cour DATA OUTPUT CAPACITANCE 2 3 7 pF Vour = 0V D,

*This parameter is iodically led and is not 100% tested. They are measured at worst case ope:rating conditions.



SILICON GATE MOS 1103-1

WRITE OR READ/WRITE CYCLE

tyc ORt
| - ADDRESS CAN CHANGE e BT Rwe |
Vin ADDRESS
ADDRESS <8 ) ADDRESS STABLE CAN CHANGE
Vi
—- tca S —
v . <15, —>
" e ~toym *
PRECHARGE \
Vv, TIN
s

Vs

LY
| tpg ———] tep >~
Vin o
<t
CENABLE <>~ — tovL w
Vie

tew
Vin : N
READ/WRITE \ twe
ic I~
tow (Note 3) | |<&tpy (Note 4)
Vi N
DATA DATA CAN STABLE DATA TIME DATA CAN
IN CHANGE CHANGE
Vie
(po
v FRLPUI Wy —
saE o . CLOAD = 50pF /) DATA OUT N
out . RLoAD = 1002 § NOT VALID N
Vou VREF = 80mV
DATA OUT
- t -
Acc! . VALID
I ‘ACC2 |
READ CYCLE
ADDRESS CAN CHANGE
tRe
o @ ADDRESS
ADDRESS < 0} ADDRESS STABLE v
v, N
I
| t oy —>] > tca i
Vik tac v
~PRECHARGE /
v N 7 S ——
n
tec e tep T
Vin e\, -
CENABLE . /
71
ViL
. tovt { trov
VIH
READ/WRITE /
Vi
_— Vo R \\
ouTt \ AN
v,
oL Vier =80 mV 5ATA ouT
tacer vaLp I
I tacc2

NOTE (D) Vpp +2V
NOTE D Vg5 -2V
NOTE 3 tp, IS REFERENCED TO POINT (7) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST
NOTE 4 tp, IS REFERENCED TO POINT (2) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST

} ty IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS



intal Silicon Gate MOS 1103A

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

*kNo Precharge Required-- Critical = Address Registers
Precharge Timing is Eliminated Incorporated on the Chip

= Electrically Equivalent to 1103 -- = Simple Memory Expansion--
Pin-for-Pin/Functionally Chip Enable Input Lead
Compatible » Inputs Protected -- All Inputs

= Fast Access Time--205ns max. Have Protection Against

= Low Standby Power Dissipa- Static Charge

tion--2 yW/Bit typical = Ceramic and Plastic
Package--18-Pin DIP

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

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

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

Ayt U 18 RW cl? Jw
—1°n
\ Ag O— )
% 2 Vs Aro—f ADDRESS 16| 10F32 32| Reass Jes MEMORY MATRIX:
Ao 3 16 CENABLE :z o Ao [ sELECTOR | AMPLIFIERS] 3 CoLmns
' : 30— INVERTERS (1024 BITS)
— A, Ay O—
A 4 l 15 A, A 64
[ . A' 1103 %
NC. 5 14 6507 A2 Dourp— REFRESH
1A AMPLIFIERS | ~O O
Ay 6 ]13 Ay —a, READ/WRITE
COLUMN R
Ag 7 ]z 0 As GATING =0 Dout
s N — 4 Vgg O—————» %
— . 32
Ay sl ] 11 Voo :7 Ve o ]
by Lol ]
" AR 1 o S
CENABLE O———» SELECTOR
PIN NAMES READMRITE O———>
16
LOGIC 0 = HIGH VOLTAGE
DN DATA INPUT NC NO EXTERNAL CONNECTION LOGIC 1 = LOW VOLTAGE ADDRESS LATCH
REQUIRED (INTERNALLY AND INVERTERS
NOT CONNECTED) S &L L]
Ag-Ag  ADDRESS INPUTS CE CHIP ENABLE As Ag A7 Ag Ag
R/W  READ/WRITE DouTr  DATA OUTPUT
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SILICON GATE MOS 1103A

2-16

Absolute Maximum Ratings*

Temperature Under Bias . . ... v voo it it ettt ettt e et e ettt e e 0°C to 70°C
StOrage TEMPEratUre . .. .. v oot e e e et e e e e e e et e e e e e e e e e e —65°C to +150°C
All Input or Output Voltages with Respect to the most Positive Supply-Voltage, Vgg - - - -« c v oo v o e il s —25V 10 0.3V
Supply Voltages Vpp and Vgg with Respectto Vgg -« - oo it —25V to 0.3V
PoWer DisSiDation . . . . oo e e e e e e e e e e 1.0W

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

D. C. and Operating Characteristics
Tp = 0°C to +70°C, Vg ! = 16V = 5%, (Vgg —Ves )@ =3V 10 4V, Vpp = OV unless otherwise specified.

Symbol Test Min. - Typ. Max. Unit Conditions
T Input Load Current (All Input 1 MA Vin =0V
Pins)
ho Output Leakage Current 1 MA Vout =0V
Igg Vgg Supply Current 100 uA
Ibp1 Supply Current During Cenable 4 1 mA | Cenable=0V; Ty = 25°C
On
Ipp2 Supply Current During Cenable 0.1 4 mA Cenable = Vgg; Tp = 25°C
Off
Ippav Average Supply Current 17 25 mA Cycle Time = 580ns; Ty = 25°C
ViL Input Low Voltage Vpp—1. Vpp +1 Vv
ViH Input High Voltage Vgs—1 Vgg +1 v
1oH1 Output High Current 600 1800 4000 HA | Ty=25°C
loH2 Output High Current 500 1500 4000 uA Tp= 70°C
loL Output Low Current See Note Three . Rioapld =100Q
VoH1 Output High Voltage 60 180 400 mV Ta= 25°C
Von2 Output High Voltage 50 150 400 mV Tp= 70°C
Voo Output Low Voltage See Note Three
NOTES:

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

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

VoL equals Ig_ across the load resistor.
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 10092 to 1kQ.




SILICON GATE MOS 1103A

Supply Current vs Temperature

12 I ’ ' T 1
\\ Vs =16.8V Vgg = 16.8V
1 Vgg —Vgg = 3V__| 5 Vgg —Vgg = 3V —
. SNl
< 10 > ~¢ GUARANTEED 2 35 == GUARANTEED
— ™M N ~
5 s N | ’ 8 3
" \\ ‘ 2:, ~
P ——
5 TYPICAL 0.1 ATCAL
4 0
0 25 50 70 0 25 50 70
T(°C) T°C)
Typical Characteristics
OUTPUT HIGH CURRENT
VS. SUPPLY VOLTAGE
22 : 1pp VS. CENABLE

20 ~——Tcc—
Von~Ves =3V T CENABLE /
1.8 | ' /
o0
¥, ‘

E
= 16 S
3 70 - INTERNAL
- " z 6 f PRECHARGING
. E 50 INTERNAL CURRENT
! SO A = 40 TIMING |
’ ) 8 3 DRIVER
RRENT
Av 2 cu ¢ ‘D‘m 1002
1.2 10 |
- "
OPERATING REGION —— - ¥ 4
1.0 b TIME
12 13 14 15 16 17 18
Vss (V)
AVERAGE Ipp VS. . AVERAGE I VS.
SUPPLY VOLTAGE 1103A CYCLE TIME
. 2
CYCLE TIME IS 580ns T
18 - 22 tey=210ns
& 2 ty=80ns
Vgg ~Vss =3V - Ves ~Vss =3V
, ' 18
‘ . Ta=0%
- 16 = 16
S - z R
E £
= = s \
8 8 \.
u Ta=0°C w12
T 11 } g \\
I Ta=70°C [ \&
>
2 F N
Ta=70°C \\
12 6
a S
OPERATING REGION —| —
2 =
) )
103 14 15 17 % 5 6 78010 2.0 30 40 5060
Vgs (V) . CYCLE TIME (us)

2-17



SILICON GATE MOS 1103A

A.C. Characteristics T,=0°C to 70°C, Vg = 16V * 5%, (Vgg —Vss ) = 3.0V t0 4.0V, Vpp =0V
" READ, WRITE, AND READ/WRITE CYCLE

Symbol Test Min. Max. Unit Conditions

trer Time Between Refresh 2 ms ‘

tac 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

tre Read Cycle 480 ns ty=20ns

tov Cenable on Time 210 500 ns : Croap = 100pF

tco Cenable Output Delay 185 ns RLoap = 1002

tace ADDRESS TO QUTPUT 205 ns tace “tacmin t VRer =40mV
ACCESS too *tr

twH Read/Write Hold Time .| 30 ’ ns

WRITE OR READ/WRITE CYCLE

Symbol ‘ Test Min. Max. Unit Conditions

t Write Cycle 580 ns |
wey V. } t=20ns

tawe Read/Write Cycle 580 ns :

tow Cenable to Read/Write Delay | 210 500 ns

twp Read/Write Pulse Width 50 ns

tw Read/Write Set Up Time 80 . ns

tow Data Set Up Time 195 ns

toy Data Hold Time 10 ns

t Output Delay © 185 ns CLoap = 100pF; R opp = 10002
co Vger = 40mV

REF m
twe Read/Write to Cenable 0 ) ns

CAPACITANCE!! T, = 250C

Symbol Test Typ. Plastic Pkg. Ceramic Pkg.

Plastic Max. Max. Unit , Conditions
Cap Address Capacitance 5 7 12 pF Vin= Vss
Cce Cenable Capacitance 22 25 28 pF Vin = Vss
Crw Read/Write Capacitance 1 15 19.5 pF Vin = Vss f=1MHz. All
Cint Data Input Capacitance 4 5 .75 pF Cenable =0V |- unused pins are
Vin = Vss at A.C. grounéi.
Cin2 Data Input Capacitance 2 4 6.5 pF Cenable = Vgg
COUT Data Output Capacitance 2 3 7.0 pF Vin = Vss
. VOUT =0V _

NOTES: 1. These parameters are periadically sampled and are not 100% tested. They are measured at worst case operating conditions.
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SILICON GATE MOS 1103A

WRITE CYCLE OR READ/WRITE CYCLE

Timing illustrated for minimum cycle.

[ 50 100 150 - 200 250 300 350 400 450 500 550 600
| I | ! I | | | I | | |
- twey OR tawe
tac |- .
Vin
@ ADDRESS
ADDRESS ® ADDRESS STABLE ADDRESS CAN CHANGE STABLE
Vie
— the |— | W tec
| tpyy ——
Vin

CENABLE \ / \
Vit

twe | -

RAMs

tew  <€— twp —»|
Vin

N
READ/WRITE /r \ /
Vie N

e 1y B —| > 1y, 4
Vin -
DATA IN DATA CAN CHANGE >< X DATA CAN CHANGE
Vi
tco
Vou R S ——_
R — DATA OUT N,
DATA oUT Vrersdomy R NOT VALID AN
VL e—— LOAD =
ot Croap = 100pF
— |<«— DATA OUT VALID
tace >
0 50 100 150 200 250 300 350 400 450 500 550 600
| | | ! | 1 | | 1 ! | !
- ‘Hl.
Vin >
. ADDRESS
ADDRESS @ ADDRESS STABLE >< ADDRESS CAN CHANGE STABLE
ViL
> tac | - tac }4—
- tay —>| - tee
Vin '
CENABLE \ / \
ViL
twe | [ ﬁ—‘wu—»
- tev
Vin
3
READ/WRITE \
V)| st N e e o s o
- tco >
Vou = =
JRSS— A Y
DATA OUT Voge = d0my_ - \ N
Vou Rioap = 10002 AN
Croap = 100pF
> | DATA OUT VALID
- tacc —
NOTES:
Vpp + 2V . . . .
Vstl;D 2v tT is defined as the transition between these two points.

3. tpyy is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first.
4. tpy isreferenced to point 2 of the rising edge of Read/Write.
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intal  Siicon Gate MOS 1103A-1

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

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

*k No Precharge Required -- Critical = Simple Memory Expansion--

- Precharge Timing is Eliminated Chip Enable Input Lead

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

Static Charge
= Address Registers

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

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

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

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Ay 1 18 RW Dcs RW roo]
2 ]__‘ 17 v, " ArOo— AEA?:CESS w6l 10r32 |s2] Reaos . |es |MEMORY MATRIX:
2 s 1103A-1 A, 0] bl row | write e ggggm?mns
Ay 3 16 CENABLE 103A- A2 Jvenrens| | SELECTOR | JAMPLIFIERS (1024 BITS)
— s
A, 4 A —a, . %6‘
e o 1103a e o o e | e, J-oom
READ/WRITE
6 13 — 4
. . —¥ » | S |om
Ag 7 12 Dy —Aa Vag O———>
— I
As 8 111 Vpp o Vss O
1%
A, 9 iw Ves —4 , Voo O~ cotumm
CENABLE O———— SELECTOR .
PIN NAMES READMAITEO———~
. LOGIC 0 = HIGH VOLTAGE 16
DIN DATA INPUT NC NO EXTERNAL CONNECTION LOGIC 1= LOW VOLTAGE )
REQUIRED (INTERNALLY AND INVERTERS
NOT CONNECTED) 4848
As Ag A7 Ag Ag
Ag-Ag  ADDRESS INPUTS CE CHIP ENABLE
R/W READ/WRITE - Dout DATA OUTPUT
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SILICON GATE MOS 1103A-1

Absolute Maximum Ratings™

Temperature Under Bias . . .. u ittt ittt e e et e e e e e e e e e e 0°C to 70°C
Storage TEMPErature . . . .. oottt ittt it e it e e e e e —65°C to +150°C
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg - -+« v v o oo o v i it —25V to 0.3V
Supply Voltages Vpp and Vgg with Respectto Vgg ... o oot —25V t0 0.3V
POWEr DiSSIPAtION . v vttt it it e e e e e e e e e e e e e e e 1.0W
*COMMENT:

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

D. C. and Operating Characteristics
Ta=0°C to +55°C, Vgs!"! =19V = 5%, (Vgg —Vss )12 =3V to 4V, Vpp = OV unless otherwise specified. |

Symbol Test Min. Typ. Max. Unit Conditions
'} Input Load Current (All Input ) 10 MA Vin = 0V
Pins)
o Output Leakage Current 10 HA Vout =0V
lgg Vgg Supply Current 100 MA
-Ipp1 Supply Current During Cenable 7 11 mA Cenable = 0V; Ty = 25°C
On
lbp2 Supply Current During Cenable 0.01 0.5 mA Cenable = Vgg; T = 25°C
Off
lopav Average Supply Current 25 33 mA Cycle Time = 340ns; Ta= 25°C
ViL Input Low Voltage Vpp —1 Vpp *+1 Vv
Vin Input High Voltage Vgs—1 Vgs +1 v
1oH1 ‘Output High Current 1150 1800 7000 MA Ta= 25°C
o2 Output High Current 9200 1600 7000 MHA Ta=55°C
loL Output Low Current See Note Three Rioapl4 =100Q
VoH1 Output High Voltage 115 180 700 mV T = 25°C
Vouz | Output High Voltage 90 160 700 mV | Ta=55°C
VoL Output Low Voltage See Note Three
NOTES:

1. The Vgg current drain is equal to (Ipp + Ign) or (Ipp + 1gL).

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

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

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1kQ.
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SILICON GATE MOS 1103A-1

A.C. Characteristics T5=0°C to 55°C, Vg = 19V 5%, (Vgg —Vss ) =3.0V to 4.0V, Vpp = OV.
READ, WRITE, AND READ/WRITE CYCLE

Symbol Test Min. Max. Unit ' Conditions
tRer Time Between Refresh 1 ms
tac Address to Cenable SetUp | 0 . ns
Time
tAH Address Hold Time 100 ns
tee Cenable Off Time 120 ‘ ns
READ CYCLE
Symbol | Test Min. Max. Unit Conditions
tge Read Cycle 300 ns ty=20ns
tev Cenable on Time 140 500 ns CLoap = 50pF
tco Cenable Output Delay 125 ns R oap = 1002
tacc ADDRESS TO OUTPUT . 145 | ns tace = tacmin F VReg = 80mV
ACCESS o +t
T
twH Read/Write Hold Time 30 ) ns
WRITE OR READ/WRITE CYCLE
Symbol Test Min. Max. Unit Conditions
t Write Cycl 340 ns -
wey vee : t1=20ns !
trwe Read/Write Cycle 340 ns
tow Cenable to Read/Write Delay | 140 500 ns
twp Read/Write Pulse Width 20 ns
tw Read/Write Set Up Time 20 ns
thw Data Set Up Time 40 : ns
toy Data Hold Time 10 ns
Coap = 50pF; R gap = 10022
tco Output Delay 125 ns { Vegr = 80mV
twe Read/Write to Cenable 0 ns
CAPACITANCE! T, = 250C
Typ. Plastic Pkg. Ceramic Pkg. . .
Symbol Test Plastic Max. Max. Unit- Conditions
Cap Address Capacitance 5 7 12 pF Vin = Vss
Cce Cenable Capacitance 22 25 28 pF VIn = Vss .
Crw Read/Write Chpacitance 11 15 19.5 pF Vin = Vss f=1MHz. All
Cint Data Input Capacitance 4 5 75 pF Cenable =0V |- unused pins are
Vin = Vss at A.C. ground.
Cin2 Data Input Capacitance 2 4 . 6.5 pF Cenable = Vgg
Cout Data Output Capacitance 2 3 7.0 pF ViNn = Vss
' VOUT =0V

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

WRITE CYCLE OR READ/WRITE CYCLE

twey OR tawe

-
_ > tac |
Vin
& ADDRESS
ADDRESS ® ADDRESS STABLE ADDRESS CAN CHANGE STABLE
Vi
— tac |w— - tw tee
T |e—tpy —]
Vin
CENABLE \ / L.
Vie
twe + -
- tew <— twp —|
Vi \
READ/WRITE \ /
Vi | —
He— oy Pl —| | g, [
Vin
DATA IN DATA CAN CHANGE X DATA CAN CHANGE
Vi
tco
Vo U S ——
_ BATA OUT S
DATA OUT Vegr =40my -~ \ NOT VALID \\
Vou RLoap = 1002 :
Cyroap = 100pF
— |<«— DATA OUT VALID
- tacc L
- tre
Vin
@ ADDRESS
ADDRESS ® ADDRESS STABLE ADDRESS CAN CHANGE STABLE
Vie
| tac | . > tac [
| tay —> tee
Vi ’
CENABLE \ /
Vi
el .
we r» |- tov (e tyy y —{
Vin
. 3
READ/WRITE
V)| we— N e o o o e e e e
tco
. Vou ==
DATA OUT Vegr = 40mV \ N
VoL semmm—— Rioap = 100Q AN -
L B CLoap = 100 pF -
> [ DATA OUT VALID
Acc
NOTES:

() Vpp + 2V
@) Vss — 2V

:}— tT is defined as the transition between these two points,

3. tpy is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first.
4. tpH is referenced to point 2 of the rising edge of Read/Write.
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SILICON GATE MOS 1103A-1

Supply Current vs Temperature

12 T
\’;ol Vs = 20V
\%, Ve ~Vs = 3V
1 |
. \\ 4
~ P GUARANTEED
E IOL,
- A ’;\l
F Ty "
6 \“ TYPICAL
5
0 25 50
T (°C)
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE Ipp VS.
VS. SUPPLY VOLTAGE SUPPLY VOLTAGE
22
T T
20 \\ o Vs = 3
Ta=25°C ! N .
18 ’ . \ 1] 3$S /
. ~t z <@ 7
z Ta=85C 9 o
E o 08
£ 16 [}
_g g 27
H
14 CYCLE
OPERATING _—| i N TIME =340ns
REGION o : . 2
12 -
"016 17 18 19 20 21 22 19"7 21
Ves (V)
AVERAGE Ipp VS.
) CYCLE TIME Ipp VS. CENABLE
50
30
N
20 N
z ™ +——Tec —*|
E 0 N CENABLE ?
8
8 \ e
g .
< \ 704 INTERNAL
5 S PRECHARGING
\ £ sof INTERNAL CURRENT
) \ 5 of Tl
£ o3
N 2 CURRENT 1o, ooz
10 L v ‘
bz 1 10 0 T 1
CYCLE TIME (us) TIME
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intal Silicon Gate MOS 1103A-2

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

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

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

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

Static Charge
= Address Registers

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

The Intel®1 130A-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 Ag to A4) and is required every one millisecond. The memory may be used in a low
power standby mode by having cenable at Vigg potential.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
CE RW
o [ o o Ao 0—] MEMORY MATRIX:
A, 2 17 v, Aro—| ADDRESS 1161 10F32 |32| meaos fes :
’ * 1103A-2 201 W0 [ e h2 e e ] 55 Covumns
Ay 3 16 CENABLE : ::g: INVERTERS SELECTOR AMPLIFIERS (1024 BITS)
—A
A 4 5 A, —. ‘ o
—— —]A;
Ne. 5[] 1103A-2 (14 Doyr N Doyt fo— E A“ME,FLE‘VF;SE*;% )
READ/WRIT
Ag 6 13 Ag A COLUMN A
—1A GATING out
Ag 7 12 Dy A: : Vg O——> 7
32
A; 8 1 Vpp _‘:7 Vss O————
1 "s
A 9 10 Vgg —12s Voo O coLum
CENABLE O———— SELECTOR
PlN NAMES READMR|TEO+—’
LOGIC 0 = HIGH VOLTAGE ©
Din DATA INPUT NC NO EXTERNAL CONNECTION LOGIC 1 = LOW VOLTAGE
REQUIRED (INTERNALLY AND INVERTERS
NOT CONNECTED) o b 84S
Ag-Ag ADDRESS INPUTS || CE CHIP ENABLE s fe A1 he o
R/W  READ/WRITE Dout DATA OUTPUT
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SILICON GATE MOS 1103A-2

Absolute Maximum Ratings*

Temperature Under Bias .. . ..o o uvvnut et e et e 0°C to 70°C
STOrage TEMPEFATUIE . . v v et et e e e et et e e e e e e e et et et e et e e te e —65°C to +150°C
All Input or-Output Voltages with Respect to the most Positive Supply Voltage, Vgg  + + -+« v v iie —25V to 0.3V
Supply Voltages Vpp and Vgg With RESPECt 0 Vigg « « « « « v v v v o ie e e e et e e e —25V 10 0.3V
POWEr DisSIPAtION . o o v v o ettt e e e e e e e e 1.0W
*COMMENT:

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

D. C. and Operating Characteristics
TA=0°C to + 55°C, Vgs!! =19V = 5%, (Vg —Vss )@ =3V to'4V, Vpp =0V unless otherwise specified.

Symbol Test ‘Min. Typ. Max. Unit Conditions
N} Input Load Current (All Input ' 10 MA | Vy=0V
Pins)
lio Output Leakage Current 10 HA Vout =0V
lgg Vgg Supply Current 100 HA
Ibp1 Supply Current During Cenable 7 1 mA | Cenable =0V; Ty =25°C
On
'pDz Supply Current During Cenable 0.01 0.5 mA Cenable = Vgg; Ty = 25°C
Off .
IppaAv Average Supply Current ' 22 30 mA | Cycle Time= 400ns; Tp=25°C
Vi Input Low Voltage Vpp —1 Vpp +1. \
Vin Input High Voltage Vgs—1 Vgg +1 v
I oH "Output High Current 1150 1800 7000 uA | T,=25°C
loH2 Output High Current 900 1600 7000 MA | Ta=55°C
loL ‘ Output Low Current See Note Three Rioap4 =100
Vour Output High Voltage 115 180 700 mV | T,=25°C
VoH2 Output High Voltage 90 160 700 mV [ Ta=55°C
VoL Output Low Voltage See Note Three
NOTES:

1. The Vgg current drain is equal to (Ipp + Ion) or (Ipp + IgL).
2. (Vg —Vgs) supply should be applied at or before Vgs.
3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks.

VoL equals lg| across the load resistor.
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1000 to 1k.
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SILICON GATE MOS 1103A-2

A.C. Characteristics T, =0°C to 55°C, Vg = 19V 5%, (Vgg —Vss )=3.0V to 4.0V, Vpp = OV.

READ, WRITE, AND READ/WRITE CYCLE Refer to page 2-23 for definitions.
Symbol Test Min. Max. Unit Conditions
" tRer Time Between Refresh 1 ’ ms
tac Address to Cenable Set Up 0 ns
Time
tAH Address Hold Time 100 ns
(%2}
tec Cenable Off Time 180 ns L= ‘
<
oc
READ CYCLE
Symbol Test Min. Max. Unit Conditions
tae Read Cycle 360 ns ty=20ns
tev Cenable on Time 140 500 ns CLoap = 50pF
tco Cenable Output Delay 125 ns Rioap = 10022
tace ADDRESS TO OUTPUT 145 ns taee “tacwmin | VRer = 80mV
ACCESS too tt
T
twh Read/Write Hold Time 30 ns
WRITE OR READ/WRITE CYCLE
Symbol Test Min. Max. Unit Conditions
t Write Cycl 400 ns
wey e byee t1=20ns
trwe Read/Write Cycle 400 ns
tew Cenable to Read/Write Delay | 140 500 ns
twp Read/Write Pulse Width 20 ns
ty Read/Write Set Up Time 20 ns
tow Data Set Up Time 40 ns
ton Data Hold Time 10 . ns
Cc = 50pFi; R =100Q2
[e) 125 LOAD + "LOAD
tco utput Delay ns { Vegr =80mV
twe Read/Write to Cenable 0 ns
CAPACITANCE!"! T, = 250C
Typ. Plastic Pkg. Ceramic Pkg. . .
Symbol Test Plastic Max. Max. Unit | Conditions
Cap Address Capacitance - 5 7 12 pF Vin = Vss ]
Cce Cenable Capacitance 22 25 28 pF Vin = Vss
Crw Read/Write Capacitance 1 15 195 pF Vin = Vss f=1MHz. All
Cing Data Input Capacitance 4 5 75 pF Cenable=0V | unused pins are
Vin = Vss at A.C. ground.
Cin2 Data Input Capacitance 2 4 65 - pF Cenable = Vgg
Cout Data Output Capacitance 2 3 7.0 pF Vin = Vss
‘ Vout =0V

NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions.
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SILICON GATE MOS 1103A-2

Supply Current vs Temperature

12 T
\ %o, I Vss = 20V,
NG Veg —Ves = 3V
" I
N
~ 9 GUARANTEED
E 10
HE TN
0 AN
6 \‘ TYPICAL
5 .
[} 25 50
T (°c)
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE Ipp VS.
VS. SUPPLY VOLTAGE SUPPLY VOLTAGE
22
Ta% =3v 32
20
Tam25
18 z 3
E
3 pL= H
g, £
_g 16 % ”
H
14 < CYCLE
OPERA TIME = 400ns
RE 20
12 : OPERATING
08 17 21 22 6,7 18 19 20 21
Ves (V) Vgs (V)
AVERAGE Ipp VS. .
CYCLE TIME ‘Ipp VS. CENABLE
50
30
20 . ’
2 J Tec
E )
P 10 CENABLE / N\
u — Ty ———
q
2 \ 7 INTERNAL
z PRECHARGING
\ § = INTERNAL CURRENT
: N 5 —t
£ 3
N » CURRENT 155, -
10 y y__ ‘
bz . 1 10 0 ¥ T

CYCLE TIME (us)



inte|° Silicon Gate MOS 2101, 2101-1, 2101-2

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

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

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

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

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

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

Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

RAMs

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

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

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

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

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A
As 1 2 [ Jvee A
I F 21{ 1A, —] A, Do, |— A @
g - .
v
A1:3 20 :R/W —1 A R ® I cc
A Do, |— 1o—PF ]
== 3 2 ~-—— GND
¥ . 19 jc51 a ® RO CELL ARRAY
4 A2 o—LF 1 o\ rer 32 ROWS
A [s st ™ mEy — % L %% — A:c—gﬁ 32 COLUMNS
A )6 17 [ cez — % @ —
A oo, }— Aq ——F
a g 16 [ 1o, i N ® T T
ano [ 15 o1, — oy | RW —P5 ] COLUMN 1/0 CIRCUITS
op ®
— o DIy o—— ]
DI'E ° 1o [ oo DI ' (@) INPUT
- I —pr—] 200
Do, 10 13 [ ol — o, pl2 ® conRoL !
o, [ n 12 [ ] oo, Dtz o ® P °DO:
RMW CE2 CE1 B 2003
T T % -
TEl >DO4
PIN NAMES ) \
DI, D, DATA INPUT CE, CHIP ENABLE 2 0D O+ PINNUMBERS
AgA; ADDRESS INPUTS OD  OUTPUT DISABLE
RW  READ/WRITE INPUT | DO,-DO, DATA OUTPUT
TE,  CHIPENABLE 1 Vec  POWER (+5V)

229



RAMs

SILICON GATE MOS 2101, 2101-1, 2101-2

Absolute Maximum Ratings*

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

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

Power Dissipation

*COMMENT :

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

D.C. and Operating Characteristics for 2101, 2101-1, 2101-2

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

Symbol Parameter Min. Typ.[1 ]_ Max. Unit Test Conditions
I Input Current 10 MA Vin = 010 5.25V
ILoH 1/0 Leakage Currentl[2] 15 uA | CE1=2.2V,Voyt=4.0V
Lol 1/0 Leakage Current(2] -50 uA | CEq=2.2V,Voyur=0.45V
lect Power Supply Current 30 60 mA Vin =5.25V, Ig = OmA
Ta = 25°C
lcca Power Supply Current 70 mA Vin =5.25V, Ig = OmA
Ta =0°C
ViL Input ““Low”’ Voltage -0.5 +0.65 \%
Vi1 Input ""High”’ Voltage 2.2 Vee \
VoL Output “Low’’ Voltage +0.45 \ loL = 2.0mA
Vou Output ““High” Voltage 2.2 \' loy = -150 A
Typical D. C. Characteristics
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
T T T 77
AMBIENT TEMPERATURE AMBIENT TEMPERATURE = 0°C,
—15 A\ 0°C 15 g
}-26°C .
/-goﬂc 4 )/
v d
I -0 = 10 / / /
£ \ g / 70°C
5 \ Vec =4.75V 4 5 4vcc =475V =
OUTPUT “HIGH” TYPICAL OUTPUT “LOW"” TYPICAL
: N \’4
1 2 3 4 [ 05 1.0 1.5
Vou (VOLTS) Voo (VOLTS)

NOTES: 1. Typical values are for Tp = 25° C and nominal supply \‘/oltage.
2. Input and Output tied together.
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SILICON GATE MOS 2101, 2101-1, 2101-2

A.C. Characteristics for 2101

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

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trRC Read Cycle 1,000 ns
tA Access Time : 1,000 ns t,, t; = 20ns
tco Chip Enable To Output 800 ns Vin =+0.65V to +2.2V
top Output Disable To Output 700 ns Timing Reference = 1.5V
tpr (3] Data Output to High Z State 0 200 ns Load = 1 TTL Gate
Previous Read Data Valid and C,_= 100pF.
toH after change of Address 40 ns
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 1,000 ns
taw Write Delay 150 ns t., t = 20ns
tcw Chip Enable To Write 900 ns Vn =+0.65V to +2.2V
tow Data Setup 700 ns Timing Reference = 1.5V
toH Data Hold 100 ns Load = 1 TTL Gate
twp Write Pulse 750 ns and C_= 100pF.
twr Write Recovery 50 ns
1ps Output Disable Setup 200 ) ns
. [2]
A. C, CONDITIONS OF TEST Capac‘tance TA = 25°C, f=1MHz
Input Pulse Levels: +0.65 Volt to 2.2 Volt Limits (pF)
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ.[11] Max.
Timing Measurement Reference Level: 1.6 Volt Cin Input Capacitance 4 8
Output Load: 1 TTL Gate and C;_ = 100pF (All Input Pins) Vyy = OV
CouT Output Capacitance Vouyt = 0V 8 12
Waveforms
READ CYCLE WRITE CYCLE
tae twe

X XC X XC
T /T =T\ /T
_
/

cw

o0p = top—»| I on
common 1/0) 14 ton—=] [=— (COMMON 1/0)[4]
A toel3l —> ‘os —=iton
paTA DATA OUT DATA . DATA IN
out VALID IN STABLE
P - —— e o — o [ e

DW

I
— taw o R ~—ty—>]

twp
RW * : /[
NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested. 4. OD should be tied low for separate 1/0 operation.
3. tpF is with respect to the trailing edge of CEq, CE9, R
or OD, whichever occurs first.
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SILICON GATE MOS 2101, 2101-1, 2101-2

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

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

Symbol Parameter Min. Typ(” Max. Unit Test Conditions
. tRe Read Cycle 500 ns
ta Access Time ' 500 ns t, tg = 20ns
tco Chip Enable To Output 350 ns Vin =+0.65V to +2.2V
top Output Disable To Output 300 ns Timing Reference = 1.5V
tpr2 | DataOutput to High Z State 0 150 ns Load = 1 TTL Gate
ton Previous Read Data Valid 20 " and Cy_= 100pF.
after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
twe Write Cycle 500 ns
taw Write Delay 100 ns t,, ty = 20ns
tow Chip Enable To Write 400 : ns Vin =+0.65V to +2.2V
tow Data Setup 280 ns Timing Reference = 1.5V
tpH Data Hold . 100 ns Load = 1 TTL Gate.
twp Write Pulse 300 . ns and C_ = 100pF.
twr Write Recovery 50 ns
tps Output Disable Setup 150 ns

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

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

Symbol Parameter Min. Typ[.” Max. Unit Test Conditions
trc Read Cycle 650 ns
ta Access Time . 650 ns t., t¢.= 20ns
tco Chip Enable To Output 400 ns Vin =+0.65V to +2.2V
tobp Output Disable To Output 350 ns .| Timing Reference = 1.5V
tprl2] Data Output to High Z State 0 150 ns Load = 1 TTL Gate
Previous Read Data Valid . and C_ = 100pF.
toH 40 ns
after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ[.” Max. | Unit Test Conditions
twe Write Cycle 650 ‘ ns
taw Write Delay 150 ns t., ty = 20ns
tew Chip Enable To Write 550 ns Vin =+0.65V to +2.2V
tow Data Setup 400 ns Timing Reference = 1.5V
tpH Data Hold 100 ns Load = 1 TTL Gate
twp Write Pulse 400 ns and C_ = 100pF.
twR Write Recovery 50 ns
tps Output Disable Setup 150 ns

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. tpF is with respect to the trailing edge of CEq, CE9, or OD, whichever occurs first.
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Inte| Silicon Gate MOS 2102

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

Single +5 Volts Supply Voltage ® Simple Memory Expansion — Chip

Directly TTL Compatible — All Enable Input

Inputs and Output ® Fully Decoded — On Chip Address "
m Static MOS — No Clocks or Decode <§:

Refreshing Required ® Inputs Protected — All Inputs Have ec

Low Power — Typically 150 mW Protection Against Static Charge

Access Time — Typically 500 nsec

Three-State Output — OR-Tie
Capability

® Low Cost Packaging — 16 Pin Plastic
Dual-In-Line Configuration

The Intel®2102 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 therefore
requires no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity
as the input data.

The 2102 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, 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 2102 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 mono-

lithic chip than either conventional MOS technology or P-channel silicon gate technology.

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

PIN CONFIGURATION LOGIC SYMBOL ’ BLOCK DIAGRAM

AL )1 2102 16 14 2102

CELL
ROW ARRAY

SELECTOR| 32 ROWS

32 COLUMNS

COLUMN 1/0 CIRCUITS out
INPUT

DATA
oata (@ CONTROL
w

;
:
LT

PIN NAMES

COLUMN SELECTOR

Din DATAINPUT CE CHIP ENABLE > T T | Y S I A S S

’ ®
Ag—Ag ADDRESS INPUTS Doyt DATAOUTPUT ®
R = INP
/W~ READ/WRITEINPUT || Voo POWER (+5V) @ O ® @
. (= PN NUMBERS -~ ~ A Ay o

i
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SILICON GATE MOS 2102

Absolute Maximum Ratings*

*COMMENT:
Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under “Absolute Maxi-
mum Rating”” may cause permanent damage to the
Storage Temperature —65°C to +150°C device. This is a stress rating only and functional

X operation of the device at these or at any other
Vqlte_zge On Any Pin . condition above those indicated in the operational
With Respect To Ground —0.5V to +7V sections of this specification is not implied. Expo-
Power Dissipation i 1 Watt sure to absolute maximum rating conditions for
extended periods may affect device reliability.

D. C. and Operating Characteristics
T, = 0°C to +70°C, VCC = 5V 1£5% unless otherwise specified

LIMITS '
SYMBOL PARAMETER ) UNIT TEST CONDITIONS
MIN. TYP.1 | MAX.
I INPUT LOAD CURRENT ‘ 10 HA Vin= 0 to 5.25V
(ALL INPUT PINS) '
I on OUTPUT LEAKAGE CURRENT 10 MA CE= 2.2V, Vout =4.0V
lLoL | OUTPUT LEAKAGE CURRENT —100 A CE = 2.2V, Vg y = 0.45V
leeq POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 5.25V
DATA OUT OPEN
- T, = 25°C
:'CCZ POWER SUPPLY CURRENT ) 70 mA ALL INPUTS =5.25V
DATA OUT OPEN
, Tp=0°C
vlL INPUT “LOW” VOLTAGE -0.5 +0.65 \%
VIH INPUT “HIGH" VOLTAGE v 2.2 Vee \ )
VoL OUTPUT “LOW” VOLTAGE ' +0.45 v ToL=1-0mA
VoH -OUTPUT “HIGH” VOLTAGE 2.2 Vv lon= —100uA
Typical D.C. Characteristics
POWER SUPPLY CURRENT VS. . POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE i SUPPLY VOLTAGE
80 . . 60
an ‘ V(.c= 5.25V 50
\\~ ~ ~ AMBIENT TEMPERATURE = 25°C
_ 60 Pt s _ 40
i \ spEc./ i : r
“gl 50 |——POINTS u 30
I~ g by
%‘ 40 g 20 }?\o
3 ~~——___ T¥rica, 8 /
30 10
T 20 0
10 -
0 10 20 30 40 50 60 70 3 a 5 6
AMBIENT TEMPERATURE (°C) Ve (VOLTS)

NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
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SILICON GATE MOS 2102

A. C. Characteristics T, =0°Ct070°C, V. =5V +5% unless otherwise specified

LIMITS
SYMBOL PARAMETER oy v | wax UNIT
READ CYCLE
thc READ CYCLE » 1000 ns
ta ACCESS TIME 500 1000 ns
teo CHIP ENABLE TO OUTPUT TIME 500 ns
toHt PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
toH2 PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 1000 ns
taw ADDRESS TO WRITE SETUP TIME 200 ns
typ WRITE PULSE WIDTH 750 ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 800 ns
toy DATA HOLD TIME 100 ns
tow CHIP ENABLE TO WRITE SETUP TIME 900 ns
Capacitance® 1, =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: +0.65 Volt to 2.2 Volt TYP.[)| MAX.
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Reference Level: 1.5 Volt (ALL INPUT PINS) Viy = OV
Output Load: 1 TTL Gate and C; = 100 pF Cour SEJ:L__H;)SAPACITANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
tRe twe |
ADDRES}Q >< ADDRES><
tco——>1 ‘ WR

CHIP CHIP tow
ENABLE ENABLE
toH,

a [<—taw twp
DATA READ/ Y/
ouT WRITE

oH

< .
DW
DATA DATA CAN DATA CAN
IN CHANGEY DATA STABLE CHANGE

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

1\
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SILICON GATE MOS 2102

Typical D. C. Characteristics

INPUT CURRENT VS.

EFFECTIVE INPUT

OUTPUT SINK CURRENT VS,

. INPUT VOLTAGE CHARACTERISTIC OUTPUT VOLTAGE
4
T 6
Vec= 6.0V Voo £ 50V AMBIENT TEPERATURE » 0o Y
25 & s /
4 / 25°¢ ,/
_ /7 //
_ o @
3 4 TYPICA E 3 z 10 / A e
z 2 £
z 2 3 /4
-25 5
4 y
Vee=4.75V i
! s V QUTPUT “LOW" TYPICAL
5 /
0 DEVICE INPUT| F /
Vi Max.] SPECT vy, min
- 1L 1 IH J 0
7'21 0 +1 +2 +3 +4 +5 +6 0 1 2 3 0 05 1.0 15
V,y (VOLTS) Vi (VOLTS) VoL (VOLTS)
RELATIONSHIP BETWEEN OUTPUT
OUTPUT SOURCE CURRENT VS. ! OUTPUT CURRENT VS. OUTPUT SINK CURRENT, NUMBER OF OR-TIES,
OUTPUT VOLTAGE VOLTAGE WITH CHIP DISABLED AND OUTPUT VOLTAGE
— T 5 43 ——
AMBIENT TEMPERATURE VCC- 4,75V
_15 —f-0%C_ o a9
.25°C
— T 7orc [ TYPICAL
- V 35 20
z 5
I -10 H 3 3 1
x o
2 \ 3 _10 L 27 - 12
- hi e — CE=22v 23 8
-15 Vee= 6.0V —
‘ 19 4
0 \ -20 15
1 2 3 4 - 0 +1 +2 +3 +4 +5 +6 40 45 50 .55 .60 65 .70 75
Vo (VOLTS) Vour (VOLTS) Vou (VOLTS)
Typical A. C. Characteristics
‘ACCESS TIME VS, ACCESS TIME VS,
LOAD CAPACITANCE AMBIENT TEMPERATURE
1400 — 1400 —
Ta = 25°C Vee =475V
Veg = 475V 1TTL LOAD
1200 1571 Loan 1200 Cp = 100pF ]
SPEC. POINT
1000 1000
. 800 - 800
& K
€0 TYPICAL e €0 TYPICA! _,.f"
400 400
200 200
50 100 150 200 250 300 350 %0 20 30 40 50 60 70

LOAD CAPACITANCE (pF)
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|nte|® Silicon Gate MOS 2102-1

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

*Fast Access Time-- 500 ns max. ‘ = Maximum Times Apply over

= Fast Cycle Time-- 500 ns max. Temperature Range and
N Supply Voltage Variation
= N-Channel Silicon Gate

The Intel®2102-1 is the fastest (600ns) version of the standard one microsecond 2102. It has all the same
features, pin configuration, and D.C. operating characteristics as the standard 2102. The absolute maximum
ratings, pin configuration, and D.C. operating characteristics are repeated below for convenience, while the A.C.
characteristics appear on the opposite side. .

ABSOLUTE MAXIMUM RATINGS*
PIN CONFIGURATION LOGIC SYMBOL ‘

Ambient Temperature Under Bias . . ... 0°C to 70°C
Storage Temperature . ......... —65°C to ++60°C
At 20z vef 14 Voltage On Any Pin
= e With Respect to Ground . ....... —0.5V to +7V
R b Power Dissipation .................... 1 Watt
I ) 13 J¢E
Al ]s 12]__]oAata out *COMMENT
A e 1f_Joatain

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

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

LIMITS )
SYMBOL PARAMETER UNIT TEST CONDITIONS
: MIN. TYP.V | MAX:-
I INPUT LOAD CURRENT 10 KA Vin=0to 5.25V
(ALL INPUT PINS) )
I oH OUTPUT LEAKAGE CURRENT 10 - uA CE = 2.2V, Vo1 = 4.0V
oL OUTPUT LEAKAGE CURRENT —100 uA CE = 2.2V, Vg1 = 0.45V
leo POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 5.25V
: DATA OUT OPEN
T, = 25°C
lceo POWER SUPPLY CURRENT 70 mA ALL INPUTS =5.25V
i ‘ DATA OUT OPEN
Tp=0°C
V. INPUT “LOW” VOLTAGE —05 ' +0.65 v
Viu INPUT “HIGH” VOLTAGE 1 2.2 - Vee Y
VoL OUTPUT “LOW” VOLTAGE +0.45 v ToL= 1.9mA
Vou OUTPUT “HIGH” VOLTAGE 2.2 vV Ton= —100pA

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

237



SILICON GATE MOS 2102-1

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

YMBO PARAMETER LIMITS UNIT
SYMBOL
min. | tve'] max.
READ CYCLE :
tre READ CYCLE 500 ns
ta ACCESS TIME 500 ns
teo CHIP ENABLE TO OUTPUT TIME 350 ns
toH1 PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
toH2 PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE .
twe WRITE CYCLE 500, ns
taw ADDRESS TO WRITE SETUP TIME 150 ns
twp WRITE PULSE WIDTH 3OQ ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 330 ns
tpH DATA HOLD TIME ' 100 . ns
tow CHIP ENABLE TO WRITE SETUP TIME . 400 ns
. [2]
Capacitance T, =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
TYP.[1]] MAX.
Input Pulse Levels: +0.65 Volt to 2.2 Volt d
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
L (ALL INPUT PINS) V;y =0V .
Timing Measurement Reference Level: 1.5 Volt
Cc OUTPUT CAPACITANCE
Output Load: 1 TTL Gate and C_ = 100 pF out v —ov 7 10
ouT —
Waveforms
READ CYCLE WRITE CYCLE
tac | ' |= twe - >
ADDRES>< k ADDRESS
tco—— twh
cHip | CHIP : * tow
ENABLE ENABLE
toHy
N taw—t twe
ATA - /
"ot )K WRITE L /
—»={ toH, L - toH

bW
DATA DATA CAN DATA CAN
IN CHANW DATA STABLE CHANGE
NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage. .
A

2. This parameter is periodically sampled and is not 100% tested.
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inter Silicon Gate MOS 2102-2

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

#* Fast Access Time--650ns max. * Maximum Times Apply over

= Fast Cycle Time--650 ns max. Temperature Range and
N Supply Voltage Variation
» N-Channel Silicon Gate

The Intel®2102-2 is a fast (650ns) version of the standard one microsecond 2102. It has all the same features,
pin configuration, and D.C. operating characteristics as the standard 2102. The absolute maximum ratings, pin
configuration, and D.C. operating characteristics are repeated below for convenience, while the A.C. characteris-
tics appear on the opposite side.

ABSOLUTE MAXIMUM RATINGS*
PIN CONFIGURATION LOGIC SYMBOL o

Ambient Temperature Under Bias ... .. 0°C to 70°C
Storage Temperature . ......... —65°C to +150°C
A1 2wz t6f3a 202 Voltage On Any Pin
—q A, -
= e i . With Respectto Ground ........ —0.5V to +7V
—] _—
e b i “I" Power Dissipation .. .................. 1 Watt
Al wpce — A
A ]s 12| Joataout iz *COMMENT
a s 1[_Joatain —*
: B :: Sout r—_ Stresses above those listed under **Absolute Maximum Rating”
A —
i * < may cause permanent damage to the device. This is a stress rat-
L] sf e A cE ing only and functional operation of the device at these or at any
T B 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
T, =0°C to +70°C, V. = 5V £5% unless otherwise specified

. LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYP.! | MAX.
I INPUT LOAD CURRENT 10 uA Vin=0to 5.25V
~ {(ALL INPUT PINS)
I oH OUTPUT LEAKAGE CURRENT 10 uA CE = 2.2V, Vour = 4.0V
oL OUTPUT LEAKAGE CURRENT —-100 uA CE = 2.2V, Vg = 0.45V
[P POWER SUPPLY CURRENT ' 30 60 mA ALL INPUTS = 5.25V
. DATA OUT OPEN
T, = 25°C
leco POWER SUPPLY CURRENT 70 mA ALL INPUTS =5.25V
DATA OUT CPEN
. Tp=0°C
Vi INPUT “LOW” VOLTAGE —0.5" +0.65 v
Vin INPUT “HIGH”" VOLTAGE 2.2 Vce Y
VoL OUTPUT “LOW” VOLTAGE +0.45 v ToL= 1-9mA
Von OUTPUT "HIGH” VOLTAGE 2.2 Y Ton= —100pA

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
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SILICON GATE MOS 2102 -2

2-40

A. C. Characteristics 1, =0°C to 70°C, V. =5V +5% unless otherwise specified

SYMBOL PARAMETER LIMITS UNIT
min. | Tvel!] max.
READ CYCLE
tre READ CYCLE 650 ns
ta ACCESS TIME 650 ns
teo CHIP ENABLE TO OUTPUT TIME 400 ns
toH1 PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
tono PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 650 ns
taw ADDRESS TO WRITE _S_ETUP TIME 200 ns
twp WRITE PULSE WIDTH 400 ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 450 ns
toH DATA HOLD TIME 100 ns
tew CHIP ENABLE TO WRITE SETUP TIME 550 ns
. [21
Capacitance ~ T, =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: +0.65 Volt to 2.2 Volt _ TY?'[I] MAX.
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Reference Level: 1.5 Volt (ALL INPUT PINS) Vi = OV
Output Load: 1 TTL Gate and C_ = 100 pF Cour SSJ:STOSAPAC'TANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
o tRe twe {
ADDRES>< >< ADDRES><
tco— \ ‘wnj
R4 Wae | N -
toH,
ta . F<—taw—>1 twp
o5 Dd S § A
—] toH; l t e fon

DW

- DATA DATA CAN
CHANGE

IN

DATA STABLE

DATA CAN
CHANGE

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



intgl Silicon Gate MOS 2102-8

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

* Access Time--1.5 ps max. = Maximum Times Apply over
= Cycle Time--2.0 ps max. Temperature Range and
* N-Channel Silicon Gate Supply Voltage Variation

RAMs

The Intel®2102-8 is a 1.5us version of the standard 2102. It has all the same features, and pin configura-
tion as the standard 2102. The absolute maximum ratings, and pin configuration are repeated below for
convenience, while the D.C. operating characteristics and A.C. characteristics appear as follows.

PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS*
21028 21028 Ambient Temperature Under Bias . ... 156°C to +55°C
A > 6 mL Storage Temperature . ......... —65°C to +150°C
— 1A, Voltage On Any Pin .
]2 i B —A A With Respectto Ground .. ...... —0.5V to +7V
g E] 1af]A :7 O —o Power Dissipation .. .................. 1 Watt
n el
Ay CE — A,
- npE : *COMMENT
Azl’_—1 5 12fJoata out ~ ) ) )
:‘ 6 Stresses above those listed under *‘Absolute Maximum Rating”’
A3': 6 n V:] DATA IN Az may cause permanent damage to the device. This is-a stress rat-
As Dour ing only and functional operation of the device at these or at any
[ & 10 Jvee Ao other condition above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maxi-
%!: ° ° DGND R/W __ CE mum rating conditions for extended periods may affect device
I ? reliability.
D. C. and Operating Characteristics
Ta = 15°C to +55°C, V¢ = 5V £5%, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYP.Y [ mAX.
'] INPUT LOAD CURRENT 10 MA V|N= 0 to 5.25V
(ALL INPUT PINS)
I o OUTPUT LEAKAGE CURRENT 10 MA CE=3.0V, Vout=4.0V
ILoL OUTPUT LEAKAGE CURRENT —-100 MA ,ﬁ =3.0V, Voyr=0.5V
lect POWER SUPPLY CURRENT . 30 60 mA ALL INPUTS =525V
DATA OUT OPEN
| Ta=25°C
leea POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5,25V
DATA OUT OPEN
"Ta = 15°C
V"_ INPUT “LOW" VOLTAGE -0.5 +0.65 \%
Vin INPUT “HIGH” VOLTAGE 3.0 Vee \%
Voo OUTPUT “LOW” VOLTAGE 0.5 \ loL = 1.6mA
Vou OUTPUT “HIGH” VOLTAGE 2.2 Vv lon = -50uA

(1) Typical values are for T o= 259C and nominal supply voltage.
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SILICON GATE MOS 2102-8

A. C. Characteristics 1, = 15°C t0 55°C, V¢ = 5V #5%, unless otherwise specified.

SYMBOL PARAMETER LIMITS UNIT
. min. | TYeV] max.
READ CYCLE
tpe READ CYCLE B - 2000 ns
ta ACCESS TIME . 1500 ns
teo CHIP ENABLE TO OUTPUT TIME ) 1500 ns
toH1 PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO ADDRESS .
toH2 PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITECYCLE | ‘ 2000 ns
taw ADDRESS TO WRITE SETUP TIME 900 ns
twp WRITE PULSE WIDTH 1000 ns
twa WRITE RECOVERY TIME A 100 ns
tow DATA SETUP TIME 1600 ns
ton DATA HOLD TIME - 300 “ns
Ctow CHIP ENABLE TO WRITE SETUP TIME 1800 ns
) . [2]
Capacitance 7, =25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: ' +d.65 Volt to 3.0 Volt Typlll] MAX.
Input Pﬁlse Rise and Fall Times: ’ 20nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Reference Level: = 1.5 Volt (ALL INPUT PINS) Vi =0V
Output Load: 1 TTL Gate and C, = 100 pF Cour S;JJ:L:TO\C/APAC'TANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
tRe: we {
ADDRE?)Q >< ' ADDRES9(
| ‘ tco—»] | 'WRT
enABLE EnAsLe B
ton, -
ta la—taw ) twp
w X s T\ )
' —» toH; L ow > ton
o DéJ:N%*;"* Cona

. 'NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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lntel Silicon Gate MOS 2102A, 2102AL

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

*Fast Access Time-- 350 ns max.

Single +5 Volts Supply Voltage = Simple Memory Expansion — Chip

Directly TTL Compatible — All Enable Input

Inputs and Output . = Fully Decoded — On Chip Address
E Static MOS — No Clocks or Decode

Refreshing Required ® |nputs Protected — All inputs Have

Protection 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 Intel2102A 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 re-
quires 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 (order as a 2102AL) is also avail-
able. It has all the same operating characteristics of the 2102A with the added feature of 42 mW maximum power dissipation
in standby.

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip en-
able (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.

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

PIN :
CONFIGURATION LOGICSYMBOL BLOCK DIAGRAM
2102A 2102A
PIN NAMES NXO) - ®
A} 4, ° 0 Vec
= =T J— D,  DATAINPUT ® m [CT
rw ()3 ufJA —] :z . Dinp— Ag-Ag  ADDRESS INPUTS
s e - RM  READMWRITE INPUT A,,@_W aow ARAAY
~[]s 12[Toataour ] ™ CE CHIP ENABLE seueeTon 32 COLUMNS
[ 3 nPosam =0 1 [Dgyr DATAGUTRUT ho@—-uz
Ay [ Jvee —]% Vee POWER (+5V) ®
a[]e o[ Jeno o e “_m
Y ] 1
. nmo@m wor COLUMN 1/0 CIRCUITS @ ot
ORDERING INFORMATION conTROL
DIAN'A hm COLUMN SELECTOR
Maximum Standard Standby-Mode ®
Tacc & Teye Part No. Part No. L
350ns 21024 2102AL o
250ns © 2102A2 2102AL-2 O~ womnens ®. ®~ ®. @‘ s
- 450ns 210244 2102AL4 ’ SR
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SILICON GATE MOS 2102A, 2102AL

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 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.

D. C. and Operating Characteristics

Ta =0°C to + 70°C, Vcc =5V +5% unless otherwise specified.

Symbolt Parameter Vin I’-I'l\r/‘:‘[sﬂ ey Unit Test Conditions
I Input Load Current 10 A Vin = 0to05.25V
(All Input Pins)
lLoH Output Leakage Current 5 MA CE = 2.0V, VouT =2.4t0 V¢
lLoL Output Leakage Current -10 HA CE = 2.0V, Voyr =0.4V
lcer Power Supply Current 30 60 mA All Inputs = 5.25V,
Data Out Open, T =25°C
leca Power Supply Current 70 mA | - All Inputs = 5.25V,
DataOut Open, Ta = 0°C
ViL Input ““Low’’ Voltage -0.5 0.8 \Y ’
ViH Input ““High’* Voltage 2.0 Vee \%
VoL Output “Low’’ Voltage 0.4 \ loL=2.1TmA
Vou Output ““High” Voltage 2.4 \% lon = -100uA

Tp = 0°C to 70°C

Standby Characteristics — See Ordering Information on Previous Page

) Limits
P . .
Symbol arameter Min. Typ. 11 Max. Unit Test andmons
VPD V(:C in Standby 1.5 \%
— < <
Vegs (2 E Bias in Standby 2.0 v 2.0V < Vep < Vee Max.
Vep \% 1.5V <Vpp <2.0V
lpDq Standby Current Drain 15 28 mA All Inputs = Vppq = 1.5V
IPD2 Standby Current Drain 20 38 mA All Inputs = VP'Dz= 2.0V
tep Chip Deselect to Standby Time 0 ns
tg (3] Standby Recovery Time tre ns
STANDBY WAVEFORMS
STANDBY MODE NOTES: o
1. Typical values are for Tp = 25° C and nominal supply
voltage.

2-44

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

3. tR = trc (READ CYCLE TIME).




SILICON GATE MOS 2102A, 2102AL

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

Symbol Parameter Limits Unit
Min. Typ.[1] ] Max.
READ CYCLE
trc Read Cycle 350 ns
ta Access Time 350 ns
tco Chip Enable to Output Time 180 ns
toH1 : Previous Read Data Valid with Respect to Address 40 ns
toH2 Previous Read Data Valid with Respect to 0 ns
. Chip Enable
WRITE CYCLE
twe Write Cycle 350 ns
taw Address to Write Setup Time 20 ns
twp Write Pulse Width 250 ns
twr Write Recovery Time 0 ns
tow Data Setup Time 250 ns
tpH Data Hold Time 0 ns
tow Chip Enable to Write Setup Time 250 ns
Capacitance'? 7, =25°c, f= 1MHz
A.C. CONDITIONS OF TEST ' SYMBOL TEST ' LIMITS (pF)
Input Pulse Levels: 0.8 Volt t0 2.0 Volt Tve.l] max.
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS).V,y = OV
s vt ogwazous | oo ournr smacaNeE | ;| o
out
Waveforms
"READ CYCLE WRITE CYCLE

[ f— twe >|

RC
ADDRESS i 10) )( AopRrEss € @
tco—— twr w
— 1L o,
CHIP  ~ CHIP o
ENABLE ENABLE
toHy

ta e t |

AW wp
o
i N @) READ/
WRITE
® .

® 15voLTS ow
@ 20voLTs

@

3 08VOLTS DATA DATA CAN DATA CAN
) IN CHANGE DATA STABLE CHANGE

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

)

oH
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SILICON GATE MOS 2102A , 2102AL

Typical D. C. and A. C. Characteristics -

POWER SUPPLY CURRENT VS, POWER SUPPLY CURRENT VS.

AMBIENT TEMPERATURE SUPPLY VOLTAGE
45 -l 35
40 Vee MAX, ——] - 30 |—F-T, =25°C
35 2
E 3 //TVPICAL
% 30 £ 2 v -
£ \‘\ TYPICAL 38 Z
2 = 5 7
20 10
®o w0 2w w0 a0 s w70 Tz 3 4 5 e
T, €C) Ve (VOLTS)
OUTPUT SINK CURRENT VS.
Vin LIMITS VS. TEMPERATURE OUTPUT VOLTAGE
187 5
TYPICAL 2
16 P——— Vi, (Min) 2 ]
a e 2 // TYPICAL
§ 14 t £ s 74
B — [ Vi Max) ] /
z - 0 / Tp=25°C
12 I R4 Ve MIN.
Ve = 5.0V /
o 0 20 30 4|o 50 60 70 - : 0 1 2 3
Tp 0 Vg (VOLTS)
ACCESS TIME VS. ACCESS TIME VS.
AMBIENT TEMPERATURE : LOAD CAPACITANCE
I . I
Vo, MIN. Ty =25°C
177L LOAD V:c MIN.
©, = 100pF | 17TL %—’—\
. TYPICAL| L — \ : =0 > |_~"TYPiCAL
150 ) 150
OUTPUT REFERENCE LEVELS: Vg, =20V OUTPUT REFERENCE LEVEL = 15V
Vo, =0.8V
50 . 50
0 10 2 30 40 5 6 70 0 100 200 300 400 600 600
Tp 50 ) C, (pF)
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in ® Silicon Gate MOS 2102A-2, 2102AL-2

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

*Fast Access Time-- 250 ns max. = Maximum Times Apply over

= Fast Cycle Time -- 250 ns max. Temperature R_ange- a['d
. Supply Voltage Variation
» N-Channel Silicon Gate

The Intel®2102A-2 is a faster (250ns) version of the standard 2102A. It has all the same features, pin
configuration, and D.C. operating characteristics as the standard 2102A. The absolute maximum ratings,
pin configuration, and D.C. operating characteristics are repeated below for convenience, while the A.C.
characteristics appear on the opposite side. A low standby power version (order as a 2102AL-2) is also available.
It has all the same operating characteristics of the 2102A-2 with the added feature of 42 mW maximum power dissipation
in standby. (See 2102A data sheet for parametric definition.)

ABSOLUTE MAXIMUM RATINGS*

PIN CONFIGURATION LOGIC SYMBOL Ambient Temperature Under Bias ... .. 0°C to 70°C
210242 2102A-2 Storage Temperatt.xre .......... —65°C to +150°C
Voltage On Any Pin
With Respectto Ground ........ —0.5V to +7V
Power Dissipation ................. ... 1 Watt
*COMMENT

Stresses above those listed under ‘’Absolute Maximum Rating”
may cause permanent damage to the device. This is a stress rat-
ing only and functional cperation 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
‘T, =0°C to +70°C, V. = 5V +5% unless otherwise specified

Symbol Parameter Limits Unit | Test Conditions
Min. | Typ.[11 | Max.
Iy Input Load Current (All Input Pins) 10 MA | V|Ny=0to05.25V
I on | Output Leakage Current 5 uA | CE=2.0V,Vout=2.4t0 Ve
I oL .| Output Leakage Current -10 | pA | CE=2.0V,Voyt =04V
Ieci{2]| Power Supply Current 30 60 | mA | All Inputs=5.25V,Data Out Open,
Tp=25°C
Icco(2l] Power Supply Current 70 | mA | All Inputs = 5.25VData Out Open,
| Ta=0°C
ViL Input ““Low’’ Voltage -0.5 ‘0.8 \
Vin Input “High’* Voltage ’ 2.0 Vee | V .
VoL | Output “Low" Voltage 0.4 \% loL =2.1mA
VoH Output “High” Voltage 2.4 Vv lon =-100pA

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

2. A low standby power version (order as a 2102AL-2) is also available. It has all the same operating characteristics of the 2102A-2
with the added feature of 42 mW maximum power dissipation in standby. (See 2102A data sheet for parametric definition.)
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SILICON GATE MOS 2102A—2, 2102AL—-2

A. C. Characteristics T, = 0°C t0 70°C, V. =5V £5% unless otherwise specified

Symbol P Limits Unit
ymbo! arameter Vi, [Typ.[11| Mo, ni
READ CYCLE
tRe Read Cycle 250 ns
ta Access Time 250 ns
tco Chip Enable to Output Time 130 | . ns
toH1 Previous Read Data Valid with Respect to Address 40 ns
toH2 Previous Read Data Valid with Respect to Chip Enable 0 ns
WRITE CYCLE
twe Write Cycle 250 ns
taw Address to Write Setup Time .20 ns
twp Write Pulse Width 180 ns
twRr Write Recovery Time 0 ns
tpw Data Setup Time 180 ns
toH Data Hold Time i 0 ns
tow Chip Enable to Write Setup Time 180 ns
‘ , Capacitance'® 1, = 25°c, = 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
| ) ' TYP1l max.
nput Eulse Levels: 0.8 Volt to 2.0 Volt
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Inputs: 1.5 Volts (ALL INPUT PINS) V) =0V
Reference Levels Output: 0.8 and 2.0 Volts COUT OUTPUT CAPACITANCE
Output Load: 1 TTL Gate and C|_ = 100 pF Vo o=V 7 10
ouT
Waveforms
READ CYCLE WRITE CYCLE
f tRe | twe >
ADDRESS*@ : )( ADDRESS 0]
{‘CD_—_‘ . WR
cHip | CHIP tow
ENABLE ENABLE
toH,
'“ ini AW } 'WV
o X fE * A
@ — toH, L— . — toH
@ 15voLTs g 1 .
@ 20vOLTS ki
@ . 0.8VOLTS D:\NTA D(‘)\JAAN%AEN DATA STABLE D:J:N%,:N

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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inter’ Silicon Gate MOS 2102A-4, 2102AL-4

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

#* Fast Access Time--450ns max. = Maximum Times Apply over

= Fast Cycle Time --450 ns max. Temperature Range_ ar_1d
N Supply Voltage Variation
= N-Channel Silicon Gate

The Intel®2102A-4 is a 450ns version of the standard 2102A. It has all the same features, pin configura-
tion, and D.C. operating characteristics as the standard 2102A. The absolute maximum ratings, pin con-
figuration, and D.C. operating characteristics are repeated below for convenience, while the A.C. charac-
teristics appear on the opposite side. A low standby power version (order as a 2102AL-4) is also available. It has
all the same operating characteristics of the 2101A-4 with the added feature of 42 mW maximum power dissipation in
standby. (See 2102A data sheet for parametric definition.)

B ABSOLUTE MAXIMUM RATINGS*

PIN CONFIGURATION LOGIC SYMBOL Ambient Temperature Under Bias . . ... 0°C to 70°C
Storage Temperature . ......... —65°C to +150°C
2102A-4 2102A-4 Voltage On Any Pin
- With Respect to Ground .. ...... —0.5V to +7V
—a Power Dissipation .................... 1 Watt
h onl—
—A *COMMENT
A
ae Stresses above those listed under ‘‘Absolute Maximum Rating”
A: may cause permanent damage to the device. This is a stress rat-
] :: Pout f— ing only and functional operation of the device at these or at any
. other condition above those indicated in the operational sections
AW CE of this specification is not implied. Exposure to absolute maxi-
| Y mum rating conditions for extended periods may affect device

reliability,

D. C. and Operating Characteristics

T, =0°C to +70°C, Ve = BV £5% unless otherwise specified:

Symbol ' Parameter Limits Unit | Test Conditions
' Min. | Typ.['] | Max.
IR} Input Load Current (All Input Pins) 10 MA | Viny =0105.25V
ILon | Output Leakage Current 5 | A | CE=2.0V,Vour=2.4toVcc
l._d._ Output Leakage Current -10 | uA | CE= 2.0V, Vout =0.4V
lccil2] | Power Supply Current 30 60 | mA | All Inputs =5.25V,
Data Out Open, Tp = 25°C

lcca!2l| Power Supply Current : 70 | mA | All Inputs=5.25V,

) ’ Datq OutOpen, Tp = 0°c’
ViL Input ““Low’’ Voltage -0.5 0.8 \%
ViH Input ““High” Voltage 2.0 Vee \
VoL |Output “Low” Voltage 4 04 | V [loL=21mA
Vo | Output ““High”’ Voltage 2.4 \% lon = -100uA

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

2. A low standby power version (order as.a 2102AL-4) is also available. It has all the same operating characteristics of the
2101A-4 with the added feature of 42 mW maximum power dissipation in standby. (See 2102A data sheet for parametric
definition.)
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SILICON GATE MOS 2102A—4, 2102AL—-4

A. C. Characteristics 1, =0°C to 70°C, V. =5V £5% unless otherwise specified

Symbol Paramet Limits Unit
mbo rameter ni
Y aramete Min. l Typ.[1] , Max.
READ CYCLE
trc Read Cycle . 450 ns
ta ) Access Time 450 ns
tco Chip Enable to Output Time 230 ns
toH1 Previous Read Data Valid with Respect to Address 40 ns
toH2 Previous Read Data Valid with Respect to Chip Enable 0 ns
WRITE CYCLE
twe Write Cycle 450 ns
taw ) Address to Write Setup Time 20 ) ns
twp Write Pulse Width 300 ns
twR Write Recovery Time 0 ns
tow Data Setup Time 300 ns
toH Data Hold Time ' 0 : ns
tow ~ Chip Enable to Write Setup Time 300 ) : ns
Capacitance'” 1, =25°C, = 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST '-"V"]TS (pF)
1
Input Pulse Levels: 0.8 Volt to 2.0 Volt LALA MAX.
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS) V| = 0V
Reference Levels Output: 0.8 and 2.0 Volts COUT OUTPUT CAPACITANCE ; 10
Output Load: 1TTL Gateand C_= 100 pF . VOUT =0V )
Waveforms
READ CYCLE WRITE CYCLE
1 ] the | twe —»|
ADDRESS*@ )( ADDRESS [0}
tco———> twR
chip | cHIP ' fow
ENABLE ENABLE
toHy
ta i taw —o} twp -
DATA 4
Xe e }L b
@ 15voLTs © oty ' | tow e o
. @ 20voLTs
® o08voLTs DATA DAL :N%AEN* DATA STABLE oAt

NOTES: 1. Typical values are for T = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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|nb| Silicon Gate MOS M2102A-4

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY
*Expanded Temperature Range--Tp = —55°C to +125°C
*Fast Access Time--450ns max. = Maximum Times Apply over

= Fast Cycle Time --450 ns max. Temperature Range and
n Supply Voltage Variation
= N-Channel Silicon Gate

The Intel’M2102A-4 is an expanded temperature range 1024 bit static N-channel MOS RAM. It is capable
of operating over the full temperature range from —55°C to +125°C, and in addition the single 5 volt
power supply can have a tolerance of = 10%. The access time of the M2102A-4 is 450 nsec.

ABSOLUTE MAXIMUM RATINGS*

PIN CONFIGURATION LOGIC SYMBOL Ambient Temperature Under Bias . . -55°C to +1256°C
Storage Temperature . ......... —65°C to +150°C
M2102A-4 M2102A-4 Voltage On Any Pin
With Respect to Ground . ....... —0.5V to +7V
—a Power Dissipation .. .................. 1 Watt
N eb—
—a *COMMENT
— 1
s Stresses above those listed under ‘‘Absolute Maximum Rating” -
—]ae . L
— A, L— may cause permanent damage to the device. This is a stress rat-
I :: Pour ing only and functional operation of the device at these or at any
other condition above.those indicated in the operational sections
AW CE 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
Tp = -55°C to +125°C, Vee =5V £10% unless otherwise specified

Symbol Parameter Min.. T‘;::[I:j Max. Unit | Test Conc’itions

I Input Load Current (All Input Pins) 10 [ uA | Vjy=0to 5.5V
I on | Output Leakage Current 10 | pA | CE=2.0V,Vout=2.2to Ve
lLoL | Output Leakage Current -50 | pA | CE=2.0V,Vour = 0.45V
lect Power Supply Current 30 60 | mA | All Inputs = 5.5V,

Data Out Open, Tp = 25°C
lcc2 | Power Supply Current 70 | mA | All Inputs = 5.5V,

Data Out Open; Ty = —55°C
ViL Input ““Low’’ Voltage -0.5 0.8 \
Vin Input "High" 'Voltage 2.0 Vce \'
Vor | Output “Low" Voltage ‘ 045 | V loL =2.1mA
VonH | Output “High” Voltage 2.2 \% lon =-100pA

NOTE: 1. Typical values are for T 5 = 25°C and nominal supply voltage.
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SILICON GATE MOS M2102A-4

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

S Limits
Symbol Parameter Min. LTyp_m | Max. Unit
READ CYCLE
tRc | Read Cycle ) 450 ns
ta Access Time 450 ns
tco Chip Enable to Output Time 230 ns
toH1 Previous Read Data Valid with Respect to Address 40 ns
toH2 Previous Read Data Valid with Respect to Chip Enable 0 ns
"WRITE CYCLE
twe Write Cycle 450 ' ns
taw Address to Write Setup Time 20 ns
twp Write Pulse Width 300 ns
twR Write Recovery Time ) 0 : ns
tow » Data Setup Time 300 ' ns
tpH Data Hold Time o 0 ns
tew Chip Enable to Write Setup Time 300 ns
Capacitance'” 1, = 25°c, = 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: 0.8 Volt to 2.0 Volt Tye.llll MAX.
\ Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS) V;\ = 0V .
R T N i R
‘ ouT
Waveforms
. READ. CYCLE WRITE CYCLE

fe- RC twe
ADDRQS&@ . >< ADDRESS 0]

co——> twr
— ! 1
CHIP CHIP cw
ENABLE ! ENABLE
: oH,

N e t . f

YNk

. AW we
DATA . o READ/
ouT . X @ WRITE /
@ 15voLTS > forn e [ ow e o
@ 20voLts DATA DATA CAN DATA CAN
@ 08VOLTS ) IN CHANGE DATA STABLE CHANGE

NOTES: 1. Typical values are for Tp = 25°C and:nominal supply ;/oltage.
2. This parameter is periodically sampled and is not 100% tested.
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|nte|° Silicon Gate MOS M2102A-6

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY |
* Expanded Temperature Range: —55°C to +125°C
#* Fast Access Time--650ns max. = Maximum Times Apply over

» Fast Cycle Time--650ns max. Temperature Range and
N Supply Voltage Variation
= N-Channel Silicon Gate

RAMs

The Intel’M2102A-6 is an expanded temperature range 1024 bit static N-channel MOS RAM. It is capable
of operating over the full temperature range from —55°C to +125°C, and in addition the single 5 volt
power supply can have a tolerance of + 10%. The access time of the M2102A-6 is 650 nsec.

ABSOLUTE MAXIMUM RATINGS*

PIN CONFIGURATION LOGIC SYMBOL Ambient Temperature Under Bias . . -55°C to +125°C
Storage Temperature . ......... —65°C to +150°C
M2102A-6 M2102A-6 Voltage On Any Pin
_., With Respect to Ground ........ —0.5V to +7V
[ N Power Dissipation .. ............ e e 1 Watt
—] “ ) *COMMENT
:f Stresses above those listed under ""Absolute Maximum Rating”
in Pout f— 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
AW CE other condition above those indicated in the operational sections
7 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, Ve = BV +10%, unless otherwise specified.
. LIMITS '
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYP.V | MAX.
(I} INPUT LOAD CURRENT X 10 HA V|N =0 to 5.5V
(ALL INPUT PINS)
I on OUTPUT LEAKAGE CURRENT 10 HA CE=2.2v, Vour = 4.0V
lou OUTPUT LEAKAGE CURRENT —100 MA CE=2.2vV, Vout = 0.45V
lees POWER SUPPLY CURRENT . 30 60 mA ALL INPUTS = 5.5V
' DATA OUT OPEN
: Tp = 25°C
leea POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5.5V
: DATA OUT OPEN
, T, = —55°C.
V“_ INPUT “LOW" VOLTAGE -0.5 . +0.65 \
VlH INPUT “HIGH"” VOLTAGE 2.2 Vee \
VOL QUTPUT “LOW'" VOLTAGE +0,45 \ ‘OL= 1.9mA
Vou QUTPUT “HIGH" VOLTAGE 22 \ Top= —100uA

(1) Typical values are for Tp= 250C and nominal supply voltage.
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SILICON GATE'MOS M2102A-6

A

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

SYMBOL ' PARAMETER LIVITS UNIT
mn. | Tvell] max.
READ CYCLE
tge READ CYCLE 650 ) ns
ta ACCESS TIME .650 ns
tco CHIP ENABLE TO OUTPUT TIME 400 ns
toHs PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
ton2 PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 650 ns
taw ADDRESS TO WRITE SETUP TIME | 200 ns
twp WRITE PULSE WIDTH 400 ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 450 ns
. toH DATA HOLD TIME 100 ns
tew CHIP ENABLE TO WRITE SETUP TIME 550 ns
Capacitance'? 1, =25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST {__LIMITS (pF)
Input Pulse Levels: +0.65 Volt to 2.2 Volt Typl1] MAX.
Input Pulse Rise and Fall Times: 20nsec . Cin INPUT CAPACITANCE ‘3 5
Timing Measurement Reference Level: 1.5 Volt (ALL INPUT PINS) Vi = OV
Output Load: 1 TTL Gate and C = 100 pF Cour SSJ:ETOSAP ACITANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
{ tae [ twe
, ADDRESX ' >( ADDRESS
' tco——— 'wnw

CHIP CHIP tew
ENABLE : . ENABLE
toH,

¢ l .

L'y AW wp
DATA j< READ/
out WRITE

1
—» oK, L N DH

DW
DATA DATA CAN DATA CAN
IN CHANGE* DATA STABLE CHANGE

NOTES: 1. Typical values are for Tp = 25°C and nbminal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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‘intgl’  siicon Gate MOs 2105, 2105-1

1024 BIT HIGH SPEED DYNAMIC
MOS RANDOM ACCESS MEMORIES

= High Speed N-Channel— = Fully Decoded—On Chip
80 ns Maximum Access Time Address Decode A
2105-1 * Low Level Address, Data, %
95 ns Maximum Access Time Write Enable Inputs
2105 - = Current Sinking Output

* Cycle Times: » OR-Tie Capability
260 ns Maximum for 2105-1 . = All Inputs Have Protection
270 ns Maximum for 2105 Against Static Charge

= Planar Refresh = Standard 18-Pin Dual

» Standby Power—100 pW/Bit In-Line Packages

The Intel°2105 and 2105-1 are very high speed 1024 word by one bit dynamic random access memories using
normally off N-Channel MOS devices integrated on a monolithic array.

