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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 intreduced
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 {ntel
Data Catalog are seven recently introduced Inte!
products. Each represents the state of the semicon-
ductor art in its area of application.

1. Intel® 8080. intel Microcomputers have revoiu-

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 psec. The 8080 is manufactured
with N-channel siticon-gate technology. Further

information on the 8080 may be found ¢n page 6-25.

2. Intel® 5101. This 1024 bit CMOS RAM dissipates

only 15 pw 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.

3. 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 Processaors. Information on the Intel Bipolay

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 accessss 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® 36804. 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 Bigh 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 Intet to make the optimum cost-performance
trade off {for a particular memaory application.

Santa Clara Corporate Headquarters

intel facilities

World-wide facilities: Intel manufacturing facilities are located world-wide. Santa Clara, California serves as
corporate headguarters. Wafer fabrication plants are located in Mountain View, Santa Clara, and Livermore,
California and Portland, Oregon. Assembly operalions 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

FAGE PAGE
g =) RANDOM ACCESS MEMDRIES (RAMS) 21
;E g SILICON GATE MOS SILICON GATE CMOS
E E §. 11014 266-hit (256w x 1h) Static 23 5101 1024-bit (266w x 4b) Static Low Pawer 2115
2 = 11071A1 256-hit {256w x 1b) Static 23 5101-3 1024-hit (256w x 4b} Static Low Power 2115
1103 1024-bit (1024w x 1k} Dynamic 27 5101L 1024-bit {256w x 4b} Static Low Pawer 2115
1103-1 1024-bit (1024w x 1h} Dynamic 212 S101L-3  1024-bit {256w x 4bl Static Low Pawer 2115
11034 1024-bit (1024w x 1h} Dynamic 215
1103A-1  1024-bit (1624w x 1b) Dynamic 220 | READ GNLY MEMORIES (ROMs and PROMs) 2.1
1103A-2  1024-bit (1024w x 1b) Dynamic 225
2101 1024-bit (256w x 4b} Static 229 | SILICON GATE MDS
21011 1024-bit (256w x 4b) Static 2-29 1302 2048-it (256w x 8b) Mask Programmable 33
21012 1024-bit {256w x 4b} Static 229 16024 2048-bit (256w x Bb) Electrically Programmable  3-7
2102 1024-bit (1024w x 16} Static 2-33 160246 2048-it (256w x 8b) Electrically Programmable  3-14
21021 1024-bit {1024w x 1b) Static 237 1702A  2048:bit {256w x 8b) Erasable and 37
2102-2 1024-bit {1024w x 1b) Static 229 Electricallv Prngrammahle ’
21028 1024-bit {1024w x 1b) Static 41 170246 2048-hit (266w x 8b) Erasable and 314
21024 1024-hit {1024w x 1b} Static 243 Electrically Programmable
2102AL  1024-hit (1024w x Tb) Static 243 2308 8192-hit (1024w x 8b) Mask Programmable 317
21024-2  1024-hit (1024w x 1b} Static 247 2316A 16384-hit (2048w x« 8b) Mask Programmable 317
2102AL-2  1024-bic (1024w x 1b) Static 247 2704 ° 4096-bit (512w x 8b) Erasable and 318
210244 1024-bit (1024w x 1b} Static 249 Elestrically Programmable
2102AL-4  1024-bit (1024w x 1b) Static 43 2708 8192-bit (1024w x 8b) Erasable and 318
M21025-4  1024-bit {1024w x tb) Static 2.51 Electrically Programmable
M2102A-6  1024-bit {1024w x 1b) Static 253
2105 1024-bit {1024w x 1b) Dynamic 2-55 | SCHOTTKY BIPOLAR
21081 1024-bit (1024w x Tb} Dynamic 2-55 3301A 1024-bit {256w x 4b} Mask Programmable 319
2105-2 1024-hit (1024w x 1b) Dynamic 2-63 M3I3MA 1024-bit {256w x 4b} Mask Programmabie 323
2107A 4096-bit (4096w x 1b) Dynamic 267 3302 2048-bit (522w x 4b} Mask Programmahte 331
2107A-1  4096-bit (4096w x 1h) Dynamic 273 33024 2048-hit (512w x 4h] Mask Programmable 331
2107A-4  4096-bit (4096w x 1h} Dynamic 275 33026 2048-bit {512w x 4b} Mazk Programmiable 331
2107A-5  2096-hit (4096w x Tb} Dynamic xn 33047 4096-bit {512w x 8b) Mask Programmahle 3-33
210748 4096-bit (4096w x 15) Dynamic 279 3304A-4  4096-bit (512w x Bb} Mask Programmable 333
21078 4096-hit (4096w x 1b) Dynamic 281 330MA-6  4096-bit {512w x 8b) Mask Programmahle 331
21078-2  4096-bit {4096w x 1b} Dynamic 289 3322 2048-bit (512w x 4b} Mask Programmable ~ 3-31
210786 4096-bit {4096w x 1b} Dynamic 29 33224 2048-bit {512w x 4b} Mask Programmahle 331
21m 1024-bit (256w x 4b) Static 293 3322-6 2048-bit 1512w x 4b} Mask Programmable 331
2111 1024-bit {256w x 4b) Static 293 3324A 4096-bit (512w x 8} Mask Programmable 333
212 1024-bit {266w x 4b} Static 203 3324A4  4096-bit {51 2w x B} Mask Programmable 333
212 1024-hit {256w x 4b) Static 297 3601 1024-bit {256w x 4b) Electrically Programmahte  3-25
21122 1024-bit (256w x 4b) Static . 297 3801-1 1024-bit {256w x 4b} Electrically Programmahle  3-25
M3IGG1 1024-bit (256w x 2b) Electrically Pragrammable  3-29
SCHOTTKY BIPOLAR 3602 2048-bit (512w x 4h) Electrically Programmable  3-32
nn B4-bit (16w x 4b) Fully Oecoded 2101 3602-4 2048-bit (512w x 4h) Electrically Programmable  3-32
3101A B4-bit (16w x 4b) Fully Decoded 21H 36026 F048-hit (592w x 4b) Electrically Programmable  3-32
M3101 64-bit (16w x dh) Fully Oecoded 2105 3604 2096-bit (512w x 8h) Efectrically Programmable  3-34
M3101A  64-bit 16w x 4b} Fully Decoded 2105 " 36044 4096-bit (512w x 8B) Electrically Programmable  3-34
3t 16-bit {4w x 4b) Content Addressable 2107 3604-6 2095-bit (512w x 8b) Electrically Programmable  3-34
3106 256-hit (256w x 10} Fully Decoded - 2m 3622 2098-bit (512w x 4b) Etectrically Programmable  3-32
3106A 256-bit {256w x 1b) Fully Decaded 21m 3622-4 2048-bit (512w x 4b) Electrically Programmable  3-32
31068 256-bit (256w x 15} Fully Decoded 211 36226 .2048-hit (512w x 4b) Electrically Programmable  3-32
3107 256-bit (256w x 16) Fully Decoded 1) 367 4006-bit (512w x 8b} Electrically Programmable  3-38
31074 256-hit (256w x 1b} Fully Decaded 2n 36204 4096-kit (512w x 8b} Electricaliy Programmable  3-38
3107-8 256-hit {256w x 1b) Fully Decaded 211

12



FUNCTIONAL INDEX

SHIFT REGISTERS

14024
1403A
1404A
14054
1406
a7
1506
1507
2401
2405
2416

1024-bit {Quad 256} Dynamic
1024-bit {Dual 512} Dynamic
1024-hit (Single 1024} Dynamic
512-bit Dynamic Hecirculating
200-bit {Dual 100) Dynamic
200-kit {Dual 100) Bynamic
200-bit {Dual 100} Dynamic
200-bit {Dual 100} Dynamic
2048-bit (Dual 1024} Dynamic Recirculating
1024-bit Oynamic Recirculating
16,284-bit (64 Registers of 256 hits)
Oynamic CCD

MEMORY PERIPHERALS

3205 One-af-Eight Binary High Speed Decoder
32074 Quad Bipolar-1o-M 0S5 Level Shifeer and Driver
20741 Quad Bipolar-ta-M0S Level Shifter and Driver
JZ208A Hex Sense Amplifier
3210 TTL-to-MOS Level Shifter and

High Woltage Clack Driver
32n ECL-to-MODS Level Shifter and

High Yoltage Clock Driver
3235 Quad Bipalar-ta-MOS Level Shifter and Driver
Ja04 6-hit High Speed Latch
3408A Hex Sense Amp with Latches

MICROCOMPUYTER SYSTEMS

MGS 4/40  4-bit Microcompeter Set
MECS /80  3-hit Microcomputer Set

WE 3000

+Bipolar Microprocessor Set

PAGE

41
43
43
43
4.7
411
411
511
41
415
315
519

5-1
5.3
97
511
513
219

5-23

5-27
53
513

6-1

66
§-25
663

MEMORY SYSTEMS
in-10 4K x 18 (or 3K x 8) RAM Memaory Board
in-12 4K % 18 {or 3K x 3) RAM Memary Board
in-14 4K x 18 {or 3K x 9) RAM Memory Baard
in-26 4K » 9 RAM Memory Board
in-30 4K x 9 RAM Memaory Board
in-40 4K x 9 RAM Memary Board
in-d1E 4K % 9 RAM Memary Board
in-50 1K x 10 RAM Memory Board
in-60 20K % 10 Serial Memory Board
in-62 88K x 1 Serial Memory Board
in-CAB Memaory Cahinets
in-CHS Gard Chassis
in-P§ Power Supplies
in-Series Accessories

CMOS TIMEKEEPING CIRCUITS

5201
6201-2
5202
5202-2
5204
9801

LCD Hours/Minutes{Seconds Decader-Driver
LCD Hours/Minutes/Secands Decader-Driver
LCD Hours and Minutes Ogcoder-Driver
LCO Hours and Minutes Oecoder-Driver
LCD Time/Secands/Oate Decoder-Driver
32,765 kHz Oscillator-Qivider

PAGE

71
76
76
76
78
7-10
712
714
716
7-18
720
1-22
7-23
724
725

8-1
43
33
83
83
87
811
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- NUMERICAL INDEX

= PAGE PAGE

g 2 ?_’ 1101A 256-hit (256w x 1b} Static RAM 23 240 2048-hit {Duzl 1024) Dynamic Recirculating 415

no g 110141 256-bit (256w x 1h) Static RAM 23 Shift Register

= g 1163 1024-bit 1024w x 1b} Dynamic RAM 7 2405 1024-bit Dynamic Recirculating Shift Register  4-15

Sw by 11031 1024-bit {1024w x 1) Dynamic RAM 212 2416 16,384-bit (64 Registers of 256 bits) 4-19