The 2105 and 2105-1 are designed for memory applications where very high speed, low cost, and low power
dissipation are important design objectives. The planar refresh mode of operation simplifies system design and
allows all 1024 memory cells to.be refreshed at once.

The Intel 2105 and 2105-1 are fabricated with N-Channel silicon gate technology. This technology allows the
design and production of high performance, easy to use MOS circuits and provides a higher functional density
on a monolithic chip than either conventional MOS technology or P-Channel silicon gate technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
2105.& 2105-1 2105 & 2105-1
——
A 18 [_JWRITE ENABLE —a,
AZL_: 2 .17 :]‘bn (+12V) — A REFRESH
— A O f— r
A3 16 | ] CENABLE 2 N CE
] 1 a N
] . 15 1A — A D
REFRESH[]5 14 | ] DATA ODT —As A‘—D— '3
—A  Dour|>— =0 CELL ARRAY

A e 13[JAg A Az—-D_. 3¢ 32 ROWS

a7 12 Joatam ] A: N zg 32 COLUMNS

A8 11[] Vss (GND) — A A I

I [ 10 [ Vs (-5V) WE GE REF D l l

IR
¢ 2 DATA
DATA IN ?5,% COLUMN 1/0 CIRCUITS :Do—m
<
PIN NAMES WRITE ENABLE °§ COLUMN SELECTOR
DiN  DATAINPUT CE CHIP ENABLE CENABLE +
CE
H

Ag-Ag ADDRESS INPUTS REF REFRESH INPUT CLOCK BUFFER A A Ay Ay Ao
WE WRITE ENABLE Dout DATA OUTPUT
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SILICON GATE MOS 2105, 2105-1

Absolute Maximum Ratings* ,
Temperature UNder Bias . . .. v o v vvv v et vt et aeeneatoee e ees e 0°C to 70°C

StOrage TEMPEIatUIe . . .. v v v v e v s e e o e emae et e aaenaneonnnesonneeenansenas —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg . ... .............. +25V to —0.3V
Supply Voltages Vpp and Vgg with Respect to Vgg . . .o oot vin i +20V to —0.3V
POWEE DiSSIPAtION & . o v v vt vttt it et e e e e e e e e e e 1.0W

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

D.C. and Operating Characteristics
Tp= 0°C to 70°C, Vppp = +12V * 5%, Vgg = —5V * 5%, Vs = 0V ¥, unless otherwise specified.!!

Limits . L
Symbol Parameter Min. [Typ.] Max. Unit Test Conditions
I Input Load Current 10 MA Yy =0Vto6.5V
(Address, Dy , WE)
luc Input Load Current (CE, Ref) 10 MA Vin=0V to Vpp + 0.5V
o Output Leakage Current ’ 1 HA- Vo= 0V
IpD1 Vpp Current During 25 40 mA ‘VCE =13.6V, Vin=0V to 4V,
Cenable ON Ta = 25°C
lDD'Z VDD Current During 13 20 mA VCE = OV, VIN = 4V, TA = 25°C
Cenable OFF, Address High
Ibps Average Standby Vpp Current 3.0 6.0 mA Vee=0V, iy =0V, Ta =25°C
During Cenable OFF trer= 10us
{1e4| Vgg Current During . 55 | 10.5 |mA Vce = 13.6V, Vi = 0V to 4V,
Cenable ON : DouTt =0V, To=25°C
l'Ble Standby Vgg Current 25 5.0 mA Vee=0V, V=0V to 4V,
During Cenable OFF ' Doyt = 0V, tggg = 10us, Ty=26°C

23 | 35 [mA |t =270ns tger=10us, Ty= 25°C

Average VDD Supply Current

DD AV : o
25% - 39* mA teye = 260ns, tgeg = 10us, Ta =25°C
4.0 8.0 mA teye =270ns,trer = 10us, T = 25°C
|IBB AVI Average Vg Supply Current
45" | 9.0 |mA | tcyc=260ns,tger = 10us, Tao =25°C
ViL Input Low Level Voltage Vgs —1 “Vgstl |V
(Al Inputs) .
Vin - Input High Level Voltage 4.0 6.5 \%
(Address, Dy, WE)
ViHe Input High Level Voltage (CE, Ref) Vpp —1 Vpp+1 | V-
VoL Output Low Voltage -150 |mV R =100Q attcqo
VoH Output High Voltage -80 mV R =100Q at g
NOTES: ‘
1. Typical values are for T o = 25°C and nominal supply voltages. 3. The Vgg supply also may be equal to —5.2V * 5%.
2. The only requirement for the sequence of applying voltage to the device 4. "The current Iss is Ipp —Igg.
is that Vpp and Vgg should never be 0.3V more negative than Vgg. * These parameters refer to the 2105-1.
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SILICON GATE MOS 2105,2105-1

D.C. Characteristics

Ipp1 VS. TEMPERATURE
50
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SILICON GATE MOS 2105,2105-1

2-58

A.C. Characteristics 1,-0°cto70°C, vpp=12v 5%, V=52V 6%, Vs5 =0V, unles otherwise specified. t
READ, WRITE, and READ MODIFY WRITE CYCLE

Symbol Parameter Min. Max. Unit ’Conditions
tREF Time Between Planar Refresh Pulses 1 10 us
taR . Address Reset Time ’ Note 2 ns
tag+(31(5] High Address Setup Time 5 ns
tag-[4116] Low Address Setup Time | 35 ns
tAH Address Hold Time 50 ns
tce Cenable On Time gg* ggg* ::
tee Cenable Off Time ’ 150 ns
READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
trey 6] Read Cycle zzgg, :: ty =15ns
tws Write Enable to Cenable Setup Time 0 ns
tco Cenable Output Delay Gg 5ns” - 22 CLoap = 50pF ROI__?E lc
: : = RLoap = 1000 T L{g}
taccl?] Address to Output Access 80% :: Refer to Note 8 VTERM
WRITE CYCLE
Symbol Parameter Min. Max. | Unit Conditions
twey 6] |.  Write Cycle - gég 2; tT = 156ns
twp Write Enable Pulse Width 70 ns
twe Write Enable to Cenable End 70 120 ns
tpgl10] Data Setup Time 0 ns
tprl11] Data Hold Time 20 ns
READ MODIFY WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
trwel12] Read Modify Write Cycle ggg* :: tr = 15ns
tcem(13] Cenable On Time —11568, ggg, ::
PLANAR REFRESH TIMING
Symbol Parameter Min. Max. | Unit Conditions
tcr Cenable to Refresh Start 50 ns
tRCF Refresh to Cenable End 0 ns
trp Refresh Pulse Width 50 500 ns
tRe Refresh to Cenable Start 920 ns
tReF Time Between Planar Refresh 1 10 us

NOTES: 1. The only requirement for the sequence of applying voltage to the device is that Vpp and Vss should never be 0.3V more negative than Vgg. 2. taR is defined as tcg +
T - tAH. During tAR addresses may only be reset low or remain stable. Addresses may change after the start of tcc and before the start of tag_. 3. High addresses must be stable by
the start of tpos+ time. 4. Low addresses must be stable by the start of tas. time. 5. To conserve power and reduce sensing noise, it is recommended that all addresses be reset low
after tco time and remain reset until togs time. 6. The parameter tycy and tywcy are defined as ty + tcg + tT + lcc 7. The parameter tpoCC is defined as toS+ + tT +tCO.
8. The parameter tcQ is defined at VoI or Vo whichever occurs last. 9. The load resistor Ry is to Vi, ion Where V, ination = =1.175V +60mV at 25°C, Tc =
1.3mV/°C, Vgg/Viermination = 443. 10. The parameter tpg is referenced to the rising edge of write enable and the transmon of data. 11. The parameter tpy is referenced to the
falling edge of Cenable ( ) or Write Enable ( @ ), whichever occurs first. 12. The parameter trw is defined as tco + twc + 3tT + tcc + modify time or tT + tcgm +tT +tee +
modify time. 13. Tcgm applies for Read Modify Write Cycle.

*These parameters refer to the 2105-1.




SILICON GATE MOS 2105,2105-1

Waveforms
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~ SILICON GATE MOS 2105,2105-1

2-60

Capacitance 1,= 25°c, vy, = 12V £ 5%, Vg = —5V £ 5%, Vgg = 0V, unless otherwise specified.

Symbol Parameter T:‘I:stic ll:lll(:x Unit Conditions

Cin Input Capacitance (Address, Dy, WE, Ref)| 4 6 pF Vin = Vss f=1MHz. All
Cout Data Out Capacitance 4 6 pF Vin = Vss :I' in\'“;ss:d Pins Are
Cce Effective Cenable Capacitance 65 85 pF Note 1

Typical Data Output Characteristics

The actual oscilloscope photo below shows the Cenable input and the resulting data outputs of two address lo-
cations during read of a typical device. One location with a one (high) stored and the other with a zero (low)
stored. The output would normally be strobed at tco time. For a high output the condition of Vg between
0V and -80mV must be met. For a low output the condition of Vg more negative than -150mV must be met.

A
c
o 9
]
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()
>s time
| 20ns/division
& time
° :g 20ns/division
g3
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o
> E
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o
\

—100mV e

CE

DATA OUTPUT

LI'ypicaI Current Transients vs. Time
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SILICON GATE MOS 2105,2105-1

Application Information
Basic Cell Operation ‘
Read or Write Cycle

The basic 2105 storage element, as shown in the Figure, is
comprised of the distributed gate to substrate capacitance
of Qg and Qy. A one or a zero is stored by charging one
capacitor and discharging the other. Qg-and Q7 are cross
coupled and provide a stable flip-flop when Q4, Qp, Q4, and
Qg are turned on. Q4 and Qg are enabled by one of the 32
row select decoders. Enabling Q4 and Qg connects the stor-
age elements to the column 1/0O bus. A few nanoseconds
later Q1, Qp, Q3 are disabled when Cenable becomes true.
When Q¢ and Q; are disabled, they form a high resistance
load to each of the differential column 1/0 lines. This allows
a differential voltage to be developed across the lines. The
differential voltage will either originate from Qg and Q7 (in
a read mode) or from the data in line if Write, Enable, Cen-
able and column decode are all true. In the case of a read
cycle, the information in the cell is retained. Enabling the
write bus will override the Qg and Q7 levels and charge their
distributed capacities to the new data value. If the write bus
is not enabled, the data from Qg and Q7 is gated to the read
bus by way of Qg and Qg which are also gated by the col-
umn select decode signal. The data on the read bus is amp-
lified by the data out sense amplifier and becomes the data
out signal from the device. When chip enable goes false,
(logic 0), Q4, Qp and Qg will conduct. The low resistance
of these elements insures a zero volt difference across the
1/O lines. Incidentally, this provides a refresh condition on
the row which is selected and a data hold condition on the
other 31 rows.

Refreshing the Cell

During refresh, Q1 - Qg are on, connecting both sides of the
column |/O bus to Vpp through a low resistance path. If Qg
and Qg are turned off (rows not selected), the data on the
distributed capacitance of Q4 and Qg will eventually leak
off. However, applying a refresh signal to all rows will en-
able Q4 and Qg on all 1024 cells. Q4 and Qg become a volt-

. age divider to the gate of Q; as Qg and Q7 form a voltage
divider for the gate of Qg. Both dividers form a regenerative
feed back network to re-enforce the initial charges on the
distributed capacity of the storage element. lIsolation be-
tween cells on the same column is provided by the low re-
sistance of Qq, Qp and Qz. Removing the refresh signal
restores the circuits to a data hold condition.

CE

Voo

REFRESH - CE

Ag —]
Ay —
Ay —
Az —
Ay—1

LOW ORDER
ADDRESS BITS

CE

READ BUS

Voo

-

DATA OUT

SENSE AMP

e

DATA IN

DATAIN

HIGH ORDER
ADDRESS BITS

1 [
L 1L

WRITE BUS

Simplified memory cell and associated circuitry.
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SILICON GATE MOS 2105,2105-1

Power Supply Requirements

The 2105 N-channel device requires only two voltages for
operation. Vpp, the most positive voltage, is +12 volts,
Vgg is either -5 volts or -5.2 volts, and Vgg is O volts
(ground). ’

Vgg is the substrate voltage and is normally equal to the
standard ECL -5.2 volt level. Vgg is the most negative volt-
age present and serves to maintain a back bias between the
substrate and active elements. Back biasing the substrate in-
creases the MOS threshold levels, and maintains isolation
between independent adjacent elements. The current associ-
ated with Vg, Igg has three states that are of concern to
the designer. Iggq is the Vgg current with cenable on, but
does not include the leading and trailing edge transition cur-
rents. Iggs is the standby current and includes the refresh
transient currents. Iggay is the average Vgg current over a
memory cycle. All three currents vary inversely with temp-
erature as shown in the figure on the data sheet. Typical
Igg transients are presented in the figure below.

A positive voltage on the N-channel substrate could occur if
the Vgg line becomes accidentally connected to a positive
voltage line and if the Vgg power supply current limit is set
lower than the current limit of the positive supply. A posi-
tive N-channel substrate to ground (Vgg) bias will result in
a substrate current through each 2105 device. By use of cur-
rent limiting power supplies and connecting a diode from
Vgg to Vgg, (anode to Vgg and cathode to Vgg) the for-
ward substrate currents will be reduced, thus preventing
possible catastrophic results from occurring.

Vpp is the most positive voltage associated with an N-chan-

does not include the leading and trailing edge transition cur-
rents. Ippo is the current for cenable off and the addresses
high which is the maximum current related to addresses
cycling on devices that are not selected. Ippg is the standby
current with cenable off, and is also related to the refresh
frequency. Ippay is the average Vpp current over a mem-
ory cycle. Typical Ipp transient currents are presented in
the last figure.

The Ipps standby current includes the average of the planar
refresh current. During each refresh pulse, a typical current
surge in the order of 100mA and 20 ns duration is drawn
from the Vpp supply. The amount of standby current rep-
resented by refresh is calculated by averaging this Ipp re-
fresh’ pulse over the 10us refresh cycle time. Stated in equa-
tion form:

| _ _ONTIME
REF AV T—_OTAL TIME PREF

OR, numerically

20 x 10-9 SEC )
1 + —=——— x 100mA = .2mA
REFAV™ 10x 106 SEC
The above equation indicates that the average refresh cur-
rent is proportional to the refresh frequency. Thus, doubl-
ing the refresh rate from 100kHz to 200kHz would double
IRef av. or, for the Ippg value in Table Vi,

. A Ibps = ImIN + IREF AV
nel device, and for the 2105 is equal to 12 volts. The Vpp .
current, Ipp, varies depending on the mode of operation of = 2.8mA +.4mA = 3.2mA
the memory. Ippq is the Vpp current with cenable on, but
0 100 0 100
! [
1oV — 10V —
CE 65—
ce 55—
07 4
10mA — 40mA —
30—
lgg 5 — oo 20 —
10—
0 — 0 — —

Typical Igg transients.

Typical Ipp transients.



Intel Silicon Gate MOS 2105-2

1024 BIT HIGH SPEED DYNAMIC
MOS RANDOM ACCESS MEMORY

Invisible Refresh
= High Speed N-Channel-—- = Low Level Address, Data,
85 ns Maximum Access Time Write Enable Inputs
= Cycle Time-~190 ns Maximum = Current Sinking Output
= Planar Refresh = OR-Tie Capability
* Standby Power—100 pW/Bit = All Inputs Have Protection
* Fully Decoded—On Chip Against Static Charge
Address Decode = Standard 18-Pin Dual

In-Line Packages

The Intel 2105-2 is a very high speed 1024 word by one bit dynamic random access memory element using nor-
mally off N-Channel MOS devices integrated on a monolithic array.

The 2105-2 is designed for memory applications where very high speed, low cost, and low power dissipation
are important design objectives. The planar refresh mode of operation simplifies system design and allows all
1024 memory cells to be refreshed at once. The refresh timing is completely asynchronous to all other 2105-2
timing.

The Intel 2105-2 is fabricated with N-Channel silicon gate technology. This technology allows the design and
production of high performance, easy to use MOS circuits and provides a higher functional density on a mono-
lithic chip than either conventional MOS technology or P-Channel silicon gate technology.

PIN CONFIGURATION LOGIC SYMBOL - BLOCK DIAGRAM
2105-2 * 21052

Ay 1 [ ] WRITE ENABLE A
-]° REF.
A2 ]2 [1\bp (+12V) —A REFRESH . CONT.
AC]s ] CENABLE ] :: P — CE 1
h l———
s [ = N I
REFRESH[_]5 []DATA OUT — A Ax——D— 3 ll UL ARRAY
D - CELL ARRA
A6 ] Ag —%  Pourp— A,_D_ ELR 32 ROWS
—A -3=3 ! 32 COLUMNS
A7 | JDATAIN —a A el I
""‘D" !
As[]s [ Vss (GND) 1P \
A4—>— ]
alge ] Ve (-5V) WE CE REF [ l
DATA IN <§ [ coLumn 10 circuITs 2a1A
E
]
PIN NAMES WRITE ENABLE ag COLUMN SELECTOR
Qo
L

DiN  DATAINPUT CcE CHIP ENABLE cmmej—_;: % % + % %
o
Ag‘Ag  ADDRESS INPUTS REF  REFRESH INPUT CLOCK aUFFER

As Ag A7 Ag Ay

WE WRITE ENABLE Dout DATA OUTPUT
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Absolute Maximum Ratings*

Temperature UnNder Bias . . ..o vt ittt o ittt e it ettt e 0°C to 70°C
Storage Temperature . ................. et e e e e e e —65° C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg . ... .............. +25V to —0.3V

' Supply Voltages Vpp and Vgg with Respectto VBg . . ..o v it ittt it +20V to —0.3V
POWer DisSiPation | .. ...ttt i it e e e e e e e e e e e 1.0W
*COMMENT:

Stresses above those listed under ""Absolute Maximum Ra tings" 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 t0 55°C, Vpp = +12V * 5%, Vgg = —5.2V + 5%, Vg = OV, unless otherwise specified.m

Limits - . .
Symbol Parameter Min. [Typ.( Max. Unit Test Conditions
IR Input Load Current 10 HA Vn =0V to 6.5V
(Address, Dy, WE) ' ) .
luc Input Load Current (CE, Ref) 10 UA Vin=0V to Vpp + 0.5V
lio Output Leakage Current 1 uA Vo= 0V
Ipp1 Vpp Current During 30 44 mA Vce=13.6V, Vjy=0V to 4V,
Cenable ON Ta=25°C
lpp2 VDD' Current During 15 21 mA Vece=0V, V\n=4V, Ta= 25°C
Cenable OFF, Address High .
Ibps Average Standby Vpp Current 3.0 6.0 mA Vee =0V, iy =0V, T =25°C
During Cenable OFF trer= 10us
I'BBII Vgg Current During 5.5 10.5 mA Vce=13.6V, Vin =0V to 4V,
Cenable ON DOUT =0V, TA =25°C
|'sgs| Standby Vgg Current 25 | 5.0 mA | Vge=0V, V) =0V to 4V,
During Cenable OFF . Doyt = 0V, tger = 10us, To=25°C
Ipp A\.,I Average Vpp Supply Current - 28 41 mA toye = 1900, togp= 10us, Ty=25°C
“BB AV| Average Vgg Supply Current 4.5 9.0 mA tcyc =190ns,tger= 10us, TA=25°C
ViL Input Low Level Voltage Vgs—1 Vgs +1 \
(All Inputs)
ViH Input High Level Violtage 4.0 6.5 \
(Address, Dy, WE)
ViHe Input High Level Voltage (CE, Ref) Vpp —1 Vpp+1 \Y
VoL Output Low Voltage 4! -150 |mV R_= 100Q at ton = 65ns
Vou Output High Voltage 4! -80 - ImV | R_=100Q attcq =65ns
NOTES:
1. Typical values are for Ta = 25°C and nominal supply voltages. 4. Output voltages are measured w.r.t. Viermination-
2. The only requirement for the sequence of applying voltage to the device 5. The load resistor R|_is connected to Vigrmination Where
is that Vpp and Vgg should never be more negative than Vgg. Vtermination = -1.175V + 60 mV at 25°C, T¢ = 1.3mV/°C,
3. The current Igg is Ipp —IgB. VBB/Vtermination = 4-43.
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SILICON GATE MOS 2105-2

G

&
A.C. Characteristics 1, - 0°c 10 55°C, Vpp = 12V £ 5%, Vgg = —5.2V + 5%, Vss = OV, unless otherwise specified. !
READ, WRITE, ahd READ MODIFY WRITE CYCLE

4
W

Symbol Parameter Min. Max. Unit Conditions

tREF Time Between Planar Refresh Pulses 1 10 us

tAR ' Address Reset Time Note 2 ns

tag+[3115)] High Address Setup Time 5' ns

tas-[41 (51| Low Address Setup Time 35 ns

tAH Address Hold Time 50 ns

tee Cenable On Time 8o | 360 | ns ;"’(

tce Cenable Off Time 80 ns oc
READ CYCLE

Symbol Parameter Min. Max. Unit Conditions

tRchsl Read Cycle 190 ns t;=15ns

tws Write Enable to Cenable Set Up Time 0 ns ot

tco Cenable Output Delay 65 ns Croap =_50pF Ry EE 1] c_

tacc!?! | Address to Output Access 85 ns RR:?:?O ;01329 [ 'Vigam @
WRITE CYCLE

Symbol Parameter Min. Max. Unit Conditions

tyey!® | Write Cycle 190 ns ty =16ns

twp Write Enable Pulse Width 70 ns

twe Write Enable to Cenable End 70 120 ns

tpgl10! | Data Set Up Time 0 ns

tpy!!1! | Data Hold Time 20 ns
READ MODIFY WRITE CYCLE

Symbol Parameter Min. Max. | Unit | Conditions

trwe!'2)] Read Modify Write Cycle 270 ns “tp =15ns

tcem! 13| Cenable On Time 160 360 ns
PLANAR REFRESH TIMING

Symbol Parameter Min. Max. Unit Conditions

trp Asynchronous Refresh P.W. tcg+140 ns The refresh pulse timing is not

tREF Time Between Planar Refresh 1 10 us related to any other signal.

NOTES: 1. The only requirement for the sequence of applying voltage to the device is that Vpp and Vgg should never be 0.3V more negative
* than Vgg.
2. tpRisdefined as tcg + tT - toH. During tpR addresses may only be feset low or remain stable. Addresses may change after the
start of tog and before the start of tag-.
3. High addresses must be stable by the start of tpg+ time. -
4. Low addresses must be stable by the start of tag. time. .
5. To conserve power and reduce sensing naise, it is recommended that all addresses be reset low after tcp time and remain reset until
tAS+ time.
6. The parameter tgCy and tyCy are defined as tT + tcg + tT + tcc.
7. The parameter tacc is defined as tag+ + tT + tCO-
8. The parameter tcQ is defined at Vg or VoH, whichever occurs last.
9. The load resistor Ry_is connected to Vigrmination Where Viermination = =1.176V  60mV at 25°C, T¢ = 1.3mV/°C,
VBB/Vtermination = 4.43.
10. The parameter tpg is referenced to the rising edge of Write Enable and the transition of data.
11. The parameter tpH is referenced to the falling edge of Cenable ( ) or Write Enable ( @ ), whichever occurs first.
12. The parameter tryc is defined as tco + twc + 3t + tcc + modify time or tT + tcgm * tT + tcc + modify time.
13. Tcem applies for Read Modify Write Cycle.
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SILICON GATE MOS 2105-2

Waveforms

READ CYCLE 1 WRITE CYCLE
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intel  siicon Gate MOS 2107A

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time -- 300 ns max.
* Refresh Period --2 ms

= Low Cost Per Bit = Address Registers

= Low Standby Power Incorporated on the Chip

» Easy System Interface = Simple Memory Expansion —

= Only One High Voltage Chip Select Input Lead
Input Signal—Chip Enable ® Fully Decoded—On Chip

* Low Level Address, Data, Address Decode
Write Enable, Chip = Qutput is Three State and
Select Inputs TTL Compatible

®» Ceramic and Plastic 22-Pin DIPs

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

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

The 2107A is fabricated with n-channel silicon gate technology. This technology allows the design and produc-
tion of high performance, easy to use MOS circuits and provides a higher functional density on a monolithic
chipthan other MOS technologies.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
21074 2107A
Ay o—»| «—o Voo
‘ o =iy - Ay o MEMORY <+ Vee
2 217 A — A A, o—»| ROW DECODE 64 RAY <o V.
3 20 [ A, —A,  Owi— 2 and BUFFER £ hat
. w5 — A Az O REGISTER 0 Vg
Ag g A, o—» 64 x 64
5 18 7 Voo — As As O—> : -
6 17 [Jce —1 A
7 16 [INC —{ A, Dour P- J %64
8 15 P4 ] :‘; .
9 1 a, — A cE o—nl ccTJll\lNT"r':gL ) COLUMN
10 13 A - An GENERATOR AMPLIFIERS
n 12 P We CS CE WE
TR 1 %6"
PIN NAMES Dy O—> COLUMN DECODE
WE o—> 1/0 and
DIN DATA INPUT CE CHIP ENABLE TS o—» BUFFER REGISTER
Ag-A11 ADDRESSINPUTS* || Doutr DATA OUTPUT l I I I 1 I 1
‘WE WRITE ENABLE v POWER (+5V) __
— ce Bour A A7 Ay Ay Ay Ay
Cs CHIP SELECT NC NOT CONNECTED .
*Refresh Addresses Ag-As.
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ilf!t:'on GATE MOS 2107A

M;‘Qolute Maximum Ratings*

‘!f;;‘?miﬂ.!rature UNAEr Bias . vttt ittt e ettt et e ettt e e e e - 0°C to 70°C
L L T —65°C to +150°C
1’:” 'hbut or Output Voltages with hespect to the most Negative Supply Voltage, Vgg ... ............... +25V to —0.3V
{tlpisly Voltages Vpp, Ve, and Vg With RESPECT to VBB . « .+« v v eee v et e e eeenaaeennn. +20V to —0.3V

"FUMMENT:

iitses above those listed under ""Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating
s.?:,’lj.' and functional operation of the device at these or any other conditions above those indicated in the operational sections of
1y Fbecification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

I

{1.L. and Operating Characteristics
1A = 0°C to 70°C, Vpp = +12V £ 5%, Ve = +5V £ 5%, Vgg (1] = -5V £ 5%, Vsg = 0V, unless otherwise notes.

Symbol Par Limits Unit Conditions
Min. (Typ.2]| Max.

iu Input Load Current .01 10 MA Vin = VIL min to ViH mAX
(all inputs except CE) '

iLc Input Load Current .01 10 LA ViIN = ViL MmN t© ViH mAX

“LOI Output Leakage Current .01 10 uA CE=-1Vto+.8VorCS=3.5V,

for high impedance state Vo =0V to 5.25V

lbp1r | Vpp Supply Current : 1 100 uA CE=-1V to +.8V
during CE off(3]

lbo2 Vbp Supply Current 14 2 |mA | CE=V,.T,=25C
during CE on

iDD_ AV Average Vpp Supply 23 34 | mA Cycle time = 700ns, tcgw = 480ns,
Current Ta = 25°C, Fig. 1,3

‘cm Vcc Supply Current .01 10 A CE =-1V to +.8V
during CE off

lec2 Vee Supply Current 5 10 mA CE=V,,c. To=25°C
during CE on

lccav . | Average Vec Supply 6 10 mA Cycle time = 700ns, tcew = 480ns
Current Ta = 25°C, Fig. 2,4

g Vgg Supply Current 1 100 HA

ViL Input Low Voltagel4] -1.0 0.8 \

ViH Input High Voltage(4] 35 Vee#1| V

ViLe CE Input Low Voltagel4] | —1.0 +1.0 \%

ViHe CE Input High Voltage | Vpp —1 Vop+1| V

VoL Output Low Voltagel4] 0.0 . 0.45 \Y loL = 1.7mA, Fig. 6

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

NoTEs:

The only requirement for the sequence of applying voltage to the device is that Vpp, Vcc, and Vgg should never be .3V or more
negative than Vgpg. :
. Typical values are for Tp = 25°C and nominal power supply voltages. .
. The Ipp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents.

. Referenced to Vgg unless otherwise noted.
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SILICON GATE MOS 2107A

D.C. Characteristics

Fig. 1. 1pp AVERAGE VS. TEMPERATURE Fig. 2. Icc AVERAGE VS. TEMPERATURE
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Fig. 3. TYPICAL Ipp AVERAGE VS. CYCLE TIME Fig. 4. TYPICAL Icc AVERAGE VS. CYCLE TIME
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SILICON GATE MOS 2107A

A.C. Characteristics 1,=0°ct070°%, Vpp = 12V £ 5%, V¢ = 5V + 6%, Vgg = -5V £ 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = 0V, unless otherwise noted.

Symbol Parameter Min. | Max. Unit Conditions
tREF Time Between Refresh 2 ms
tac Address to CE Set Up Time 0 ns
tAH Address Hold Time 100 ns
tce CE Off Time 180 ns
tr CE Transition Time. - 50 ns
tcr CE Off to Output 0 ns

High Impedance State

READ CYCLE
Symbol Parameter Min. | Max. | Unit Conditions
trRcy Read Cycle Time 500 ns tT = 20ns
tcer CE On Time During Read 280 | -3000 ns
tco CE Output Delay 280 ns Cioad = 50pF, Load = One TTL Gate,
tacc Address to Output Access 300 ns Ref = 2.0V for High, 0.8V for Low.
twi CE to WE Low 0 ns tacc =tac *tco + 1tr
twe WE to CE on 0 ns

WRITE CYCLE

Symbol Parameter Min. | Max. | Unit Conditions
twey Write Cycle Time 700 ns tt = 20ns
tcew CE Width During Write 480 | 3000 | ns

tw WE to CE Off 340 |° ns

tew CE to WE High 300 ns

tow Dn to WE Set Up 0 ns

tep (1] CEtoDyy SetUp - 50 ns

tpH Dy Hold Time 0 ns

twp WE Pulse Width 150 ns

tww WE Wait 0 ns

twe WE to CE On ) 0 ns

Capacitance'? 1,-= 25°c

. Plastic And

Symbol Test Ceramic Pkg. Unit | Conditions
Typ. Max.

Cap Address Capacitance, CS, WE, Dyn 3 6 pF Vin = Vss

Cce CE Capacitance 17 25 PF | ViIN = Vss

Cour Data Output Capacitance 3 6 pF Vour = 0V

Notes: 1. tcp applies only when tyw>tcgw -50 ns.
s Capacitance measured with Boonton Meter or effective capacitance calculated from the equation

C= IZAV‘ with the current equal to a constant 20mA.
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SILICON GATE MOS 2107A
Read Modify Write Cycle

Symbol Parameter Min. Max. Unit A Conditions
tawe! ') | Read Modify Write(RMW) | 840 ns tr = 20ns
Cycle Time
teaw CE Width During RMW 620 3000 ns
e WE to CE on » 0 ns
w WE to CE off 340 ns Cload = 50pF, Load = One TTL Gate,
twe WE Pulse Width 150 ns Ref = 2.0V for High, 0.8V for Low.
tow D,y to WE Set Up 0 ns
ton DIN Hold Time . 0 ns
teo CE to Output Delay 280 ns
tace Access Time 300 ns
two Doyt Valid After WE 0 ns tacc = tac *tco + 1tT
Note 1. terw ~ tw T tco
o . '
RWC
Vin ‘@l’) \
ADD';S?%% x ! ADDRESS STABLE K . ADDRESS CAN CHANGE X
Mo Q 7
tac ™™ [+ .
taH
tcRw |le— ty S —
Vi
THC @ ~
CE
D w
ViLe ® -

WE CAN
CHANGE
N 2

—] tow —> |+«—1ton

Vin s \

Dy CAN
Din D;y CAN CHANGE X Dy STABLE X CI.-INANGE
Vi ~ 4

tco te—typ

VoH =

: oY [
Bos = HIGH HIGH
OUT ~IMPEDANCE j VALID —» UNDEFINED " IMPEDANCE ™|

VoL == = -

tacc 5 . top — Io—

NOTES:

1. Vgg + 1.5V is the reference level for measuring timing of the address CS, WE, and DyN.
2. Vgs +3.0V is the reference level for measuring timing of the address, CS, WE, and D).
3. Vgg + 2.0V is the reference level for-measuring timing of CE.

4. Vpp -2V is the reference 1evel for measuring timing of CE.

6. Vgg + 2.0V is the reference level for measuring the timing of DQUT-
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SILICON GATE MOS 2107A

Read and Refresh Cycle "

“ % ’ trey

ADDRESS ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE
@ 7

tAH —_— ety — tr

tac tcer

CE

ViLe

___.' le— twe |
Vin
E

cc

. WE WE CAN
WE  CcAN CHANGE
CHANG

Vi, ——

tco —

Vo o o o e (_l__.__...__
1]

Bour <= e OH VALID @
utT IMPEDANCE

VoL == o o e e

HIGH
IMPEDANCE

tacc —= fe—TtcF

Write Cycle

twey

Vin

-
ADDRE ADDRESS
AND és_;s x ADDRESS STABLE ADDRESS CAN CHANGE STABLE

tan _-{ 1ty

CE

tee

—]  fe—twc '——‘wr—'

J R
WE
WE CAN WE CAN CHANGE
CHANGE CHANGE :

e—tow oH —’* l—
e tw.—tj

v
H F N ~ D
. N
Din Dy CAN CHANGE Dy STABLE CAN CHANGE

Vie
\6"-—-—--— o e == e -
b HIGH HIGH
Pour <—IMPEDANCﬁ UNDEFINED "'lMPEDANCE_’
VoL == o= o= o= o o - - — - -}
tor =] fm
NOTES: 1. For Refresh cycle row and column addresses must be stable before tac and remain stable for entire to period.

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

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

6. Vgg + 2.0V is the reference level for measuring the timing of DoyT.
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The 2107A-1 is a high speed version of the 2107A. Please refer to page 2-67 for functional description, pin configuration,
logic symbol, and block diagram. See page 2-68 for absolute maximum ratings and page 2-70 for capacitance specification.
Refer to page 2-72 for read and write cycle timing definitions, and page 2-71 for read-modify-write cycle timing definitions.

D.C. and Operating Characteristics

Silicon Gate MOS 2107A-1

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

*Access Time--280 ns max.
*Read Cycle Time--420 ns

*Write Cycle Time—550 ns

Ta =0°C to 70°C, Vpp = +12V £ 5%, V¢ = +6V + 5%, Vg (1] = -BV * 5%, Vgg = OV, unless otherwise notes.

Symbol Parameter Limits Unit Conditions
Min. (Typ.2| Max.
7] Input Load Current .01 10 HA Vin = ViL MmN 10 ViH MAX
(all inputs except CE)
ILe Input Load Current .01 10 MA Vin = ViL MIN 10 Vi mMAX
['eol Output Leakage Current .01 10 uA CE=-1Vto+.8VorCS=3.5V,
for high impedance state Vo =0V to 5.25V
lpp1 Vpp Supply Current A 100 MA CE=-1V to +.8V
during CE off(3]
Ibp2 Vpp Supply Current 14 22 mA CE = V¢, T, =25°C
during CE on
Ipp AV Average Vpp Supply 28 38 mA Cycle time = 550ns, tcew = 410ns
Current Ta =25°C, Fig. 1,3 )
lcct Vcc Supply Current .01 10 uA | CE=-1V to +.8V
during CE off
lcc2 Vee Supply Current 5 10 mA CE=V,,.. T, =26°C
during CE on
lcc Av Average Vcc Supply 8 12 mA Cycle time = 550ns, tCEW =410ns
Current Ta = 256°C, Fig. 2,4
Igs Vgg Supply Current 1 100 MA
ViL Input Low Voltage[4] -1.0 0.8 Vv
ViH Input High Voltage(4 3.5 Vet ]V
ViLe CE Input Low Voltage[4] | —1.0 +1.0 \Y
ViHe CE Input High Voltage Vpp —1 Vpp +1 \
VoL Output Low Voltagel4] 0.0 0.45 \Y lor = 1.7mA, Fig. 6
Vou Output High Voltage(4] 2.4 Vee \Y lon = -100pA, Fig. 5
NOTES:

1.

2
3.
4. Referenced to Vgg unless otherwise noted.

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

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

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

RAMs
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SILICON GATE MOS 2107A-1 '

A.C. Characteristics ,=0°c w0 70°, v = 12V £ 5%, Voo =5V + 5%, Vgg = -5V + 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = 0V, unless otherwise noted.

Symbol Parameter Min. | Max. [ Unit ) Conditions

tREF Time Between Refresh 1 | ms

tac Address to CE Set Up Time 0 ns tac is measured from end of address transition
tAH Address Hold Time 100 ns '

tce CE Off Time 100 ns

tr CE Transition Time 50 ns

tcr CE Off to Output 0 ns

High Impedance State

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
trcy Read Cycle Time 420 ns tT = 20ns
tceR CE On Time During Read 280 3000 ns
tco CE Output Delay . 260 ns Cioad = 50pF, Load = One TTL Gate,
tacc Address to Output Access 280 ns Ref = 2.0V for High, 0.8V for Low.
twe CE to WE 0 ns tacc =tac *tco + Ttr
twe WE to CE on 0 : ns

WRITE CYCLE

Symbol Parameter Min. Max. Unit anditions
twey Write Cycle Time 550 ns tt = 20ns
tcEw CE Width During Write 410 | 3000 ns
tw WE to CE Off ' 250 ns
tow CE to WE .250 ns.
tow Dn.to WE Set Up 0 " ns
tep [V CE to Dy Set Up 50 ns
tDH Dyn Hold Time 0 ns
twe . WE Pulse Width 150 ns
tww WE Wait .0 ) ns
twe WE to CE On 0 ns
Read Modify Write Cycle
Symbol Parameter Min. Max. Unit Conditions
tawe!!! | Read Modify Write(RMW) | 670 ns t1 = 20ns
Cycle Time
teaw CE Width During RMW | 530 | 3000 ns
twe WE to GE on 0 ns
w WE to CE off 260 ns Cload’ =50pF, Load = bne TTL Gate,

twp WE Pulse Width 150 ns Ref = 2.0V for High, 0.8V for Low.
tow D, to WE Set Up 0 ns
ton D, Hold Time 0 ns
tco CE to Output Delay 260 ns
tace Access Time 280 ns
two Doyt Valid After WE 0 ns tacc = tac +tco + 1t1
Note 1. t t,=t

CRW ™~ 'w  'co’
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inter’ Silicon Gate MOS 2107A-4

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time-- 350 ns max. * Refresh Period --2 ms

The 2107A-4 is a version of the 2107A with 570ns read cycle time and 840ns write cycle time. Please refer to page 2-67
for functional description, pin configuration, logic symbol, and block diagram. See page 2-68 for absolute maximum
ratings and page 2-70 for capacitance specification. Refer to page 2-72 for read and write cycle timing definitions, and
page 2-71 for read-modify-write cycle timing definitions.

D.C. and Operating Characteristics
Ta = 0°C to 70°C, Vpp = +12V * 5%, Ve = +5V * 6%, Vg (1] = -5V % 5%, Vsg = 0V, unless otherwise notes.

Symbol Parameter . Limits Unit Conditions
Min. (Typ.2)} Max.
7] Input Load Current .01 10 HA Vin = ViL miN to ViH MAX
(all inputs except CE)

ILe Input Load Current .01 10 MA Vin = ViL MmN to Vi mAax
"LOI Output Leakage Current .01 10 uA CE=-1Vto+.8VorCS=3.5V,
for high impedance state Vo =0V to 5.25V

lpp1 Vpp Supply Current A 100 MA CE=-1V to +.8V
during CE off(3]

Ibp2 Vpp Supply Current 14 22 mA CE = Vjyo Ty = 26°C
during CE on

lpp AV Average Vpp Supply 20 30 mA Cycle time = 840ns, t..,, = 600ns,
Current T, =25°C, Fig. 1,3

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

lecz Vcc Supply Current 5 10 mA CE =V c: Tp = 25°C
during CE on :

Icc AV Average Vcc Supply 5 9 mA Cycle time = 840ns, ty\ = 600ns,
Current Tp= 25°C, Fig. 2, 4

Igs Vgg Supply Current 1 100 MA

Vi Input Low Voltagel4] -1.0 0.8 \

Vin Input High Voltage(4] 35 Ve #1| V

ViLe CE Input Low Voltage[4] | —1.0 +1.0 \Y

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

Vou Output Low Voltagel4] 0.0 .| 0.45 \" loL = 1.7mA, Fig. 6

VoH Output High Voltage(4] 2.4 Vee Vv loy = -100pA, Fig. 5

NOTES:

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

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

3. The Ipp and Icg currents flow to Vgg. The Igp current is the sum of all leakage currents.

4. Referenced to Vgg unless otherwise noted.
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SILICON GATE MOS 2107A-4

A.C. Characteristics 7,-0°c w0 70%, v = 12V * 6%, V¢ =5V £ 5%, Vgg = -5V £ 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgs = 0V, unless otherwise noted.

Symbol Parameter Min. Max. | Unit Conditions
tREF Time Between Refresh 2 ms Ceramic package
1 ms Plastic package®
tac Address to CE Set Up Time 0 ns tac is measured from end of address transition
tAH Address Hold Time 100 ns
tce CE Off Time 200 ns
tr CE Transition Time 50 ns
tce | CE Off to Output 0 ns

High Impedance State

*trer of 2ms available by special request in plastic. Specify P2107AS1226.

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
trcy Read Cycle Time 570 ns tt = 20ns
tcer CE On Time During Read 330 | 3000 ns
tco CE Output Delay 330 ns Cioad = 50pF, Load = One TTL Gate,
tacc Address to Output Access 350 ns Ref = 2.0V for High, 0.8V for Low.
twi CE to WE ' 0 ns tacc = tac *+tco + 1t
twe WE to CE on 0 ns

WRITE CYCLE

Symbol Parameter Min. | Max. | Unit Conditions
twey Write Cycle Time 840 ns tt = 20ns
toew CE Width During Write 600 | 3000| ns
| tw WE to CE Off 400 ns
twp WE Pulse Width 200 ns
tpw Dy to WE Set Up 0 ns
tepll] CE to Dy Set Up 50 ns
tpH Dy Hold Time 0 ns
tww WE Wait 170 . ns
twe WE to CE On 0 - ns
Read Modify Write Cycle
Symbol Parameter Min. Max. Unit Conditions
tawe!?! | Read Modify Write(RMW) | 970 ns ty = 20ns
Cycle Time
tecaw | CE Width During RMW | 730 | 3000 | ns
vtwci WE to CE on 0 ns
tw W_—E toCEoff 400 ™ Chuaq = 50PF, Load = One TTL Gate,
twp WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
tow DIN to WE Set Up 0 ns
L D, Hold Time 0 ns
teo CE to Output Delay 330 ns
tace Access Time 350 ns
two Doy Valid After WE 0 ns tacc = tac +tco + 11
Note 1. t t v

crRw ~tw " tco’
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inter Silicon Gate MOS 2107A-5

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

*Access Time-- 420 ns max. * Refresh Period --2 mg;

The 2107A-5 is a version of the 2107A with 690ns read cycle time and 970ns write cycle time. Please refer to pagy =07
for functional description, pin configuration, logic symbol, and block diagram. See page 2-68 for absolute mav i
ratings and page 2-70 for capacitance specification. Refer to page 2-72 for read and write cycle timing definitjqi,’, | i
page 2-71 for read-modify-write cycle timing definitions. i

D.C. and Operating Characteristics

Ta =0°C to 70°C, Vpp = +12V # 5%, Ve = +6V + 5%, Vggl1l = -5V £ 5%, Vgg = OV, unless otherwise notes.

Symbol Parameter Limits Unit " Conditions
Min. |Typ.2)[ Max.
Iy Input Load Current .01 10 MA Vin = ViL MmN 10 VIH mAaXx
(all inputs except CE)
Iic Input Load Current .01 10 MA Vin = V”—. MIN to ViH Max
|'LO| Output Leakage Current .01 10 HA CE=—1V to+.8V or CS= 3.5V,
for high impedance state Vo =0V to 5.25V
1bb1 Vpp Supply Current A 100 | pA | CE=-1Vto+.8V
during CE off[3]
lop2 Vpbp Supply Current 14 22 mA CE=Viue- Ta = 25°C
during CE on
Ipp AV Average Vpp Supply 18 28 mA | Cycle time = 970ns, t.g,y = 680ns
Current Tp= 25°C, Fig. 1,3
lcet Vec Supply Current .01 10 HA CE=-1V to +.8V
during CE off
lcc2 | Vec Supply Current 5 10 mA CE=Vc.Ta= 25°C
during CE on
lcc Av Average Vcc Supply 4 8 mA Cycle time = 970ns, t.\, = 680ns
Current Tp= 25°C, Fig. 2, 4
Igg Vgg Supply Current 1 100 | uA
ViL Input Low Voltage[4] -1.0 0.8 Vv
Vin Input High Voltage!4] 35 . Vee t1| V
ViLe CE Input Low Voltagel4] | —1.0 +1.0 \Y
ViHe - CE Input High Voltage Vpp —1 Vpp +1 \
VoL Output Low Voltage(4] 0.0 0.45' \Y% loL = 1.7mA, Fig. 6
Vou Output High Voltagel4] 2.4 Vee Y lon = -100pA, Fig. 5
NOTES: ’

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

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

3. The Ipp and Icc currents flow to Vgg. The Igg current is the sum of'all leakage currents.

4. Referenced to Vgg unless otherwise noted.




SILICON GATE MOS 2107A-5

2-78

A.C. Characteristics T,-0°ct70°C, Vpp = 12V + 5%, Voo = 5V £ 5%, Vgg = -5V + 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = 0V, unless otherwise noted.

Symbol Parameter Min. Max. Unit Conditions
tREF Time Between Refresh 2 ms Ceramic package
1 ms Plastic package™
tac Address to CE Set Up Time| 0 ns tac is measured from end of address transition
tAH Address Hold Time 100 ns
tee CE Off Time 250 ns
tr CE Transition Time 50 ns
tcF CE Off to Output 0 ns
High Impedance State

*tReF of 2ms available by special request in plastic. Specify P2107AS1245.

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
trcy Read Cycle Time 690 ns tt = 20ns
tcER CE On Time During Read 400 3000 ns
tco CE Output Delay 400 ns Cioad = 50pF, Load = One TTL Gate,
tacc Address to Output Access 420 ns Ref = 2.0V for High, 0.8V for Low.
twi CE to WE 0 ns tacc =tac *tco * 1tr
twe WE to CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
twey Write Cycle Time 970 ns tT = 20ns
tcew CE Width During Write 680 3000 ns
tw WE to CE Off 450 ns
twp WE Pulse Width 200 ns
tow Dy to WE Set Up 0 ns
tepll) CE to Dy Set Up 50 ns
tpH Dyn Hold Time 0 ns
tww WE Wait 200 ns
twe WE to CE On 0 ns
Read Modify Write Cycle
Symbol Parameter Min. Max Unit Conditions
tawe!?! | Read Modify Write(RMW) | 1140 ns tt = 20ns
Cycle Time
terw CE Width During RMW 850 3000 ns
twe WE to CE on 0 ns
w WE to CE off 450 " Cpoaq = BOPF, Load = One TTL Gate,
twe WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
tow D, to WE Set Up 0 ns -
toH D, Hold Time 0 ns
tco CE to Output Delay 400 ns
tace Access Time 420 ns
tWD DOUT Valid After WE 0 ns tacc =tac t tCQ + 1t
Note 1. t t, =t

CRW ~ 'W CO




|nb| Silicon Gate MOS 2107A-8

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

*Access Time-- 420 ns max. * Refresh Period --2 ms

The 2107A-8 is the lowest cost version of the 2107A. Please refer to page 2-67 for functional description, pin configura-
tion, logic symbol, and block diagrams. See page 2-68 for absolute maximum ratings and page 2-70 for capacitance
specification. Refer to page 2-72 for read and write cycle timing definitions, and page 2-71 for read-modify-write cycle
timing definitions.

D.C. and Operating Characteristics
Ta =0°C t0 55°C, Vpp = +12V + 5% -2.6%, Ve = +5V 5%, Vgg [1] = -6V 5%, Vgg = OV, unless otherwise notes.

Symbol Parameter ' Limits Unit Conditions
Min. |[Typ.2)] Max.
[IN] Input Load Current .01 10 MA Vin = ViL MiN 10 VIH mAaX
(all inputs except CE)
ILc Input Load Current .01 10 MA Vin = ViL MiN 1o ViH max
|lol Output Leakage Current .01 10 uA CE=—1V to +.8V or CS= 3.5V,
for high impedance state Vg =0V to 5.25V
lpp1 Vpp Supply Current A 100 HA CE=-1V to +.8V
during CE off[3]
Ibp2 Vpp Supply Current 14 22 mA CE =V, T, =25°C
during CE on
Ipp AV Average Vpp Supply 18 - 28 mA Cycle time = 970ns, toew = 680ns
Current Tp= 25°C, Fig. 1, 3
lcct Ve Supply Current .01 10 | wA CE=-1V to +.8V
during CE off
lec2 Vce Supply Current 5 10 mA CE=V,.. T, =25°C
during CE on
Icc av Average Vgc Supply 4 8 mA Cycle time = 970ns, tepw = 680ns
Current ] T, = 25°C, Fig. 2, 4
Igg VBB Supply Current - 1 | 100 uA
ViL Input Low Veltage[4] -1.0 0.8 Y]
Vin Input High Voltage[4] 35 Vee 1|V
ViLe CE Input Low Voltagel4! | —1.0 +1.0 \Y
ViHe CE Input High Voltage |Vpp -0.8 Vpp +1 \"
VoL Output Low Voltagel4] 0.0 045 | V | loL=1.7mA, Fig. 6
Vou Output High Voltagel4] 2.4 Vee \Y lon = -100uA, Fig. 5
NOTES:

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

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

3. The lpp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents.

4. Referenced to Vgg unless otherwise noted.
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SILICON GATE MOS 2107A-8

A.C. Characteristics T, - 0°c to55°C, Vpp = 12V +5% -2.5%, Ve = 5V £5%, Vgg = -5V £5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE 'Vss = 0V, unless otherwise noted. .

Symbol Parameter Min. Max. | Unit Conditions
tREF Time Between Refresh 2 ms Ceramic package
1 ms Plastic package™
tac Address to CE Set Up Time| 0 ns tac is measured from end of address transition
tAH Address Hold Time 100 ns
tce CE Off Time 250 ns
tr CE Transition Time - 50 ns
tcr CE Off to Output 0 ns
High Impedance State

*tREF of 2ms is available by special request in plasti(;. Specify P2107AS987.

READ CYCLE
Symbol Parameter Min. Max. | Unit Conditions
trcy Read Cycle Time 690 ns tt = 20ns
tceR CE On Time During Read | 400 | 3000 ns
tco CE Output Delay 400 ns Cioad = 50pF, Load = One TTL Gate,
tacc Address to Output Access 420 | ns, Ref = 2.0V for High, 0.8V for Low.
twi CE to WE 0 ‘ns tacc =tac *tco + Itr
twe WE to CE on 0 ns

WRITE CYCLE

Symbol Parameter Min. Max. | Unit Conditions
twey Write Cycle Time 970 ns tT = 20ns

tcEW CE Width During Write 680.| 3000 ns

tw WE to CE Off 450 ns

twp WE Pulse Width 200 ns

tow D to WE Set Up 0 ns

teplt] CE to Dy Set Up 50 ns

tpH Dy Hold Time 0 ns

tww WE Wait 200 ns

twe WE to CE On 0 ns

Read Modify Write Cycle

Symbol Parameter. Min. Max. | Unit Conditions
tewc!?! | Read Modify Write(RMW) | 1140 ns tT =20ns
Cycle Time )
tepw CE Width During RMW 850 3000 ns
twe - | WE to CE on 0 . ns
tw WE to CE off 450 ns Cloag = 5OPF, Load = One TTL Gate,
twe WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
tow D,y to WE Set Up 0 ns
ton D, Hold Time 0 ns
tco CE to Output Delay : 400 ns
tace Access Time 420 | ns tacc =tac *tco + Ttr
two. Doy Valid After WE 0 ns
Note 1. terw ~ tw = tco
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|nte| Silicon Gate MOS 2107B

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time -- 200 ns max.
* Read, Write Cycle Times--400 ns max.
* Refresh Period --2 ms

= Low Cost Per Bit = Address Régisters
» Low Standby Power Incorporated on the Chip <§:
= Easy System Interface . Sirpple Memory Expansion — =
= Only One High Voltage Chip Select Input Lead

Input Signal —Chip Enable * Fully Decoded —On Chip
= TTL Compatible -- All Address, Address Decode

Data, Write Enable, = Qutput is Three State and

Chip Select Inputs TTL Compatible
= Read-Modify-Write Cycle = Industry Standard 22-Pin

Time-- 520 ns Configuration

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

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

The 2107B is fabricated with n-channel silicon gate technology. This technolagy 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 2107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for

the 2107A.
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
21078 21078
i Ay O—»| <«—0 Voo
A, O—> -0 V
7 :; om b A; o—»| ROWDECODE 64 g - v::
d BUFFER
— A3 Az O—> ‘REGISTER 0 Vg
— A R 0 64x 64
. :5 A O—»
- :z Dour P~ T %64
4
— A TIMING COLUMN
— An CE O—» Gﬁﬁ!;’l%n ' AMPLIFIERS
CS CE WE
T l %e«
PIN NAMES
Dy O COLUMN DECODE
Ag-Ay, ADDRESSINPUTS* | Vg  POWER (-5V) WE o—»] 1o and
CE CHIP ENABLE Vec  POWER (+5V) s o : BUFFER REGISTER
CS  CHIPSELECT Vop  POWER (+12V) 1 I I 1 1 1 I
D,y  DATAINPUT Vs GROUND a
Doyr _ DATA OUTPUT WE  WRITE ENABLE * Bour Re A1 Aa Ao Ao Au
NC NOT CONNECTED
*Refresh Address Ay-Ag.
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SILICON GATE MOS 2107B

2-82

Absolute Maximum Ratings*

Temperature UNder Bias . . .. ... ...uvuueun ettt et et e 0°C to 70°C
Storage Temperature ... .................... P —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vg « .. ovvv et +25V to —0.3V
Supply Voltages Vpp, Vcg, and Vss with Respectto VBB . . . .. v v v i i e e e +20V to —0.3V
Power Dissipation . . . .. .. ... e 1.25W

*COMMENT: )

Stresses above those listed under "Absolute Maximum Ratings'' may cause permanent damaye 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 notimplied, Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D.C. and Operating Characteristics
Ta =0°C to 70°C, Vpp = +12V % 5%, Vg = +5V + 5%, Vg (1] = -5V * 5%, Vg = OV, unless otherwise noted.

Symbol Parameter Limits Unit Conditions
Min. | Typ.[2] Max. )
I “;gll:tir:-xt(: S::::;TCE) .01 10 MA | Vin = ViLmiN to Vig max
I c " | Input Load Current .01 10 MA Vin = ViL MmN t© ViH MAX
lleol Output Leakage Current .01 10 A | CE=Vj corCS=Vy
for high impedance state Vo =0V to 5.25V
Iop1 V(?UE: iﬁ:%"éyoﬁf‘gge"t 110 200 | wA | CE=-1Vto+6V
IpD2 Vﬁii:‘(’:péyoﬁ”"em 80 100 | mA | CE=Viuc, Ta=25°C
Ibbavi | Average Vpp Current 55 80 mA Cycle time=400ns,
. tce = 2;30ns . Tp = 25°C
Ipp av2 | Average Vpp Current 27 40 mA Cycle time=1000ns,
tce =230ns
lorl41 | Voo Buppy Serrent 01 10 | wA | CE=VicorCS=Vyy
Igg= Vgg Supply Current 5 100 KA
Vi Input Low Voltage -1.0 ) 0.6 \ tT=20ns — See Figure 4
ViH Input High Voltage 2.4 Vee+l \
ViLe - | CE Input Low Voltage -1.0 +1.0 \
ViHe CE Input High Voltage Vpp-1 Vpp+1 v
VoL Output Low Voltage 0.0 0.45 \ loL = 2.0mA
Vou Output High Voltage 2.4 ) Vee \Y% lox =-2.0mA
NOTES:

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

. Typical values are for Ta = 25°C and nominal power suppl voliages.

3. The Ipp and Icg currents flow to Vgg. The Igg current is the sum of all leakage currents.

4. During CE on Vg supply current is dependent on output loading, Vg is connected to output buffer only.
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SILICON GATE MOS 2107B

Typical Characteristics

Fig. 1. Ipp AV1 VS. TEMPERATURE Fig. 2. TYPICAL Ipp AVERAGE VS. CYCLE TIME
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SILICON GATE MOS 2107B

. ae (1] . )
A.C. Characteristics T,-0°c o 70°C, Vpp = 12V £ 5%, Ve = 5V £ 5%, Vgg = -5V, £ 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vsg = OV, unless otherwise noted.

Symbol : Parameter Min. Max. | Unit Conditions

tREF Time Between Refresh 2 ms

tac Address to CE Set UpTime| 0 ns tac is measured from end of address transition
taH Address Hold Time 50 ns

tce CE Off Time . 130 ns

tr 'CE Transition Time 10 40 ns

tce 'l CE Off to Output 0 ns

High Impedance State.

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
tey Cycle Time 400 ns tt = 20ns
tce CE On Time 230 | 3000 ns :
tco CE Output Delay . 180 ns Cioad = 50pF, Load = One TTL Gate,
‘tace Address to Output Access 200 ns Ref = 2.0V.
twi CE to WE 0 ns tacc =tac *tco * tr
twe WE to CE on 0 ns

WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
tey Cycle Time 400 ns tt =20ns
tce CE On Time ' 230 3000 ns
tw WE to CE Off 150 ns
tow CE to WE 100 ns
tow [2] Dy to WE Set Up 0 ) ns
toH Dyy Hold Time 0 ns
twp WE Pulse Width 50 ns

Capacitance ! 1, - 25°c

Plastic And
Symbol Test Ceramic Pkg. Unit Conditions
Typ. Max.
Cap Address Capacitance, CS 4 6 . pF ViN = Vss
Cce CE Capacitance 17 25 pF Vin = Vss
Cout Data Output Capacitance 5 7 pF Vout =0V
‘Cin - Din and WE Capacitance 8 10 pF VIN = Vss

Notes: 1. A.C. characteristics are guaranteed only if cumulative CE on time during tRgg is <60% of tREF.
2. If WE is low before CE goes high then D must be valid when CE goes high.
3. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation

1At
. C= -A—v with the current equal to a constant 20mA. .
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SILICON GATE MO

S 2107B

Read and Refresh CYC'Q m (Numbers in parentheses are for minimum cycle timing in ns)
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. For Refresh cycle row and column addresses must be stable before toc and remain stable for entire toH period.

. VjL MAX is the reference level for measuring timing of the addresses, CS, WE, and D
. VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and D|p.

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

. Vgg +2.0V is the reference level for measuring the timing of DouT.
. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.

1
2
-3
4. Vgs +2.0V is the reference level for measuring timing of CE.
5
6
7
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SILICON GATE MOS 2107B

Read Modify Write Cycle'"

Symbol Parameter Min. Max. | Unit Conditions
tawe Read Modify Write(RMW) | 520 ns ty = 20ns
Cycle Time
tocrw CE Width During RMW 350 3000 ns
twe WE to CE on 0 ns
tw WE to CE off 150 ns Cioaq = 5OPF, Load = One TTL Gate,
twp WE Pulse Width 50 . ns Ref = 2.0V
tow DIN to WE Set Up 0 ns
ton D,y Hold Time 0 ns
teo CE to Output Delay . 180 ns
tace Access Time . -200 ns tacc = tac +tco + 1t

(Numbers in parentheses are for minimum cycle timing in ns.)

tawc(620) (D) ——— e B
ADDRES.:: : l@ )
AND CS ‘® ADDRESS STABLE ADDRESS CAN CHANGE
Mo Y
—  {e—1,cl0)
o (50) |
topw (350) ——— et (200 1(20)- > e
Vinc ® B .
CE
@ tyy (150)
ViLe .
—-.—, [t tyc(0) . 50 le— tec(130)
WP
Vin {_ ) -
WE @ WE CAN
CHANGE
Vie N !
——-‘ *——tpy (0) —= |+ tpu(0)
Vin
D, DN CAN
IN D;y CAN CHANGE ) D,y STABLE CHANGE
ViL - :
tcol180) ; .
VoH = @ L~ - ———
B < HIGH HIGH |
OUT ~IMPEDANCE ' | : . ] VALID l"nwenAncz !
vo,.____‘: _————————
' tacc(200) ter (0) — I‘7
NOTES:

1. A.C. characteristics are guaranteed only if cumulative.CE on time during tRgF is <60% of tggf. For continuous Read-Modify-Write
operation tcc and tRyc should be increased to at least 195ns and 585 ns, respectively.

. VIL MAX is the reference level for measuring timing of the addresses, CS, WE, and D .

. ViH MIN is the reference level for measuring timing of the addresses, CS, WE, and Dj.

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

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

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

. WE must be at V) until end of tcQo. .

. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.

®NOO A WN
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SILICON GATE MOS 2107B

Typical Current Transients vs. Time
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Applications
Refresh

The 21078 is refreshed by either a read cyclé, write cycle, or read-modify write cycle. Only the selected row of
memory array is refreshed. The row address is selected by the input signals Ag thru As. Each individual row
address must receive at least one refresh cycle within any two milliseconds time period.

If a read cycle is used for refreshlng, then the chip select input, CS, can be a logic hlgh or a logic low. If a write
cycle or read-modify write cycle is used to refresh the devnce then CS must be a logic high. This will prevent
writing into the memory during refresh.

Power Dissipation

The operating power dissipation of a selected device is the sum of Vpp x Ippav and Vgg x Igg. For a cycle of
400ns and tce of 230ns typical power dissipation is 660mW.

Standby Power

The 2107B is a dynamic RAM therefore when Vcg = VjLc very little power is dissipated. In a typical system
most devices are in standby with Vcg at Vj_c. During this time only leakage currents flow (i.e., Ipp1, lcc1,
IsB, ILO. IL1). The power dissipated during this inactive period is typically 1.4mW. The typical power dissipa-
tion required to perform refresh during standby is the refresh duty cycle, 1.3%, multiplied by the operating
power dissipation, or 8.6mW. The total power dissipation during standby is then 10.0mW typical.

System Interfaces and Filtering

On the following page is an example of a 16K x 9 bit memory system. Device decoding is done with the CE in-
put. All devices are unselected during refresh with CS. The 3210, 3230, 3235, and 3404 are standard Intel pro-
ducts. Decoupling is indicated by “1" for Vpp to Vss and 2’ for Vgg to Vss. Ipp and Igg current surges at
the CE transitions make adequate decoupling of these supplies important. It is recommended that 1uF high
frequency, low inductance capacitors be used on double sided boards. Vcc to Vss decoupling is required only
on the devices located around the periphery of the array. For each 36 devices a 100uF tantalum or equivalent
capacitor should be placed from Vpp to Vgg close to the array.
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SILICON GATE MOS 2107B

Typical System
16K X 9 BIT MEMORY CIRCUIT

Ao, A1, Az A3, Ag, As, Ag, A7, Ag, Ag, A0, A, WE, TS, DI, DI2, DI3, DI4, DI5, DI6, D17, DI8, DI9
A

3235 Vs ~
CE Fm 1 2 1 2 11 2 11 12 Rkl
ENADLEl——-‘ -
ENABLE 2 — Em ce 1~ 21078 [——] 21078 |——{ 21078 —— 21078 |—— 21078 —ﬁ 21078 —— 21078 ——{ 21078 [—{ 21078
ENABLES —] te
ENABLE4 F""’E"
- 2 1 2 1 2 1 2 1 2

3210/3235/7400/74H00

Y ,
_F-D"—A" CE 2~ 21078 [—— 21078 [——{ 21078 [——] 21078 [—— 21078 |——] 21078 [——{ 21078 [——| 21078 |—— 21078

ADDRESS ce 3— 21078 {——{ 21078 |——{ 21078 —— 21078 [—— 21078 [—— 21078 —— 21078 21078 21078
ENABLE —
Ay —o
&l lz |1 2 I 1 ] 2 1 2 1 ’ 2
REF —
cs cs CE 4 —~| 21078 |——{ 21078 —— 21078 [—— 21078 —— 21078 [—— 21078 [——— 21078 [—— 21078 21078
7404 .
o 1 2 1
— o1z
— o3
— o
— o015 3404
— o6
I 11
— o M M
oUTPUT OUTPUT
— I8
d J_Voo J_Vna
WE “1 1uF "= 1uF (See previous page)

To T
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|nte|® Silicon Gate MOS 2107B-4

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time -- 270 ns max.
* Read, Write Cycle Times--470 ns max.

The 2107B-4 is a medium speed version of the 2107B. Please refer to page 2-81 for pin configuration, logic symbol, and
block diagram. See page 2-82 for absolute maximum ratings and page 2-83 for typical characteristics. Refer to pages 2-85
and 2-86 for timing definitions, page 2-84 for capacitance, and pages 2-87 and 2-88 for applications information.

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Vpp = +12V + 5%, Ve = +5V + 6%, Vg (1] = -5V * 5%, Vgg = OV, unless otherwise noted.

Symbol Paramet Limits Unit | Conditi
mbol arameter ni onditions
v Min. | Typ.[2] Max.
Input Load Current _
lu (all inputs except CE) o 10 HA VIN = Vi min 10 Vin max
ILe Input Load Current .01 10 HA Vin = ViL MIN 10 ViH MmAX
Lol Output Leakage Current .01 10 HA CE=Vj corCS=Vy
for high impedance state Vo =0V to 5.25V
Vpp Supply Current
== +
lop1 during CE off(3] 110 200 HA CE =-1V to +.6V
Vpp Supply Current - e
lbp2 during CE on 80 100 mA CE=Viyc, Ta=25"C
Ibp AV1 Average Vpp Current 55 80 mA Cycle time=470ns,
tce = 3-00ns Ty = 25°C
Ipp av2 | Average Vpp Current 27 40 mA Cycle time= 1000ns,
’ tce = 300ns
Vcc Supply Current ==
(4 cc Supply _ _
Icer during CE off .01 10 HA CE=V) corCS=Vy
=1} Vgg Supply Current 5 100 HA
Vi Input Low Voltage -1.0 0.6 \% t1=20ns — See Figure 4
Vin Input High Voltage 2.4 Veet1 \%
ViLe CE Input Low Voltage -1.0 +1.0 \
ViHc CE Input High Voltage Vpp-1 Vpp+1 \
VoL Output Low Voltage 0.0 0.45 \% loL = 2.0mA
Vou Output High Voltage 2.4 Vee Vv loH =-2.0mA
NOTES:

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

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

3. The Ipp and Icc currents flow to Vgg. The Igg current is the sum of all leakage currents.

0 ing,,VcC is d to output buffer only.

d

4. During CE on Vg supply current is d dent on output |
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SILICON GATE MOS 2107B-4 =

ey .
~ A.C. Characteristics 1,-0°C o 70°C, v, = 12V £ 5%, Vgc = 5V £ 5%, Vgg = -5V 5%,
\“» READ, WRITE, AND READ MODIFY/WRITE CYCLE -Vsg = 0V, unless otherwise noted.

\' Symbol Parameter Min. | Max. | Unit .Conditions
\ tREF Time Between Refresh i 2 ms |
tac Address to CE Set UpTime| 0 ns tac is measured from end of address transition
X taH Address Hold Time 50 ns
tce CE Off Time 130 ns
tr CE Transition Time 10| 40 ns
tcr CE Off to Output 0 - ns
High Impedance State

READ CYCLE
Symbol Parameter Min. Max. | Unit Conditions
tey Cycle Time 470 ns tT = 20ns
tce CE On Time 300 3000 ns
tco CE Output Delay 250 ns Cioad = 50pF, Load = One TTL Gate,
tace Address to Output Access 270 ns Ref = 2.0V.
twi CE to WE 0 ns tacc =tac +tco * 1t
twe WE to CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
tey Cycle Time' 470 ns tT = 20ns
tce CEOn Time 300 3000 ns
tw WE to CE Off 150 ns
tew CE to WE 100 ns
tow [2] | Dy to WE Set Up 0 ns
tpH Dy Hold Time 0 ns,
twp WE Pulse Width 50 ns

Read Modify Write Cycle"

Symbol Parameter Min. Max. Unit Conditions
tawe Read Modify Write(RMW) | 590 ns ty = 20ns
Cycle Time

teRw CE Width During RMW 420 3000 ns

tve WE to CE on 0 ns

w WE to CE off 150 ns C\oag = S0PF, Load = One TTL Gate,

twe WE Pulse Width 50 ns Ref = 2.0V

tow DIN to WE Set Up 0 ns

ton DIN Hold Time 0 ns

teo CE to Output Delay 250 ns

tACC Access Time 270 ns tacc =tac ttco + 1ttt
NOTE:

1. A.C. characteristics are guaranteed only if cumulative CE on time during tRgF is <65% of tRgfF. For continuous Read-Modify-Write
operation, tcc and tRw(C should be increased to at least 185ns and 645ns, respectively.
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inter Silicon Gate MO-S 2107B-6

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* . Access Time -- 350 ns max.
* Read, Write Cycle Times— 800 ns max.

RAMs

The 2107B-6 is a version of the 2107B which is useful in microcomputer and terminal applications. Please refer to page
2-81 for pin configuration, logic symbol, and block diagram. See page 2-82 for absolute maximum ratings and page 2-83
for typical characteristics. Refer to pages 2-85 and 2-86 for timing definitions, page 2-84 for capacitance and pages 2-87
vand 2-88 for applications information.

D.C. and Operating Characteristics

Ta =0°C 10 70°C, Vpp = +12V * 6%, Ve = +5V + 6%, Vgg (1] = -BV £ 5%, Vgg = OV, unless otherwise noted.

Limits
Symbol Par i iti
ym i Typ. 2 Mo, Unit Conditions

Input Load Current =
u {all inputs except CE) .01 10 HA | VIN = ViL MIN T ViHMAaX
e Input Load Current .01 10. MA Vin = ViL MIN 10 ViH MAX
ol Output Leakage Current .01 10 uA | CE=Vj corCS= ViH

for high impedance state Vo =0V to 5.25V

Vpp Supply Current y _
lop1 during CE offl3] 110 200 HA CE=-1V to +.6V

Vpp Supply Current - ~ RO
'DD2 during CE on 80 100 mA CE ViHe, TA 25°C
lbppavi | Average Vpp Current 45 70 mA | Cycle time = 800ns.

tce = 380ns
Tp =25°C
Vcc Supply Current ~c
4 CC Supply = =
leci 4] during CE off .01 10 BA | CE=Vj corCS=V
Igg Vgg Supply Current ’ 5 100 uA | .
ViL Input Low Voltage -1.0 0.6 v t7 =20ns — See Figure 4
ViH Input High Voltage 35 Veet+1 \Y
ViLe CE Input Low Voltage -1.0 +1.0 \
ViHe CE Input High Voltage Vpp-1 Vppt1 A
VoL Output Low Voltage 0.0 0.45 \ loL = 2.0mA
VoH Output High Voltage 2.4 Vce v lon =-2.0mA
NOTES:
1. The only requirement for the sequence of applying voltage to the device is that Vpp. Vcc. and Vgs should never be .3V more

negative than Vgg.
. Typical values are for Ta = 25°C and nominal power supply. voltages.
. The Ipp and Icc currents flow to Vgs. The Igpg current is the sum of all leakage currents.
4. During CE on Vg supply current is d dent on output loading, Vg is d to output buffer only.

w N
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SILICON GATE MOS 2107B-6

. ]
A.C. CharacteristiCs 7,-0°c 0 70°%, Vo = 12V £ 5%, Voe = 5V 5%, Vgg = -5V + 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vss = 0V, unless otherwise noted.

Symbol Parameter Min. Max. | Unit Conditions .
tREF Time Between Refresh 1 ms
tac. Address to CE Set Up Time| 10 ns tac is measured from end of address transition -
tAH - Address Hold Time 100 ns
tce CE Off Time 380 ns
tr CE Transition Time 10 40 ns -
tce | CE Off to Output 0 . ns
: High Impedance State

READ CYCLE
Symbol Parameter Min. Max. | Unit Conditions
tey Cycle Time 800 ns tT = 20ns
tce CE On Time 380 | 3000 ns
tco CE Output Delay 320 ns Cioad = 50pF, Load = One TTL Gate,
tace Address to Output Access 350 ns Ref = 2.0V.
twL CE to WE 0 ns © tacc =tac *tco * ity
twe WE to CE on 0 ns
WRITE CYCLE _
Symbol Parameter Min. Max. | Unit Conditions
tey Cycle Time 800 ns tt = 20ns
tce CE On Time 380 3000 ns
tw WE to CE Off 200 ns
tcw CE to WE *1 150 ns
tow (2] Dy to WE Set Up . 0 ns .
toH Dy Hold Time 0 ns
twp WE Pulse Width 100 ns

Read Modify Write Cycle™

Symbol Parameter ‘Min. Max. | Unit Conditions
tawc | Read Modify Write(RMW) | 960 ns tr = 20ns
Cycle Time '
terw CE Width During RMW 540 | 3000 ns
twe WE to CE on ‘ 0 ns
tw WE to CE off 200, ne Cloaq = 5OPF, Load = One TTL Gate,
twe WE Pulse Width 100 ns Ref = 2.0V _ .
tow D,y to WE Set Up 0 ns
thy D'N Hold Time 0 . ns
teo CE to Output Delay 320 ns
tace - Access Time 350 ns tacc =tac ttco + 1tr
NOTES:

1. A.C. characteristics are guaranteed only if cumulative CE on time during tREF is <60% of tREF- For continuous Read -Modify-Write
operation tcc and tRwc should be increased to at least 500ns and 1080ns, respectively.

2-92



intal’ Silicon Gate MOS 2111, 21111, 2111-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

Organizétion 256 Words by 4 Bits = Fully Decoded — On Chip Address

|}

= Common Data Input and Output Decode

= Single +5V Supply Voltage = Inputs Protected — All Inputs Have

= Directly TTL Compatible — All Inputs Protection Against Static Charge
and Output = Low Cost Packaging — 18 Pin Plastic

= Static MOS — No Clocks or Dual-In-Line Configuration
Refreshing Required . = Low Power — Typically 150 mW

= Access Time — 0.5 to 1 usec Max. = Three-State Output — OR-Tie

= Simple Memory Expansion — Chip Capability
Enable Input :

The Intel2111 is a 256 word by 4 bit static random access memory element using normally off N-channel
MQOS devices integrated on a monolithic array. 1t uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

The 2111 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 +6V supply. Separate chip enable
(CE) leads allow easy selection of an individual package when outputs are OR-tied. -

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

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
——
Az [ 18 Jvee 14, ®
Ano—ﬁ
-~ V(
Az []2 714, —] A, 1o, f— Ko — ce
ms 16 [ Jrw A, 10 "o ] - G0
— A, 2 — @ ROW MEMORY ARRAY
Ar=—¥ 1 \Ter 32 ROWS
A4 15[ _JCE,4 Ay 110, N ® 32 COLUMNS
[ S -
Aas[ls 2111 1a[Jvoa A, 0o, A“@_E -
as[Je 13[Jos s, 2m ® 1 L
. RIWo—F COLUMN 1/0 CIRCUITS
M b 12[ v, N PR 0,2
INPUT
GND []s 11 Juo, A, 110, @ DATA
® CONTROL
ob[Je 10 [ _JcE, RMW CE, CE, 1103
B m
PIN NAMES E—1
Ag-Ay ADDRESS INPUTS : &y
oD OUTPUT DISABLE CE,
RIW READ/WRITE INPUT O] . :
CE4 CHIP ENABLE 1 (O = PIN NUMBERS
CEy CHIP ENABLE 2
1/04-1/04 DATA INPUT/OUTPUT
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‘SILICON GATE MOS 2111, 2111-1, 2111-2

Absolute Maximum Ratings™ *COMMENT: ,

. ' Stresses above those listed under "Absolute Maximum
Ambient Temperature Under Bias . . . . . . 0°C to 70°C Rating" may cause permanent damage to the device. This
Storage Temperature ... ........ -65°C to +150°C is a stress rating only and functional operation of the de-

. vice at these or at any other condition above those indi-
Volttfge On Any Pin cated in the operational sections of this specification is

With Respect to Ground .. ....... -0.5V to +7V not implied. Exposure to absolute maximum rating con-
Power Dissipation .................... 1Watt . ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics for 2111, 2111-1, 2111-2°

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

Symbol Parameter Min. |Typ.[1]{ Max. | Unit Test Conditions
g Input Load Current ) 10 uA Vin = 0to 5.25V
ILoH 1/0 Leakage Current 15 HA CE; =CE;=2.2V, Vjp=4.0V
oL 1/0 Leakage Current -50 uA CE; =CE;=2.2V, Vy0=0.45V
leet Power Supply Current 30 60 mA Vin =5.25V
||/0 = OmA, TA = 25°C
lec2 Power Supply Current 70 mA V|n =5.26V
ljo=0mA, Tp =0°C
ViL Input Low Voltage -0.5 +0.65 v
ViH - Input High Voltage 2.2 Vee v
VoL Output Low Voltage 0.45 \" loL =2.0mA
VoH Output High Voltage 2.2 \% lon =-150 uA
OUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE OUTPUT VOLTAGE
AMBIENT TEMPERJTURE AMBIENT TEMPERA['fURE -I 0°C //,
s\ g;sc ) 6 7
\&j—wc / /é ///
I -0 z 10 A/ /
E X\ H 70°C
3 \ 3
s \ Vee = 4.75V 4 5 V=475V |
OUTPUT “HIGH” TYPICAL OQUTPUT “LOW” TYPICAL
o \ ) /
1 2 3 4 ] 0 05 1.0 15
Vou (VOLTS) Vg (VOLTS)

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



SILICON GATE MOS 2111, 21111, 2111-2

A.C. Characteristics for 2111

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

Symbol Parameter Min. Typ[.” Max. | Unit Test Conditions
tre Read Cycle 1,000 ‘ns
ta Access Time 1,000 ns tr, t = 20ns
tco Chip Enable To Output 800 | ns Vin =+0.65V to +2.2V
top = | Output Disable To Output 700 ns Timing Reference = 1.6V
tpg (3] Data Output to High Z State 0 200 | ns Load =1 TTL Gate
ton Previous Read Data Valid 40 ns and C_= 100pF. L
after change of Address C<é
WRITE CYCLE .
Symbol . Parameter i Min. Typ[.1 ! Max. | Unit Test Conditions
twe Write Cycle 1,000 ns .
tAw Write Delay 150 ns t, t¢ = 20ns
tow Chip Enable To Write 900 ns Vin =+0.65V to +2.2V
tow Data Setup 700 ns Timing Reference = 1.5V
tDH Data Hold 100 ns Load =1 TTL Gate
twp Write Pulse 750 ns and C|_= 100pF.
twr Write Recovery 50 ns
Ips Output Disable Setup 200 ns
A. C.CONDITIONS OF TEST Capacitaﬂce[leAv =25°C, f= 1MHz
Input Pulse Levels: +0.65 Volt to 2.2 Volt Limits (pF)
Symbol Test
Input Pulse Rise and Fall Times: 20nsec Typ1]| Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacjtan'ce 4 8
(All Input Pins) V|y = OV
Output Load: 1TTL Gate and C,_ = 100pF Cour Output Capacitance Vour = OV | 10 15
Waveforms
READ CYCLE , WRITE CYCLE

e X XT e X X

L ~—tco—> e CHIP — tow I
ENABLES /_ ENABLES /
(CEA, TE2) (CE,. CE,)

top—> e (
ouTPUT -
ouTPUT ton—>! fa—
DISABLE
DISABLE . —/ o
¢ pF—>] .

A l«——1pg tow
- — - —— ——— —— o - - —— e — G —— ———
>< DATA OUT DATA IN
DATA 1/O } VALID DATA /0 STABLE
' 1. t,
WP WR
READ/ \ /
WRITE \ /
— tay——>|

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. This parameter is periodically sampled andi_snotj)o% tested.
3. tpF is with respect to the trailing edge of CEq, CEg, or OD, whichever occurs first.
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SILICON GATE MOS 2111, 2111-1, 2114-2

2111-1(500 ns Access Time)
A.C. Characteristics for 2111-1

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

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

tRC Read Cycle 500 - ) ns

A Access Time : . 500 ns t, t¢ = 20ns

tco Chip Enable To Output 350 ns Vin =+0.65V to +2.2V

top Output Disable To Output ‘ 300 ns Timing Reference = 1.5V

tpg (2] Data Output to High Z State 0 150 ns Load = 1 TTL Gate
Previous Read Data Valid ' and C_ = 100pF.

toH : 40 ns

. after change of Address
WRITE CYCLE

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

twe Write Cycle 500 ns

taw Write Delay 100 ns tr, ¢ = 20ns

tew Chip Enable To Write 400 ns | VIN=10.65Vt0+22V

tow Data Setup 280 s Timing Reference = 1.5V

toh Data Hold 100 ns Load = 1 TTL Gate

twp Write Pulse 300 ns and Ci_= 100pF.

twr Write Recovery 50 ns

tps Output Disable Setup 150 ns

2111-2 (650 ns Access Time)
A.C. Characteristics for 211i-2

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

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

tRc Read Cycle 650 s ;

ta Access Time . 650 ns t,, ty = 20ns

tco Chip Enable To Output 400 ns V)n =+0.65V to +2.2V

tobp Output Disable To Output 350 ns Timing Reference = 1.6V

tpg 121 Data Output to High Z State 0 150 ns Load = 1 TTL Gate
Previous Read Data Valid : and C_= 100pF.

toH 40 ns

after change of Address

WRITE CYCLE

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

twe Write Cycle - 650 ns

taw Write Delay 150 ns tr, tr = 20ns

tcw Chip Enable To Write 550 ns V!N = +0.65V to +2.2V
ow Data Setup 200 s Timing Reference = 1.5V
on Data Hold - 100 s Load = 1 TTL Gate

twe Write Pulse 200 ns and C, = 100pF.
twr Write Recovery 50 ns

tps Output Disable Setup - 150 ns

NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. tpF is with respect to the trailing edge of CEq, CE9, or OD, whichever occurs first.
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intgl"  silicon Gate MOS 2112, 2112-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON DATA I/0

s Trranization 256 Words by 4 - 's = Fully Decoded — On Chip Address
= Common Data Input and Output Decode
= Single +5V Supply Voltage = Inputs Protected — All Inputs Have
= Directly TTL Compatible — Al Inputs Protection Against Static Charge
and Output = Low Cost Packaging — 16 Pin Plastic
= Static MOS — No Clocks or Dual-In-Line Configuration <
Refreshing Required = Low Power — Typically 150 mW =
s Access Time — 0.65 to 1 usec Max. » Three-State Output — OR-Tie
= Simple Memory Expansion — Chip Capability
Enable Input

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

The 2112 isdesigned 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 en-
able (CE) lead allows easy selection of an individual package when outputs are OR-tied.

The Intel 2112 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a 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
Ao@—[z‘ ®
Vee A @ - ~——o Ve
A=
™ —a, o, b— ~—=GND
® oW MEMORY ARRAY
A, °—|z 32 ROWS
R | A, 110, 2 ® SELECT 32 COLUMNS
—1a 10, o Az .
& 3 3 ® -
—1a, 10, f— Ag—L¥ 1
1/04 | |
— A5 2112
o L—{ coLumn 1/0 circuITs S
3 — A o ® COLUMN SELECT
1
110, —Ja INPUT
7 10, ® DATA
) CONTROL
1 RMW CE |/03@ | @ @ @
As As A
| T |/o4@ 5 fe l—g
®
e -
AgA, ADDRESS INPUTS RW O- Pin NUMBERS
R READ/WRITE INPUT
TE  CHIP ENABLE INPUT
1/0,-1/0, DATA INPUT/OUTPUT
Vec  POWER (+5V)
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SILICON GATE MOS 2112, 2112-2 -+~

Absolute Maximum Ratings™ = . - "COMMENT:,
o ’ Stresses aboVe those l/sted under "Absolute Maximum
Ambient Temperature Under Bias. . . ... 0°Cto 70°C = | .. ;’Rat/ng‘ may cau;e permanent damage to the device. This
Storage Temperature . .......... -65°C to +150°C is a stress rating only and functional operation of the de-
X . vice at these or at any other condition above those indi-
Voltafge On Any Pin . cated in the operational sections of this specification is
With Bespect toGround ......... =0.5V to +7V -not implied..-Exposure to absolute maximum rating con-
Power Dissipation ". . . ................. 1 Watt ditions for extended periods may affect device reliability.

D. C and Operating Characteristics for 2112 2112 2

TA 0°C to 70 C, Ve = 5V 5% unless otherwise specnfled

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

I Input Current : 10 HA Vin =0 to 5.25V

lLoH 1/0 Leakage Current ' 15 pA | CE=2.2V,V|p=4.0V

ILoL 1/0 Leakage Current -50 HA CE=2.2V, Vy0=.0.45V

lect Power Supply Current ' 30 | 60 mA Vin =5.25V, ljjo = 0OmA
Ta = 25°C

leca Power Supply Current . 70 mA Vin = 5.25V, ljp = OmA
Ta =0°C

ViL Input “Low"’ Voltage * -0.5 +0.65 \%

ViH Input ““High”” Voltage 2.2 Vee \%

Vol Output “Low" Voltage 045 V- | lgL=2mA

VoH Output ““High” Voltage 2.2 \ lon = -150uA

A.C. Characteristics for 2112

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

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

tre Read Cycle 1,000 ns t,, ts = 20ns

ta Access Time 1,000 ns VN =+0.65V to +2.2V

tco Chip Enable To Output Time. = . 800 [ ns Timing Reference = 1.5V

tco Chip Enable To Output Disable Time | 0 200 ns Load = 1 TTL Gate

ton Previous Read Data Valid After 40 ns and C_= 100pF.
Change of Address ’

READ CYCLE WAVEFORMS

. . (2]
T Capacitance T, - 25°c, f= 1 MHz
A
Limits (pF)
ADDRESSD S bol T st
( - ymbo € Typ.[1] Max.
o Cin Input Capacitance 4 8
T ENRBLE (All Input Pins) Viy =0V
—=| ton Cio 1/0 Capacitance Vo = OV 10 15

INPUT/OUTPUT NOTES:

1. Typical values are for T = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
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SILICON GATE MOS 2112, 2112-2

A.C. Characteristics for 2112 (continued)
WRITE CYCLE #1 T =0°C to 70°C, V¢ = 5V 5%

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

twet Write Cycle . 850 ns t., t; = 20ns

taw1 Address To Write Setup Time 150 ns Vin = +0.65V to +2.2V
tow1 Write Setup Time 650 ns Timing Reference = 1.5V
twe1 Write Pulse Width 650 ns - | Load=1TTL Gate

test Chip Enable Setup Time 0 ns and C,_ = 100pF.
tcH1 Chip Enable Hold Time 0 ns

twR1 Write Recovery Time 50 ns

tDH1 Data Hold Time 100 . ns

tow Chip Enable To Write Setup Time 650 ns

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

Symbol Parameter Min. Typ.m Max. Unit Test Conditions
twe2 Write Cycle 1050 ns t,, tf = 20ns
taw2 Address To Write Setup Time 150 ns VN =+0.65V to +2.2V
tpw2 Write Setup Time 650 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 200 ns Load =1 TTL Gate
tes2 Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH2 Chip Enable Hold Time 0 ns
twr2 Write Recovery Time 50 ns
tpH2 . Data Hold Time 100 ns

Write Cycle Waveforms
WRITE CYCLE #1 WRITE CYCLE #2

ADDRESD D¢ ADDRE{)C

—>| st <1 tcH1 [ tcs2 tenz )
I L ——
CHIP ENABLE o om ——> CHIP ENABLE

tow1——> ~—towz >

2<
NE
S

IWPUTIOUTPUT DRTA TN )1( euTIoUTRUT oRTA
—> =—tpy twpz — l— —] - touz
READMRITE | \ ) / READ MRITE__’ \
= taws twer twR1 [*—tawz —>| ﬂ—'wnz—J

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
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SILICON GATE MOS 2112, 2112-2 -

2112-2 (650 ns Access Time)
A.C. Characteristics for 2112-2

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

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

tre Read Cycle 650 ns t., t¢ = 20ns

ta Access Time 650 ns Vin =10.65V to +2.2V
tco Chip Enable To Output Time 500 | ns | Timing Reference = 1.5V
tcp Chip Enable To Output Disable Time | 0 150 ns Load = 1 TTL Gate

‘o | Breus el ota Vel Afer |40 ] enacsiome

WRITE CYCLE #1 Tp =0°C to 70°C, V¢ = 5V 5%

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

twes Write Cycle 500 ns t,, t; = 20ns

taw1 Address To Write Setup Time 100 ns Vi =+0.65V. to +2.2V
tpw1 Write Setup Time 280 . ns Timing Reference = 1.5V
twe1 Write Pulse Width 350 ns Load = 1 TTL Gate

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

twR1 Write Recovery Time 50 . ns

tpH1 Data Hold Time 50 ns

towr Chip Enable to Write Setup Time 350 ns

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

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

twc2 Write Cycle "~ | 650 ns t,, tf=20ns .

taw2 Address To Write Setup Time 100 ns VN =+0.65V to +2.2V
tpwa2 Write Setup Time 280 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 200 ns Load = 1 TTL Gate

teso Chip Enable Setup Time 0 ns and C_ = 100pF.
tcH2 Chip Enable Hold Time 0 ns

twR2 Write Recovery Time 50 ns

tpH2 Data Hold Time 50 ns

NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
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inter’ | 'Schottky Bipolar 3101, 3101A

HIGH SPEED FULLY DECODED
64 BIT MEMORY

= Fast Access Time--35 nsec. max. = OR-Tie Capability --
* over 0-75°C Temperature Range. Open Collector Outputs.
(3101A)
= Fully Decoded--on Chip Address
» Simple Memory Expansion through Decode and Buffer.
Chip Select Input--17 nsec. max. . .
over 0-75°C Temperature Range. = Minimum Line Reflection--Low
(3101A) Voltage Diode Input Clamp.
» DTL and TTL Compatible--Low = Ceramic and Plastic Pa¢kage -
Input Load Current:0.25mA. max. 16 Pin Dual In-Line Configuration.

The Intel®3101 and 3101A are high speed fully decoded 64 bit random access memories, organized 16 words
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless
of the state of the read/write signal.

The use of Schottky barrier diode clamped transistors to obtam fast sw1tch|ng speeds results in higher perfor-
mance than equivalent devices with gold diffusion processes.

The Intel 3101 and 3101A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost
silicone packages, and their performance is specified over a temperature rarfge from 0°C to 75°C.

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads.
A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied.

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at
the data leads to be entered at the addressed storage cells.

PIN CONFIGURATION LOGIC SYMBOL

BLOCK DIAGRAM
aopRessiveut A 1 s v, qe O] ] —
J— = = —]
cHIPSELECT s 2 15[ A, ADDRESS INPUT :“ o, pb— oy ® & : § —]
— ° 1M @ s 16 x 4 MEMORY
WRITE ENABLE WE [} 3 1471 A, ADDRESS INPUT n, n :é cER= CELL ARRAY
- 0; fo— 2 H = H
DATAINPUT D, (] & 13]71 A; ADDRESS INPUT — A A ® = ] —
— ) . —]
DATA OUTPUT 0,5 12 [ b, DATAINPUT —w 1
il o, . o b—
DATAINPUT D, (6 1" :!E, DATA QUTPUT 1 @ -
_ —0 0
DATA OUTPUT 0,7 10 [ b, DATA INPUT 2 0,Jo— ®ano We WRITE AND SENSE
— DJ O-Pm Numbers [ AMPLIFIER
oNo ] 3 |10, DATA OUTPUT B '
4
. ©
®) & B G Oy 03,04 T
PIN N TRUTH TABLE
l AMEs CHIP WRITE
seLecT | EnasLe | OPERATION | outpuT
D,-D, DATA INPUTS [ CHIP SELECT INPUT Low Low - | WRITE HIGH
= = Low HIGH READ COMPLEMENT OF
Ag—A; ADDRESS INPUTS 0,-0, DATA OUTPUTS WRITTEN DATA
HIGH Low - HIGH
WE WRITE ENABLE Vee POWER (+5V) HGH HGH = HIGH
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SCHOTTKY BIPOLAR 3101, 3101A

Absolute Maximum Ratings *

*COMMENT:

Temperature Under Bias:  Ceramic —65°C to +125°C Stresses above those listed under ““Absolute Maximum
Plastic —65°C to +75°C Rating’ may cause permanent damage to the device. This
Storage Temperature —65°C to +160°C is a stress rating only and functional operation of the device
at these or at any other condition above those indicatedin
All Output or Supply Voltages —Q.S to +7 Volts the operational sections of this specification is not implied.
All Input Voltages —1.0 to +6.5 Volts Exposure to absolute maximum rating conditions for ex-

Output Currents 100 mA tended periods may affect device reliability.

D.C. Characteristics 1, = 0°C to +75°C, V. = 5.0V +5%

SYMBOL PARAMETER MIN. [ MAX. | UNIT TEST CONDITIONS
IFA ADDRESS INPUT LOAD CURRENT -0.25 mA VCC =5.25V, V, =0.45V
lFD DATA INPUT LOAD CURRENT -0.25 mA VCC =5.25V, VD =0.45V
lFW WRITE INPUT LOAD CURRENT -0.25 mA VCC =5.25V, V,, =0.45V
'FS CHIP SELECT INPUT LOAD CURRENT -0.25 mA VCC =5.25V, VS =0.45V
'RA ADDRESS INPUT LEAKAGE CURRENT 10 pA VCC =5.25V, V,=5.25V
[ DATA INPUT LEAKAGE CURRENT 10 pA Vg =5.25V, Vp, =5.25V.
[ WRITE INPUT LEAKAGE CURRENT 10 uA Vg =525V, Vy, =5.25V
Ins CHIP SELECT INPUT LEAKAGE CURRENT 10 pA Vg =5.25V, Vg =5.25V
Vea ADDRESS INPUT CLAMP VOLTAGE -10 [ v Ve =4.75V, 1,=—5.0 mA
Veo DATA INPUT CLAMP VOLTAGE -1.0 | Vv Ve =475V, 1,=—5.0 mA
VCW WRITE INPUT CLAMP VOLTAGE -1.0 \Y Vee =475V, lyw==5.0 mA
VCS CHIP SELECT INPUT CLAMP VOLTAGE -1.0 \" VCC =475V, IS =-5.0mA
VoL OUTPUT “LOW" VOLTAGE 045 | V Voo =4.76V, lg = 16 mA
Memory Stores “Low’
Teex OUTPUT LEAKAGE CURRENT 100 | pA Vgo=525V, Vgg, =6.25V
VS =2.5V
[ POWER SUPPLY CURRENT 105 | mA | Vgo=5.25V,V,=Vg =V, =0V
V"_ INPUT “LOW” VOLTAGE 0.85 v VCC =5.0V
Vi INPUT “HIGH"” VOLTAGE 2.0 v Vg 5.0V
Typical Characteristics
OUTPUT CURRENT INPUT CURRENT INPUT THRESHOLD VOLTAGE
VS. OUTPUT “LOW"” VOLTAGE ' VS. INPUT VOLTAGE VS. AMBIENT TEMPERATURE
40 T o - 25
Vee = 5.0V BN /
25 750 f s Vee = 5.0v
~ == ~occ w
< 30 —50 - Q2.0
£ T &
= ‘ 2 5 2
w E s .
g 20 I c\ﬂ : d &_100 §1.s — ——
o /Z__,ooc S z ———
5 o125 &
g 5 £
5 26°C—] g £
© 10 S_1s0 510
//. -175 =
o / i . —200 1 05
0 0.2 04 0.6 08 0 1.0 2.0 30 - 0O 25 50 75
OUTPUT VOLTAGE (V) ) INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C)
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SCHOTTKY BIPOLAR 3101, 3101A

Switching Characteristics

Conditions of Test:

Input Pulse amplitudes: 2.5V

Input Pulse rise and fall times of
5 nanoseconds between 1 volt
and 2 volts

Speed measurements are made at 1.5 volt levels
Output loading is 15mA and 30 pF

15 mA Test Load Vee

READ CYCLE
Address to Output Delay

r~
Ag Ay, Ay, Ag _/ Y\_

— <+— <18 ns

CHIP SELECT INPUT

WRITE CYCLE-

Ag. Ay, Ag, Ag,

p
X

CHIP SELECT INPUT \

‘—‘DW—’
D Data mav\
01,02, 03. 04 D4, D2, D3, Dy change b
Chip Select to Output Delay t twp
Ag. A, Ag, Ag * WRITE INPUT —
' <— 218 ns
P
, N 4
CHIP SELECT INPUT 01, 02,03, 04 J . %\
(Selected Chips)* ’ “\/
- od
tg_ |=— tgy |+ —»| tgRr lw—
(See Note 1)
04, 05,03, 04
*Qutputs of unselected chips remain high during write cycle.
NOTE 1: tgR is associated with a read cycle following a write cycle and does not affect the access time.
A.C. Characteristics 1, = 0°C to +75°C, V¢ = 5.0V +5%
READ CYCLE WRITE CYCLE
3101A 3101 3101A 3101
SYMBOL PARAMETER LIMITS (ns) LIMITS (ns) SYMBOL TEST LIMITS (ns) LIMITS (ns)
MIN.| MAX. | MIN.| MAX. MIN.[MAX. | MIN.]MAX,
top tg Chip Select to Output| 5 17 5 42 tsR Sense Amplifier 35 50
Delay Recovery Time
tastas Sdldfess to Output 10 3 10| 60 twe Write Pulse Width 25 40
elay
tow Data-Write Overlap 25 40
' Time
CAPACITANCE? T, =25°C
LY Write Recovery Time 0 5
Cin INPUT CAPACITANCE 10 pF
(All Pins) maximum NOTE 2: This parameter is periodically sampled and is not 100%
Cout OUTPUT CAPACITANCE 12 pF tested. Condition of meas_urergen( is f = 1 MHz, Vpjag
maximum =2V, Vce =0V, and Tp = 25°C.
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SCHOTTKY BIPOLAR 3101, 3101A

Typical A.C. Characteristics

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
VS. VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
40 40
Ve = 5.0V 5% Ve =5.0V£5%
Cy =30pF €, =30pF
z ¥ ES
£ >
g ‘A._ | g
] —_——————m T th_ =
s [ ' :
5 2 3 2f
o o
o -
I 5
fﬁ ] s
& &
8 =
< 10 z w0
o — — —— ——— — — — — —-—‘s—‘-—'—‘_‘
) 0
0 2 50 15 0 25 50
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
ADDRESS & CHIP SELECT TO OUTPUT DELAY WRITE PULSE WIDTH & SENSE
VS. AMPLIFIER RECOVERY TIME .
LOAD CAPACITANCE . VS. AMBIENT TEMPERATURE
a5 40
Ve = 5.0V £5% //
D.C. LOAD = 15 mA s Ve =5.0V
Ta = 25°C w 7~ C, =30 pF
CR -
x i gz
3 - i sn
o P 7~ 2 § e
-
g 4~ || %
4 P 52 2
S // ] twp
a -~ e — |
2 ~ Su
b tse T ok
4 Pt =]
§ 15 e £3 10
2 T =
T -
-~
5 0
0 50 100 150 200 [ 25 50
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C)
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intel  schotiky Bipolar M3101, M3101A
HIGH SPEED FULLY DECODED 64 BIT MEMORY

= Military Temperature Range
—55°C to +125°C

® Fast Access Time—45ns
Maximum (M3101A)

® OR-Tie Capability —
Open Collector Outputs
® Standard Packaging—16
Pin Dual In-Line
Lead Configuration

The M3101 and M3101A are military temperature range RAMs, organized as 16 words by 4-bits. Their high speed makes them
ideal in scratch pad and small buffer memory applications. The M3101 and M3101A are fabricated with using Schottky bar-
rier diode clamped transistors which results in higher speed performance than equivalent devices made with a gold diffusion

process.

PIN CONFIGURATION

LOGIC SYMBOL

——
ADDRESS INPUT Aq (] 1 16 Ve qQes
= — 1%
CHIPSELECT ¢S] 2 153 A, ADDRESS INPUT A o, b—
1
WRITE ENABLE WE[] 3 14 [ A, ADDRESS INPUT A
E 2 0, b—
DATA INPUT D, ({4 13[J A; ADDRESS INPUT — Ay
@, w
DATA OUTPUT 0,5 12 7] 0y DATA INPUT —9 ok
- —o
DATAINPUT D, [} 6 11730, DATA OUTPUT !
~ —o.
DATA OUTPUT 0,7 10 [ 0, DATA INPUT 2 0 Jo—
03
enp ] 8 9 [0, 0ATA oUTPUT B
4
TRUTH TABLE
CHIP SELECT | WRITE ENABLE | OPERATION ouTPUT
LOW LOW WRITE | HIGH
LOoW HIGH READ COMPLEMENT OF WRITTEN DATA
HIGH Low - HIGH
HIGH HIGH - HIGH

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ... 15°C to +565°C
.Storage Temperature .. ........ —65°C to +150°C
Voltage On Any Pin

With Respectto Ground . ....... —0.5V to +7V
Power Dissipation .. .................. 1 Watt

*COMMENT

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

T, =—55°C to +125°C, V, = 5.0V 5%

RAMs

Symbol Parameter Min. Max. Unit Test Conditions

lea Address Input Load Current -0.25 mA Vec=5.25V, Va =0.45V

lep Data Input Load Current -0.25 mA Vec=5.25V, Vp =0.45V

lew Write Input Load Current -0.25 mA Vee=5.25V, Vi =0.45V

Irs Chip Select Input Load Current -0.25 mA Vec=5.25V, Vg=0.45V

Ira Address Input Leakage Current © 10 MA Vec=5.25V, Vp=5.25V

lrp Data Input Leakage Current 10 MA Vec=5.25V, Vp =5.25V

Irw Write Input Leakage Current 10 HA Vce=5.25V, Viy =5.25V

Irs Chip Select Input Leakage Current 10 MA Vce=5.25V, Vg =5.25V

Vea Address Input Clamp Voltage -1.0 \ Vec=4.75V, 15 =-5.0mA

Vep Data Input Clamp Voltage -1.0 \ Vec=4.75V, Ip =-56.0mA

Vew Write Input Clamp Voltage -1.0 Vv Vec=4.75V, ly =-5.0mA

Vcs Chip Select Input Clamp Voltage -1.0 \ Vcc=4.75V, Is=-5.0mA

VoL Output “Low” Voltage 0.45 \' \l\;lzﬁ‘:)‘:j:tvo'r:ac;‘:'ilevr?'A

IcEX Output Leakage Current 100 HA Vce=5.25V, Veex =5.25V, Vg=2.5V
lcc Power Supply Current 105 mA Vec=5.25V, Vo =Vg=Vp =0V
ViL Input ““Low" Voltage 0.80 \Y Vce=5.0V

ViH Input ““High"’ Voltage 2.1 \% Vce=5.0V
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IPOLAR M3101, M3101A

C. Characteristics T, = —55°C +125°C, V. = 5.0V 6%

READ CYCLE WRITE CYCLE
' 3101A 3101 ) 3101A 3101
SYMBOL PARAMETER LIMITS (ns) LIMITS (ns) SYMBOL TEST LIMITS (ns) LIMITS (ns)
MIN.| MAX. MIN.| MAX. MIN.| MAX. MIN.| MAX.
tgy tg Chip Select to Output | 5 25 5 55 tsh Sense Amplifier 40 50
Delay Recovery Time
ta_.tas | Addressto Output 10 | 45 10 75 twe Write Pulse Width 35 40
Del
av tow DataWrite Overlap | 35 40
CAPACITANCE!" T, =25°C Tione
A twR Write Recovery Time [ 0 0
Cin INPUT CAPACITANCE 10 pF
(Al Pins) maximum NOTE 1:  This parameter is periodically sampled and is not 100%
iti f measurement is f = 1 MHz, Vp;.
c 12 pF tested. Condition o . + Vbias
ouT QUTPUT CAPACITANCE axitmum =2V, Vgg = 0V, and Tp = 250C.

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 Load v

(9]

470Q

AAA—O O

READ CYCLE
Address to Output Delay

X

— <+— <18ns

Ag, Aq, Ay, Ag -y

¢

CHIP SELECT INPUT P

——1tp _—=

—»] tA+

01,02,03,0,

Chip Select to Output Delay

o \‘I<
Ap, Aq, Ay, A
0 M1 22: A3
ol

<— 220ns

CHIP SELECT INPUT

ts_ tS+ | —

07,05,0,, 0,4

NOTE 2:
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WRITE INPUT

I 3
30pF 3:10009
l—_‘:_L
WRITE CYCLE
|
Ag. Ay, Ag, Az, é
-
CHIP SELECT INPUT
«—!Dw——b
Data may"
ata ma
Dy, D3, D3, Dy change

Ay

_ — = = - ~ K
04, 02,03, 04 ’ \
(Selected Chips)*

\ - - - -

—» tgr |e—

(See Note 2)

*Outputs of unselected chips remain high during write cycle,

SR is associated with a read cycle following a write cycle and does not affect the access time.



intel Schottky Bipolar 3104

HIGH SPEED 16 BIT
CONTENT ADDRESSABLE MEMORY

= Organization —4 Words x 4 Bits = Low Input Load Current—
= Max. Delay of 30 nsec Over 0°C 0.25 mA max.
to 75°C Temperature = DTL & TTL Compatible
= Open Collector Outputs —OR Tie . = Bit Enable Input—Bit Masking
Capability : = Standard 24 Pin Dual In-Line
= High Current Sinking Capability —
15 mA max.
The Intel®3104 is a high speed 16 bit Content Ad- to indicate a match when these data are identical.
dressable Memory (CAM). It is a linear select 4 word This equality search is performed on all bits in par-
by 4 bit array which is designed to compare data on allel. The 3104 can also be used as a read/write RAM
its inputs with data already stored in its memory and with linear selection addressing.
PIN CONFIGURATION LOGIC SYMBOL
WRITE ENABLE WE (] 1 2 :IVW SUPPLY VOLTAGE 5432 20212223
*DATA INPUT B, (] 2 23 [JE, BIT ENABLE INPUT Jz thL‘L J“! J, $
DATAINPUT T, 3 22 [7JE, BIT ENABLE INPUT D, 0,0, 0, EEE,E,
DATAINPUT B, (] 4 21 [ E,  BIT ENABLE INPUT 1T—q we
DATAINPUT  B,[]5 20[)E, 8ITENABLE INPUT ) Mo 010
MATCHOUTPUT M, (] 6 191 A, ADDRESS INPUT 16— A g Mof— 9
MATCHOUTPUT M, ] 7 18] A, ADDRESS INPUT o 17—, 4X4CAM m ] g
MATCHOUTPUT M, []& 17 [JA, ADDRESS INPUT 18—QA, M 7
MATCHOUTPUT M, ] e 16[7A, ADDRESS INPUT 19— Ay M — 6
MATCHOUTPUT M, [] 10 15[35, DATA ouTPUT Qo O 0 O
*DATA OUTPUT T, (11 14170, DATA OUTPUT T T ? T Vec= PIN 24
GROUND GRD [12 13[75, pataoureur ) 13 1114 15 GND=PIN12
.:A.':igl\“l:::,mn ‘OUT are of the same logic levels. For a chip that is not salected, the data output is
LOGIC DIAGRAM % r r
| | B
By @ (] G l@; - GH—b— 0Og
51 @ '{3‘ ‘@ {I & D _61
E, t
52 @ FV g ool Po- 6‘2
s wolloniavl| | |80l | |[E28Ro] | |[E2BEo)
s, I ; 5 5 b3,
wWE —b ¥ v : 3
A Ag Mo L»—M-O AA1 M, 73 Ay ?Mz -9 Ag 7M3
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SCHOTTKY BIPOLAR 3104

Absolute Maximum Ratings*

. *COMMENT:

1 Bi —65° +125° .
Temperature Under Bias 65°C to +125°C Stresses above those' listed under ‘“Absolute Maximum
Storage Temperature —65°C 10 +160°C Rating’’ may cause permanent damage to the device. This
All Output or Supply Voltages —0.5 to +7 Volts is a stress rating only and functional operation of the device
All Input Voltages ' —1.0 to +5.5 Volts at these or at any other condition above those indicated in

. the operational sections of this specification is not implied.
Output Currents 100 mA Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. Characteristics T, =0°C to +75°C, V . = 5.0V +5%; unless otherwise specified.

' umT
TEST
SYMBOL PARAMETER M]N. TYP. MAX. UNIT CONDITIONS
) 1IN ADDRESS INPUT LOAD CURRENT -025 mA Vee =525V Vp = .45V
33 BIT ENABLE INPUT LOAD CURRENT -0.25 mA VCC =5.25V Vg = .45V
lew WRITE ENABLE INPUT LOAD CURRENT —-0.25 mA Ve =5.25V V) = .45V
Iep Di‘\TA INPUT LOAD CURRENT ’ —-0.25 mA Vge = 525V Vp = .45V
1 1ga ADDRESS INPUT LEAKAGE CURRENT 10 MA Vee =5.25V Vp =525V
IRE BIT ENABLE INPUT LEAKAGE CURRENT 10 MA VCC =5.25V Vg =5.25V
IRW WRITE ENABLE INPUT LEAKAGE CURRENT ‘ 10 BA | Vg =525V Vyy =525V
'RD DATA INPUT LEAKAGE CURRENT 10 MA VCC =5.25V Vp =5.25V
lcex OUTPUT LEAKAGE CURRENT 50 UA Ve =526V Vepy =5.25V
(ALL OUTPUTS)
VoL OUTPUT “LOW” VOLTAGE 0.45 \ Vee =4.75V Ig = 15mA
(ALL OUTPUTS)
VIL INPUT "“LOW" VQLTAGE {ALL INPUTS) 0.85 \ VCC =5V
Vi INPUT “HIGH"* VOLTAGE (ALL INPUTS) 2.0 v Vee =5V
lee POWER SUPPLY CURRENT . 125 mA Ve = 5.25V OUTPUTS HIGH
it INPUT CAPACITANCE 5 PF | VN =+20V, Ve =0.0V
. - f=1MHz
CouT** | OUTPUT CAPACITANCE , 8 pF | Vout =+20V, V¢ = 0.0V
f=1MHz
**This parameter is periodically sampled and is not 100% tested.
Typical D.C. Characteristics
INPUT CURRENT VS. INPUT THRESHOLD VOLTAGE OUT?UT CURRENT Vs.
INPUT VOLTAGE VS. TEMPERATURE OUTPUT ““LOW"” VOLTAGE
0 —T—7—7 l 2.0 - 50 T
| Vee =5.0V | Vee =5.0v Vee =5.0V
L LIt oc s
_20 75 C~\|/ . ; _ a0
< 25°C 215 Z
3 = =
= =
R g T B !
z . ” 2, g 0°c
< " 3 1o 3 75°C—) ]
2 -60 ’ é 5 20
> 2 25°¢C
5 l : 2
2 I =
2 " o 3
-80 '5 10
z
— 2
—100 — 0 - 0
-1 0 10 2.0 3.0 4.0 0 25 50 75 0 2 4 6 8 1.0
INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT “LOW" VOLTAGE (V)
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SCHOTTKY BIPOLAR 3104

Switching Characteristics
. Conditions of Test: 15mA Test Load

Input Pulse amplitudes - - 2.5V o
300

Input pulse rise and fall times of

5 nanoseconds between 1 volt '

and 2 volts ’

30pF 600

Speed measurements are made at 1.5 volt levels :
Output loading is 15 mA and 30 pF ) :

\

BIT ENABLE [~tem™ |
INPUT i
MATCH \| |/—
OUTPUT | |
DATA —k‘DM’} I/
INPUT |
OUTPUT N\ 4

g [

ADDRESS \HAO’
INPUT |

' DATA _\‘ ﬂAO*I/_ MODE
OUTPUT | |
QEFD;lfiz leND \ |— t>0ns t>0ns —r—y— N
INPUT |

}4—-——»
|
WRITE —_—
ENABLE ‘we /
_

MATCH
> DATA

MODE

READ
DATA

|

INPUT > WRITE
DATA
t T, —
S 8 ' pmm— MODE
DATA %
INPUT |‘\------ v
bATA - ————
OUTPUT e
et ] -

A.C. Characteristics T, = 0°C to +75°C, V¢ = 5.0V +5%; unless otherwise specified.

SYMBOL PARAMETER MIN. LI.IIYIJ;‘S(” MAX. UNIT
“tem BIT ENABLE INPUT TO MATCH OUTPUT DELAY 15 30 ns
tom DA'I;A INPUT TO MATCH OUTPUT DELAY 16 30 ns
tho ADDRESS INPUT TO OUTPUT DELAY 14 30 ns
twp WRITE ENABLE PULSE WIDTH 40 25 ns
two WRITE ENABLE TO OUTPUT DELAY - 40 ns
tg SET-UP TIME ON DATA INPUT . 40 . ns
tg RELEASE TIME ON DATA INPUT 0 - ns

Note 1. Typical values are at nominal voltages and Ty = 25°C.

i
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SCHOTTKY BIPOLAR 3104

Typical A.C. Characteristics

BIT ENABLE INPUT TO MATCH OUTPUT ) DATA INPUT TO MATCH OUTPUT
DELAY VS. TEMPERATURE DELAY VS. TEMPERATURE

30 - 30

Ve = 5.0V Ve =50V
c,_ =30pF C, =30 pF

20 20

BIT ENABLE INPUT TO MATCH OUTPUT DELAY (ns)
DATA INPUT TO MATCH OUTPUT DELAY (ns)
i

0 25 50 .75 o 25 50
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

ADDRESS INPUT TO DATA OUTPUT WRITE ENABLE PULSE WIDTH
DELAY VS. TEMPERATURE ) VS. TEMPERATURE

30 30

Voo = 5.0V

Vg =50V C, =30pF
€, =30pF

20

20

ADDRESS INPUT TO DATA QUTPUT DELAY (ns)
WRITE ENABLE PULSE WIDTH (ns)

0 25 50 75 0 . 25 50
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
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3107A, 3107, 3107-8

inter Schottky Bipolar 3106A, 3106, 3106-8,

HIGH SPEED FULLY DECODED 256 BIT RAM

= Fast Access Time—60 nsec max.
over 0° to 75° C Temperature

" Range and +5% Supply Voltage
Tolerance — —3106A and 3107A°

= Fully Decoded—On Chip Address
Decode and Buffer

= DTL and TTL Compatible—Low
Input Load Current: 0.25mA max.

select facilitate easy memory expansion.

= Open

Collector

(3107A, 3107, 3107-8) or Three
State (3106A, 3106, 3106-8) Output

= Simple Memory Expansion

through 3 Chip Select Inputs

* Minimum Line Reflection—Low
Voltage Diode Input Clamp

RAMs

= Standard Packaging--16 Pin DIP

The Inte|®3106A and 3107A family are high speed, fully decoded, 256 bit read/write random access- memories. Their organi-
zation is 256 words by 1-bit. These devices are designed for high speed scratch pad, buffer, and distributed main memory
applications. The 3106A and 3107A are higher speed versions of the 3106 and 3107. The 3106-8 and 3107-8 areideal for
slower performance systems where low system cost is a prime factor.

All devices feature three chip-select inputs. The 3106A, 3106, and 3106-8 have a three-state output and the 3107A, 3107,
and 3107-8 provide the user with the popular open collector output. On-chip address decoding and the high speed chip-

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher performance than
equivalent devices made with a gold diffusion process. The performance of these devices is specified over a temperature range

from 0°C to +75°C.

The 3106 and 3107 families are compatible with TTL and DTL logic circuits.

BLOCK DIAGRAM

Ao Ay Ay Ay -V
PIN CONFIGURATION LOGIC e ~2 O © ™ Vee
; cs, = = GND
SYMBOL —® 1/16 DECODER
€S, =0 ADDRESS BUFFERS AND O = PIN NUMBER
: = ® INVERTERS -
WE 0, €5y
~ —of¢s, N 0 A O 6 O O O ®
ADDRESS INPUT A, 16 vee suppLy voLTage O %2 — ﬁ\lﬁ{ﬁ' Oin
—dcs, DOUTQO WRITE AND e
ADDRESS INPUT A (2 15 ] A, ADDRESS INPUT SENSE AMPLIFIERS WRITE @ —
- BUFFERS Jo—= WE
CHIP SELECT ¢S,[J3 14f—JA; ADDRESS INPUT —4 A, |ENEEEESNAEREES
- —a ]
CHIP SELECT cs‘,zc a 13 )0,y DATA INPUT ] A; Dpur H mgm @ A,
CHIPSELECT ¢S5 12 bwe WRITE ENABLE A = ® A
— A H o5¢ ¥
DATA OUTPUT Doyr C§6 1 L;]A, ADDRESS INPUT —4 A, MEMS)%; .I:RRAV s E:é @ 5
ADDRESS INPUT A} 7 101 A; ADDRESS INPUT e = 2§§ A
1] o=
GROUND GND[ 8 9 1A; ADDRESS INPUT ] :: E 2 ;@ Ay
TRUTH TABLE
CHIP WRITE
SELECT | ENABLE | OPERATION OUTPUT
PIN NAMES ALL LOW WRITE COMPLEMENT OF
. — LOW . . DATA INPUT
" Din_ DATAINPUT CS, —CS, CHIP SELECT ALL HIGH READ COMPLEMENT OF
Ag—A; ADDRESS INPUTS Doyt DATA OUTPUT Low WRITTEN DATA
WE WRITE ENABLE ONE OR | DON'T HOLD 3106A,3106,3106-8 |
INPUT MORE CARE HIGH
HIGH IMPEDANCE
STATE
3107A,3107,3107-8
HIGH
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SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

2112

Absblute Maximum Ratings*

Temperature Under Bias —55°C to +125°C
Storage Ten;lperature —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 100 mA

*COMMENT:

Stresses above those listed under “’Absolute Maximum
Ratings™ may cause permanent damage to the devige.
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
T, = 0°C to 75°C, Vec = 5.0V +5%

CURRENT, ALL INPUTS

LIMITS TEST

SYMBOL PARAMETER MIN.| TYP.(D|MAX.| UNIT CONDITIONS
e _INPUT LOAD CURRENT —-0.25| mA Vee =5.25V
ALL INPUTS Viy =0.45V
g INPUT LEAKAGE 10 uA Ve =4.75V

Vg =5.25V

Ve INPUT CLAMP
- VOLTAGE, ALL INPUTS

-1.0| Vv Ve =475V
Iy =-5.0mA

Voo OUTPUT LOW 0.45 Y Vg =4.75V
VOLTAGE lo, =15 mA
lcex OUTPUT LEAKAGE 100 uA | Vee =Veex =5.25V
CURRENT
lec POWER SUPPLY 90 130 | mA | Vg =5.25V
CURRENT ALL INPUTS OPEN
V. INPUT LOW VOLTAGE 0.85
=5.0V
Vi INPUT HIGH VOLTAGE 2.0 v Vee =80
3106A, 3106, 3106-8 ONLY
o] OUTPUT LEAKAGE FOR 100 | uA Vee =5.25V
HIGH IMPEDANCE STATE Vo =0.45V/5.25V
Isc OUTPUT SHORT -15 -65 | mA | Vg, =0V
CIRCUIT CURRENT Vee =5V
Vou OUTPUT HIGH VOLTAGE 2.4 v o =32mA
Vee =4.75V

(M) Typical values are for T, =25° C and nominal supply voltages.



SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

A.C. Characteristics 1, = 0°C to +75°C, V¢ =

5.0V +5% unless otherwise specified.

READ CYCLE WRITE CYCLE
LIMITS (ns) LIMITS (ns)
SYMBOL TEST MIN. [ TYP. [ MAX.| |SymBoL TEST MIN. [ TYP. [ MAX.
[7 ADDRESS TO 3106A/3107A | 15 | 40 | 60 twp WRITE ENABLE 3106A,3107A | 50 | 35
ta+ OUTPUT DELAY 31086, 3107, 5| s0 | 8o PULSEWIDTH 3106,3107 60 | 45
(ALL CHIP 3106-8,3107-8 3106-8,3107-8 | 80 | 70
SELECTS LOW) SR TIME INPUT DATA APPEARS AT
ts-, CHIP SELECT 5 25 | 40 THE OUTPUT FOLLOWING A 10 25
ts+ TO OUTPUT WRITE COMMAND.
DELAY (ALL twp>MIN. LIMIT
ADDRESS
INPUTS STABLE)
3106A, 3106, 3106-8 ONLY CAPACITANCE, Ty = 25°C
SYMBOL TEST MIN. | MAX. LIMITS (pF)
ton TIME OUTPUT REACHES 0 SYMBOL TEST PACKAGE |TYP.  MAX.
;g:vEan‘nzi?PAchs STEATE Cn* | INPUT CAPACITANCE PLASTIC 6 8
ABLED (ALL INPUT PINS) -
topr | TIME OUTPUT REACHES 20 ALL DEVICES CERDIP 7 10
:LGT:;“”(:P:I?)A'TS?E SLTEATE Coutr*| euTPUT PLASTIC | 8 T
DISABLED CAPACITANCE
. ALL DEVICES CERDIP 9 13
*This parameter is periodically sampled and is not 100% tested. Condition
of measurement is f = 1 MHz, V.:_. =2V, Vo~ =0V, and T 4 = 25°C.
bias cc A
Conditions of Test: Test Load 9 Vee
. [
Input Pulse amplitudes: 2.5V R13 3000
Input Pulse rise and fall times: | 50 pF
5 nanoseconds between 1 volt R2$6000 CL o= INCL. JIG.
and 2 volts 1___]_ & PROBE
Measurements made at 1.5 volt level =
Waveforms
READ CYCLE
ADDRESS TO OUTPUT DELAY WRlTE CYCLE
ADDRESS + CHIP \
INPUT SELECT

Dour

[ —

CHIP SELECT TO OUTPUT DELAY

CHIP
SELECT
INPUT
— g
—
Dour
P

INPUT

\

/|

———
,
ADDRESS ‘/ \
INPUT )
. .
| U ——
---A, /.-
DATA ® ly
N
S, "\__

L

210 ns —»| —] |<— 210ns
— twe
WRITE /
ENABLE
— tsn
Pour

-
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SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

ADDRESS INPUT TO OUTPUT DELAY (ns)

-20

OUTPUT CURRENT (mA)
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Typical A. C. Characteristics

ADDRESS INPUT TO OUTPUT DELAY
VS TEMPERATURE
(3106, 3106A, 3107, 3107A)

~

ADDRESS INPUT TO OUTPUT DELAY
VS LOAD CAPACITANCE
(3106, 3106A, 3107, 3107A)

CHIP SELECT TO OUTPUT DELAY
VS TEMPERATURE
(3106, 3106A, 3107, 3107A)

ADDRESS INPUTS Ag, A1, Az, Ay

m T T '

ADDRESS INPUT TO OUTPUT DELAY (ns)

8

3

3
A= 3107, 3107A |

- PR
— B2
" Sweusro
OR!

o1
2013 &
w |8 506, 310%
| = w6 31068
= AT 3107,3107A

T 8 0
Vee= 5.0V
D.C. LOAD = 15 mA e e 15 ma
C, =50 pF o _A .
-~ <=
. ~ 60 |~
.,,Nmonmmpursn.,%,n.,n, _ o -
— 2ol wxsh‘“'“‘ 2
R B oness™
tar — AOf
- 5106, 310A ] =1
T 3106, 3106, | -

CHIP SELECT TO OUTPUT DELAY (ns)

[ —

Vee = 5.0V
D.C. LOAD = 15 mA
€, =50 pF

5 50
AMBIENT TEMPERATURE (°C)

WRITE ENABLE PULSE WIDTH

VS TEMPERATURE
(3106, 3106A, 3107, 3107A)

o
50

150
LOAD CAPACITANCE (pF)

25 50 75

AMBIENT TEMPERATURE (°C)

twe
40

Typical D. C. Characteristics

INPUT CURRENT VS
INPUT VOLTAGE
(3106, 3106A, 3107, 3107A)

} e /

40

Vee = 5.0V —|

A

25°C 5 /

INPUT CURRENT (4A)’

WRITE ENABLE PULSE WIDTH. (ns)

=50V

ADDRESS CHANGED 10ns.
PRIOR TO W/E PULSE.

-120

5 50
AMBIENT TEMPERATURE (°C)

~160

7 1.0

OUTPUT “HIGH” VOLTAGE VS
OUTPUT CURRENT
(3106 & 3106A ONLY)

OUTPUT “LOW"” VOLTAGE VS
OUTPUT CURRENT
(3106, 3106A, 3107, 3107A)

1.0
INPUT VOLTAGE (V)

20 30

INPUT THRESHOLD VOLTAGE VS§
TEMPERATURE
(3106, 3106A, 3107, 3107A)

: a0 20
. 0°C Ve = 5.0V /
25°C cc
Vee " 5.0V
50C / Vee= 5.0V
30 -
750¢ 7 2
4 = 7 3 —
/ g 250¢ a
£ » . 3 E——
3 A H
o @
/ 5 / - £
£ £
o =10
2
H
%4 i
/8
0 05
L] 10 20 30 40 0 200 300 400 0 25 50 %

OUTPUT VOLTAGE (V)

OUTPUT “LOW" VOLTAGE (mV)

AMBIENT TEMPERATURE (°C)



In‘l'el Silicon Gate CMOS 5101, 5101-3, 5101L, 5101L-3

1024 BIT (256 x 4) STATIC CMOS RAM

*Ultra Low Standby Current: 15 nA/Bit for the 5101

* Fast Access Time —650 ns = Directly TTL Compatible —All

* Single +5 V Power Supply Inputs and Outputs
= Three-State Output

RAMs

The Intel®5101 and 5101-3 are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion-
implanted silicon gate CMOS technology. The devices have two chip enable inputs. Minimum standby current is drawn by
these devices when CEj is at a low level. When deselected the 5101 and 5101-3 draw from the single 5 volt supply only 156
microamps and 200 microamps, respectively. These devices are ideally suited for low power applications where battery
operation or battery backup for non-volatility are required.

The 5101 and 5101-3 use 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 and 5101-3 have 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/O systems.

The 5101L and 5101L-3 are identical to the 5101 and 5101-3, respectively, with the additional feature of guaranteed data
retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel 2101, is also available for low cost applications' where a 256 x 4 organi-
zation is needed.

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power,
high performance memories.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
5101 5101
~ 0@-{2:
A d 1 22 [ v, Ao - ‘@*’Vcc
3 cc — A @
A, []- 2 []a, — A A1 “ﬂ@ CELL ARRAY ~—= o GND
as 2 Iaw — % A Py ROW 32 ROWS
A.
=P v — A: A ® 32 COLUMNS
— 3 o——Pr 1
A []s 18 [Joo — A @ ]
) Ay —PF
s 17 [ ce2 — % 4 |
N = 1" . '
e i 16 100 00 RW —] coLumn 1/0 circuiTs
GND [ s 15 o . T
101, —] oy, oo, |— ol @—ﬁ: COLUMN SELECTOR
| 1
e wHe os o ®
0o, [] 10 13 ol N 4 DI, OED: coc[)\‘q\_‘lF"gL P DO,
—q OD
o, T n 12 [] oo, RMW CEZ CE1 o3 —F—— ®le|® B:DOZ
I DI4oJQim As As A7 I?—" DO3
PIN NAMES .
CEi 3—»004
Dly -Diy  DATA INPUT oD OQUTPUT DISABLE @
Ag— A, ADDRESS INPUTS DO,—DO4 DATA OUTPUT CE2
RW READ/WRITE INPUT V, POWER (+5V) oD = PIN NUMBERS
ce
TET.CE2__CHIP ENABLE
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

Absolute Maximum Ratings * *COMMENT:
Ambient Temperature Under Bias . . . . . 0°C to 70°C Stre.ssefl above those listed under "Absolute Maximum
Storage Temperature . . . . . . . ... -65°C to +150°C Rating may cause permanent damage to the device. This
] is a stress rating only and functional operation of the device
Voltafge On Any Pin at these or at any other condition above those indicated in
With Respect to Ground . . .. -0.3V to V¢ +0.3V the operational sections of this specification is not implied.
Maximum Power Supply Voltage ......... +7.0V Exposure to absolute maximum rating conditions for ex-
Power Dissipation . .................. 1 Watt tended periods may affect device reliability.

D. C. and Operating Characteristics for 5101, 5101-3, 5101L, 5101L-3

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

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

Iyl2! Input Current 5 nA Vin=0to0 5.25V
ILon!2! | Output High Leakage ' 1 pA | CET=2.2V,Vout=Vece
ILo[2! | Output Low Leakage 1 A CE1=2.2V, Vour=0.0V

Vin=Vce Except CE1<0.01

lcel Operating Current 9 22 | mA Outputs Open A
: ) ' ‘ . Vin=2.2V Except CE1< 0.01

lcca Operating Current 13 27 . mA Outputs Open

5101 : ‘ Vin=0to Vg, Except

|CCL[2] Standby Current 0.2 15 uA CE2 < 0.2V

5101-3 . Vin=0to Ve, Except

leoL 2] Standby Current 1 200 uA CE2<0.2V

ViL Input ““Low’’ Voltage -0.3 . 0.65 \

ViH Input ““High”" Voltage 2.2 Vce \%

VoL Output “Low” Voltage ' 0.4 \Y loL = 2.0mA

Vou Output “High” Voltage 24 \% loy = 1.0mA

Low V¢ Data Retention Characteristics (For 5101L and 5101L-3) Ta = 0°C to 70°C

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

Vbr V¢ for Data Retention 2.0 \

f;:;: Data Retention Current / 0.14 WA | cepcogy |VoR=20V
101L-3

? . Data Retention Current 0.70 MA \pr =2.0V
'CCDR .

¢ Chip Deselect to Data Retention 0 s

CDR Time n

tR Operation Recovery Time treld! ns

NOTES: 1. Typical values are Tp = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in IccL
measurement. 3. trc = Read Cycle Time.
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

A.C. Characteristics for 5101, 5101-3, 5101 L, 5101L-3

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

Symbol Parameter Min. Typ. Max. | Unit Test Conditions
tre Read Cycle 650 ns
ta Access Time 650 ns
Chip Enable (CET
tco1 h!p nable (CE1) to Output 600 ns (See below)
tco2 Chip Enable (CE2) to Output 700 ns
top Output Disable To Output . 350 ns
toF Data Output to High Z State 0 150 ns
Previous Read Data Valid with 2
tor Respect to Address Change 0 ns <§(
oc
t Previous Read Data Valid with 0
OH2 Respect to Chip Enable ns

WRITE CYCLE

Symbol Parameter Min.' Typ. Max. Unit Test Conditions
twe Write Cycle 650 ns

taw Write Delay 150 ns

town Chip Enable (CE1) To Write 550 ns (See below)
tow2 Chip Enable (CE2) To Write . 550 ns

tpw Data Setup 400 . ns

tpH Data Hold 100 ns

twe Write Pulse 400 ns

twR Write Recovery 50 ns

tps Output Disable Setup 150 ns

A.C. CONDITIONS OF TEST Capacitance’’r, - 25°c, f = 1mH2

Input Pulse Levels: +0.65 Volt to 2.2 Volt T
Limits (pF)
Input Pu|sg Rise and Fall Times: 20nsec Symbol Test Typ. | Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacitance 4 8
Output Load: 1 TTL Gate and C__ = 100pF (All Input Pins) Viy = OV
: Cout Output Capacitance VoyT1 = 0V 8 12
NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage.

1

2. This parameter is periodically sampled and is not 100% tested.

3. OD may be tied low for separate 1/O operation.

4. During the write cycle, OD is “'high’’ for common 1/0 and
"don’t care’’ for separate |/O operation.
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

Waveforms
WRITE CYCLE
READ CYCLE they ] twey
ADDRESS >( ADDRESS >( )<
tcor —» tom le— | tewt
o @& /'
toHz —» f—
CE2 ] CE2 \
I tcoz - I
I tewz
1,
P oo —+] - op
(COMMON 1/0) 13! * (common 1/0) 14! /
ta o — —{ ‘tos ——{toH|
ouT VALID IN STABLE
R (I —— - PR — - - -
—| taw |+ ow ety g —]
twe [
RW
X )
NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage.
2. This parameter is periodically sampled and is not 100% tested.
3. OD may be tied low for separate |/O operation.
4. During the write cycle, OD is "high’' for common 1/O and
"don’t care’’ for separate 1/0 operation.
Low V. Data Retention
DATA RETENTION
SUPPLY VOLTAGE (Vg) @ @ @ arsv
tcor tg % Vor
Vin
CHIP ENABLE (CE2) @ @ © @ ozv
® ®
WV — e e e e — — —
Typical 'CCDR vs. VDR
1.00
5101L:3
80 |—
!
] .60 —
E
8
)
\ [ R N
"o 1 2 3 4 5
Vor (V)
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READ ONLY MEMORIES

Electrical Characteristics over Temperature
Type No. of Description Organization | Access Time Power Supplies [V] | Page No.
Bits Dissipation Max.
1302 2048 | Mask Programmable (Static) 256 x 8 1.0us 700mW +5, -9 33
o | 1602A 2048 | Electrically Programmable (Static) 256 x 8 1.0us 700mwW +5, -9 3-7
E 1702A 2048 | Erasable Electrically Programmable (Static) 256 x 8 1.0us 700mwW +5, -9 37
E 1602A-6 | 2048 | Electrically Programmable (Static) 256 x 8 1.5us 700mW +5, -9 3-14
: 1702A-6 | 2048 | Erasable Electrically Programmable (Static) 256 x 8 1.5us 700mwW +5, -9 3-14
S | 2308 8192 | Mask Programmable 1024 x 8 Sus 700mwW +12, +5 317
‘%' 2316A 16,384 | Mask Programmable 2048 x 8 85us 500 mW +5 3-18
2704 4096 | Erasable and Electrically Programmable 512x 8 Sus 750 mW +12,+5 3-19
2708 8192 | Erasable and Electrically Programmable 1024 x 8 bus 750mwW +12, +5 3-19
3301A 1024 | High Speed, Mask Programmable 256 x 4 45ns 625mW +5 321
M3301A | 1024 | —55°C to 125°C ROM 256 x 4 60ns 625mW +5 3-25
3302 2048 | High Speed, Open Collector ROM 512x 4 70ns 650 mW +5 3-33
3302-4 2048 | Open Collector ROM 512 x4 90ns 650 mW +5 3-33
3302-6 2048 Low Standby Power ROM 512x 4 90ns 575mW/240mW +5 ) 3-33
3322 2048 | High Speed, Three State ROM 512x4 70ns 650 mW +5 3-33
33224 2048 | Three State ROM 512x4 90ns 650 mW +5 3-33
3322-6 2048 | Low Standby Power ROM 512 x4 90ns 575mW/240mW +5 3-33
3304A 4096 | High Speed, Open Collector 512x 8 70ns 950 mW +5 3-35
3304A-4 | 4096 | Open Collector ROM 512x8 90ns 950mW +5 3-35
- 3304A-6 | 4096 | Low Standby Power ROM 512x 8 90ns 700 mW/225mW +5 3-35
< | 3324A 4096 | High Speed, Three State ROM 512x 8 70ns 950 mW +5 3-35
g 3324A-4 | 4096 Three State ROM 512x8 90ns 950mW +5 3-35
: 3601 1024 | High Density PROM 256 x 4 70ns 650mW +5 3-27
E 3601-1 1024 | High Speed PROM 256 x 4 50ns 650mW +5 3-27
2 | M3601 1024 | —55°C to 125°C PROM 256 x 4 90ns 650mW +5 3-31
a 3602 2048 High Speed, Open Collector PROM 512x 4 70ns 650mW +5' 3-34
3602-4 2048 | High Density, Open Collector PROM 512x4 90ns 650 mW +5 3-34
3602-6 2048 | Low Standby Power PROM 512x4 90ns 650 mW/240mW +5 3-34
3622 2048 | High Speed, Three State PROM 512 x4 70ns 650mW +5 - 3-34
3622-4 2048 | High Density, Three State PROM 512x4 90ns 650mW +5 3-34
3622-6 2048 | Low Standby Power PROM 512x4 90ns 650mW/240mW +5 3-34
3604 4096 | High Speed, Open Collector PROM 512x 8 70ns 950 mW +5 3-36
3604-4 4096 High Density, Open Collector PROM 512x 8 90ns 950 mW +5 3-36
3604-6 4096 | Low Standby Power PROM . 512x8 90ns 700 mW/225mW +5 3-36
3624 4096 | High Speed, Three State PROM 512x 8 70ns 950mW +5 340
3624-4 4096 | High Density, Three State PROM 512x 8 90ns 950mW +5 340
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Silicon Gate MOS 1302

intal

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

= Fully Decoded, 256x8
Organization

= |nputs and Outputs DTL and
TTL Compatible

= Three-state Output--
OR-tie Capability

= Static MOS --No Clocks
Required

= Simple Memory Expansion --
Chip Select Input Lead

= 24-pin Dual-In-Line Hermetically
Sealed Ceramic Package

The Intel®1302 is a fully decoded 256 word by 8-bit metal mask ROM. It is ideal for large volume production
runs of systems initially using the 1702A erasable and electrically programmable ROM. The 1302 has the same
pinning as the 1602A/1702A.

The 1302 is entirely static — no clocks are required. Inputs and outputs of the 1302 are DTL and TTL compat-
ible. The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion.
The 1302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package.

The 1302 is fabricated with p-channel silicon gate technology. This low threshold allows the design and produc-
tion of higher performance MOS circuits and provides a higher functional density on a monolithic chip than
conventional MOS technologies.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
DATA OUT 1 DATA OUT'8
Ar—1 ~ 24— Voo Ag—A, Address Inputs ? ——————— ?
aA—2 23— Vee cs Chip Select Input &5 - OUTPUT
D —-D Data Outputs BUFFERS
Ag—]3 22— Vee ouUT1"-ouUT8 »
DATA OUT 1—] 4 (LsB) 21f—A3 I
DATA OUT 2—5 20 F—As 2048 BIT
ROM MATRIX
DATA OUT 3—{6 19—As (256 x 8)
1302
- DATAOUT 4—{7 18— Ag r
DATA OUT 5 —{8 17—A;
DATA OUT 6 —{ 9 16—V DECODER
pATA 0UT 7—] 10 15l—nc. r
DATA OUT 8 ] 11 (MsB) 1up—=cs
INPUT
Vee—]12 13 N.C. DRIVERS
Ao A4 Ay

NOTE: LOGIC 1 AT INPUT AND OUTPUT IS

A HIGH AND LOGIC 0 1S LOW.
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SILICON GATE MOS 1302

3-4

Absolute Maximum Ratings *

Ambient Temperature Under Bias . ....... 0°C to +70°C
Storage Temperature . ............ —65°C to +125°C
Soldering Temperature of Leads (10sec) ........ +300°C
Power Dissipation . ............. .. ..., 2 Watts
Input Voltages and Supply

.......... +0.5V to —20V

Voltages with respect to Ve

*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.

READ OPERATION
D.C. and Operating Characteristics

T =0° to 70°C, Ve =+5V+5%, Vpp= —9V+5%, VG“G) = —9V+5%, unless otherwise noted.

SYMBOL TEST MIN.  TYP2 MAX. |UNIT CONDITIONS
L Address and Chip Select ’ 1 pA Viy = 0.0V
Input Load Current i
Lo Output Leakage Current 1 pA Vour = 0.0V, CS = Vg =2
Iopo | Power Supply Current 5 10 mA | Vgg=Vee. CS=Vec—2
loL=0.0mA, Ty = 25°C
Ippy | Power Supply Current 35 50 mA | CS=Vge -2
loL =0.0mA, T, =25°C
Ipp2 | Power Supply Current 32 46 mA | CS=0.0
, loL =0.0mA, T, =25°C .
— Continuous
Ibp3 Power Supply Current 38.5 60 mA CS=VCC -2 . Operation
loL =0.0mA , T, =0°C
Ik Output Clamp Current 8 14 mA Vour = —1.0V, T4 =0°C
lce; | Output Clamp Current 13 mA | Vo =-10V,T, = 25°C J
e Gate Supply Current 1 pA
Vi Input Low Voltage for -1.0 0.65 \Y !
TTL Interface
ViL2 Input Low Voltage for Vbp Vee —6 \"
MOS Interface
Viu Address and Chip Select Vee—2 Ve +0.3 \"
Input High Voltage
oL Output Sink Current 1.6 4 mA Vour = 045V
'OH Qutput Source Current ~2.0 mA VouT =0.0v
VOL Output Low Voltage -7 0.45 \Y IOL = 1.6mA
Vou | Output High Voltage 35 4.5 Y lon = —100 pA

Note 1. VGG may be clocked to reduce power dissipation. In this mode average Ipp increases in proportion to Vgg duty cycle.

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



SILICON GATE MOS 1302

A.C. Characteristics

T, = 0°C to +70°C, Vee =45V 5%, V,p = — 9V +6%, Vg = —9V 5% unless otherwise noted

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ns
tace Address to output delay .700 1 Ms
tovga Clocked Vgg setup 1 us
tes Chip select delay -200 ns
tco Output delay from CS 500 ns
top Output deselect 300 ns
tone Data out hold in clocked Vg mode (Note 1) 5 us

Note 1. The output will remain valid for tgc as long as clocked Vgg is at Vcc, An address r;hangs-m:v“t;::cdr a3 soon as the outputqls sansed
(clocked VGG may still be at Vcc). Data becomes invalid for the old address when clocked Vg is returned to Vgg.

Capacitance” 7, - 25°c

'SYMBOL ) TEST MINIMUM | TYPICAL MAXIMUM UNIT CONDITIONS
Cin Input Capacitance 10 pF \_{N = Vee All
Cout Output Capacitance 10 pF CS=Vce unused pins
c Ve Canagi F Vout =Vec| areatA.C.
Vee o Capacitance 30 p Vae = Vee ground
(Clocked Vg Mode)

*This parameter is periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test:
Input pulse amplitudes: 0-to 4V; tg, t <50 ns
Output load is 1 TTL gate; measurements made
at output of TTL gate {t,; <15 ns)

A) Constant V. Operation

+e———— CYCLE TIME = 1/FREQ.~———{
| |

v,
H 10% /
appRESs X . X
) 90%
Vi

tacc -~

DATA OUT
INVALID

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION
) 2 .

Vin {3
ADDRESS : X
N .

Vi TC

Viy == : 0%
cs |
0%
VIL

B) Clocked V,, Operation

I — CYCLE TIME = 1FREQ———d

v
(] 0%
ADDRESS | 1

pataout ! ! |
:‘_"ACC

Vou
NOTE 1: The output will remain valid for 1o as long asclocked Vg
is at Voo An address change may occur as soon as the output is sensed
(clocked Vg may still be at Vcc). Data becomes invalid for the old
address when clocked Vgg is returned to VgG.

NOTE 2: 1t CS makes a transition from Vj_ to Vi while clocked Vg
is at VGG, then deselection of output occurs at tgp as shown in static
operation with constant Vgg.




SILICON GATE MOS 1302

Typical Characteristics

ACCESS TIME Vs, OUTPUT SINK CURRENT
Ipp CURRENT VS. TEMPERATURE LOAD CAPACITANCE VS. OUTPUT VOLTAGE
‘30 900
T T T
800
- \ Vee = 48V | 140
Voo™ -8V 700 -
= \\ Vc:"w 7 5 i 1204—— Vec "V
— g 600 ) Vop * -9V
i 3 AN INPUTS = Vo . - s v°° - v
E u OUTPUTS ARE OPEN Z 500 & 1004— 66 " ]
E oa N i) E 3 Ta - 25°C
& L| | @ a0 177U L0AD ] o |
€ 32 u x 80
g £ = Vee § 300 Vee =V 1 | Ea
o 3 Vpp = -9V @ CS = 0.0v
N oo 5 60 A
2% 200 Vee ==V T | £
2 SN 100 Ty =2°c || 3-. w0 //
= : o | || 3 »
o 0 10 20 30 40 50 60 70 80 % 100 20
AE LOAD CAPACITANCE (pF)
T 2w s 8 o 10 4 -3 -2 -1 0 41 2 +3
AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (VOLTS)
'ACCESS TIME VS, OUTPUT CURRENT VS. OUTPUT CURRENT VS,
’TEMPERATQRE Vpp SUPPLY VOLTAGE TEMPERATURE
900 % 5 T T i 5
800 ; Voo - 48V E
— & 4 Veg = -9 & Vee = +8V
700 § vou =+asv S £ \ Voo = -8V
oo S 5l T = 259C s \ Vgg= -9V
w 2 Z 4 ™ Voo = +45
E 500 @ @ N oL v
5 5 2 Specitied N
g 400 1 TTL LOAD=2r20 pf —] % Operating Range __| _| &:o‘;v\\
§ 300 Ve =5V | 5 I~ I~
; S o
Vpp = -9V o S 4
230 VoG = -9V -1 . L C e
100 f ettt R Sl AL S H 10 20 30 40 50 60 70 80 90 T
° l I [ l L £, [ voo suprLy vouTace v - AMBIENT TEMPERATURE (°C)
0O 10 20 30 4 50 6 70 80 9% = - ! ! H]
AMBIENT TEMPERATURE (0C) € Vee "8V H Ve = +6V
M Voe - -9V ° Vpp= -8V
£ o e B~ var
3-8 < A § Vou™ 0.0V
5 ~— |+
& é T cs=o0ov
3
5. 3
AVERAGE CURRENT VS, DUTY
CYCLE FOR CLOCKED Vgg
%
o HRER
CLOCKED Vg = -9V
lop1 38 Vop = -9V -
3 5 & vy =1
£ Tn =25% ] —
8 = |t
g ]
=
> 1B —
E
10 =
oo 5 —
° :
. 0 10 20 30 40 50 60 70 80 % 100
DUTY CYCLE (%) :

36



Intal’  siicon Gate MOS 16024717024

2048 BIT ELECTRICALLY PROGRAMMABLE
READ ONLY MEMORY

1602A-ELECTRICALLY PROGRAMMABLE
1702A-ERASABLE & ELECTRICALLY REPROGRAMMABLE

= Fast Programming--2 minutes = Inputs and Outputs DTL and

for all 2048 bits TTL compatible
= All 2048 bits guaranteed* * Three-state Output--
programmable --100% factory tested OR-tie Capability
. = Simple Memory Expansion --
* Fully Decoded, 256x8 organization Chip select input lead

= Static MOS -- No Clocks Required

The 1602A and 1702A are 256 word by 8-bit electrically programmable ROMs ideally suited for uses where
fast turn-around and pattern experimentation are important. The 1602A and 1702A undergo complete pro-
gramming and functional testing on each bit position prior to shipment, thus insuring 100% programmability.

The 1602A and 1702A use identical chips. The 1702A is packaged in a 24 pin dual in-line package with a trans-
parent 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. The 1602A is packaged in a 24 pin dual in-line package with a
metal lid and is not erasable.

The circuitry of the 1602A/1702A is entirely static; no clocks are required.

A pin-for-pin metal mask programmed ROM, the Intel 1302, is ideal for large volume production runs of sys-
tems initially using the 1602A or 1702A.

The 1602A/1702A is fabricated with silicon gate technology. Thls 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 PIN NAMES BLOCK DIAGRAM
a7 M A v DATAOUT 1 DATA OUT 8
and 2 2k vee AgA, Address Inputs ; | 4
cs Chip Select Input
vl b [ ChaSslcting sl S
— ata Qutputs
*DATAOQUT 1 4 (LSB) 21+ A3 ouT1 ouTs
*DATA OUT 24 5 20 A‘ f r
2048 BIT
*DATAOUT 3 6 19 Ag PROGRAM o] ROM MATRIX
(256 x 8)
*DATAQUT 4 7 18 )— AB
*DATAQUT 5 8 17 F Az
ToATROUT S ° P Ve
«0ATA OUT 7 10 15 LVE., .
*DATA OUT 8- 11 (MSB) 1 L cs .
INPUT

Vee 12 13 |- PROGRAM !
*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING Ay Ay Ay
See page 3-8 for operational connection. NOTE: In the read mode a logic 1 at the address inputs

*Intels liability shall be limited to replacing and data outputs is a high and logic O is a low.
any unit which fails to program as desired. U.S. Patent No. 3660819
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SILICON GATE MOS 1602A/1702A

PIN CONNECTIONS

The external lead connections to the 1602A/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.

PIN 12 13 14 . | 15 16 22 23
MODE (Vgc ) | (Program) (Cs) (Vg ) | (Vgg ! (Vee ) | (Ve )
Read Vec . | Vec GND | Ve | Vag Vee | Vec
Programming GND | Program Pulse | GND | Vgg Pulsed Vgg (Vi 4p ) | GND | GND

Absolute Maximum Ratings *

Ambient Temperature Under Bias . ....... 0°C t0 +70°C *COMMENT
Storage Temperature . ............ —65°C to +125°C . . B .
Soldering Temperature of Leads (10sec) . . . . . . .. +300°C Stresses above those listed under ‘*Absolute Maximum Rat-

ings”’ may cause permanent damage to the device. Thisis a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in

Power Dissipation .. ..................... 2 Watts
Read Operation: Input Voltages and Supply

Voltages with respectto Ve ... ... ... +0.5V to —20V the operational sections of this specification is not implied.
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex-
Voltages withrespectto Vo ..o v —48V tended periods may affect device reliability.

READ OPERATION ‘
D.C. and Operating Characteristics T4 =0°C to 70°C, Vcc =+5V+5%, Vpp =-9V+5%,
Vgg[1 =-9V5%, unless otherwise noted. Typical values are at nominal voltages and Ta =25°C.

SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
I Address and Chip Select 1 pA V|y = 0.0V
Input Load Current
Lo Output Leakage Current 1 HA Vout = 0.0V, CS = Vg -2
Iopo | Power Supply Current 5 10 mA | Vgg=Vee. C8=Vec—2
loL= 0.0MA, T, = 25°C Note 1
Iop1 | Power Supply Current 35 50 mA | CS=V¢c —2
loL =0.0mA, T, =25°C
Ippz | Power Supply Current 32 46 mA C€S=0.0
loL =0.0mA, T, =25°C
lopz | Power Supply Current 38.5 60 mA (TS'=VCC -2
lgp =0.0mA , T, =0°C
'CFl Output Clamp Current 8 14 mA Vour = —1.0V, T, =0°C
= - o
ICF2 Output Clamp Current 13 mA VOUT =-1.0V, TA =25°C
lsg Gate Supply Current 1 pA
ViL1 Input Low. Voltage for -1.0 0.65 \
TTL Interface
ViL2 Input Low Voltage for Vbp Vee -6 \%
MOS Interface
Vi Address and Chip Select Vee—2 Vec 10.3 \%
Input High Voltage
loL Output Sink Current 1.6 4 mA Vout = 045V
lon Qutput Source Current -2.0 mA VOUT =0.0v
VOL Output Low Voltage . -7 0.45 v oL = 1.6mA
Von Output High Voltage 35 4.5 \Y lon = —100 pA

NOTE 1: POWER-DOWN OPTION: VGG may be clocked to reduce power dissipation. The average Ipp will vary between Ippg and Ipp1
depending on the VGG duty cycle (see typical characteristics). For this option please specify
1702AL or 1602AL.
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SILICON GATE MOS 1602A/1702A

A.C. Characteristics
T, =0°Ct0+70°C, V. =+b6V 5%, Vi, =-9V £5%, V55 =—9V £5% unless otherwise noted

SYMBOL - TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ns
tace Address to output delay 0.7 1 us
tovgg Clocked Vgg setup (Note 1) 1 Hs
tes Chip select delay ) 100 ns
tco Output delay from CS 900 ns
top Output deselect 300 ns
toHe Data out hold in clocked Vg mode (Note 1) 5 us
Capacitance” 1, = 2s°c

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT CONDITIONS

Cin Input Capacitance 8 15 pF \4_N = Ve | Al

Cout- Output Capacitance 10 15 pF €5 =Vee unused pins

- Vout =Vec| areatA.C.
Cvge Vgg Capacitance _ 30 pF Vee = Vee ground
(Note 1)

*This parameter is periodically sampled and is not 100% tested.

B) Power-Down Option (See Note 1)
le————— - CYCLE TIME = 1/FREQ.————{

Switching Characteristics . !