- = T103A 1024-bit {1024w x 1b} Dynamic RAM 215 CCD Register
1103A-1 1024-bit { 1024w x 1b) Dynamic RAM 220 2704 A4096-bit {612 x §) PROM 3-18
1103A-2  1024-bit (1028w x 1b) Dynamic RAM 225 2708 8192-hit {1024 x 8) PROM 318
1302 2048-hit {256w x 8b) ROM 33 3001 Microprogram Contral Unit 6-59
1402A 1024-bit {Quad 256) Oynamic Shift Register 4.3 3002 Central Procegsing Element 659
1403A 1024-bit {Dual 512) Dynamic Shift Register 43 3003 Logk-ahead Carry Generator . 6-60
14044 1024-bit {Single 1024} Dynamic Shift Register  4-3 30 Bd-hit (16w x 2b} RAM 21
14054 §12-bit Dynamic Recirculating Shift Register 4.7 31014 84-bit (16w x b} RAM 2-101
1406 200-bit (Duaf 100} Dynamic Shift Register 411 M3101 64-bit (16w x ) RAM 2-105
1407 Zdﬂ-hit {Dual 100} Dynamic Shift Register 41 M3101A B4-hit (16w x 4b} RAM 2-105
1506 200-bit {Dual 100) Dynamic Shift Register 411 3104 16-bit (4w x 4b) Content Addressable RAM 2107
1507 200-bit {Deal 100} Dynamic Shift Register 411 3108 256-hit (288w x 1b) RAM 1
1602A 2048-hic {256w x 8h} PROM 37 3106A 256-bit (286w x 15} RAM 2111
1602A-6  2048-bit (256w x 80} PROM 312 3106-8 256-hit (256w x 1h} RAM 211
17024 2048-bit (256w x 8b) PROM 37 307 256-bit (256w x 15} RAM 2111
1702A-6 2048-bit (256w x &b) PROM 314 31074 256-bit (296w x 1b) RAM 21
21N 1024-hit (256w x 4b} Static RAM 2219 31078 256-bit (256w x 14) RAM AN
21011 1024-bit (256w x 4b} Static RAM 229 3205 One-af-Eight Binary High Speed Decoder 53
2101-2 1024-bit (266w x 4b) Static RAM 229 3207A Quad Bipolar-to-M0% Lovel Shifter and Driver 57
2102 1024-hit (1024w x b} Static RAM 233 | 3207A-1 Quad Bipalar-ta-M0S Level Shifter and Driver  5-11
2102-1 1024-bit (1024w x 1b) Static RAM 2-37 3208A Hex Sense Amplifier for MOS Mem ories 513
2102-2 1024-bit (1024w x 1b} Static RAM 2-39 3210 TTL-to-MOS Levet Shifter and Hioh Voltage 519
2102-8 1024-bit (1024w x b} Static RAM 241 Clock Briver i
21024 1024-bit (1024w x 1b} Static RAM 243 ksl ECL-to-MOS Level Shifter and High Voltage 523
2102AL 1024-hit (1024w x 1b] Static RAM 243 Clock Driver
21024-2  1024-hit (1024w x 1b) Static RAM 243 3212 Multi-Mode Latch Buffer 6-63
2102AL-2  1024-bit (1024w x 1b) Static RAM 247 3214 Priority Interrupt Control Unit 860
210244 1024-bit (1024w x 1b) Static RAM . 249 3216 Non-inverting Bi-Directional Bus Driver §-63
2002AE-4  1024-hit (1028w x 1b) Static RAM 249 3226 Inverting Bi-Directianal Bus Driver 6-63
M21024-4  1024-hit (1024w x 1b} Static RAM 2-51 3235 Quad Bipolar-to-MQS Driver 5.27
M2102A-6  1024-bit (1024w x th} Static RAM 2.53 33014 1024-bit (256w x 4b) Schottky Bipolar AOM 319
2105 1024-bit (1024w x Th} Dynamic RAM 2.58 M3301A 1024-bit (256w x 4b) Schottky Bipalar ROM kK vx)
21051 1024-hit (1024w x 1b) Dynamic RAM 2-65 3302 " 2048-bit (512w x 4b) Schottky Bipclar AOM 331
21052 1024-bit (1028w x 1b) Dynamic RAM 263 33024 2048-bit (512w x 4b} Schottky Bipclar ROM 331
2107A 4096-bit {2096w x 1b) Dynamic RAM 2867 33026 2048-bit (512w x 4b} Schottky Bipolar ROM 3-31
2107A-1  2096-hit {4096w x 1b) Dynamic RAM 2713 33044 4096-bit (512w x 8b) Schottky Bipolar ROM 333
2107A-4  4096-bit (4096w x 1b) Dynamic RAM 275 33044 4096-hit {512w x 8h} Schottky Bipolar ROM 333
2107A-5 4096-bit {4096w x 16) [ynamic RAM 2-77 330446 4096-fit (512w x 8h} Schottky Bipolar ROM 3-33
2107A-8  20968-bit (4096w x 1h) Dynamic RAM 219 3322 2048-hit (512w x 4b) Schottky Bipolar ROM 33
21078 A096-hit {4096w x 1h) Dynamic RAM 28t 33224 2048-brit {512w x 4b} Schottky Bipolar ROM 3
2107B-4 4096-bit {4096w x 16} Dynamic RAM 289 33226 2048-bit {512w x 4b} Schottky Bipolar ROM 331
2107B-6 4096-bit (4096w x 1b) Dynamic AAM 291 33294 4096-kit {512w x Bb) Schottky Bipolar ROM 333
211t 1024-hit {266w x 4b} Static RAM 293 3328A-4  4096-bit {512w x Bh) Schattky Bipolar ROM 333
21111 1022-hit {256w x 4b} Static RAM 2493 3402 6-bit High Speed Latch §3
2111-2 1024-bit {256w x 4b} Static RAM 293 3408A Hex Sense Amp with Latches 513
2112 1024-bit {256w x 4b) Static RAM - 297 3601 1024-bit {256w x 4b) Schottky Bipolar PROM  3-25
21122 1024-bit (256w » 4h} Static RAM 2497 36011 1024-bit {256w x 4b) Schottky Bipalar PROM  3-25
2308 81592-bit {1023w x 8] ROM 317 M3601 1024-bit (256w x 4b) Schottky Bipolar PROM  3-29
2316A 16,324-hit (2048w x 8b) ROM 318 3602 2048-bit (512w x 8b) Schottky Bipalar PROM  3-32
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NUMERICAL INDEX

3602-4
3602-6
3504
3604-4
3604-6
3622
36224
3622-6
3624
3624-4
4001

4002
4003

4004
4008
4009
4040
4107
42N
4207
4209
4211
4288
4308
4316
4702A
191
51013
5101L
£101L-3
5207

5201-2

5202
6202-2
5204
5801
8008
8008-1
2080

2048-bit {512w = Bb) Schoattky Bipolar PROM
2048-bit (512w x 8bi Schottky Bipolar PROM
4096-bit {532w x 8b) Schottky Bipolar PROM
4096-bit {512w x 8b) Schottky Bipolar PROM
4096-bit (512w % 8b} Schottky Bipolar PROM
2048-bit 1512w x 4b} Schottky Bipolar PROM
2048-bit |512w x 4b) Schattky Bipolar PROM
2048-bit {512w x 4h) Schattky Bipolar PROM
4096-bit {91 2w x 4b) Schottky Bipolar PROM
4096-bit {512w x 4b) Schattky Bipolar PROM
2048-bit (296w x 8b) HOM and
4-bit 1/0 Port
320-bit RAM and 4-tit 1/G Port
10-bit Serial-infParallel-out,
Serial-out Shift Register
4-hit Leniral Processor Unit
Address Latch for MCS™"4/40
1/0 Device for MCS™4/40
d-hit Central Pracessar Unit
1024-bit {256w x 4b) Static RAM
Clock Generator for MCS  4/40
General Purpose Input/Qurput
General Purpase Input{Qutput
General Puepose InputfQutput
Standard Memary and /D Interface
8192-bit {1024w x 85) ROM
15,384-hit (2048w x Bb) ROM
2048-bit {256w x 8b) PROM
1024-bit { 256w x 4b) CMOS Low Power BAM
1024-bit {256w x 4b] CMOS Low Power RAM
1024-bit {256w x 4b) CMOS Low Power RAM
1024-bit { 266w x 4b) CMOS Low Power RAM
LM0S LCOD Hours/Minutes/Seconds
Decoder-Driver
CMOS LCD Hours/Minutes/Seconds
Decoder-Driver
CMOS LCD Hours and Minutes Decoder-Oriver
CMOS LCD Hours and Minutes Decader-Driver
£MOS LCO Time/Seconds/Date Decoder-Griver
EMOS 32.768 kHz Oscillator-Divider
8-bit Central Processor Unit
8-pit Central Pracessor Unit
8-bit Centrai Procassar Unit

PAGE

3-32
3-32
334
334
324
332
332
332
338
338
6-13

§-18
817

B:5
§19
6-19
69
B-16
6-20
618
518
B-i8
6-20
6-13
614
§15
2-15

2115,

2115
2118
&3

83

&3
83
87
&n
6-2%
6-25
629

31m 1024-bit (256w x 4b) RAM
8102 1024-bit {1024w x 1h) RAM
31022 1024-bit {1624w x 1b) RAM
gi02A-4 1024-bit {1024w x 1b} RAM
81074 4096-%it (4096w x 1b} RAM
fARN 1024-bit (256w x 4b) RAM
820 Clock Generator $or MCS-8™
8205 High Speed One-af-Eight Binary Decoder
Lrali] TTL to MOS Level Shifter and
High Voitage Clock Qriver

8212 8-bit inpui/Output Port
8214 Priority interrupt Cantrol Unit

- B216 Non-inverting Bi-Directional Bus Driver
8224 8080 Clock Generator
8228 System Cantroller for 8080
8251 Universal Sommunications Interface
8265 Programmable Peripheral Interface
8308 §192-bit 11024w x 8h) ROM
8318 16,3B4-bit (2048w x §b} ROM
8604 4396-bit 1512w x 3h) PROM
87024 2048-bit {256w x 86) PROM
870244 2048-hit (256w x 8h) PRGM
fNTEL MEMORY SYSTEMS
in-10 AK % 18 {or 8K x 9) RAM Memory Board
in12 4K x 18 {or 8K x 9) RAM Memory Board
in-14 AK x 18 (ot 8K x 9} RAM Memory Board
in-26 4K x 9 RAM Memory Board

Cin-30 4K % 9 AAM Memory Board.
in40 © 4K x 9 RAM Memozy Board
in-41E 4K % 9 RAM Memory Board
in-50 1K x 0 RAM Memory Board
in-60 20K x 10 Seriat Memory Board
in-62 88K x 1 Serial Memory Board
in-CAB Memary Cabinets
in-CHS Card Chassis
in-PS Power Supplies
in-Series Arcessories

PAGE

6-35
6-36
6-36
6-36
6-37
6-35
6-41
640
640

638
642
6-38
6-41
6-42
632
6-39
6-32
6-33
634
5-34
§-32

16
76
76
78
710
712
7-14
116
7-18
1-20
1-22
723
1-24
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OQptical inspection of sorted dice

.|

T

per MIL-STD-883 Methad 2010.1B to
insure that all devices are freg
from internal defects which could
lead te failure in normal applications.
[Manitarad by OA)

Die Attach
[Monitored by QA]

Lead Bonding (Monitored by QA par
MIL-5TD-883 Method 2011 Test Condition D.)

Precap Visual -
Inspection per " i £
MIL-3TD-E63 Meathod .
2010.,1B to insure that after
assembly all devices are free {rom
defects which could tead to Failure in
normal applicalions. (Each lot must
pase a QA acceptance)

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

Stabilization Bake [Method 10081

Burn-in [Method 1015, conditions A, B, ar 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 lests are performed periodically to
provide generic data, Reprints of the reports on these tests are avail-
able from:

Priduct Marketing

Intel Corparation

3085 Bowers Avenue

Santa Clara, California 95061

Hermeligity Testing to
eliminale devices which

show insufficient
hermeticity. (Monitored
by Q&)

Fine leak C DIPs CERDIPs, and
Metal cans (MIL-5TD-B883
Method 10144)7 Gross Leak
£ DIPs and Cerdips anly (Method

1014C; vacuum omitted and 2 hour pressurization).

Metal Can .
Pneupactor for constant acceleration and
meachanical shock (15,000 for 0.5 msec)
to tnsure that all devices are adequately
die attached, bonded and free fram
package defects. (Not 1005 screened,
Maonitoraed by QA) ‘ oo

Temperature Cycling per MIL-STO-883
Method 1010 Test Condition € {10 Cycles:
W —659C to +150°C) to insure thal all devices
are tree from metalization, bonding or
packaging defects. (Monitored by QA)



COMPUTER GRADE PRODUCTS*

Electrical Tesling at 25°C to
test condltieons and limits which guarantee
AC, DC and functional perforonance over
iull specified temperature
range,

GENERAL
INFORMATIQN

*Fing leak limijts: Al
devices: 52 10-7 cofsec.
Quartz lid devices

are not tested.
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Ceramic DIP and Cerdip
Centrifuge Tor constant acceleration
per MIL-5TD-883 Method 2001 Test
g Condition E (30,0003 Y1 plang)
to ingure that all devices are
adequately die attached, bonded
and free from package defects.  p
o (Mot 100% screened;

Continuity at
‘ high temperature
{o insure that no

terminals will open or short at

high temperatures. (Monitored by i) - '
Plastic “

' Dreflash, Irim and farm 1gads.
Back fill. (Monitared by QA)

Final GA Acceptance per
MIL-STD-883 Method 2008 External
Visual (LTPD 7. Max. Ace, 3], and Electrical AC,
DC, Functional Tests at 26°C with correlated
limits tc guarantee performance over -
tull specified temperature range
(LTPP 7. Max. Acc. 2)
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PACKAGING INFORMATION Dimensions in inches and (millimeters}.
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PACKAGING INFORMATION Dimensions in inches and {millimeters).
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PACKAGING INFORMATION

Dimensions in inches and {miltimeters).

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

INDEXES AND
GENERAL
INFDRMATION
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PACKAG'NG |NFOHMAT|0N Dimensions in inches and {millimeters),

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

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

= B E The following list indicates the basic package type{s) available for each Intel product. To order, place the appropriate package
U"'; g E designation letter before the Inte! product number. {For example, when ordering Inte!‘s standard 1103 in a plastic dual in-line
LHE package, it should be ordered as P 1103.)
W=
g = “g' 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
Intet Product Type Available Leads _ Intel Product Type Available Leads
11014, 1101A-1 P C 16 3101, 31014 P COD 16
1103, 11081, 1103A, 11084, o 18 3104 c 24
1103A-2 2106, 3106A, 3106-8, 3107, P CD 16
1302 P C 24 31074, 3107-8
1402A c 18 3205 c D 16
1403A M 8 3207A, 3207A-1 D 16
1404A M 8 3208A P D 18
14054 M 10 3210 D 18
1406, 1407, 1508, 1507 M 8 3211 D 18
16024, 16024-6 c 24 3235 D 16
17024, 1702A-6 c 24 3301A PCOD 16
2101, 2101-1, 21012 PCOD 22 M33014A cC D 16
2102, 21021, 21022, 2102-8 P C 16 3302, 33024, 3302-6 PCD 16
21024, 2102AL, 2102A-2, 33044, 3304A-4, 3304A.6 cD 24
2102AL-2, 2102A-4, P CD 16 3322, 33224, 33226 P CD 16
2102AL-4 33244, 3324A-4 c D 24
M2102A-4, M2 102A-6 c 16 2404 P C D 16
2105, 2105-1, 2105.2 P C 18 3408A p D 18
2107A, 2107A-1, 2107A-4, .
2107A.5, 2107A-8 pCD 2 563%161360” g :g
21078, 2107B-4, 210786 PCD 22 3602, 3602-4, 35026 o %
2111, 211141, 21112 PC D 18 3501, 36040 3604.6 b 4
2112, 21122 Pe b 181 3622 36224,36226 D16
2308 Poc 2% | 302436244 D 2
23184 € 2 5101,51013,5101L,5101L3 P € D 22
2401, 2405 P C 16
conte c o 5201, 5201-2 F 30
5202, 5202-2 F 30
P2416 p 18
5204 F 30
2704 c 24 5801 E 10
2708 c 24

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

The following literature guide provides further information on many products described in this data catatog.
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 95061, Hf you wish to receive literature on a continuing basis,
please fill our the card at the front of this boolk.