Vin X 0%
ADDRESS
e \
Conditions of Test: v, 0%

n

Input pulse amplitudes: 0 to 4V; tg, t <50 ns v i
Output load is 1 TTL gate; measurements made _ "N
at output of TTL gate (tpp<<15 ns), C,_=15pF cs '

A) Constant V. Operation

VCC
r -——- CYCLE TIME = 1/FREQ.- —;»: crocken \I
V,
Vin o " l % v (SEE NOTE 2)
AoDRESS X| ) [
v 90% Vou

| |
: | | s
| DATA DATA OUT. \| | DATA OUT
—| tes [ | out INVALID _ INVALID
Vin ' | - ‘on——: Vou 7 T
_ | .
s : l I | DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION
; v
Vie | i "
| | . ADDRESS \
Vou - ; |
DATA : DATA OUT | Vie h
oy .
ot E INVALID : ' ', NOTE3 - Fe—20ns
Vo == ) 1 Vg =\ iy S, it
e tacc—— DATA OUT P | ) |
INVALID e ! / (|
L )
DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION Vie ! o
> i
Vi N —.i }‘_'DVGG top ™1 : ~ :
ADDRESS . Vee\ | ! \ 1
N cLockeD | | | (I
Vi TC Vee | ! : E
| Voo | i ! »5 \—
Vyy ——, : = I 250 ——! |
| A
cs | : Vou 0 I :
i 90% | oataour | ! |
1 t | I‘—'Acc
v | - top - Vo "

o ! ! ) NOTE 2: The output will remain valid for topc s long as clocked Vg
DATA ! J is at Vce. An address change may occur as soon as the output is sensed
our : ! (clocked VG may still be at V). Data becomes invalid for the old

Voo ! ! ! address when clocked Vgg is returned to VGg. -
ot k- ! NOTE3: 1f €8 makes a transition from Vj|_ to Vjyy while clocked Vgg

is at Vgg, then deselection of output occurs at tgp as shown in static
operation with constant Vgg.

v’
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SILICON GATE MOS 1602A/1702A

Typical Characteristics

OUTPUT CURRE:NT Vs. OUTPUT CURRENT VS.
Ipp CURRENT VS. TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATURE
- HEREN N I i
38 N TR } s ——— £
37 e — 2 a4} Ves -V —p~- z Vee = 45V
. N 'bp =9 | = VoL = ¢,45v/ = \ M
N Vgg= -9V 3 ab Ta =2%C 3 \ . Vo= -9V
z N INPUTS = Vo ¥ : N\ e
E 3 OUTPUTS ARE OPEN 4 i E N o = +48V
£ a3 1 2 Specitied
z [ I J z Operating Range ___| cS= o,w\\
E s £8= Ve 3 1 —+ 3 ™~
S @ 3 3
3 = 2 3
2 30 .
2 g opd g °
€5 =0.0v E r 5 -6 -7 -8 | -] -10 3 ¢ 10 20 30 40 50 60 70 80 90
» £ _y [ Voo supeLy voLTaGE v & AMBIENT TEMPERATURE (°C)
Z l |
ap « Voo = +5V H
- Vpp= -9V
o 20 4 6 8 100 120 Vou = 0.0V w L1
AMBIENT TEMPERATURE (°C) 3 Ta =% g Veg™ -V
3-35 2 Voy= 0.0V
: - : =
& & | - 00v
2 2
° °
5. 3.
OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE
AVERAGE CURRENT VS, DUTY
1 CYCLE FOR CLOCKED Vgg (Note 1)
Y a5
35 Veo = *8V P l | | I I
;_ RO o = —ov ] o CLOCKED \\I/GG - —Z:
] Vgg = —9V 0135 bp ~ -
E 1004— Th - 2500; i 20 cs = V';‘ //
3 E T, =25 ; 1
R ! 8 = A ]
2 €S = 0.0/ u |~
5 so4— 9 20
3 v § g =]
(=]
> 40 2 =
5 10
L1
20 looo &
[
4 -3 -2 -1 0 +1 2 +3 +4 0 10 20 30 40 50 60 70 80 )
OUTPUT VOLTAGE (VOLTS) DUTY CYCLE (%)
- ACCESS TIME VS, ACCESS TIME VS,
LOAD CAPACITANCE TEMPERATURE
200 900
800 — 800
250 700 5 premmnu—=
Z 600 Z 600
£ s00 £ s00
F 5
2 a00 1TTL LOAD  +—] @ a0 1 TTL LOAD =20 pf —]
§ 300 Vec =V 1 | § 300 Vee =48V ]
Vop = -9V Vop = -9V
200 Vgg =-9vV T | 200 Vgg = -9V ]
100 T - || 100 i i { 'T
0 [ 1] .
0 10 20 30 40 50 60 70 80 90 100 . 0 10 20 30 40 50 60 80

1
70
°c)

LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (¢
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SILICON GATE MOS 1602A/1702A

PROGRAMMING OPERATION

D.C. and Operating Charactzristics for Programming Operation

Ta=25°C, Voo =0V, Vgg =+12V £ 1C% S = OV unless otherwise noted

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
ILiie Address and Data Input 10 mA Vin = —48V
Load Current '
IL10p Program and Vg g 10 mA Vin = —48V
Load Current
lss Vgg Supply Load Current 10 mA (Note 5)
lopp Peak Ipp Supply 200 mA Voo = Vprog = —48V
Load Current Vge = —35%/ (Note 4)
Vibe Input High Voltage 0.3 v -
Ve Pulsed Data Input —46 —48 Vv g
; Low Voltage o
Vip Address Input Low —-40 —48 Vv
Voltage
VIL3P Pulsed Input Low VDD —46 —48 \V}
and Program Voltage
V,Lap Pulsed Input Low 35 —40 Vi
Vgg Voltage

Note 4:. Ippp flows only during Vpp, VGg on time, Ippp should not be allowed to exceed 300mA for greater than 100usec. Average power
supply current Ippp is typically 40mA at 20% duty cycle.
Note5: The Vgg supply must be limited to 100mA max. current to prevent damage to the device.

A.C. Characteristics for Programming Operation
Tamveient = 25°C, Voo = 0V, Vgg =+ 12V + 10%, CS = OV unless otherwise noted

SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
Duty Cycle (Vpp , Vag ) 20 %

topw Program Pulse Width 3 ms Vgg = =35V, Vpp =

Vprog = —48V

tpw Data Set Up Time 25 us

tpH Data Hold Time 10 us

tyw Vpp . Vgg Set Up 100 us

tvp Vpp . Vgg Hold 10 100 s

tacw'® | Address Complement 25 us
Set Up

tach @ Address Complement 25 us
Hold

S taTw Address True Set Up 10 , us
tATH Address True Hold 10 us

Note 6:  All 8 address bits must be in the complement state when pulsed Vpp and Vgg move to their negative levels. The addresses (O through
255) must be programmed as shown in the timing diagram for a minimum of ‘32 times,



SILICON GATE MOS 1602A/1702A

Switching Characteristics for Programming Operation

Conditions of Test:
Input pulse rise and fall times < 1usec

CS = oV
PROGRAM WAVEFORMS

—’i tacH [~
:‘ tacw i : {
0 I i : ! |
| BINARY COMPLEMENT | | | BINARY ADDRESS |
ADDRESS | ADDRESS OF WORD | | | OF WORD TO BE |
| TOBEPROGRAMMED | | i PROGRAMMED
|
—40to 48 ) =
| i i [P
T e
| | | [}
0 } tatw
PULSED Vpp |
|
|

POWER SUPPLY

—46 to —48

0

PULSED Vg
POWER SUPPLY

_.'}.~
|
i
i
I
i
I
|
i
I

|
|
|
|
|
|
I
‘l
|
|
|
!
|
|
|

—35 to —40

0

PROGRAMMING
PULSE

—46 to —48

0
DATA INPUT

%

DATA STABLE DATA CAN /
TIME /2 CHANGE %

LINES)
—46 to —48




SILICON GATE MOS 1602A/1702A

OPERATION OF THE 1602A/1702A IN PROGRAM MODE

Initially, all 2048 bits of the ROM are in the 0’ state (output low). Information is introduced by selectively programming ““1"’s
. {output high) in the proper bit locations. :

Word address selection is done by the same decoding circuitry used in the READ mode (see table on page 3-11 for logic levels).
All 8 address bits must be in the binary complement state when pulsed Vpp and Vgg move to their negative levels. The addresses
must be held in their binary complement state for a minimum of 25usec after Vpp and Vgg have moved to their negative levels.
The addresses must then make the transition to their true state a minimum of 10usec before the program pulse is applied. The ad-
dresses should be programmed in the sequence O 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 program a
1" and a high data input level (ground) will leave a “‘0" (see table on page 3-11). All eight bits of one word are programmed sim-
ultaneously by setting the desired bit information patterns on the data ipput terminals.

During the programming, Vgg, Vpp and the Program Pulse are pulsed signals.

1702A ERASING PROCEDURE

The 1702A may be erased by exposure to high intensity short-wave ultraviolet light at a wavelength of 2537A. The recommended
integrated dose (i.e., UV intensity x exposure time) is 6W-sec/cm2. Examples of ultraviolet sources which can erase the 1702A in
10 to 20 minutes are the Model UVS-54 and Model S-52 short-wave ultraviolet lamps manufactured by Ultra-Violet Products, Inc.
(5114 Walnut Grove Avenue, San Gabriel, California). The lamps should be used without short-wave filters, and the 1702A to be
erased should be placed about one inch away from the lamp tubes.

3-13



intal’  siicon Gate MoS 1602A-6/1702A-6

3-14

2048 BIT ELECTRICALLY PROGRAMMABLE
READ ONLY MEMORY

1602A-6 ELECTRICALLY PROGRAMMABLE
1702A-6 ERASABLE & ELECTRICALLY REPROGRAMMABLE

* Fast Programming--2 minutes * Inputs and Outputs DTL and
for all 2048 bits ‘ TTL compatible

= All 2048 bits guaranteed * * Three-state Output--
programmable --100% factory tested OR-tie Capability

= Simple Memory Expansion --
Chip select input lead

= Static MOS -- No Clocks Required *» 1.5 ps Access Time

= Fully Decoded, 256x8 organization

The 1602A-6 and 1702A-6 are 256 word by 8-bit electrically programmable ROMs ideally suited for uses where
fast turn-around and pattern experimentation are important. The 1602A-6 and 1702A-6 undergo complete pro-
gramming and functional testing on each bit position prior to shipment thus insuring 100% programmability.

The 1602A-6 and 1702A-6 use identical chips. The 1702A-6 is packaged in a 24 pin dual in-line package with a
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. The 1602A-6 is packaged in a 24 pin dual in-line package
with a metal lid and is not erasable.

The circuitry of the 1602A-6 and 1702A-6 is entirely static; no clocks are required.

A pin-for-pin metal mask programmed ROM, the Intel 1302, is ideal for large volume production runs of sys-
tems initially using the -6 devices. ‘

The 1602A-6 and 1702A-6 are 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 PIN NAMES ' BLOCK DIAGRAM
ATV THw T Voo DATA OUT 1 DATA OUT 8
a2 2} vee Ag—A, Address Inputs | R }
Ao 3 2l vee [ ‘ Chip Select Input . &Lgpel::s
coataout 14 4 weer ab as Doyut1—PouTts | Data Outputs
*DATA OUT 2 & 20} A, . ' T
*DATAOQUT 34 6 19 A5 PROGRAM —o] ROI%’ID?\AEABTIJIX
*DATAOUT 4+ 7 18 AG (256 x 8)
*DATAOUT 5 8 1wl oAy
*DATA OUT 6 9 6| Voo :
*DATA OUT 7 10 15 |- Vg
*DATA OUT 8- 11 (MsB) 14 |- CS
Vee] 12 13} PROGRAM DRIVERS
 *THISPIN IS THE DATA INPUT LEAD DURING PROGRAMMING ao AT A
See page 3-15 for operational connection. : NOTE: In the read mode a logic 1 at the address inputs
*Intel's liability shall be limited to replacing and data outputs is a high and logic 0 is a low.
any unit which fails to program as desired. U.S. Patent No, 3660819




SILICON GATE MOS 1602A-6/1702A-6

PIN CONNECTIONS

The external lead connections to the 1602A-6/1702A-6 differ, depending on whéther the device is being programmed or used in
the read mode. (See following table.) In the programming mode, the data inputs 1-8 are pins 4-11 respectively.

PIN 12 13 1_4 15 16 22 23
MODE (Vgc ) | (Program) (CS) (Vgg ) | (Vgg ! (Vge) | (Vee)
Read Vee | Vec GND | Vee | Vae Vee | Vee
Programming GND | Program Pulse | GND | Vg Puised Vg (VjL4p ) | GND | GND

Absolute Maximum Ratings*

Ambient Temperature Under Bias . ....... 0°C t0 +70°C *COMMENT
] 0
Sotdng Tomperature of Loads (105s) . -+ +a00% | Sireses dboue those lsed under "Absolute Maximum Rat
e . ings” may cause permanent damage to the device. This is a
Power D|$sup'at|on """""""""""" 2 Watts stress rating only and functional operation of the device at
Read Operation: Input Voltages and Supply these or at any other condition above those indicated in
Voltages with respectto Vge ... .... ... +0.5V to —20V the operational sections of this specification is not implied.
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex-
Voltages with respectto Ve . ..o o oot —-48V tended periods may affect device reliability.

READ OPERATION
D.C. and Operating Characteristics Ta =0°C to 70°C, Vcc =+5V+5%, Vpp =-9V+5%,
Vg [11 =-9V£5%, unless otherwise noted. Typical values are at nominal voltages and Ta =25°C.

SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
I Address and Chip Select 1 pA | V) =00V
Input Load Current
Lo Output Leakage Current 1 HA Vour = 0.0V, CS=Vee—2
Iopo | Power Supply Current 5 10 mA | Vgg=Vcc. C5=Vee—2
lou= 0.0mA, T, = 25°C Nots i
Ippy | Power Supply Current 35 50 mA | CS=Vge -2
loL =0.0mA, T, =25°C
lop2 | Power Supply Current 32 46 mA | CS=0.0
loL =0.0mA, T, =25°C
lops | Power Supply Current 38.5 60 mA | CS=v,. -2
lop =0.0mA , T, =0°C -
Icky Output Clamp Current 8 14 mA | Vgyr = —1.0V, T, =0°C
loga Output Clamp Current 13 mA | Vour =-10V,T, = 25°C
lsg Gate Supply Current 1 HA
ViLt Input Low Voltage for -1.0 0.65 v
TTL Interface
ViL2 Input Low Voltage for Vbop Vee —6 Vv
MOS Interface
Vi, | Address and Chip Select | Vo—2 Veet03 | Vv
Input High Voltage
'0[. Output Sink Current 1.6 4 mA Vgur = 045V
lon Output Source Current —-20 mA Vour = 0.0V
VOL Output Low Voltage -7 0.45 \Y) o = 1.6mA
Vou Output High Voltage 3.5 45 \ lon = —100 pA

NOTE 1: POWER DOWN OPTION: Vgg may be clocked to reduce power dissipation. The average Ipp will vary between Ippg and Ipp1
depending on the VG duty cycle (see typical characteristics). For this option please specify
1602AL-6 or 1702AL-6.
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SILICON GATE MOS 1602A-6/1702A-6

A.C. Characteristics
T, =0°Cto+70°C, Vo =45V 5%, V,, =-9V 15%, Vag =—9V 5% unless otherwise noted

SYMBOL TEST MINIMUM | TYPICAL | MAXIMUM UNIT
Freq. Repetition Rate 0.66 MHz
toH . Previous read data valid 100 ns
tace Address to output delay 0.7 15 us
tovag Clocked Vgg setup (Note 1) 1 Hs
tes Chip select delay 600 ns
tco Output delay from CS 900 | ns
top Output deselect 300 ns .
toHe Data out hold in clocked Vg mode (Note 1) 5 us
Capacitance”’ 7, =2s5°c

SYMBOL TEST MINIMUM | TYPICAL | MAXIMUM UNIT CONDITIONS

Cin Input Capacitance 8 15 pF Vin= Vec All

Cout Output Capacitance 10 15 pF CS = Ve unused pins

- Vour =Vec| areatAcC.
Cvgae Vgg Capacitance 30 pF Vag = Ve ground
(Note 1)

*This parameter is periodically sampled and is not 100% tested.

B) Power-Down Option (See Note 1)

Il-—— CYCLE TIME = ‘I/FREQ.——:

Switching Characteristics

10%
i . ADDRESS | d
Conditions of Test: Vi =

Input pulse amplitudes: O to 4V; tg, t; <50 ns v E
Output load is 1 TTL gate; measurements made AN |
at output of TTL gate (tpp<<15 ns), C_=15pF cs ' ~——20m——

A) Constant V., Operation

Vee :
j=-———— CYCLE TIME = 1/FREQ.———={ cLocken \! | 1
v | i Voo | i
™ ok Voo | | (SEENOTE 2)
aoress Y| Y ——tacc— = I“- touc
Vi h I E
= teg ~ |
Vin ' | - ‘an-"
& 1\ ! i
Y I
Vie : 1
1 |
!
[

DATA OUT
INVALID

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION

Vin o
ADDRESS X
N
Vie

L tacc el

43

3-16

V‘" _e 1
0%
[
|
3 | \
Vie 90% : DATA OUT ! ! I
| | "+ tacc
!
| -~ oo == v,
Vi — (18
‘o4 C
! ! NOTE 2: The output will remain valid for o as long asclocked Vgg
DATA ! J is at Vgc. An address change may occur as soon as the output is sensed
our ! (clocked Vg may still be at Vcc). Data becomes invalid for the old
Vou | ) 1 address when clocked Vg is returned to Vgg.
- teo b= |

NOTE 3: If CS makes a transition from Vj_ to Vjy while clocked Vgg
is at Vgg. then deselection of output occurs at tgp as shown in static
operation with constant VgG.

All programming operation and erasing characteristics as described on pages 3-11 through 3-13 apply for the 1602A-6/1702A-6.



intel  siicon Gate MOS ROM 2308

8192 BIT STATIC MOS READ ONLY MEMORY

m Fast Access Time—500 ns ® Three-State Output—OR-Tie

= Standard Power Supplies— Capability
+12v, =5V . ® Fully Decoded—On Chip

= TTL Compatible—All Address Decode
Inputs and Outputs ® Inputs Protected—All Inputs

= Programmable Chip Have Protection Against Static
Select Input for Easy Memory Charge : -
Expansion

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. Any combination of active
high or low level chip select input can be defined and the desired chip select code is fixed during the masking process. The
programmable.chip select input, as well as OR-tie compatibility on the outputs, facilitates easy memory expansion.

The 2308 read ohly memory is fabricated with N-channel silicon gate technology. This technology provides the designer with

high performance, easy-to-use MOS circuits. The Intel 2708/2704 are 8K and 4K pin compatible, erasable and electrically -
reprogrammable read only memories.

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUT
\J~ 0, -0,
1 8
A7E 1 24 [Jvee . | ‘
a2 23[J As
g = l'Il]J]]
A4 21[J e
— CS1 ———
as 2308 o[} est CHIP SELECT
a2[]s 19 J voo C52/C52 ———| Loaie OUTPUT BUFFERS
a7 18] cs2/Cs2
ro]8 17 0s — %
—_— DECODER . Y GATING
o.[}o 1[Jo; .
0z 15[ ] 0 Ag-Ag
ADDRESS
o;l: 1 14[Jos INPUTS
. — .
ws O}z 1[0, — X . 64X 128
[—— DECODER ROM ARRAY
—_—] .
.
PIN NAMES
A0Ag ADDRESS INPUTS
01-0g DATA OUTPUTS
CSq CHIP SELECT INPUT
€s2/Cs2 PROGRAMMABLE CHIP SELECT INPUT
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Silicon Gate MOS ROM 2316A

16,384 BIT STATIC MOS READ ONLY MEMORY

B Single +5 Volts Power Supply ® Three-State Output— OR-Tie
Voltage Capability
® Less than 1 us Access Time ® Fully Decoded —On Chip
= Directly TTL Compatible —All - Address Decode
Inputs and Outputs ® |nputs 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 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, 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
w - u|
I¥Im Bl 24 Jvee
0, 0, 03 O, Og Og O, Og
as[]2 2310, <«—O0Vce
a3 22[o, © GNO
Awl]e 200, Ap — r OUTPUT BUFFERS DE%S'DE
A»EE 2"3“ A — HEEEEEE
Ay 6 19 Os
2316A Ay — Y DECODER 10F 16 x 8
wgr nHe ~—] 8 e
3 T W
A []e 17{3Jo; g — PROG.
Ao 16[Jos As 2 1
=
as[] 1o 15[ Jcsq A — E 1 ® f f
A [n 14[Jes; Ay — gH = le— cs,
ono )12 13[Jcss Ay ——| § || E 16, 384 BIT
2 S CELL MATRIX CHIP
<] SELECT
A 1 & iNpUT [* 652
) x BUFFERS
Ay —— -
Ajo — - CS3
S I -
PIN NAMES

Ag-A1g  ADDRESS INPUTS
0,-0g _ DATA OUTPUTS
CS;-CS;  PROGRAMMABLE CHIP SELECT INPUTS
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intel
8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

Typ. 100 sec. For All 8K Bits
® Low Power During Programming

Silicon Gate MOS 2708, 2704

e 2708 1024x8 Organization
o 2704 512x8 Organization

m Fast Programmmg —_

® Access Time—500 ns

= Standard Power Supplies —

+12V, =5V

m Static—No Clocks Required

® |nputs and Outputs TTL
Compatible During Both Read

and Program Modes

~ Capability

® Three-State Output— OR-Tie

The Intel 2708/2704 are high speed 8192/4096 bit erasable and electrically programmable ROMs.

The 2708/2704 are packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to ex-

pose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device.

A mask programmable ROM, the Intel 2308, is available for volume production runs of systems initially using the 2708/2704.

PIN CONFIGURATIONS

a0 ~ 24 [Jvee
as[]2 23] As
as]3 22{7] aND
I m [ 21 ) ves
as[]s 20 [} csmEe
s 2704 1o F 1w
A.ﬂ 7 18] PROGRAM
Aoq 8 17[Jos
[N m ] 16[]o;
0,10 15[ J o6
o[ 18] Jos
ws []12 13[Jos

a O ~ 24 [Jvee
a2 23] Ag
as[]3 221 ] Ag
A[]a 21 J e
as[]s 20[J csme
s 708 oo
I} 18 ] PROGRAM
acl]e 17 Jos
[N = ) 16[Jo;
020 15[ J o6
os[n 18 ’:lo_z,
ws [} 12 13[ 70,

BLOCK DIAGRAM

DATA OUTPUT

— CHIP SELECT
Swe ——
Loaic OUTPUT BUFFERS
]
—] Dgcgggg Y GATING
Ag-Ag
ADDRESS
INPUTS .
— :
—
— X . 64X 128
_— DECODER ROM ARRAY
— .
.
PI N NAMES
Ao-As | ADDRESS INPUTS |
01-05 | DATAOUTPUTS
s CHIP SELECT INPUTS
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~ less than a second, with high programming

In bipolar PROMs, only polyéilicon fuses can stand the test of time.

Today, the industry’s highest density, highest performance PROMs have polysilicon
fuse reliability. Intel’s new 3604 is the first 4K design in real production. It dissipates
only 60 uW/bit with the 3604-6 low stand-by power option. Yet 70 ns is guaranteed from
0-75°C, not just at 25°C. The new 2K and 4K designs offer three-state output options
— 3622 and 3624. And the 3601-1, at 50 ns worst case access, is the world’s fastest
PROM. The ultimate in military PROMs is the M3601, with maximum access time of
90 ns from -55 to +125°C.

These PROMs all program easily, in

yields, using any of several standard
programmers.

Most important, when polysilicon fuse is blown, it oxidizes completely There
is no conductive residue to short other parts of the circuit.

The very structure of an Intel PROM is inherently more reliable. You’ll find no
dissimilar metals, as you do in nichrome-aluminum interfaces, in our bipolar PROMs.
The fuses are semiconductor material. And polysilicon is classically simple compared
to blown junctions. Blown junctions miss the target, being complex, difficult to fab-
ricate and requiring tight program-
ming control. They also require
high current programming pulses POLYSILICON;
that may blow the wrong junction. N

I e

CELL SCHEMATIC



intal Schottky Bipolar 3301A

HIGH SPEED FULLY DECODED
1024 BIT READ ONLY MEMORY

= Fast Access Time--45 nsec = Simple Memory Expansion --
Maximum over Temperature 2 Chip Select Input Leads.
and Supply Voltage Variation. = Fully Decoded--on Chip Address
= Low Power Dissipation -- Decode and Buffer.
0.5 mW/bit typical. = Minimum Line Reflection--Low
» DTL and TTL Compatible -- Input Voltage Diode Input Clamp.
Loading is .25 mA max.-- = Standard Packaging --16 Pin Dual
Outputs sink 15 mA. ’ In-Line Lead Configuration.
= OR-Tie Capability--Open
Collector Outputs

The 3301A is a fully decoded 1024 bit read only memory organized as 256 words by 4 bits. It is a higher speed
version of the 3301 and is a direct pin for pin replacement of the 3301. Its performance is specified over the
complete ambient temperature range of 0°C to 75°C and a V¢ supply voltage range of 5V £ 5%. The 3301A
is programmed at the final step of processing which allows fast turnaround.

The OR tie capability and the 2 chip select inpu{s of the 3301A allow easy memory expansion into larger word
and bit lengths.

The 3301A is mask programmed to customized patterns. It is also available in standard ‘‘off the shelf”” configu-
rations. |deal applications are in microprogramming and table look up.

The 3301A is manufactured using Schottky barrier diode clamped transistors which allows higher switching
speeds than those devices made with conventional gold diffusion process.

PIN CONFIGURATION PIN NAMES LOGIC SYMBOL
\/ 'AO—A-, ADDRESS INPUTS P
ADDRESS INPUT Ag [ 1 o Ve 1—CS,, CHIP SELECT INPUTS !
= cs 0, p—o
ADDRESS INPUT Ag [_] 2 15 [ ] a, aooressiveur | 04—04 DATA OUTPUTS ? !
(MSB) .
ADDRESS INPUT Ay [ 3 18 [ ] TS, cHIPSELECT 2 A
! 0; fo——
ADDRESS INPUT A3 [j 4 13 [] C5, CHIPSELECT 1 A,
ADDRESS INPUT A 5 12 0, DATAOQUTPUT — A
(Ls8) » r_—) ' s o b
—q A, 3
ADDRESS INPUT A, : 6 1 [T o, pATAOUTPUT
) _la
ADDRESS INPUT A, [} 7 10 [] 0; DATAOUTPUT
—] A 0, F—
GND 8 9 0, DATAOUTPUT
(= [ o, oara I
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SCHOTTKY BIPOLAR 3301A

3-22

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
All Input Voltages —1.0t0 5.5V
Output Currents 100 mA

*COMMENT

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

D. C. Characteristics: Al Limits Apply for Vo= +5.0V £5%, T,= 0°C to +75°C

LIMITS TEST
SYMBOL PARAMETER MIN. TYP."  MAX. UNIT CONDITIONS
Iea ADDRESS INPUT —0.25 mA Vee= 5.25V, '
LOAD CURRENT V, = 045V
lrs CHIP SELECT INPUT -0.25 mA Vec= 5.25V,
LOAD CURRENT Vg = 0.45V
Ira ADDRESS INPUT 40 uA Vee= 5.26V,
LEAKAGE CURRENT ) V, = 56.26V
lps CHIP SELECT INPUT 40 uA Vec= 5.25V,
LEAKAGE CURRENT Vg = 5.25V
Vea ADDRESS INPUT -1.0 \%) V= 4.75V,
CLAMP VOLTAGE I, = —5.0mA
Ves CHIP SELECT INPUT -1.0 \ Vee = 4,75V,
CLAMP VOLTAGE lg = —5.0mA
VOL OUTPUT LOW 0.45 \Y V= 4.75V,
VOLTAGE : lg = 15mA
lcex OUTPUT LEAKAGE 100 uA Ve = 5.25V,
CURRENT : Ve = 5.25V
lee POWER SUPPLY 90 125 mA V= 5.25V,
CURRENT - Vag™Va; =0V
. ' Vso = V1= OV
Vi INPUT ““LOW” 0.85 \Y Vee = 5.0V
VOLTAGE .
Vig INPUT “HIGH"” 2.0 \") Ve = 5.0V
VOLTAGE

Note 1: Typical values are at 259C and at nominal voltage.




SCHOTTKY BIPOLAR 3301A

Switching Characteristics
A. C. Characteristics v . =+5V +5%, T, = 0°C to +75°C

LIMIT
SYMBOL PARAMETER TYP.1) MAX. UNIT CONDITIONS
t t Address to
ArtA—— 25 45 ns
tay_sta_y | Output Delay . ,
Both C.S. lines must be at ground potential to activate
the ROM.
Y TILY- - Chip Select
13 20 ns
to Output Delay
NOTE 1: Typical values are at 25°C and at nominal voltage.
= 2
Capacitance ™ 1,=25°c
LIMIT
SYMBOL PARAMETER PLASTIC CERAMIC UNIT | TEST CONDITIONS
TYP. MAX. | TYP. MAX.
Cina Address Input 5 8 6 10 pF | Vec=5V
Capacitance Vina = 2.5V
Cins Chip Select 5 8 5 10 pF | Vec =5V
Input Capacitance Vins = 2.5V
Cout Output Capacitance 7 10 8 12 pF | Vgc =5V
VOUT =256V

NOTE 2: This parameter is only periodically sampled and is not 100% tested.

<
Q
[¢]

Conditions of Test: 15 mA TEST LOAD
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 30

pF P
Output loading is 15 mA and 30 pF T__j

Frequency of test - 2.5 MHz

8
S
Q

| i.u
|-
@
=]
=]
9

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
ADDRESS /
INPUT ﬂ.sv 1.5\N g:ll.';CT 1,5\,%. 1.5V
—/ . — INPUT \ /
OUTPUT 1.5V 1.5V

Tass = A

: 1.5V 1.5V
OUTPUT 1.5V 1.5V ouTPUT
. tg__—* top s
tA+— —— . tA—‘V
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SCHOTTKY BIPOLAR 3301A

Typical A.C. Characteristics

SELECT TO OUTPUT DELAY SELECT TO OUTPUT DELAY ADDRESS TO OUTPUT DELAY
VS. SUPPLY VOLTAGE VS. TEMPERATURE - VS. SUPPLY VOLTAGE
60 60 60
I I T T T
Ta = 25°C Vee = 5.0V Ta = 25°C
DC LOAD = 15 mA = 50 | DC LOAD = 15 mA 3 DC LOAD = 15 mA
ngCL‘MpF " g‘so €, =30pF §5° €y =30 pF
N % K
Zw 3 40 g
I o = ta—+
5 30 2 20 § 30— tase
g
: e
e 2 2 2 s
g o 8 10
g 1 @ 10 - e
tsas tges
[ 0 : [
425 45 475 50 525 55 575 -80 40 0  +40 480 +120 +160 425 45 475 50 525 55
Vec (VOLTS) AMBIENT TEMPERATURE (°C) Vee (VOLTS)
ADDRESS TO OUTPUT DELAY SWITCHING DELAY
VS. TEMPERATURE VS. LOAD CAPACITANCE
60 T T 60
Vee = 5.0V Ta = 25°C
 so |- D€ LOAD = 15 mA 50 | Ve = 5.0V
2 €, =30pF DC LOAD = 15 mA
% ]
<
a 40 f 40 = 7
a ta—+ .
§ 2 tass % % 10‘33?55%\ // tA--
é 3 / A‘A) C g | —1 5/ 1,
o = r I |0 L
’; 20 2 20 — ts—— —
w A H L—
g’ 10 ’ 10 /)/
< L — ‘\Agﬁ%a&#scr T0
0 o L |
-80 40 0 440 480 +120 +160 o 5 100 150 200 250 300
AMBIENT TEMPERATURE (°C) : LOAD CAPACITANCE (pF)
- o - -
Typical D.C. Characteristics
INPUT CURRENT INPUT CLAMP CURRENT
VS. INPUT VOLTAGE VS. INPUT VOLTAGE
v[.; =[s.ov " vl.; =iw
i
- " : 2
3 +75°C 3
H 3
-2 e =325°c
100 © +75°C
—150| 2" 8
-2 -1 —05 05 10 20 -2 -1
Vi (VOLTS) . , Vi (VOLTS)
OUTPUT CURRENT INPUT THRESHOLD
VS. OUTPUT “LOW"” VOLTAGE VS. TEMPERATURE
T vV - T T
Vee =50V / Vee=50V
- // 38
v g,
- 2
i 5
g >
fa 3.
, w i T— .
£
5 —r
i 1.0
10| |
I —
1 3 8 E 10 —80 —40 80 120 160

5 8 o
Vour (VOLTS) AMBIENT TEMPERATURE (*C)
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intal

HIGH SPEED 1024 BIT READ ONLY MEMORY

= Military Temperature Range
—55°Cto +125°C

m Fast Access Time—60 nsec
Maximum

Schottky Bipolar M3301A

® OR-Tie Capability —
Open Collector Outputs

m Standard Packaging—16 Pin
Dual In-Line Lead Configuration

The M3301A is a military temperature range ROM, organized as 256 words by 4-bits. It is mask programmed to custom-
ized patterns. Initial circuit prototyping can be performed before going into volume production by using the pin compat-

ible M3601 PROM.

PIN CONFIGURATION LOGIC SYMBOL
—_
- ADDRESS INPUT Ag |:j 1 © ] v —q 5
—dcs; 0 p—o
ADDRESS INPUT Ag d 2 15 :_| A, ADDRESS INPUT
(MsB) o
. ADDRESS INPUT A, l:‘ 3 14 | &5, cHipSELECT 2 .
! 0; o
ADDRESS INPUT A; [ 4 13 [T T, cHIpSELECT 1 —a
ADDRESS INPUT A 5 12 ©, DATAOUTPUT — A
(LS8} ° O o (Lse) 03—
A
ADDRESS INPUT A, |: 6 n ;] 0, DATAOUTPUT *
—‘ As
ADDRESS INPUT A, [ ] 7 10 D 0, DATAOUTPUT
—] A 0y o—
GND 8 9 [ o, oaraoureut a
(M8 /"

D.C. and Operating Characteristics
Ali limits apply for Vg = +5.0V +56%, Ta =-55°C to +125°C, unless otherwise specified.

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . . . ........ -65°C to +150°C
Storage Temperature . . . . ......... -65°C to +160°C
Output or Supply Voltages . . ....... -0.5V to 7 Volts
All Input Voltages . . ............. -1.2V to 5.5V
Output Currents. . . . ... oo vt ae o, 100mA

*COMMENT

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

Limits

Symbol Parameter Min. Typ.[” Max. Unit Test Conditions
Address Input Load _ _

[N Current -0.05 -0.25 mA Vee =5.25V, Vp = 0.45V
Chip Select Input Load _ _

IFs Current -0.05 -0.25 mA Vee =5.25V, Vg = 0.45V
Address Input Leakage ) = , _

IRA Current 40 MA Vee = 5.25V, Vp =5.25V

J Chip Select Input - -

IRs Leakage Current 40 HA Vee =5.25V, Vg =5.25V
Address Input Clamp : _ _

Vca Voltage -0.7 1.2 \ Vee=4.75V, Ip =-5.0mA
Chip Select Input _ -

Ves Clamp Voltage -0.7 1.2 \ Vec=4.75V,1g=-5.0mA

Ves Output Low Voltage 0.3 0.45 v Vec=4.75V, loL = 10mA

IcEX Output Leakage Current 100 HA Vce =5.25V, Vo =56.26V

Vee = 5.25V,
lcc Power Supply Current 90 125 mA Vao—Va7 =0V, Vce=5.25V,
Vso = Vs1 =0V
ViL Input “Low’’ Voltage 0.80 \ Ve = 5.0V
ViH Input “’High’* Voltage 2.1 \ Vce = 5.0V

NOTE 1: Typical values are at 25°C and at nominal voltage.
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SCHOTTKY Bl

R M3301A

. Characteristics v .=+5v £5%, T, = -55°C to + 125°C

MAX.
SYMBOL PARAMETER | LIMIT UNIT " - CONDITIONS
t Jtao o
At A . Address to Output Delay 60 ns
tA+- ta-+ Both C.S. lines must be at ground potential
tg++: tgom Chip Select to Output Delay 30 ns to activate the ROM.
Capacitance " 1,-2s°c
LIMITS i
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF Vee =5V Vin= 2.5V
Cins Chip-Select Input Capacitance 6 10 pF Vee =5V Vin = 2.5V
Cour 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: 10 mA TEST LOAD : Vee

Input pulse amplitudes - 2.5V ﬁf

Input pulse rise and fall times of 3 4700
5 nanoseconds between 1 volt and 2 volts O_—I_————%t

Speed measurements are made at 1.5 volt levels 30pF $ 10000

Output loading is 10 mA and 30 pF T_____jt

Frequency of test - 2.5 MHz =

Waveforms

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY

ADDRESS
INPUT [.5v 1.5% gg{: or 1 5V jf 1.5V
\._ INPUT \

OUTPUT . 1.5V 1.5V

tas+ —7 A —

1.5V 1.5V
OUTPUT
OUTPUT 1.5V 15V
tS—— —.J ts++-—->
ths— — th_+ — .
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intgl’  Schottky Bipolar 3601, 36011

HIGH SPEED ELECTRICALLY PROGRAMMABLE
1024 BIT READ ONLY MEMORY

*50 nsec Max. Access Time

* Fast Access Time--50 nsec (3601-1) = DTL and TTL Compatible --Input
and 70 nsec (3601) Loading is .25 mA max. --
Maximum over Temperature Outputs sink 15 mA.
and Supply Voltage Variation = OR-Tie Capability--Open

= Fast Programming--1 ms/Bit Collector Outputs
Typically = Simple Memory Expansion --

* Polycrystalline Silicon Fuse 2 Chip Select Input Leads.

- E:t%&egzgegl;;fz: Chip Address = Minimum Line Reflection--Low

Voltage Diode Input Clamp.
= Low Power Dissipation--

. > = Standard Packaging--16 Pin Dual
0.5 mW/Bit Typical. , In-Line Lead Configuration.

The Intel 3601, 3601-1 is a 1024 bit (256 word by 4-bit) electrically programmable ROM ideally suited for
uses where fast turnaround and pattern experimentation are important such as in prototypes or in small pro-
duction volume systems. The PROM is manufactured with all outputs low and logic high output levels can be
electrically programmed in selected bit locations. The same address inputs are used for both programming and
reading.

A higher system performance is achieved by using the 3601-1. The 3601-1 gives a 25% system speed improve-
ment over the 3601.

The 3601, 3601-1 is pin compatible with the Intel metal mask 3301A ROM. The 3301A is ideal for large vol-
ume and Iower cost production runs of systems initially using the PROM.

The 3601, 3601-1 is manufactured with the highly reliable polycrystalline silicon fuse and the fast switching
Schottky barrier diode technology.

PIN CONFIGURATION LOGIC SYMBOL
—_— PIN NAMES
ADDRESS INPUT A 1 16 v, — cs,
= () e Ag—A, ADDRESS INPUTS
. —d cs 0, fo—o
ADDRESS INPUT A5 [ ] 2 15 L—_] A, ADDRESS INPUT CS,—CS, CHIP SELECT INPUTS 2 !
(S8 : 5,-0, DATAOUTPUTS )
ADDRESS INPUT A, [} 3 14 [T 5, cHipsELECT2
A o b—t
ADDRESS INPUT A; [__] 4 13 [ ] G5, cHipseLEcT 1 A
ADDRESS INPUT Ay [_1 5 12 [] 6, pataouteur —] A3
(LsB) (L5B) o
3 p—
— — A
ADDRESS INPUT A, [_| 6 1 [] 0, pataouTPUT
. —]
ADDRESS INPUT A, [ 7 10 [] G, pataouteur
. — A 0, o—
o []s 9 ] 5, pbataoureut
(MsB) R
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SCHOTTKY BIPOLAR 3601, 3601-1

Absolute Maximum Ratings*

Temperature Under Bias
Storage Temperature
Output or Supply Voltages

- —65°C to +125°C

—65°C to +160°C
—0.5V to 7 Volts

*COMMENT

Stresses above those listed under “Absolute Maximum
Rating” may cause permanent damage to the device.

All Input Voltages —1V1to 55V - This is a stress rating only and functional operation of
Output Currents 100mA the device at these or at any other condition above those
Programming Only: indicated in the operational sections of this specification

Output or V¢ Voltages 10.25V is not implied.

CS, Voltage 15.5V

CS, Current 100mA

D. C. Characteristics: All Limits Apply for V= +5.0V +5%, T,= 0°C to +75°C

LIMITS TEST
SYMBOL PARAMETER MIN. | TYP.®| MAX. UNIT | CONDITIONS
len ADDRESS INPUT —005 | —0.25 mA Vge= 5.25V,
LOAD CURRENT V, = 0.45V
les CHIP SELECT INPUT -0.05 | —0.25 mA Vo= 5.25V,
LOAD CURRENT Vg = 0.45V
lra ADDRESS INPUT 40 uA Vee= 5.25V,
LEAKAGE CURRENT V, = 5.25V
lrs CHIP SELECT INPUT 40 uA Vee= 5.25V,
LEAKAGE CURRENT | Vg = 5.285v
Vea ADDRESS INPUT -0.7 -1.0 v Vee= 4.75V,
CLAMP VOLTAGE I, = —5.0mA
Vs CHIP SELECT INPUT -0.7 -1.0 % Ve = 4.75V,
CLAMP VOLTAGE : Ig = —5.0mA
Vo OUTPUT LOW 0.3 0.45 % Voo= 4.75V,
VOLTAGE lo, = 15mA
leex OUTPUT LEAKAGE 100 HA V= 5.25V,
‘ CURRENT Ve = 5.25V
lec POWER SUPPLY 90 130 mA | Vg= 5.25V,
CURRENT » Vag=Va; =0V
, v Vgo= Vgq= OV
Vi INPUT ““LOW” 0.85 Y Vge= 5.0V
VOLTAGE
Vii | INPUT “HIGH" 2.0 % Vpe= 5.0V
VOLTAGE :

Note 1: Typical values are at 25°C and at nominal voltage.
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SCHOTTKY BIPOLAR 3601, 3601-1

A. C. Characteristics v c=+5Vv +5%, T, =0°C to + 75°C

MAXIMUM LIMITS

SYMBO P . UNIT CONDITIONS
BOL ARAMETER o°C 25°c [ 75°C §
ta++ ta—~ | Address to Output Delay (3601) 70 60 70 ns
Ao A - Both CS. | b
oth C.S. lines must be at
;ﬁt’ tt,::; Address to Olutput Delay (3601-1) 50 50 50 ns ground potential to activate
1S4+, tg—— Chip Select to Output Delay 25 25 25 ns the PROM.
Capacitance " 1,- 2s°c
' LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF Vee =5V Vin=2.5V
Cins Chip-Select Input Capacitance 6 10 pF © Vec =5V Vin = 2.5V
Cout Output Capacitance 7 12 pF Vee =5V Vourt =2.5V
NOTE 1: This parameter is only periodically sampled and is not 100% tested.
Switching Characteristics
Conditions of Test: } 15 mA TEST LOAD Vee

Input pulse amplitudes - 2.5V [
Input pulse rise and fall times of > 3002

p:
5 nanoseconds between 1 volt and 2 volts 0_1____q
Speed measurements are made at 1.5 volt levels $ 6000

- 30pF <
Output loading is 15 mA and 30 pF ) T_——j
L

Frequency of test - 2.5 MHz =

Waveforms

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY

ADDRESS / ’ \ » /
4 . CHIP )
INPUT 1.5V 1.5\\ seLecT 15V / 1.5V
INPUT \
OUTPUT 1.5V \§1.5v
tass —= th—— —= [—
/ 1.5V 1.5V
OUTPUT
OUTPUT 1.5V ] 1.5V
ts__—> . ts++—.
tA+— — tA—+ — et —
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SCHOTTKY BIPOLAR 3601, 3601-1

Typical D. C. Characteristics

INPUT CURRENT INPUT CLAMP CURRENT
VS. INPUT VOLTAGE - . VS. INPUT VOLTAGE
=100
vu‘ 50V Vec® s,Jv
0
4
60
-0
2
~20 =
3 E
o
: H
T » { ({ 3
/ 2
“ S
P p %o e |- 28
. - "
80 |47
fl '
Ry T-10 1.0 20 -10 -5 10
Vin (VOLTS) . Vin (VOLTS)
OUTPUT CURRENT INPUT THRESHOLD
VS. OUTPUT “LOW"” VOLTAGE VS. TEMPERATURE
T a
Vec = 50V Vo= 50V
5 26
<,
7
Ao £ 20
L~ 2
3 2
E /
E V § 15 ‘—\
3 . &
£
20 / E 1.
1 / s
. ,
Bl 2 E L E 25 50 %
Vour (VOLTS) . TEMPERATURE (°C)
SELECT TO OUTPUT DELAY SELECT TO OUTPUT DELAY
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
— &0
Ta= 25°C Vec= 5.0V
DC LOAD = 15mA DC LOAD = 15mA
€= 30pF €, = 30pF
50 50
H z
> >
é 40 é 4
5 \ 5
3
o 30 o
2 2
g g
e ts - - 2 tso -
3 3
10 = 10 =
° )
o 475 50 525 0 25 50 75
Ve (VOLTS) AMBIENT TEMPERATURE (°C)
ADDRESS TO OUTPUT DELAY ADDRESS TO OUTPUT DELAY
VS. SUPPLY VOLTAGE © VS. AMBIENT TEMPERATURE
60
Ta= 25° Ic Vec= 5.0V
DC LOAD = 15mA DC LOAD = 15mA
C, = 30pF = 30pF
50 50
H ta- oo z - o-
Z z w
a a AN
: —= :
) 7 g » 7L
3 3 Wes tae-
4 ta taao e
a
g g 20
8 g
< 9
0 10
3-30 ° ars 525 Yo 75

5.0 F 50
Vee (VOLTS) AMBIENT TEMPERATURE (°C)



inte|® Schottky Bipolarv‘, M3601

HIGH SPEED ELECTRICALLY PROGRAMMABLE
1024 BIT READ ONLY MEMORY

m Military Temperature Range ® Fast Programming —1 ms/bit
—55°C to +125°C Typically

® Fast Access Time—90 nsec ® Standard Packaging—16 Pin
Maximum 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 LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias . . .. ....... -65°C to +150°C
AoDRESSINPUT Ag (] 1 18 ] e —q s Storage Temperature . . . . ......... -65°C to +160°C
—dcs, 0, fo—o Output or Supply Voltages . ........ -0.5V to 7 Volts
AnoRess invuT a5 [ 2 ] Y oSS INPUT 1. All Input Voltages . . ... .......... -1.2V to 5.5V
ADDRESS INPUT A, [] 3 1 [ &, cipseLect2 . Output Currents .. . . . .o v v vt v e v ve e e et 100mA
. 0, b—o Programming Only: .
AooRess nPuT A3 () 4 13 P &, eweseiecty — % ’ Outputor Vgog Voltages .. .. ... ... ... 10.25V
aopness e 2y (5 » lF] o, DATAGUTPUT —a t:/sz Vcoltage ..................... ; 5.025X
(Ls8) 03— ccCurrent. . ... . i e 00m
aponess weut &, [ o " [ o, oatacureur - CSQCUMEN & o v et e it e eeee et e 100mA
—A A
ADDRESS INPUT A, [ 7 10 L_:] 0; DATA OUTPUT *
—] % 0y p— *COMMENT
awo [0 i s VT —p A 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.

D.C. and Operating Characteristics
All limits apply for Vg = +5.0V #5%, Ta =-55°C to +125°C, unless otherwise specified.

Limits

Symbol Parameter Min. Typ.“] Max. Unit Test Conditions
Address Input Load

IFA Current -0.05 -0.25 mA Vce =5.25V, Va = 0.45V
Chi

IFg CU:‘:G?]‘:W Input Load -0.05 -0.25 mA Ve = 5.25V, Vg = 0.45V
Add Input Leak

IRA oy jnput Teaicage 40 A Ve = 5.25V, Va = 5.25V
Chip Select Input

IRs Leakage Current 40 BA Vce =5.25V, Vg =5.25V

Vea Czﬂ;‘;‘t Input Clamp -0.7 1.2 v Voe =4.75V, I = -5.0mA
Chip Select Input B

Vs Clamp Voltage -0.7 -1.2 v Veg=4.75V, Ig=-5.0mA

Vcs Output Low Voltage 0.3 0.45 \Y Vec=4.75V, lgL = 10mA

ICEX Output Leakage Current 100 HA Vee =5.25V, Veg =5.26V

Vce =5.25V,
Icc Power Supply Current 90 130 mA Vap—Va7 =0V,
. Vsp = Vs1 =0V
ViL Input “Low" Voltage 0.80 \2 Vce = 5.0V
VIH Input ‘‘High** Voltage 21 .V Vce =5.0V

NOTE 1: Typical values are at 25°C and at nominal voltage.

3-31



“A. C. Characteristics v =+5v 5%, Ta =

-55°C to +125°C
MAX.
SYMBOL PARAMETER LT uNIT CONDITIONS -
t PR 7.
At CA Address to Output Delay 90 ns
tA+-. tA-+ : Both C.S. lines must be at ground potential
tg+4. tg—o Chip Select to Output Delay 35 ns to activate the PROM.
Capacitance "' 7,- 2sc
LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF Vee =5V Vin= 25V
Cins Chip-Select Input Capacitance 6 10 pF Vee =5V ViN =25V
Cour 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: 10 mA 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 10 mA and 30 pF
Frequency of test - 2.5 MHz

) -[ 30pF 3 10009

Waveforms

ADDRESS TO OUTPUT DELAY

ADDRESS / \
INPUT ’-1.5V 1.5V i
‘
OUTPUT 1.5V 1.5V
———
tass —= =
OUTPUT 1.5V 1.5v
tA+— — tA——+ —
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CHIP SELECT TO OUTPUT DELAY

CHIP \
SELecT 15V

INPUT \ J Y

OUTPUT 15V 15V
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intal  schottky Bipolar 3302, 3302-4, 3302-6,
3322, 3322-4, 3322-6

HIGH SPEED 2048 BIT READ ONLY MEMORY

® Fast Access Time—70 ns (3302, ® DTL and TTL Compatible —

3322) over Temperature and Input Loading is 0.25 mA Max—
Supply Voltage Variation Outputs Sink 15 mA

®m Low Standby Power Dissipation ® Open Collector (3302, 3302-4,
(3302-6, 3322-6) —100 n.W/Dbit 3302-6) and Three State (3322,

® Fully Decoded—On Chip 3322-4, 3322-6) Outputs
Address Decode and Buffer = Standard Packaging—16 Pin

Dual In-Line Lead Configuration

The 3302 and 3322 device families are high density 2048 bit (512 words by 4-bit) ROMs. Electrical performance is specified
over the complete ambient temperature range of 0°C to 75°C and Vcc supply voltage range of 5V #5%. The 3302 and 3322
ROM families are pin compatible with the Intel 3602 and 3622 PROM families. Consequently initial circuit prototyping can
be performed using the pin compatible PROMs.

The 3302-4 and 3322-4 are ideal for slower performance systems (>90 ns) where low system cost is a prime factor. For those
systems requiring low power dissipation, one should consider the 3302-6 and 3322-6. Not only does the 3302-6 and 3322-6
dissipate 20% less active power than the 3302 and 3322 respectively, but it also has an added low standby power dissipation
feature. Whenever the 3302-6 and 3322-6 is deselected, power dissipation is reduced by 70%.

The 3302 and 3322 devices are manufactured using Schottky barrier diode clamped transistors which results in higher speed
performance than equivalent devices made with gold diffusion process.

PIN CONFIGURATION PIN NAMES LOGIC SYMBOL

W [ \/ 167 Vee Ag-Ag | ADDRESS INPUTS —dcs
i cs CHIP SELECT INPUTI1] o

A2 1514 01-0, | DATAOUTPUTS 1 P
—aA
A, 3 14 D A, 1. To select the ROM 1

Al:‘ ’ E’S=Logic 0. —a A, 0, o—
A 13[]¢Cs 1A
3

Y 12f ] — A, 0 fo—
M 1 nf[ 0, —1%

p— AS 0, o—
A 0] ]0; —a,
GND[ |8 , ol 10, —] A
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'Schottky Bipolar 3602, 3602-4, 3602-6,
3622, 3622-4, 3622-6

HlGH SPEED ELECTRICALLY PROGRAMMABLE
2048 BIT READ ONLY MEMORY

® Fast Access Time—70ns = Fast Programming —
(3602, 3622) 1 ms/bit Typically

® Low Standby Power Dissipation ‘ m Polycrystalline Silicon Fuse
(3602-6, 3622-6) — 100 «W/bit ~ m Standard Packaging —16 Pin

= Open Collector (3602, 3602-4, 3602-6) or Dual In-Line Configuration
Three-State (3622, 3622-4, 3622-6) Outputs

The 3602 and 3622 device families are high density 2048 bit (512 words by 4-bits) PROMs suitable for uses where fast turn-
around and pattern experimentation are important such as in prototypes or in small production volume systems. For those
systems requiring low power dissipation, one should consider the 3602-6 or 3622-6. Both the 3602-6 and 3622-6 have a low
standby power dissipation feature. Whenever these two devices are deselected, power dissipation is reduced substantially over
the active power dissipation. The 3602-4 and 3622-4 are ideal for slower performance systems (>90ns) where low system
cost is a prime factor.

The PROMs are pin compatible with the Intel metal mask ROMs 3302, 3302-4, 3302-6, 3322, 3322-4 and 3322-6. The ROMs
offer system cost savings over the PROMs when in large volume production.

The PROMs are manufactured with all outputs high and logic low levels can be electrically programmed in selected bit locations.

The 3602 and 3622 device families are monolithic, high speed, Schottky clamped TTL arrays with polycrystalline silicon fuses.
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional
gold diffusion processes.

PIN CONFIGURATION ) LOGIC SYMBOL
A\ %

W | 16 Ve —O0]cs

as[]2 5] ]aA, :0 ‘ o P
™M

A4: 3 14 :Aﬂ — AZ 02 o_

AJ: 4 13 ]cs —a,

a[]s 12[Jo, wse) —1A 03 fo—
—a,

P 1o, N o,

a7 10[_Jo, —a,

ano[_Je 9l o, s —]As
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Schottky Bipolar 3304A, 3304A-4,

- intgl

3304A-6, 3324A, 3324A-4

HIGH SPEED 4096 BIT READ ONLY MEMORY

m Fast Access Time—70ns
(3304A, 3324A) Over Temperature
and Supply Voltage Variation

m Low Standby Power Dissipation
(3304A-6) — 60 wW/bit

® Fully Decoded —on Chip
Address Decode and Buffer

= DTL and TTL Compatible—
Input Loading is 0.25 mA max—
Output Sink is 15 mA

= Open Collector (3304A, 3304A-4,
3304A-6) and Three State (3324A,
3324A-4) Outputs

= Simple Memory Expansion —4
Chip Select Input Leads

® Standard Packaging—24 Pin
Dual In-Line Lead Configuration

The 3304A and 3324A device families are high density 4096 bit (512 words by 8-bit) ROMs. Electrical performance is specified
over the complete ambient temperature range of 0°C to 75°C and V¢ supply voltage range of 5V +5%. The 3304A and
3324A ROM families are pin compatible with the Intel 3604 and 3624 PROM families. Consequently initial circuit proto-
typing can be performed using the pin compatible PROMs.

The 3304A-4 and 3324A-4 are ideal for slower performance systems (>90 ns) where low system cost is a prime factor. For
those systems requiring low power dissipation, one should consider the 3304A-6. Not only does the 3304A-6 dissipate 20%
less active power than the 3304A, but it also has an added low standby power dissipation feature. Whenever the 3304A-6 is
deselected, power dissipation is reduced by 70%.

The-3304A and 3324A device families are manufactured using Schottky barrier diode clamped transistors which results in
higher speed performance than equivalent devices mode with gold diffusion process.

Mode/Pin Connection Pin 22 Pin 24
Read:
3304A,3304A4, PIN NAMES
3324A.3324A4 No Connect or 5V 5V
3304A-6 +5V No Connect Ao—Ag ADDRESS INPUTS
Standby CS1—CSs9 1]
CHIP SE
Power: CS3-CS4 SELECT INPUTS
3304A-6 Power dissipation is automatically 01-0g DATA OUTPUTS
4A-6 i = _ Ac
reduced whenever the 3304A-6 is [1] To select the ROM T8¢ = 87 = 0
deselected.
and CS3=CS4=1.

PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL

A 24 Y veer DATAOUT1  DATAOUTS s,
a2 23[J Ag mMs8) T e, o
CSy— OUTPUT
as[]s 22[JVee2 (REQUIRED e SUFFERS cs, o,
__ ON3304A6 cs:—— jo—
A4 2 ;cs| ONLY) 4 Y 05 fo—
A;E 5 20[Jcs, prve o K1) 0, Jo—
AzC] 6 19 Jcsy PROM MATRIX —A o jo—
(512X 8) a o
2 6
a7 18[]csa — jo—
O —]As 0, jo—
(s Ao ] 177 05 mss
° o ' DECODER — A Og JO—
wse) 0:[} o 6 ]o; 2
s
0,0 1506 N
INPUT
esgn o DRIVERS —a,
ono ]2 130, t ' _____ Ag
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‘Schottky Bipolar 3604, 3604-4, 3604-6

HIkGH SPEED ELECTRICALLY PROGRAMMABLE
4096 BIT READ ONLY MEMORY

= Fast Programming--1 ms/Bit * DTL and TTL Compatible--
Typically Input Loading is .25 mA max--

= Fast Access Time--70 nsec Outputs sink 15 mA '
(3604) Maximum over = OR-Tie Capability--Open
Temperatur_e a!nd Supply Collector Outputs
Voltage Variation = Simple Memory Expansion--

= Low Standby Power 4 Chip Select Input Leads
Dissipation (3604-6)-- = Standard Packaging--24 Pin
60 pW/bit Maximum Dual In-Line Lead

= Fully Decoded--on Chip ' Configuration

Address Decode and Buffer

The 3604 family is a high density 4096 bit (512 word by 8-bit) electrically programmable ROMs suitable for uses where fast
turnaround and pattern experimentation are important such as in prototypes or in small production volume systems. The
PROM:s are manufactured with all outputs high and logic low levels can be electrically programmed in selected bit locations.

The 3604 is pin compatible with the Intel 3304A metal mask ROM. The 3304A is ideal for large volume and lower cost pro-
duction runs of systems initially using the 3604. The 3604-4 is ideal for slower performance systems where cost is a prime
factor. The 3604-4 is pin compatible with the 3304A-4 metal mask ROM.

For those systems requiring low power dissipation, one should consider the 3604-6. Not only does the 3604-6 dissipate 20%
less active power than the 3604, but it also has an added low standby power dissipation feature. Whenever the 3604-6 is de-
selected, power dissipation is reduced by 70%. The lower cost 3304A-6 metal mask ROM is also available for volume produc-
tion usage.

The 3604 family is a monolithic, high speed, Schottky clamped TTL memory array with polycrystalline silicon fuses. The
Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional gold

'diffusion processes.

Mode/Pin Connection Pin 22 Pin 24
Read: ' PIN NAMES
3604, 3604-4 No Connect or 5V 5V )
36046 +5V No Connect |, Ao—Ag ADDRESS INPUTS
Program: 152 l— CHIP SELECT INPUTS
3604, 3604-4 Pulsed 12V Pulsed 12V Cs3-CSq
3604-6 Pulsed 12V Pulsed 12V 01-0g DATA OUTPUTS
Standby [1] To select the PROM CSq = CSp =0
Power: Power dissipation is automat.lcally re- and CS3 = CS4 = 1.
3604-6 duced whenever the 3604-6 is
deselected.
PIN CONFIGURATION ) BLOCK DIAGRAM ‘ LOGIC SYMBOL
A 1 2 3Vcc DATAOUT 1 DATAOUT S
, ) .
= k3 23[Jas mse u: o o—
as]s 22[JVec2 (ReQuinen ~—fcs, 0, 10—
" a]e afjea, oo —es, o, o—
al]s 2 L,Jc's, —» O fo—
a:]s 19 Jcs, —A o Jo—
—] o jo—
Al 18 cse
—" o,Jo—
wse) Ao 17[J0s mse) —a onfo—
wsa) 0,9 w[Jo, —~
0, Jro 15[ Jos —]a
o,[; n u[Jos —a,
ono iz 170, 1M




SCHOTTKY BIPOLAR 3604, 3604-4, 3604-6

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 6.5V
Output Currents ... ........ooeeunenennn. 100mA
Programming Only:
Outputor Vec Voltages . . ............... 12.5V
CSyVoltage . ............. . ... 15.5V
VecCurrent . ... ... ... e 600mA
CSyCurrent . . . ... ... i, 150mA

*COMMENT

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

D. C. Characteristics: Al Limits Apply for V=

+5.0V £5%, To,= 0°C to +75°C

Limits
Symbol Parameter Min. | Typ.[1] Max. Unit Test Conditions
Iea Address Input Load Current -0.05 -0.25 mA Vee =5.25V, Vp = 0.45V
lgs Chip Select Input Load Current -0.05 -0.50 mA Vce =5.25V, Vg = 0.45V
IRA Address Input Leakage Current 40 UA Vee = 5.25V, Vp =5.25V
Irs Chip Select input Leakage 40 MA Ve =5.25V, Vg =3.6V
Current
Vea Address Input Clamp Voltage -0.7 -1.0 \ Vee =475V, I = -5.0mA
Ves Chip Select Input Clamp -0.7 -1.0 v Vce = 4.75V, Ig = -5.0mA
Voltage
Voo - Output Low Voltage 0.3 0.45 v Vcc =4.75V, gL = 156mA
lcex Output Leakage Current 100 MA Vee = 5.25V, Vcg = 5.25V
lcct Power Supply Current (3604, 190 mA | Vce 1=i2.5V, Vag>Va7 =0V
3604-4) CS; =C5; =0V
CS3 = CS4 =5.26V
lec2 Power Supply Current(3604-6) Veez =5.25V, Ve = Open
Active 140 mA Chip Selected
Standby 45 mA | Chip Deselected,CS;=CSy=2.5V
ViL Input “Low’ Voltage 0.85 \") Vee = 5.0V
Vin Input “High" Voltage 2.0 \4 Vee = 5.0V

Note 1: Typical values are at 25°C and at nominal voltage.

’
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SCHOTTKY BIPOLAR 3604, 3604-4, 3604-6

Typical D. C. Characteristics

iy (kA)

lour (mA)

5 & & &

o

3

60

INPUT CURRENT
VS. INPUT VOLTAGE

1
Ve = 5.0V

Vin (VOLTS)

OUTPUT CURRENT
VS. OUTPUT “LOW’” VOLTAGE

50

I
Ve = 4.78V

40

7

//

20

Ny7/4

//7

Vour (VOLTS)

Ictamp (mA)

INPUT THRESHOLD (VOLTS)

INPUT CLAMP CURRENT
VS. INPUT VOLTAGE

s T
Vee = 5.0V

4

2

0
-2

oc-] | _— +25°
—
l |- +75°C
- -1.0 -5 o 5 10
Vin (VOLTS)
INPUT THRESHOLD
VS. TEMPERATURE
40
3.0
2.0
———]
\

10 -

0 -

0C 25C N 50°C 75C

TEMPERATURE




SCHOTTKY BIPOLAR 3604, 3604-4, 3604-6

A. C. Characteristics v c=+5V £5%, T, =0°C to + 75°C

Symbol Parameter N.Ia)f' Unit Conditions
Limit
ta++tA-- | Addressto 3604 70 ns CS; = CS, = VL and CS3 = CS4 =
ta+-ta-+ Output Delay: 3604-4, 3604-6 90 ns Vy to select the PROM.
ts++ Chip Select to 3604,3604-4 30 ns
Output Delay: 3604-6 30 ns
ts-- Chip Select to 3604, 3604-4 30 ns
Output Delay: 3604-6 120 ns
Capacitance " ,-2s°c
' Symbol Parameter Limits Unit Test Conditions
Typ. Max.
Cina Address Input Capacitance 4 10 pF Vce =5V Vin = 2.5V
Cins Chip-Select Input Capacitance 6 10 pF Vce =5V Vin = 2.5V
Cout Output Capacitance 7 12 pF Vcec =5V Vout = 2.5V

NOTE 1: This parameter is only periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test:

Input pulse am

Input pulse rise and fall times of

plitudes - 2.5V

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

15 mA TEST LOAD

Waveforms

ADDRESS TO OUTPUT DELAY

ADDRESS

INPUT ﬂ

OUTPUT

ta+s —=

—————————

OUTPUT

frsv

jﬁv

[ —

tA#— —]

5
-&v

ta_s

1.5\NF

OUTPUT

tg__

CHIP SELECT TO OUTPUT DELAY
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Schottky Bipolar 3624, 3624-4

HIGH SPEED ELECTRICALLY PROGRAMMABLE

4096 BIT READ ONLY MEMORY

B Fast Access Time—
70ns (3624)
90ns (3624-4)
= Three-State Outputs

® Fast Programming —
1 ms/bit Typically

® Full Decoded — On Chip
Address Decode and Buffer

= Polycrystalline Silicon Fuse

m Standard Packaging—
24 Pin Dual In-Line
Lead Configuration

The 3624 and 3624-4 are high density 4096 bit (5612 words by 8-bits) PROMs suitable for uses where fast turnaround and pat-
tern experimentation are important such as in prototypes or in small production volume systems. The PBOMS are manufac-
tured with all outputs high and logic low levels can be electrically programmed in selected bit locations.

The 3624 and 3624-4 have pin compatible metal mask ROMs, the_ 3324A and 3324A-4 respectively. The ROMs are ideal for
large volume and lower cost production runs of systems initially using the PROMs.

The 3624 and 3624-4 are monolithic, high speed, Schottky clamped TTL memory arrays with polycrystalline silicon fuses.
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional

gold diffusion processes.

PIN CONFIGURATION

s
as [
as ]
A
a: [

a2
adr
wse) 40 ]

wse o[}
0[]0
o,[_j "

ano (2

o oon oW -

@

©

:]Vcc
M) As (ms8)
[Inc
[,
e,
s,
[ Jos.
[ os mse)
[ o,
os
[Jos

30

LOGIC SYMBOL

sl
_q cs; o, jo—
. orf—
—cs, o, jo—
— A o, jo—
4 O Jo—
— A, o, jo—
—i A 0, jo—
— A, O P—
—
a o)
— A
—
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ﬂtel ROM and PROM Programming Instructions

1. ROM and PROM Truth Table Format

Programming information should be sent in the form of computer punched cards or punched paper tape. When using the 7600C
or MCS programmers, punched paper tape should be used. In all cases, a printout of the truth table should be accompanied with

the order.

The following general format is applicable to the programming information sent to Intel:
1. A data field should start with the most significant bit and end with the least significant bit.
2. The data field should consist of P’s and N's. A P is to indicate a high level output (most positive) and an N a low level output

(most negative).
ter, F, must be used in the data field.
A. Punched Card Format

If the programming information is sent on a punched paper tape, then a start character, B, and an end charac-

An 80 column Hollerith card (preferably interpreted) punched by an IBM 026 or 029 keypunch should be submitted. The

first card will be a title card. The format is as follows:

1. Title Card

DECIMAL NUMBER INDICATING

THE TRUTH TABLE NUMBER

NO. OF QUTPUTS

40r8
TITLE CARD INTEL
DESIGNATION
CUSTOMER'S PIN
CUSTOMER'S DIVISION OR CUSTOMER'S
COMPANY NAME LOCATION PIN
T - T . I
NP2 ELE: S COi SaillA CLARA CALTF 12345 8y 99 "\
l 1 1 [ B} 1
m m 1 1t [} 1
Iﬂﬂﬂelll!unqgleenﬂulﬂﬂnoﬂﬂﬂﬂﬂﬂﬂﬂnﬂlﬂﬂlﬂﬂﬂﬂnﬂnuﬂﬂﬂnﬂﬂﬂﬂnﬁﬂﬂﬂounﬂuﬂuﬂﬂﬂlﬂﬂﬂﬂnnﬂnll
(RN R RN R R R RN RN AR ARRY A1 AR SRARRRRRRRT ARRRARRARRRRRRRRRRRRE}
22222222222222222220222222222222220222222222222222222222222022222222222222222222

0333333333030033330330333333333333333M330M3333A30333333333330333333H33333333333
A48 440440000 840400404000 1040 0 L T I L L
55555555 SMS@SSSSMSS555555555555555555555555555555555555555555F55555555MSPISSSSS
666666666666666666666M666666666666665666665666666ME6666666666666666666666665666
IR IR R R R R Rl R RN R R R R R R R R R R R R R R R AR R R R R R R R R R R RN AR RN
88880808588886608888888808688808886666808608858886888888888886808388088 NNE88386
\‘]!999H!HEHHHISHNIESBH99”993!9939!9|35?‘]3|5999!9999‘]NHH“HN!SSHH!S

11207105 1 118192020
e

2. For a N words x 4 bit organization only, cards 2
and the following cards should be punched as shown:
Each card specifies the 4 bit output of 14 words.

LsB DECIMAL NUMBER

DECIMAL WORD MSB INDICATING THE
ADDRESS BEGINNING TRUTH TABLE NUMBER
EACH CARD 14 DATA FIELDS

1

gl

B00000000000000000000000080000000000000000000000000000000600000000000000008E
i{:i:;;;;ll|IIIIIIIIllIIIlllIllllllllIIIIIIlI|IIII[IlllIllll|lll|llll|l|llllll??
12222222222222222222222222222222222222222222222222222222222222222222222222222222
33333333333333333333333333333333333333333333333333333333333333333333333333333333
AL At L T
555555 SHSMSMABRSSSSsSMUNssss NN Mmss5sssHssHSMsSSHAsHssssSHRNssssssMEsssSSRNsSSSsS
S 6666666 666666065666666E666¢666666666566666666666666666666665665566666666666666
LR AR YA ERR RN L LI CRNR A I PR Rt (DA LU ERA DA RR I URRRR I [RARRRRA T LI RRRA L 1A TR0 ERRRA
BB88888808808688808808880000080685e0006080B888808008008660608888880080638888880888¢
99999999999999995999999959991999999999999998999998999999599999999999999993994999

\_ 2701 E s s s
T

Column Data
1 PunchaT
25 Blank
6-30 | Customer Company Name
31-34 | Blank
35-64 | Customer’s Company Division or, location

55-58 | Blank
59-63 | Customer Part Number
64-67 | Blank
68-74 | Punch the Intel 4 digit basic part number and
in () the number of output bits, e.g. 1702 (8)
3304 (8), 3301 (4), or 3601 (4).
75-78 | Blank
79-80 | Punch a 2 digit decimal number to identify
the truth table number. The first
truth table will be @@, second @1, third
@3, etc.
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.,
#0003, 30014, PB28, etc.
6 Blank
7-10 Data Field
1 Blank
12-15 | Data Field
16 Blank
17-20 | Data Field
21 Blank
22-25 | Data Field
26 Blank
27-30 | Data Field
31 Blank
32-35 | Data Field
36 Blank
3740 | Data Field
41 Blank
4245 | Data Field
46 | Blank
4750 | Data Field
51 Blank
5255 | Data Field
56 Blank
57-60 | Data Field
61 - |Blank
62-65 | Data Field
66 | Blank
67-70 | Data Field
n Blank
72-75 | Data Field
76-78 | Blank
79-80 | Punch same 2 digit decimal number as in

title card.
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ROM AND PROM PROGRAMMING INSTRUCTIONS

3. For a N words x 8 bit organization only, cards 2
and the following cards should be punched as shown.
Each card specifies the 8 bit output of 8 words.

Column Data

1-5 Punch the 5 digit decimal equivalent of the
binary coded location which begins each

ST IO N0 2020221230 2003353 3200303835900 30004142 3004566440 498681 308352 VG 66814

MSB __LSB — card. The address is right justified, i.e.,
90000, 00098, PP 16, etc.
DECIMAL WORD DECIMAL NUMBER 6 Blank .
ADDRESS BEGINNING INDICATING THE 714 | Data Field
EACH CARD 8 DATA' FIELDS TRUTH TABLE NUMBER 1623 | Data Field
iy (F‘NF‘HHNIVN FREFHNNE FEHNNNEE PERUNEEN PENNNEFE NNNNNFEE NNFENNNE PNHF'F'I‘!I‘!FE UU\ 24 Blank
. 25-32 | Data Field
NORRRREN DRRRNORE RRUNNNAN RURNNRNN DQRRNNND GNNNNENE DNRNNNNE GREREANR 33 | Blank
‘l!!!! ???32322233&530‘“ﬂanﬂﬂIlﬂﬁﬂﬂDllIIMHIDIIIlIlIlIll)l)ﬂﬂDﬂﬂDﬂﬁﬂl’ﬂﬂﬂﬂﬂﬁﬂﬂoﬂﬂﬂﬂﬂﬂuﬂﬂﬂﬂnull 322—41 glaat:k,:'eld
LR RN AR R R AR RN R R AR R R R RN R R R R R R AR AR RN R AR R RN AR R RRR R AN 43-50 Data Field
22222200222222222222222221222222222222222222202222 22212222 220222202222221220222222 51 Blank
93333333333393993933333333303333393333333333393333313333339393333333339333131333 52-59 | Data Field
A0 4000004000044 000 e 00 800400004 004040000 e 60 B'ank
5SS SSSSHSMNUNNSSSSSMUNSSSSMUNN:sssSSMNSSHSSSMUNSSSSARRNRssSSHRsSHANSsSHASSHEssss 61-68 | Data Field
Cb66666666666666666666C6CE606666G66666566666666606666666666666666666656666C6E6666 69 Blank
ARRARE T ERREART (1T ARt v7 (RRRAY T TA TTRR! TTRY [ RRRT [T EAREARY T IRRY T TRRY B AT [ TR1 1821 70-77 | Data Field
86880688 68E¢CBBE8500080880066500686306888066806660680880888880080086086880080888850806668¢ 78 Blank
K3‘159‘”9”‘19999”3999999‘]993‘l99"99‘3999”998‘]9!9“‘19399”9‘”99“9999999”9 11 79-80 PunchsameZdigltdecimal number as in

title card.

B. Paper Tape Format
The paper tapes which should be used are the:

1. 1" wide paper tape using 7 or 8 bit ASCII code, such as a model 33 ASR teletype produces, or the
2. 11/16" wide paper tape using 5 bit Baudot code, such as a Telex produces.

The format requirements are as follows:

1. All word fields are to be punched in consecutive order, starting with word field @ (all addresses low). There must be exactly
N word fields for the N x 8 or N x 4 ROM organization.

2. Each word field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4
data characters between the B and F for the N x 8 or N x 4 organization respectively.

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A WORD FIELD. If in preparing
a tape, an error is made, the entire word field, including the B and F must be rubbed out. Within the word field, a P results
in a high level output, and an N results in a low level output.

3. Preceding the first word field and following the last word field, there must be a leader/trailer length of at least 25 characters.
This should consist of rubout punches (letter key for Telex tapes)

4. Between word fields, comments not containing B’s or F’s may be inserted. Carriage return and line feed characters should
be inserted (as a “‘comment’’) just before each word field (or at least between every four word fields). When these carriage
returns, etc. are inserted, the tape may be easily listed on the teletype for purposes of error checking. The customer may
also find it helpful to insert the word number (as a comment) at least every four word fields.

5. Included in the tape before the leader should be the customer’s complete Telex or TWX number and if more than one pattern
is being transmitted, the ROM pattern number.

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers.

Example of 256 x 8 format (N = 256):

Start Characterl Stop Character Data Field MsB LSB
Leader: Rubout Key Trailer: Rubout Key
for TWX and Letter BPPPNNNNNFBNNNNNNPPF...BNPNPPPNNF for TWX and Letter
Key for Telex (at least L T I T ! L T J Key for Telex (at least
25 frames). Word Field 0 Word Field 1 Word Field 255 25 frames).

Example of 1024 x 4 format (N = 1024):

Start Character Stop Character Data Field mMSB LSB
Leader: Rubout Key Trailer: Rubout Key
for TWX and Letter BPNPNF BNNNNF ieeeeeee BPPPPF for TWX and Letter
Key for Telex (at least L T 1L T L T J |—|-—| . Key for Telex (at least
25 frames). Word Field 0 Comment  Word Fleld 1 Word field 1023 25 frames).
(See Section
B-4)
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ROM AND PROM PROGRAMMING INSTRUCTIONS

II. Manually Programming the 3601 (or 3601-1)

The 3601 may be programmed using the basic circuit of Figure 1. Address inputs are at standard TTL levels. Only one output
may be programmed at a time. The output to be programmed must be connected to Vgc through a 300S2 resistor. This will force
the proper programming current (3-6mA) into the cutput when the Ve supply is later raised to 10V. All other outputs must be
held at a TTL low level (0.4V). .

The programming pulse generator produces a series of pulses to the 3601 Vgc and CSp leads. Vg is pulsed from a low of
4.5 * 25V to a high of 10 .25V, while CS5 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%)us, and increase linearly over a period of apprdkimately 100ms to a
maximum width of 8 (£ 10%)us. Typical devices have their fuse blown within Tms, but occasionally a fuse may take up to 400ms.
During the application of the program pulse, current to 082 must be limited to 100mA. The output of the 3601 is sensed when
CSy is at a TTL low level output. A programmed bit will have a TTL high output. After a fuse is blown, the Vcc and CS» pulse
trains must be applied for another 100us. One circuit which can be used to generate this pulse train is shown in Figure 2, while
the characteristics of the pulse train are shown in Figure 3.