APPLICATION NOTES AND ARTICLE REPRINTS
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=

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

APS Designing High Speed, Low Cost Memory Systems with the Inte!® 2105
APG 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 Prasent 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™ Systerns Manuat
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GENERAL
INFORMATION

INTEL DISTRIBUTORS

U.5. DISTRIBUTORS
WEST

ARIZONA

Cramati Arizona

2543 Eaet Lniversity Dl
Phaenix 85034

Tal: {802} 2631312
Hamillon/ Avnat Eleclianics.
2613 Sauth 2tsh Sirest

MID-AMERICA

ILLINGHS

GCramar/ Chicage
1811 So. Busse RAd.
Mt. Prospect 80056
Tel: (312) 533-8230

. Hamilton/Avnet Elecironics

3501 Mo, 25th Ave.

Phoenlx BE034 Sehitler Park 60176
Tel: (02} 275-Ta51 Tel: {312) BFR-E310
CALIFORNI& K&NS&E

nond Avnat Hon/ Avnel

575 E. Middlefizld Road
Mountaln Yiew 94040
Tel: (415) 961-7000
Hamllton/ Aunet Elestronles
8917 Complox Drive
San Dlegn 92123

Tel: (714) 279-2421
Hamillon Eleclro Salos
10412 W. Washington Boulevard
Culver Cliy 90230

Tal: {212) 558-2121
Cramer/San Franclsea
720 Patomar Avenug
Sunnyvala 34038

Tel: {408} 728-3011
Cramer/Los Angolas
17201 Draimier Shiegt
Irvlne 92705

Tal: {714) 979-3000
Cramer/Son Diego
8475 Complex Orive
San Diege 32123

Tel: (714} 565-1881

COLOAADG
Gramar/Denver
5465 E. Evans Pl. at Hudsan

Denver 80222
Tal: (303) 7582100

37 Lanexa industrial Center
2900 F'flumm Road
Lenexa 66215

Tel: (913} BE8-8500

MICHIGAN

Sharidan Sales Co.
24543 tndoplex Driva
Farminglon Hilla 48024
Tel: {313) 477-2800
Grarnar s Delrgil

13193 Wayna Roed
Livotla 45150

Tel: {313} 425-700
TWK: B10-242-2085
Hamilltgn/Avnal Elecirenics
42878 Farmingten Road
Livnla 48150

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

MINNESOTA

Industrial Componenis, Ine.
5200 West 74th Straet
Mirneapalis 55435

Tal: (612) 831-2665
Gramer/Bonn

7275 Bysh Lake Roed
Edlna 55435

Tel: (612} B35-7E11

Hamillan/Avnet Electronl
55821 Mo, Broadway
Danver 0216

Tel: (203} 534-1212

NEW MEXICD
k fhunat B

Hamilten/ Avnel Elecifonies
V683 Washlngton Avenue, So.
Etlina 55435

Tel: (512) 941-3801

MISSOURI

2450 Baylor Drlve, 5.E.
Albuguergue 87113
Tal: {505) 7B5-150
Cramar/Naw Mexieo
137 Vermaont, N.E.
Albuquerquo #7108
Te|: (505} 2E5-57ET

QREGON

Almac/ Slroum Elaclronics
4475 5. Schaite Ferry Ad.
Potiand 97225

Tel: (503) 222-3534

UTAH

Cramer/LUtah

331 W. 2500 Sauth

Sah Lake Glty 84115

Tal: (801) 487-4131
Hamllan/ Avnet Elacironics
647 W. B|llnis Aoad

Han Lake Clty 84114

Tal: (801} 262-0451

WASHINGTON

Hamilton/ Avnel Eleclmnics
13407 Marthrup Wa:
Bellevue 93005

Tel: [#06] T46-5750
Almac/Stroum Elactrobies
5811 Sixth Ave, South
Sealtla 58108

Tal: (206} 762-2300
Cramer/Sealils

5602 Shah Ave. South
Seallla 85108

Tel; {206] 762-6755

fAunet
364 Brookes Lana
Hezelwood 63042
Tel: (314} 731-1144
Sherldan Salas Ca.
110 Soulh Highway 140, Suite 10
Florissant 63033
Tel: {314} BI7-5200

QHIO

Hamilton/ Avnet Electronlcs
118 Weslpark Road
Daylan 4545%

Tal: {513) 433-0610

TWH: B10-450-2531
Sharidan Sales Co.

10 Knallerast Drive
Cincinnatl 45222

Tel: (512) 761-5432

TWH: B10-461-2670
Cramer/Cleveland

5835 Harpar Rnad
Cleveland 44139

Tal: (216] 248-B400

T B10-427-0407
Hamilton/ Awnel Elecironlcs
761 Bela Driver

Craveland 44143

Tel: {216) 451-1400
Cramer/Tri States, Inz.
466 Redna Terrace
CincInnati 45215

Tel: (513} 7716441

TV 810-461-2882
Sharidan Sales Co,
23224 Commerce Park Road
Beachwood 44122

Tel: (216) 831-0130
Sherldan Sales Go.
Shilgh Buliding, Suile 250
H45 Nonh Maln Slreet
Dayton 4

Tel: (513? 2?7-8911

TEXAS
Cramer Elecironics

Tel: {214) 350-1363
Hamilon/ Avaet Efeciionkes
4445 Sigma Raad

Dallas 75240

Tal: (214} 6561-8661
Hamihond Avnel Eleciranics
1216 W. Clay

Hauston 77019

Tel: (713} 526-4661
Component Specialties, Inc.
10807 snady Trail, Suite 101
Dallez 752

Tel: :zm} 35? 4575
Component Specialtles, Ine.
7313 Ashoroft Streel
Houston 77036

Tel: {713} F71-7237

WISCONSIN
Cramar/Wisconeln
420.Weast Rawsgn Avenua
ak Crask 53154

Tel: (414) T64-1700

NORTHEASY

CONNECTICUT

Cramer/ Cannetticut

35 Dodge Avenus

North Haven 06475

Tel: (203 2395641
Hamiltan/ Avnel Electromics
543 Danbury Road
Gasrgatown (6829

Tel: (209} 762.0361

MARYLAND
Cramer! EW Ballimore
7255 Standard Orive
Henover 21076

Tel: (301 ) 79E-5790
Cramer! EW Washingtan
8021 Indusirial Drive
Galthersburg 20780

Tel: (301) H48-0110
Harnlltpn/ Ayned Elegtrgnlcs
7255 Gtandard Drive
Hangver 21076

Tek: {301) TH6-5000

MASSACHUSETTS
Cramer Electronfcs Ing,
85 Wells Avenue
Newtan 02138

Tal: (617} DEI-7700

SOUTHEAST

ALABAMA

Gramer/EW Huntsviile, Inc.
2310 Bob Wallace Avenue, 5.
Huntsvilla 35805

Tel: {203) 548-5722

Hamiltons Avnet Efegironics

505 Oster Drive NW

Huntsvillg 35505

Tel: [203) 533-1770

FLORIDA

Cramer/EW, Haollywaad
4033 No. 25th Avenue
Hollywaad 33020

Tal; [305) 922-B181
Hamon/ Avnat Elaclmnics
4020 Mo, 281h Ao,
Hollywaod 33021

Tel: {305} 625-5401
Cramer/EYY. Qrlando
245 No. Graham Ave.
Qolando 32814

Tel: {305} B94-1511

GEQRGIA

Cramar/ EW Atlan

3823 Qakelil Incluslrla] Cenler
Allanta 30340

Tel: {404} 443—9050

Hamlitand Avpet Elect

il b Avnal
185 {ambridge Sireat
BurlIngten 01803
Ten: (817) 273-2120

NEW JERSEY
Gramer/Pennsylyania, Inc
12 Epringdate Road

Charry HI Indusirkal Csnler
Cherry Hill 38003

Tel: {602) 424-5953

TW: 710-896-D308
Hamilton/ Avirat Electronles
218 Lirlle Fallz Road

Cedar Grove 17009

Tel: (201) 236-0200

TWX: 710-204-5787
Cramer/Hew Jarsey

No. 1 Barrelt Avenua
Moonachie A7074

Tal- {201) 935-5&0H
Hamilton/ Avnet Electronica
113 Galther Drlve

East Gate Industrial Park
Mt Laure| 0BOST

Tel: {608) 234-1133

TWX: 710-897-1405

HEW YORK

Cramai/ Binghamlon
3220 Watson Boulevard
Endwall 13780

Tel. (60T} 7546561
Gramer/Rachesier

4004 Winton Road Sauth
Rochestar 14623

Tel: (716} 275-0300
Hamllons Avnat Electronica
167 Llay Road

Rochester 14623

Tet: (7164 942-7820
Cramary Syracuse

§716 Joy Road

Easl Syracuse 13057
Tal: {315) 437-6671
HantlItend Avnat Electronics
A500 Joy Road

E. Syracuse 13057

Tol: {315) 4372642
Cramer/Long Island

29 Dsar Avenua
Hauppauge, L1 11787
Tel: (516} §31-5600

Twi: 510-227-20563
Hamiitgn/ Avnet Electronics
70 Slata Streel
Westbury, L1 115580
Tel: (516} 3335300

TWH: S10-222-8237

FENNSYLVANIA
Sheridan Sales Co.

717 Pann Avanue, Suite 3005

Pittsburgh 15221
Tel: (412) 244-1640
Cramer Elactronics
G168 Beally Driva
Monroeville 15146
Tal 412 2427410

B700 | 85, a:cess Roau Sulm 26
Horcross 30071
Tel: (404} 448-0800

NHOATH CAROLINA
Gramer Electronles
838 Burka Sireat
Winston-Salem 277102
Tel: (319) F25-8711

CANADA

BRITISH COLUMEIA
L. A Warah Lid.

2077 Alberia Sireet
Vaneouver 10

Tal: (604} 872-3211

QNTARID

Cramets Ganada

520 Afness Avenue, Unlt No. @
Downsview

Toranto 392

Tel {416} 661-9222
TW:610-402-6210
Hamlfton/avnet Elecirones
E291-16 Dorman Rgad
Wissiasauga Lav 1H2

Tol {316) 6T7-7432

TWK: §10-492-8887
Hamillon/ Avnet Elactronies
1735 Courtwood Cresc,
Critawa K20 2B

Tel: {513) 2061700

TWE: BID-562-190%

QUEBEC

Hemiltgn/Aynat Elacirenics
2670 Paujus

31 Laurant H45 1G2

Tal: {514} 231-E443

TWX: 610-421-3T1
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RANDOM ACCESS MEMORIES

Electrical Charsctaristics Qver Temperature
" Power .
Type Ne. of Dascription Qrgnigation | Acoess Time | Cycle Time | Dissipation Max.(1] | Supplies [V] | Page No.
Bits Man. Max, DparatingStandby
11014 266 | Static Fully Oecoded 256 x 1 1500ns 1500 EISSmWKGH{Ian +5, -9 2.3
11081 256 | Hi-Speed Static Fully Decoded 256 x ) 1000n: 1000ns BB mW/ 340 miy +5, -9 -3
1103 1024 | Dynamic Fully Decodad 1041 30{ns 5800 A00mWE T W +16,+19 -7
11031 1624 | Dynamic Fully Decoded 1024 11 150ns 34ilins A0 MW 76 mw +19,+22 212
11034 1024 | Dynamic Fully Decoded 02421 205ns - EBQn: A0 m¥E4 Ml +16, +18 215
110341 1024 | Dynamic Fully Decoded 1024 x1 144nz Ja0m B2 %m0 mly +18, +22 120
110342 1024 | Dynamic Fully Decoded 1024 x 1 T5ng 4000z B7 0 10 mwW +14, +32 2-25
21 1024 | Static, Sepacate |10 256 x 4 1000 ns 10000s 350mwW +5 229
109 1024 | Stetic, Separete 1/0 256 x 4 G0 ng Qs 350myY +5 2.3
202 1024 | Static, Separate {/Q 256 xd E50n: B40ns IS0mW +5 229
252 1024 | Static Fully Decoded 0241 100005 1000ns 250 mby +5 2.33
o1 1024 | Hi-Spead Siatie Fully Decoded W21 500 s 500ns 350 kY +5 -3
2022 1024 | Siatic Fully Decoded 1024 x % B50ns G50z 350 mW +5 2.3
210128 1024 | Static Fully Decoded MHEx1 15{0as 15000z 350mly +5 2.4]
2102a 1024 | Very High Speed Satic 1024 %1 35003 365005 350mWN 42 MW +5 243
202A2 1024 | Very High Speed Saric 24«1 256 n; 250ng 350 mW/42 iy +5 247
nozaa 24 | Very High Speed Stalic 0241 450ing 460ns 250 4 2o 15 249
@ M21024-4 | 1024 | Biatic, Ta = 55°C to +126°C 24 x1 45005 450ns 350mi +6 251
E MDZA-B 1024 | Static, Ta = 550 to +325°0 JLFL IR B50n: 65003 350mW +5 263
'&‘ Falil 1024 | Hi-fpeed Dynamic Fully JUFLES ] 50z Hlins AG0mW/S 7 mitt +12,=5.2 255
=] Eracaded
£ 21051 1029 | Very High Speed Oynamic WM st EDns 180ns FHTIMWS T mIA +12,-5.2 2.55
2 Fully Detoded
w 2052 1029 | High Speed Dynamic with MM xt B5ns 190ns BADmWI T il +12, =52 261
Invisible Refresh ]
2107A 4096 | Gynamic Fully Decoded 4096 % 7 I00ne J00ns A58 miw/ 10 miy +12, 45, -6 267
210741 4096 | Dynamic Fully Decoded 4096 « 1 280ns 550ns 16 i 16 +12 +5 =5 ]
Hara4 4096 | Dynamic Fully Decoded 4096 x 1 360ns Bans 405 mi 10mW +12, +§ -5 275
211745 + 4086 | Dymamic Fully Dacodad 4096 x § 420ns 970ns 376 mb 1T mW +12, +5 -5 217
0748 196 { Oynamic Fully Decaded 4096 x 1 A20ns ; 9%ns 376 mwS 1 I mw +12, +5, -5 279
978 4096 | Dynamic Fully Decored A096 x 1 200ns I A00ns 960 mW,16myy +12, +6, -5 281
210784 4086 | Dynamic Fully Deeedod 4096 « 1 270ns ] 470ns 960 mly, 1 Emy +12, 45, -5 189
210786 4095 | Dynamic Fully Decoded 2096 x 1 350 #0002 B30 ml¥/25mW +12, 5, -5 29
FARE Y024 | Satic, Commen /0 with 256 % 4 1000ns 16020z 350 mW : +5 293
] Dutpur Daselecy ]
; 113 1024 | Stawrc, Common |10 with 266 x 4 S00ns 50003 350mw +5 03
Output Deselect I
g 10H § Seatic, Comman [/ with 264 E&Ons G600 350mw +5 283
— Output Daselact
2 1024 | Satic, Commaon | /0 withoul B d 10000 100003 350 mi +5 287
Output Deselect
2.2 1024 | Seatic, Comgn |/Q withou! 266 % 4 E&Ons B50ns 350 mW +5 2.97
Ouiput Deselect
Im [:£3 Fuily Oecoded Tixd Elns filns BZ6mW +§ 10
J0A B4 High Speed Fully Decoded 16 x4 3505 kLT 525miy +5 10
M:ill]] 64 Fully Decoded {=55°C ta 16x 3 75ns Toag S4GmW +5 2105
Rarin
Hi1G14 54 High Speed Fully Decodeg 16 % 4 LLTH LT EAG MW ! +h 2105
{=55°C 10 +125°C) | .
g 304 16 Cantent A Memory 4x4 Hns A g G25my [ +5 2307
2 | o6 256 | High Speed Fully Decoded 756 %1 80ns 80ns EG0mW 5 -1
- {With 3-Siate Dutputh ) )
; o6a 256 High Speed Fully Decoded 756 % 1 G0ns 0 BAllmiy +h5 1
E {With 3State Outpull
= | e 266 High Speed Fully Decodad 266 x 1 80ng Hhnz GEOmYY +5 1
hd With 3-State Outputl .
—_——
3107 255 High Spead Fully Dacoded PR 8lns #ns G50 mly +5 -
{With Open Catlector Dutpui
SM07A Fi High Speed Fully Decoded Fi RN Blng iDng 50 mly +5 211
{With Dpen Cobfactor Dutput}
31078 266 High &peed Fully Decoded 586 x1 G0ns Thns G50 by +5 Ik
{With Open Coltector Dutput)

@ 1024 | Static CMOS RAM 256 x4 BAling fi50ns 142 mil 75 +5 2115
é E 5101-3 1024 | Seatic CMOE RAM 266 x4 G50ns G50ns 142 w1 miY +5 2115
S S0t 1024 | Static CMOS RAM 296 x 4 B50n: G5lng 142 mW/ 30wl +5 2115
P& 51003 | 1024 | Swaric CMOS RaM 568 B5Ons Bolne | 142mW/ad0.W 15 7115

HNete 1: . Pavwer Dy wilh power supply current and naminal wwpply voltages. .




intel“’ Silicon Gate MOS HHO1A, 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 Protected -- All Inputs Have
= Directly DTL and TTL Compatible Protection Against Static Charge
* Three-state Output-- . Cera!mic and Plallstic Package -
OR-tie Capability 16 Pin Dual In-Line Configuration

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

The Inte®1101A is a 266 word by 1 bit random access memory element using normally off P-channel MOS
devices integrated on a monolithic array. 1t uses fully dc stable (static) circuitry and therefare requires no
clocks to operate.

The 110t A 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 lagic circuits {TTL, DTL, etc.} The data output buffers are capable
of driving TTL loads directly. A separate chip select {CS) tead 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 11014
and has a guaranteed maximum access time of 1.0 psec.

The Intet 1101A is fabricated with silicon gate technology. This low threshold technology allows the design
and producticn 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
! —
a, & RW CS . Fd
1% o b i =
A, Rt w—tds | |uEl 2 756 aIT
o | Inol 1o
Ay ] DATA QuT g a2 oS w Ram
b 2 Ea = PLANE
= DATA OUT — ]t out o nte |2 * -
e I x>
1 £
L — OATA N —] 4 L J L L T
—] 4y Doyr — -
L= g N 13 DATA SENSE ¥ ADDRESS
4 out CIRCLIT DECODE
a, £ A, —] 4 - =
ju T} o
—q g g =
Vou q Ay —a, 3§ &E 5 ¥ INPUT BUFFERS
10 DATA RS
auT “ o a Ag (A, Aq
g & 1 k| Fe
PIN NAMES
By DATA INFUT 3 CHIF GELECT Vo' Vg
Ag— A; ADDRESS INPUTS Ugyr  DATA GUTPUT vt
RN READMRITE INFUT
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SILICON GATE MOS 1101A, 1101At1

Absolute Maximum Ratings"

Temperature Under Bias Q°C 1o 70°C
Storage Temperature . —B6°C to +160°C

. All Input or Qutput Voltages with Respect to the Mast
Positive Supply Voltage, V¢ +0.6V to 20V
Supply Voltages Vi, and Y with Respect 10 V¢ —20v
Power Dissipation ' _ 1WATT

D.C. and Operating Characteristics
4= 0°C 1o 70°C, Ve = 6V £ 5%, Vpg = —9V + 5%, V= —9V + 5%, unless otherwise specified

SYMBOL TEST ' mi. v max. | umiT CONDITIONS

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

{ALL INPUT PINS) :
ILo QUTPUT LEAKAGE CURRENT <1.0 500 nA Vour = 0.0V, T8 = Vg 2
lon POWER SUPPLY CURRENT, Vpq 13 19 mA Ty = 25°C
IDD? POWER SUPPLY CURRENT, Yoo 25 mA Ta= »C Continuous
oy POWER SUPPLY CURRENT, Vg, 12 18 mA | T,= 259C, f:)pf’a‘:;'g A
Ins POWER SUPPLY CURRENT, V 24 mA T, = 0°C,
v, INPUT “LOW” VOLTAGE -10 V45 | Vv '
Vig® | INPUT “HIGH" VOLTAGE Voo—2 VoctD.2 v
lov OUTPUT SINK CURRENT 3.0 8 mA Vout = +0.45 V, T, = +25°C
loLs OUTPUT SINK CURRENT 2.0 mA Vour = +0.45 ¥, T, = +70°C
(. OUTPUT CLAMP.CURRENT 8 13 mA Vaur =—1.0V
low OUTPUT SOURCE CURRENT -30 -8 mh Vet = 0.0V, T, = +259C
tous OUTPUT SOURCE CURRENT -2.0 -7 ma Vour = 0.0V, T, = +70°C
Vo, QUTPUT "LOW" VOLTAGE 1045 | v oL =2.0mA
Vou OUTPUT “HIGH" VOLTAGE +3.5 +49 v loy = —7100uA
€' [ INPUT CAPACITANCE 7 10 pF Vin = Vee

{ALL INPUT PINS } .
Cour™®| OUTPUT CAPACITANCE 7 10 oF Vour = Vee fr= 1=J\2'“51;?:

A

Cyt® | v, POWER SUPPLY 20 35 oF Vg = Vee

CAPACITANGE

Nate 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 maximunm rating conditions for extended periods may affect device reliability.
Note 2: Typicsl values are at nominat voltages and T4 = 25°C,
Mote 3: A TTL driving the 11014, 1161A1T must have its cutput high 2 V.o—2 even if it is loaded by other bipolar gates.
“Note 4: This parameter i3 periodically sampled and is not 1005 tested
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SILICON GATE MOS 1101A, 1101A1

A.C. Characteristics 7, = 0°C 10 70°C, Ve = 5V + 5%, Vp= —9V + 5%, Vpo= —9V + 5%

HEAD CYCLE
SYMBOL TEST - MM, TYP, MAX. LNIT
110748 1.5 psec
i . Read Cycle
RC Y 1101A1 1.0 psec
. Address to Chip 1A - 1,240 usec
AC Select Delay 110141 0.7i4 psec
t Access Time 110A (.B5 1.5 Hsec
A 110141 0.65 1.0 psec
ton Previous Read Data Valid 0.05 psec
WRITE CYCLE .
LIS Write Cycle 0.8 psec
Address to Write Pulse Delay 0.3 sec
Yo H
twe Write Pulse Width 0.4 pse
L Data Set up Time ’ 0.3 Hsec
oy Data Hald Time ) 0.1 psec
CHIP SELECT AND DESELECT
rw Chip Select Pulse Width o4 psec
teg AcFess Time Through 0.2 0.2 psec
Chip Select Input
ten Chip Deszlect Time o1 0.2 psec

CONDITIONS OF TEST: - :
Input pulse amplitudes: 0 to 5V, Input pulse rise and fall time: 10 nsec. Speed measurements referenced to 1.6V levels {unless
wtherwise noted). Qutput load is 1 TTL gate and €, = 20 pF; measurerents made at output of TTL gate {tpp = 10 nsec}

READ CYCLE CHIP SELECT AND DESELECT

} ‘RC |
1 F
ADDRESSES . ADDRESSES X
§ o f
; .
\
T
i
[

] +"_ti\c

b 2| e 2100 0 | 1 tcg— —'CD
R DUTFUTS .

L} [} )

1 " T
QUTPUTS o T

0 = ————

WRITE CYCLE \ POWER SWITCHING OF Vg :
g — —. WY e
1 1
4 )
ADDRESSES ADORESSES
a :>h N :
-, )
= . _.._\k—-g 50 ns ¥p AND &5 LEAD

=100 N5 —a- -—

1
R e X QUTRPUTS

D ——— lwp —|

’ 1 —| 1p

DATA IN * P )

a A Vo = —0V + 6%

oo x
oH

—|

Nota 1: Maximum value for s tneasured at minimum read cycle.

2-5



RAMs

SILICON GATE MOS 1101A, 1101A1

Typical D. C. Characteristics

OUTPUT SINK CURARENT VS TEMPERATURE

POWER DISSIPATION VS VOLTAGE

POWER DISSIPATION VS TEMPERATURE

12 r . 00 T 500
Voo = 50V Ve = 5.0V
10 Vp = Vpg = -390V Ty = 6°C o Voo =50V
] .""-L\ Vguy = A5V POWER CHESIPATED [Ipnp = TIvpgl+ Voot [ v = Vgp = —BOV
-, BY MEMORY CELLS A |
Fooa [ 204 i S - 300 POWER DISSIPATED Hgp « WVppl * Vel
= e 3 " ~ BY MEMORY CELLS
o g H - E ———
S & = - £ 200 prme
" £ POWER DISSIPATED 1 x fivgl + VeeH [ 2 : "‘---._\‘\.______“
E 8Y PERIFHERAL CIRCWNTRY [ ——
P 100 160 -~
2 / -
g R
= POWER DISSIPATED (I & IVl + Yopl)
& 2 700 | oy PERIPHERAL CIRCUITRY
1 woR TCASET‘I‘I.I.CMD/ T ] ‘ | l
° 1 i oy o
0 2 a0 [ a0 e 07" -0 -9.0 -10.0 0 ] [ 50 W o
AMBIENT TEMFERATURE () VOLTAGE (v, V! AMBIENT TEMPERATURE {°C)
. )
Typical A. C. Characteristics
OUTPUT CURRENT VS DUTPUT VOLTAGE yp -
T = 50V 16 {Tou A ACCESS TIME VS,
Vo Voo v 00V 14 LDAD CAPACITANCE
12 T, = 25°C
T p— 16
. A Vg = 5.0V
= Vo = —20V
T w0 K "/p‘;fféﬁztomc 14 o " Yoo ]
4 {WORST CASE} Ta % T0C . SN "2913‘..«-"
2 R -3 T 3T, — e
T OUTPUT VOLTAGE V) ] // 13
45 { : .A”" e 9O gl
L1012 3 afs 6 7 w 10 e
l z A A
0 —
» & 4 — A
’ - oC g 6 ] o= 268C  — o 07 pFe— |
: A T
| 4
- Ly imAl B:[‘-‘
o 100 200 300 400
LOAD CAPACITANCE [pF)
ACCESS TIME VS, MO1AA101A10 ACCESS TlME.VS.
TEMPERATURE OPERATING REGION SUPPLY VOLTAGE
14 : : 13 14 T r : .
Vg = 6OV | Vo = 50V 1 TTL LDAD
Ta, = L ta 70°C . .
12l Yo = Vop 8oV " - 2 nowaffy  Ta BT C - 200F
. : X
;T:LZ;(::D 7 n:\\\ Vpg = =10V
L - = a5 N [
- - ] L TYPICAL & | H NN Vg = -9V
¥ e PRt - 2 1 DRERATING . w10 ”°““1 SO L N e oy
k= g s REG) 4 2 \QQ\ h_<°°
=3 [T}
£ 8 —-“‘"/ nosl et & - /'_] E 3 \:\ e ER
2 o e £ : NST
8 ISy " Sevecipeo-T L L/ o »& i
A 23 - OPEAATING = § 5 Yoo = —10¥ -
E , REGION A v =—w—/ <=3
1z < - oo 1
a4 Vg = —8V
0.4 L ‘
; O‘L{(}
- - R | L
° o P 2 10 M 12 13 14 15 1@ 1 o 5 : -8
Veg — Ygg (VOLTS) ¥ 1VOLTS)