10: .25V
a. Vee tow _,* sv / \ /
PROGRAMMING & -
PULSE GENERATOR (pin 16) 0525V ’ \ ’

(See Figure 2) 15 5V

100mA max.
Yee o, 30002 b. €Sy
o2 (pin 14)
—f ~ov ’ STTL e —
0, = 3000
n :
~8v
c. Sensed
Output L ——
Ao 03 = 3000 Wi . PROGRAMMED BIT
A 10 = laveform ~ov - — TTL 0" — —
10—
Apyo—] 3601/36011 UNPROGRAMMED BIT
WORD A3 0 o, 3000 :
SELECTION A, 0— o4 d. Programming Tow NOTES:
A5 0— Pulse Width MAXIMUM 8]~ 1. Duty cycle: 50 = 10%
W, d G5,) 2. Rise and Fall Times (messured from
AgO0— i CC and LS2)  oGRAMMING . Mmoo 1090% posns): 1000s min
Cs i versus g 3x1075< 2P < y0- ns. max.
A0 4 ‘1314 G, = o, N PULSEWIDTH (s} at 3 Tep (Chip Disable Hold Time):
Fr min.

4 P hit batusen Ve nd T5;:

GND Ics, Time (MINIMUM) 1 | [ wadaiiig-s
[ “oms ¢

= PROGRAMMING ELAPSED TIME

Figure 1. 3601 Programming Figure 3. Pulses During Programming
RAMP
GENERATOR PULSE GENERATOR e
+5V +5V +5V
.03 sW 1IN5234
100 62 % 47 6.2 a7
.62 2N4920
2N4917 2N4917 MPSU02

|: 39 20
l 1000pF ¥V a70pF o
BE I ,—{ 10 "‘i DRIVERS A DT':-U—":‘
= . 2 15 4 J_ —l—Nr L 00pr S2
s 11 n 2000F @) T
9602 (%) 9602 (%) o I = =

14 15
10

9602 (%) +5V 9602 (%)

o

s R % a M
10 100

[o I 1 I

o—1
PROGRAM START
NOTES:
1. High input impedance sense amplifier, to avold shunting the programming current which must -©
flow into the selected output of the D.U. Y
2. Capacitor, to increase rise times. (0—- Ay
3. Delay network, to allow the D.U.P. to recover before checking the level of the selected output.
4. One shot, to sustain programming for 100us after a *'1" level has been detected at the output o .
of the D.U.P. .
5. Delay network, to inhibit PROGRAM START until the ramp generator has been reset. _KO_’ A’
Unless otherwise noted, all resistors are in k<2, % watt, all NPN transistors are 23646, and all . $——0 7]
diodes are 1N914. Figure 2. 3601 Programmer == ADDRESS SELECTION
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ROM AND PROM PROGRAMMING INSTRUCTIONS

III. Manually Programming the 2K and 4K Bipolar PROMs

The Intel 2K and 4K bipolar PROMs may be programmed using the basic circuit of Figure 1. Initially all bits (either
2048 or 4096) are in a logic 1 (high) state. Only one output may be programmed at a time. The programming current
(6mA +10%) is forced into the output to be programmed by a current source. The current should be clamped to Vcc by
a silicon diode. All other outputs must be allowed to float such that the outputs are allowed to rise one diode above
Vee (12.5V).

For simplicity of the programming descrlptlon reference will be made only to Ve, however, this term includes both
the Vet and Vg of the 4K PROM. There is only one V¢ for the 2K PROM. Programmlng pulses must be applied to
both V¢ and CS. A series of pulses is applied to the Ve and CS; leads as shown in Figure 3a and 3b respectuvely The
pulse applied must maintain a duty cycle of 50 £10% and start with an initial width of 1 (£10%) us, and increase linearly
over a period of approximately 100ms to a maximum of 8 (£10%) us. Typical devices have their fuse blown within 1ms,
but occasionally a fuse may take up to 400ms. During the application of the program pulse, the V¢ current must be
limited to 600mA and the CS; current to 150mA. A programmed bit will have a TTL low level. After a fuse is blown,
the Vcc and CS; pulse trains must be applied (the pulse width still linearly i lncreasmg to a maximum of 8us) for another

100us.
+24V |ty
PROGRAMMING a2 Vg (2K)or 125:05v 85V
PULSE GENERATOR CURRENT vee v
(See Figure 2) SOURCE cc1r Veez 4,5:0.25V ,
(4K)
16:0.5V
(150mA MAX.)
CS, Ve b G5 85V f~tow=)
© Ao 0, = ov -
. . 20V =
ADDRESS ° CURRENT ~1ov
El ~
SELECTION * SOURCE . SENSED OUTPUT 5V
~ov - TTLO
. UNPROGRAMMED BIT
. ¢ PROGRAMMED BIT
- G
1, o _ MAXIMUM 8 NOTES:
" cs, csyes, = ¢ 53' ‘:’:ﬁ;é%/xcl;‘l'” 1. Duty cyclo : 50 + 10%.
'ec2 G. L OGRAMMING s A o 2. Rise and fall time (measure
N PULSE WIDTH VERSUS . pcsemiomn o | [ 3% 108 < 23 <104 from 10% to 90% points):
= NOTE: PROGRAMMING TIMING 100ns min., 300ns max.
The example shows 0y being 3. tep (chip disable hold time):
programmed and the un- 100ns min.
programmed outputs floating. MINIMUM 1 4. Phase shift between the rising
N 0 edge of C81 and Vg/
€S,, CS,, CS, ARE ONLY 0 100 400 t (Vces and Veca):
FOR THE 4K PROM PROGRAMMING TIME (msec) 50ns max. @ 8.5V.
Figure 1. 2K and 4K Bipolar PROM Programmer Figure 3. Pulses During Programming
RAMP GENERATOR PULSE GENERATOR Vcc AND G5, DRIVERS AV 2y e2av LU,
+5V +5V 45V 24V 1
IN5234 Ay
100K 6.2KS2 47K 62K 22 47K 5W ADDRESS Ay
SELECTIDN
AZ
2K * || NEQuALS
An -H NUMBER OF
470 pF cs ADDRESSES
s,
15 |14 l Fsz ONLY
cs] REQUIRED
2] e FOR 4K
cs, || PROM
(%) ® 4
1] | e
a
13
1000
w
+5V = BOTH VCC|
() ) AND V¢c,
. FOR THE
OUTPUT \II 4K MUST
SENSE , || BE CONNECTED
AMPLIFIER &1 ) o |[T0Vee
2 1
LED 3
INDICATOR 0,
MV 108 N
4
05
O
o,
o. |[vEauals
N-HNumBER
— |oF outPuTS
OUTPUT
SELECTION
=
NOTES: =
1. High impedance sense amplifier, to avoid shunting the programming current which must flow into the selected output of the D.U.P.
L 2. Capacitor, to adjust rise times.

3. Delay network, to allow the D.U.P. to recover before checklng the level of the selected output.

4. One shot, to sustain programming for 100us after a 0" level has been detected at the output of the D.U.P.

5. Delay network, to inhibit PROGRAM START until the ramp generator has been reset.

6. Py and P, adjusted for Vce = 12.5V during programming and 4.5V during verify. Unless otherwise noted, all resistors are % watt.
all NPN i are 2N3646, all PNP i are 2N4917, and all diodes are IN914.

Figure 2. 2K and 4K Bipolar PROM Pulse Generator
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SHIFT REGISTERS

Electrical Characteristics over Temperature
No. Data Rep. Rate Power Input Clock Page
Type of Description Dissipation | Output Levels Supplies [V] No.
Bits Min. Max. | Max.[1] Levels .
1402A 1024 | Quad 256-Bit Dynamic 10kHz | 5MHz 500mwW TTL | MOS/TTL | 5,-50r5,-9 | 4-3
1403A 1024 Dual 512-Bit Dynamic 10kHz | 5MHz 500mwW TTL MOS/TTL | 5,-50r5,-9 | 4-3
4 1404A 1024 | 1024-Bit Dynamic 10kHz | 5MHz 500mW TTL | MOS/TTL | 5,-5or5,-9 | 43
E 1405A 512 Dynamic Recirculating 10kHz | 2MHz 400mW TTL MOS/TTL | 5,-50r5,-9 | 47
= | 150602 200 Dual 100-Bit Dynamic 6kHz | 2MHz 110mW TTL M0sS +5, -5 41
: 1507(2] 200 Dual 100-Bit Dynamic 6kHz | 2MHz 110mwW TTL M0s +5, -5 4-11
S (20ks2 output)
= | 2401 2048 Dual 1024-Bit Dynamic 25kHz | 1MHz 350mW TTL TTL +5 4-15
@ Recirculating . ]
2405 1024 | 1024-Bit Dynamic Recirculating | 26kHz | 1MHz 350mwW TTL TTL +5, 4-15
2416 16,384 | CCD Serial Memory 125kHz | 2MHz 300mW TTL MQOS +12,-5 4-19

Notes: 1. Power Dissipation calculated with maximum power supply current and nominal supply voltages.
2. The 1506 and 1507 are also available in military temperature range (—55° to +125°). To order specify 1406 or 1407, respectively.

1)
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intgl Silicon Gate MOS 1402A, 1403A, 1404A

1024 BIT DYNAMIC SHIFT REGISTER

= Guaranteed 5 MHz Operation = [nputs Protected Against Static
over Temperature Range Charge

= Low Power Dissipation --.1 mW/bit = Standard Packaging -- 8 Lead
at1MHz ‘ Metal Can,16 Pin Ceramic

= DTL, TTL Compatible Dual In-Line

. = Low Clock C itance -- 140 pF = Three Standard Configurations --
apacffance = 190P Quad 256 Bit -- 1402A, Dual 512
* Low Clock Leakage -- < 1pA Bit -- 1403A, Single 1024 Bit --
1404A

The 1402A/1403A/1404A are direct pin for pih 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 ¢, and ¢2).

SHIFT

w
o«
w
[
)
]
w
s

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 +6V, —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 (6 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 11 16FIN 4
NCc]2 15ENC
IN 13 t4fouT 4
® 144 13faNe
Vee45 12Vpy
ouT 2.6 M 2
Ne—{7 10fJIN 3
IN 28 gf=oour 3
C1402A/P1402A
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SILICON GATE MOS 1402A, 1403A, 1404A

Absolute Maximum Ratings "’

Temperature Under Bias 0°C to 70°C Data and Clock Input Voltages
Storage Temperature '—65°C to +160°C and Supply Voltages with
Power Dissipation 2 1 Watt respect to Ve +0.5V to —20V

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

Vpp = —5V £5% or —9V +5%

SYMBOL TEST MIN. TYP®  mAx. UNIT CONDITIONS
I Input Load Current <10 500 nA TA =25°C
’Lo Output Leakage Current : . <10 1000 nA VOUT=0'0V' TA =25°C
l,_c Clock Leakage Current 10 1000 nA Max. Vier TA =25°C
V"_ Input ““Low"’ Voltage Vec—10 Vec—4.2 \"
Vi Input ““High” Voltage Vec—1-5 Veet+3 \Y
Vpp = -5V £5%
Ibo1 Power Supply Current 40 50 mA | T,=25°C Output at Logic 0",
6 MHz Data Rate,
33% Duty Cycle,
. Continuous Operation,
E Ibp2 Power Supply Current 56 mA | To=0°C | Vi cVec =17V
2 Ve Clock Input Low Voltage | Vgo—17 Vee—15 v
& Vine Clock Input High Voltage | Vo—1 Veet3 v
VoL Output Low Voltage -3 0.5 v R 1=3K to Vpp, I = 1.6 MA
VoH1 Output High Voltage 24 35 v R ,=3K to VDD" lgyy=—100 pA.
Driving TTL
Vouz | Output High Voltage Vec—14 Vo1 V | R,=47KtoVy,
Driving MOS (See p. 6 for connection)
Vpp = -9V 5% ‘
IDDa Power Supply Current 30 40 mA TA =260C] Output at Logic “0”,
3 MHz Data Rate,
26% Duty Cycle,
Continuous Operation,
lopa Power Supply Current 45 mA | T.=0°C ViLe=Vec—14.7V
Vie Clock Input Low Voltage |- Vpc—14.7 ~ Vec—126 v
Vine Clock Input High Voltage | V.—1 Veet-3 \'
Voo Output Low Voltage -3 0.5 v R_;=4.7K to V. 1o, = 1.6 mA
VoHi Output High Voltage 24 3.5 v R, ;=4.7K to Vi, | 5, =—100pA
Driving TTL )
VoH2 Output High Voltage Vee—1.4 V-1 ' A Ry 5 =6.2K to Vob] (See p. 6 for
Driving MOS RL3 =3.9K to Ve | connection)

Note 1: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Note 2: The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures the device must
be derated based as shown on page 3. When operating at VDD = —5V+5% the maximum duty cycle is 33% and at VDD——9V+5%the
maximum duty cycle is 26%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = “¢Pw

+ %(tg + tg)lx clock rate.

Note 3: Typical valqes are at TA = 259C and at.nominal voltages.
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SILICON GATE MOS 1402A, 1403A, 1404A

A.C. Characteristics T, = 0°C to 70°C; V. = +5V 5%

Voo =—5V £5% VDD =—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
tapw Clock Pulse Width 130 10 170 10 usec
40 Clock Pulse Delay 10 Note 1 10 Note 1 nsec
ta te Clock Pulse Transition 1000 1000 nsec
tow Data Write Time (Set Up) 30 60 nsec
ton Data To Clock Hold Time 20 20 nsec
theta. Clock To Data Out Delay 90 ' 110 nsec
CAPACITANCE'? V.= +5V +5%, Vo= —5V £5% or —9V +5%, T, = 25°C
SYMBOL TEST TYP. MAX. CONDITIONS
Cin Input Capacitance © BpF 10 pF Vin = Vee
COUT Output Capacitance 5 pF 10 pF Vout = Vee : :lle
Co Clock Capacitance 110 pF 140 pF V¢ = Ve
C¢>1 ¢2 Clock to Clock Capacitance 11 pF 16 pF . V¢ = Vee : o
Note 1: See page 5 for guaranteed curve. Note 2: This parameter is periodically sampled and is not 100% tested. E 5
*2

Switching Characteristics ‘

Conditions of Test TEST LOAD 1 TEST LOAD 2

Input rise and fall times: 10 nsec
Output load is 1 TTL gate

T CroraL=10eF

Timing Diagram Vpp= —5V 5% Vpp= ~9V 5%
BIT ! | BTN | BITN#1** | BITN+2

-] BITY | BIT2

Vine

|
-
I~

|
| ~Itg2pw I~ DATA RATE

] P - Vi

DATA IN X X v
INBIT1 INBIT2 N L
-—— ﬁ\}- VOH

DATA OUT -
—_— o

V
) ouTeIT1 ouTBIT2 °F
*tpw and tpy same for t¢2 **N = 256 for 1402A, N = 512 for 1403A, N = 1024 for 1404A
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SILICON GATE MOS 1402A, 1403A, 1404A

Typical Characteristics

POWER DISSIPATION /BIT VS SUPPLY VOLTAGE POWER DISSIPATION /BIT VS CLOCK AMPLITUDE
a 7 T T T
SPECIFIED OPERATING  SPECIFIED OPERATING
SPECIFIED OPERATING __|  SPECIFIED OPERATING __| s T G L LT D RANGE |
6 |—— " VOLTAGE RANGE VOLTAGE RANGE B D At et RLHUAEL
£ DATA RATE OF 5 MHz DATA RATE = 3 MHz Vo Y o 1 - v O e
g ViLe=Veg = =17V Vire=Vee = —147V £ oo ~ Vee =~ 4. oo = Vec = =10
3 5 AT I & 5 b
F Ta=0°C
S b lr, =5 Tar °°f E L .
e z [ ; Tp = 25°C _|
g Tam 25° g Ta=0C A |
= <
H Ta = 70°C 5 Tp=70°C
g 3 a = 70°C 2 3
8 £
«
w2 z 2
§ e
a a
oly 0 56—
0 o2 3 -1 -5 -6 0 2 -13 -1 15 -1 -17 -18 -19
Vop=Vee (VOLTS) Vie = Vee (VOLTS)
Ipp CURRENT VS DATA RATE MAXIMUM DATA RATE VS
CLOCK AMPLITUDE
100 T
10 tgpw=100 s
whk 33% CONSTANT DUTY CYCLE -
- o p———— e
o 6% CONSTANT DUTY CYCLE N/
8 o tgpw= 130~
10 Y g
T CONSTANT PULSE WIDTH:—+ w © topw = 170 ns
£ Y/ E e
- tgpy = 17008 2 /
2 Vite—Vee = 147V <
Vop =~V g
] 1 il 3 SPECIFIED CIFIED
o P OPERATING OS:EEHII\TIFNG
w 7 [ consTant puLst wioth: anChOCK cLOCK
- - 21— - L ]
4] a ™ 25°C P Tgpy = 130 RANGE FOR et ron
Vi c—Vee = =17V . Voo = -9V
(] P e —Vee /oo Vop = -5V
w > Voo = ~5V |
o K s [
1KHz 10 KHz 100 KHz 1MHz 10 MHz o -1 -8 -0 -2
DATA RATE Vi ~Vec (VOLTS)

MINIMUM OPERATING DATA RATE OR MAXIMUM
CLOCK PULSE DELAY VS TEMPERATURE

o

10K — 04 8

. . €0 — | 8

pRpTF LS

E o ‘Gi "’ g
) L

£ 40 — | z

100 == ] 10?2 8

£ T e §

o

< L—T . , 2

g 0y

o L—"1 g

1 13

2

01 Voo=-SVOR__1q9 %

Vop = —9V 3

o 10 20 25 30 40 50 60 70
AMBIENT TEMPERATURE (°C)

DTL/TTL MOS Interfaces v

c
d—
i
S 3
3k 2R
Vee S Vee
IN  1402A/3A/4A OUT IN 1402A/3A/4A OUT
DTL/TTL DTL/TTL
g1 g2 Voo ¢ % @ Voo
PLIT) Ri
<
R Load Resistor Values
for Different Vpp Supplies
Vine - Vine -
Vee=sV | Vee=sv
Voo Vpp=-5V | Vpp=—9V
Vie ViLe
Rt | 30K 47K
R2| a7k 6.2K
RL3 Not 39K
2, 2, required
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|nte| Silicon Gate MOS 1405A

512 BIT DYNAMIC
RECIRCULATING SHIFT REGISTER

= High Frequency Operation -- = Low Clock Leakage --
2 MHz Guaranteed over <fuAat-17V
Temperature. = Simple Two Dimensional Memory
* DTL, TTL Compatible Matrix Organization--2 Chip
= Write/Recirculate and Read Select Controls
Controls Incorporated on the Chip = Inputs Protected Against Static
= Low Power Dissipation--.3 mW/bit Charge
at1MHz » Standard Packaging--10 Lead
= Low Clock Capacitance--85 pF - Low Profile TO-99

The 1405A is a 512 bit dynamic recirculating shift register and is a direct pin replacement for the 1405. The
1405A is capable of operating at power supply voltages of +5V, —9V as well as +5V, —5V. A high speed
recirculating data rate of 2 MHz over the temperature is easily obtained at the +5, —5 power supplies.

Write/recirculate and read controls eliminate the need for external logic elements when recirculating data. In
addition, any number of devices can be combined to form a multi-dimensional memory array. For this purpose
two chip select controls have been provided.

These registers can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.) or by MOS
circuits. The design of the output stage provides driving capability for both MOS and bipolar 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
_D 512 BITS OUTPUT
Voo INPUT
s (8)CS?2 9
WRITE/
RecIRCULATE @ (©READ
INPUT G) (DOUTPUT WiR READ
¢ (OUTPUT @) ¢, (INPUT
CLOCK) e CLOCK) cs1 cs2
PIN W/R Cs1 cs2 READ
MODE (2) (1 (9) (8)
WRITE 1 1 1 1o0r0
RECIRCULATE(T) | 10r0 | 10r0 | 10r0 | 10r0
READ 1o0r0 1 1 1

Note 1: Either W/R, CS1, or CS2 must be a ‘0"’ during Recirculation.
A logic 1 is defined as a high input and a logic 0 as a low input.
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SILICON GATE MOS 1405A

Maximum Guaranteed Ratings *

Temperature Under Bias

Storage Temperature

Power Dissipation(1)

Data and Clock Input Voltages
and Supply Voltages with
respect to Ve

0°C to +70°C
—65°C to +160°C

600 mW

+.3V to —20V

* 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.

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

Vpp =5V £5%
SYMBOL TEST MIN. TYP.(2 MAX. | UNIT CONDITIONS
] INPUT LOAD CURRENT 10 1000 nA VIN = Vjy to VL
Lo OUTPUT LEAKAGE CURRENT 10 1000 nA VouT = 0.0V
ILc CLOCK LEAKAGE CURRENT 10 1000 nA Viee=Vee 17V
lob1 |- POWER SUPPLY CURRENT 25 40 mA | Ta=25°CT] Output at Logic 0",
2 MHz Data Rate,
40% Duty Cycle,
Continuous Operation,
Ipp2 | POWER SUPPLY CURRENT 45 mA | Te=0°C _| VjLc=Vcc—-17V
ViLct | CLOCK INPUT LOW VOLTAGE | V=17 Vee—145 | v
ViHe | CLOCK INPUT HIGH VOLTAGE | Ve —1 Vce +.3 v
Vi INPUT ““LOW"” VOLTAGE Vee—10 Vee—4:2 v
Vine | INPUT “HIGH” VOLTAGE Vee—1.5 Ve +.3 v ]
VoL | OUTPUT LOW VOLTAGE -3 05 | Vv RL1=3K to Vpp, loL= 1.6 mA
VoH | OUTPUT HIGH VOLTAGE ~ 24 35 v RL1=3K to Vpp, lon= —100 MA
DRIVING TTL
VoH1 | OUTPUT HIGH VOLTAGE Vee-1.4  Vee—1 v R_2=5.6K to Vpp
DRIVING MOS (see p. 6 for connection)
Vpp =—9V £ 5%
I INPUT LOAD CURRENT 10 1000 nA Vin = ViH to Vy
Lo OUTPUT LEAKAGE CURRENT 10 1000 nA VouT = 0.0V
I e CLOCK LEAKAGE CURRENT 10 1000 nA ViLe=Vec =147V
Ippa | POWER SUPPLY CURRENT 20 31 mA | Ta =25°C7] Output at Logic 0",
| 1.5 MHz Data Rate,
36% Duty Cycle,
Continuous Operation,
lppa | POWER SUPPLY CURRENT . 36 mA | Tc=0°C | Vj c=Vcc—14.7V
Vi c2 | CLOCK INPUT LOW VOLTAGE | Vgc—14.7 Vec—126 | v
Viuc | CLOCK INPUT HIGH VOLTAGE | Vg —1 Ve +.3 v
Vi INPUT “LOW"” VOLTAGE’ Vec—10 Vee—4-2 v
Vina | INPUT “HIGH” VOLTAGE Vee—1.5 Vec+3 v
Vor | OUTPUT LOW VOLTAGE -3 05| Vv R 1=5.6K to Vpp loL= 1.6 MA
Von | OUTPUT HIGH VOLTAGE 2.4 35 v RL1=5.6K to Vpp , |oH=—100 UA
DRIVING TTL
Voui | OUTPUT HIGH VOLTAGE Vee-14  Vee-1 v R12=6.2K to Vpp (See p. 6 for
DRIVING MOS R 3=3.9K to Voc connection)

Note 1: For operating at elevated temperatures the device must be derated based as shown on ‘page 3. In applications the dutv cycle should
be a minimum to reduce power dussnpatlon Duty cycle = [t¢pw +% (tR + tF)] x clock rate,
Note 2: Typical valuesare at Tp = 25°C and at nominal voltages,

\

4-8



SILICON GATE MOS 1405A

A.C. Characteristics T1,=0°C to +70°C; Vo = +6V £5%; C| = 20pF; 1 TTL Load

Vpp = -5V £ 5% Vpp = -9V £ 5%
SYMBOL TEST ViLc=Vcc—14.5to Voc—17 ViLc=Vce—12.6 to Vcc—14.7 UNIT
RL=3K RL=56K
MIN. MAX. MIN. MAX.
Frequency CLOCK DATA REP RATE 200 Hz @ 250¢( V) 2 200Hz @ 250¢!1) 1.5 MHz
thPW CLOCK PULSE WIDTH 0.200 10 240 10 psec
4D CLOCK PULSE DELAY 30 Note 1 30 Note 1 nsec
Duty Cycle(2)| CLOCK DUTY CYCLE 40 36 %
tRitg CLOCK PULSE TRANSITION 1 1 psec
tow DATA WRITE (SETUP) TIME 100 100 nsec
toH DATA TO CLOCK HOLD TIME 20 20 nsec
tasl ta— CLOCK TO DATA OUT DELAY 250 250 nsec
ta_itcg—i | CLOCK TO “READ" OR “CHIP ) 0 nsec
. SELECT” OR "WRITE/
WR— RECIRCULATE” TIMING
R togH CLOCK TO “READ” OR ""CHIP 0 0 nsec
e SELECT” OR “WRITE/
WR+ RECIRCULATE"” TIMING
CAPACITANCE® v =5V + 5%, V,, = —5V £ 5% or —9V + 5%, T, =25°C
SYMBOL TEST TYP. MAX. CONDITIONS
Cin INPUT CAPACITANCE 3 5 pF Vin = Vee
Cout OUTPUT CAPACITANCE 2 5pF Vour=Vee |- 1 un @
= z
Co CLOCK CAPACITANCE 75 85 pF Vs=Vee o
Cordn CLOCK TO CLOCK CAPACITANCE 6 10pF Vo=Vee 2
o
==

Note 1: See curve of Min Data Rate, and Max Clock Delay vs. Temp. on page 5. Note 2: Duty Cycle = [‘q)Pw + %(tR + tF)] x clock rate,
Note 3: This parameter is periodically sampled and i1s not 100% tested.

Switching Characteristics

Conditions of Test
Input rise and fall times:. 10nsec
Output load is 1 TTL gate L BIT 1

Timing Diagram

. BIT N

.

VIHC 10%

$2 INPUT CLOCK

+
T

|
L >
| - i 10%
¢, OUTPUT CLOCK ! | |
: 90% 90%
|
'l DH J'_ |
Viy = - L R e
DATA IN " I i | ]
v, (S y—— |
Gt *
IN BlT' I:<-KA.4——( Iq-tA_—-i
dim - !

t
d
l ,
K e )\
-

DATA OUT | |
v O A . T g —
0"_4 - T"_‘ e | \ OuT BIT 1
twR+ - i WR— | \
Vin | |
WRITE/RECIRCULATE | | | |
(! | | P t
|
tese ~>I llq— ——! l‘—lcs_ tess ——1 la— —* P<—‘¢s_
CHIP SELECT 1 Vi I |
CHIP SELECT 2 v 5 ' |
(1N ¢ | |
gno—-l re— ’4—(;1—
VlH
READ
Vi 2
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SILICON GATE MOS 1405A

Typical Characteristics

POWER DISSIPATION/BIT VS. SUPPLY VOLTAGE

-8 T T |
DATA RATE = 1.5 MHz,
36% DUTY CYCLE,
.7 |—— DaTA RATE = 2MHz —— Vie ~Vee = ~147V
40% DUTY CYCLE, — |
Vie =Vec= 17V Lo
Ta = 0°C3=]
o e
ISR o
Lo o=

PRSI of st

SPECIFIED
- OPERATING
| SUPPLY

VOLTAGE e
RANGE

POWER DISSIPATION/BIT (mW/BIT)

Voo = Vec (VOLTS)

MINIMUM OPERATING DATA RATE OR MAXIMUM
CLOCK PULSE DELAY VS TEMPERATURE

I
10K - — 109
£0 — | g
NTE B
x® qupBt® 10° g
= L
Eld P | — &
100 102
g o= it 4
o« 2
g w0 ] 0o
5 = g
3
1 13
2
H]
01 Vop=-8VOR__| 19 %
Vop= -svl - g
0O 10 202 30 4 5 6 70
AMBIENT TEMPERATURE (°C)
1 pp CURRENT VS. DATA RATE
100
40% CONSTANT DUTY CYCLE, Vo, = -5V
= —
36% CONSTANT DUTY CYCLE, Vop,
10 | |
| CONSTANT PULSE WIDTH: t,py = 240 m7
2 |Viee Vec =-145V .
E
A YA
£

2, -CONSTANT PULSE WIDTH;|
1 4 Sopw = 201
/ Vie =Vec = =17V

Ta = 25°C

100 KHz 1 MHz 10 MHz

DATA RATE

410

POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE

. T T

DATA RATE = 2MHz,
40% DUTY CYCLE
Vop-Vec= ~105V

a2

DATA RATE = 1.5 MHz, |
8 | 36% DUTY CYCLE,
: Vo ~Vee= =147V

L e
5 demTa = 25°C
] = A

=T, =70°C

I
Ta = 0°C_ ot

o’
el

POWER DISSIPATION/BIT (mW/BIT)

T 25°
A 127
<|Ta = 85°C

ECIFIED OPERATING |
SUPPLY VOLTAGE RANGE |
e e S

-13 -14 -5

ViLe =Vec (VOLTS)

MAXIMUM DATA RATE
VS. CLOCK AMPLITUDE

= SPECIFIED OPERATING SPECIFIED OPERATING
£, CLOCK AMPLITUDE CLOCK AMPLITUDE !
£ 47 RANGE FOR V,, = -9V ™|~ RANGE FOR Vp, = ~5V ™ |
w
e
: \ |
g’ v
2 - = topy = 200 ™
¢ o = 240
% 2 'opw. "
=
1 Ta = 25°C—f
olss
0 “T-2 -7 -18 -9
Viee Vee (VOLTS)
DTL/TTL/MOS Interfaces
5V
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Voo 10(110( [10x Voo
P =
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(RECIRCULATING|
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S
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GND 1 Voo ez
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in-tel® Silicon Gate MOS 1406, 1506, 1407, 1507

DUAL 100 BIT
DYNAMIC SHIFT REGISTER

= Low Power Dissipation--.4 mW/bit
at 1 MHz

= High Frequency Operation --
2 MHz Guaranteed over
Temperature Range

= DTL, TTL Compatible
= Low Clock Capacitance--40 pF
= Low Clock Leakage -- '

= Inputs Protected Against Static
Charge

= Standard Packaging --
Low. Profile TO-5

= Military and Commercial
Temperature Ranges

= Low Output Impedance --
300 Typical

=5uA at—-18V

The Intel dual 100 bit dynamic shift register element consists of normally off P-channel
MOS devices integrated on a monolithic array. It uses low voltage circuitry to minimize
power dissipation and to facilitate interfacing with bipolar integrated circuits. It uses two
clock phases only.

SHIFT
REGISTERS

The dual 100 bit device 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 MOS or bipolar IC’s.

Use of the low threshold silicon gate technology allows high speed (2 MHz guaranteed),
while reducing power dissipation by a factor of 2 and reducing clock input capacitance by a
factor of 3 compared to equivalent products manufactured by conventional MOS technologies.

This family is designed for low cost buffer applications. it is available in both military (—55°C
to +125°C) and industrial ( 0°C to +70°C ) grade. It is also available with or without an
internal 20K pull-up resistor which may provide easier interfacing to other circuitry.

PIN CONFIGURATION

Voo
INPUT 1( 1 7 ) INPUT 2 Open Drain Output 20kS2 Output
Eé 'ﬂ:ng Configuration —550Cto | 0°C to | —55°C to | 0°C to
ourrut 1(2 )1 [82|83 (s)outeur 2 +1250C +70°C | +1250C +700C
-w - w
[:4 o
Dual 100 Bit 1406 1506 1407 1507
weut NN D7y outeut _

CLOCK i¢,) CLOCK i¢y)

Vee
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SILICON GATE MOS 1406, 1506, 1407, 1507

Absolute Maximum Ratings*

Temperature Under Bias —55°C to +125°C
Storage Temperature —65°C to +160°C
Power Dissipation 500 mW

Data and Clock Input Voltages +.5Vto-25V
with Respect to Most Positive
Supply Voltage, Vcc

Power Supply Voltage, Voo with +.5Vto—-25V
Respect to Vcc

*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.

Tp=—55°C to +125°C (1406 and 1407) | Ve = +5V £5%, Vpp=—5V+5%

D. C. Characteristics T,=0°C to 70°C (1506 and 1507);

unless otherwise noted.

) LIMITS
SYmBoL PARAMETER MIN.  TYP.'S) maX. S UNIT CONDITION
I INPUT LOAD CURRENT 500 nA GND ON PINS 2, 3,4, 5,6, 7
(PIN 1) PIN 1=-18V,PIN 8= -8V
Ta =25°C
Iy INPUT LOAD CURRENT 500 nA GNDONPINS 1,2,3,4,5,6
(PIN 7) PIN 7= —18V, PIN 8 = -8V
Tp =25°C
o023 OUTPUT LEAKAGE CURRENT 500 nA GNDON PINS 1,4, 6,7,8
(PIN 2) PIN 2= —18V,
PINS 3,5 = -8V
Ta =25°C
Io/2:3 OUTPUT LEAKAGE CURRENT 500 nA GNDONPINS 1,2,4,7,8
(PIN 6) PIN 6= —18V,
PINS 3,5 = -8V
Tp=25°%
ILe CLOCK LEAKAGE CURRENT 500 nA PIN 3, PIN 5= —18V;PIN8 = —10V
(PIN 3OR PIN 5) ALL OTHERS AT GND
Ta =25°C
1bD1 POWER SUPPLY CURRENT, Vpyp 10 17 mA Tp =-65°C } FREQ.=1MHz,
30% CLOCK
D2 POWER SUPPLY CURRENT, Vppp 6.0 13 mA Tp=0°C DUTY CYCLE
oD3 POWER SUPPLY CURRENT, Vpypp 5.0 1 mA Tp =25% (SEE NOTE 4)
ViL INPUT “LOW” VOLTAGE -10 +0.2  +038 v Vpp = =5V, Ve = +5V
Vin INPUT “HIGH" VOLTAGE +3.5. +6.3 v Vpp = =5V, Vg = +5V
Vine CLOCK INPUT “HIGH" LEVEL +4.0 +5.3 v Vpp = =5V, Vg = +5V
ViLc CLOCK INPUT “LOW" LEVEL -13 -9.5 v Vpp = =5V, Vg = +5V
Zout OUTPUT IMPEDANCE 300 750 Q Vpp = =5V, V¢ = +5V
'SOURCE = 2.5mA
VoL OUTPUT "“LOW" VOLTAGE -1.8 0.4 v loL = 1.6 mA
' SEE NOTE 6 FOR R|_
VoH OUTPUT “HIGH" VOLTAGE 25 4 v IoR =-100 A
SEE NOTE 6 FOR Ry_

Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal
resistance of 150° C/W junction to ambient. The full rating applies for amblent temperatures to +125°C for 1406, 1407 and +70°C for 1506, 1507.

Note 2: For 1407 and 1507 the output on pins 2 and 6 will exhibit a resistance when measured with the following bias conditions: pins 3, 4, and
8 at GND; pin 5 at —15V; pins 1, 7 open; measure pins 2 and 6. 25kQ > ROUT215kﬂ.

Note 3: Not for devices having internal resistors (1407 and 1507).

Note 4: In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle =['¢PW +%(tg + te)] x clock rate.

Note 5: Typical values are at 259C and at nominal voltage.

Note 6: For the 1406, 1506 R|_ = 3.0K. For the 1407, 1607 R|_= 3.6K. Ry_is tied from the output to -5V for a TTL compatible output.
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SILICON GATE MOS 1406, 1506, 1407, 1507

Switching Characteristics

Conditions of Test
Data amplitude +.8 to +2.5V
Input rise and fall times: 10 nsec

Output load is 1 TTL gate Timing Diagram
[
[P Vine o ) \ /
INPUT 10% _ !
PHASE  Vjc | : !
> t; » b
It¢2PwH" f

(
Vibe = t | )
OUTPUT | \ , \ /
PHASE V¢ 1 I
|

|
":‘DW'* '>|‘¢1Pwl<—

|
|
l
; ol H———PERIOD —
I | |

|

|
|
|
|
|
|
|
|
|
|
|
|
- th b B ota
|

paTA  VIH V—ﬂ
IN | BIT1 {{
ViL | 1))
|
!
: o= s
| | | <
-
DATA VOH I J \" OUTPUT BIT 15VI 2
ouT v | (( 1.5 UTPUT BIT 1 R k_ 8
oL t )T <
| |
e 100 BIT DELAY =;

A.C. Characteristics v,,= -5V +5%, V= +5V +5%, 1 TTL Load, Cyora.= 20 pF-

1406 1506 1407 -1507
T § —550C to +1250C 00C to +70°C —550C to +1250C 0°C to +70°C
RL 3K 3K 3.6K 3.6K
LIMIT
SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS
FREQUENCY CLOCK REP RATE (NOTE 1) 2 MHz
H1Pw ¢1 CLOCK PULSE WIDTH 130 ns
th2rPwW ¢2 CLOCK PULSE WIDTH 130 ns
'¢D CLOCK PULSE DELAY 100 ns
t,t CLOCK PULSE TRANSITION 50 ns @1 MHz
tow DATA WRITE TIME (SET UP) 100 ns
tpH DATA TO CLOCK HOLD TIME 100 ns
tar, A CLOCK 70 DATA 100 ns ViLe — Voo = —16V
OUTPUT DELAY

Capacitance®? , T, = 256°C

LMt
SYMBOL PARAMETER TYP. MAX. UNIT CONDITION
Cin INPUT CAPACITANCE (PINS 1,7) 4 pF Vin = Vee
C¢ CLOCK INPUT CAPACITANCE (PINS 3, 5) 40 pF - V¢ =Vee
C¢ CLOCK INPUT CAPACITANCE (PINS 3, 5) 35 pF V¢ =-—20 VOLT BIAS
C¢1¢2 CLOCK TO CLOCK CAPACITANCE 2 4 pF V¢ =Vee
Cout | OUTPUT CAPACITANCE 5 oF | Vour = Vee
Note 1: See page 6 for guaranteed curve Note 2: This parameter is periodically sampled and is not 100% tested.
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SILICON GATE MOS 1406, 1506, 1407, 1507

Typical Characteristics

Power Dissipation vs Frequency

P 9 q Y
10K 1000
1K //
WTEES Vpp-Vee = -10V
y CLOCK AMPLITUDES
100 100
>
H
§ tg1pw =400 ns tgn’ = 100ns
1, =200ns
@ 10 $2PW
& /
g 10
E
r4
<]
0.1 P =
-60 -20 20 60 100 140 180 b
TEMPERATURE (°C) ﬁ
a
Clock Amplitude vs Maximum Frequency &
4 g 1
I e
oo~ 1200 tg1pw = 10008 150 = 100ns
TA’ZSC lmpw=‘°0n$
| — Vpp-Veg * 10V
33
H
> / /
Q
z
5 /
3 1
g ? /
£
H
H Ta=25°C
S
EE Vpp-Vec = 10V
4 ViLe-Vee = -6V
0
° a 1 10 100 1000 10000
-8 -t 2 “ -2 -2 - OPERATING FREQUENCY (KHz)
ViLe Ve (VOLTS)
ipation/Bit vs Supply Voltage Power Dissipation/Bit vs Clock Amplitude
1.0 10 T T
- Tp = 25°C - ‘i - 400 ] Vpp-Vee = =10V
G 08 Yie~Vee 116V @ o8 T$2pw = 200 ns
3 E3 t¢p = 100 nsJ\
f o oo £ i oo
z th2pw = 200 ns| z
.5 06 oy 100 ns g 06 |
e 1 MHz % Ta=125%C / \
g L— : N >r
B o4 g 04 pry 3
o — o | P / —"
P L1 « s s /r
u 2 ] " tgpw = 100 ns Yo, el =F Tt 1pw = 100 0
8 — thopw = 100 ng| o Th ~ tgopw = 100 ns
tgp = 100 s t$p = 100 ns
° 2 MHz) o A =25°C
-6 -7 -8 -3 -10 -11 -12 -13 -8 -10 -12 -14 -6 =18 -20 -22
[VppVecl (VOLTS) [VjLeVeel (VOLTSH CLOCK AMPLITUDE
100.8IT DELAY DTL/TTL MOS Interfaces 200817 DELAY
48V +8V
kS S 36K Sask
Vec i TS 4 Vee Vee Vec| 3 Voo Ve
DTUTTL 1408, 1407, 1508, 1607 DTLATL DTLTTL 1406, 1407, 1608, 1507 DTLTTL
| 100817 | outPu 100 BIT 100 BIT SuTriy
INPUT INPUT — ]
#1 I |
100 BIT 2
INPUT REGISTER
7| | = L L
= > e =
h
= LY G CRR 8 % 3
> > 20K <SR
" 2 $3 LOAD RESISTOR VALUE b3 >
w08 | 1407
Voo 1508 | 1507 oo
R, | 30K | 36K S
-5V *For 1408 and 1506 only. &~
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Silicon Gate MOS 2401, 2405

2048/1024 BIT DYNAMIC
RECIRCULATING SHIFT REGISTERS

= Single Supply Voltage -- 45 Volts

= Fully TTL Compatible -- Inputs,
Outputs and Clock

= Single Phase Clock

= Guaranteed 1 MHz Operation
with 100 pF Load, over
Temperature Range

= Low Power Dissipation --
120 pw/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 (R ) 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

SHIFT
REGISTERS

designer with high performance, easy to use MOS circuits. Only a single +5V power supply is needed and all devices

are directly TTL compatible, including clocks.

PIN CONFIGURATIONS

LOGIC DIAGRAM

Vee

INTERNAL
LoaD
RESISTOR

Ry

E OuTPUT
- .:-[_Q

[

out, 1 16 [ Vec out (a 16 [ J vee

[ = P 15 [N, = z\ \*\ 15 e

w3 1 jour, w3 \'Id\:llouﬂ
WiR, [ & 3R, W/R E,\o\ : 13 [Jne. w
&x s 12 7] WiR, - S we WR
sy e 11 [ crock sy s 1 [J crock

NC. [} 10 j NC. ne []7 RLJ mu LS

Gno [Je 9 [ ne. eno [ 8 s[Jnc.

* DASH LINES INDICATE NECESSARY EXTERNAL
PRINTED CIRCUIT BOARD CONNECTIONS FOR
PROPER OPERATION OF THE 2405.

(SEE APPLICATION SECTION)

CSx NOTE: This represents one half of the 2401. The chip
Csy select inputs and clock input are common.

PIN NAMES
IN DATA INPUT ouTt DATA OUTPUT
W/R WRITE/RECIRCULATE | R INTERNAL LOAD
CONTROL RESISTOR
CSx.CSy CHIP SELECT INPUT N.C. NO CONNECTION

TRUTH TABLE

PIN SYMBOL
FUNCTION W/R CSx CSy
WRITE MODE H L L
RECIRCULATE L X X
X H X
X X H
READ MODE X L L

H = Logic High Level L = Logic Low Level
X = Don’t Care Condition
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SILICON GATE MOS 2401, 2405

Absolute Maximum Ratings*

*COMMENT:
Ambient Temperature Under Bias: 0° C to 70° C Stresses above those listed under “Absolute Max-
Storage Temperature: _65° C to +150°C imum Rating’” may cause permanent damage to

the device. This is a stress rating only and function-

Power Dissipation: w al operation of the device at these or at any other
Voltage on Any Pin with Respect condition above those indicated in the operation:
to Ground: —0.5V to +7V al 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°t0 70°C, Vcc=+5V +5%, unless otherwise specified.

LIMITS
SYMBOL PARAMETER MIN. TYP.] MAX. UNITS TEST CONDITIONS
I INPUT LEAKAGE 10 A Vin = 5.25V
o OUTPUT LEAKAGE 100 uA Vour = 5.25V
[P POWER SUPPLY CURRENT 45 70 mA | Ta=25°CT| Vec =5.25V;
50 80 mA Ta = 0°C 80% DUTY
CYCLE
ViH INPUT HIGH LEVEL 2.2 5.25 \")
VOLTAGE (ALL INPUTS)
»
o« ViL INPUT LOW LEVEL . -0.3 0.65 v
E VOLTAGE (ALL INPUTS)
%)
o Vou OUTPUT HIGH LEVEL 24 Vee v lon =-1mA,
[ VOLTAGE . RL = 1.56K + 5% ohms,
external
VoL OUTPUT LOW LEVEL 0 0.45 \Y loL =5.0mA,
VOLTAGE Rp = 1.5K + 5% ohms,
external (2]

NOTES: 1. Typical values are at 25°C and at nominal voltage.
. The following was used to calculate Ig|_.

Vg (max.) — Vg (max.) 5.25 — 0.45
e ¢ i = ——— + 1.6 = 4. .
oL R (min Iy (TTL device) 145 1.6 =4.97mA.
Also note that the internal load resistor, R|_), has a value ranging from 500 ohms mini to 2,200 ohms i 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 (lcc) EFFECTIVE INPUT CHARACTERISTIC
VS. DATA REP RATE
, 6
@ T
DATA = “0"
-~ — — DATA="1" 5
50 L
CONSTANT DUTY
CONSTANT PULSE .~ CYCLE = 80% o
WIDTH = 10us
40 E
> L] : .
£ 30 e | N <
= i e S
-1~ | — =" CONSTANT PULSE 2
20 = —— = ] WIDTH = 800 ns
: 1
10 7
Py M T R ST B N B
o - 0 1 3 4
1KHz 10KHz 100KHz MHz 10MHz 200mv iy (VOLTS)

DATA REP RATE

TTL OUTPUT



SILICON GATE MOS 2401, 2405

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

LIMITS
SYMBOL PARAMETER MIN. TYP. MAX. | UNITS TEST CONDITIONS
FREQ. MAX. MAX. DATA 1 MHz
REP. RATE !
FREQ. MIN. MIN. DATA 1 KHz To=25°C
REP. RATE 25111 KHz Ta=70°C
topw CLOCK PULSE 0.80 10 us
. WIDTH i
ton CLOCK PULSE 0.20 1000 us Tp=25°C
DELAY 0.20 40 us T,=70°C
t,, t CLOCK RISE 50 | ns
AND FALL TIME
tw WRITE TIME 200 ns
ty . HOLD TIME 150 ns
ta ACCESS TIME 250 500 ns RL = 1.56K £ 5% ohm,
FROM CLOCK EXTERNAL
OR CHIP CL=100pF
SELECT ONE TTL LOAD b4
NOTE: 1. 100 kHz in plastic (P) package. s E
» T o
Capacitance T1,-=25C =3
LIMITS
SYMBOL PARAMETER MIN. TYP. MAX. UNITS | TEST CONDITIONS
Cin g:::éﬂl/ARNgtECS INPUT 4 7 pF ALL PINS AT AC
GROUND; 250 mV
Cour | OUTPUT CAPACITANCE 10 14 PF | PEAK TO PEAK,
C¢ CLOCK CAPACITANCE 4 7 pF 1MHz
waveforms BIT 1 BIT 2 BIT n+1 BIT n+2

1

tevere = Trea
t— (OD

r-&

OUTPUT IF CHIP
CONTINUQUSLY -+
SELECTED

- “0" OUT

OUTPUT IF CS IS 15V
PULSED (OUTPUT
1S HIGH WHEN

UNSELECTED) OUTPUT N IV Ky

“1" OUT

“0” OUT
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SILICON GATE MOS 2401, 2405

D. C. Characteristics

TEMPERATURE DEPENDENCE OF

OUTPUT LOW LEVEL SINK CAPABILITY R POWER SUPPLY CURRENT (i¢c} VS. AMBIENT TEMPERATURE (°C)
14 - 60
T T T —I
3 I~ Vor = 045V ‘ f = 1MHz
3w \ — o 55 topy = 800 ns
2 ~ % Vee = 5.25V
2 nrE > 5257 ’\ ZtE" 50
2 e~ 5 - M
z o ~— iu a5 \
3 0 S8 \
40
3 1+ ]
g ‘ , —
z e 35 T ——
5 ———-——wt'msrcAseumr—---——— —
: [
4
0 10 20 30 40 50 60 70 80 % 0 10 20 30 40 50 60 70
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

A. C. Characteristics - . '

MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY MINIMUM CLOCK PULSE WIDTH AND
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE EFFECTIVE MAXIMUM DATA RATE AT 80%
100KHz s DUTY CYCLE VS.

POWER SUPPLY VOLTAGE (V)

TIT T

BKHz [F— — 1 — —|— ——— —|— — 1~ — - — —#40us SPECIFIED 3
OPERATING
. P /‘ RANGE :
10KHz | 100us 800 13
w E >
-3 E S
w F >
G r < / v 5
4 ) ;
o - \wﬁ\" _ 600 8
E MINIMUM b A g s
= <
: patarate 'KHZ E T etk £ -3
r / DELAY (tgp) £ g
o + a00 2 g
vd | :
/ I —— %
, . s %
100Hz |- <o 10 ms w
E < 200 42
F 5
2
I~ ™S
- &
/ 5
s 0
10H 100 3 4 8 ¢ 7 8
2
° 10 20 30 40 50 60 o Ve (VOLTS)
AMBIENT TEMPERATURE (°C)
Typical Application Of TTL Compatible Shift Registers
ACCESS TIME VS. LOAD CAPACITANCE .
s Vee = +5 VOLTS
600 T ;
R = 1.6KQ + 5% ohms,
SPEC POINT external
500 DTLTTL gecnCuLATE
L —I‘ 15KQ £ 5% (1)
400 DTL/TTL Aqwm  Vee Ry wR Vo Ry,
’ / ——D’-—M— IN 2401/2405 OUT IN  2401/2405 OUT
ta 200 / CSy CSy CLOCK CSx CSy CLOCK
(ns) /, oTLATL ] T
‘ £
200 DTL/TTL ful“uﬂ
100 DTLATL
CLOCK
% 50 700 50 200 - 250 300 NOTE (1): The 2401/2405 is directly compatible device to device.
LOAD CAPACITANCE (pF) An external 1.5KQ + 5% load resistor is recommended for driving

one TTL load with the 2401/2405 output.
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|nte| Charge Coupled Device 2416

16,384 BIT CCD SERIAL MEMORY

= Organization: 64 Recirculating Shift Registers
of 256 Bits Each

= Avg. Latency Time Under 100 xs m Standard Power Supplies —

m Max. Serial Data Transfer Rate +12vV, =5V
—2 mega bits/sec. ® Open Drain Output

= Address Registers Incorporated ® Combined Read/Write Cycles
on Chip Allowed

The Intel*2416 is a 16,384 bit CCD serial memory designed for low-cost memory applications requiring average latency times
under 100 us. To achieve low latency time the memory was organized in the form of 64 independent recirculating shift regis-
ters 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 (¢q . . . @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 ¢, 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/or for modification. 1/O functions are accomplished in a manner similar to that of a 64-bit dynamic RAM. At the next
shift cycle, the contents of the 64 accessible bits (whether modified or not) are transferred forward into the respective regis-
ters and the contents of the next bit of each register become accessible. No |/O function can be performed during the shift
operation itself.

'
o
T
T
L
R
w
[~ =%

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/O 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 CONFIGURATIONS BLOCK DIAGRAM
P2416 C2416
—— REFRESH| 256-BIT RECIRCULATING [REFRESH| | DATAOUT| _ ——
~7 AMP | CCDREGISTERNO.1 | AMP BUFFER DATA OUTPUT
Ves [0 B Jce  ce[]1 22 [Jes
5 REFRESH| 256.BIT RECIRCULATING [REFRESH :
Dour [] 2 [ Jes v []2 21 [ ¢, AMP |~ CCDREGISTERNO.2 | AMP |* T
A [ s 6 Jé Dour []3 20 4 | | patain [«—paTaInPUT
. BUFFER
A E 4 5] % P 19 [Ine : : DE:;/SS <— WRITE ENABLE
. ER
al]s wlJve AL]s 18 [N I . | 1
- - .
A []s 13 )% Al]s 17 ] Ves | | — A
.k 12 ] A 16 [Inc -— Ay
y F T RECIRCULATING |REFRESH | iNeur . [2 Az} AcoRess
A, REFRESH| 256-BI IRCULATING | | «— A.
« e nJwe A s [ ne AMP | CCDREGISTERNO.64 | AMP [+ BUFFERS [+ 3| INPUTS
Voo [ 0 ooy Ao 16 ~— A5
Voo [] 10 13[4 t
"Dy I:“ L 12 [Jwe | ‘
PIN NAMES Mg | CEINPUT
GENERATORS |<— cs inpuT
Ay-As  ADDRESS INPUTS CE CHIP ENABLE INPUT
Dy  DATAINPUT 6104 CCD CLOCK INPUTS £192% %
WE WRITE ENABLE INPUT | Vpp, Vs, Vgg  POWER SUPPLIES FOUR.PHASE CCD
= e CLOCK INPUTS
cs CHIP SELECT INPUT DBour DATA OUTPUT
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CHARGE COUPLED DEVICE 2416

Pictured below is a 1 million bit CCD Storage Card built with Intel’s 2416 CCD Register. The card has an average latency
time (access time to any bit) of less than 100 us and a maximum data transfer rate of 16 million bits per second which may
be increased to 64 million bits per second by using interleaved accesses.

%)
o
-
w -
e
» o
w
3

The photomicrograph below is of the 2416 16,384 bit CCD Register Chip.
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MEMORY PERIPHERALS

Electrical Characteristics over Temperature
Type Description Input te Output Delay | Power Dissipation[1] | Supplies [V] | Page No.
Maximum Maximum
3205 1 of 8 Binary Decoder 18ns 350mW +5 5-3
3207A ' | Quad Bipolar to MOS Level Shifter and Driver 25ns 900 mW +b, +16, +19 5-7
3207A-1 | Quad Bipolar to MOS Level Shifter and Driver 25ns 1040mW +5, +19, +22 5-11
5‘ 3208A Hex Sense Amp for MOS Memaries 20ns 600mW B ) 5-13
-l
o | 3210 Single High Voltage Bipolar to MOS Level 40ns 570mW +5,+12(2] 5-19
= Shifter and Driver plus Quad Low Voltage
; Bipolar to MOS Level Shifter and Driver .
e | 32n Single High Voltage ECL to MOS Level 45ns 705mW +5,+12(2] 5-23
= Shifter and Driver plus Quad Low Voltage
S ECL to MOS Level Shifter and Driver
3235 Quad Bipolar to MOS Level Shifter and Driver 32ns 690mwW +5,+12, +15 5-27
3404 High Speed 6-Bit Latch 12ns 375mW +5 5-3
3408A Hex Sense Amp and Latch for MOS Memories 25ns 625mwW +5 5-13

5-2

Notes: 1. Power Dissipation calculated with maximum power supply current and nominal power supply voltages.
2. One external PNP transistor is required.




inter Schottky Bipolar 3205, 3404

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER
3404 HIGH SPEED 6-BIT LATCH

= 18 ns max. Delay Over 0°C = Low Input Load Current--.25 mA
to 75°C Temperature -- 3205 max., 1/6 Standard TTL Input Load.

= 12 ns max. Data to Output » Minimum Line Reflection -- Low
Delay Over 0°C to 75°C Voltage Diode Input Clamp.

Temperature --3404 . .
= Qutputs Sink 10 mA min.

« Directly Compatible with DTL and
T Lo e - 16-Pin Dual In-Line Package.

= Simple Expansion-- Enable Inputs.

3205

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 trarsistors to obtain
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process.
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PIN CONFIGURATION

3205 3404
1
164 vee D‘a—‘;’}' L
bsts, = 42 =
L i =£h L
13} = = _la : 13l -
Po——=20, 0, =3 =]
18 BINARY 2 2 Os
DECODER ~
12 0, Dy ds—mo-l 12 b,
O 11 = = 6 11 -

i
Im l\. Im Lm la lu |u -
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SCHOTTKY BIPOLAR 3205, 3404

Absolute Maximum Ratings*

Temperature Under Bias:  Ceramic ~ —65°C to +125°C *COMMENT .
Plastic —65°C to +75°C 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
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational
sections of this specification is not implied. Exposure to absolute

’ Storage Temperature —65°C to +160°C

All Input Voltages —1.0t0 +5.5 Volts maximum rating conditions for extended periods may affect
Output Currents 125 mA device reliability.
D.C. Characteristics T, = 0°C to +75°C, V.. = 5.0V +5%
3205, 3404
SYMBOL PARAMETER LimiT UNIT TEST CONDITIONS
MIN. MAX.
’ I INPUT LOAD CURRENT 025 | mA | Vg, =525V, V. =045V
'H INPUT LEAKAGE CURRENT 10 HA VCC =5.25V, VR =5.25V
VC INPUT FORWARD CLAMP VOLTAGE -1.0 \% VCC =4.75V, 'C =-5.0mA
VOL OUTPUT “LOW” VOLTAGE 0.45 v VCC =4.75V, 'OL =10.0mA
Vou OUTPUT HIGH VOLTAGE 24 v Ve =475V, 15, = —1.5mA
VlL INPUT “LOW"” VOLTAGE 0.85 \") Vee = 5.0V
Vi INPUT “HIGH" VOLTAGE | 20 v Vge = 5.0V
Isc OUTPUT HIGH SHORT -40  [-120 mA Vee = 5.0V, Vg p = OV
CIRCUIT CURRENT
Vox OUTPUT “LOW"” VOLTAGE 08 v Vee =5.0V, Iy = 40mA
@ HIGH CURRENT
3205 ONLY
lec POWER SUPPLY CURRENT | | 70 | ma | v -s28v |
3404 ONLY )
v lec POWER SUPPLY CURRENT 75 mA VCC =5.25V
; g lFW1 WRIT§'§N7ABLE LOAD CURRENT -1.00 mA Vcc=5.25V, VW =0.45V
o W
=8
E E lFWZ WRITE ENABLE LOAD CURRENT —-0.50 mA VCC=5.25V, VW =0.45V
w , PIN 15
IHW WRITE ENABLE LEAKAGE CURRENT 10 pA VR =5.25V
\
Typical Characteristics
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT “LOW’ VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION
100 — T 50 T
el |4 Ve =5.0V [ ﬂ'(\l\ Vee =5.0V
80 T 25 e -10 | SR 40
I Ve = 5.0V Tazoc| = Ta =0°C Ta=75C | o
g 1 s T
60— Ao L 5 -2 g 30 N
& ] u 5 N
] R4 s g !
£ 40 / © 30 5 20 Ta= 25.":"‘\"’\
2 5 2 ! Ta = 75°C o) \
5 & 5
3 Ta = 75°C— ) ) \
20 s © _a 1.0
1/ | Ta=0C \ \
g t T .
—Ta = 25'C
o V4 A -50 0 \
L] 2 4 6 8 1.0 . 0 1.0 2.0 3.0 4.0 5.0 0 2 4 6 8 10 1.2 14 16 1.8 2.0
OUTPUT “LOW" VOLTAGE (V) OUTPUT “HIGH" VOLTAGE (V) INPUT VOLTAGE (V)
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SCHOTTKY BIPOLAR 3205, 3404

3205-HIGH SPEED 1 OUT OF 8 BINARY DECODER
Switching Characteristics '
CONDITIONS OF TEST: TEST LOAD: 3

Input pulse amplitudes: 2.5V 3908

Input rise and fall times: 5 nsec L‘ j)
between 1V and 2V . \_Q__J

Measurements are made at 1.5V
CL I 2K

AIl Transistors 2N2369 or Equivalent. C_ =30pF

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE

OuTPUT

!

A.C. Characteristics T, = 0°C to +75°C, Vi = 5.0V £5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS

ths 18 ns
t_4 ADDRESS OR ENABLE TO 18 ns

ty_ OUTPUT DELAY 18 ns "

t__ 18 ns > Zz'

cn™ | INPUT CAPACITANCE P3205 4ltyp.) pF f =1 MHz, Ve = OV é i

i C3205 5(typ.) pF . VBlAg = 2.0V, T =250C e

1. This parameter is periodically sampled and is not 100% tested. = ;

Typical Characteristics

ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
“ v, Tsov “ !
cc = > = 5.0V
Tp =25°C /f;’* N cfc = 30 pF
e_ s e S g_ ®
32 P CER N gt
= | — =0 i
g a3 1w — ] gg 10
aé L 25 t,
£3 g5
2 5 g°
0 0
0 50 100 150 200 0 25 50 75
LOAD CAPACITANCE (pF) . AMBIENT TEMPERATURE (°C)
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SCHOTTKY BIPOLAR 3205, 3404

3404 -6-BIT LATCH
Switching Characteristics

v,
CONDITIONS OF TEST: TEST LOAD: 3:;9
Input pulse amplitudes: 2.5V LL

Input rise and fall times: 5 nsec

between 1V and 2V

Measurements are made at 1.5V Cu I E

= All Transistors 2N2369 or Equivalent. C; = 30pF

TEST WAVEFORMS

MEASUREMENT FOR DATA DELAY MEASUREMENT FOR WRITE ENABLE DELAY
——— = .
DATA \[ . ’ DATA G
INPUT M J INPUT —
< tseT up > tHoLD I < twe > thoLp =
WRITE WRITE \
ENABLE ENABLE i
| Lty
’ - - 'l' - - -
out ouT A\ NOTE?2
el
NOTE 1: Output Data is valid after Lty NOTE 2: Output Data is valid after t __, t_,
A.C. Characteristics T, = 0°C to +75°C, V¢ = 5.0V +5%; unless otherwise specified.
‘SYMBOL PARAMETER LIMITS UNIT TEST CONDITIONS
MIN. TYP. MAX.
et DATA TO OUTPUT DELAY 12 ns
t__2t_+ | WRITE ENABLE TO OUTPUT DELAY 17 ns
tsgeT up | TIME DATA MUST BE PRESENT BEFORE 12 ns
| RISING EDGE OF WRITE ENABLE )
tHoLD TIME DATA'MUST REMAIN AFTER 8 ) ns
. RISING EDGE OF WRITE ENABLE
.- twe WRITE ENABLE PULSE WIDTH 15 ns
oo Cinp(3 | DATA INPUT CAPACITANCE P3404 4 pF f=1MHz, Ve = 0V
= o C3404 5 pF VBIAS = 2.0V, T =25°C
= Cinw!3) | WRITE ENABLE CAPACITANCE  P3404 7 pF =1 MHz, vVee = OV
v C3404 8 pF VBiAS = 2.0V, Tp =250C
NOTE 3: This parameter is periodically sampled and is not 100% tested.
Typical Characteristics
DATA INPUT,‘WRITE ENABLE DATA INPUT, WRITE ENABLE
TO OUTPUT DELAY VS. TO OUTPUT DELAY VS. WRITE ENABLE PULSE WIDTH
LOAD CAPACITANCE AMBIENT TEMPERATURE ' VS. LOAD CAPACITANCE
20 20 20
I i / v, js ov Veg = 5.0v
Ve = 5.0V A cc = > _ e
wE T ae gV s C, = 30 pF H Ta=25C
2715 \“g\“?‘ :‘g’; 15 ! Z1s
<> N erl E -
5§ / &“‘g,» E§ WRITE ENABLE t_— g /
=0 / @Y\“ EE w N
= o® = /
210 o5 / £210 20
(= =
=5 = - £3 o L
§ S /y 2 S DATAORWRITEENABLEt . § —
Sr =r B
DATA t;_
25 5 =] R — = w s
ga ga =
oz az =
< - «
=
0 - 0 0
) 100 200 . 300 400 [ 25 50 7% [} 100 200 300 400
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF)



inter’ Schottky Bipolar 3207A

QUAD BIPOLAR-TO-MOS LEVEL SHIFTER
AND DRIVER

= High Speed, 45 nsec Max.-- = Easy to Use--Operates from
Delay + Transition Time Over Standard Bipolar and MOS
Temperature with 200 pF Load Supplies

* TTL & DTL Compatible Inputs = Minimum Line Reflection--Input

* 1103 and 1103A Memory and Output Clamp Diodes
Compatible at Output = High Input Breakdown Voltage--
19 Volts

= Simplifies Design-- Replaces , .
Discrete Components = CerDIP Package--16 Pin DIP

The 3207A is a Quad Bipolar-to-MOS level shifter and driver which accepts TTL andl 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 Vsg :and Vg
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 V4 and a logic “0" is V| . The 3207A outputs correspond to a logic *’1” as
VoL and a logic 0" as VoH for driving MOS inputs.

The 3207A 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 0°C to +70°C.
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PIN CONFIGURATION LOGIC SYMBOL
I . by
% I T Fvcc 0,
- E]_—q- .
ouTPUT 0,2 150, OUTPUT e :
S
DATAINPUT D,(]3 11Dp, DATAINPUT b ‘ 0,
. 2
ENABLE INPUT E,(J4 13 pg, ENABLE INPUT
ENABLE INPUT £,(]5 12 F]E3 ENABLE INPUT ‘
o |
DATAINPUT D, 6 11[0D; DATAINPUT 2 Do—o3
Eg.__a.
ouTPUT 0,07 1o, outeut E )
4 5
GNDO) 8 90 Vg - o, }—0‘
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 SCHOTTKY BIPOLAR 3207A

5-8

Absolute Maximum Ratings*

Temperature Under Bias ......... 0°Cto +70°C

Storage Temperature. .. ........—65°C to +160°C
All Input Voltages and Vgg. . . . ..=1.0t0 +21V
Supply Voltage Ve .+ oo vvveeentvn s =1.0 0 47V
Al Outputs and Supply Voltage

Vgg With respectto GND ......... —1.0to+25V
Power Dissipation at 26°C............ 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 con-
dition above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

(1) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures.

D. C. Characteristics T,=0°Ct070°C, Vo 5V + 5%, Vgg =16V + 5%, Vs~ Vsg= 3.0V to 4.0V

sYmBoL TEST e " T vax, | unir CONDITIONS
o DATA INPUT LOAD CURRENT —0.25 mA Vp = 45V, V= .25V, All Other Inputs
) at 526V, Vo = 16V, V= 19V
ke ENABLE INPUT LOAD CURRENT ~0.50 mA Vg = 45V, V.= 5.25V, All Other Inputs
at 5.25V, Vgg= 16V, Vg = 19V
lno DATA INPUT LEAKAGE 20 LA Vp = 19V, V.= 5.0V, All Other Inputs
CURRENT Grounded, Vg = 16V, Vgg= 19V
[ ENABLE INPUT LEAKAGE 20 uA VE =19V, V.= 5.0V, All Other Inputs
CURRENT Grounded, Vo = 16V, V, ;= 19V '
VoL OUTPUT “LOW"” VOLTAGE 8 v(0°c) loL =500HA, Vo = 4.75V
7 Vv(25°C) Vgg™ 16V, Vgg= 18V
6 v(70°C) All Inputs at 2.0V
VoH (MIN)|  OUTPUT “HIGH” VOLTAGE Vs =7 v(0°c) 161= —500KA, Vg = 5.0V
: Vgg—6 V(25:C) Vgg = 16V, Vgg= 19V
Vi —5 v(70°C) All Inputs at 0.85V
' IoH =5MA, Weg = 5.0V
VOH {MAX.) ) VSS +1.0 \% vss =18V, VBB =19V
oL OUTPUT SINK CURRENT 100 mA Vg =4V, Vo= 5.0V, Vo= 16V,
Vgg= 19V, V= V= 20V
lon OUTPUT SOURCE CURRENT -100 mA Vo = Vgg ~4V: V= B0V, Vgg = 16V
) Vo 19V, Vg =V, =085V
Vio INPUT “LOW"” VOLTAGE 1.0 \ V= 5.0V, Vg = 16V, Vg o= 19V
Vin INPUT “HIGH” VOLTAGE 2.0 V= 50V, Vgg= 16V, Vg o= 10V
'N INPUT CAPACITANCE 8(Typical) pF Vgias™ 20V, Vo= OV
POWER SUPPLY CURRENT DRAIN:
All Outputs ““Low”"
Symbol Parameter Min Max. Unit Conditions
[ from V, A
cc Current from Vg 83 m Ve = 526V, Vgg = 16.8V, Vg = 20.8V
1 Current from V. 260 MA cc ss B8
SS SS All Inputs Open
Igg Current from Vgg 21 mA
ProTaL Total Power Dissipation 900 mwW
All Outputs “High"’
1 A
cc Current from Ve 33 ™ Ve = 5.25V, Vg = 16.8V, Vgp = 20.8V
i Current from V 250 uA cc Ss 68
ss _ Ss All Inputs Grounded
gg Current from Vgg 3 mA N -
ProTAL Total Power Dissipation 250 mw
Standby Condition with Vcc =0V, Vss =Vgg
'CC Current from VCC 0 mA Veg =0V, Vee =16.8V, Vag = 16.8V
~ cc £ BB
Iss _ Current from VSS 250 M
8B Current from Vgg 250 MA '
PTOT AL Total Power Dissipation 10 mw




SCHOTTKY BIPOLAR 3207A

Switching Characteristics

A.C. Characteristics :
Ta =0°C to 70°C, Vg = BV +5%, Vg = 16V +5%, Vgg = Vgg +3 to 4V, f =2 MHz, 50% Duty Cycle

LIMITS (ns)
SYMBOL TEST peLAY DIFFEReNTIAL'"
CL =100 pF Cy =200 pF Cy = 200 pF
MIN. MAX. MIN. MAX. MAX.
t,_ | INPUT TO OUTPUT DELAY 5 15 5 15 5
t_, | INPUT TO OUTPUT DELAY 5 26 5 25 10
1, OUTPUT RISE TIME 5 20 | s 30 10
1 OUTPUT FALL TIME 5 20 10 30 10
t, |DELAY + RISEOR 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
Vss - JV
ouT
A
ty_— tg—]
la——tp
a
\ 1.5V * EE
71 N\ u S
IN - 1.5v 2v. g E
+ * \ a

GND

Typical Characteristics

SWITCHING TIME VS.
AMBIENT TEMPERATURE

SWITCHING TIME VS.
LOAD CAPACITANCE

40 ) 0
Vge =5.0V Ve =5.0V
Vgg =16V Vgg =16V
O vgg=19v 30— g =10V
Z C_ =200pF z Ty =25°%
w w /
= =
= = (0
F [
o 2 t_ g / '/
H . £ T
£ . £
@ 1 : 3 10 % —
——t,_ //
0 0

0 20 40 60 80 0 100 200 300 400
AMBIENT TEMPERATURE (°C) ' LOAD CAPACITANCE (pF)



SCHOTTKY BIPOLAR 3207A

Power and Switching Characteristics
POWER CONSUM.ED IN CHARGING AND

DISCHARGING LOAD CAPACITANCE NO LOAD D.C. POWER DISSIPATION VS.
OVER 0V TO 16V INTERVAL OPERATING DUTY CYCLE
2 1.0

[=]

<

3 / -
Q s
3
o g =
¥ :
@» Q @»
z 2 @
a '5 °
£3 ¢
33 8
H :
: 8
2

e

T
DUTY CYCLE:—— x 100%
2
002 1 L1111 ] Lol 0
A .2 4 6 8 1 2 4 6 810, 0 50 75 100
FREQUENCY OF SWITCHING (MHz) SWITCHING DUTY GYCLE (%)
POWER = CV2f
. WORST CASELOAD CAPACITANCE
JUNCTION TEMPERATURE VS. TOTAL ON EACH OUTPUT VS.
POWER DISSIPATION OF THE CIRCUIT . FREQUENCY OF SWITCHING

OPERATING IN THIS REGION IS NOT

w

-—d
><
o
=
2=
=
w
a.

WORST CASE LOAD CAPACITANCE
ON EACH OUTPUT (pF) -

JUNCTION TEMPERATURE OF 3207 (°C)

0 05 1.0 15 20 1 2 3 4

TOTAL POWER DISSIPATION OF THE CIRCUIT (W)
TOTAL POWER = D.C. POWER + POWER CONSUMED IN
CHARGING AND DISCHARGING LOAD CAPACITANCE. . !

FREQUENCY OF SWITCHING (MHz)
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Schottky Bipolar 3207A-1

QUAD BIPOLAR-TO-MOS LEVEL SHIFTER
AND DRIVER

= Power Supply Voltage

Compatible with the High

Voltage 1103-1

The Intel 3207A-1 is the high voltage version of the standard 3207A, and is compatible with the 1103-1. The
3207A-1 has all the same features as the standard 3207A. The absolute maximum ratings and pin configuration
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page.

= 1103-1 Memory Compatible

at Output

PIN CONFIGURATION
vs 1] s [

outPuT 0,0
DATAINPUT 0,
ENABLE INPUT  E,(J
ENABLE INPUT E,(}
DATA INPUT 0, (]
0UTPUT 0,0
GNDQ

2
3
4

-]
6
7
8

150,
wpo,
uhe,
12f0e,
nho,
wfo,
] a8

OuTPUT

DATA INPUT
ENABLE INPUT
ENABLE INPUT
DATA INPUT
OUTPUT

LOGIC SYMBOL

0
E) —d
£

0,

0;
£y —d
[Fp—

D,

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ......... 0°C to +55°C
Storage Temperature . .......... —65°C to +160°C
All Input Voltages —1.0 to +21 Volts
Supply Voltage Ve —1.0 to +7.0 Volts
All Outputs and Supply Voltages Vgg and Vsg

withrespectto GND. .. ........ —1.0 to +25 Volts
Power Dissipation at 25°C. .. ............ 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 T, =0°C t055°C, Vioc =5V + 5%, Vigg = 19V + 5%, \gg —Veg = 3.0V to 4.0V

SYMBOL TEST m_UM”MAx UNIT CONDITIONS
e DATA INPUT LOAD CURRENT -0.25 mA Vp = 45V, V= 6.25V, All Other Inputs
at 5.25V, Vg = 19V, V= 23V
[ ENABLE INPUT LOAD CURRENT —0.50 mA Vg =45V, V= 5.25V, All Other Inputs
‘ at .25V, Vge= 19V, V, o =23V
lao DATA INPUT LEAKAGE 20 kA Vp = 19V, V= 5.0V, All Other Inputs -
CURRENT Grounded, Vg = 19V, Vo= 23V
lne ENABLE INPUT LEAKAGE 20 LA Vg =19V, V= 5.0V, All Other Inputs
CURRENT Grounded, Ve = 19V, V= 23V
VoL OUTPUT “LOW" VOLTAGE 08 v(c°c) Ioy =BO00A, V= 4.75V
0.7 VI(25°C) | Vg =19V, V=23V :
0.6 V(55°C) ‘Al Inputs at 2.0V
", m \O = =
-Vou (MIN)|  OUTPUT “HIGH" VOLTAGE Vsg =07 v(c°c) Ion= —500LA, V.= 5.0V
Vg —0.6 v(26°C) Vgg =19V, V=23V
Vgg —0.5 V(55°C) All Inputs at 0.85V
) IgH = 5mA, Vo = 5.0V
Vou (MAX.) Vgs+1.0 \ OH ~ r'cc
OH ss Vgs = 19V, Vgg = 23V
oL OUTPUT SINK CURRENT 100 mA Vg =4V, V= 5.0V, V= 19V,
Vgg=23V, V= V= 2.0V
lon OUTPUT SOURCE CURRENT —-100 mA Yy = Vgg =4V, V= 5.0V, Vg = 19V
‘ Vg 23V, Vg =V, =0.85V
L INPUT “LOW” VOLTAGE 1.0 v Vo= 50V, Vgg = 19V, Vg = 23V
» INPUT “HIGH"” VOLTAGE 2.0 Vo= 50V, Vgg =19V, V= 23V
Cn INPUT CAPACITANCE 8(Typical) pF Vgiag™ 20V, Vo= OV
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SCHOTTKY BIPOLAR 3207A-1

D.C. Characteristics (Continued) T, = 0°C to +55°C, Vg = 5V * 5%, Vgg = 19V £ 5%, Vgg —Veg = 3.0V t0 4.0V

POWER SUPPLY CURRENT DRAIN:
All Outputs “Low’"

\

Symbol Parameter Min Max. Unit Conditions

| C tf \Y A :

cc urrent from Yece 83 m Ve =525V, Vgg = 20V, Vgg = 24V
- cc SS BB

Iss Current from Vgg 250 MHA .

All Inputs Open
8B . Current from Vgg 25 mA
ProTaL Total Power Dissipation 1040 mwW
All Outputs “High’’

| Current f vV mA .

cc arrent rom Yee 33 Vog =525V, Vgg = 20V, Vgg = 24V
| Current from V. 250 MA cc 5§ 8B

SS ) All Inputs Grounded

Igg Current from Vgg 5 mA
ProTaL Total Power Dissipation 297 mw.