AMBIENT TEMPERATURE PC)
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inter’ Silicon Gate MOS 1103

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

s Low Power Dissipation — Dissipates a Simple Memory Expansion —
Power Primarily on Selected Chips Chip Enable Input Lead
s Access Time — 300 nsec s Fully Decoded=—on Chip Address
o Cycle Time — 580 nsec Decode
- agpa [ ] —
“Retresh Parod...2 millssconds " e Proleeied 2 A1 eite Heve
= OR-Tie Capability » Ceramic and Plastic Package --

18 Pin Dual In-Line Configuration.

The Intei®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 hit 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 !ntel 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
functionat density on a monolithic chip than conventicnal MOS technologies.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Ay 1 '8 READAWRITC N
o O MEMORY SATARIX:
a, 1 1 g PAC CE AW Ay O—1 1 0F 32 32 RE {1/ B3
) ' —]ow Ay O— RO | wRITE ——n- 32 AOWS
a3 18 CEH&ELE A3 o—q SFLECTOR AMPLIFIERS 37 COLUMMS
! Ay Ol 11024 BITSI
Bt ™A . . ']
. b ft
PRECHARGE sl 14 DATA QU —]a, 1
: . 1, e 1 DaTa Iy
2, 6 17 4, . Bayr p— HEFHESH AMPLIFIER5 0
3 HEAGWHRITE COLUMN
AT 15 oata 14 GATING | —or
] [ il
ag Y ] DaTA auT
Ay EI 1 gy — Ay Vg Ot iz
b Vg ———
by EL 10 Wag, —qay et
—].. PRECHARGE O—————8 ) S
PIN NAMES CENABLE O——m= COLUMN SELECTOR
REAGAVRITE O—— -
O DATA INPUT PRG  PRECHARGE \NPUT (L J) (L l é
An—Ag ADDRESS INPFUTS CE CHIP ENABLE LOGIE O HIGH wOLTAGE
LOGIC 1+ LOW vOLTAGE Ay Ry Ay Ay Ay
RAW  READAVRITE Dour  DATA OUTPUT
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SILICON GATE MOS 1103

Maximum Guaranteed Ratings*

Temperature Under Bias 0°C 10 70°C *COMMENT:

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

All Input or Qutput Voltages with Rating* may cause permanent damage 1o the device. This is
Respect to the Most Positive a stress rating only and functional operation of the device
Supply Voltage, Vgg —25V to 0.3V at these or at any other condition above those indicated in

Supply Voltages Vo and Vg the operational sections of this specification is not implied,
with Respect to Vg —25V to 0.3V Exposure to absolute maximurn rating conditions for ex-

Power Dissipation 1.0W tended periods rmay affect device reliability.

D.C. and Operating Characteristics .
T, =0°C10+70°C, V'= 1BV £ 5%, (Vg —VF¥= 3V to 4V, V, = OV unless otherwise specified

i
SYMEOL l TEST MIN.  TYP.  MAX. [UNIT | CONDITIONS
I
] lenpuT LOAD CURRENT {ALL INPUT PINS) 1 A Vin = 0V
L |
ILg ) OUTPUT LEAKAGE CURRENT | B 1| eA D Vour =¥
g |'Vsa SUPPLY CURRENT 100 ph
opt? [ SUPPLY CURRENT DURING Toe a7 56 | ma ALL ADDRESSES = OV
I | FRECHARGE = Qv
| | i CEMABLE = VggiT, = 269C
'op2!2)| SUPPLY CURRENT BURING Ty, ket 89 i ma | ALL ADDRESSES = OV
PRECHARGE = QV
| CENABLE = ov; T, = 250¢
Ippz' | SUPPLY CURRENT DURING Toa.y 55 11 mA PRECHARGE = Vg
: CENABLE = 0V, T, = 289¢
'opa!2t| SUPPLY CURRENT DURING Tep 3 4 m4 | PRECHARGE = Vg
CENABLE = Wgg | T = 259C
o4k | AVERAGE SUPPLY CLURRENT 17 T 25 mA | CYCLE TIME = 580 ns; PRECHARGE
WIDTH = 190 ns; T, = 25°C
vie!'” | 1MPUT Low vOLTAGE Vg —17 Vae—14.2] v Ta = 0°C
| tALL ADDRESS & DATA-IN LINES)
T
via' | INPUT LOw vOLTAGE Vgg—17 Vss—145, V Ty, = 70°C
(ALL ADDRESS & DATA-IM LINES) .
T
Vi g B INPUT LOW VOLTAGE {PRECHARGE Vgg—17 Vgg—147| ¥ T4 = 0°C
CENABLE & READMRITE INFUTS) :
ViLd 7B INPUT LOW VOLTAGE {PRECHARGE Vgg=17 Vag—15.0) V Ta = 709
CENABLES READ/MRITE INPUTS) o o
Vit 7! [ INPUT HIGH VOLTAGE Vgg —1 Vestl | Vo Ta = 0°C
{ALL INPUTSH X
Yzt | INPUT HIGH YOLTAGE Vgg—0.7 Yegtl v T = 7OPG
tALL INPUTS) o |
lon1 | OUTPUT HIGH CURRENT 600 900 4000 LA Ty = 26°C
lgge | OUTRUT HIGH CURRENT 500 800 4000 WA Ty = 70°C
e T 14}
gL QUTPUT LOW CURRENT o See Nate 3 Rioap =100%
Voni | OUTPUT HIGH VOLTAGE 60 a0 400 my | Ta = 25°C.
Vonz | QUTPUT HIGH VOLTAGE 50 29 400 my | Te = 709C,
S
VoL QUTPUT LOW VOLTAGE Gee Note 3 |

MNete 30 The Wgg current drain is equal ta ([Igg + Ipg) of {tpp + 1oL )-

Mote 2 Ses Bupply Current ws, Ternperature (. 3} for guaranteed current 8t tho tamparature extremas. These values are taken from a single pulse
megsurement,

Mote 3: The gutput current when reading & low outpur is the leakage corrent of the 1103 plus exterpal noize coupled Into 1he output e from the
clocks. W eauals g across The load resistor,

Note 4t This value of load resistance is used for megsuremant purpeses, |n applications the resistance may range fram 1001 va 1KY,

Mote S Thizs parameter i3 perigdically sampled and is not 100% tested.

Mote 8: {V¥gg — Vesl supply should be applied at or befora Vg,

Mote 7: The maxirmem values for || and the minimum velues for V| are lineerly related to temperature batween 0%C and 709C, Thus any value
in between 00C and 709C can be caloulated by using & straight-line relationship.

Note 31 The maximum velues Jor W) (for precharge, ceneble & read/writel may bE increased t0 Vag—14.2 @ 02C and Veg—14.5 @ 70°C {same
values as thosa speclfied for the sddress & dara-in Hines) with a 40ns degradation {worst casal In t s, tre, YRC, e Yawe. Taccy and tacos.
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SILICON GATE MOS 1103

Supply Current vs Temperature

60
59 ~ 1 f 52 4 LI p—
56 ~ ‘;:53 =\:a.av3v o0 T~ VZZ —vs.: .
55 CERE el b —
\\\ \.\‘h i
- - L
T 3 GUARANTEED 2 i GUARANTEED
= Sk o - R i
5 a0 1 2 a5
38 \\\ a0
TYPICAL
a0 1 I . TYPIGAL
a %5070 o 25 &) 70
Tivg) TI"CH
12 | | | 1T I
\ Veg =16.8V g = 16,8V
N _ 5 Vgg —Vgg = 3V —
" Vg ~Vag = IV Be
N ‘ 4 | I
—_~— — 4 ——
T g Tty GUARANTEED | T 39 GUARANTEED
= A E
TN T
=T ] \ [ o 3
\\ :
5 TYPICAI‘_ 2 TYPICAL
4 i 1
o 2% 50 7O a 2% 50 7D
TG TG
Ipg (mA Ipp vs TIME
Typical Characteristics a2
Vgg = 16.8Y
16 f I T . Vgg —Vgs = 3V
e Ty =50
15 I T ‘ 4 bDz
1.4 Vpg=Veg=aV i// // o, =96
13
Tz P
=T
-2 o ionf"':l
[T o loga=t TIME
og | TaTBT Tec Toy Teov Tee
' ,;T'?:?ODC Tew-Tw
0 - Note 1, ~lng it dus to charging at i | dewi
. Do ging at inrernal device node
14 15 18 17 8 19 2 capacitance at precharga
Weg (VOLTSH Note 2. These values ara taken from a single pulse mdasurament
24 1.2
[ iy ] / T
BE~ ¥58 | d Yeg = 168V
72 |~ 33% DUTY CYCLE — A7
ON PRECHARGE 1.0
E ., .| —
£ 1L 1 Vg = 16,2V
g A A = i3} -
= Vv B | _OPERATING
2 ] REGION
=
z / 0.6
T, =250C
OPERATING &
REGION 0.4 Vag ~Vsg=3V
- i | l < HE to 4y
»F
0 14 15 16 17 18 18 20 o 20 43 60 BO 100 120

Vgq IVOLTSH Ty (g
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SILICON GATE MOS 1103

AC Characteristics 7, = 0°C 10 70°C, Vg = 16 + 6%, {V,y —V 1= 3.0V 16 4.0V, Vp, = 0V
READ, WRITE, AND READ/WRITE CYCLE ' '

SYMSOL TEST MIN. TYP. MAX. UNIT CONDITIONS
Lar TIME BETWEEN REFRESH 2 ms
.1t | ADDRESS TO GENABLE SET UP TIME 115 ns
tee CEMABLE TO ADDRESS HOLD TIME 20 ns
AU | PRECHARGE TO CENABLE DELAY 125 ns
to CENABLE T PRECHARGE DELAY 85 ns
to PRECHARGE & CENABLE OVERLAP, LOW 25 75 ns T = 20ns
Lo PRECHARGE & CENABLE OYEALAP. HIGH 140 ns tp = 20ms
T PRECHARGE & CENABLE OVERLAF, 45 45 ns
50% PCINTS -
READ CYCLE
SYMBOL| TEST MIN. TYP. MAX. UNIT CONDITIONS
! | READ CYCLE 480 ns 3
b PRECHARGE TCQ END OF GENABLE 165 500 ns
[ END OF PREGHARGE TCQ 120 s
QUTPUT DELAY :
1Ir =20ns
twe'| ADDRESS TO OUTPUT ACCESS 300 N | bcoin + loame | Gy g0 = 100 pF
+ brona + 24| Rigno = 1000
Vegs = 40 MY
tec!''| PRECHARGE TO QUTPUT ACCESS 310 15 [trcmn + tovimn
. + bigeas + 21
WRITE OR READ/WRITE CYCLE
SYMBOL TEST MIN, TYP. MAX. UNIT CONDITIONS
tuc1t | WRITE CYCLE ) 580 ns } I = 208
fuwdd 1’ | READ/WRITE CYCLE 58D as :
(. PRECHARGE TO READ/WRITE DELAY o188 500 ns
La: READ/WRITE PULSE WIDTH 50 ns
T READ/WRITE SET UP TIME Bl ns
i DATA SET UP TIME 105 ns
(" DATA HOLD TIME 10 ns
[ END OF PRECHARGE T 120 ns
: OUTPUT DELAY : v
tcw | RELATIONSHIP BETWEEN CENABLE AND o ns Veer = A0 m¥
READ/WRITE

MNete 10 These rimes will degrade by 40 ns (worst cage) if the maximurn values for ¥y {for precharge, cenable and read/write inputs) go o
Wes—14.2V @ 09C and Vgg—14.5V @ 700C as dofined on page 2.

. *CAPACITANCE Ta=25¢C
SYMBOL TEST Typ.| PLASIICPKG. [ CERAMICPKG. |yt CONDITIONS
Cop ADDRESS CAPAGITANCE 5 . 7 12 pF Win = Vs h
Crs PRECHARGE CAPACITANCE 15 18 195 pF Vin = Wsy
Cee CENABLE CAPACITANCE B 18 21 pF Yo = Vs f=1MHz
. All Unused|
Corx READ/WRITE CAPACITANCE 11 15 195 pF Vin o= Wy ~ Pins Are
Cu DATA INFUT CAPACITANCE 4 5 75 pF CENABLE = OV ALA.C.
YV = Ve Ground
Cu: DATA INPUT CAPACITAMCE 2 4 6.5 pF CENABLE == V55
X : Vi =Wy
Cowm DATA DUTPUT CAPACITANCE 2 3 7 pF Yo = 0V )

*This paramaier is penodlcally zampled and ¢ nol 100% tesied, They are measured at worst case operating condiilens.
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SILICON GATE MOS 1103

WRITE CYCLE OR READ/WRITE CYCLE

Timing iHustratad for minimum eyele.

a 50 W0a k50 200 250 o) 350 400 45D 00 214 =1
1 [ 1 ' | ' -

1
wr DR g
|- ADDRESS £an CHANGE w e

Wi
2 ApDR
ADDRESS E ;< ; AQDAESS STABLE cm?gﬂi?usce
Y
—e foa [—
g (WH-——"
Wi tar [ e
PACCHANGE _y \
=
'8 [~ o
Vor -+ top
Ve . e
LENABLE o * W
A j
L oy [
Vin ™
READAYRITE \ \4—_“.“, pum——
' | . e =
| o - 1-— ToH
i T
DATS ! BATA LAl DeTa faN
n | CHANGE )< STABLE DATA TiMe CHANGE
L - t
| Lo _l
Vo ‘ e
ATA Vpee T AOmY N DATA OUT ~
K e NEHT WAL
o Flosg = 1001 . ~
o Cianp " WMRF
T
I tares 1
ADDRESS CAH CHANGE
e tag
Y
ADDAREES ADDAESE STARLE
Yy
| 1y —]
Vil Ta -
PRECHAAGE
I S —
Vi | !
Lec - - dgp =]
Vi B
CENABLE /
ML : o
| Toul [ - Yein
VIH
READMWRITE /
VIL
i oy ——

W, FLoap

—_— | L
DATA W, = A0mW
our i l/ REF = yoget ,—/_}\ \\
!
!
1

nL Y
[ =100 gF —_—
N Lo TRTA QUT|
o AL T wavn
s tactz -

NOTE [3) W, = 2W
HOTE () vy - 2v
NOTE 3 1, |5 REFERENCED TOPINNT {T)0F THE RISING EDGE OF CENABLE R READWRITE WHICHEVER DLOURS FIRET
MOTE 4 1, 1S REFEREMCED TO POINTZ! OF THE RISING EQGE OF CENABLE OR AEADWRITE WHICHEYER CLCURS FIRST

}1, 15 DEFIMED AS THE TRANSITIONS BETWEEN THESE Twd FOINTS



intgl
The Intel®™103-1isa high speed 1024 bit dynarmic randomn 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-

sofute maximum ratings for the 1103-1 are the same as for the 1103 on page 2-8.

Silicon Gate MOS 1103-1

= Access Time — 150 nsec

» Cycle Time —340 nsec

D.C. and Operating Characteristics

(T = 0°Cto +55°C, Vi = 10V = 5% (Vi — Vi)' = 3V t0 4V, V;; = 0V unless otherwise specified)

SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
" INPUT LOAD CURRENT 10 | .4 | ve=ov
(ALL INPUT PINS)
ho OUTPUT LEAKAGE GURRENT 10 | 4A ] Vor=0V
lae Vi SUPPLY CURRENT 100 | L.
o | SUPPLY CURRENT 45 80 | mA| ALL ADDRESSES = ov
DURING Tec PRECHARGE = 0V
CENABLE =V,,
T. = 25°C
I | SUPPLY CURRENT 50 66.5| mA| ALL ADDRESSES = 0V
DURING Tou PRECHARGE =0V
CENABLE =0V
T.= 25°C
lo! | SUPPLY CURRENT 8.5 11 ma | PRECHARGE = Vi,
DURING Troy CENABLE = OV
T, = 255G
twe’ | SUPPLY CURRENT 3.0 4 mA | PRECHARGE = Vi
DURING Tep CENABLE =\,
T.= 25°C
locae | AVERAGE SUPPLY 20 23 | mal| cYCLE TIME = 340 s
CURRENT PRECHARGE WIDTH&E50%
105ns, T. = 25°C
' INPUT LOW VOLTAGE Ve — 20 Vi—18 v
Vi INPUT HIGH VOLTAGE Ve 1 Vet 1 v
low | OUTPUT HIGH CURRENT 1150 1300 7000 | A (T, = 25°C
low | OUTPUT HIGH CURRENT 900 1150 7000 | uA (T, =85C |
I | OUTPUT LOW CURRENT See Note 3 Riows = 1000
Yorr QUTPUT HIGH VOLTAGE 115 130 700 mY¥ |T. = 25°C,
Vo | OUTPUT HIGH VOLTAGE 90 15 700 | mv (T, =355
Vol GUTPUT LOW VOLTAGE See Note 3

Mote 1:
Mote 2

Note 33
Mote 4:

Nare 5
Note 6

measurement.

slacks. Vo eqguals I across the load rasistor.

The Vgg current drain is equal to (ipn + 1t or [ng f o).
See Supply Current vs, Tomparsturs {p, 2-0)10r guaraniesd current ag the semperature exteernes, These values ara 1gken from a single pulse

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

This value ot load resistance is used for measurement purposes. In applications the resistance may range from 1008 1o 1 kIL
This' parameter is poriodically sarmpled and is not 100% testea.
{¥pR — Vgg) suppty should be applied at or betare Vag.



SILICON GATE MOS 1103-1

AC Characteristics (T, = 0°C ta 55°C, Vg = 19.£ 5%, Y, — Vg, = 3.0V 10 4.0V, Vy, = 0V)
READ, WRITE, AND READ/WRITE CYCLE :

SYMBOL TEST MIN. TYP. MAX. uMNIT CONDITIONS
Lt TIME BETWEEN REFRESH 1 ms
L ADDAESS TO CENABLE SET UP TIME 30 ns
ten | CENABLE TQ ADDRESS HOLD TIME 10 ns
L PRECHARGE TO CENABLE DELAY 60 ns
fe: CENABLE TO PRECHARGE DELAY 10 ng
ta. PRECHARGE 8 CENABLE OVERLAY, LOW 5 30 ns o = 20ns
tan PREGHARGE & CENABLE OVERLAP, HIGH 85 ns tp = 20ns
T PRECHARGE & CENABLE OVERLAP 25 50 as
B0 POINTS .
READ CYCLE
SYMBOL © TEST MIN. TYP. MAX. UNIT CONDITIONS
1he!?! | READ GYCLE ) 300 ns t=20ns
Nice PRECHARGE TO END OF CENABLE 15 500 ns
' | END OF PRECHARGE TO 75 ns Ciona=50 pF
OUTPUT DELAY Ruzso = 1000
Viee =80 my
L.ew''!| ADDRESS TO OUTPUT ACCESS 150 ns tagmn 4+ Lovimin + Wi + 2 1
Closp = 50 pF
Rucag = 1004
. Ve = 80 my
Lo’ 1| PRECHARGE TO OUTPUT ACCESS 180 . ns e + bovimn 4 bom + 2 1
Cione = 50 pF
Rioso = 1002
Ve = 80 MV
WRITE OR READ/WRITE CYCLE
SYMBOL . TEST ) MIN, TYP. MAX. UNIT CONDITIONS
tuc WRITE CYCLE 34p ne b = 20 na
1!’ | READJWRITE CYGCLE 340 ns
k.. | PRECHARGE TC READ/WRITE DELAY 115 500 ns
tor READ/WRITE PULSE WIDTH . 20 ns
L. READ/ WRITE SET UP TIME 20 ns
tow | DATA SET UP TIME 40 ns
ton DATA HOLD TIME 0 ng
12! | END OF PRECHARGE TO 75 ns Cicso,= 80 pF
OUTPUT DELAY R.cac = 1000
tow RELATIOMSHIP EETWEEN CENABLE 0 ns Ve: =80 my
. AND READMRITE
NOTE 1! These times will dograde by 35 nsec if a Vpep roint of'd0 my is chosen instead of the 80 mY paint defined In the spec.
*CAPACITANCE 1T.=25°C
SYMBOL TEST Typ.| PrASTICPKG. | CERAMICPKG. | ¢ CONDITIONS
[ ADDRESS CAPAGITANCE 5 7 12 pE | Wu=Wu o
Cor PRECHARGE CAPACITANCE 15 13 195 AF b Vo= Vs
Cu CENABLE CAPAGCITANGE 15 18 21 pF | V= 1= 1MHz
Al Unused
Gue: READ/WRITE CAPACITANCE 11 15 19.5 pF | vn=va L ins Are
Cro DATA INPUT CAPAGITANGE 4 5 75 pF | CENABLE = ov] MAG.
= W Ground
e DATA INPUT CAPACITANGE . 2 4 65 pF EENA\?LE =V
™= L}
Cour DATA OUTEUT CAPACITANCE 2 3 7 pF | Vou =0V y.

*This paramelsr is parindically samgled and is not 190% lested. They are measured al wardl case operating conditions.



SILICON GATE MOS 1103-1

WRITE OR READ/WRITE CYCLE

ll——rrr—— e Tag DRI,
|~ SBORESS CAN CHANGE ne T e

Vim Y
ADDRESS 2 ADORESS STABLE ADORESS
. CAH CHANGE

Vi

R

13
Yim L =1 e
PRECHARGE

LT

for ‘ e R PR

i | i Lo

1 R S
CENABLE \[ —'ouL e
Y

T .

Wi ™
READVWRITE \“‘— e "

i I~

| o IMole b

= 1pH (howe &)

¥in
BATA | DATA CAN DATA CAN
b i CHANGE X STABLE DATA TIME CHANGE
Wi T |

‘e

¥

» —_——r——————

l
DaTA || . c = EpF \ DATA DUT b
T . . Rtg:z Sann T [ MOT VaLID -

ot VreF = BOMY

t

| 3 AT,

l tages . TATA OUT |
I

WAL

fagez

READ CYCLE

ADORESS CAM CHANGE

3(0
2
ADDRESS
ADDRESS @ ADDRESS STARLE CAN CHANGE
i

—l t [ ~-—
[ty —-1 Ch

Vin tac
- PRECHARGE /r

. 7
Vll.

[~ fep

|

¥in . s
CENABLE . \L ' /
VII. 4

fowe t . teow

¥
READ/WRITE /
UIL
————————— lPO —-'r

Yai ———

GATA Ciona = 50 pF ) ~
cuT v oz = 1000 T \
o Ve = B0 mV

fage -

Faccz

NOTE (T} Vg + 2V
MOTE (3} Wy — 2V
WOTE 1 1y, t3 AEFEREMCED TOPOINT(Z) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRSY
MOTE 4 Iy |5 AEFEAENCED TO FDINT@ OF THE RISING EDGE OF CHIF ENARBLE OR REANWRITE WHICHEVER OUCURS FIRST

]- tr 13 DEFINED &5 THE TRANZITIONS BETWEEN THESE TWO POINTS



ntel Silicon Gate MOS 1103A

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

*No 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. Haw_-': Protection Against
= Low Standby Power Dissipa- Static Charge
tion--2 uW/Bit typical * Ceramic and Plastic

Package--18-Pin DIP

The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications
where high performance, low cost, and large hit 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 reguired.

Information stared in the memary is non-destructively read. Refreshing of all 1024 bits is accomplished in 32
read cycles {addressing Ap to Aql and is required every two milliseconds. The memory may be used in a low
power standby mode by having cenable at Vg potential.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
&, 1] U ] 1a e :Is e
—tm
' . Ag O] .
a; 2] ] g, :‘g: AEEPCEHss HRETE READH A ME;:C:;YW:‘ATHIX.
ACW WRITE
2y 3] ] vs cenanie , ) ,Q;o_ mvﬂ#ms SELECTOR |  |AMPLIFIERS ﬁﬁ;’;’;‘;’;‘s
—ay AgO0—
L [ = ay A
[ _ A' nsa * ]
WE s . Tt —]*: Do, )
= e SEE, o
ag 5‘ ] 13 4, —a, READWRITE
COLUMN P
a1l | KL s GATING T
—1% Y O—————
—a 3z
a s[ | R ar Vas . %
—d, o
ol Tl 4 S 0
CENABLE O————= SELECTOR
PIN NAMES READANAITE O
© LOGIC 0 = HIGH YOLTAGE 1
By DATA INPUT NG NO EXTERMNAL CONNECTION LOGIC 1 = LOW YOLTAGE ADAERS LATCH
REQUIRED {INTERNALLY
NOT CONNECTED} G000 D
Ag-Ag  ADDRESS INPUTS CE CHIP ENABLE Ay A Ay Az Ay
B/W  READMRITE Dour  DATA OUTFUT
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SILICON GATE MOS 1103A

Absolute Maximum Ratings®

Temparature Under Bias . . . ..o vttt it it e e e e e e e e e 0°C w0 70°C
Storage Temperature . ........... s e e e ~B5°C to +150°C
Al Input or Output Voltages with Respect to the most Positive Supply-Voltage, Vg .. .. .. .. e e .. =2BY 10 0.3V
Supply Vottages Vpp and Vigg with Respectto Vg - .. - - ..ot i =28V to 0.3V
Power Dissipation ... ... i e e ... 1OW
*COMMENT:

Stresses above those fistad under ""Absofute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
only and functionaf operation of the device at these or any other conditions shove those indicated in the operational sections of
this specification fs not impliad. Exposure to absolute maximum rating conditions for extended periods may affect device refiability.

D. C. and Operating Characteristics
©Ta=0°C 10470°C, Vg [V = 16V 5%, (Vgg —Vgs 112 =3V t0 4V, Vpp = OV unless otherwise specified.