Standby Condition with Vi = 0V, Vgg = Vgg
lec Current from Voo 0 mA Ve = OV, Ve = 20V, Vg = 20V
CcC. SS BB

Iss Current from VSS 500 MA

g Current from_ Vg 500 MA
ProTaL ] Total Power Dissipation 15 mw

A.C. Characteristics

Ta =0°C 10 55°C, Ve = BV 5%, Vgg = 19V.£5%, Vgg = Vg +3 t0 4V, f = 2 MHz, 50% Duty Cycle

LIMITS (ns)
SYMBOL TEST DELAY DIFFERENTIAL'"
C_ = 100 pF CL =200 pF C|_ =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
1, OUTPUT RISE TIME 5 20 5 30 10
t OUTPUT FALL TIME 5 25 10 35 10
ty 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
‘ Vss
*
out j‘: .
ty_ - tg—]




inter Schottky Bipolar 3208A, 3408A

HEX BIPOLAR SENSE AMPLIFIERS

FOR MOS CIRCUITS
3208A HEX SENSE AMPLIFIER
3408A HEX SENSE AMPLIFIER WITH LATCHES

= High Speed—20 nsec. max. = Two Enable Inputs

= Wire-OR Capability— = Minimum Line Reflection .... Low
Open Collector Output ..3208A Voltage Diode Input Clamp
Three-State Output .....3408A » Plastic 18 Pin Dual In-Line

= Single 5 V Power Supply Package

» Input Level Compatible with = Schottky TTL
1103 Output

The Intel 3208A is a high speed hex sense amplifier designed to sense the output signals of the 1103 memory.
The device features two separate enable inputs each controlling the output state of three sense amplifiers, and a
common voltage reference input. OR-tie capability is available with the 3208A open collector TTL compatible
output. :

The 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be
stored in the latches through application of a write pulse. The 3408A has three-state TTL outputs, hence in the
non-enabled state the outputs float allowing wire-OR memory expansion. The latches may be bypassed by
grounding the write input pin. Under this condition, the 3408A functions as a hex sense amplifier.

The 3208A and 3408A operate from a single +5 volt power supply. Device performance is specified over the
complete ambient temperature range of 0°C to 70°C and over a Vcc supply voltage range of 5 volts +56%. The
3208A and 3408A are packaged in an 18 pin plastic dual in-line package.

v
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>
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PIN CONFIGURATIONS BLOCK DIAGRAMS =
w2
~ —— s—J ) 308 ) o Sx
[ 18] vee Cim [ 18[ ] Vee; ® ® a.
rer ]2 v[Q& R[]z w[]& “5'6‘ W(D—D—
si[]= 8[Jo, s[> 8[]o, s REF —
: ' I —-o
s, ]+ . 5[ o, s:[]s 1s[]o; (O] :Do_ ' Sy —i
ss[Js  s20ea wu[]o, ss[]s  mma w[Jo, D
S g ————rl I F——O
s [ s n[Jo.  s[Je 3[Jo. "® :Do_ ® s,——:|>
s |2305 ss[(17 127] o, ®
S3 0y
Am n::). ss []e u:j-os ®$___D"6 o]
ano o o1& oo [Je w[J& ®
4 —o-
3208A 3408A s :D"___Dv@“' s :D_ o
Sg )
® :D »_—D’@"s 5 :D* o
PIN NAMES
Sq ——1
$1,52,53,54,55,S¢  SENSE AMP INPUTS ® :D’_;Doé—o. s
Ey, ENABLE INPUTS _ ® %
REF REFERENCE INPUT &2 ‘D @ vee : @- vec
01,02,03,04,05 06 OUTPUTS (Non-inverting) ®- ow '® C@- oo
w WRITE INPUT (3408A only) O « PIN NUMBER O = PIN NUMBER

3




SCHOTTKY BIPOLAR 3208A, 3408A

Absolute Maximum Ratings*

*COMMENT:

Temperature Under Bias —55°C to +125°C Stresses above those listed under ‘‘Absolute
Storage Temperature —65°C to +160°C Maximum Rating’’ may cause permanent damage
All Outputs or Supply Voltage —0.5 to +7 Volts to the device. This is a stress rating only and
All TTL Input Voltages —1 to +5.5 Volts functional operation of the device at this or at
All Sense Input Voltages —1to +1 Volt any other condition above those indicated in the
Output Currents Total 300mA operational sections of this specification is not
Input Current : 125mA implied.

D. C. Characteristics for 3208A T, = 0°C to 70°C, V=5V £5%

§ LIMITS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS
e INPUT LOAD CURRENT ON -0.25 mA Vec = 5.25V
ENABLE INPUT Vg =0.45V
lre INPUT LEAKAGE.CURRENT 20 nA Vee =4.75V
ON ENABLE INPUT Vg =5.26V
Vi, | INPUT “HIGH" VOLTAGE 2.0 v Vee =5.0V
ON ENABLE INPUT
ViL INPUT “LOW’ VOLTAGE 0.85 v Ve ='5.0v
ON ENABLE INPUT
VoL OUTPUT “LOW” VOLTAGE : 0.45 \ Vee =4.75V
loL=10mA
lcex | OUTPUT LEAKAGE CURRENT ’ 100 7y Ve = 5.25V
’ . Vcex = 5.25V
» lner | INPUT CURRENT ON —150 A Ve = 5.25V
zg REFERENCE INPUT Vger = 100mV
=F s INPUT CURRENT ON T 25 A Ve = 5.25V
E = SENSE AMP INPUT Vg=100mV
S Ve | INPUT “HIGH” VOLTAGE FOR | Vger mV Ve =4.75 10 5.25V
SENSE AMP INPUT Vrer = 100 to 200mV
Vs INPUT “LOW"” VOLTAGE FOR VREF mV Vec =4.75 t0 5,25V
SENSE AMP INPUT -50 VRer = 100 to 200mV
Verer | OPERATING RANGE OF 100 200 mV Vee =4.75 10 6,25V
REFERENCE VOLTAGE
lee POWER SUPPLY CURRENT 120 mA Vee =5.25V
Ve | INPUT CLAMP VOLTAGE -1.0 v Vee =4.75V
ON ALL INPUTS lc=—-5.0mA
VSD SENSE INPUT CLAMP 1.0 \ VCC =5.0V
DIODE VOLTAGE ID= 5.0mA
3208A TRUTH TABLE
INPUTS
Sense Amp Enable OUTPUT
<Vger —50mV L L
>VRer L H
X _H H X = Don’t care




SCHOTTKY BIPOLAR 3208A, 3408A

D. C. Characteristics for 3408A T, = 0°C to +70°C, V¢ =5V +5%

LIMITS
SYMBOL PARAMETER ’ MIN. TYP. MAX. UNIT TEST CONDITIONS
Ire INPUT LOAD CURRENT —0.25 mA Vec =5.25V
ON ENABLE INPUT Vg =0.45V
lre INPUT LEAKAGE CURRENT 20 MA Ve =4.75V
ON ENABLE INPUT - Vg =5.25V
lew INPUT LOAD CURRENT -0.25 mA Vee = 5.25V
ON WRITE INPUT : Vg = 0.45V
lrw INPUT LEAKAGE CURRENT 20 uA Vee =4.75V
ON WRITE INPUT : Vg = 5.26V
Vin INPUT “HIGH” VOLTAGE ] 20 . \% Vee = 5.0V
ON ENABLE AND WRITE INPUT
ViL INPUT “LOW' VOLTAGE ON 0.85 \Y Vee = 5.0V
ENABLE AND WRITE INPUT
Voo OUTPUT “LOW” VOLTAGE 0.45 . \" Ve =4.75V
lop = 10mA"
Vou OUTPUT “HIGH” VOLTAGE 24 \% “Vec =4.75V
! lop=—1.5mA
| lo | OUTPUT LEAKAGE CURRENT 100 ﬁA Vee= 5.26V
FOR HIGH IMPEDANCE STATE Vo = 0.45V/5.25V
Isc OUTPUT SHORT CIRCUIT —40 -100 mA Ve = 5.0V
CURRENT ) Vo =0V
IREF INPUT CURRENT ON : —150 MA Vee = 5.25V
REFERENCE INPUT Vgee = 100mV
Is INPUT CURRENT ON . —25 uA Vee =5.25V
SENSE INPUT Vg=100mV -
Vsu INPUT “HIGH" VOLTAGE VRer mV Vee = 4.75 to 5.25V E 5
FOR SENSE AMP INPUT : Vgrer = 100 to 200mV g w
VSL INPUT “LOW* VOLTAGE VREF mV VCC =475 to 5.25V E E
FOR SENSE AMP INPUT —60 Vgee = 100 to 200mV w
Vrer | OPERATING RANGE OF 100 200 mV Vec=4.75 to 5.25V
REFERENCE VOLTAGE .
lee POWER SUPPLY CURRENT ) 125 mA Ve = 5.25V
Ve INPUT CLAMP VOLTAGE : -1.0 \Y Vee = 4.75V
ON ALL INPUTS . lc= —5.0V
Vgp -| SENSE INPUT CLAMP 1.0 \% Ve = 5.0V
DIODE VOLTAGE ’ . Ip=5.0mA
3408A TRUTH TABLE
INPUTS
Sense Amp Enable Write OuTPUT
<VREF —60mV L L L
>VRer L L H
X L H Previous X = Don't care
Data Stored | «The output of the 3408A is three-state,
N ) » hence when not enabled the output is a
X . H X High Z high impedance.




SCHOTTKY BIPOLAR 3208A, 3408A

Typical D. C. Characteristics for 3208A/3408A

SENSE AND REFERENCE INPUT CURRENT SENSE THRESHOLD VS.
VS. AMBIENT TEMPERATURE ) REFERENCE INPUT VOLTAGE
-60 300 ;
"Vee=5.0V Vee = 5.0V

| 74

\ REFERENCE NPUT

SENSE THRESHOLD (mV)

100

SENSE AND REFERENCE INPUT CURRENT (1A)

-20
SENSE INPUT
o [
0 25 50 70 75 0 300
AMBIENT TEMPERATURE (°C) REFERENCE INPUT VOLTAGE (mV)
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT “LOW"” VOLTAGE OUTPUT “HIGH” VOLTAGE
a0 0
T
Vee = 6.0V {
« Vo= 5.0V FTa= 26°C
> / Ta=0°C [Ta= 70°C
@ o / . —10
o w \
30
3 ; ‘ Tp = 70°C :
=x 3 TA=26°C 3
a £ Tp= 0°C £
E % <V
@ 1 «
€ 20 «
3 /4 3
= [ B
2 2 -3
5 E /
(=] [=]
10 % /
% 100 200 300 400 05 1.0 20 EX) 4.0 5.0
OUTPUT “LOW" VOLTAGE (mV) OUTPUT “HIGH" VOLTAGE (V)



SCHOTTKY BIPOLAR 3208A, 3408A

A.C. Characteristics T,=0°C to 70°C, Vg = 5V £5%

3208A
: LIMITS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS
ts_ SENSE AMP INPUT TO OUTPUT 20 ns D.C. LOAD = 10mA
DELAY C, =30pF
te_ ENABLE INPUT TO OUTPUT 20 ns D.C. LOAD = 10mA
tes DELAY 25 C,_=30pF
3408A
twp WRITE PULSE WIDTH 30 ns D.C. LOAD = 10mA
CL =30pF
tg_- SENSE AMP INPUT TO OUTPUT 25 ns D.C. LOAD = 10mA
DELAY Cy =30pF
te— ENABLE INPUT TO OUTPUT 20 ns D.C. LOAD = 10mA
DELAY, LATCH STORES “LOW" Cy =30pF
tes ENABLE INPUT TO OUTPUT 25 ns D.C. LOAD = 10mA
DELAY, LATCH STORES “HIGH" C, =30pF
Capacitance'" 1,=25°C, f = 1MHz Switching Characteristics
LIMITS CONDITIONS OF TEST
SYMBOL TEST T . i "
TYP. | MAX. e Input Pulse amplitude: 2.5V for all TTL compatible
C Vee = OV, V =20V 8 12 inputs and 2.5V through a resistor network as shown
d cc BIAS below for sense input.
Cine ENABLE INPUT 6 10 ® Input Pulse rise and fall times: 5ns.
Ve =0V, Vgjas =2.0V ® Speed measurements are made at 1.5V for all TTL
c SENSE INPUT 6 10 compatible inputs and outputs, and for sense input,
INS Ve =0V, V. =0V see network and waveforms below, Vggp is set at
cc_ T TBIAS 150mV.
(1) This parameter is periodically sampled and is 10mA TEST LOAD
not 100% tested. SENSE INPUT Vee
Waveforms %m
3208A/3408A PULSE 2.4K D.U.T. D.UT. 1
INPUT INPUT ouTPUT T
. : ‘>
ENABLE 2400 31K
INPUT 3mpF| ]
=
te— e+ = =
ouTPUT
3408A ONLY

PULSE
INPUT

SENSE
INPUT

OuUTPUT

SENSE S

INPUT

WRITE
INPUT .

OUTPUT

\150mV

w
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>
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o w

x
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SCHOTTKY BIPOLAR 3208A, 3408A
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Typical A. C. Characteristics

SENSE INPUT TO OUTPUT DELAY
VS. AMBIENT TEMPERATURE

SENSE INPUT TO OUTPUT DELAY (ns)

3408A WRITE PULSE WIDTH (ns)

30

20

20

Vee = 5.0V
D.C. LOAD = 10mA
CL= 30pF
VREer = 150mV
3408A ty_ I
[ —— 3208A ts— I
0 25 50 70 75

AMBIENT TEMPERATURE (°C)

3408A WRITE PULSE WIDTH VS.
AMBIENT TEMPERATURE

Vee= 5.0V

] 25

50 70 75

AMBIENT TEMPERATURE (°C)

ENABLE INPUT TO OUTPUT DELAY (ns)

t,_ (ns)

20

10

ENABLE INPUT TO OUTPUT DELAY
VS. AMBIENT TEMPERATURE

Vee = 5.0V
D.C. LOAD = 10mA
Cy= 30pF
3208A tE+
Iy 3408A tg+
r—— ] ]
3208A, 3408A tg_
[} 25 50 70 75
AMBIENT TEMPERATURE (°C)
SENSE INPUT TO OUTPUT DELAY
VS. REFERENCE INPUT VOLTAGE
N
[} 100 200 300

Vgeg (mV)



|nte| Schottky Bipolar 3210

TTL-TO-MOS LEVEL SHIFTER
AND HIGH VOLTAGE CLOCK DRIVER

= Four Low Voltage Drivers = Operates from Standar_d TTL
= One High Voltage Driver and MOS Power Supplies

= TTL and DTL Compatible Inputs * Maximum MOS Device Protection --

Output Clamp Diodes
= Qutputs Compatible with P . P
2105 and 2107 MOS Memories

The Intel 3210 is a Bipolar-to-MOS level shifter and high voltage driver which accepts TTL and DTL inputs. |t
contains four (4) low voltage drivers and one high voltage driver, each with current driving capabilities suitable
for driving N-channel MOS memory devices. The 3210 is particularly suitable for driving the 2105 and 2107 |
N-channel MOS memory chips. The 3210 operates from the 5 volt and 12 volt power supplies used to bias the
memory devices.

The four low voltage drivers feature two common enable inputs per pair of drivers which permits address or data
decoding. The high voltage driver swings the 12 volts required to drive the chip enable (clock) input for the
2105 and 2107. In addition, the high voltage driver includes AND gate logic which can be used to implement
refresh abort for the 2105 MOS memory.

The 3210 high voltage driver requires an externally connected PNP transistor. The PNP base is connected to
pin 12, the collector to pin 11, and the emitter to pin 10 or Vpp . The use of a fast switching, high voltage, high
current gain PNP, like the 2N5057 or 2N3546 is recommended.

w
-
> <
o
ow
ZE
=y
uw
a.

PIN CONFIGURATION - LOGIC SYMBOL

DATA INPUT D, [ |1 18 Jvee

. : D,
ENABLE INPUT E5 [_]2 17 D D, DATA INPUT 0,
Ea
DATA INPUT D, [ |3 16]"] 0, LOW VOLTAGE OUTPUT b 0,
2
DATA INPUT D3 [ |4 15| ] 0, LOW VOLTAGE OUTPUT D,
2 B 3 o.
3
enasLE INPUTEg[ |5 3210 14| ] o, Low voLTaGE ouTPuT Eg
B 3
. O‘
DATA INPUT D, 'j 6 13["J 0, LOW VOLTAGE OUTPUT . Dq
y B
DATA INPUT Dg d 7 12| ] B BASE OF PNP D;
D,
DATA INPUT Dg [_|8 11| ] 05 HIGH VOLTAGE OUTPUT s %
Ds

ano[ e 10 Jvoo
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SCHOTTKY BIPOLAR 3210

520

Absolute Maximum Ratings™*

Temperature Under Bias .. ........... 0°Cto 75°C All Input Voltages .. ............. —1.0 to +13V

Storage Temperature . ........... —65°C to +150°C Outputs for Low Voltage Drivers . . . . . ... -1.0to+7V
Supply Voltage, Ve -+ o v v v v v i ie e —0.5to +7V. Outputs for Clock Dnver ............ —1.0 to +13V
Supply Voltage, Vpp - . -« v o v v —0.5 to +13V Power Dissipationat256°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 sections of this specification
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D.C. Characteristics 7a=0°C to 75°C, Vec =5.0V * 5%, Vop =12V + 5%

Symbol Parameter Min. Max. Unit Test Conditions

IrD Data Input Load Current -0.25 mA Vg =0.45V

133 Enable Input Load Current -0.560 mA Vg =0.45V

Irp Data Input Leakage Current 10 uA Vg = 12.6V

IRe Enable Input Leakage Current 20 MA Vg = 12.6V

v Output Low Voltage 0.45 \ loL=3mA, Vjy =2V
oL for all Drivers 1.0 Y; loL = —5mA

v Output High Voltage Ve — 0.65 v lon=—1mA, Vj_=0.8V
OH1 for Low Voltage Drivers Ve +1.0 v loH = 5mA

Ve Output High Voltage Vpp —0.75 - \ lon=—1mA, V;_=0.8V
OH2 for High Voltage Driver Vpp+1.0 v loH=5mA

ViL Input Low Voltage, All Inputs 0.8 \

Viu Input High Voltage, All Inputs 2 \

| Base Drive to External PNP 16 A ViL = 0.8V,
B . (Pin 12) ’ ™ | Ve=Vpp-08v

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION
All driver outputs are in the state indicated

Test Conditions -- Input states to ensure
‘ the following output states: Additiopa.l Test
Symbol Parameter Typ. Max._ Unit Al I(.)t:‘vtwp\l:;)sltage Hi%\u\t/:l:ttage Conditions
lcet Current from Vg 27 32 mA
Ipp1 Current from Vpp 12.5 16 mA Low Low
Pp1 Power Dissipation 300 370 mW
lce2 Current from Vg 22 27 mA )
Ipp2 Current from Vpp 28 34 mA. Low High
Pp2 Power Dissipation 470 570 mW Ve =5.25V,
Vop = 12.6V
lees Current from Ve 9 12 | mA
Ipp3 Current from Vpp 9 115 mA - High Low
Ppa Power Dissipation 160 210 mW N
lcca Current from Ve 45 6 mA
lppa Current from Vpp 24 30 mA High High
Ppa Power Dissipation 325 410 mw




SCHOTTKY BIPOLAR 3210

A.C. Characteristics Ta=0°C to 75°C, Vcc = 5.0V + 5%, Vpp = 12V = 5%

[

Symbol Parameter Min. | Typ.[']] Max. Units | Test Conditions
ti bR Delay Plus Rise Time for Low Voltage Drivers 17 25 ns CL = 200pF
tpF Delay Plus Fail Time for Low Voltage Drivers 16 25 ns C = 200pF
th+ Input to Output Delay for High Voltage Driver 9 15 ns CpL=175pF
tHDR Delay Plus Rise Time for High Voltage Driver 27 40 ns Cy = 350pF
LI Input to Output Delay for High Voltage Driver 4 8 ns CL=175pF
thupe Delay Plus Fall Time for High Voltage Driver { 18 30 ns C = 350pF
tpe Delay to Base Drive to External PNP (Pin 12) 4 8 17 ns

Note 1: Typical values measured at Ta = 25°C.

Capacitance* TA =25°C A.C. CONDITIONS OF TEST

Input Pulse Amplitudes: 3.0V
Symbol Test Typ. | Max. Input Pulse Rise and Fall Times: 5ns between
Cin Input Capacitance, except Dy 5pF 10pF 1 volt and 2 volts
Cin Input Capacitance, D, 8pF 15pF Measurement Points: See Waveforms

*This parameter is periodically sampled and is not 100% tested.
Condition of measurement is f = 1 MHz, Vpi55=2V, Vec=0V,

and TA = 25°C.
. .
Waveforms Application
HIGH VOLTAGE DRIVER HIGH VOLTAGE OUTPUT CONNECTIONS
BASE DRIVE '
(PIN 12)
D — .I—:;—_-_—-_{-‘——-
2v A 0

O 18] 7
O 7] é ;
3 16 o=
OouTPUT - - = =
O 5[] e

s m

NPUT 18v L L Qe 1] ouTPUT
\ F USE 2N5057, 2N3546
k) w O 2 + o EQuIVALENT
' PNP TRANSISTOR
GND — — — |— —}—-——-T-—-———— Os nir—
T Oe 10
[ty ., —_— Yy |e—
tHoR tHoF

LOW VOLTAGE DRIVER

INPUT

GND — — —|—
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SCHOTTKY BIPOLAR 3210

TYPICAL SYSTEMS

Below is an example of a 16K x 9 bit memory circuit employing the 3210 driver. Device decoding is
done with the CE input. All devices are unselected during refresh with CS input. The 2107A, 3205 and
3404 are standard Intel products. ‘

Ag, A1, Az A3, Ag, As, Ag, A7, Ag, Ag, Ao, An1, WE, TS, DI1, DI2, DI3, DI4, DIS, DI6, DI7, DI8, DI9
A B

|
% ! O
o —— e N ’_L 1 L 1 rI_ rI1
3210 |—a,
— ﬂ CE 1 - 21074 |——] 21074 |——] 2107A [——] 21074 [——| 21074 —— 21074 |——] 21074 |——] 21074 [——| 2107a
£1
= T T T T T
—As
A
3210 [—
# CE 2+ 21074 [—— 2107 |——] 21074 |——] 21074 |—— 21074 |——] 21074 |——] 21074 {—— 21074 S P
- 1 E2
T T T T T T
[ As
s | T
— Ao .
3210 |—Aq CE 3 —{ 2107A [——{ 2107A [——{ 2107A [———{ 2107A |——{ 2107A |~ 2107A |———{ 2107A |———{ 2107A [——] 2107A
’ 1 T T
|— WE
| —on
a0 o cE 4] 2107a |— 21074 f—— 21074 f——] 21074 |——] 21074 21074 }—— 21074 |——] 21074 |—— 21074
g . T —l_ L]'
14
oI5
DI6 .
! —
outeuT ouTPUT
|— o1
| — oo
REF — s
o~ 3210
=
> <
o
Sz
22
=c
&
TYPICAL CHARACTERISTICS
tHDR YS- LOAD CAPACITANCE tLpR vs. LOAD CAPACITANCE
40 40
30 ' 30
| //
= "] 3
2 £
& « 20
E ® Z /
10 10 —
0 0 :
0 100 200 300 400 L] 100 200 300
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
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Intel Schottky Bipolar 3211

ECL-TO-MOS LEVEL SHIFTER
AND HIGH VOLTAGE CLOCK DRIVER

= Four Low Voltage Drivers = Operates from Standard TTL, -

* One High Voltage Driver ECL, and MOS Power Supplies

= 10K Series ECL Compatible Inputs » Maximum MOS Deviée Protection--
= Qutputs Compatible with Output Clamp Diodes '

2105 and 2107 MOS Memories

* The Intel 3211 is an ECL to MOS level shifter and N-channel MOS memory driver. Each package contains
four (4) low voltage drivers and one high voltage driver. The 3211 is designed to have high performance when
driving many RAM devices. It is compatible with the 2105 and 2107 N-channel MOS memory devices. The
operating voltages are +5, +12, and -5.2V which are standard TTL, MOS and ECL power supply voltages.

The four low voltage drivers feature two common enable inputs per pair of drivers which permits address or data
decoding. The high voltage driver swings the 12 volts required to drive the chip enable (clock) input for the
2105 and 2107. The chip enable driver has two inputs to simplify logic design.

The 3211 high voltage driver requires an externally connected PNP transistor. The PNP base is connected to
pin 12, the collector to pin 11, and the emitter to pin 10 or Vp, . The use of a fast switching, high voltage, high
current gain PNP, like the 2N5057 or 2N3546 is recommended.

PIN CONFIGURATION 1 LOGIC SYMBOL

Y Dy o

VEE E 1 18 VCC E !

ENABLE INPUT E, [ ]2 17 jn, DATA INPUT . o
DATA INPUT D, [ |3 16| ] 0, LOW VOLTAGE ouTPUT P2 ’
DATA INPUT D, [ |4 15| ] 0, LOW VOLTAGE OUTPUT C b 0,

ENABLE INPUTEg[T]s 3211 14] ] 0, LOW VOLTAGE OUTPUT Eg

DATA INPUT D, [ |6 13 [ ] 0, LOW VOLTAGE OUTPUT o 0

DATA INPUT D [}

~
-
X}

] B BASE OF PNP
DATA INPUT Dy [

8
[ ] 05 HIGH VOLTAGE OUTPUT /
Gno[fo 10 Voo

@
=
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SCHOTTKY BIPOLAR 3211

Absolute Maximum Ratings™

Temperature Under Bias .. ........... 0°C to 75°C All InputVoltages . ... .........cuv.... 0V to Vge
Storage Temperature . ........... —65°C to +150°C Outputs for Low Voltage Drivers .. ...... -1.0to +7V
Supply Voltage, Vg« v v vv e i i —0.5 to +7V Outputs for Clock Driver ............ —1.0to +13V
Supply Voltage, VDD « v« v v v vt —0.5 to +13V Power Dissipation at 25°C . ................. 2w
Supply Voltage, VEg ... ...l +0.5 to =7V

*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 T, =0°C to 75°C, Vg = 5.0V 5%, Vpp = 12V 5%, VEg = -5.2V £5%

Symbol Parameter ’ Min. Max. Unit Test Conditions
135 Data Input Load Current 0.5 mA Vg =-0.8V
133 - Enable Input Load Current 1.0 mA Vg =-0.8V

Output Low Voltage 0.45 Vv loL =3mA, V| = -1.025V
VoL for all Drivers -1.0 \ lo, = —5mA

Output High Voltage Vce —0.65 \ loy = —1mA, V| =-1.500V
Vor for Low Voltage Drivers Vee +1.0 v loH = 5mA

Output High Voltage Vpp —0.75 \ lon=—1mA, V| =-1.500V
Vonz for High Voltage Driver ‘ Vpp+1.0 \ loH = 5mA
ViL Input Low Voltage, All Inputs —1.500V Vv
ViH Input High Voltage, All Inputs —1.025V Vv

Base Dri ' VL = —1.
Is (Pisnem) ve to Exten.'nal PNP 7 16 mA v:-= vl:Ds_vo‘sv

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION
All driver outputs are in the state indicated

Test Conditions -- Input states to ensure
“ the following output states: Additional Test
s All Low Voltage High Voltage Conditions
g w Symbol Parameter Typ. Max. | Unit Outputs Output
o E lcet Current from Vec |  24.5 31 mA
w lggq Current from Vgg | -24 | —30 mA Low Low
Ipp1 Current from Vpp 125 16.5 mA
Pp1 Power Dissipation 415 535 | mwW
leca Current from Veo 20 26| mA
lgg2 Current from Vgg | =21.56 -27 mA Low High
Ibp2 Current from Vpp 27 | 335 | mA _
| C e Vec =5.25V,
Pp2 Power Dissipation 560 705 mW _

Vpp = 12.6V,
lccs Current from Vgg 1 16 mA Vgg = —5.46V
leg3 Current from Vgg -19 |-235| mA High Low
Ibb3 Current from Vpp 9 12 mA 9
Pp3 Power Dissipation 275 365 mwW
lcca Current from Ve 6 10 mA
leeq Current from Vgg -16 -20 mA . .

Ippa Current from Vpp | 235 | 27 | mA High High
Ppa Power Dissipation | 415 | 500 | mW
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SCHOTTKY BIPOLAR 3211

A.C. Characteristics T, =0°C to 75°C, V¢ = 5.0V £5%, Vpp = 12V £5%, Vgg = 5.2V +5%

Symbol Parameter . Min. | Typ.[11| Max. Units | Test Conditions
tpR Delay Plus Rise Time for Low Voltage Drivers 21 27 ns C_=200pF
t1pE Delay Plus Fall Time for Low Voltage Drivers 22 32 ns C, =200pF
th_+ Input to Output Delay for High Voltage Driver 14 20 ns Cy = 175pF
tHDR Delay Plus Rise Time for High Voltage Driver - 36 45 ns C, = 350pF
s Input to Output Delay for High Voltage Driver 7 12 ns C,_=175pF
tupE Delay Plus Fall Time for High Voltage Driver 27 40 ns C =350pF
tpe Delay to Base Drive to External PNP (Pin 12) 7 14 23 ns
Note 1: Typical values measured at Tp = 25°C.
Capacitance * Ta = 25°C A.C. CONDITIONS OF TEST
Symbol Test Typ. Max. Input Pulse Amplitudes: -0.9V to -1.7V
Ciy Input Capacitance 4pF 8pF Input Pulse Rise and Fall Times: 5ns (Between

10% and 90% points)
Measurement Points: See Waveforms

*This parameter is periodically sampled and is not 100% tested.
Condition of measurement is f = 1 MHz, Vi35 = 2V, Vcc = 0V,
VEE =0V, and Tp = 25°C.

Waveforms E Application

HIGH VOLTAGE DRIVER HIGH VOLTAGE OUTPUT CONNECTIONS

BASE DRIVE (PIN 12) J_
Voo — =

Vpp—08V — — — — 2v
N A d
top—> E 1 18 j
wv
-
OUTPUT [: 2 17 :1 >
oo
s 16 . =
=
w
O- 15 =
* w
1 _ ge = wp i
2v 2v
N — —— ¥ ¥ Oe 137 ouTPUT
—T T USE 2N5057, 2N3546
-13v -13v O- 12 :}— OR EQUIVALENT
INPUT l s N PNP TRANSISTOR
et - Oe 10
< tHoR —>] tHor —>|

LOW VOLTAGE DRIVER
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SCHOTTKY BIPOLAR 3211

TYPICAL SYSTEM

Below is an example of an 8K x 8 bit memory circuit employing the 3211 driver. Device decoding is done with the CE input.
The 2105, 3205 and 3404 are standard Intel products.

M— === T T T T T T T "i
| 4K x 8 ARRAY |
! |
1] 3205 |
I Ao, A1, A2 A3, Ag, As, Ag, A7, Ag, Ag, D1, D2, D3, D4, Ds, Dg, D7, Dg, WE |
| , . |
| — e i
| — Ay — Ay
| [— A2 — A2 |
an |4 cer—] 2105 | 2108 2105 | 2105 3211 [~As —] 2105 | 2105 | 2105 | 2105 | |
| CE; |
| i L |
| = n
I CE1 I I ] ey 1 T — |
I |- Aa |- A, |
| — As — As |
— Ag —As J |
| s [~A7 ce,—| 2105 | 2105 | 2105 | 2108 an [~A7 ] 2105 2105 [ 2105 [ 2105 ||
2
| o EE H B |
N m, |
| 2 =T T— 1 I A ] I g
| —Ag Ag ]
[— A9 Ag
: o, : g |
I 3211 [~Dz ce,—] 2105 r— 2105 | 2108 H 2108 2211 F— Dg el 25 H 205 [ 2o L 2105 | |
| = |
|
| m
| CE I T T R ] | — !
| }— D3 — D7 * I
= — Dy
| L we = |
I 321 [ CEq4—>] 2105 |—] 2105 j—{ 2105 }— 2105 21 [ C_E: 2105 4 2105 pF 2105 -J 2105 :
|
| |
.
: Es ] CE, l :
w
>3 l |
e | |
= 321
= | |
=3 | REF — |
w I - TO ALL 32 2105' |
a. REF
L o e e e e IN4KxBARRAY L LV Vo I
! 4K x 8 ARRAY (REPEAT ABOVE ARRAY)
L ] U R O N M —J
3404 3404

TYPICAL CHARACTERISTICS

typR Vvs- LOAD CAPACITANCE t pR vs- LOAD CAPACITANCE
40 40

30 /‘ 30

£ H
= 20 < 2 OB
e
F E]
E A

10 1

0 0

0 100 200 300 400 0 100 200 300

LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
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intel“’ Schottky Bipolar 3235

- QUAD BIPOLAR-TO-MOS DRIVER
For 4K N-Channel MOS RAMs

= High Speed, 32 nsec Max.— * TTL & DTL Compatible Inputs
Delay + Transition Time Over

Temperature with 250 pF load and Output Clamp Diodes

= High Density -- Four Drivers = Safety Feature Protects
in One Package 4 K RAMs if +5 V System
* Internal Gating Structure Supply is Lost

Minimizes Package Count and = CerDIP Package--16 Pin DIP
Eliminates Gating Delays

= Minimum Line Reflection--Input

The Intel 3235 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as
the 2107 or 2105. The circuit operates from three power supplies which are 5, 12, and 15 volts.

The device features two common enable inputs, a refresh select input, and a clock control input for
simplified system designs.

A safety feature forces all outputs low if the Vg power supply is lost. This protects 4K RAM’s by putting
them in the standby mode.

w
. -
> <
o«
ow
==
PIN CONFIGURATION LOGIC DIAGRAM =Ecx
, f a.
3235
E
Voor 1 16 [ ] Vee g
o[- 15[ J0,
c]s 1B]E B _3_)_
- — L, ———— o,
RC]s 12[]E 2 I ). L 2
C -
2[le 1 b I N -
I3 — 03
0, d 7 100,
eND[ 8 97 Vop, L]
DD
a1 .
PIN NAMES
T,—1; DATAINPUTS 0,-0, DRIVER OUTPUTS c
E;.E; ENABLE INPUTS Vee  +5V POWER SUPPLY
R REFRESHSELECT INPUT | Vpp;  +12V POWER SUPPLY
T CLOCK CONTROL INPUT | Vpp,  +15V POWER SUPPLY
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SCHOTTKY BIPOLAR 3235

Absolute Maximum Ratings*

Temperature UnderBias .. .......... 0°C to 75°C Supply Voltage, Vpp2 - -+« v e v e v vl -0.5 to +16V
Storage Temperature ........... -65°C to +150°C All Input Voltages . . ............. -1.0to Vpp1
Supply Voltage,Veg - -+ oo vv e i inn s -0.5 to +7V Outputs for Clock Driver ........ -1.0to Vpp1+1V
Supply Voltage, VDD1 ............. -0.5 to +13V Power Dissipation at25°C. . . ... ............ 2w

*COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only and functional 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 75°C, Ve =5.0V 5%, Vipp1 =12V 5%, Vpp2=Vbp1 +H(3V £5%)

Symbol Parameter Min. Max. | Unit Test Conditions
Iep Input Load Current, i, T, T3, T4 . -0.25 | mA | Vg =045V

IFe Input Load Current,R,C, Ey, Ez -1.0 | mA Vg =0.45V

IRD Data Input Leakage Current 10 HA VR = 5.0V

IRE Enable Input Leakage Current 40 MA Vg =5.0V

VoL Output Low Voltage 0.45 % loL = 5mA, Vi = 2V
Vou : Output High Voltage Vpbp1-0.50 ] \% loy =-1mA, V) =0.8V
ViL + Input Low Voltage, All Inputs 0.8 \%

Viy Input High Voltage, All Inputs 2 \

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION

o
-
>a
o« o . Test Conditions — Input states to Additional Test
ow
=T Symbol Parameter Typ. Max. | Unit ensure the following output states: Conditions
= g lcc Current from V¢ 21 32.0 mA
Ipp1 Current from Vpp; 2 2.0 mA Hiah
ig
Ipp2 Current from Vpp2 | 12.5 18.0 mA
Py Power Dissipation 310 477 mW
b1 P Vee = 5.25V
Power Per Driver 77 119 mwW
VDD1 =12.6V
lcc Current from V¢g 36 46.0 mA
VDDZ =15.75V
Ipp1 Current from Vppq | 2.1 3.0 mA L
ow
lpp2 Current from Vpp2 | 20 26.0 mA
Ppo Power Dissipation 530 689 mW
Power Per Driver 132 172 mW
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SCHOTTKY BIPOLAR 3235

A.C. Characteristics T, = 0° to 75°C, Ve = 5.0V £ 5%, Vpp; = 12V 5%, Vpp2 = Vppy +3V £5%)
1

Symbol Parameter Min.[1] | Typ.[2] | Max.[3]| Unit | Test Conditions
t+ Input to Output Delay 5 1 ns
tpR Delay Plus Rise Time 20 32 ns
tho Input to Output Delay 3 8" ns
tpE Delay Plus Fall Time 19 32 ns

NOTES: 1. C_= 150pF (minimum C_ for 9 4K RAMs). .
2. Cp = 200pF (typical Cy_for 9 4K RAMs). Typical values measured at Tp = 25°C.
3. Cp = 250pF (maximum Cy_for 9 4K RAMs).

Capacitance® 1, - 25°c A.C. CONDITIONS OF TEST
Input Pulse Amplitudes: 3.0V
Symbol Test Typ. | Max.
ymbo had S— ye ax Input Pulse Rise and Fall Times: 5 ns between
Cin Input Capacitance, ly, l2, 13,14 4.5pF 7 1 volt and 2 volts :
Cin Input Capacitance, R,C, Eq,E» 8pF | 12 Measurement Points: See Waveforms

*This parameter is periodically sampled and is not 100% tested.
Condition of measurement is f = 1 MHz, Vija5 = 2V, Vcc =0V,
and Tp = 25°C.

Waveforms

OUTPUTS
(0,-0,)

INPUTS
(1y=1g)
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SCHOTTKY BIPOLAR 3235

Typical System

Below is an example of a 16K x 9 bit memory circuit employing the 3235 quad high voltage driver for the chip enable
inputs. A single 3235 package will drive this 16K x 9 bit memory array.

Ao, A, A2, A3, A, As, Ag, A7, Ag, Ag, A, Anr, WE, CS, DI1, DI2, DI3, DI4, DIS, DI6, DI7, DI8, DI9
A

3235 s N
ENABLE —
@ T 1 1 1 1
WPoTT —
WroTZ — CE2 CE 1—~| 21078 ——] 21078 ——| 21078 |—— 21078 |—— 21078 |——] 21078 |—— 21078 ’-—‘ 21078 — 21078
WFOTT — ces
WPTd — ces | I ]
ce2 —| 21078 —— 21078 |—] 21078 ——J 21078 —— 21078 |—— 21078 - 21078 —— 21078 J 21078
| L1 L
o€ 3 —| 21078 [—— 21078 [—— 21078 —— 21078 |——| 21078 |—— 21078 [——| 21078 |——] 21078 |——] 21078
cea—] 21078 ——| 21078 [—{ 21078 ——] 21078 —] 21078 ——1 21078 ——| 21078 |——| 21078 |—{ 21078

, ———
OuTPUT ouTPUT
wv
-
>
oo
o w
SZ
=«
a
Typical Characteristics
INPUT TO OUTPUT DELAY DELAY PLUS TRANSITION TIME
VS. LOAD CAPACITANCE ’ VS. LOAD CAPACITANCE
30 30
.'DR/?—
20 20
or
z z P /
’ ’ e i ~
10 10
L
[} . 0
o 100 200 300 400 . 0 100 200 300 400

LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
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INTEL MICROCOMPUTER SYSTEMS

FIRST FROM THE BEGINNING IN MICROCOMPUTERS ..........

Intel provides a broad range of CPUs, ROMs, PROMs, RAMs, 1/0O devices, and
peripheral circuits which enable you to quickly put microcomputer systems to work
for you.

Intel provides Intellec® program development systems complete with resident soft-
ware, as well as cross product software for use on large scale computers. All cross
product software is available world wide on. time sharing computer services,

Intel also provides training courses and seminars, plus a complete line of documenta-
tion on all products. Field application engineers are also available to provide accu-
" rate, prompt technical information. '

Put it all together and you have the broadest microcomputer systems capability and
product support available anywhere.

Intel ...... FIRST ...... and FOREMOST ......
Page
Why Use a Microcomputer? ........... et 6-3
mcs-40™ Microcomputer System :
Q004 CPU ... ..ttt it e e e e 6-5
4040CPU .. ... it i e i e e 6-9
ROMS . ..t et e et e 6-13
PROMS . ... ittt i it it i i i s 6-15
RAMS . ..ttt ittt e e e 6-16
1o ...... ettt i i e 6-17
Peripheral Circuits . .. ... ......0v e nnns 6-19
IntellecSystems . .. ........coiiiiinninennn 6-21
mcs-80™ Microcomputer System
8008,8008-1CPU .. .......c.ciiiriiinnnnnnnnn 6-25
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Bipolar Microprocessor System Description ............ 6-53
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0 6-63
WF-3000 System DevelopmentSet .. ................ 6-64



WHY USE A MICROCOMPUTER?

INTRODUCTION

Since their inception, digital computers have continuously
become more efficient, expanding into new applications with
each major technological improvement. The advent of mini-
computers enabled the inclusion of digital computers as a
permanent part of various process control systems. Unfortu-
nately, the size and cost of minicomputers in ‘‘dedicated’’
applications has limited their use. Another approach has been
the use of custom built systems made up of “random logic”
(i.e., logic gates, flip-flops, counters, etc.). However, the huge
expense and development time involved in the design andde-
bugging of these systems has restricted their use to large
volume applications where the development costs could be
spread over a large number of machines.

Today, Intel offers the systems designer a new alternative
. ... the microcomputer. Utilizing the technologies and ex-
perience gained in becoming the world’s largest supplier of
LSI memory components, Intel has made the power of the
digital computer available at the integrated circuit level.

ECONOMICS OF USING MICROCOMPUTERS

Engineers are becoming more aware of the ways in which
microcomputers can be applied to solve their problems. There
are five basic reasons why many engineers have begun to use
microcomputers. These are:

1. Manufacturing costs of products can be significantly
reduced.

2. Products can get to the market faster providing a com-
pany with the opportunity to increase product sales
and market share.

3. Product capability is enhanced allowing manufacturers
to provide customers with better products which can
frequently command a higher price in the market place.

4. Development costs and time are reduced.

5. Product reliability is increased which leads to a corre-
sponding reduction in both service and warranty costs.

Microcomputers simplify almost every phase of product
development. The first step, as in any product design program,
is to identify the various functions that the end system is ex-
pected to perform. These functions are then implemented by
encoding suitable sequences of instructions (programs) in the
memory elements. Data and certain types of programs will be
stored in RAM circuits, while the basic program will be stored
in ROM circuits. The microprocessor performs all of the sys-
tem's functions by fetching the instructions in memory, ex-
ecuting them and communicating the results via the micro-
computer’s I/O ports. A single-chip microprocessor, executing
the programmed logic stored in a single ROM element, can
perform the same logical functions that have previously re-
quired many logic gates.

REDUCING MANUFACTURING COSTS

If the burdened manufacturing cost of a digital electronic
system is divided by the number of ICs, one generally finds
that the system costs between $2 and $6 per IC to fabricate.
The higher costs are generally associated with systems manu-
factured in volumes from 10 to 100 units annually. The table
below presents a more detailed analysis of the source of these
surprisingly high costs. The costs, themselves, are stated
conservatively.

IC .50
Incoming Inspection .05
PC Card .50
Fabrication .05
Board Test and Rework .10
Connector .05
Discretes .05
Wiring .10
Power .10
Cabinetry, Fans, Etc. l)

$1.60

Table 1. System Manufacturing Costs Per IC

The ASP (average sale price) of an Integrated Circuit today
is approximately 50¢. Incoming inspection and testing of
these ICs costs the average company 5¢. However, many
companies are now buying aged and tested circuits for their
applications in order to increase system reliability. This adds
about 15¢ to unit costs. Simple PC cards may cost as little as
25¢ an IC position, but the average cost in most applications
for high quality cards is closer to 50¢. Sophisticated multi-
layer cards used in many high performance systems frequently
cost over a dollar a position. When customers put ICs in sock-
ets and then wire wrap cards, the cost per IC position quickly
approaches $2. Customers with automatic IC insertion equip-
ment and efficient flow soldering machines can fabricate a
PC card for as low as 3¢ an IC position, though the average
price is closer to 5¢. Board test and rework add another dime
to system cost, while the cost of a connector divided by the
number of ICs per printed circuit card frequently exceeds 5¢.
In general, resistors, capacitors, power bus bars, etc., add a
cost of 5¢ an IC position. Systems frequently average one
wire or more per IC position and the wires put in with auto-
matic equipment frequently cost over 10¢. Finally, the cost
of power supplies and mechanical packaging add another 20¢
an IC position.

To determine the total savings in system manufacturing
cost, the user must subtract the cost of implementing an
equivalent system with a microcomputer. In moderate vol-
umes, an MCS-40"with 16,384 bits of ROM, a processor, and
a minimal amount of RAM can be purchased for under $50.
This system has the potential of displacing between $150 and
$600 of system manufacturing cost.
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How Memory Replaces Random Logic

It can be said that 8 to 16 bits-of memory are the logical
equivalent of a single gate. Assuming that the type IC used to-
day contains on the order of 10 gates, then one can conclude
that logic can be stored in memory in a very cost effective
fashion. The following table indicates the number of IC's
which are replaced by a single ROM (Read Only Memory).
The table was derived by using the assumptions that 8 to 16
bits of ROM replace a gate and that on the average an IC con-
tains 10 gates.

ROM Memory Gates IC’s
Size Bits Replaced Replaced
2048 128-256 13-256
4096 256-512 25-50
8192 512-1024 50-100
16384 1024-2048 100-200

Table II. Number of IC’s Replaced with a ROM
(Read Only Memory)

Reducing Development Time and Cost

" Microcomputer systems simplify almost every phase of pro-
duct development. Because of the extensive design aids and
software support supplied by Intel it is relatively easy to de-
velop application programs that tailor the device to the sys-
tem. Development cycles can be cut by as long as six to
twelve months. The table below tabulates a number of the
steps in adevelopment cycle and indicates how microcomputer

systems can affect them. Surprisingly, product definition is’

frequently speeded up once the decision has been made to
use a microcomputer. This is because the incremental cost for
adding features to the system is usually small and can be
easily estimated. For example, added features such as auto-

matic tax computation for an electronic cash register may
only require the addition of a single ROM. The addition of
one LSI chip has a minimal effect on total system cost, power
and packaging requirements. On the other hand, the same
function implemented with IC logic might require two or
three fairly large PC cards filled with MSI and SSI.

System and logic design time is also reduced.Programming
is a faster way to design than using logic diagrams. PC card
layout time is reduced simply because there are fewer cards
to lay out. This reduction in hardware also reduces the load
on the technical writers who must develop maintenance man-
uals. Parts lists become shorter, easing the task of transferring
the product to manufacturing. Cooling, packaging, and power
distribution problems frequently become trivial. Finally, engi-
neering changes that are difficult to make and frequently
tedious to document, become simple program changes. These
can be made by changing the pattern in a ROM or PROM
(Programmable Read Only Memory) such as Intel’s 4702A.

Enhanced Product Capability

Product features can be easily added to microcomputer
systems by simply adding more program storage. Examples of
such easily added features are: putting automatic tax compu-
tations into a cash register by adding more ROM, adding
automatic calibration features to instruments, and making
traffic controllers that automatically sense traffic load and
adjust the duration of the signals, etc.

Reduced Complexity

Because microcomputer systems eliminate many ICs and
consequently the failures associated with these devices, it can
significantly increase system reliability. Most of the failures
in a digital system occur because an interconnect has failed.
The use of a typical 16 pin IC will introduce approximately
36 interconnectors in a system. There are 16 interconnections
from the chip to the lead frame, 16 from the lead frame to
the PC card, and approximately 2 interconnections from the
PC card to the back plane, and 2 interconnections from back
plane point to back plane point per IC. If one ROM elimi-
nates fifty ICs, then it eliminates approximately 1800 inter-
connections.

Development Steps Conventional System

Programmed Logic -

Product definition

System and logic design Done with logic diagrams

Debug Done with conventional

lab instrumentation
PC card layout
Documentation
Cooling and packaging
Power distribution

Engineering changes Done with yellow wire

Simplified because of ease of incorporating features

Can be programmed with design aids (compilers,
assemblers, editors)

Software and hardware aids reduce time

Fewer cards to layout

Less hardware to document

Reduced system size and power consumption eases job
Less power to distribute

Change program in PROM

Table I1l. How Development Time and Cost are Reduced with Microcomputers
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Intel Silicon Gate MOS 4004
SINGLE CHIP 4-BIT P-CHANNEL MICROPROCESSOR

=10.8 Microsecond = 4-Bit Parallel CPU With 46

Instruction Cycle Instructions
» CPU Directly Compatible = Instruction Set Includes
With MCS-4 ROMs and Conditional Branching,
RAMs Jump to Subroutine and
=« Easy Expansion—One CPU Indirect Fetching
can Directly Drive up to - »Binary and Decimal

32,768 Bits of ROM and up Arithmetic Modes
to 5120 Bits of RAM "

The Intel004 is a complete 4-bit parallel central processing unit (CPU). It is designed to be used in test systems, terminals,
billing machines, process control and random logic replacement applications. The 4004 easily interfaces with keyboards,
switches, displays, A-D converters, printers and other peripheral equipment.

The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be
directly addressed.

The 4004 is fabricated with P-channel silicon gate MOS technology.

Dy-D;  BIDIRECTIONAL
DA
@BIT)

TA BUS
DATA BUS
BUFFER
INTERNAL DATA BUS I

p —
][ ][ S Py

7 .

ACCUMULATOR TEMP. REG INSTRUCTION STACK REGISTER

(4) REGISTER (81~ MULTIPLEXER ) MPX

PROGRAM COUNTER @ @

(12) 0 1

FLIP FLOPS
A S

(4 BIT)
INTERNAL DATA BUS

LEVEL NO. 1 2

(%)
o
o w
€5
=
==
[=)
=)

STACK POINTER

T INSTRUCTION
"A“”“MET'c DECODER LEVELNO.2 sl 4@ 5@
umr AND 5
MACHINE @l L@
aL — CYCLE LEVELNO.3 (5 al 8 7 |
ENCODING @ |
ADDRESS 2] s“| oW i
STACK %
[=}
2

I 10 (@) 1 ()
DECIMAL : (@ @)
ADJUST I — 2 13
| i 14 (] 159
7

b scraTcH
e S
CONTROL
POWER [—— 10V .
SUPPLIES 7| > 15v ROM RAM «—
CONTROL CONTROL  TEST SYNC CLOCKS
empom = Test SYNC 41 ¢2 RESET

CM RAM
03
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4004 MICROPROCESSOR

4004 FUNCTIONAL PIN DESCRIPTION

Polj 1 16 Jcm-ramg |
DATA n,rj 2 15 [_J cm-pAm, MEMORY
BUS v - CONTROL
o {03 14 cmpam, { ouTPUT

Dal'j\ 4 13 ] cm-RAM;

Vss (] s ' 12 vpp o
e Y st
P:kggg }¢2E 7 10 7] st )

oui}iﬁ? ]’ syne s 9 I ) Reser

Dg-D3
BIDIRECTIONAL DATA BUS. All address and data

communication between the processor and the RAM
and ROM chips occurs on these 4 lines.

RESET

RESET input. A logic ““1"" level at this input clears
all flags and status registers and forces the program
counter to zero. To completely clear all address
and index registers, RESET must be applied for 64
clock cycles (8 machine cycles).

TEST

TEST input. The logical state of this signal may be
tested with the JCN instruction.

SYNC

SYNC output. Synchronization signal generated by
the processor and set to the ROM and RAM chips.

CM-ROM '

CM-ROM output. This is the ROM selection signal
sent out by the processor when data is required
from program memory.

CM-RAMy — CM-RAM3

CM-RAM outputs. These are the bank selection sig-
nals for the 4002 RAM chips in the system.

¢1: ¢2'

Two phase clock inputs.

Vss
Ground reference — most positive voltage.

Vbbp v .
-15 5% main supply voltage.

MICRO

It indicates the beginning of an instruction cycle.

%]
o
w
-
>
o
=
(=}
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4004 MICROPROCESSOR

INSTRUCTION SET FORMAT

A. Machine Instructions

e 1 word instruction — 8-bits requiring 8 clock periods (instruction cycle).
® 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles).

Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the
operation code. The lower 4-bits is the OPA field containing the modifier. For two word instructions,

the second word contains address information or data.

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during M1 and M

times respectively.

ONE WORD INSTRUCTIONS

1st INSTRUCTION CYCLE
Dy

TWO WORD INSTRUCTIONS

2nd INSTRUCTION CYCLE
Dy D D, Dy Dy D,

D3 D Do D3
X

OOOnE

-] CLLLL

7]

D2
l x | x
D, D " OPR oPA

OPR OPA

D3 D, o D3 D Dy Do
[ OP CODE I
OPR OPA

MODIFIER _I

MODIFIER I

I OP CODE I

L OP CODE 1

UPPER ADDRESS
MODIFIER I I X l X l X I X I Ay A3 A; Ag

MIDDLE ADDRESS LOWER ADDRESS
Az Ay A Az ] Ay A AL A

OR

INDEX REGISTER
X X X X ADDRESS
R R R R

CONDITION
|X|X|X|X|c| C2

C3 Ctl

MIDDLE ADDRESS LOWER ADDRESS
A, Az A Ay | A A Ay A

OR

OR

MIDDLE ADDRESS LOWER ADDRESS
Ar Ay Ay Ay A Ay A A

TNDEX REGISTER PAIR E
x| x| x ADDRESS . x | x| x INDEX RECISTER
R_R__X R_"R B
oR
DA TNDEX REGISTER PAIR
x [ x| x{x] A x| x| x|x ADDRESS
b _©° R_R_ B X

OR

UPPER DATA

LOWER DATA
D; D; D 0y

Dz I Dy Dy Dy

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.

INPUT/OUTPUT &
RAM INSTRUCTIONS

ACCUMULATOR GROUP
INSTRUCTIONS

[T L]

WHERE X = EITHER A “0” OR A "“1”

Table 11. 1/0 and Accumulator Group Instruction Formats
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4004 MICROPROCESSOR

MCS-4™" INSTRUCTION SET :

[Those instructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations in ROM]
MACHINE INSTRUCTIONS (Logic 1 = Low Voltage = Negative Voltage; Logic 0 = High Voltage = Ground )

OPR - oPa
MNEMONIC DESCRIPTION OF OPERATION 030,040, 30,0, 0y
NOP No operation. 0000 0000
. Jump to ROM address A A Az Ag, A1 Ay Aj Aj (within the same
JCN ROM that contains this JCN instruction) if condition Cy Cp C3 C4(T) 0001 €1C2C3Cq
is true, otherwise skip (go to the next instruction in sequence). AyAzAzAy AjAT AL Ay
*FIM Fetch immediate (direct) from ROM Data Dp, Dy to index register pair 0010 R R RO
location RRR.(2) D,D,0,D, Dy D, Dy D4
SRC Send register control. Send the address (contents of index register pair RRR) | 0 0 1 0 RAR1
to ROM and RAM at X2 and X3 time in the Instruction Cycle.
N Fetch indirect from ROM. Send contents of Index register pair location 0 0011 RARO
out as an address. Data fetched is placed into register pair location RRR.
JiN Jump indirect. Send contents of register pair ARR out as an address 0011 AR AT
at Ay and A time in the [nstruction Cycle.
. 0100 AzAzAz Az
JUN Jump unconditional to ROM address A3, A2, Af. An A, Ay A NI
2R2A242 18141 A
*IMS Jump to subroutine ROM address A3, Ag, A, save old address. (Up 1 level 0101 AgzAg
in stack.) AzAzAzA, Ay A7 Ay Ay
INC Increment contents of register RRRR, (3) 0110 R RRR
sz Tncrement contents of register RRAR. Go to ROM address Ag, Ay 0111 RRRR
(within the same ROM that contains this ISZ instruction) if result #0, Ay Ag A Ay Ay Ag Ap
otherwise skip (go to the next in sequence). 2A2A242 1 Ay Aq
ADD Add contents of register RRRR to accumulator with carry. 1000 RRRAR
sus Subtract contents of register RRRR to accumulator with borrow. 1001 RRRR
Lo Load contents of register RRRR to accumulator. 1010 RRRR
. XCH Exchange contents of Index register RRRR and accumulator. 1011 RRRR
s B8L Branch back (down 1 level In stack) and load data DDDD to sccumulator. 1100 oDDOD
LomM Load data DDDD 10 accumulator. 1101 0DDDD

INPUT/OUTPUT AND RAM INSTRUCTIONS

(The RAM's and ROM'’s operated on in the 1/0 and RAM instructions have been previously selected by the last SRC instruction executed.)

OPR OPA

MNEMONIC DESCRIPTION OF OPERATION 030,0,0, D30, 0,0y
WAM :I:;::::i:o:‘:er'r:::::‘:;:c‘:lrl.mulalor MG the previously selected T o 0000
WMP \::;:::‘\‘e‘:::x;z';l‘xu' the into the previously selected 1110 000 1

- WRR :vg;:g;e‘::‘n;rmaq(g-ifnc:‘-;muumnmomepm.ounywmm 1110 0010
we e e e ooy Ti1o0 | oo
W@ :{K;j::':‘:‘o:;';c;xc’o:’gtemumulﬂovimolheprtvro«&lvul:c(ed 110 0100
) \gxl';;:t:l:;)::‘:r:;:.:;"!:v.!accumulnlormm(hepvwlouxlvwltcled T 10 2101
) Write the contents of the sceumuiator 1o the previouwly seected 11 o T o
) Writethe contents of the sceumulator into the previously seected T 10 o1 11
sam Subtract the previously selected RAM main memory character from T 110 1000
AOM ::‘::J"l':epuvlou:lvs.!lec"edRAMmalnmemolvcluuclev 1110 T 0 01
ROR :::d"l'r;ecomem;ol.l"rwlgr::'i‘ouslyselecledkOMinnulpon S T o1 o0
oM :czgmzv‘;v:::‘l\;;ﬂ;.cudRAMmimmmﬂ'vchaucierm T 1 o T 011
ROg (4 Read the previously selected RAM status character 0 into accumulator. 11180 1100
RD1(4) Read the previously selected RAM status character 1 into accumulator. 1110 11001
RD2(4) Read the previously selected RAM status character 2 into accumulator. 1110 1110
RD3!4 Read the previously selected RAM status character 3 into accumulator. 1110 1

» !

o

w ACCUMULATOR GROUP INSTRUCTIONS

S cLs Clear both. (Accumulator and carry) 1 0000

% cLe Clear carry. 1 0001

8 1AC Increment accumulator. IR 0010
cMe Complement carry. DEIRER] 0011
CMA Complement accumulator. 1 0100
RAL Rotate left. (Accumulator and carry) 11 0101
RAR Rotate right. (Accumulator and carry) 111 0110
TCC Transmit carry to accumulator and clear carry. 1110 0111
DAC Decrement accumulator. 1 1000
TCs Transfer carry subtract and clear carry. 111 1001
sTC Set carry. 11 1010
DAA Decimal adjust accumulator. 11 1011
Kep :,:yn:r:&m::izr::va;:&wxr‘uolIht-ccum«lllcv'voml PP T 100
oct Designate command line. 1 11001

NOTES: (1)The condition code Is ssigned as follows:
Cy =1 Invert jump condition Cy =1 Jump if accumulator is zero Cq=1 Jump If test signal is a

Cy =0  Not Invert jump condition C3=1  Jumpif carry/link isa 1
(2)RRR is the address of 1 of 8 index register pairs in the CPU,
(3)RRRR s the address of 1 of 16 index registers In the CPU.

(4)gach RAM chip has 4 registers, each with twenty 4-bit characters subdivided into 16 main memory characters and 4 status characters.
Chip number, RAM register and main memory character are addressed by an SRC instruction. For the selected chip and register, however,
status character locations are selected by the Instruction code (OPA).




intal  Ssilicon Gate MOS 4040

SINGLE CHIP 4-BIT P-CHANNEL MICROPROCESSOR

= Functionally and Electrically = Single Step Operation
Upward Compatible to 4004 CPU . gK Byte Memory Addressing

= 14 New Instructions (60 total) Capability
Including Logical Operations = 24 Index Registers

and Read Program Memory = Subroutine Nesting to 7 Levels
= Interrupt Capability

The Intel®4040 is a complete 4-bit parallel central processing unit (CPU). It is designed to be used as a replacement for random
logic design.

The CPU can directly address 4K eight bit instruction words or 8K with a bank switch. Seven levels of subroutine nesting, in-
cluding 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 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 the other members of the MCS-4 family (4001, 4002, 4003).

4040 CPU BLOCK DIAGRAM

Dy-D3 BI-DIRECTIONAL

I DATA BUS
DATA BUS
BUFFER

(4BIT) (481T)
INTERNAL DATA BUS INTERNAL DATA BUS
£ 3
7N y 7S 3%
4l ! 4 :
ECCUMULATOR—I L TEMP. INSTRUCTION STACK REGISTER P
(2) REGISTER (8) MULTIPLEXER MPX 4
! (a) w
PROGRAM COUNTER o B o
o>
LEVEL NO. 1 2 3 = %
] INSTRUCTION
NARITHMETIC o
= e DECODER - LEVEL NO. 2 . 4 5 Ix
UNIT w
MACHINE £ M
(AL | CYCLE z LEVEL NO. 3 o 7
ENCODING 2 a
N v LEVEL NO. 4 x| 8 9
— 5] &
2 a
& LEVEL NO. 5 2| 10 n
DECIMAL
ADIUST ] LEVEL NO. 6 : 12 13
LEVEL NO. 7 14 15
<7
@
POWER TIMING ADDRESS -l ° !
SUPPLIES AND STACK X
CONTROL Zl 2 3
— -0V SINGLE %
— 45v |CARRY  ROM RAM STEP - S a 5
QUT__CONTROL _CONTROL__TEST __CONTROL__SvNc ctocks] g
T 1 T 1111 T T 11 il
ey v “—r— qgst| |stop STOP SYNC ¢1 ¢2 RESET SCRATCH
CMROM  CMRAM 'ACK PAD
01 03  INTERRUPT
INT ACK
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4040 MICROPROCESSOR

4040 FUNCTIONAL PIN DEFINITION

oo |1 / [ Jev
o1 []2 23| | cm-RoMg
o, [|s 22| ] cmrom,
o3[ ]a 21[] Voo,
sack [ |5 : 20[ ] cmRAM,
sTP [: 6 4040 19 : CM-RAM;
wr [ ]7 18] ] cwram,
INT ACK E 8 17 [j CM-RAM3
ves []o 16[ ] svne
¢ o 15 % Voo,
®, |: 1 14 Voo
ReseT |12 13 D 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 Vpp.

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 Vpp. :

6-10

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-RAMg — CM-RAM3

CM-RAM outputs. These are bank selection signals
for the 4002 RAM chips in the system.

CM-ROMg — CM-ROM¢
CM-ROM outputs. These are bank selection signals
for program ROM chips in the system.

CcY

CARRY 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 Vpp.

1,62  Two phase clock inputs
Vss Ground reference — most positive
voltage
Vbp —15V £5% — main supply voltage
*Vbp, —15V 5% — Timing supply voltage
*% — Output buffer supply
Vbb,

voltage

*For low power operation
**May vary depending on system interface



4040 MICROPROCESSOR

INSTRUCTION SET FORMAT

A. Machine Instructions

° 1 word instruction — 8-bits requiring 8 clock periods (1 instruction cycle)
e 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 OPR field containing the
operation code. The lower 4-bits is the OPA field containing the modifier. For two word
instructions, the second word contains address information or data.

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during M1 and M

times respectively.

ONE WORD INSTRUCTIONS

D3 D, Dy D D3 D, Dy Dy
[x]x{x]x]~ || x| x|
OPR oPA
I OP CODE I MODIFIER I

INDEX REGISTER
X X X X ADDRESS
R R R R

OR
INDEX REGISTER PAIR
ADDRESS

TWO WORD INSTRUCTIONS

1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE

D3 Dz Dy Dp D3 Dz Dy Do D3 D Dy Dy D3 Dz Dy Do
DD D Do D el e e [ ]
OPR OPA . OPR OPA
I OP CODE I MODIFIER I I 0P CODE [ MODIFIER ]
x| x| x|x UPPER ADDRESS MIDDLE ADDRESS LOWER ADDRESS

Ay A3 Ay A Ay A Ay Al AL AL A A

OR
x | x| x| x CONDITION MIDDLE ADDRESS LOWER ADDRESS
C; C C3 C4 Az A A A LA A AL A

OR

LOWER ADDRESS

Az Az A A A A A

L.

MIDDLE ADDRESS
A

INDEX REGISTER
X X X X ADDRESS
R R R R

INDEX REGISTER PAIR
A%DRE&R

OR

UPPER DATA
Dz J Dy

LOWER DATA
D; D, Dy

Oy Dy

Table I. Machine Instruction Format.

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 Il illustrates the contents of each
4-bit field. , : ’

w

[
ow
5
Sa
==
(=]
(&)

INPUT/OUTPUT &
RAM INSTRUCTIONS

ACCUMULATOR GROUP
INSTRUCTIONS

Lol [l x|

WHERE X = EITHER A “0” OR A “1".

Table I1. 1/0 and Accumulator Group Instruction Formats.



4040 MICROPROCESSOR

INSTRUCTION SET

Summary of Processor Instructions

*Two Cycle Instructions

Instruction Code Instruction Code

Mnemonic Description OPR oPA Mnemonic Description OPR 0OPA
D3 Dz Dy Dg D3 Dz Dy Do Dz Dz Dy Dg D3 Dy Dy
MACHINE GROUP 1/0 and RAM GROUP
NOP No Operation 0 0 0 o 0 0 0 0 WRM Ac";umula(g;'m Selected RAM Main Tt 1 10 0 0 0
HLT Halt 00000 0 0 0 1 emory Character
11 0
BBS Branch Back and SRC 00 0 0 00 1 0 witp Ac(;::;zzlta;z::o Seected RAN k ’ ° ‘
LCR Command Register to Accumulator 00 0 0 00 1 1 WRR Accumulator to Selected ROM 11 1 0 0 0 1
OR4 Logical OR, Index Register 4 and 00 0 0 0 1 0 0 Output Port .
Accumulator wem Accumula;vuvr to iS)elected nI:IalM!vuz 11 1 0 0 0 1
ical OR, Index Register 5 and in Read/Write Program Memory
oRS L‘jf‘“ e Tt an PO 0ot WRo Accumulator to Selected RAM 1110 010
Fcumu ator . Status Character 0 .
ANG6 Logical AND, Index Register 6 and 0 0 0 0 01 1t 0 WR1 Accumulator to Selected RAM 11 1 0 0 1 0
Accumulator Status Character 1
AN7 Logical AND, Index Register 7 and 00 0 0 0111 WR2 Accumulator to Selected RAM T 1ot 0.1
Accumulator Status Character 2
D80 Designate ROM Bank 0 0000 1000 WRS  Actumulator (0 Selécted RAM ot e
DB1 Designate ROM Bank 1 0000 ro o1 SBM Subtract Selected RAM Main 1110 100
SBO Select Index Register Bank 0 0 0 0 O 1 0 1 0 Memory Character from
SB1 Select Index Register Bank 1 0 0 0 0 1.0 1 1 Accumulator wilth Borrow
EIN Enable Intefrupt 0000 1 100 ROM Sefected RAM Hain Memory r11 0 100
. cu ator
DN Disable Interrupt 0 o001 0t ROR Selected ROM Input Port 111 0. 101
RPM Read Program Memory, 00 0 0 1T 1 1 0 to Accumulator
Half-Byte per Instruction ADM Add Selected RAM Main Memory 11 1 0 10 1
*JCN Jump Conditional to Address 0 0 0 1 Ci C2 C3 C4 Character to Accumulator with Carry
AjAzAZA2A 1A A1A Ar Ay Ag Ay A Ay Ap Ay RDO Sellsc/;idufir:ul\ll(a'st::lus Character 0 11 1 0 1 1 0
Condition Code, €1C2C3Cq RD1 Selected RAM Status Character 1 1110 110
*FIM Fetch Immediate, ROM Data B0+ 00 10 R R R 0 to Accumulator .
to Index Register Pair RRR Dy Dy Dy Dy Dy Dy Dy Dy RD2 Selected RAM Status Character 2 11 1 0 11 1
SRC Send Register Control 00 1 0 R R R 1 to Accumulator
FIN Fetch Indirect, Data fom ROMto - 0 0 1 1 R R R 0 Ro3 Selected RAM Status Character 3 L
N ) to Accumulator
Index Register Pair RRR
JIN Jump Indirect to Address in Register 0 0 1 1 R R R 1 ACCUMULATOR GROUP
Pair RRR
CLB Clear Accumulator and Carr 11 1 1 0 0 0
*JUN Jump Unconditional to Address 6o 1 00 Az Az Az A3 cLe Cle:: c:"l; atoran Y 11 1 0 0 0
LELPLY Az Az Ay Ay A Ap A A 1AC Increment Accumulator 11 1 0 0 1
*Jms Jump to Subroutine at Address o1 0 1 Az Az Az A3 cme Complement Carry 111 0 0 1
: AgAzA; Ay Az Az Az Ag Ay Ay Ag CMA Complement Accumulator I T I 0 1 0
. RAL Rotate Left, Accumulator and Carry 1T 1 1 1 0 1 0
*INC Increment Reg!sler RRAR o1 10 R R R R RAR Rotate Right, Accumulatorand Carry 1 1 1 1 0 1 1
Isz Increment Register RRRR. Go t0 0o 1 11 R R R R TCC Transmit Carry to Accumulator, 11 1 0 1 1
Address AoA, if resultisnotzero, Az Az Az Ax A1 Ay Ay Ay Clear Carry
otherwise go to next instruction DAC Decrement Accumulator L B | 0-0
ADD Add Register RRRR to Accumulator  + 0 0 0 R R R R TCs Tfér:af:fc :rarfva Subtract and LI t oo
with Carry sTC Set Carry 11 101
sus Subtract Register RRRR from 10 0 1 R R R R DAA Decimal Adjust Accumulator 11 1 1 1 0 1
. . Accumulator with Borrow KBP Keyboard Process 11 1 1 1 1 0
[+ Lo Load Contents of Register RRRR to 1.0 1 0 R R R R bocL Designal Command Line 11 1 110
g E Accumulator :
x) E XCH Exchange Contents of Register 1.0 1 1 R R R R NOTES: X
== RRRR and Accumulator (1) The condition code is assigned as follows:
=] BBL Branch Back and Load Data DDDD 11 00 D DDOD : Invert jump condition
© . to Accumulator Not invert jump condition
[]) Load Data DDDD to Accumulator 11 0 1 D DDOD Jump if accumulator is zero

. 6-12

Jump if carry/link isa 1

Jump if test signal isa 0

(2) RRR is the address of 1 of 8 index register pairs in the
CPU.

(3) RRRR is the address of 1 of 16 index registers in the
CPU.

(4) Each RAM chip has 4 registers, each with twenty 4-bit
characters subdivided into 16 main memory characters
and 4 status characters. Chip number, RAM register
and main memory character are addressed by an SRC
instruction. For the selected chip and register, how-
ever, status character locations are selected by the
instruction code (OPA).

Do
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ROMs

4001

256 x 8-BIT
MASK PROGRAMMABLE
ROM and 4-BIT 1/0 PORT

The 4001 is a 2048-bit metal mask programmable ROM providing cus-
tom microprogramming capability for the MCS-4™ micro computer set.
!t is organized as 256 x 8-bit word.

Address and data are transferred in and out by time multiplexing on 4
data bus lines. Timing is internally generated using two clock signals,
¢ and ¢, and a SYNC signal supplied by the CPU. Addresses are re-
ceived 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
Line (CM) is also provided and its scope is to select a ROM bank (group
of 16 ROM’s).

PHASE 1

CLOCK
PHASE 1}¢2

SYNC
INPUT }s“c

Vs
an¢:}¢‘

[0y
ouTPUT
[0, | Lnes
[0,
12 Voo
- MEMORY
CM{CONTROL
INPUT
sl {cunn INPUT

FOR 1/0 LINES
[ Reser

Dy O—e—>—]
D, O——>—}

During the two time periods (M; & Mj) following the addressing time, 0,0——s—] INOUT [T CONTROL
information is transferred from the ROM to the data bus lines. D3 0——>—]
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 MEMORY -
data bus lines in and out of 4 1/0 external lines. Each chip has the cap- MUX ROM
ability to identify itself for an 1/O port operation, recognize an 1/O port: #6x8
instruction and decide whether it is an Input or an Output operation
and execute the instruction. An external signal (CL) will asynchronously CLEAR 110 AEGISTER ::>
clear the output register during normal operation. INTERFACE DECODER
Each 1/0 pin can be uniquely chosen as either an input or output port
by metal option. Direct or inverted input or output is optional. An on-
chip resistor at the input pins, connected to either \pp or Vgg is also 12 Y 1,
optional. 110, 1/0,
4308 -
. ony [ 1000
onz [ voos
8K o 1) vo0:
vo, [ oo
MASK PROGRAMMABLE ROM - b
. N o
The 4308 ROM is organized as a 1024 x 8 word array. It is functionally o [ vos:
identical to four 4001 ROMs, as well as electrically compatible to all - g”;
existing MCS-40™ elements. cunon Do
neser 16 [Jvoxs
The 4308 also has 16 programmable 1/0 lines arranged in four 4-bit vons [ voss
ports. Each line may be mask programmed as either an input or output
line. The 4308 responds to the
RDR, WRR, and SRC commands " r 1 0 o
. . . SYNC O TIMING ) 23 56,
for 1/0 operations. L 1 w
. - 12 l I I I I «7O Voo
Chip select number is set by metal cwromo- t ~—Ovss
mask option. o0 0e®n
omrme B iy Regien
02 Q<T> BUFFER LoGic nséggzn 1024 X8
D3 O—>{
neser o3 ZRY v 1 AN I
] LT | d T eems 4 |
. 0L T 0 I @
CLR/LD O~ FR} ;iv ‘ +v }
1/0 PORT 1/0 PORT 1/0 PORT 1/0 PORT
o 1 2 3
lﬂilﬁlﬁlﬂ 15 14 13 IZ lﬂl‘dlﬁlﬂ 21{20(19 {18
1/0 09 Ilgu] 110 19 1013 102 17023 1/03p 1/033
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ROMs

A 24 Jvee

) as]2 2o,

4316 | A
16,384-BIT STATIC u gos

ug
MOS ROM qoee B

The Intel®4316 is a 16,384 bit static MOS read ase o

IS
8

o
3

>
3

only memory orgénized as 2048 words by 8-bits. Vim £ 16[J0s
This ROM is designed for microcomputer mem- asJo 15 bcm
ory applications where high performance, large bit as (11 ” :]csz
storage, and simple interfacing are important de- e 1 0y 0, 03 0, 05 Og O; Og
. P ~«+—O0V¢c
sign objectives. J | l l l N
. —
The 4316 access time is 2 usec. Ao OUTPUT BUFFERS e
The inputs and outputs are fully TTL compatible. A — T T T T T T 1T
This device operates with a single +5V power sup- ay — v DECODER 10F 16 x 8
ply. The three chip select inputs are programmable. A 4 soreer
Any combination of active high or low level chip A § | PROG.
select inputs can be defined and the desired chip N 5 L
select code is fixed during the masking process. * 2 8 1t
. . A — 8 S fe— cs,4
These three programmable chip select inputs, as E'\_ = 16 3aemiT
well as OR-tie compatibility on the outputs, facili- A —1 g g CELL MATRIX o
tate easy memory expansion. As ] — & NPUT [ G52
A - x BUFFERS|
Ao — ] le— Cs4

MCS'40TM All custom ROM orders must be submitted on forms provided

- by Intel. P ing inf tion should be sent in the f
CUSTOM ROM y Intel. Programming information shou sent in the form

of computer punched cards or punched paper tape. In either

GENERAL INFORMAT'ON case, a print-out of the truth table must accompany the order.