" Symhol Test Min. Typ. Max. Unit Conditions
TR Input Load Current {All Input _ 1 A Vi = 0V
Pins} _
lo Qutput Leakage Current 1 WA Vgt = 0V
lgn Vg Supply Current 100 1A
lob1 Supply Current During Cenable 4 1 mA | Cenable=0QV;T,=25"¢C
On
lopa Supply Current During Cenable o1 4 mA Cenable = Vgg; Ty = 25°C
Off '
Inpav Average Supply Current 17 25 mA Cycle Time = B80ns; Ty = 25°¢
VL Input Low Voltane Vpo—1. Ypo +H1 v
Vin Inpot High Woltage Vgg—1 Vgg +1 \
Lo Cutput High Current 600 1800 4000 HA Tp = 25°¢
loHa Qutput High Current BOD 1500 4000 BA | T4=70"C
loL Qutput Low Current See Note Three . Rypapldl = 1000
Vour Output High Voltage 80 180 400 my | T, =25°C
Vouz Ouiput High Voltage 50 150 400 mv | T, =70°C
VoL Output Low Voltage See Mote Three
NOTES:

1. The Vgg current drain is equal to lIpp + lgyt er ligp + 1oL,

2, (Wgg —Vgg! supply should be applied at or before Vgg.

3. The cutput current when readirig a low output is the legkage current of 1he 1103 plus extarnal noise coupled into tha output ine from the clocks,
VL equals kL across the |oad resistor,

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 10082 o 1 %82,
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SILICON GATE MOS 1103A

Supply Current vs Temperature

" T 1 L.
N Ve =168V Vg = 16.8Y
" > Vigg —Vgg = 3V ] 5 Vam —Vgg = 3V ——]
| | |
- >~ - |l i -
T w0 ?UARANTEED- T 4y ET GUARANTEED
- | o =
2 s \\ | R
.
5 TYFPICAL Q.1 TYPICAL
a E o
9 25 50 70 ] 5 50 70
TG T
Typical Characteristics
OUTPUT HIGH CURRBRENT
V5. SUPPLY VOLTAGE
22 lgp VS. CENABLE
L~
Vg —Vgg = 3V L
| CENABLE
18 )
o
3 Y
= 18
3 at:o o e — — INTERNAL
- ] g _  EO PRECHARGING
l V / T om INTERNAL CURRENT
T4r— B B i o = A TIMING e
: - - DRIVER iy
| Ly - CURRENT 10, ome
12 U 10 r
GPERATING REGION — ° [ t
14 ] I TIME
12 12 i 15 16 [H 18
gy 1V)
AVERAGE I VS. . AVERAGE lgg VS.
SUPPLY VOLTAGE 1103A CYCLE TIME
r 2
CYCLE TIME 1 580m ¢ | L
- 1 . 22 t 1y 21005 - tT
! ) wh— tyy= Bibne
Vpp —Vgg =3V ! Wp —Vgg - IV

: 13 —F—1
16 i / Ta=0'C

Ta= 0%
Am e

AVERAGE by (it
AVERALE lgg tmAk

20 30 40 5060

LYCLE TIME [ysh
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SILICON GATE MOS 1103A

A.C. Characteristics T,=0°C 10 70°C, Vgg = 16V + 5%, (Vgg —Vgs ) = 3.0V to 4.0V, Vpp = OV
' READ, WRITE, AND READ/WRITE CYCLE

Symbol Tost Min, Max, Unit Conditions
tREF Time Between Refresh 2 ms
tac Address to Cenable Set Up o ns
Tirne
tan Address Hold Time 100 : ns
e - Cengble Off Time 230 ng
READ CYCLE
Symbaol Test Min. Max, Linit Canditions
tge Read Cycle 480 ns ty= 20ns
toy Cenable on Time 210 500 ns CrLoap = 100pF
teo Cenable Output Delay 185 ns Ry oap = 10022
tace ADDRESS TO QUTPUT 205 ns taoe “tacmin T VRer =40mMV
ACCESS teo *ip
YWH Fead/Writz Hold Time 30 ' ns
WRITE OR READ/WRITE CYCLE
Symbot Test Min. Max, Unit Conditions
1 Write Cycle 580 '
wey rite 0,«; e ns } ty= 20ns
tawe Read/Write Cycle 580 ng
tow Cenable to Read Mrite Delay | 210 500 ns
twp Read/Write Pulse Width 50 ns
Ty Read/Write Set Up Tirme 20 ng
tow Data Set Up Time 105 ns
oH Data Hold Time R T ns
teo Output Delay 185 P CiLoap = 100pF: R gap = 10082
Vger = 40mV
twie Read/Write to Cenable 0 ns
CAPACITANCE!M T, = 260¢
Typ. Plastic Pkg. Ceramic Phy. . .
Symbol
v Tast Plastic Max. Max. Unit “Conditions
Cap Address Capacitance 5 7 i2 pF Wiy = Vasg
Cee Cenable Capatitance 22 25 28 pF ! Vin= Vg
Crw Read/Write Capacitance " 15 19.5 pF V) = Vgg f=1MHz. Al
Ciny Data tnput Capacitance 4 5 1.5 pF Cenable =0V | unused pins are
Vin = Vss at A.C. ground.
Cinz Data Input Capacitance 2 4 8.5 pF Cenable = Vg
Cout Data Output Capacitance 2 3 7.0 pF Vin = Vss
. VOUT =0V _.

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

WRITE CYCLE OR READ/WRITE CYCLE

Timing Mustrated for minimum cycle.

o &0 100 150 200 250 aon 350 400 450 500 550 (=]
1 1 3 1 1 | | | ] 1 1 ]
- twey OR tang -
el tue L
%
" @ R ADDRESS
ADDRESS T ADDRESS STABLE ACDAERS CAN CHANGE STABLE
Va v
—— =] tac w— - Ty = F teg -
e Ty ==
Vin
CENAELE \ /
— B
AU |-Q— =4
- Tom = e Finp —an| =
Vi ; \
REAWALTE / \ /
V)|, e— |
[ty e | few— g, M
Wi
DATA IN DATA CAN CHANGE X DATA CAN CHANGE
MiL
-t too o
Vom B trtetd b N
] DATACUT
CETEGUT nze sy K | wOTvaLID M
Uy e— Fipap = 1005
t Cipap = 100pF
— f— DATE OUT vaLiD
-+ Lacc -
READ CYCLE
[} 5} L] 150 203 250 ano kL) a0 50 500 S50 BOJ
] | | 1 | | | | | | |
- th -
Vin 5
ADDRESS ol ADGRESS 5TABLE X ADDRESE CAN CHANGE X ;?::LEESS
ViL —
| 1 e | e
- gy | - too i
Yin P,
CEMABLE \ / “,
ViL
T, | - (e gy py—e |
- Tow -
Wiy =
HEADAVRITE Ay
Vi(, temmrte—— S e o —————— ——
e 1
. ey,
[ — “~
DATA GUT ey = 0 \ N
VG| e— FLgap = 1005 >
o Logap = MOpF
i - DATA CUT VALID
- lacc tond
NOTES:

Voo + 2V
Vgg — 2V

3. tpwy is referenced to paint 1

:|— 17 is defined as the trensition between these two points.

of the rising edge af cenabla or Read/Write, whichever aocurs first,

4. tpy is referenced to point 2 of the rising edge of Read/Write.

2-19



intal  Siicon Gate MOS 1103A-1

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

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

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

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

Static Charge
» Address Registers

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

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

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

information stored in the memeory is non-destructively read. Refreshing of all 1024 bits is accornplished in 32
read cycles (addressing Ag 1o A4) and is required every one millisecond. The memory may be used in a low
power standby mode by having cenable at Vg potential.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Ay ¥ ™ B RW . ot AW N
™ O] MEMDRY MATHIX
N e Ml S 2 I e
. AND 32 COLUMNS
8 3 115 cenasLe T103A-1 ::g: RVERTERS SELECTOR [AMPLIFIEAS] e BT
—l-“n
A ¢ 115 A —{= ) $o
— — A
ve. s 1103441 Ju o a; o go=— ) A‘:NEPFL?FEISE';‘RS 0 D
READWRITE
&y 6] 1B oAy e coLumy .
Y . GATIN: Wt
a7 112 o, —]., O S T
2
Ag 8 11 ¥y ‘_:? Vg, Crmrrrer—e
I el
P ] 10 v —] | Voo coLumts
CEMBBLE D= SELECTOR .
P'N NAMES READWRITE ———=
16
LOGIC © = HIGH VOLTAGE
N DATA INPUT NC NO EXTERNAL CONNECTION LOGIC ¥ = LW VLTAGE
REQUIRED {INTERMNALLY AND INVERTERS
NOT CONMECTED) I
Ag-Ag  ADDRESS INPUTS || CE CHIF ENABLE : A5 Ap B2 fa s
Riw READ/MRITE - Dgut DATA OQUTPUT
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SILICON GATE MOS 1103A-1

Absolute Maximum Ratings™

Tamperature Unter Bas . .. v 0 it e e e e e e e e e e e e 0°C o 70°C
Storage TEMEErEIUNE ..o v vt vt e e e i it ee e e e P =657C 1o +150°C
All lnput or Output Voltages with Respect 1o the most Pasitive Supply Voltage, Vg . ... ..o —25% 10 0.3V
Supply Voltages Vpp and Vgg with Respectto Vg ..+ .o v ve oo oo e —256V t0 0.3V
Ponvar DHSSIPATION . . o o o e e e e e e e 1.0W

SCOMMENT .
Stresses above those listed under "Absolute Maximum Harrhgs”may cause permanent damage to the device. This is a soress rating
only and functional operation of the device at these or any other conditions above those indicared in the operational sections of
this specification is natimplied, Exposure ro absofute maximum rating conditions for extended periods may affect device reliatility.

D. C. and Operating Characteristics

Ta=0°Cto+565°C, Vgs!"! =10V £ 5%, (Vag —Vss 1™ =3V to 4V, Vpp = OV unless otherwise specified. |

Symboi Test Min, Typ. Max. ’ Unit Conditions
Iy Input Load Current (All Input | T 0 | wA Wi = 0V
Pins}
Lo Output Leakage Current 10 LA Vot = 0V
lag Vpg Supply Current 100 A
loot Supply Current During Cenable 7 1" mA Cenable = 0V; Ty = 25°¢C
On
lpps Supply Current During Cenable 0.0 0.5 mA Cenable = Vgg ; Ty = 25°¢
Off
lopav Average Supply Current I _2:1_”_”_ 33 i _TA Cyc{e_ﬂrﬂf:jfﬂ ns; Ta=25°C
Vi Input Low Veltage Vpp —1 Vpp +1 v
Vin Input High Voltage Vgg—1 Vg +1 v
lam 'Output High Current 1180 12800 7000 J72:Y Ty = 25°¢C
Yonz Output High Current 500 1600 7000 | mA | Ta-557C
loL Qutput Low Current ! See Mote Three RLpapttl = 1000
Vous | Output High Voltage | 115 180 700 my | T,=25°C
VoHe Dutput High Voltage a0 160 700 my Ta=55"C
VoL Output Low Voltage See Note Three
MOTES:

1. The Mgg current drain is egual 1o {Ipg + lopl or {lpp + 1),
2, [Vgp —Vgg) supply shauld be apptied st or before Vgg.

3. The vutput current when reading a low autput is the leakage current of the 1103 plus external noise couplad inta the output line fram the clocks,

VL equals Ig) acress the losd resistor,
4. This value of load resistanes is used for measurement purpases. {n applications LN resistance may range (rom 10082 to 1k,
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SILICON GATE MOS 1103A-1

A.C. CharacteristiCs Ta = 0°C 10 55°C, Vgg = 19V 5%, {Veg —Vgs )=3.0V to 4.0V, Vpp = OV.
READ, WRITE, AND READ/WRITE CYCLE

Syrhol Tast Min. Max. ' Unit Conditions
toer Time Between Refresh i ms
tag Address to Cenalsle Set Uﬁ "o ) ns
Time ]
taH Address Hold Time 100 ns
tcc | Cenable Off Time 120 T s
READ CYCLE
Symbal Test Min. Max. Unit Conditions
tpe Read Cycle 300 rs tr=20ns
tey Cenable on Time 140 500 T ne 1 Clpan= 50pF
teg Cenabie Output Delay | 125 ns RLpap = 10082
| —
tacc ADDRESS TQ QUTPUT 145 s | taoo = tacwn t| Vaee = 80mV
ACCESS oo tiy
T ReadMrite Hold Time 30 s

WRITE OR READ/WRITE CYCLE

f

Symbal Test Min. Max. Unit Conditions

t Write Cycle 340 ns
| fwov | Ve T o t7= 20ns

tpwe ReadWrite Cycle 340 ns

Tow Cenable to Read/Mrite Defay | 140 500 ns

twp Read/Write Pulse Width 20 ns

ty Read/Write Set Up Time 20 T s
_rl'gw i Drata Set Up Time F __:__ . ns

oy | Data Hold Time 10 ns

—— | [€Loap = BOPF; R gap = 10002

n_‘co Output Delay 126 ns_._—‘ { Vege = Y

twe ReadWrite to Cenable a { s )

CAPACITANCE! T, = 26°C

3 ic Pkp. i .
Symbal Test T\rp. Prastic Pkg.  Ceramic Phg Unit Conditions
Plastic Max, Max,
Cap Address Capacitance 5 7 12 J pF Vi = Vs 1
Cee Cenable Capacitance 2 25 28 pF Vi = Vgs .
Craw Read/Write Capacitance iR 15 12.5 pF Vi = Vs f=1MHz, All
————, e — 4
Cing Data 'nput Capacitance 4 5 75 pF Cenable = 0V |- unused pins are
_‘_ Vin = Vss at A.C. ground.