. . 4308
MCS-4 CUSTOM ROM ORDER FORM lnté 4308 CUSTOM ROM ORDER FORM ROM

14308 Mot Marked ROM

sobmtted o
140 punched cads o1 unched caper 1998 1n e cate, & prl ot O 1he Ut table
e et

4007 Metal Masked ROM s e form of

e

an customer
i T of computes unched cds o purchdpoer e, s e 3 i of the v able [T
e oger, Reer Anernately, the
Adnonat . ADORESS o 510 — —
v oo e PonmMeER AP ————— OO
o 5 cusTOMER o PpPP . oate oate "o
<~ s 2z
o> P.O. NUMBER -
= Q. APP oo. INTEL STANDARD MARKING
== DATE DATE o The marking 48 Shown a1 night must contan the Intel 1090, made for eech of the 15 1:0 port input lines Avord the use
[=} the rortuct tybe (PA308) the (our gt Intel patiern num  of llegal options. refer 10 the 4308 Data Cataloq
© et (PPPPL ot e XXX 48 e 0 B9 ED 41 e sgrcpnate o T an opton comnecton Lene
INTEL STANDARD MARKING fumier (DD} An ontonal customer enuticauon number |1*7L € 3PTOPAIE bor
X [ oy b ARGt Ton the ey number (22)
The marking as shown at right must contain the Intel logo, P4001 " PPPP Pumes G Numbes spaces)
the product type (P40, the four digit Intel pattern num- 2 ‘ — maraen
ber (PPPP), 2 date code (XXXXI, and the two digit chip XXX, Z R—— ROM DESCRIPTION
number (D). An optional customer identification number Cltomer Numbs
oy e substituted fo the chip romber (22). Oure Cooe G Setect Value 1031 Must be specitied | Chp Number o

Optional Customer Number (Maximum 6 characters or spaces) I ihe Table below. seleut” the connections which shouid be

MASK OPTION SPECIFICATIONS

A. CHIP NUMBER (Must be specified — any number from O through 15 — DD}
B. 1/0 OPTION — Specify the connection numbers for each 1/O pin (next page). Examples of some of the possible I/0
‘options are shown below:
EXAMPLES - DESIRED OPTION/CONNECTIONS AEQUIRED L OPTION
ooy |27 | 1]2]s]als] el 2[a]o]0]nr
oo, | 2 mm
Fioo, [ 2 ol
ioer| 2 m
e —— e 1
Foraxamaa w0l I
1npu nd 6§ are connected . 1017 n
Ovue 173.8wnd 8 or connecra ot w
O aa tom comorma . o7 w
" [0, o
C. 4001 CUSTOM ROM PATTERN — Programming information should be sent in the form of computer punched 11027 T
cards or punched paper tape. In either case, 8 print-out of the truth table must sccompany the order. Refer to lntel's Data 102, n
Catalog for complete partern specificat An'mnllvdv bt e used. Bued on the o 7030 a
ticular customer pattern, i n-logic "0 1103, "
or an “N* for a low fevel output = n-logic 1" (wlmlﬂwz“l " 03, W R
Note that NOP = BPPPP PPPPF = 0000 0000 V03, | 78 i 1/0 PORT LINE OPTION S
4001 Custom ROM Order Form - 4308 Custom ROM Order Form

614



PROMs

(Vgg = 45V + 6%; Vpp = -10V + 6%)

_ DATAOUT1  DATAOUTS
02A OUTPUT
) €5 — BUFFERS
PRO M 2048 BIT
. 5 . PROGRAM —» PROM MATRIX
The 4702A is a 256 word by 8-bit electrically pro- (256 X 8)
grammable ROM ideally.suited for microcomputer T
system development where a fast turn-around and v,
pattern experimentation are important. The 4702A A 247 Voo DECODER
circuitry is entirely static; no clocks are required. a2 23 JVec T
Access time is 1.7 usec. Il E 22| JVec
D ] INPUT
The 4702A is packaged in a 24 pin dual-in-line *DATA OUT 1[_}4 (LsB) 2114 DRIVERS.
package with a transparent lid. Thfa transparen.t lid o our [ s 2[4 1 f _____
allows the user to expose the chip to ultraviolet Ao A1 Ay
light to erase the bit pattern. A new pattern can  "PATAOUT3[Je 47024 1974
then be written into the device. *DATA OUT 4 [|7 18] A
The 4702A is designed for use with the MCS-40  *pataouts[ |s [ ]A;
CPU's. *DATA OUT 6|9 16] Ve
k programmed ROM, the
A pin-for- pln. rr!etal mask programm R t +pata out 7[ 10 15 :]Vaa
Intel 1302, is ideal for large volume production
runs. *DATA OUT 8[_[ 11 (MsB) u[Jes
vee [ |12 13| ] PROGRAM
*THISPIN IS THE DATA INPUT LEAD DURING PROGRAMMING.
1 o7 i
TEST X “rJ‘o CM-RAM O
= et A 2 T
o b o2 r whARS
IHJA 18] 23 Jv: RESET . ré:mx
T e
41 DO
3 D1
02
D3
Ll
— PR
6 | OPR
i4289 -
neser o
- oA 3|
- Y
= STANDARD - _r o
MEMORY
INTERFACE ADDRESS DATA
FiL_22
CE
3 Co
32
33
£} <,
18 f19] |36}
110 4131211
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RAMs

4002

320 BIT RAM and
4-BIT OUTPUT PORT

The 4002 performs two 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). It is provided with
4 output lines and associated control logic to perform output
operations.

In the RAM mode, the operation is as follows: When the CPU
executes an SRC instruction (see Basic Instruction Set) it will
send out the contents of the designated index register pair dur-
ing X5 and X3 as an address to the RAM, and will activate one
CM-RAM line at X, for the previously selected RAM bank.

The status character locations (0 through 3) are selected by the
OPA portion of one of the 1/0 and RAM Instructions.

For chip selection, the 4002 is available in two metal options,
4002-1 and 4002-2. An external pin, Pg (which may be hard
wired to either Vpp or Vgg) is also available for chip selection.

All communications with the system is through the data bus.
The 1/0 port permits data out from the system. When the ex-
ternal RESET signal goes low, the memory and all static flip-
flops (including the output registers) will be cleared. To fully
clear the memory the RESET signal must be maintained for at
least 32 memory cycles (32 x 8 clock periods).
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4101

1024-BIT STATIC MOS RAM
WITH SEPARATE I/O

The Intel®4101 is a 256 word by 4:bit static random access
memory element using normally off N-channel MOS devices
integrated on a monolithic array. It uses fully DC stable (static)
circuitry and therefore requires no clocks or refreshing to op-

‘erate. The data is read out nondestructively and has the same

polarity as the input data.
The 4101 access time is 1 us.

The 4101 is designed for memory applications where high per-
formance, low cost, large bit storage and simple interfacing
are important design objectives.

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

ixte
0y 0y 0, 0y REGO i
DATA STATUS REG2
w 4x4 REG3
. \ U oy
A3 d 1 22 [ ]vee
¥ s B 21 [a,
A 20 [_]RW
A [ s 1w e
A []s a101 ® ] op
Ag [: 6 17 [ ce2
¥ . 16 ] oo,
GND []8 15[ Joi,
oI, 9 14 []po,
oo, [] 10 13 Joy,
o, ] n 12 [] o,
Ao&m v
~—Vecc
Ay &E
2 ROW CELL ARRAY ane
Az oL iter 32 ROWS
® - 32 COLUMNS
Az 3]
As »@—[}:: —ﬁ
. [ 1
R/W
®
D1y o—PF ]
@ INPUT
pI, ——f¥——] paATA ©DOy
®@ CONTROL
“Diz "——t °DO;
®
Dig ——— N

)

sg

®

(O = PINNUMBERS



1/0

——

-
o

CLOCK
PULSE mrut}" O
0ATA IN[]2 15 [ JSERIAL OUT
{%E 3 14 Voo

o, 13[Jag

)€ ENABLE INPUT

4003
10-BIT SERIAL-IN/PARALLEL-OUT

PARALLEL
OUTPUTS

SERIAL-OUT SHIFT REGISTER (SR) s N
The 4003 is a 10-bit static shift register with serial- PARALLEL =H° " ours
in, parallel-out and serial-out data. Its function is to outeuts]% O] 7 e,
increase the number of output lines to interface Voo Ves o, []s of o,

with 1/0 devices such as keyboards, displays,

printers, teletypewriters, switches, readers, A-D IE

converters, etc. ON CLEAR I 1 I l I l 1 l I l

Data is loaded serially and is available in parallel
on 10 output lines which are accessed through en-

T [
[ [ |
| ot swiET Reaister!

|
!

[ (STATIC CELL) | |
. ] . A I
able logic. When enabled (E = low), the shift regis- [ LI
ter contents is read out; when not enabled (E =
high), the parallel-out lines are at Vgg. The serial- —
out line is not affected by the enable logic. COUNTER
Data is also available serially permitting an indefi-
nite number of similar devices to be cascaded to-
gether to provide shift register length multiples of
10. : T
. : DO* ! ; ]OBITP:RAiEl | :
efae . - LEL
The data shifting is controlled by the CP signal. An {ENABLE) : : ’ompuf"gunml : !
internal power-on-clear circuit will clear the shift PR S N S B
register (Q; = Vgg) between the application of the i i i L i L i i i £
supply voltage and the first CP signal. Qo Oy Q; Q3 Qg Qg Qg Q; Qg Qp
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SEE 4008/4009 DATA SHEET
* SEE 4702A DATA SHEET

**** THESE LINES MAY BE DECODED
FOR UP TO 16 PROMS

(Vgg = +6V 5%, Vg = -10V “5%)
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4207, 4209, 4211 :
GENERAL PURPOSE 1/0 l—_

A) 4207 o DATA R
‘ b—— PUNCH
™ &y eio 2 : s BT
These three /0 devices expand MCS-40 CPUs. Each device T stroe | Penact
has four 4-bit ports designated as input or output. They Tocry 3
respond to the SRC, RDR, and WRR commands, and Chip
Select No. 3 (ROM pages 12-15).
4207 Two 4-bit output ports loaded under program con- ' ] statusFr
trol. Contains the output data word(s). One 4-bit
output port as a control source to steer data and FORMS CONT.
control 1/0 device. One 4-bit input port for 1/0 N ’
status input data. —3 | controL
STATUSLTS
LOAD STROBE
l READER
UART
B) 4209 o ::___DATA KEYBOARD
s . DATA ' 8
4209 Two 4-t.)|t input-ports for I/'O input data. Externa‘ﬂ <: o 2
strobe simultaneously loads input buffer. One 4-bit TochU
input port for 1/0 status input data. One 4-bit out- 3 - STATUS FF
put port for 1/0 control data.
4
CLUTCH CONT.
RS232
—:> STATUS LTS
ENABLE FUNC.
4211 Two 4-bit input ports. Two 4-bit output ports. LOAD STROBE B
This device is useful for byte transfers. oan I : DAivERS
DATA 0.1 :>
D wm : o K
y S—
4207, 4209, 4211 FUNCTIONAL BLOCK DIAGRAM Tocry 2.3 N 8 DATA
© sYNG o1t TIMING D o
R - 12 rL N __.23_002
S2E ™M o <£1‘Lovm, .
2 g s y ~—0Vgs 4207, 4209, 4211
A=Y o [ ' PIN CONFIGURATION
i QF o O— >
7
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Dy o—atal JNOUT f=—f Yol va 1 N u
D, 9 ) wows []2 27[] ¥0oo
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- —] 'IO-oC 5 24 [7] 1003
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CLR/LD L oy [: 7 22 [] ctrio
; 4 Y o, e 2[5
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PERIPHERALS

4008/4009

STANDARD MEMORY AND 1/0 INTERFACE SET

The standard memory and 1/O interface set (4008/4009)
provides the complete control functions performed by the
4001 in MQS-4TMsystems. The 4008/4009 are completely
compatible with other members of the MCS-4 family. All
activity is still under control of the 4004 CPU. One set of
4008/4009 and several TTL decoders is sufficient to inter-
face to 4K words of program memory, sixteen four-bit in-
put ports and sixteen four-bit output ports.

It should be noted that in any MCS-4 system the program
memory is distinct from the read/write data storage (4002
RAM). Using the 4008/4009, programs can now be stored
‘and executed from RAM memory, but this RAM memory
is distinct from the 4002 read/write data storage. RAM
program memory will be organized in eight bit words and
256 word pages, just like the memory array inside the
4001. Any combination of PROM, ROM, and RAM will

be referred to as program memory. A formerly undefined.

instruction is now used in conjunction with the 4008/4009
to write data into the RAM program memory. This new
instruction is called WPM (Write Program Memory — 1110
0011). When an instruction is to be stored in RAM pro-
gram memory, it is written in two four-bit segments.

The 4008 is the address latch chip which interfaces the
4004 to standard PROMs, ROMs and RAMs used for pro-
gram memory. The 4008 latches the eight bit program ad-
dress sent out by the CPU during A1 and A2 time. During
A3 time it latches the ROM chip number from the 4004.
The eight bit program address is then presented at pins AQ
through A7 and the four bit chip number (also referred to
as page number) is presented at pins CO through C3. These
four bits must be decoded externally and one page of pro-
gram memory is selected.

The 4009 then transfers the eight bit instruction from pro-
gram memory to the 4004 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 and 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 reg-
ister is always transferred to the address lines (AQ 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 indi-
cate whether an input or output operation will occur.

The 4009 is primarily an instruction and 1/0 transfer de-
vice. 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 /O bus to the
data bus. When the 4009 interprets a WRR (Write ROM
Port) instruction, it tranfers output data from the CPU
- to the 1/O bus and sends an output strobe (pin 10) to en-
able the selected output port.
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PERIPHERALS

4201 ) cwnd 1 ~ 6] oar
CLOCK GENERATOR ‘ o] 15 7 vee

The 4201 generates the two phase clock signals used by the o.[]s 1w[] o
MCS-40'CPU’s, ROMs, RAMs and 1/0 circuits. Both MOS and

. . . voo [ ]4 13 [ Reser
TTL level signals are available. Only an external crystal is re- E\ 4201

quired for the 4201. An internal divider selected by the MODE Mope q 5 1z [] meseTiv
line divides the crystal frequency by seven or eight. A RESET N. OPEN [1 6 1 [ stoe
signal generator is also provided for power-on or external reset

requirements. « 7 10 [ ack
Switch inputs and the STOP and STOP/ACK signals provide x (e o[ wcroseo

the means to single step the 4040 CPU.

2l
o o —>| o1 DRIVER bl
XTAL osc MUX t40R+7 f—p|  GEN.  mos
- @,
2 02 L—»| o, ORIVER 2 J

MODE O—— 3 L f o
T Ty
RESET IN O—> 4‘ TLI'L
. ?,
RESET OUT O

N.0. O - ﬁp—bl SINGLE ll —O sToP
NC. O | STEP F/F |

n 5 e

Vss Voo GROUND

4289 The 4289 enables the CPU devices to utilize standard memory components —
R PROMs, ROMs, RAMs, in a memory array to facilitate system program de-

STANARD MEMORY velopment.

INTERFACE The 4289 also contains an 1/0 bus enabling expansion of the ROM 1/0 ports,

using the RDR and WRR commands. The READ PROGRAM MEMORY

(RPM) and WRITE PROGRAM MEMORY (WPM) commands allow the user

to store data and modify program memory.

o0 [ 1 ] voo The 4289 directly addresses 4K of program memory, and is a functional re-
o[ ]2 s Jwor lacement for the 4008, 4009 pair of standard memory interface and 1/0 de-
’
0[] 3 38 [ o, vices. Programs generated using the 4289 may be committed to ROM (4308
i oy [] 4 37 [ vos and 4001) with no software changes.
»
== .~ orro[|5 36 [ ] voa
g = Do Ol s 4 R 1/0 PORT cp [>0C
=5~ o [ 3 [ vorn 3; Ow—np| NPUTIOUTPUT CHIP SELECT krems —»8 g;
= g opR2 [] 7 )¢ D3 O~a—>] N ADDRESSMPX | 4 }—»o cs
© opr3 [ |8 3| Jc. j t 4 4
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4289 o & 7ORT DATA -
opaz [ 11 0[] A ot Oo—> 3T D
opas [] 12 29[ ] ag PRz O e
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INTELLEC SYSTEMS

INTELLEC® 4/MOD 4

MICROCOMPUTER DEVELOPMENT SYSTEM

m Complete hardware/software development system for
the design and implementation of 4004 CPU based
microcomputer systems.

® TTY interface, front panel designer’s console, and high
speed paper tape reader interface, in conjunction with
PROM resident system monitor provide complete pro-
gram loading, punching, monitoring, interrogation, and
alteration capabilities.

m Program RAM (4K 8-bit bytes) provides a program de-
velopment 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.

m Program PROM (expandable to 4K 8-bit bytes) in con-
junction with the resident PROM programmer provide
capability of simulating final ROM resident program.

The Intellec 4/MOD 4 (imm 4-40A) is a complete, self-
contained microcomputer development system designed
specifically to support the development and implementation
of 4004 CPU based microcomputer systems. Its modular de-
sign provides the flexibility to adapt to any size user system
and the resident software facilitates program development.

The basic Intellec 4/MOD 4 Microcomputer Development
System consists of 4 microcomputer modules (CPU, RAM,
and PROM PROGRAMMER), power supplies, 1/0 connec-
tors, console, and displays. The heart of the system is the
imm 4-42 central processor module built around Intel’s 4-
bit 4004 CPU. The imm 4-42 is a complete microcomputer
system containing the system clock, 1K 8-bit bytes of PROM
memory, 320 4-bit bytes of data RAM memory, 4 4-bit in-
put ports and 8 4-bit output ports. The imm 6-28 program
RAM memory module contains a 4K x 8 memory array
composed of Intel 2102 static random access memory ele-
ments. The imm 6-76 PROM programmer module provides
the capability of programming Intel 17702A PROMs in con-
junction with the front panel PROM socket and system
monitor. All I/O ports are TTL compatible and accessible
from the back panel 37-pin connectors. The front panel de-
signer’s console provides a means of monitoring and con-
trolling system operation.

The Intellec® modular design allows great design system
flexibility. Program PROM can be expanded to 4K 8-bit
bytes using imm 6-26 or imm 4-22 optional modules. Data
RAM can be expanded to 2560 4-bit bytes using imm 4-24
modules. 1/0 capability can be expanded to 16 4-bit input
and 48 4-bit output ports using optional imm 4-60 and
4-24 modules. The universal prototype card (imm 6-70) in
conjunction with the eleven optional card sockets (which

= PROM resident system monitor, RAM resident
assembler.

= |ncludes program development features such as address
search (and pass count), next instruction indication,
program flow verification.

m /O expandable to 16 4-bit input ports and 48 4-bit out-
put ports (all TTL compatible) allowing
simulation of entire user system (processor and
peripheral devices).

m Modular design with expansion capability provided for
up to eleven optional or user designed modules.

contain all essential system signals) provide the capability
for interfacing custom designed modules.

Program interrogation and alteration can be accomplished
by using any desired combination of the front panel de-
signer’s console, a teletype, the imm 4-90 high speed paper
tape reader, and other Intellec 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 proces-
sor subcycle, ““freezing’’ system status after executing of a
predefined instruction after a specified number of passes,
and verifying program flow. The teletype and reader serve
as vehicles to input and output paper tapes and execute the
system monitor.
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INTELLEC SYSTEMS

INTELLEC® 4/MOD 40

MICROCOMPUTER DEVELOPMENT SYSTEM

m Complete hardware/software development system for
the design and implementation of 4040 CPU based
microcomputer systems.

m TTY interface, front panel designer’s console, and high
speed paper-tape reader interface, in conjunction with
PROM resident system monitor provide complete pro-
gram loading, punching, monitoring, interrogation, and
alteration capabilities.

m Program RAM (4K 8-bit bytes) prowdes 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 con-
junction with the resident PROM programmer provide
capability of simulating final ROM resident program.

The Intellec 4/MOD 40 (imm 4-44A) is a complete, self-
contained microcomputer development system designed
specifically to support the development and implementation
of 4040 CPU based microcomputer systems. Its modular
design provides the flexibility to adapt to any size user sys-
tem and the resident software facilitates program develop-
ment.

The basic Intellec 4/MOD 40 Microcomputer Development
System consists of 4 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 4-43is a complete microcomputer system containing
the system clock, 1K 8-bit bytes of PROM memory, 320
4-bit bytes of data RAM memory, 3 4-bit input ports and
8 4-bit output ports. The imm 6-28 program RAM memory
module contains a 4K x 8 memory array composed of Intel
2102 static random access memory elements. The imm 4-72
control module contains the circuitry required to interface
the central processor module to the program RAM module.
The imm 6-76 PROM programmer module provides the cap-
ability of programming Intel 17702A 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.

The Intellec® modular design allows. great design system
flexibility. Program PROM can be expanded to 4K 8-bit
bytes using imm 6-26 or imm 4-22 optional modules. Data
RAM can be expanded to 2560 4-bit bytes using imm 4-24
modules. /O capability can be expanded to 16 4-bit input
and 48 4-bit output ports. using optional imm 4-60 and
4-24 modules. The universal prototype card (imm 6-70) in
conjunction with the eleven optional card sockets (which
contain all essential system signals) provide the capability
for interfacing custom designed modules.

® PROM resident system monitor, RAM resident
assembler with edit feature included in standard systems
software.

®  Includes such standard program development features
as program single step, address search (and pass count),
next instruction indication, program flow verification.

® /O expandable to 16 4-bit input ports and 48 4-bit out-
put ports (all TTL compatible) allowing “hands-on"’
simulation of entire user system (processor and
peripheral devices).

.m RESET, STOP, INTERRUPT control signalé available

to user via back panel.

n Modular de#ign with expansion capability provided for

up to.eleven optional or user designed modules.

The user RESET IN/OUT, STOP/STOP ACKNOWLEDGE,
and INTERRUPT/INTERRUPT ACKNOWLEDGE control
signals are all available at the back panel. Hence, the user
can interrupt, halt, and reset the resident CPU via his own
interface. '

Program interrogation and alteration can be accomplished

by using any desired combination of the front panel de-

signer’s console, a teletype, the imm 4-90 high speed paper
tape reader, and other Intellec 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 proces-
sor subcycle, “freezing” system status after executing of a
predefined instruction after a specified number of passes,
single-stepping the program and verifying program flow. The
teletype and reader serve as vehicles to input and output
paper tapes and execute the system monitor.




INTELLEC SYSTEMS

imm4-90

INTELLEC® 4
HIGH SPEED PAPER TAPE READER

8 TAPE MOVEMENT ® ELECTRICAL CHARACTERISTICS
Tape Reading Speed: ) AC Power Requirement:
0 to 200 characters per second 3 wire input with center conductor (earth
asynchronous ground) tied to chassis. 100, 115, or 127
Tape Stopping: ) VAC, single phase at 3.0 amps or
Stops “On Character’’ 220 or 240 VAC and 1.5 amps; 47 to
63 Hz.
8 TAPE CHARACTERISTICS
Tapes must be prepared to ANSI X 3.18 s EQUIPMENT SUPPLIED
or EMCA 10 Standards for base materials Paper Tape Reader
and perforations. Reader Cable
Reads tape of any material with thickness Reader Flat Cable
between 0.0027'' and 0.0045"" witn trans- Fanfold Tape Guide
missivity less than or equal to 57% (oiled Fanfold Paper Tape
buff paper tape). Hardware Manual
PR Installation and Operations Guide
¥:g: \I;Ia:tl:g1 |ir:“|:|:e Fanfold Guide Installation Instructions

NOTE: Operation of the imm4-90 in
conjunction with the Intellec 4/MOD 4
and Intellec 4/MOD 40 requires Version
2.0 software.

The imm4-90 high speed paper tape reader provides all Intellec 4 Microcomputer Development Systems with a high speed
paper tape input that is twenty times faster than the standard ASR-33 teletype reader. This translates into a significantly
faster development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing
operations. : :

The Intellec 4 monitor provides the capability of assigning the imm4-90 as an input device and contains the reader driver
software. Tapes may be read in BNPF or hexadecimal format.

At least one optional imm4-60 Input/Output Module must be included in the Intellec system to provide the required reader
input and output ports.
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MCS-4 PROGRAM ANALYZER

PA4-04 PROGRAM ANALYZER FOR
MCS-4 DEVELOPMENT SYSTEM

The PA4-04 Program Analyzer is a compact (9" x 9"
x 1.5") portable unit providing a powerful real-time analysis
capability for MCS-4™ users. It was designed as an MCS-4 de-
velopment tool and for convenient field service of micro-
computer systems. Applications consist of software and sys-
tem debugging, CPU data logging, program event detector,
address comparator, binary display unit, and trouble shooting
in the field.

The analyzer connects to the 4004 CPU via a 16 pin DIP-
CLIP and displays all of the significant CPU parameters. LED
displays thus latch and display the contents of the four bit
data bus displaying the address sent out by the CPU, the in-
struction received back from ROM and the execution by the
CPU. Displays also indicate which CM-RAM line is active
and what the last RAM/ROM point is (SRC-instructions). In
the free running mode this display is naturally changing as
the program runs.

Provisions have been made for examining the contents of
the data bus and the status of the CPU at selected points in
the program. This is done by entering the selected instruction
number into the SEARCH ADDRESS switches provided on
the front panel. Now as the program runs the PA4-04 will

latch the data at the selected instruction number. The display
will hold until the reset button is hit (which also applies a re-
set pulse to the MCS-4 system being operated on): :

While the display of the search address is latched, the next
instruction can be examined by hitting the NEXT INSTRUC-
TION switch. Pushing the INCREMENT button will incre-
ment the program one more count and this can be continued
indefinitely. The previous instruction can be examined by
using the DECREMENT switch in the same fashion.

A switch selectable pass counter provides interrogation of
program loops by delaying the display until after a preset
number of passes (1 to 15) have been made through the pre-
set SEARCH ADDRESS.

SEARCH CONTROL and TEST switches provide addi-
tional features for easy program debugging.

All displayed parameters are also accessible in buffered
TTL form via external 16 pin DIP sockets on the back panel.
This allows for external monitoring needed for data logging
applications.

The PA4-04 requires a single external power supply (+5V
DC, 2.0A) which is connected to banana plug provided on’
the back panel. )

PA4OL
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intal'  silicon Gate MOS 8008, 8008-1

SINGLE CHIP EIGHT-BIT PARALLEL
CENTRAL PROCESSOR UNIT

m Instruction Cycle Time — m 48 Instructions, Data
12.5 ;.5 with 8008-1 or 20 is Oriented
with 8008
® Address stack contains
® Directly addresses 16K x 8 eight 14-bit registers
bits of memory (RAM, ROM, (including program counter)
or S.R.) which permit nesting of
subroutines up to seven
B Interrupt Capability 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/O peripheral devices while also executing the main program.

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory
to be used.

8008 CPU

Block Diagram D,-D, BI-DIRECTIONAL

DATA BUS

DATA BUS
. BUFFER
(8BIT)
INTERNAL DATA BUS I INTERNAL DATA BUS
> ey >
y J 4 2. E
I TEMP. REG. I [ TEMP. REG. I INSTRUCTION STACK ACCUMULATOR
a8 b, (8 REGISTER (8) MULTIPLEXER (8) P
F
A FLAG PROGRAM COUNTER B -
FLIP-FLOPS - (14) . REG. _(8) ow
2 c B
INSTRUCTION T 8 RES. & §§
w
N ARITHMETIC DECODER : LEVEL NO. 2 « D =]
v LOGIC AND o« (14) E REG. (8) o
O MACHINE = LEVELNO.3 7} E
(ALy) F— | CYCLE N -3 (14 2 REG. (8)
N @ ENCODING e « m
1 ® % LEVELNO.4 (g REG. _(®)
g L
“ LEVEL NO.5 (14) REG. (8)
LEVELNO.6 SCRATCH
PAD
LEVELNO.7 .,
TIMING ADDRESS
AND STACK
CONTROL
POWER ["— -9V
SUPPLIES 45V
STATUS INT  READY SYNC CLOCKS!
S0 S1 82 ° INT  READY SYNC ¢1 ¢2
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8008 MICROPROCESSOR

8008 FUNCTIONAL PIN DESCRIPTION

s

Vpp O—1 18 j+—O0 INTERRUPT
[D, owsf2 17 }=—O READY
Dg 0«13 16 f=—o0 o,
D 0=»|4 |\rEL 15 f+—0 ¢,

pata | Pso=sfs 808 140 svne
BUS |D,0={6 1305,

D, 0|7 12}—=o0s, |-sTaTE
D, 0=>|8 1np—>o0s,
D, O]9 10—0 V¢

Do-D7

BI-DIRECTIONAL DATA BUS. All address and
data communication between the processor and the
program memory, data memory, and /O devices
occurs on these 8 lines. Cycle control information
is also available.

INT

6-26

INTERRUPT input. A logic “1” level at this input
causes the processor to enter the INTERRUPT
mode.

READY

READY input. This command line is used to syn-
chronize the 8008 to the memory cycle allowing
any speed memory to be used.

SYNC

SYNC output. Synchronization signal generated by
the processor. It indicates the beginning of a ma-
chine cycle.

$4. 92
Two phase clock inputs.
So, 81,82

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 S», along with SYNC inform the pe-
ripheral circuitry of the state of the processor.

Vcc +5V 5%
Vpp -9V £5%



8008 MICROPROCESSOR

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.

D; Dg Dg D4 D3 Dy Dy Dy

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

Register to register, memory relerence,
Dy Dg Dg D4 D3 D, Dy D . )
vesMs2zN 0 OP CODE 1/0 arithmetic or logical, rotate or
Two Byte Instructions return instructions

07 Dg D5 Dy D3 D, Dy D 0P CODE
D
D7 DG Ds 04 DJ 2 D' Do OPERAND Immediate mode instructions

Three Byte Instructions

LOW ADDRESS . JUMP or CALL instructions
HIGH ADDRESS* *For the third byte of this instruction, Dg and D are ““don’t care” bits.
™ . o . . . A . .
For the MCS-8 a logic "1’ is defined as a high level and a logic 0" is defined as a low level.

Index Register Instructions
The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip-
flops except the carry.

MINIMUM INSTRUCTION CODE
MNEMONIC STATES D;Dg DgD4D3 Dy Dy Do DESCRIPTION OF OPERATION
REQUIRED
(Mmovry,ry (5) 11 DDD S S S |Load index register rq with the content of index register rp.
ZImov r, m (8) 11 D DD 1 -1 1 |Load index register r with the content of memory register M,
MOV M, r (7) 11 111 S S S |Load memory register M with the content of index register r.
(3 mvie 8) 00 b DD .‘1 10 Load index register r with data B . . . B.
B B B B B B B B
Mvim (0 oo 111 110 1y oad memory register M with data B . . . B.
B B B B B B B B
INRr (5) 00 D DD 0 0 O |lIncrement the content of index register r (r # A),
DCRr (5) 00 D D D 0 O 1 |Decrement the content of index register r (r # A),

Accumulator Group Instructions

%)
The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. o 5
-
ADD r (5) 10 000 S S S | Add the content of index register r, memory register M, or data ; E
ADD M (8) 10 000 1 1 1 |B...B totheaccumulator. An overflow (carry) sets the carry =
ADI @ 00 000 100 |fiplop. 8
B B B B B B B B
ADCr (5) 10 0 0 1 S S S | Add the content of index register r, memory register M, or data
ADC M (8) 10 0 0 1 1 1 1 |B...B fromthe accumulator with carry. An overflow (carry)
ACI 8) o0 0 01 1 0 O |setsthe carry flip-flop,
B B B B B B B B
SUB r (5) 10 010 S S S | Subtract the content of index register r, memory register M, or
SuB M (8) 10 010 1 1 1 |dataB...B fromthe accumulator. An underflow (borrow)
sul (8) 00 010 1 0 O |setsthe carry flip-flop.
B B B B B B B B
SBB r (5) 1.0 0 1 1 S S S | Subtract the content of index register r, memory register M, or data
SBB M " (8) 1.0 0 11 1 1 1 |dataB...B from the accumulator with borrow. An underflow
SBI (8) 00 01 1 1 0 0 |(borrow) sets the carry flip-flop.
B B B B B B B B
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8008 MICROPROCESSOR

BASIC INSTRUCTION SET

MINIMUM INSTRUCTION CODE
MNEMONIC STATES D;Dg Dg D4 03 D2 D1 Dy DESCRIPTION OF OPERATION
) REQUIRED :

ANA r (5) 10 100 S S S | Compute the logical AND of the content of index register r,
ANA M (8) 10 100 11 1 memory register M, or data B . .. B with the accumulator,
ANI (8) 00 100 100

B B B B B B B B
XRA (5) 1.0 1.0 1 S S S | Compute the EXCLUSIVE OR of the content of index register
XRA M (8) 10 1.0 1 1_1_1 ] r, memory register M, or data B . . . B with the accumulator,
XRI (8) oo 1.0 1 100

B B B B B B B B
ORATr (5) 10 1.1 0 S S S | Compute the INCLUSIVE OR of the content of index register
ORA M (8) 10 110 11 1 r, memory register m, or data B . ., B with the accumulator .,
ORI 8) oo 110 100

B B B B B B B B
CMP r (5) 10 111 S S S | Compare the content of index register r, memory register M,
CMP M (8) 10 1.1 .1 1 1 1| ordataB...B with the accumulator. The content of the
CPI (8) 0o 111 1 0 O | accumulator is unchanged.

. B B B B B B B B

RLC (5) 00 000 0 1 0 | Rotate the content of the accumulator left.
RRC (5) 00 0 0 1 0 1 0 | Rotate the content of the accumulator right.
RAL (5) 00 010 0 1 0 | Rotate the content of the accumulator left through the carry.
RAR (5) 00 011 0 1 O | Rotate the content of the accumulator right through the carry.

Program Counter and Stack Control Instructions

(@) ymp (11) 01 X X X 1 0 0 | Unconditionany jump to memory address B3 ...B3B2...B2.
BBy By BBy By BBy '
X X B3 B3B3z B3 B3B3
‘5)j$“ﬂ'P‘(§‘z' (9or11) 01 0 C4C3 O O 0| Jump to memory address B3 ...B3B2...B2 if the condition

‘ B2 B2 B2 BB By B2 Bol flip-flop is false. Otherwise, execute the next in=truction in sequence.
X X B3 B3B3 B3B3Bj
Jc,Jz (9or11) 0 1 1 C4C3 0 0 O | Jump to memory address B3...B3B2...B2r the condition
JM, JPE Bo By By By B B2 B2 By flip-flop is true. Otherwise, execute the next instructicn in sequence.
X X B3z B3 B3 B3 B3 B3 :

CALL (11) 01 X X X 1 1 0 | Unconditionally call the subroutine at memory address B3 . . . .
Bp By B2 BzBz By By Bp| B3By...Bo. Save the current address (up one level in the stack).
X X B3 B3 B3 B3 B3 B3
CNC, CNZ, (9or11) 01 0 C4C3 0 1 0| Callthe subroutine at memory address B3 ...B3B2 ... B2 if the
CP, CPO By By B2 B2 By By By Bp| condition flip-flop is false, and save the current address (up one
X X B3 B3 B3 B3 B3 B3| level in the stack.) Otherwise, execute the next instruction in sequence,
cc,cz, (9or11) 01 1 C4C3 0 1 0| Call the subroutine at memory address B3 ...B3B2 ... B2 if the
€M, CPE By By B2 By By By B Bp| condition flip-flop is true, and save the current address (up one
X X B3 B3 B3 B3 B3 B3| level in the stack). Otherwise, execute the next instruction in sequence.
RET (5) 00 X X X 1 1 1 [ Unconditionally return (down one level in the stack).
:L}'Cé;(’;‘z' (3 or 5 00 0 C4C3 0 1 1| Return (down one level in the stack) if the condition flip-flop is
%) ' false. Otherwise, execute the next instruction in sequence,
o 5 :&. 2ZPE (3 or 5) 00 1 C4C3 0 1 1| Return (down one level in the stack) if the condition flip-flop is
E’: ’5 ! true. Otherwise, execute the next instruction in sequence.
=] E RST (5) 00 A AA 1 0 1 | Call the subroutine at memory address AAAOOO (up one level in the stack).
(=} .
o Input/Output Instructions
IN (8) 01 00 M™ M M 1 | Read the content of the selected input port (MMM) into the
accumulator, !
ouT (6) 01 R R M M M 1 | Write the content of the I into the selected output

port (RRMMM, RR # 00).

Machine Instruction

l HLT (4) T 00 00O 0 0 X | Enter the STOPPED state and remain there until interrupted.
(4) 11 111 111 -
NOTES: .
(1) SSS = Source Index Register } These registers, r;, are designated A(accumulator—000),
DDD = Destination Index Register | B(001), C(010), D(011), E(100), H(101), L(110).

2) Memory registers are addressed by the contents of registers H & L.

(3) Additional bvtes of instruction are designated by BBBBBBBB.

(4) X = "Don’t Care”.

(5) Flag flip-flops are defined by C4C3: carry (00-overflow or underflow), zero (01-result is zero) , sign (10-MSB of result is *1"),
i parity (11-parity is even).
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intal Silicon Gate MOS 8080
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

= 2 us Instruction Cycle = Sixteen Bit Stack Pointer and Stack

. . Manipulation Instructions for Rapid

= Powerful Problem Solving i g
Instruction Set Switching of the Program Environment

. . Decimal,Binary and Double
» Six General Purpose Registers . mal,Bina .
and an Accumulator Precision Arithmetic

= Sixteen Bit Program Counter for = Ability to Provide Priority Vectored

Directly Addressing up to 64K Bytes Interrupts
of Memory = 512 Directly Addressed 1/0 Ports

The Intel®8080 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 8080 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 8080 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 8080 the ability to easily handle multiple level
priority interrupts by rapidly storing and restoring processor status. " It also provides almost unlimited subroutine nesting.
This microcoprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data
busses are used to facilitate easy interface to memory and |/Q. Signals to control the interface to memory and 1/O are pro-
vided directly by the 8080. 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.

8080 CPU FUNCTIONAL Bl DI ONAL

BLOCK DIAGRAM DATA BUS

DATA BUS
BUFFER/LATCH

(8 BIT) (8BIT)
INTERNAL DATA BUS INTERNAL DATA BUS
L 1§
L5 > o 4 L5
4} <4 1y 4
ACCUMULATOR TEMP. REG. | INSTRUCTION
I (a)] | (a)I i REGISTER (8) MULTIPLEXER
W (8) z 8
FLAG () lL T
> TEMP REG. TEMP REG.
FLIP.FLOPS | _TEMPREG. | TEMPREG. |
ACCUMULATOR L ] . B @ T ® 2
LATCH (8) 8 REG. REG. ow
INSTRUCTION z k=
: NARITHMETIC o D ® E_® [=
Y Losic DECODER 4 REG. REG. ez
UNIT MACHINE w H ® L ®| | REGISTER ==
| (ALY) CYCLE 2 REG. REG. ARRAY e
N ® ENCODING & (16)
| « STACK POINTER
v
16)
PROGRAM COUNTER
DECIMAL | INCREMENTER/DECREMENTER
ADJUST ) 1 ADDRESSLATCH  e)f -
. A4
. TIM|NG
CONTROL _J
16)]
POWER | — +12V I ADDRESSBUFFER ' l
SUPPLIES | — 45V DATA BUS INTERRUPT HOLD WA =
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS -
— -5V
=o D T T rT T LT
WR  DBIN INTE INT HOLD HOLDWAIT | SYNC ¢1 ¢2 RESET A A
READY 5
ADDRESS BUS
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8080 MICROPROCESSOR

8080 FUNCTIONAL PIN DEFINITION

The following describes the function of all of the 8080 1/0 pins.

Several of the descriptions refer to internal timing periods.[1]

A15.Aq (output three-state) )

ADDRESS BUS; the address bus provides the address to memory
(up to 64K 8-bit words) or denotes the 1/O device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D7-Dg (input/output three-state)

DATA BUS; the data bus provides bidirectional communication
between the CPU, memory, and |/O devices for instructions and
data transfers. Dy is the least significant bit.

SYNC (output)
SYNCHRONIZING SIGNAL; the SYNC pin provndes a sngnal to
indicate the beginning of each machine cycle.

DBIN (output)

DATA BUS IN; the DBIN signal |ndlcates 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 8080 data bus from memory
or 1/0.

READY (input)

READY:; the READY signal indicates to the 8080 that valid mem-
ory or input data is available on the 8080 data bus. This signal is
used to synchronize the CPU with slower memory or 1/0 devices.
If after sending an address out the 8080 does not receive a READY
input, the 8080 will enter a WAIT state for as long as the READY
line is low. READY can also be used to single step the CPU.

WAIT (output)
WAIT; the WAIT.signal acknowledges that the CPU is in a WAIT
state.

WR (output) )
WRITE; the WR signal is used for memory WRITE or 1/0 output
control. The data on the data bus is stable while the WR sngnal is
active low (WR = 0).

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the 8080 address and data bus as soon as the 8080 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.

® theCPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
(A45-Ag) and DATA BUS (D5-Dg) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

'

MICRO
COMPUTERS

HLDA (output)

HOLD ACKNOWLEDGE; the HLDA signal appears in response

to the HOLD signal and indicates that.the data and address bus

will go to the high impedance state. The HLDA signal begins at:

® T3 for READ memory or input.

® The Clock Period following T3 for WRITE memory or OUT-
PUT operation.

6-30

W, .
Ao O+—1 40 —=0 Ay
GND 0——4 2 39 —0 Ay

D, O+|3 38 |—=0 A3
Dy O<—> 4 37 =0 Ay
Dg Oe—»l5 36 —0 A5
D, O=—=16 .35 b—=0 Ag
D; O*—>17 ° 34 —>0 Ag
0,0l INTEL =|—o~
D, O+ 9 32 —>0 Ag
b, 010 8080 | —ox
-s5v o— 1 30 —s0 A, -

RESET 0—=] 12 29 —»0 A;

HOLD o0—=] 13 28 }——o0 +12v
INT o——] 14 27 }b—0 A,

%2 0—} 15 26 }—>0 A
INTE O<—] 16 25 |—0 Ag
DBIN O<«—] 17 24 —s0 WAIT

WR O<*—1 18 23 j+=—0 READY

SYNC O<+—] 19 22 f+=—0 ¢4
+5v 0— 20 21 |—0 HLDA

Pin Configuration

'

lvn either case, the HLDA signal appears after the rising edge of ¢4
and high impedance occurs after the rising edge of ¢,.

INTE (output)

INTERRUPT ENABLE; indicates the content of the internal intgr-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being accepted by the CPU when it is reset. It is auto-
matically reset (disabling further interrupts) at time T1 of the in-
struction fetch cycle (M1) when an interrupt is accepted and is
also reset by the RESET signal.

INT (input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
quest on this line at the end of the current instruction or while
halted. If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor the request.

RESET (input) (2]

RESET; while the RESET signal is activated, the content of the
program counter is cleared. After RESET, the program will start
at location 0 in memory. The INTE and HLDA flip/flops are also
reset. Note that the flags, accumulator, stack pointer, and registers
are not cleared.

Vss Ground Reference.

Vad +12 £ 5% Volts.

Ve +5 £ 5% Volts.

Vbb -5 +5% Volts (substrate bias).

91,92 2 externally supplied clock phases. (non TTL compatible)



8080 MICROPROCESSOR

INSTRUCTION SET

The accumulator group instructions include arithmetic and
logical operators with direct, indirect, and immediate ad-
dressing modes.

Move, load, and store instruction groups provide the ability
to move either 8 or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditional, and computed
jumps. Also the ability to call to and return from sub-
routines is provided both conditionally and unconditionally.
" The RESTART (or single byte call instruction) is useful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080. 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 left or right through
or around the carry bit.

Input and output may be accomplished using memory ad-
dresses as 1/0 ports or the directly addressed 1/0 provided
for in the 8080 instruction set.

"The following special instruction group completes the 8080
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the 8080 is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

D7 Dg Ds D4 D3 Dy Dy 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

D; Dg Ds Dy D3 Dy Dy Dy | OP CODE

Two Byte Instructions
| D; Dg Ds D4 D3 D, Dy Dy | OPCODE
[D; Dg Ds D4 D3 D, Dy Dy | OPERAND

Three Byte Instructions

[p; Dg D5 D4 D3 D, Dy Dy | OP cODE

[D; Dg Ds Dy D3 Dy Dy Do | LOWADDRESSOR OPERAND 1

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

[D; Dg Ds Dy D3 D, Dy Dg | HIGH ADDRESSOR OPERAND 2

For the 8080 a logic ‘1" is defined as a high level and a logic 0" is defined as a low level.
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MICRO
COMPUTERS

8080 MICROPROCESSOR

INSTRUCTION SET

Summary of Processor Instructions

Instruction Codel(1] Clock(2] Instruction Codel1] Clock(2
Mnemonic  Description D; Dg Ds Dy D3 D Dy Dy Cycles Mnemonic  Description D; Dg Ds Dy D3 D Dy Dy Cycles
MOV, .2  Move register to register 0t D DDS § S 5 RZ Return on zero 11 0 0 1 0 0 0 5/11
MOV M,r  Move register to memory 01 1 1 0 S § S 7 RNZ Return on no zero 1t 1 0 0 0 0 0 O 5/11
MOVr,M  Move memory to register 01t DDD11 10 7 RP Return on positive 11 1 1 00 0 O s/
HLT Halt 01t 1t 10 1 10 7 RM Return on minus 11 1 1 1 0 00 5/1
MVIr Move immediate register 00 D DDU1 10 7 RPE Return on parity even 1t 1 1 0 1 0 00 5/11
MVIM Move immediate memory 00 1t 1 0 1t 10 10 RPO. Return on parity odd 1 1 1 0 0 0 0 O 5/11
INRT Increment register 00 D DDU11T OO 5 RST Restart 11 A A A 1T 1T 1 1"
DCRr Decrement register 00 D DODI1 01 5 IN Input 11 0 1 1 0 1 1 10
INRM Increment memory 0 0 1 1 0 1 0 0 10 ouTt Output 11 0 ‘1t 0 0 1 1 10
DCR M Decrement memory 00 1 1 0 1 0 1 10 LXI B Load immediate register 00 0 0 00 0 1 10
ADDr Add register to A 1t 0 0 0 0 S S S 4 PairB & C
ADCr Add register to A with carry 10 0 0 1S S S 4 LXI D Load immediate register 00 0 1 00 01 10
SUBTr Subtract register from A 10 0 t 0 S § S 4 Pair D & E .
SBBr Subtract register from A t o 0 1 1 8.8 S 4 LXI H Load immediate register 00 1 0 00 0 1 10
with borrow PairH& L . .
ANAr And register with A 10 1 0 0 S § S 4 LXI SP Load immediate stackpointer 0 0 1 1 0 0 0 1 10
XRAT Exclusive Or register with A 1 0 1 0 1 8 S S 4 PUSH B Push register Pair B & C on 1 1 0 0 0 1 0 1 n
ORAT Or register with A 10 1 1.0 S S S 4 stack
CMPr Compare register with A 1 0.1 1 1 8 8 S 4 PUSHD  Push register Pair D & E on 1t 1 0 1 0 1 0 1 1
ADD M Add memory to A 1 0 0o 0 0 1 1 0 7 stack
ADCM Add memory to Awithcarry 1 0- 0 0 1 1 1 0 7 PUSHH  Push register Pair H & L on 1t 1 1 0 0 1 0 1 "
SUB M Subtract memory from A 1 0 0 1 0 1 1 0 7 stack
SBB M Subtract memory from A Tt 0 0 1t 1.1 10 7 PUSH PSW  Push A and Flags 11 1 1 0 1 0 1 n
with borrow . on stack
ANA M And memory with A 10 1 0 0 1 10 7 POPB Pop register pair B & C off 11 0 0 0 0 0 1 10
XRAM Exclusive Or memory with A 10 1 0 1 1 10 7 stack
ORAM Or memory with A 10 1 1 0 1 10 7 POPD Pop register pair D & E off 11 0 1°0 0 0 1 10
CMPM Compare memory with A Tt 0 1 1 1 1 10 7 stack
ADI Add immediate to A 11 0 0 0 1 10 7 POP H Pop register pair H & L off 1t 1 1 0 0 0 0 1 10
ACl Add immediate to A with 11 0 0 1t 1 1 0 7 stack .
carry POPPSW  Pop A and Flags 11 1 1 00 0 1 10
sul Subtract immediate from A 11 0 01 1 0 7 off stack
SBI Subtract immediate from A Tt 1 0 1 1 1 10 7 STA Store A direct 00 1 1 00 1O 13
with borrow LDA Load A direct 60 1 1 10 10 13
ANI And immediate ’wilhA 11 1 0 0 1 1 0 7 XCHG Exchange D& E,H& L 11 10 0 11 4
XRI Exclusive Or immediate with 11 10 1 1 10 7 Registers
A XTHL Exchange top of stack,H & L 11 1t 0 0 0 1 1 18
ORI Or immediate with A 11 1 1.0 1 10 7 SPHL H & L to stack pointer 11 1 1 1.0 0 1 5
cPl Compare immediate with A 11 1 1 1 1 1 0 7 PCHL H & L to program counter 1 1 1 0 1 0 0 1 5
RLC Rotate A left 00 0 0 0 1 1 1 4 DAD B AddB&CtoH& L 0o 0 0 1 0 0 1 10
Rotate A right ¢ 0 0 0 1 1.1 1 4 DADD AddD&EtoH&L 00 0 1 1 0 0 1 10
Rotate A left through carry 00 0o 1t 0o 1t 1 1 4 DADH AddH& LtoH& L 00 t 0 1 0 0 1 10
Rotate A right through o0 0 1 1 1 11 4 DADSP  Add stack pointerto H & L 000 1 1.10 0 1 10
carry STAXB Store A indirect 00 0 0 O0©O0 10 7
Jump unconditional 1 1.0 0 0 0 1 1 10 STAXD  Store A indirect 00 0 1 0 0 1 0 7
Jump on carry Tt 1.0 1 10 10 10 LDAXB  Load A indirect 000 0 0 10 10 7
Jump on no carry 1 1.0 1 00 10 10 LDAXD  Load A indirect 000 0 t 10 10 7\
Jump on zero 11 0 0 1.0 10 10 INX B Increment B & C registers 00 0 0 0 0 1 1 5
Jump on no zero 1t 1 0 000 10 10 INX D Increment D & E registers 000 0 1 0 0 11 5
Jump on positive T 1 1 100 10 10 INX H Increment H & L registers 00 1 0 0 0 1 1 5
Jump on minus 11 1 10 10 10 INX SP Increment stack pointer 000 1 1 00 11 5
Jump on parity even 1 1 0 10 10 10 DCX B Decrement B & C 00 0 0 1 0 11 5
Jump on parity odd t 1.1 000 10 10 DCX D Decrement D & E 00 0 1 10 11 5
Call unconditional 11 0 0 1 1 0 1 17 DCXH Decrement H& L 00 1 0 1 0 1 1 5
Call on carry t 1.0 1 11 00 nn7 DCXSP  Decrement stack pointer 00 1 1 1 0 11 5
Call on no carry t 1 0 1 0 1 00 1ni CMA Compliment A o0 1 0 1 1 11 4
Call on zero 11 0 0 1 1 00 1 STC Set carry 00 t 1 0 1 11 4
Call on no zero 11 0 00 1 00 1n1 cMC Compliment carry o0 1 1 1 1 11 4
Call on positive 11 1 1 01 00 nn DAA Decimal adjust A o0 1 0 0 1 11 4
Call on minus 11t 1 1 1 1 00 unm .SHLD Store H & L direct 00 1 0 00 1 0 16
Call on parity even 11 1 0 1 1 00 117 LHLD Load H & L direct 00 t 0 1o 1O 16
Call on parity odd 1 1 1.0 0 1 00 1Nn7 El Enable Interrupts 11 11 1.0 1 1 4
Return 11 0 0 1 0 0 1 10 DI Disable interrupt 11 1t 100 11 4
Return on carry 11t 0 1 1 0 00 5/11 NOP No-operation 00 0 0 0O 0O 4
Return on no carry 11 0 1 00 00 s/11 .

NOTES:
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1. DDD or SSS —000B — 001 C— 010D — 011 E— 100 H — 101 L — 110 Memory — 111 A,
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.



ROMs

8308

8K STATIC
MOS ROM

The Intel 8308 is an 8,192 bit static MOS Read
Only Memory organized as 1024 words by 8-bits.

The access time is 450 nanoseconds.

V, DATAOUT1  DATAOUTS
This ROM is designed for 8080 microcomputer A 4 Jvectsv) A T
system applications where high performance, large as[]2 23[ ] As TS — oUTPUT
bit storage, and simple interfacing are important BUFFERS
. L as[]3 22[ ] Ag CSy —|
design objectives.
. . A 4 21 v
The inputs and outputs are fully TTL compatible. 0 E 88 T
. . . A 5 20[]cs 8192 BIT
Three state outputs permit OR-tie capability. Two sOJ : ! _ ROM MATRIX
chip select inputs are provided for easy system eim 8308 197 Vo (+12V) (1024 X 8)
memory expansion. a} 18] Jcs, T
'Y m L 17[Jos DECODER
o1} 16 Jo; T
0210 15[ J0s INPUT
os] 1w Jos t TDRIVERS
Ves (ov) [ 12 13 Jo, Ao As Ao
a1 e 24 vee
8316 wd: o
Aglj 3 220,
16K STATIC wd: i
MOS ROM Ac[]s 20[Jos
a]s 8316  1[Jos
The Intel 8316 is a 16,384 bit static MOS read a7 1elJos
only memory organized as 2048 words by 8-bits. As[]s 170,
This ROM is designed for microcomputer mem- Ao 16[J0s
ory applications where high performance, large bit as[Jro 15[ Jcsy
storage, and simple interfacing are important de- s O ufJes,
sign objectives. oo 53655 o, 0, 04 05 05 0 05 O ,
H H cc
The 8316 access time is 2 usec. I l | I | :: e
The inputs and outputs are fully TTL compatible. Ay ——f OUTPUT BUFFERS s
This device operates with a single +5V power sup- A —— [T T T T T 1]
ply. The thl:ee (fhlp select.lnpu‘ts are programmab{e. n —  DECODER 10F 16x8
Any combination of active high or low level chip @ CHIP
. . . . Ay —— w SELECT
select inputs can be defined and the desired chip & PROG.
select code is fixed during the masking process. As g ]
These three programmable chip select inputs, as B E ] e 111
well as OR-tie compatibility on the outputs, facili- A — 8 H = — Cs,
i & [ 16,384 BIT
tate easy memory expansion. Ay — § — & e cHp
o SELECT
Ag ] —1 & j INPUT [ CS2
x BUFFERS]
Ay —f -
Aqp — le— cs3
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PROMs

8604
HIGH SPEED 4096 BIT

PRELIMIWARY

ELECTRICALLY PROGRAMMABLE ROM .

The 8604 is a 512 x 8 electrically programmable
ROM ideally suited for high performance micro-
computer systems where fast turnaround is im-
portant for system program development and for
small volumes of identical programs in production
systems.

The 8604 has an access time of 100 nanoseconds.
It is fully decoded. '

Chip select lines are available which permit easy
system memory expansion. .

The 8604 is a Schottky Bipolar device.

8702A, 8702A-4

2K REPROGRAMMABLE
PROM

The 8702A is a 256 word by 8-bit electrically pro-
grammable ROM ideally suited for microcomputer
system development where a fast turn-around and
pattern experimentation are important. The 8702A
circuitry is entirely static; no clocks are required.

8702A access time is 1.3 usec.
8702A-4 access time is 2.3 usec.

The 8702A is packaged in a 24 pin dual-in-line
package with a 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 metal mask programmed ROM, the
Intel 8302, is ideal for large volume production
runs.

*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING.

v, DATAOUT1  DATAOUTS
A 24 [ veer | !
CS —»]
as[]2 23[JAg (M i
g o (MSB) c5,— ouTPUT
as[] s 22 [ veez €83 BUFFERS
CSy
A4 2158 T
A. 5 20 cs 4096 BIT
O (e PROGRAM—»|  PROM MATRIX
Az[}e 8604 19[Jcss (512 X 8)
ad- 18[Jcsa T
(LsB) Ao [} & 17[Jos DECODER
o,[; 9 16 Jo; T
0,[J 15[ o6 INPUT
DRIVE
o[ 14 Do5 f f RIVERS f
ano 12 1[Jo, T
E D 4 Ag Aq Ag
A a Y 28 Voo DATAtOUT1 DATA OUT 8
A} a[JVee = p———
OUTPUT
A[]3 22 JVee €S —= BUFFERS
*DATA oUT 1[}4 (LsB) 21]_]As 1
.
paTA ouT 2|5 20[ A 2008817
PROGRAM —=|  PROM MATRIX
*DATA ouT 3[_|6 19 ]A
O 8702  19[ 14 1256 X 8)
soaTaouTa[ |7 8702A4 g4 J
*DATA OUT 5[ |8 17[ A
4 1% DECODER
*DATA OUT 6|9 16 JVee
*DATA ouT 7[_|10 15[ Vg T
_ INPUT
*DATA ouT 8[| 11 (msB) 1] ]cs DRIVERS
vee [ ]2 13| "] proGRAM f f ————— f
Ao Aq A7



RAMs

A
8101 , A 22 [ JVee
. A, Ij 2 2],
1024 BIT (256 x 4) as =i
STATIC MOS RAM | = M =S
8101
WITH SEPARATE I/0 W= w7 [ ez
The Intel 8101 is a 256 word by 4 bit static random &~ g7 16 [ oo,
access memory element using normally off N- a0 [ e ] =L
channel MOS devices. o, [ 14 [ ooy
The 8101 access time is 850ns. °°"é 10 bl
DO.
It uses fully DC stable (static) circuitry and there- o ! 2 | e,
fore requires no clocks or refreshing to operate. ®
The data is read out nondestructively and has the “""5‘}: v
same polarity as the input data. ao—¥ — o 6ND
. [©) | Row CELL ARRAY
It is directly TTL compatible in all respects: inputs, A"’@—ﬁ: SELECT 32 GOLNNS
outputs, and a single +5V supply. Two chip-enables “““6‘7‘:
allow easy selection of an individual package when Aso—PE
outputs are OR-tied. An output disable is provided aw e —
so that data inputs and outputs can be tied for com-’ JNC) tﬁ
mon 1/0 systems. Output disable is then used to ! ® WPUT
eliminate any bidirectional logic. o2 P et ® oo
DI, °—|§ o
The 8101 is designed for memory applications where D.J ® I ::2
high performance, low cost, large bit storage, and o :
simple interfacing are important design objectives. CZ‘ o D "0
. Cog (= PIN NUMBERS

8111 A 18] Jvee
A2 17 ]As

1024 BIT (256 x 4) | S M S
STATIC MOS RAM WITH COMMON | U= D
I/0 AND OUTPUT DISABLE - e R =T

The Intel 8111 is a 256 word by 4 bit static random . .
access memory element using normally off N- 7 2
channel MOS devices. vss[(]s 1[Jvo,

The 8111 access time is 850ns. ' oo[]e 10[]CE,

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. Common input/
output pins are provided.

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

[—{ coLumn 110 ciRcuITS
COLUMN SELECT
INPUT
1102 DATA
The 8111 is designed for memory applications in /0r CONTROL ‘
small systems where high performance, low cost, .
large bit storage, and simple interfacing are im- ’—ft )

portant design objectives.

[=]
o«
(=}
=

T%@
lo

COMPUTERS

|

MEMORY ARRAY
32 ROWS
32 COLUMNS

%

ROW
SELECT

@%@ oo

>
&

i

CEy
CE;
oD

@;@E@

(O =PIN NUMBERS
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RAMs

8102, 8102-2

1024 BIT (1K x1)
STATIC MOS RAM

The 8102 .is a 1024 word by 1 bit random access
memory element with an access time of 1300ns.

The 8102-2 has an access time of 850ns.

Both devices use DC stable (static) circuitry and re-
quire no clocks or refreshing to operate. Data is
read out non-destructively and has the same po-
larity as the input data. They are designed for high
performance, low cost microcomputer systems.
They are TTL compatible in all respects. A sepa-
rate chip enable (CE) allows easy selection of pack-
ages when outputs are OR-tied.

Ae[:1 16
A2 15
rw[]3 14
L 13
s 8102
I [ n
IV & 10
A []s 9

ey

gy

[ A

[ )ce

[ JoATA OUT
[ JoATAIN
| Vee

[ JanD

nnnnnnn

CELL
ARRAY

32 ROWS.
32 COLUMNS

I [

CONTROL

COLUMN 1/0 CIRCUITS

® goara

out

COLUMN SELECTOR

As As Ay A A
8102A'4 As 1 ~ 16E'|A7

As[)2 15 Ag
1024 BIT (1KX1) rw[]3 ldbAs
STATIC MOS RAM N I
: : L 12[ ] pATA OUT
The 8102A-4 is a 1024 word by 1 bit random access ml s wEToaraw
memory element with an access time of 450ns. 3

A, Vi
The 8102A-4 may also be supplied in a power-down e o vee
version with low standby power requirements. Aol 18 of Jeno
The 8102A-4 uses DC stable (static) circuitry and
requires no clocks or refreshing to operate. Data is .
read out non-destructively and has the same polarity ® '—®°
as the input data. The device is TTL compatible in °—[>: e
all respects. A separate chip enable (CE) allows "@‘m*w“ Sty
easy selection of packages when outputs are OR- ® 32 CoLuws
tied. e

o ' : o
" T T I 17 T

1
el |

Q- #in NumBERS

$Eeee



RAMs

Ves ] Vss
A mpyy
81 O7A . ) A?o -] A:

4096 BIT o
FULLY DECODED ' Rl

Bout m
DYNAMIC RAM e =P
The Intel 8107A is a 4096 word by 1-bit dynamic :‘ g :"
n-channel MOS RAM. 2 3

Ve

The access time is 420 nanoseconds.

It was designed for memory applications where

Ay o—»] <0 Vop
very low cost and large bit storage are important Ay O] MEMORY -0 Vcc
. o . . o o—>s] ROW DECODE 64
design objectives. The 8107A uses dynamic cir- :2 and BUFFER ARRAY “° ‘\::s
. . . REGISTER 0 B
cuitry which reduces the operation and standby Ai o—»] 64x64
power dissipation. As o—>|
L . . 64
Reading information from the memory is non- T : %
destructive. Refreshing is accomplished by per- TIMING coLUMN
forming one read cycle on each of the 64 row ad- - CE o TR 1 AMPLIFIERS
dresses. Each row address must be refreshed every
two milliseconds. The memory is refreshed whether 1 % 64
Chip Select is a logic one or a logic zero. Dy O—> COLUMN DECODE
WE o—> 1/0 and
s BUFFER REGISTER
Dout ' As A7 Ag Ag Ay Apy
As-Ag ADDRESS BUS (16 >
RAM RAM
ROM
8316 8101 8101
RMW CS SYSTEM OUTPUT SYSTEM INPUT o
(]
VAN i
[
1o =
=
8080 o
(&)
GND—] 8212 Vee 8212 GND 8212
DBIN ——D of
"r AV
D7-Dy ﬁ BI_DIRECTIONAL DATA BUS (8) >
SYNC [
A4

STATUS LATCH
V | 2K BYTES ROM
] 8212 .
Ol

256 BYTES  RAM
1 INPUT  PORT
[ ourpur 1 OUTPUT PORT

INPUT

cLock MEM R
GENERATOR o7 (TTL)
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170

8212

. - = | SR
8-BIT 5
Y L (] = "
INPUT/OUTPUT PORT el ) . =
The 8212 input/output port consists of an 8-bit latch with B> [_ ED-_
tri-state output buffers along with control and device selec- > s -
tion logic. Also included is a service request flip-flop for the Bon E
generation and control of interrupts to the microprocessor. 2: ] oot (&>
" The device is multimode in nature. It can be used toimple- E>on 1 & o0z B>
ment latches, gated buffers or multi- ..icR I
plexers. Thus, all of the principal pe- E
ripheral and input/output functions of s, [ B 20 [Jvee (>0 2: enE>
a microcomputer system can be im- wol 2 2 F1nNT [
. - . . BE>ps D al-+— D04 [ic>
plemented with this device. o, s 22 oy, icR I
The 8212 requires only .25 uA input oo,[] 4 21 [ Joo, > 015 o B 0os B>
current, permitting direct conrection o, s 20 (o, ch | )
to MOS data and address lines of Intel po.[ s 19 [ 1oo E
, 2 ‘ 7 B> 016 b ajH— 006 [iD>
CPU’s. o, 7 812 DIy -ic R I
The high voltage (3.65V) output level po;LJ 8 17 [_]1DOg B> o1 5 o B 007 B>
provides direct interface with the 8008 DI, L])9 . 16| DIy cp
or 8080 CPU. po, [ ] 10 15 [ ] oo, B> = B 008 >
ste[] 1 14 [Jcr Cr
eno[] 12 13 [Jbs, - B> &R %
i‘a'lBl')TlnI:sAc:Br?cl)'rliili. BUS DRIVER e — T} —
4 DB,
. S DO, O—
The 8216 is a 4-bit bi-directional bus ™~
driver/receiver. I‘I I
DI, O
2 All inputs are low power TTL compatible. ! 4 v | o84
w .
g; For driving MOS, the DO outputs pro- ) DO, o- \‘JL
S5 vide Vo (3.65V), and for high capaci- !
bt tance terminated bus structures, the DB ot, o_____gd
outputs provide a higher Igp (50 mA) s - wve 4 ¢———o o8,
capability. . a o
pability . oog [ 2 18| oiEn 00z O———
All outputs may be tri-stated. b
. DB, []3 1] oo, oL ,J
The 8216 is ideal as the data bus buffer/ 30 1%
driver for the 8080 CPU. It may also be oy, [} 8216 13] ] o8, "j“ ¢———o D8,
used with other MCS CPUs. oo, [ s 12[ ] oy 00, 0- <}
: o8, [ |6 1[ ] oo,
o, (|7 10 :l DB, T
eno[ )8 of Joy, o T8
DIEN
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8251
UNIVERSAL COMMUNICATION

- PRELIMINARY

INTERFACE

ovonem| B2 kel s, | v
The 8251 is a Universal Synchronous/Asynchronous Transmitter/Re- BUFFER
ceiver (USART) Chip that is designed for data communications in
microcomputer systems. The USART is used as a peripheral device and 1 l
it is programmed by the CPU to operate using virtually any serial "
data transmission technique presently in use (including I1BM Bi-Sync). RESET ——» a l— TxRDY
The USART accepts data characters from the CPU in parallel format ctk —| BUFFER E oot L e
and then converts them into a continuous serial data stream for trans- EE — o CONTROL 8 | | conTRoL ™
mission. Simultaneously it can receive serial data streams and convert READ —o NG < "
them into parallel data characters for the WRITE —»d ?_:
CPU. The USART will signal the CPU =z
whenever it can accept a new character o, Y =mHpo,
for transmission or whenever it has re- o.M 2 280
ceived a character for the CPU. The CPU = w5v. DSR —

cc _ L{ Rec

can read the cpmplete status of the pre= 25 MY R DTR‘—°c0MMAND<:> Ko aibir f—r0
USART at any time. These include data 0.0 24 bTr TS —»d WORD U
transmission errors and control signals 0,06 » A TS <—of PESRDER T T
such as SYNDET, TxEMPT. 0. 7 2 155 SYNDET <] LOGIC
The 8251 is fully compatible with the o,0e 527 23 neser €/D —] REC
8080 CPU and operates on a single +5V ™=cs 20 [ cLk ] controL [*—RXC
DC supply. It also requires only one TTL WRITEL 10 19 [ ™D
level clock. Error detection signals are cen 18 L TxEMPTY
supplied. Character synchronization and ¢ 17plcts
automatic SYNC insertion or deletion READ [T 13 16 [ SYNDET
operating modes are possible. RxRDY L] 14 15 {1 TxRDY

8255
PROGRAMMABLE
PERIPHERAL INTERFACE

The 8255 is a general purpose programmable 1/0 device de-
signed for use with both the 8008 and 8080 microprocessors.
It has 24 1/0 pins which may be individually programmed in
two groups of twelve and used in three major modes of opera-
tion. In the first mode (Mode 0), each group of twelve 1/O
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

PRELIMINARY

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 8255 include bit set and reset capability
and the ability to source TmA of current at 1.5 volts. This
allows darlington transistors to be directly driven for applica-

tions such as printers and high voltage displays.

f _ b

]
o S =L w0 f o b T w8
Az (]2 o[ eas ™™ controc ®
Pa1[]a 3s[rae =]
rao[]s 37 : PA7 L
RD[]s 38[] WR
s e 35 ;] RESET GRoue
o
POR’
Ves 7 34[JoBO z uzgvf C: G
o
A1[]s 33 ]oB1 BI-DIRECTIONAL DATA BUS
A A DATA N N
ao[]e 32[7] oB2 ool D s [ -
PC? E 10 - 8255 31{] o83 S'Iréﬂﬁé' aRour
A "o
PORTC
pce 11 30[] oes t (::) roRTe :q €S
pcs []12 29[] o8BS @)
pca[]13 28[] oBS f
pco[}1a 27[] oB? & [
]
pci[]1s 26[7] Vee L.
L —— GROUP
WRITE GROUP
pc2[]16 25{] PB7 N oS conior <: o Al "o
pc3[]17 24| ] PB6 m [y N BBy
pso[]18 23[] peS o |
o RESET ~—————el L
pe1]19 22[] PB4 '
p82[]20 21{ ] P83
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PERIPHERALS

8205 v
Ag 1 16 :I Vee | Ao O fo——
ONE OUT OF A 2 1510, Aq o fo—
¥ wOs —a oz fo—
. 5 a 13 0, b
The 8205 decoder can be used for expansion of - 8205 -pe 8205 O3
systems which utilize input ports, output. ports, E; 5 12 03 o,
5 . . 4 Jo—
and memory components with active low chip : _
select input. g3 (] n[_]o, —CJ Eq os fo—
When the 8205 is enajbled, one of its eight oufputs 0,17 - 10| o € 06
goes “low”, thus a single row of a memory is se- _ .
lected. The 3 chip enable inputs on the 8205 allow Gro[_Js o] 15 — orfo—
easy system expansion. ‘
For very large systems, 8205 decod(::'rs cfm be cas- ADDRESS | ENABLE SUTPUTS
caded such that each decoder can drive eight other Ag Ay Aj|E E; E3J0 1 2 3 4 5 6 7
decoders for arbitrary memory expansions. LLLjt L HfL H H H H H HH
. H L LL L H|H L H H H H H H
L H L L L H|H H L H H H H H
H H L L L H]JH H H L H H H H
L L H |L L HIH H H H L H H H
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 HIH H H H H. H H L
X X X |L L LIH 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|IH H H H H H H H
X X X |t H H|IH H H H H H H H
X X X |H H HI|H H H H H H H H

8210

TTL-TO-MOS LEVEL SHIFTER and
HIGH VOLTAGE CLOCK DRIVER

The 8210 is a Bipolar-to-MOS level shifter and high voltage
driver, each with current driving capabilities suitable for driv-
ing N-channel MOS memory devices. The 8210 is particularly
suitable for driving the 8107A N-channel MOS memory chips.
The 8210 operates from the 5 volt and 12 volt power supplies
used to bias the memory devices. The four low voltage drivers
feature two common enable inputs per pair of drivers which
permits address or data decoding. The high voltage driver

swings the 12 volts reqdired to drive the chip enable (clock)
input for the 8107A.

The 8210 high voltage driver requires an externally connected
PNP transistor. The PNP base is connected to pin 12, the
collector to pin 11, and the emitter to pin 10 or Vpp. The
use of a fast switching, high voltage, high current gain PNP,
like the 2N5057 is recommended.

\J Dy
DATA INPUT D, [ |1 18] JVee
Ep
ENABLE INPUT Ex [ |2 17| _]o, DATA INPUT
D
DATA INPUT D, |3 16| Jo, Low VOLTAGE ouTPUT 2 01
DATA INPUT D3 [ |4 15[ ] 0, LOW VOLTAGE OUTPUT Dy 0,
ENABLE INPUT Eg I: 5 8210 14| ]0; LOW VOLTAGE OUTPUT £ 05
DATA INPUT D, [ |6 13 "] o, LOW VOLTAGE OUTPUT
D4 0,
DATA INPUT DG [ |7 12| ] B BASE OF PNP
D, B
DATA INPUT Dg q 8 1] 05 HIGH VOLTAGE OUTPUT o
5
o
ano[o 10 [ ] Voo o ®
6

640



PERIPHERALS

S
ano [ 16[ ] er

8201 | or[]2 15 Vee

CLOCK GENERATOR AND %l s
DRIVER FOR 8008 CPU oo [ 1 ] veser

8201
The 8201 generates the two phase clock signals used by the mooe [ | ° 12 [] neserin
8008 CPU. Both TTL and MOS level signals are available. . n.oren [ 6 " ;] SR
Only an external crystal is required for the 8201.

x []7 10 [] Ack
A reset signal generator is also provided for power on or
external reset requirements. The internal divider is select- X2 E} 8 9] n.cLosen
able with the MODE line. :

41
o— o o —>] ¢ DRIVER
XTAL osc | MUX +40R+7 GEN. Mos

[

MODE O i f f (2%
] |
RESET IN O . L
9.
* L——| oRiver o
RESET OUT O 0
N.O. O s7 > SINGLE Stop
N.C. O © STEPF/F O STOP ACK

!

Vss Vop GROUND

PRELIMIWARY

8224

CLOCK GENERATOR AND
DRIVER FOR 8080 CPU

The 8224 is a single chip clock generator/driver for the OSCILLATOR - 1'> osc  [i>
8080 CPU. It is controlled by a crystal, selected by the de- B> tank T

signer, to meet a variety of system speed requirements. ‘ ° g
Also included are circuits to provide power-up reset, ad- cLod _>——¢‘ > ;5
vance status strobe and synchronization of ready. GEN. —>—¢, = g
The 8224 provides the designer with a significant reduction : 4,0 $Af————s, (L[> b
of packages used to generate clocks and timing for 8080.
B> swwe—— o-5TSTB [7>
RESET[_|1 Vee E> mEsw /
RESIN[ |2 15[ ] XTAL1 thl-ll'mp ReseT [D>
RDYIN[]3 14 XTAL 2
READY [ |4 13 TANK B> roviv Reset [£>
sync[ s 8224 12| Josc
¢ (TTLI[ |6 1[4
sTSTB[_|7 1042
anp[ |8 of Voo
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PERIPHERALS

g uPe INPUTS
'__'E 2 =0 ‘__"" RoR;  REQUEST LEVELS (R; HIGHEST PRIORITY)
m 2[% BoB;  CURRENT STATUS '
821 4 Eim ] 2[R 565 STATUS GROUP SELECT
wrs »P% ECS ENABLE CURRENT STATUS
.Iz — s INTERRUPT STROBE
PRIORITY INTERRUPT = gare P G oo e
s 8w ELR ENABLE LEVEL READ
CONTROL U NIT a ) whmn ETLG  ENABLE THIS LEVEL GROUP
ae el OUTPUTS:
. . o . M ~ - Ag-A; REQUEST LEVELS
The 8214 is an eight level priority interrupt con- Qv 0% INF . INTERRUPT (AcT. LoW) CotLecron
trol unit designed to simplify interrupt driven ‘”‘E" " g"‘“‘ ENLG _ ENABLE NEXT LEVEL GROUP
. GND 12 13 ETLG
microcomputer systems. ‘
The PICU can accept eight requesting levels; % i N
determine the highest priority, compare this [ REGUEST ACTIVITY +
priority to a software controlled current status B> R . (oPEN
.. N . 7,—d COLLECTOR)
register and issue an interrupt to the system B> 7 Arausst 1 5
along with vector information to identify the R priD {oum SN
service routine. 7, —| ENCODER —
) Rs— g A
The 8214 is fully expandable by the use of open > R ]—L R ) enicfi>
collector interrupt output and vector informa- @ m } cot RN
tion. Control signals are also provided to simplify D> & [ A>BI oe—iNT [B>
this function. (£33 :—':_.., csl!r'm'sugr __} B
The PICU is designed to support a wide variety % o R
i | - — COMPARATOR
of vectored interrupt structures and reduce pack B> &S
age count in interrupt driven microcomputer
systems.
>
> ek
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 busdriver is included to provide
high system TTL fan-out. It also provides isola- gn ] > 330
tion of the 8080 data bus from memory and e D) —» <] L < DB
1/0. This allows for the optimization of control DATA Dy —>——] mg&g%%’""?g:" —~— g:« SYSTEM DATA BUS
signals, enabling the systems designer to use BUS Dg —>—] < DB,
slower memory and 1/0. The isolation of the bus gg' — O g::

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 is designed to support a wide variety
of system bus structures and also reduce system
package count for cost effective, reliable, design
of MCS-80 systems.

DRIVER CONTROL

STATUS
LATCH

GATING

STSTB
DBIN — BUSEN
WR
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INTELLEC SYSTEMS

INTELLEC® 8/MOD 8

MICROCOMPUTER DEVELOPMENT SYSTEM

® Complete Hardware/Software Development System for
the design and implementation of 8008 CPU based
microcomputer systems.

® Front panel designer’s console provides complete system
control and monitoring functions.

m 8K bytes of random access memory (RAM) expandable
to 16K bytes.

m 2K bytes of erasable and field programmable read only
memory (PROM) expandable to 16K bytes.

= Self contained PROM programming facility with zero
insertion force PROM socket.

The Intellec 8/MOD 8 (imm 8-80A) is a complete, self-
contained microcomputer development system designed
specifically to support the development and implementation
of 8008 CPU based microcomputer systems. Its modular de-
sign facilitates the development of both large and small MCS-
8 system.

The basic Intellec 8/MOD 8 consists of seven standard
microcomputer modules (CPU, RAM, PROM, 1/0, PROM
Programmer, Front Panel Control) and power supplies en-
closed in a finished table top cabinet. The heart of the
system is the imm 8-82 central processor module built
around Intel’s 8008 p-channel 8-bit CPU on a single chip.

The Intellec® Development System directly supports up to
16K of memory, eight input ports, twenty-four output ports,
and provides expansion capability for custom designed mi-
crocomputer modules within the system chassis.

The front panel designer’s console provides an easy means
of monitoring and controlling system operation, manually
movingdata to and from memory and input/output devices,
setting hardware breakpoints, and executing or debugging
programs.

The Intellec 8/MOD 8 has 10K bytes of memory in its basic
configuration which can be expanded to 16K bytes within
the system chassis. Of the basic 10K bytes of memory, 8K
bytes are random access read/write memory located on two
imm 6-28 RAM memory modules. This memory can be used
for both data and program storage. The remaining 2K bytes

® Four 8-bit input and four 8-bit output ports.

® [ntegral asynchronous serial data communications
capability at 110, 1200, or 2400 baud.

m Discrete teletype interface (20mA current loop).

m Standard system software includes a PROM resident
system monitor, RAM resident Macro-Assembler and
RAM resident text editor.

m  Expansion capability provided for up to 16 standard or
custom designed microcomputer modules.

of memory are located on the imm 6-26 PROM memory
module and contain the Intellec 8/MOD 8 system monitor
in eight Intel® 1702A erasable and field programmable read

only memory chips. Eight additional sockets (2K bytes) }

are available on the imm 6-26 for expansion.

The PROM and RAM memory modules may be used in any
combination to make up the 16K of directly addressable
memory housed in the system chassis. Facilities are built
into these modules so that combinations'of RAM, ROM or
PROM may be mixed in 256 byte increments.

The self-contained PROM programming module a]lows
Intel® 1602A or 1702A PROMs to be programmed and
verified directly from RAM or PROM memory.
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INTELLEC SYSTEMS

INTELLEC® 8/MOD 80

MICROCOMPUTER DEVELOPMENT SYSTEM

® Complete Hardware/Software Development System for
the design and implementation of 8080 CPU based
microcomputer systems.

8 Front panel designer’s console provides complete system
control and monitoring functions.

® 8K bytes of random access memory (RAM) expandable
to 16K bytes.

B 2K bytes of erasable and field programmable read only
memory (PROM) expandable to 16K bytes.

® Self-contained PROM programming facility with zero
insertion force PROM socket. )

The Intellec 8/MOD 80 (imm 8-84A) is a complete, self-
contained microcomputer development system designed
specifically to support the development and implementation
of 8080 CPU based microcomputer systems. Its modular
design facilitates the development of both large and small
MCS-80 systems.

The basic Intellec 8/MOD 8 consists ot seven standard

‘microcomputer modules (CPU, RAM, PROM, 1/0, PROM

Programmer, Front Panel Control) and power supplies en-
closed in a finished table top cabinet. The heart of the
system is the imm 8-83 central processor module built
around Intel’s 8080 high performance n-channel 8-bit CPU
on a single chip.

The Intellec Development System directly supports up to
16K of memory, four to sixteen input ports, four to twenty-
eight output ports, and provides expansion capability for
custom designed microcomputer modules within the system
chassis.

External expansion enclosures may be designed to support
up to 64K of memory, 256 input ports and 256 output
ports. o

The front panel designer’s console provides an easy means
of monitoring and controlling system operation, manually
moving data to and from memory and input/output devices,
setting hardware breakpoints, and executing or debugging
programs.

The Intellec 8/MOD 80 has 10K bytes of memory in its
basic configuration which can be expanded to 16K bytes
within the system chassis. Of the basic 10K bytes of mem-
ory, 8K bytes are random access read/write memory located
on two imm 6-28 RAM memory modules. This memory can

®  Four 8-bit input and four 8-bit output ports.

m  Integral asynchronous serial data communications cap-
ability at 110, 1200, or 2400 baud.

m Discrete teletype interface (20mA current loop).

B Standard system software includes a PROM resident
system monitor, RAM resident macro-assembler and
RAM resident text editor.

= Expansion capability provided for up to 16 standard or
custom designed microcomputer modules.

be used for both data and program storage. The remaining
2K bytes of memory are located on the imm 6-26 PROM
memory module and contain the Intellec 8/MOD 80 system
monitor in eight Intel 1702A erasable and field program-
mable read only memory chips. Eight additional sockets
(2K bytes) are available on the imm 6-26 for expansion.

The PROM and RAM memory modules may be used in any
combination to make up the 16K of directly addressable
memory housed in the system chassis. Facilities are built in-
to these modules so that combinations of RAM, ROM or
PROM may be mixed in 256 byte increments.

The self—c‘Bntained PROM programming module allows
Intel® 1602A or 1702A PROMs to be programmed and
verified directly from RAM or PROM memory.



INTELLEC SYSTEMS

imm8-90

INTELLEC® 8

HIGH SPEED PAPER TAPE READER

TAPE MOVEMENT

Tape Reading Speed:
0 to 200 characters per second
asynchronous

8 ELECTRICAL CHARACTERISTICS
AC Power Requirement:

3 wire input with center conductor (earth

ground) tied to chassis. 100, 115, or 127

Tape Stopping:
Stops ““On Character’’

VAC, single phase at 3.0 amps or
220 or 240 VAC and 1.5 amps; 47 to
63 Hz.
® TAPE CHARACTERISTICS

Tapes must be prepared to ANSI X 3.18 s EQUIPMENT SUPPLIED

or EMCA 10 Standards for base materials Paper Tape Reader

and perforations. Reader Cable
Reads tape of any material with thickness Reader Flat Cable
between 0.0027"" and 0.0045" with trans- Fanfold Tape Guide

Fanfold Paper Tape

Hardware Manual

Installation and Operations Guide
Fanfold Guide Installation Instructions

missivity less than or equal to 57% (oiled
buff paper tape).

Tape loading: in line

Tape width: 1inch

NOTE: Version 2 software must be used when
operating with Intellec® 8/Mod 8
Microcomputer Development System.

The imm8-90 high speed paper tape reader provides all Intellec 8 Microcomputer Development Systems with a high speed
paper tape input that is over twenty times faster than the standard ASR-33 teletype reader. This translates into a significantly
faster development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing
operations.

The Intellec 8 monitor software provides two key capabilities which significantly enhance the systems performance of the
imm8-90. A general purpose paper tape reader driver is included in the Intellec 8 Monitor. It enables all systems software to
utilize the high speed reader features and is callable by user written application programs. The monitor also provides dynamic
1/0 reconfiguration permitting instantaneous reassignment of physical devices to logical devices.

6-45
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MCS MODULES

“MICROCOMPUTER MODULES

mMcs-4/40™

6-46

Modules may be ordered individually. All modules are 8" wude
6.18'* high and use standard 100-pin connectors.

imm4-42 Central Processor Module

This is a complete microcomputer svstem with the
processor, program storage, data storage, and 1/0 in a
single module.

The heart of this module is Intel’s 4004 single chip four-
bit parallel processor — p-channel silicon gate MOS.

Accumulator and sixteen working registers (4-bit).
Subroutine nesting up to 3 levels.

For development work, the CPU interfaces to standard
semiconductor memory elements (provided by Intel’s
standard memory and /0 interface set 4008/4009).
Sockets for 1K bytes of PROM (Intel 17702A PROM) are
provided.

320 words (4-bit) of data storage (Intel 4002) are
provided.

Four 4-bit input ports and eight 4-bit output ports (in-
cludes TTY interface).

Bus-oriented expansion of memory and 1/0.

Two phase crystal clock.

imm4-43 Central Processor Module

Complete microcomputer system with Intel’s high per-
formance 4040 4-bit processor, program storage, data
storage, /O and system clock in a single module.

60 instructions including decimal arithmetic, register-
to-register transfers, conditional branching, logical
operations and 1/0.

Interrupt capability.

Single step capability.

24 index registers.

Subroutine nesting to 7 levels.

Direct interface capability to all standard memories (i.e.,
TTL, NMOS, PMOS, CMOS) through Intel’s 4289
Standard Memory Interface chip.

Sockets for 1K x 8 bytes of program memory (Intel
4702A PROM) expandable to 4K x 8 using optional
imm6-26 or imm4-24 modules.

320 4-bit bytes of data storage (Intel 4002) expandable
to 2560 x 4 using optional imm4-22 or imm4-24
modules.

Four 4-line input ports and eight 4-line output ports
expandable to 16 input and 48 output ports using op-
tional imm4-60, imm4-22 or imm4-24 modules.

Two phase crystal clock.

imm4-22 Instruction/Data Storage Module

This microcomputer module has memory capacity iden-
tical to the Central Processor Module and is used for
expanding memory and 1/0. )

Sockets for 1K bytes of PROM program storage are
provided.

320 words (4-bit) of data storage are provided.

Four 4-bit input ports and eight 4-bit output ports.

imm4-42 Central Processor Module

imm4-24 Data Storage Module

This microcomputer module has capacity for sixteen
Intel 4002 RAMS — 1280 words (4-bit) of data storage.
320 words (4-bit) of data storage are provided.

A maximum Intellec 4 system may contain up to 2560
words of storage — decoding for this expansion is
provided.

A 4-bit output port is associated with each RAM on this
microcomputer module providing sixteen 4-bit output
ports on each module.

All output ports are TTL compatible.

imm4-60 Input/Output Module

This module provides input and output port expansion
without additional memory.

Eight 4-bit input ports and eight 4-bit output ports are
provided.

Ports on this module are TTL ¢ompatible.



MCS MODULES

MICROCOMPUTER MODULES

mcs-8™

imm8-82 Central Processor Module
® Intel’s 8080-1 eight-bit parallel single chip CPU —
p-channel silicon gate MOS. .
® Accumulator and six 8-bit working registers.
Subroutine nesting up to seven levels.

® |Interface to 16K 8-bit bytes of PROM, ROM, or RAM
via the PROM Memory Module and RAM Memory
Module.

® |Interface for expansion to eight 8-bit input ports and
twenty-four 8-bit output ports, via the 1/0 and Output
Modules.

® |nterrupt capability. -
® Two phase crystal clock. : —i
® All module interfaces are TTL compatible. R )

imm8-60 Input/Output Module =il
® Four 8-bit input ports (32 lines). “l“m‘“““““““\ 4
® Four 8-bit data latching output ports (32 lines).
® One pair of ports for TTY communication.
® All input and output ports are TTL compatible.

imm8-62 Output Module
® Eight 8-bit data latching output ports (64 lines).
® All output ports are TTL compatible.

imm8-82 Central Processor Module

mcs-80™
imm8-83 CPU Module imm8-61 1/0 Module .
® Complete 8-bit parallel central processor module with ® Four 8-bit input and four 8-bit latching output ports. o o«
system clocks, interface and control for memory, /0 ® - Directly compatible with imm8-83 central processor )
ports, and real time interrupt. module. =<
® Utilizes Intel’s high performance 8080 single chip ® Integral asynchronous serial data communications b
n-channel microcomputer. capability and teletype interface.
® 2.5 usecond instruction execution time. ® Jumper selectable transmission rates of 110, 1200 or
® 78 basic instructions including the entire 8008 instruc- 2400 baud.
tion set. ® Crystal controlled clock.
® Direct addressing of up to 64K bytes of any speed ROM, ® Capable of high speed serial communications to 9600
PROM, or RAM memory. baud.
©® Unlimited subroutine nesting. ® TTL compatible.

® Seven working registers — six 8-bit general purpose
registers and an 8-bit accumulator.

® Separate 16-bit address bus, 8-bit output bus and 3 imm8-63 Output Module
multiplexed 8-bit input busses for 1/0 input, memory ® Eight 8-bit latching output ports.
input and interrupt data. ® Directly compatible with imm8-83 central processor
® Direct addressing of 256 input and 256 output ports. module.
® Multiple level real time interrupt capability. ® Decoding provided for the selection of up to 256
® Direct memory access capability. individual output ports.
® All buses TTL compatible. ® TTL compatible.

647
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MCS MODULES

MICROCOMPUTER MODULES

COMMON SYSTEM MODULES

imm6-26 PROM Memory Module

® Provides snckate for nin tn civtaan 17094 alontrinalh,
programmable and erasable PROMs for a system'’s
fixed program memory (maximum 4K bytes/module).

® For volume requirements, Intel 2048-bit mask pro-
grammed MOS ROMs (1302) may be substituted in
the same module.
imm6-28 RAM Memory Module
® A 4K x 8 n-channel MOS memory system using
Intel’s 1024-bit Static RAM (2102).

® Address latching, data latching, and module select
decoding are provided on the card.

® Provides program storage for up to 4K instructions.

CONVERSION KITS

imm4-88

The imm4-88 conversion kit provides an upgrade path for
Intellec®4/MOD 4 microcomputer development systems. It
includes all the hardware and software required to fully
support 4040 CPU based microcomputer system develop-
ment.

The conversion kit contains an imm4-43 CPU module, new

memory controller, new front panel, and any software re- -

quired.

NOTE? Due to necessary wiring changes, these conversions
are done at the Intel factory. Contact local Intel sales-
men or representatives for instructions.

BAREBONES SYSTEMS

imm8-81 Barebones 8
® Complete 8008 CPU based microcomputer subsystem
composed of Intel microcomputer modules which
are housed in a card cage and interconnected by a
printed circuit backplane with card sockets.
® Contains the following modules: *
imm8-82 Central Processor Module
imm6-26 PROM Memory Module
imm6-28 RAM Memory Module (4K Bytes)
imm8-60 1/0 Module
® 12 additional sockets available for optional modules.
® Rack mountable chassis.

6-48

imm®6-70 Universal Prototype Module

A Aoooeoeoodoao- 44 an N4

oGy 1T, U, &7, UE =0 pul wile wiap
sockets (maximum of 52 16-pin sockets).
® Provides breadboard capability for developing
custom and specialized interface circuits.
imm6-72 Module Extender
® Extends Intellec modules out of card chassis for ease
in test and system debugging.

imm6-76 PROM Programmer Module

® Provides all timing and level shifting circuitry for pro-
gramming Intel’s programmable and erasable 1702A
PROMs.

imm8-88

The imm8-88 .conversion kit provides an upgrade path for
Intellec®8/MOD 8 microcomputer development systems. It
includes all the hardware and software products required
to fully support 8080 CPU based microcomputer system
development. With the imm8-88 conversion kit installed in
an Intellec 8/MOD 8, complete 8080 CPU hardware and
software development capability is provided.

The conversion kit is installed by simply plugging in the
three new hardware modules in the appropriate Intellec 8/
MOD 8 chassis connectors and installing the new system
monitor. The system can be quickly reconfigured to sup-
port 8080 CPU chip development by replacmg the original
boards and system monitor.

imm8-85 Barebones 80

Same as 8-81 except the following modules are used:*
imm8-83 Central Processor Module
imm6-26 PROM Memory Module
imm6-28 RAM Memory Module (4K Bytes)
imm8-61 1/0 Module

*See page 6-47 for module descriptions,



MCS PROTOTYPE SYSTEMS

MCS PROTOTYPE SYSTEMS

Intel distributors are now stocking five new systems which enable even more com-
panies to take advantage of the benefits of microcomputers at very low cost. The
systems may be used to prototype products and will make low volume manufactur-
ing more economical.

These prototype systems provide the designer with a wide range of price and per-
formance choices . . . from lowest cost to highest performance. Additional proto-
type systems will be offered as newer microcomputer components are developed.

System Number System Composition

MCS-80 System A 1 Model 8080 CPU
8 Model 8107A, 4096 x 1 Dynamic RAMs
8 Model 8212, Bipolar 8-bit 1/0 ports
1 Model 8702A, 256 x 8 PROM

MCS-80 System B .1 Model 8080 CPU
8 Model 8102-2, 1024 x 1 Static
N-Channel RAMs
8 Model 8212, Bipolar 8-bit 1/0 ports
1 Model 8702A, 256 x 8 PROM

MCS-8 System A 1 Model 8008-1 CPU
8 Model 8102, 1024 x 1 Static RAMs
8 Model 8212, 8-bit 1/0 Latches
1 Model 8205, 1-Of-8 Decoder
1 Model 8702A-4, 256 x 8 PROM

MCS-40 System A 1 Model 4040 CPU

1 Model 4002-1, 320-bit RAM and
4-bit output port

1 Model 4003, Shift Register

1 Model 4289, Standard Memory and

1/0 Interface

1 Model 4702A, 2048-bit electrically
Programmable ROM

MCS-4 System A 1 Model 4004 CPU

1 Model 4002-1, 320-bit RAM and
4-bit output port

1 Model 4003, Shift Register

1 Model 4008, Standard Memory and
1/0 Interface Set

1 Model 4009, Standard Memory and
1/0 Interface Set

1 Model 4702A, 2048-bit electrically
Programmable ROM
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SUPPORT SOFTWARE

CROSS PRODUCT SOFTWARE

The following support software is written in ANSI Standard FORTRAN IV and will
execute on most large scale computer systems which have a FORTRAN 1V Compiler
and a minimum 32-bit integer format. The FORTRAN 1V source code of each pro-
gram is shipped on magnetic tape in the following format:

9 TRACK

800 BPI

80 Byte unblocked records

EBCDIC character code

unlabeled tape

These software products are also available on the following timesharing services:

Tymshare U.S., U.K., France
General Electric U.S., Canada
United Computing Systems u.s.

Honeywell Europe, Australia
Dentsu Japan
Timesharing LTD. U.K., Belgium

Contact each timesharing service for further information.

Product Description
MCSs4
MAC 4™ - Macro Assembler — Translates symbolic assembly language
: into MCS-4 machine code.
SIM 4 Simulator — Simulates execution of the 4004 CPU including

execution of all 46 instructions and 1/0 operations.

MCSs-40
MAC 4™ Macro Assembler — Translates symbolic assembly language
into MCS-40 machine code.
MCS-8 N
MAC 8™ . Macro Assembler — Translates symbolic assembly language
f into MCS-8 machine code.
g E INTERP/8 Simulator — Simulates execution of the 8008 CPU including
= execution of all 48 instructions and 1/O operations.
[=] M N
e PL/M "8 High-level Systems Language Compiler — Translates a source
) : program written in PL/M, Intel’s systems programming lan-
guage, into MCS-8 machine code.
MCS-80
MAC 80™" Macro Assembler — Translates symbolic assembly language
into MCS-80 machine code. ‘
INTERP/80 Simulator — Simulates execution of the 8080 CPU including
: execution of all 78 instructions, 1/0 operations, the stack -
and interrupt systems.
PL/M "80 High-level Systems Language Combiler — Translates a source

program written in PL/M, Intel’s systems programming lan-
gauge, into MCS-80 machine code.
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SUPPORT SOFTWARE

INTELLEC® RESIDENT SOFTWARE

System Monitor

PROM resident for instant operation

Manual or paper tape loading of programs

Program Execution from RAM or PROM

Alteration and display of RAM memory

PROM programming and listing

BNPF or HEX format paper tape )
Alteration and display of CPU registers (MOD 80 only)
CPU breakpoint capability (MOD 80 only)

Assembler
The assembler translates symbolic assembly language into machine code:
Built-in paper tape editor (MOD 4 and MOD 40)
Provides source listing with address
Error messages
 Hexadecimal output format
3 Pass assembler
Full macro capability (MOD 8 and MOD 80 only)
Conditional assembly capability (MOD 8 and MOD 80 only)
Compatible with cross assemblers

Text Editor
The text editor provides powerful features for creation and correction of programs.

Editor includes following commands:

string search
substitution
insertion
deletion

Intellec System Monitor Assembler Text Editor

4/MOD 4 X X
4/MOD 40 X X
8/MOD 8 X X X
8/MOD 80 X X

.
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SUPPORT SOFTWARE

MCS USER’S LIBRARY

Intel supports a Microcomputer User’s Library for each of
its 4004/4040 and 8008/8080 CPU’s. Members of each
library receive a manual containing documentation for each
program in the library. Members also receive updates quar-

tarlv An nan meaneanan na sleans e ot
. M RTOSTIMI 2T AT, SRS UL,

Each manual contains a program index, a brief description
of each program, and a complete assembly language and hex

4004 /4040

® Cross Assembler for PDP-8

m BNPF Tape Generator for PDP-8

® MCS4 Simulator for PDP-8

® Chebyshev Approximation Functions

8008/ 8080

Floating Point Arithmetic Package
Floating Point 1/0 Conversion Package
8-Bit Multiply

8-Bit Divide

16-Bit Multiply

code listing. All program documentation is supplied in the
same format. User contributed programs are invited and sub-
mittal forms are available from Intel. Memberships are avail-
able free of charge to all accepted contributors. Contact
Hiter TUL TUll deLdns,

A partial listing of programs already in these libraries is
given below.

Parity Checker/Generator
Delay Subroutines

Cross Assembler for NOVA
Bit Manipulation Routine

16-Bit Divide

Signed 16-Bit Multiply
PROM Programming Routine
24-Bit Multiply

Quicksort



BIPOLAR MICROPROCESSOR

BIPOLAR MICROPROCESSOR

A family architecture

To reduce component count as far as practical, a
multi-chip LSI microcomputer set must be designed as a
complete, compatible family of devices. The omission of
a bus or a latch or the lack of drive current can multiply
the number of miscellaneous SSI and MSI packages to a
dismaying extent—witness the reputedly LSI mini-
computers now being offered which need over a hun-
dred extra TTL packages on their processor boards to
support one or two custom LSI devices. Successful inte-
gration should result in a minimum of extra packages,
and that includes the interrupt and the input/output
systems.

With this objective in mind, the Intel Schottky bipo-
lar LSI microcomputer chip set was developed. Its two
major components, the 3001 Microprogram Control
Unit (MCU) and the 3002 Central Processing Element
(CPE), may be combined by the digital designer with
standard bipolar LSI memory to construct high-per-
formance controller-processors (Fig. 1) with a minimum
of ancillary logic.

Among the features that minimize package count and
improve performance are: the multiple independent
data and address busses that eliminate time multiplex-
ing and the need for external latches; the three-state
output buffers with high fanout that make bus drivers

busses to be formed simply by connecting inputs and
outputs together.

Each CPE represents a complete two-bit slice through
the data-processing section of a computer. Several CPEs
may be arrayed in parallel to form a processor of any
desired word length. The MCU, which together with the
microprogram memory, controls the step-by-step oper-
ation of the processor, is itself a powerful micro-
programed state sequencer.

Enhancing the performance and capabilities of these
two components are a number of compatible computing
elements. These include a fast look-ahead carry gener-
ator, a priority interrupt unit, and a multimode latch
buffer. A complete summary of the first available mem-
bers of this family of LSI computing elements and mem-
ories is given in the table on this page.

3001 Microprogram control unit

3002 Central processing element

3003 Look-ahead carry generator

3212 Multimode latch buffer

3214 Priority interrupt unit

3216 Noninverting bidirectional bus driver

3226 Inverting bidirectional bus driver

3601 256-by-4-bit programable read-only memory
3604 512-by-8-bit programable read-only memory

unnecessary except in the largest systems, and the sepa- 3301A  256-by-4-bit read-only memory
rate output-enable logic that permits bidirectional 3304A  512-by-8-bit read-only memory
CONTROL TO MEMORY DATA BUS
MEMORY 1/0 ADDRESS BUS T0 MEMORY
g \ ) m 168ITS
A OUTPUTS D OUTPUTS
z FO-8
2 PIPELINE CPARRAY
235 REGISTER \ oIS 3002’
2 (0PTIONAL)
mero =5 L ‘ RO
NEXT PROGRAM 2 €0 | PUTS ]
NEKT s | Thonany G0 eurs INPUTS M INPU
CONTROL A\
AVE
ADDRESS IN MASK BUS AN
2 - 2
/ﬁ = s
2 El &
» o ¢
fé?fj =t ’ ANONTNR
Z ~, 7, + %
MICROPROGRAM > % % NG
ADDRESS BUS ‘ ACO6 \ \\\\\ ’ < ’ N
\ <,
2
oy FO T1BIT \ R
\ \
& -\ \ T8I A\
\J
FLAG CONTROL INPUTS
SECONDARY INSTRUCTION BUS 8BITS \
FROM EXTERNAL  DATA IN FROM
1/0 DEVICES MEMORY

1. Bipolar microcomputer. Block diagram shows how to implement a typical 16-bit controller-processor with new family of
bipolar computer elements. An array of eight central processing elements (CPEs) is governed by a microprogram control unit
(MCU) through a separate read-only memory that carries the microinstructions for the various processing elements. This ROM

may be a fast, off-the-shelf unit.
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CPEs form a processor

Each CPE (Fig. 2) carries two bits of five independent
busses. The three input busses can be used in several
different ways. Typically, the K-bus is used for micro-
program mask or literal (constant) value input, while
the other two input busses, M and I, carry data from ex-
ternal memorv or input/outnut devices N-hnc Antnnte
are connected to the CPE accumulator; A-bus outputs
are connected to the CPE memory address register. As
the CPEs are wired together, all the data paths, registers,
and busses expand accordingly.

Certain data operations can be performed simply by
connecting the busses in a particular fashion. For ex-
ample, a byte exchange operation; often used in data-
communications processors, may be carried out by wir-
ing the D-bus outputs back to the I-bus inputs, ex-
changing the high-order outputs and low-order inputs.
Several other discretionary shifts and rotates .can be
accomplished in this manner.

A sixth CPE bus, the seven-line microfunction bus,
controls the internal operation of the CPE by selecting
the operands and the operation to be performed. The
arithmetic function section, under control of the micro-
function bus decoder, performs over 40 Boolean and
binary functions, including 2’s complement arithmetic
and logical AND, OR, NOT, and exclusive-NOR. It incre-
ments, decrement's, shifts left or right, and tests for zero.

/ .

Unlike earlier MSI arithmetic-logic units, which con-
tain many functions that are rarely used, the micro-
function decoder selects only useful CPE operations.
Standard carry look-ahead outputs, X and Y, are gener-
ated by the CPE for use with available look-ahead de-

haTasal 2NN T - 1. 1
wicac o4 < 002 LIk dlivau \,‘uxj Seuciator, -

dependent carry input, carry output, shift input, and
shift output lines are also available.

What’s more, since the K-bus inputs are always
ANDed with the B-multiplexer outputs into the arith-
metic function section, a number of useful functions
that in conventional MSI ALUs would require several
cycles are generated in a single CPE microcycle. The
type of bit masking frequently done in computer control
systems can be performed with the mask supplied to the
K-bus directly from the microinstruction.

Placing the K-bus in either the all-one or all-zero
state will, in most cases, select or deselect the accumula-
tor in the operation, respectively. This toggling effect of
the K-bus on the accumulator nearly doubles the CPE’s
repertoire of microfunctions. For instance, with the
K-bus in the all-zero state, the data on the M-bus may
be complemented and loaded into the CPE’s accumula-
tor. The same function selected with the K-bus in the
all-one state will exclusive-NOR the data on the M-bus
with the accumulator contents.

MEMORY ADDRESS BUS QUTPUTS

MEMORY DATA BUS

—A e ——t——
Ar Ao D, Do
Msgggsys 6 QUTPUT QUTPUT —! € MEWORY DATA
enabLe. BUFFER BUFFER |
| MEMORY |
I AgEs AC REGISTER I
CARRY - « IL 1] |
bﬂ?,’f{,‘};’“u Y ARITHMETIC CARRY INPUT
RIPPLE CARRY — Coj SECTION SHIFT RIGHT
OUTPUT u OUTPUT
cuﬁ L3 [ 3K |
SHIFT RIGHT
Suer w | MULTIPLEXER I MULTIPLEXER
mw—' — |
. T T t 11
o i
MICRO- > I I
Fa MICRO-
e T
INPUTS ?E DECODER Ro-Ro. T |
1
Fo—'——‘ K I
My M, Iy 1o Ky Ko
~—— —_—— ———
MEMORY DATA EXTERNAL MASK BUS
BUS INPUTS BUS INPUTS  INPUTS

2. Central processing element. This element contains all the circuits representing a two-bit-wide slice through a small com-
puter’s central processor. To build a processor of word width N, all that's necessary is to connect an array of N/2 CPEs together.
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Three innovations

The power and versatility of the CPE are increased by
three rather novel techniques. The first of these is the
use of the carry lines and logic during non-arithmetic
operations for bit testing and zero detection. The carry
circuits during these operations perform a word-wide
logical OR (ORing adjacent bits) of a selected result from
the arithmetic section. The value of the OR, called the
carry OR, is passed along the carry lines to be ORed with
the result of an identical operation taking place simulta-
neously in the adjacent higher-order CPE.

Obviously, the presence of at least one bit in the logi-
cal 1 state will result in a true carry output from the
highest-order CPE. This output, as explained later, can
be used by the MCU to determine which microprogram
sequence to follow. With the ability to mask any desired
bit, or set of bits, via the K-bus inputs included in the
carry OR, a powerful bit-testing and zero-detection facil-
ity is realized.

The second novel CPE feature is the use of three-state
outputs on the shift right output (R0O) and carry output
(co) lines. During a right shift operation, the CO line is
placed in the high-impedance (Z) state, and the shift
data is active on the RO line. In all other CPE operations,
the RO line is placed in the Z state, and the carry data is
active on the CO line. This permits the CO and RO lines
to be tied together and sent as a single rail input to the
MCU for testing and branching. Left shift operations uti-
lize the carry lines, rather than the shift lines, to propa-
gate data.

The third novel CPE capablhty, called conditional
clocking, saves microcode and microcycles by reducing
the number of microinstructions required to perform a
given test. One extra bit is used in the microinstruction
to selectively control the gating of the clock pulse to the
central processor (CP) array. Momentarily freezing the
clock (Fig. 3) permits the CPE microfunction to be per-
formed, but stops the results from being clocked into
the specified registers. The carry or shift data that re-
sults from the operation is available because the arith-
metic section is combinatorial, rather than sequential.
The data can be used as a jump condition by the MCU
and in this way permits a variety of nondestructive tests
to be performed on register data.

Microprogram control

The classic form of microprogram control incorpo-
rates a next-address field in each microinstruction—any

MICROINSTRUCTION WORD
CUNDITIUNAL CLOCKING

i CONTROL Bl

CYCLE TIME

CP ARRAY
NORMAL CLOCKING '
cLock

N\ ) S— INPUT

CONDITIONAL CLOCKING

FROM
CLocK

3. Conditional clock. This feature permits an extra bit in
microinstruction to selectively control gating of clock pulse
to CP array. Carry or shift data thus made available permits
tests to be performed on data with fewer microinstructions.

other approach would require some type of program
counter. To simplify its logic, the MCU (Fig. 4) uses the
classic approach and requires address control informa-
tion from each microinstruction. This information is
not, however, simply the next microprogram address.
Rather, it is a highly encoded specification of the next
address and one of a set of conditional tests on the MCU
bus inputs and registers.

The next-address logic and address control functions
of the MCU are based on a unique scheme of memory
addressing. Microprogram addresses are organized as a
two-dimensional array or matrix. Unlike in ordinary
memory, which has linearly sequenced addresses, each
microinstruction is pinpointed by its row and column
address in the matrix. The 9-bit microprogram address
specifies the row address in the upper 5 bits and the
column address in the lower 4 bits. The matrix can
therefore contain up to 32 row addresses and 16 col-
umn addresses for a total of 512 microinstruction
addresses.

The next-address logic of the MCU makes extensive
use of this addressing scheme. For example, from a par-
ticular row or column address, it is possible to jump ei-
ther unconditionally to any other location in that row or
column or conditionally to other specified locations, all
in one operation. For a given location in the matrix
there is a fixed subset of microprogram addresses that
may be selected as the next address. These are referred
to as a jump set, and each type of MCU address control
jump function has a jump set associated with it.

Incorporating a jump operation in every micro-
instruction improves performance by allowing process-
ing functions to be execufed in parallel with program
branches. Reductions in microcode .are also obtained
because common microprogram sequences can be
shared without the time-space penalty usually incurred
by conditional branching.

Independently controlled flag logic in the MCU is
available for latching and controlling the value of the
carry and shift inputs to the CP array. Two flags, called
C and Z, are used to save the state of the flag input line.
Under microprogram control, the flag logic simulta-
neously sets the state of the flag output line, forcing the
line to logical 0, logical 1, or the value of the C or Z flag.

The jump decisions are made by the next-address
logic on the basis of: the MCU’s current microprogram
address; the address control function on the accumula-
tor inputs; and the data that’s on the macroinstruction
(X) bus or in the program latch or in the flags. Jump de-
cisions may also be based on the instantaneous state of
the flag input line without loading the value in one of
the flags. This feature eliminates many extra micro-
instructions that would be required if only the flag flip-
flop could be tested.

Microinstruction sequences are normally selected by
the operation codes (op cades) supplied by the micro-
instructions, such as control commands or user instruc-

tions in main memory. The MCU decodes these com- -

mands by using their bit patterns to determine which is
to be the next microprogram address. Each decoding re-
sults in a 16-way program branch to the desired micro-
instruction sequence.
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MICROPROGRAM

ENABLE ROW ADDRESS \ ROWADDRESS ~ COLUMN ADDRESS
INTERRUPT STROBE ENABLE ~ Mag ~“;i:v1A4 MAg - T[l
AC | OUTPUT OUTPUT
. ° 1 BUFFER BUFFER
NEXT ACs
ADDRESS | ACe—————— l T '
FUNCTION c. CINADLC
FUNCTION | ac;—b— s
INPUTS A — B E—
aT—] EEEEEREEEE
I MICROPROGRAM
MICROPROGRAM g ADDRESS REGISTER
ADDRESS LOAD T Tj I T TT

CLK
GND
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NEXT ADDRESS LOGIC

5V
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L____H+________.;__J

PROGRAM
gureur [ —en, | (2081
—] pn. | OUTPUTS
J
c.zrLacs | |outeut 3 PROGRAM
BUFFER LATCH
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N TR
CONTROL
FLAG LOGIC 5 e

4. Microprogram control unit. The MCU’s two major control functions include controlling the sequence of microprograms
fetched from the microprogram memory, and keeping track of the carry inputs and outputs of the CP array by means of the

flag logic control.

Cracking the op codes

For instance, the MCU can be microprogramed to di-
rectly decode conventional 8-bit op codes. In these op
codes the upper 4 bits specify one of up to 16 instruction
classes or address modes, such as register, indirect, or
indexed. The remaining bits specify the particular sub-
class such as ADD, SKIP IF ZERO, and so on. If a set of op
codes is required to be in a different format, as may oc-
cur in a full emulation, an external pre-decoder, such as
ROM, can be used in series with the X-bus to reformat
the data for the MCu.

In rigorous decoding situations where speed or space
is critical, the full 8-bit macroinstruction bus can be
used for a single 256-way branch. Pulling down the load
line of the MCU forces the 8 bits of data on the X-bus
(typically generated by a predecoder) directly into the
microprogram address register.

The data thus directly determines the next micro-
program address which should be the start of the de-
sired microprogram sequence. The load line may also

be used by external logic to force the MCU, at power-up, '

into the system re-initialization sequence.

From time to time, a microprocessor must examine
the state of its interrupt system to determine whether an
interrupt is pending. If one is, the processor must sus-
pend its normal execution sequence and enter an inter-
rupt sequence in the microprogram. This requirement is
handled by the MCU in a simple but elegant manner.

When the microprogram flows through address row.0
and column 15, the interrupt strobe enable line of the
MCU is raised. The interrupt system, an Intel 3214 Inter-
rupt Control Unit, responds by disabling the row ad-
dress outputs of the MCU via the enable row address
line, and by forcing the row entry address of the micro-
program interrupt sequence onto the row address bus.
The operation is normally performed just before the
macroinstruction fetch cycle, so that a macroprogram is
interrupted between, hot during, macroinstructions.

The 9-bit microprogram address register and address
bus of the MCU directly address 512 microinstructions.
This is about twice as many as required by the typical
16-bit disk-controller or central processor.
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STANDARD FUNCTION FIELDS

USER-DEFINABLE FUNCTION FIELDS

A A
r N\ 7
CP ARRAY FLAG LOGIC JUMP MASK I OPTIDNAL PRDCESSDR
FUNCTION FUNCTION FUNCTION FIELD l FU
—_————— .....J.____”_.__.I
78IT L 4 BITS —>le 78ITS NBITS —L -BITS
Li s N T " —_'I

5. Microinstruction format. Only a generalized microinstruction format can be shown since allocation of bits for the mask
field and optional processor functions depends on the wishes of the designer and the tradeoffs he decides to make.

Moreover, multiple 512 microinstruction memory
planes can easily be implemented simply by adding an
- extra address bit to the microinstruction each time the
number of extra planes is doubled. Incidentally, as the
number of bits in the microinstruction is increased,
speed is not reduced. The additional planes also permit.
program jumps to take place in three address dimen-
sions instead of two.

Because of the tremendous design flexibility offered
by the Intel computing elements, it is impossible to de-
scribe every microinstruction format exactly. But gener-
ally speaking, the formats all derive from the one in Fig.
5. The minimum width is 18 bits: 7 bits for the address
control functions, plus 4 bits for the flag logic control
plus 7 bits for the CPE microfunction control.

More bits can be added to the microinstruction for-
mat to provide such functions as mask field input to the
CP array, external memory control, conditional clocking,
and so on. Allocation of these bits is left to the designer
who organizes the system. He is free to trade off
memory costs, support logic, and microinstruction
cycles to meet his cost/performance objectives. .

Microprograming technology

@ Microprogram: A type of program that directly
controls the operation of each functional element in a
microprocessor.

m Microinstruction: A bit pattern that is stored in a
microprogram memory word and specifies the oper-
ation of the individual LSI computing elements and re-
lated subunits, such as main memory and in-
put/output interfaces.

- @ Microinstruction sequence: The series of micro-

instructions that the microprogram control unit (MCU)
selects from the microprogram to execute a single
macroinstruction or control command. Micro-
instruction sequences can be shared by several mac-
roinstructions. )
m Macroinstruction: Either a conventional computer
instruction (e.g. ADD MEMORY TO REGISTER, IN-
CREMENT, and SKIP, etc.) or device controller com-
mand (e.g., SEEK, READ, etc.). -

The cost/performance spectrum

The total flexibility of the Intel LSI computing ele-
ments is demonstrated by the broad cost/performance
spectrum of the controllers and processors that can be
constructed with them. These include:

m High-speed controllers, built with a stand-alone ROM-
MCU combination that sequences at up to 10 mega-
hertz; it can be used without any CPEs as a system state
controller.

® Pipelined look-ahead carry controller-processors,
where the overlapped microinstruction fetch/execute
cycles and fast-carry logic reduce the 16-bit add time to
less than 125 nanoseconds.

= Ripple-carry controller processors (a 16-bit design
adds the contents of two registers in 300 nanoseconds).

® Multiprocessors, or networks of any of the above con-
trollers and processors, to provide computation, inter-
rupt supervision, and peripheral control.

These configurations represent a range of micro-
instruction execution rates of from 3 million to 10 mil-
lion instructions per second, or up to two orders of
magnitude faster, for example, than p-channel micro-
processors. Moreover, the increases in processor per-
formance are achieved with relative simplicity. A
ripple-carry 16-bit processor uses one MCU, eight CPEs,
plus microprogram memory. One extra computing ele-
ment, the 3003 Look-ahead Carry Generator, enhances
the processor with fast carry. Increasing speed further
by pipelining, the overlap of microinstruction fetch and
execute cycles, requires a few D-type MsI flip-flops.

At the multiprocessor level, the microprogram
memory, MCU, or CPE devices can be shared. A 16-bit
processor, complete with bus control and microprogram
memory, requires some 20 bipolar LSI packages and
half that many small-scale ICs. In this configuration, it
replaces an equivalent MSI TTL system having more
than 200 packages.

Furthermore, systems built with this large-scale inte-
grated circuitry are much smaller and less costly and
consume less energy than equivalent designs using
lower levels of transistor-transistor-logic integration.
Even allowing for ancillary logic circuits, the new bipo-
lar computing elements cut 60% to 80% off the package
count in realizing most of today’s designs made with
small- or medium-scale-integrated TTL.
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TYPICAL CONFIGURATIONS

1 v '
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3001

MICROPROGRAM
CONTROL UNIT

The Intel®3001 Microprogram Control
Unit (MCU) controls the sequence in
which microinstructions are fetched from

ENABLE
Row

the microprogram memory. lts functions Acontss s
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The Intel®3002 Central Processing Ele-
ment contains all of the circuits that rep- ) A uvoRY oataouT

resent a 2-bit wide slice through the data 7
processing section of a digital computer.
To construct a complete central processor
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for a given word width N, it is simply |
necessary to connect an array of N/2 : Hosmess
CPEs together. When wired together in |
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3003

LOOK-AHEAD
CARRY GENERATOR

The Intel®3003 Look-Ahead Carry Generator (LCG) is a

k.nl-. hnnnr‘ ,...-.....‘ L

LD TSRS T

full 16 bit 3002 Central Processing Array When used with
a larger 3002 CP Array multiple 3003 carry generators pro-
vide high speed carry look-ahead capability for any word
length.

......-.,.... g < STUy SVl &

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.
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3214
INTERRUPT CONTROL UNIT

The Intel®3214 Interrupt Control Unit (ICU) implements
multi-level interrupt capability for systems designed with
Series 3000 computing elements.

The ICU accepts an asynchronous interrupt strobe from the
3001 Microprogram Control Unit or a bit in microprogram
memory and generates a synchronous interrupt acknowledge

and an interrupt vector which may be directed to the MCU
or CP Array to uniquely identify the interrupt source.

The ICU is fully expandable in 8-level increments and pro-
vides the following system capabilities:

— 80 ns Cycle Time
Eight unique priority levels per ICU
Automatic Priority Determination
Programmable Status
N-level expansion capability
Automatic interrupt vector generation
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ROMs

conversion, logic function generation, or character
generation.

1
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“plications in look-up tables, microporgramming, code csi—. susss":as
CS4 >
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PROMs

ADDRESS INPUT Ag [ |1 ~ 16 [ v
3601 ’ 3601 -1 ADDRESS INPUT A5 ] 2 15 ] A, ADDRESS INPUT
(MSB)
HIGH SPEED 1024 B'T PROM ADDRESS INPUT A, [ |3 14 [ 5, CHIPSELECT 2
ELECTRICALLY PROGRAMMABLE soonassrut 4y T ygpy, 12 [ & wrseseers
® ADDRESS INPUT A9 [_] 5 36011 12 [ ] 5, pAtaouteut
The Intel 3601 and 3601-1 are 1024 bit (256 word by 4-bit) (Lse) (Lse)
electrically programmable ROMs ideally suited for uses AoDREss puT A, (] 6 n G, DATAOUTPUT
where fast turn?round and pattt?rn experlmentatilon are im- avoRess weuT A, 7 o 5 oaTAOUTRUT
portant such as in prototypes or in small production volume
systems. The PROMs are manufactured with all outputs low eno [ 9 |71 5, oataoureur
and logic high output levels can be electrically programmed (w8
in selected bit locations. The same address inputs are used
for both programming and reading. —dcs,
The 3601 access time is 70 nanoseconds. —dcs, 0y b—
The 3601-1 access time is 50 nanoseconds. — a
The 3601 and 3601-1 are pin compatible with the Intel® —]a o
metal mask 3301A ROM. The 3301A is ideal for large —a P
volume and lower cost production runs of systems initially
using the PROM. i
i A 03—
The 3601 and 3601-1 are manufactured with the highly re- ‘
liable polycrystalline silicon fuse and the fast switching — A5
Schottky barriell' diode technology. —da o b—
— A
. a0 e 2 [ veer
3604, 3604-6 g B
as[]3 22 [ veea (REQUIRED
HIGH SPEED 4096 BIT PROM =B shs, S’
ELECTRICALLY PROGRAMMABLE »gs =
a:[Je  3g04/ [dcss
. . al]? 36046 s,
The 3604 and 3604-6 are high density 4096 bit (512 word by 8-bit) P B 17 0s wse
electrically programmable ROMs suitable for uses where fast turnaround wsa o]0 8H0s
and pattern experimentation are important such as in prototypes or in s 15706
small production volume systems. The PROMs are manufactured with s [ 1[Tos
all outputs high and logic low levels can be electrically programmed in ono [z 13[ 0.
selected bit locations. : :
The 3604 access time is 70 nanoseconds. _q =
The 3604-6 access time is 90 nanoseconds. —ofcs, o, Jo—
—es, o, Jo—
For those systems requiring low power dissipation, one should consider —es, 0, fo—
the 3604-6. Not only does the 3604-6 dissipate 20% less active power — o, Jo—
than the 3604, but it also has an added low standby power dissipation A 05 jo— .
feature. Whenever the 3604-6 is deselected, power dissipation is reduced i Z‘ o—
by 70%. The lower cost 3304A-6 metal mask ROM is also available for ] :’ o’ ::
. - "« (]
volume production usage. —a
The 3604 is pin compatible with the Intel®3304A metal mask ROM. —] 4
The 3304A is ideal for large volume and lower cost production runs of e
systems initially using the 3604. i

The 3604 and 3604-6 are monélithic, high speed, Schottky clamped
TTL memory arrays with polycrystalline silicon fuses.
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3212

MULTI-MODE %
LATCH BUFFER e
> s, = B>
~ . =D 1 S
. N W
The Intel®3212 Multi-Mode Latch Buffer is a versatile 8-bit latch E>vo L,BD w
with three-state output buffers and built-in device select logic. It > ste
also contains an independent service request flip-flop for the genera- B> o, b ajH— oo, [>
tion of central processor interrupts. Because of its multi-mode cap- Ca
abilities, one or more 3212's can be B o, b a —&— oo, [£>
used to implement many types of inter- U, Cr
face and sup;}ort systems for Se'ries bs, []1 24 [ Ve B o oo _&_ o0, >
3000 computing elements including: . ], 23 [ 1iNT Cq
Simple data latches oi,[]s3 22 | _]big B> o ba —&- 00,
Gated data buffers po, L] 4 21 [ Joo, L
Multiplexers DL L s 20 | Jou, . ol D Q -—& oo, iB>
[
Bi-directional bus drivers PO, Ly @ 3212 18 (D0, :
. DI 7 8 \ || b
Interrupting input/output ports 3 18 1P o °a oo. >
po,L) 8 17 [ ] o, Cr
DI, 9 16 DI5 B> o1, DaQ —'-| >— 00,
DO, [ 10 15 | |pog ]
ste] 11 14 [Jcir B> o, ba _B_ oo, >
ano[] 12 13 | ]bs, Cr
2> cLrR
3216, 3226
BI-DIRECTIONAL BUS DRIVER W o Vr[ v
————01/0g
The lntel®3216/3226 are high speed 4-bit parallel, bi-directional bus o °———Q
drivers. The 3226 provides inverted 1/0. The three-state outputs en- r
able it to isolate and drive external bus structures associated with h o V
Series 3000 systems. ) w ———01/0¢
The 3216/3226 driver and receiver 0o Q
gates have three-state outputs with r‘
PNP inputs. When the drivers or re- 12 0—= —
ceivers are tri-stated the inputs are dis- s I ~ e ™ 1 Vee q ——01/0,
abled, presenting a low current load, 0, o——l
o 2 s Jen
typically less than 40 uamps, to the = — b
system bus structure. 1100 []3 1 EIOS* 13 O_A_F
104 3216/ 13 Juo, . ¢——01/0;
o [_Je 1 boz
[T 0] Juo,
[T k] of i, —0 C§
EN
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MCS PROTOTYPE SYSTEMS

WF-3000

BIPOLAR SYSTEM DEVELOPMENT SET

The Intel WF-3000 Bipolar System Development Set
contains the following members of the Schottky Bi-
polar LSI Microcomputer Set:

(2) 3001 Microprogram Control Units
(10) 3002 Central Processing Elements
(10) 3601 Bipolar PROMs (256 x 4)

Includes all Computing Elements and High Speed
Memory required for the construction of 16, 18, or
20 bit processors and/or High Speed Controllers.

N-Bit Word Expandable.
Multi-bus Organization.
High Performance
MCU Cycle Time — 700ns
CPE Cycle Time — 100ns
Total System Cycle Time — 150ns*

*Guaranteed worst case system cycle time for a 16-bit pro-
cessor with a fast carry (3003) CP array, 3601-1 PROM
Memory and a pipelined architecture.

A unique technology updating program insures that
all set owners are kept abreast of Bipolar Microcom-
puter Set developments. This service includes priority
mailings of additional design aids — application notes,
specification sheets, user manuals — and free samples
of new family members.

Upon receipt of the Bipolar system Development Reg-
isteration Card, free samples of the following comput-
ing elements will be sent to development set owners:

3003 Look-Ahead Carry Generator
3212 Multi-Mode Latch Buffer

3214 Interrupt Control Unit

3226 Inverting Bi-Directional Bus Driver

In addition, free samples of new computing elements
will be provided as they are announced throughout
1975.
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iﬂte|® | "~ Memory Systems

INTEL SPECIALIZES IN
CUSTOM MEMORY
CARDS

AND SYSTEMS

The above photograph features some of the memory 'systems that are available from Intel. These are shown as follows:
262k x 40 bit memory system — 600 ns cycle time with battery backup as part of the power supply drawers.

65k x 144 bit memory system — with power supply and cabinet. Memory is mounted on hinges for access to either side.

>
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65k x 18 bit memory system mounted in a 19" relay rack — 450ns cycle time.

32k x 18 bit memory system mounted in a 19" relay rack — 450ns cycle time.

19" relay rack mountable power supply for use with 65k x 18 memory system listed in #3.

@OeOOO

Various memory cards are shown above that can be rack mounted in a number of configurations and physical sizes.

Contact your local Intel sales representative for further information on any of the above.



nte|® - Memory Systems

INTEL CUSTOM MEMORY SYSTEMS

Intel specializes in the design and manufacture of custont memory systems for individual customer needs. Intel’s
memory cards are used as the basic building block in the design and manufacture of custom systems. These cus-
tom systems can vary in physical size, word length, storage capacity and speed. The following are examples of
some of these systems.

BN\ :

in-10 450ns system organized as 65k x 36 with battery in-50 100ns system organized 1k x 520 bits with chassis
backed up power supply and mounted in a 19" relay for mounting in a 19" relay rack with fan assembly and
rack. power supply mounted below the unit.

> wn
‘QCE
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in-12 650ns system organized as 128k x 63 bits in a in-60A 1MHz system organized as 1,440,000 words by
free standing cabinet with power supplies and custom- 10 bits in a free standing cabinet with power supply and
designed interface. Air enters from bottom and is exited cooling system located below the memory modules.
through top of unit. All units are modular and access- This 14 million bit memory is one of the largest serial
ible from front and back sides. memory systems delivered to a customer.

7-3
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Memory Systems

CUSTOM MEMORY CARDS
Featuring the Use of 1K Memory Components

Intel specializes in the design and manufacture of Custom Memory Cards for individual customer needs. Intel’s
application engineering experts design and build to your specification or work with you in the definition of one.
The specification, once defined, will then be incorporated into a design that will match your card format, speed

and timing considerations, and pin outs.

Intel will design and manufacture both shift register and random access memory applications. The following are
examples of custom memory cards that have been designed to fulfull customer applications.

8k x 18 RAM Memory System designed especially for
a mini-computer manufacturer, 700ns cycle time.
Board size — 15" x 17"". :

8k x 12 RAM Memory System designed especially for
a major computer manufacturer — 650ns cycle time,
multi-layer card.

4k x 9 RAM Memory System designed especially for
a small data communications user. Features 675ns
speed and needs only two power supply voltages.

32k x 1 or 16k x 2 RAM Memory System designed to
meet the needs of a customer’s error correction logic
system. 675ns cycle time.

e

1k x 20 RAM Memory System designed to meet a

customer’s extended temperature ranges. Features a
1us cycle time, needs only one power supply voltage.

7.4

512k x 10 RAM Memory System designed especially
for a major telephone company for use in special net-
work monitoring. ‘Features a small card size and 100ns
cycle time.



inte|® | Memory Systems

CUSTOM MEMORY CARDS
Featuring the Use of 4K Memory Components

As new components are developed by Intel, the Memory Systems Division is the first to evaluate and design
around them at the system level. Design technique improvements are incorporated in both standard and custom
memory designs. A custom. memory system from Intel gives you GUARANTEED PRICE, GUARANTEED
PERFORMANCE, and GUARANTEED DELIVERY.

Rights to manufacture are extended after initial production and can be included in our packaged purchase plan.
The memory systems below are typical of the type of designs we are manufacturing.

8K x 16 RAM Merhory System. Another cost effec- | 8K x 18 RAM Memory System designed to double the
tive use of our 4K chip design for a serial (CRT) type | capacity and reduce the cost of the core memory that
application. it is replacing in a major minicomputer.

TEMS

>
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4K x 12 to 4K x 16 Serial RAM Memory System with | The in-473; 8K x 17 RAM Memory System used by a
external timing and control. Used to replace an ex- | major industrial giant with stringent reliability require-
pensive core memory in an intelligent terminal CRT | ments in the demanding environment of a numerical
display. : ) control application.

75



intel@ Dynamic RAM Memory Systems

in-10 MEMORY SYSTEM

oy

in-10 SERIES RAM MEMORY FEATURES:

EE * Low Cost Memory The in-10 RAM Memory System is designed to
E'é e High Reliability meet the high reliability and low price require-
2w e Modular Expandability ments of large volume memory applications. The
® Module Interchangeability : . in-10 features the use of the Intel 1103 MOS chip.
* Automatic Refresh This memory system features a basic 4K x 18 or
¢ Fast Cycle Time ' : 8K x 9 configuration consisting of two plug-in
* Low Power Requirements boards: A memory board (MU) and a control board
® Compact Size (CU). The control board is capable of operating up
® Field Expandable . .to 32K words x 18 bits or 65K words x 9 bits.

7-6



DYNAMIC RAM MEMORY SYSTEMS in-10

SYSTEM in-10 SPECIFICATIONS

Dimensions:

Memory Board: 8.175 Inches High
(4K x 18 or 8K x 9) 10.5 Inches Deep
0.5 Inches Wide

To expand to 32K x 18 add 0.5 inches per memory
card. Only one control card (CU) is needed for systems
up to 32K x 18 or 64K x 9.

Memory System: 8.175 Inches High
(32K x 18) 10.5 Inches Deep
5.0 Inches Wide

Capacity:

1024, 2048, 4096, 8192 words expandable in cards to
32,768 x 18 or 65,536 x 9 capacity.

Word Length:

8, 9, 10, 12, 16, or 18 bits in a single memory card.
Longer word lengths can be accommodated by combin-
ing memory cards.

Cycle Time:
in-10A 450 Nanoseconds
in-10 450 Nanoseconds
in-12 675 Nanoseconds
in-14 850 Nanoseconds
Access Time:
in-10A 275 Nanoseconds
in-10 325 Nanoseconds
in-12 450 Nanoseconds
in-14 500 Nanoseconds
Operational Modes:
Read
Write

Read/Modify/Write (Optional)

Interface Characteristics:

TTL Compatible
Standard Input Lines:
Cycle Initiate
Byte Control
Read/Write
Standard Output Lines:
Data Available
Memory Busy

Environment:

Temperature: 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

Relative Humidity:
Altitude:

D.C. Power Requirement:

in-10: Voltage Regulation
+3.5V (Stacked on 19.7V) +10%
+19.7 +5%
+ 5 +5%

42 Watts (basic 4K x 18) (16 watts per additional 4K)

in-12 & 14: Voltage Regulation
+3.5V (Stacked on 16.7V) +10%
+16.7 +5%
+ 5 +5%

35 Watts (basic 4K x 18) (12 watts per additional 4K)

Features:

Byte Control (2 Zones Maximum)

Module Select

Address Register

Data Register (Optional)

Basic System Available As 4K x 18 or 8K x 9

Special Options:

INTEL also offers the in-10 mounted in a card chassis.
This chassis is designed for mounting in 19" relay racks.

7-7
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intal’ Memory Systems

in-26 SERIES RAM MEMORY FEATURES

e Low Cost Memory The in-26 RAM Memory System is designed to
e High Reliability meet the high reliability and low cost requirements
. of random access buffer storage applications. The
® Modular Expandability in-26 features a complete memory system on a
e Module Interchangeability single PC board. This memory system has a basic
e Fast Cycle Time capacity of 4k x 10 and can be expanded to 16k x 10.
. It is also available in capacities as small as 1k x 10.
2 ® Low Power Requirements The compact size of this system makes it ideal for
EE e Compact Size use as a buffer main memory storage for various
£z e Field Expandable computer peripheral applications. This memory
‘ -system is designed especially to interface with the
® 1 Power Supply Voltage MCS-4/MCS-8 series micro processors.

(Refer to SIM8-01/in-26 Application Note.)

7-8



MEMORY SYSTEMS in-26

SYSTEM in-26 SPECIFICATIONS

Dimensions:

8.175 Inches High
6.0 Inches Deep
0.5 Inches Wide

Memory Board:
(4k x 10)

Capacity:
1024, 2048, and 4096 words expandable to 16k
words by the addition of memory cards.

Word Length:

4,6,8,9, 10 bits pér card. Longer words can be
made by adding additional memory cards.

Cycle Time:
in-26 900 Nanoseconds
in-26-1 600 Nanoseconds
in-26-2 475 Nanoseconds
in-26-3 375 Nanoseconds
Access Time:
in-26 900 Nanoseconds
in-26-1 600 Nanoseconds
in-26-2 475 Nanoseconds
in-26-3 375 Nanoseconds
Operational Modes:
Read (NDRO)
Write

Read/Modify/Write

Interface Characteristics:

TTL Compatible
Standard Input Lines:
- Cycle Initiate

Environment:

0°C to +50°C operating ambient

—40°C to +125°C non-operating

Relative Humidity: Up t0'90%
with no condensation

0 to 10,000 feet operating
Up to 50,000 feet non-operating

Temperature:

Altitude:

" DC Power Requirement:

in-26 +5V + 5%

Features:

Board Select

Address Register

Low Power Standby Operation
Single Board System

One Connector Per System
One Voltage

Special Options:

Intel also offers the in-26 mounted in a card
chassis. This chassis is available in a variety of
sizes and can be set up for future expansion of
the memory without changing the basic chassis.

Board Select
Read/Write
Standard Output Lines:
Data Available!
Memory Busy

7-9
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in-30 SERIES RAM MEMORY FEATURES:

Fastest MOS Memory
High Reliability

Modular Expandability
Module Interchangeability
Automatic Refresh

Fast Cycle Time

Low Power Requirements
Compact Size

Field Expandable

The in-30 RAM Memory System is modular, built for

. standard expansion in off-the-shelf memory board (MU)

increments of 4K x 18 or 8K x 9. A single control board
(CU) is capable of operating up to 32K x 18 or 65K x 9.
High speed access and cycle times offer maximum per-
formance to price ratio. No adjustments are necessary
with in-30 interchangeable modules. Chassis options
include completely tested systems in custom configu-
rations.



DYNAMIC RAM MEMORY SYSTEMS in-30

SYSTEM in-30 SPECIFICATIONS

Dimensions:

Memory Board:
(4K x 18 or 8K x 9)

8.175 Inches High
10.5 Inches Deep
0.5 Inches Wide
To expand to 32K x 18 add 0.5 inches per memory
card. Only one control card (CU) is needed for systems
up to 32K x 18 or 64K x 9.

Memory System:
(32K x 18)

8.175 Inches High
10.5 Inches Deep
5.0 Inches Wide

Capacity:
1024, 2048, 4096, 8192 words expandable in cards to
32,768 x 18 or 65,536 x 9 capacity.

Word Length:

8,9, 10, 12, 16, or 18 bits in a single memory card.
Longer word lengths can be accommodated by combin-
ing memory cards.

Cycle Time:
in-30 330 Nanoseconds
Access Time: ‘
in-30 200 Nanoseconds

Operational Modes:

Read
Write
Read/Modify/Write (Optional)

Interface Characteristics:

TTL Compatible
Standard Input Lines:
Cycle Initiate
Byte Control
Read/Write
Standard Output Lines:
Data Available
Memory Busy

. Environment:
Temperature:

0°C to +50°C operating ambient
-40°C to +125°C non-operating

Relative Humidity: Up to 90% with no condensation

Altitude: -0 to 10,000 feet operating
Up to 50,000 feet non-operating

D.C. Power Requirement:

in-30 Voltage ) Regulation
-5 +5%
+12 +5%
+5 +5%

50 Watts (basic 4K x 18) (26 watts per additional 4K)

Features:

Byte Control (2 Zones Maximum)

Module Select

Address Register

Data Register (Optional)

Basic System Available As 4K x 18 or 8K x 9

Special Options:
INTEL also offers the in-30 mounted in card chassis
designed for mounting in 19" and 24" relay racks.
UT-30 socket cards allow easy wire wrapping of cus-
tom interfaces in the card chassis.

7-11
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intel" Dynamic RAM Memory Systems

in-40 MEMORY SYSTEM

 in-40 SERIES RAM MEMORY FEATURES:

"~ ® Low Cost Memory e :
o High Reliability The in-40 RAM Memory System is perhaps the highest
® High Density ‘ density memory now available. The interchangeable
® Modular Expandability memory boards (MU) allow expansion in inerements of
® Module Interchangeability 16K x 18 or 32K x 9 with no adjustments. A single con-
@ Automatic Refresh trol board (CU) handles up to 128K x 18.0r 256K x9 .
® Fast Cycle Time comprising our lowest -cost-per-bit package -available, -
® Low Power Requirements Large and small chassis options-include:custom: con-
® Compact Size figurations with or without power supply and fah
o Field Expandable assemblies. ’

712



DYNAMIC RAM MEMORY SYSTEMS in-40

SYSTEM in-40 SPECIFICATIONS

Dimensions:

Memory Board: 8.175 Inches High
(16K x 18 or 32K x 9) 10.5 Inches Deep
. 0.5 Inches Wide

To expand to 128K x 18 add 0.5 inches per memory
card. Only one control card (CU) is needed for systems
up to 128K x 18 or 256K x 9.

Memory System: 8.175 Inches High
(128K x 18) 10.5 Inches Deep
5.0 Inches Wide

Capacity:

4096, 8192, 16,384, 32,768 words expandable in cards
to 131,072 x 18 or 262,144 x 9 capacity.

Word Length:

-. 8,9, 10,12, 16, or 18 bits in a single memory card.
- Longer word lengths can be accommodated by combin-
ing memory cards.

Cycle Time:
in-40 550 Nanoseconds
in-40-1 650 Nanoseconds
_Access Time:
“in-40 350 Nanoseconds
in-40-1 475 Nanoseconds

Operational Modes:

‘Read
Write

““Interface Characteristics:
TTL Compatible
Standard Input Lines:

-+ Cycle Initiate
.- Byte Control
w7 Read/Write :
-~ -Standard Output Lines:
Data Available
Memory Busy-

Environment:
TFemperature: 0°C to +50°C operating ambient

- : -40°C to +125°C non-operating

" Relative Humidity: Up to 90% with no condensation

Altitude: .. 0to 10,000 feet operating
Up to 50,000 feet non-operating

~ D.C. Power Requirement:

MU-40:

Voltage Current (Typical) Regulation
+12V 1 Amp +5%
+b6V 1 Amp +5%
-5V <100 Milliamps +5%

CU-40: » .

Voltage Current (Typical) Regulation
+5V 1.3 Amp 5%

Features:

Byte Control (2 Zones Maximum)

Module Select

Address Register

Data Register (Optional) -

Basic System Available As 16K x 18 or 32K x 9

Special Options:

INTEL also offers the in-40 mounted in.card chassis .
designed for mounting in 19" and 24" relay racks.
UT-40 socket cards allow easy wire wrapping of cus-
tom interfaces in the card chassis.

7-13

> v
=
5 W
SF
=
w o>
=R7}




inte|® Dynamic RAM Memory Systems

in-41E MEMORY SYSTEM

(Euroboard Format)

in-41E SERIES RAM MEMORY FEATURES:

® Low Cost Memory
® High Reliability

> ® Module Expandability

e ® Module Interchangeability The in-41E RAM Memory System is perhaps the highest

T g ® Automatic Refresh density memory now available on Euroboards. The inter-
® Fast Cycle Time changeable memory boards (MU) allow expansion in in-
® Low Power Requirements crements of 8K x 18 or 16K x 9 with no adjustments. A
® Compact Size single control board (CU) handles up to 64K x 18 or
® Field Expandable 128K x 9 comprising our lowest cost-per-bit package
® Master/Slave Operation available. This memory system features a fast access and
® Complete Control on each Board cycle time, high density and the use of a 4K RAM as the
® Address and Data Registers storage device. ‘

714



DYNAMIC RAM MEMORY SYSTEMS in-41E

SYSTEM in-41E SPECIFICATIONS

Dimensions:
Memory Board: 160 mm High
(8K x 18) 233.4 mm Deep
12.7 mm Wide

To expand to 64K x 18, add 12.7 mm per memory
card.

Capacity:

8,192 words expandable in cards to 65, 536 x 18stor-
age capacity or 128K x 9.

Word Length:

Up to 18 bits in a single memory card. Longer word
length can be accommodated by combining memory
cards.

Cycle Time:
in41E 550 Nanoseconds
in-41E-1 650 Nanoseconds
Access Time:
in-41E 350 Nanoseconds
in-41E-1 475 Nanoseconds

Operational Modes:

Read (NDRO)
Write

Interface Characteristics:
TTL Compatible
Standard Input Lines:

Cycle Initiate

Byte Control

Read/Write
Standard-Qutput Lines:

Data Available

Memory Busy

Address Input:
12 - 17 lines, binary, single ended.

Environment:

Temperature: 0°C to +50°C operating ambient
-40°C to +125°C non-operating
Relative Humidity: Up to 90% with no condensation
Altitude: 0 to 10,000 feet operating

Up to 15,000 feet non-operating

D.C. Power Requirements:

MU-41E: Selected

Voltage Current (Typical) Regulation
+12V 1.4 Amps +5%
+5V 1.0 Amps +5%
-5V 50 Milliamps +5%

MU-41E: Unselected

Voltage Current (Typical) Regulation
+12V 0.142 Amps +5%
+5V 1.0 Amps +5%
-5V 50 Milliamps +5%

CU-41E:

Voltage Current (Typical) Regulation

+5V 1.3 Amps +5%
Features:

Module Select Basic system

Data Register (optional) available as
Address Register 8K x 18 or
Fast Cycle Time 16K x 9.

Byte Control (2 zones max)

Special Option:

Intel also offers the in-41E mounted in a card chassis
either as a single or multiple card system.

7-15
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inter Static RAM Memory Systems

in-50 MEMORY SYSTEM
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in-50 SERIES RAM MEMORY FEATURES:

e Low Cost Memory The in-50 RAM Memory System is designed to

« High Reliability meet the needs of control memory, disk controllers,

o Modular Expandability scratch pad and signal processing applications. This

o Module Interchangeability memory provides-high reliability and performance

o Fast Cycle Time at low costs through the use of all solid state inte-

o Low Power Requirements grated circuits. The in-50 utilizes Bipolar technol-
> o Compact Size ogy to achieve these fast cycle and access times.
SE o Field Expandable This memory system features a basic size of 1024
g2 o One Power Supply Voltage words by 10 bits per memory card. This memory
= o Fully Buffered System

system can be expanded to any word or bit length
by the use of additional memory cards. This system
includes all address and data registers.
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STATIC RAM MEMORY SYSTEMS in-50 (

SYSTEM in-50 SPECIFICATIONS

Dimensions:
Memory Board: 8.175 Inches High
(1K X 10) 6.0 Inches Deep
0.5 Inches Wide
Capacity:

256, 512 and 1024 words per memory card.
Larger sizes are capable by the addition of mem-
ory cards.

Word Length:
2,4,6,7,8,9, 10 bits per card. Longer words
can be accomplished by the use of additional
memory-cards.

Cycle Time:
in-50 100 Nanoseconds
in-52 ) 150 Nanoseconds
Access Time:
in-50 ] 100 Nanoseconds
in-62 150 Nanoseconds
Operational Modes:
Read (NDRO) Write
Interface Characteristics:
TTL Compatible ;
Standard Input Lines: B
Cycle Request Write Data
Read/Write Address
Standard Output Lines:
Data Available Read Data
Environment: R . . . Special Features:
Temperature:  0°C to +50°C operating ambient The in-50 is available in various word and bit
-40°C to +125°C non-operating lengths with card chassis completely wire wrap-
Relative Up to 90% with no condensation ped with |/O connectors for mounting in 19"
Humidity: 0 to 10,000 feet operating relay racks.
Altitude: Up to 50,000 feet non-operating The in-50 can also be supplied with a power sup-

ply that is also mountable in a 19" relay rack.
D.C. Power Requirement:

+5 Volts +5% 5.5 Amps per memory card Optional Features:
The standard in-50 has open collector outputs .

Connector: ' with pull-up resistors on the board. ,

100 Pin, 125 mil centers 1 per memory card 2

‘ oH

Features: = g

Module Select Open Collector Outputs S

Address Registers 1 Power Supply Voltage

Data Registers TTL Compatible

Single Board System  Ease of Expansion
Inputs and Outputs are Buffered
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inte|® ~ Serial Memory Systems

in-60 MEMORY SYSTEM

in-60 SERIES SERIAL MEMORY FEATURES:

e Low Cost Memory The in-60 serial Memory System is designed to
e High Reliability meet the high reliability and low cost requirements
e Modular Expandability of large volume storage and CRT refrgsh applica-
e Module Interchangeability . tions. The in-60 features the use of a single voltage

R power supply and MOS N-channel silicon gate tech-
e Field Expandable nology. This system is available as a self-contained
¢ Only One Power Supply Voltage 20,000 words by 10 bits memory unit. This system
e Compact Size is expandable to virtually any size in either word or
e Adjustable Clocking ) bit length by the use of additional memory cards.
e Fully Buffered The in-60 features a compact size, high reliability

and ease of expansion.

The in-60 is designed for the replacement of small
flying head disks and for CRT refresh applications.
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SERIAL MEMORY SYSTEMS in-60

SYSTEM in-60 SPECIFlCATIONS

Dimensions: 8.175 Inches High
10.5 Inches Deep
0.5 Inches Wide

Capacity:

Up to 20,000 words per memory card. Larger sizes
are capable by the addition of memory cards.

Word Length:

6, 7, 8, 9, 10 bits per memory card. Longer words
are made by combining memory cards.

Clock Rate:

in-60 1 megaHertz to 25 kiloHertz
Access Time:

in-60 500 Nanoseconds

Interface Characteristics:
TTL Compatible

Data Input:
Up to 10 lines, single ended

Data Output:
Up to 10 lines, single ended

Data Input Control:
1 line (clock), single ended

Environment:

' Temperature: 0°C to 4-50°C operating ambient
—40°C to +125°C non-operating

Relative
Humidity: Up to 90% with no condensation
Altitude: 0 to 10,000 feet operating

Up to 50,000 feet non-operating

D.C. Power Requirement:
+5.0 Volts =5% at 7.0 Amps

Features:

TTL Compatible

1 Voltage Supply

Ease of Expansion
Single Board System
Adjustable Clocking
Single Phase Clocking
Fully Buffered System

* e \\\\\ \\\\\\\§\\\\\ o
R \\\\\\\
.\\t\\\\\\\\\\\\\\

N\ \\\\\\\

Special Options:
Intel also offers the in-60 mounted in a card chas-
sis. This chassis will be wire-wrapped up to what-
ever size is ordered. This chassis will be able to
be mounted in a 19” relay rack.

Intel will also supply a power supply for this
system that mounts below the memory chassis.
This supply is modular and can supply up to a
full card chassis of memory.

A blower assembly is also available for this sys-
_tem. This blower can draw air from the front, back,
or below for cooling the memory card chassis.

This is illustrated in the above photograph.
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il‘\tel‘D Serial Memory Systems

in-62 MEMORY SYSTEM
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in-62 SERIES SERIAL MEMORY FEATURES:

The in-62 features a compact size, high reliability
and ease of expansion.

® Low Cost Memory . The in-62 serial Memory System is designed to
e High Reliability meet the high reliability and low cost requiremgnts
. of large volume storage and CRT refresh applica-
® Modular Expandability tions. The in-62 features the use of a single voltage
E% e Field Expandable power supply and MOS N-channel silicon gate tech-
%; e Only One Power Supply Voltage nology. This system is available as a self-contained
=% c Si 88k words by 1 bit memory unit. This system is
¢ Compact Size expandable to virtually any size in either word or
e Adjustable Clocking bit length by the use of additional memory cards.

[ ]

Fully Buffered
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SERIAL MEMORY SYSTEMS in-62

SYSTEM in-62 SPECIFICATIONS

Dimensions:
8.175 Inches High
10.5 Inches Deep
0.5 Inches Wide
Capacity:

Up to 88,000 words per memory card. Larger sizes
are capable by the addition of memory cards.

. Word Length:

1 bit per memory card. Longer words are made by
combining memory cards.

Clock Rate:

in-62 10MHz to 200kHz

Data Time:

in-62 10MHz to 200kHz

~ Interface Characteristics:

TTL Compatible
Data Input:
1 line, single ended
Data Output:
3 lines, single ended
(Data Out, Data Out, Reg. Input)
Data Input Control:
2 lines (clock), single ended
(Collect/Recirculate, Clock)

Environment:

Temperature: 0°C to +50°C operating ambient

—40°C to +125°C non-operating

Relative Humidity: Up to 90%
with no condensation

0 to 10,000 feet operating
Up to 50,000 feet non-operating

Altitude:

DC Power Requirement:
+5.0 Volts + 5% at 6.0 Amps

Features:

TTL Compatible

1 Voltage Supply

Ease of Expansion
Single Board System
Adjustable Clocking
Single Phase Clocking
Fully Buffered System

Special Options: )

Intel also offers the in-62 mounted in a card chassis.
This chassis will be wire-wrapped up to whatever
size is ordered. This chassis will be able to be
mounted in a 19" relay rack.

Intel will also supply a power supply for this system
that mounts below the memory chassis. This sup-
ply is modular and can supply up to a full card
chassis of memory.

A blower assembly is also available for this system.
This blower can draw air from the front, back, or
below for cooling the memory card chassis.
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mtel in-Series 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 accommodate a variety of memory capacities. These cabinets are designed to allow cus-
tomers maximum freedom in specifying memory configurations. These cabinets contain power supplies,.cooling and
interface connections. The following photographs show the various types that are available:

in-CAB-HB Memory Cabinet
can accommodate up to 96
MU-10 series cards. This
memory cabinet is 72"’ high,
19" wide and 30" deep. It
is designed to be free-
standing and contains room
for cooling fans, power
supplies and interface
cabling. The memory size
can vary from 48k x 144

to 512k x 18 bits. All
power supplies are

mounted on slides for

easy access.

This shows the rear view
of the in-CAB-HB memory
cabinet. The memory
chassis features PC back
planes and is accessible
from both front and back
sides. Special power and
interface connectors are
mounted at the bottom
of the cabinet for access
through a false floor or
rear.

in-CAB-LB Memory Cabinet
features a low profile with
space for up to 32k x 128
bits of memory including
power supplies and cooling.
It is only 48" high x 30"
deep and is 19" wide. It is
free-standing and comes
with casters for ease in
moving the unit.

This shows the rear of the
in-CAB-LB memory cabinet.
All back planes, interface
cables and power connec-
tions are easily accessible
from the rear. There is

also room for interface
chassis to fit in the rear of
the cabinet. All connections
can go through the rear or
bottom of this cabinet. A
master circuit breaker is
also available.
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in-CAB-SHB Memory’
Cabinet features a capacity
of up to 96k x 63 bits or
388k x 16 bits including
power supplies and cooling.
This cabinet is 70" high by
36" deep and is 19" wide.
It is accessible from both
front and rear. Itis
mounted on casters and
has room in the rear for
additional interface

logic chassis.

in-CAB-BHB Memory
Cabinet features a capacity
of up to 262k x 27 bits and
includes space for power
supplies with battery back-
up capability including
batteries for 1 hour
back-up support. This
cabinet is 80" high by 30"
deep and is 19" wide. It is
accessible from both the
front and rear. It also
contains its cooling fans and
is free-standing with casters
for ease of moving.



in-Series Accessories

intal’
in-CHS CARD CHASSIS

The in-Series Mem