Cing Data Input Capacitance 2 4 . B.5 pF Cenahle = Vgy
Caur Data Output Capacitance 27T E IO T TRF [ Vine Vs

) { Vour =ov |

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

WRITE CYCLE OR READ/WRITE CYCLE

-t tyey OR t e
_ =] g T
Yin T ™
@ ATDRESS
ADORESS m ADNDRESS STABLE ADDAESS CAN CHANGE STABLE
Vi - -
e o BT st {1 e too
e Ly =
Yy
CEHABLE /
— I
T i - <
ton e Ly e e
Vi N
READARITE / \ /
VIL ————— ‘hﬁ-—d
tpp | e |1, 4
ViR
DATA 1M DATA CAN CHANGE x X DATA CAN CHANGE
W
-t foo |
Vg S S ————
N BATA DUT N
DATA OUT Vgep = 40m¥ \ NOT VALID \\
[T — Rioeo = 1005
Croat = 100pF
— [— DATA QUT vaLio
tace -
- lre -
M =
ADDRESS ,5 ADDRESS STABLE X ADMIAESS CAN CHANGE 2?3:5555
¥y .
- tae e N tag (e
e 1y i - og Lt
Vi
CENABLE \ “,
Vi
ag - T e |
- tew -
Vin s =
READMWRITE /
V), —— N et ot o o -
ad Tca
. You - -‘\‘
BATA OUT Vg = 40y \ ~
v Alpan = W00 hY
T Cypan = 100RF
e [ DATAOUT vaLlD
-f Llagc i
NOTES:

{1.) Vpo + 2v
(2.) Vgg — 2V

:I- t7 is defined as the transition between these two points,

3. towy is referenced 1o point 1 of the rising edge of cenable or Read Write, whichever ocours first,
4. tpY israferenced to palnt 2 of the rising edge of Aead/Write.
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SILICON GATE MOS 1103A-1

Supply Current vs Temperature

12

T
AN ")q?l Veg = 20V
NG Von Vs = IV
”

% GUARANTEED

{gos [mA

74
71
i3

& ™ TveicaL

5
) 25 50
T o
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE |55 VS.
V5. SUPPLY VOLTAGE SUPPLY VOLTAGE
22
~FE Yo ¥ | -3
n — . g =3z - 3V
20 : .
T2 %' L7
18 \ 'qE‘
7 Taz ’_9_':..___ 'g
E 45 &
z g
wl
>
14 <
OPERATING
REGION
12 L
I
|
10 i :
\8 17 3 18 20 21 22
Vs V)
AVERAGE I V5.
CYCLE TIME Ipp V8. CENABLE
B
2
AN |
0 ™
o Top ——|
3 1 Y
d ]
£ CEWABLE §
a
w — Ty
2
& s
x ot [ INTERMAL
i _ BD } PAECHARGING
N HEG INTERNAL CURRENT
5 ¥ DRIVER —
2 Z o3
Y 0 CURRENT g5, U e
‘ 1 L 2
2 [ 0 * f
CYELE TIME lut) TME
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intel Silicon Gate MOS 1103A-2

FULLY DECODED RANDOM ACCESS
1024 BIT DYNAMIC MEMORY

= High Speed 103 A — Access Time —145ns/Cycle Time-400ns

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

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

Static Charge
* Address Registers

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

The intei®™130A-2 is a high speed 1024 bit dypamic random access memory and.is the 400 ns cycle time version
of the standard 1103A. ltis designad primarily for main memory applications where high perfoarmance, low cost,
and large hit 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 1o Ayl and is required every one millisecond, The memary may be used in alow
power standby mode by having cenable at Vgg potential.

The 1103A-2 is fabricated with silicon gate technology. This low threshold technology allows the design and

praduction 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 A
— Ay o] [
Ay o] ‘Ef_f;:s w| 1orm 2| means [ga|MEMORY MATHIX
03A2 fgo] NOER Bl Row o] waie pee] RAORS
1103A- ::g: e s senicton | JampuiFieas 3z aLumn
et AD
—Ja, . }os
— .
Uy fom—n ) REFRESH
—1=, " awpLiFiERs |0 D
o READMIITE
| .
-], GATING 5 Daur
—_— Vg O
—_. =
T VSS o—
r—
_— .\: \ipp O————= 107 32
caLumh
CENAELE O— SELECTOR
PIN NAMES READMW RITE Gt
LOGIC B = HIGH VOLTAGE
D DATA INPUT NC NO EXTERNAL CONNECTION LOGIE 1 » LOW VOLTAGE

REQUIRED {INTERNALLY
NOT CONNECTED)

CE CHLP ENABLE
Dout DATAQUTPUT

Agfg  ADDRESS INPUTS
AW READAWRITE

2-25



SILICON GATE MOS 1103A-2

2-26

Absolute Maximum Ratings*

Temperature Under Bias .. ..o iu v ou i cenaiene i i i e e e 00 70C
StOrane TEMPEFATUIE . o o o v v e ottt et ettt e e e e e e e e e e e —~65°C 1o +150°C
All Input or Qutput Voltages with Respect to the most Positive Supply Voltage, Ygg .- ... ... ........ ... —25V 10 0.3V
Supply Voltages Vi and Vigg with Respectto Vag - .. .. oo e v... 2BV 10 0.3V
Power Dissipation ... ... e et e e e e e e I ce. 1OW
COMMENT:

Strasses above those listed under "Absolute Maximum Ratings'” may cause permanent damage to the davice, This is 5 stress rating
only and functions! operation of the device at these or any other conditions above those indicated in the operationa! sections of
this specification isnot implied. Exposure to absofute maximum rating conditions far extended periods may affect device rafiabifity.

D. C. and Operating Characteristics
Ta=0°C to +55°C, Ves!™! =19V 2 5%, (Vg —Vss 1@ =3V 104V, Vpp = OV unless otherwise specified.

Symbol Test ‘Min, Typ. Max. Unit Conditions
1, Input Load Current (All Input ’ 10 MA | V=0V
Pins}
lio Output Leakage Current 10 HA | Moy = OV
Igg Vg Supply Current 100 1A ]
toos Supply Current During Canable . 7 1 mA, Cenable = QV:; Ty =_25°C
On .
lppa Supplv Current During Cenable 0.0t 0.5 ma Cenable = Vg, Ty = 25°c
Off .
lopay Averane Supply Current 22 30 mA | Cycle Timg=400ns; T4 =26"C
ViL Input Low Yoltage Vpp —1 Vpp +1. W
Vin tnput High Voltage Vg —1 . Wgg 1 v
lam "Output High Current 1150 1800 7000 1.8 Ty = 25°C
anz Output High Current 900~ 1600 7000 ph | Ta=55°C
lar ) Output Low Currant See Note Three | R oapl! =100
Vous Qutput High Voltage 115 180 700 mv | T,=25°C
Vouz Qutput High Voltage 90 160 700 my | To=55"C
VoL Output Low Voltage See Note Three
NOTES:

1. The Vgg current drain is equal to {Igp + Ion} or {ipp + 1)

2. {Vpp —Vgg! supply should be applied at or before Vgg, .

A The cutput current when reading 3 [ow Suiput is the leakage current of the 1103 plus external noiss coupled into the output ling from the clocks,
VoL equals gL across the load resistar,

4. This value of load resistance is used for messurement purposes. 1o applications the resistance may range frarm 10042 ta 1 kD2,



SILICON GATE MOS 1103A-2

A.C. Characteristics Ta = 0°C 10 55°C, Vg = 19V 5%, (Veg —Vas ) =3.0V to 4.0V, Vpp = OV.
READ, WRITE, AND READ/WRITE CYCLE

Refer to page 2-23 for definitions,

Symbol Tast i, Max Unit Conditions
toEr Time Betwesn Refr;srhr ----- Bl B 1 ms
tae Address to Cenable Set Up 0 ns
Time
tan Address Hold Time 100 ns
toe Cenable OH Time ! 180 ns
|
READ CYCLE
Symbal Test Min Max. Unit Conditions
tac Read Cycle kL ns tr= 200s
tey Cenable on Time 140 500 ns Clpap= F0pF
teo Cenable Qutput Delay T Tl ng Ripap = 1000
tace ADDRESS TO OUTPUT 145 m | taee = tacmm *| Veer = BOMV
ACCESS Yo + t
tun Read/Write Hold Time 30 ns
WRITE OR READ/WRITE CYCLE
Symbol Tast Min Max. Unit Caonditions
1 Write Cycle 400 ns
WCY ¥ — t=20ns
trwe Read/Write Cycle 400 ns
trw Cenable to Read/Write Delay 140 500 ns
tygp Read/Write Pulse Width 20 ns
ty ReadfWrite Set Up Time 20 ns
tpw | DataSetUpTime | 40 [ Ths |
toy | DataHoldTime o ns
[tc0 Output Delay 125 ns _:—CLOAD = 50pF . R gap = 1000
I —- L Vger = 80my
twe Read/Write to Cenable 0 ns
CAPACITANCE!T! T, = 250¢
Typ. Plastic Pkg.  Ceramic Pkg, i .
Symbol T
Y Bt Plastic Max. Max. Unit Conditions
Cap Address Capacitance . 5 7 12 pF VN = Vsg 7
S Wt
Cee Cenable Capacitance 22 26 28 pF Vin = Vs
Crw | Read/Write Capacitance 11 15 195 pF Wi = Meg f=1MHz. Al
Cing | Data Input Capacitance 4 5 75 pF Cenable =% | unused pins are
Vin = Vgs at A.C. ground.
Cina Data Input Capacitance 2 4 €5 pF Cenable = Vgg
L
Cour Drata Qutput Capacitance 2 3 7.0 | pF Vin = Vs
VOUT =0V -
MOTES: 1. Thase paremeters are periodically sampled and are not 100% tested, They are measured gt warst case operating conditions.
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SILICON GATE MOS 1103A-2

Supply Current vs Temperature

12 i r
% Vg = 20V
o, Vg —Ves - IV
1 |
.
~
- " GUARANTEED
g 0w
- e Ay
B I\ T
B \\
6 e TYPICAL
5
[ 2% 50
T o
Typical Characteristics
OUTPUT HIGH CURRENT AVERAGE {pp V5.
V8. SUPPLY VOLTAGE SUPPLY VOLTAGE
22
' ' ] = -
T8 o A 2 -
20 "
G | o
18 N z * oS §
. ) E ¥
R s 5
E 18 ; L1
3 ~ A
. H
14 4 = CYCLE
OPERATING _——| TIME = 400ns
REGION 0
T2
1‘”15 17 1B 1 20 Fa) =2 IB‘? 18 19 0 21
g V) : Vg W)
AVERAGE Ipp VS.
CYCLE TIME ipp VS. CENABLE
50
n
2 \\\
H 16 }-_TOC e ——
£ h . csunm_:_\ ) 3
s T
[} oy
g N
“ \ o INTERNAL
- -] PHEm_.ﬂRG!NG
N ¥ e
ML g R
F £ DRIVER
Y x CURRENT  tgp, ooz
1% Y _ i
10.2 . 0 ¢ * 1
CYCLE TIME (o5t TIME
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interSilicon Gate MOS 2101, 2101-1, 2101-2

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

= 256 x 4 Organization to Meet Needs » Inputs 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 0 utput = Three-State Output — OR-Tie
» Static MOS — No Clocks or Capability
Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

RAMS

= QOutput 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 memary appiications 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 +5Y supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outputs can be tied for common 1/0 systems. The output disable function eliminates the
need for bidirectional logic in a cormmon /O system.

The Inte! 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-
clithic chip than either conventional MOS technolegy 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 PIAGRAM
\
1 22 v,
A e — 4
Y 2 [a, — &, Do, |— N ) @
e 2 .
N £ o m Y — = 6 u
Y P w [ e — - vo, | — oy F —2 como
7 CELL ARRAY
! — A Az )—-Q{}-: o 32 ROWS
a5 a2 [Joo —4 A oo, |— 0] 32 COLLMNS
nn 2101 Ly - A—
4 [Me 17 [T cEa -—] A I3 1
—t 4, 0o, |— aq ——LF ]
a [+ 1% [ oo, @ T T
GND |:| 8 15 o, —J o, am COLLIMK /0 CIREUITS
o o0 [—
o, [] e 1 [ oo, o o S
e
vo, [J 10 [ Toy — o, o1 = P
o, T n 12 [T oo, oy ' PN
AM CEZ CE1 oly .
Iy o
CE1 o 4 r, 00,
PIN NAMES cea .
P
O1,-D, OATA INPUT CE, CHIP ERABLE 2 i 0 o )= piN umaERS
Ay A;  ADDRESS INPUTS G0 QUTPUT GISABLE
AW READMWRITE INPUT | 0O, .DD, DATA QUTPUT
TE, CHIP ENABLE 1 Veg  POWER [+BW)
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RAMSs

SILICON GATE MOS 2101, 21011, 2101-2

2-30

Absolute Maximum Ratings*

Arnbient Temperature Under Bias . .. . ..

Storage Temperature . .......... -65°C to +150°C
Voltage On Any Pin

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

0°Cto 70°C

FCOMMENT:

Stresses above those fisted under "Absotute Maximum
Raring"may cause permanent damage to the device, This
s @ stress rating only and functional operation of the de-
vice at these or at any other condition shove those indi-
cated in the operationsf sections of this specification is
not implied, Exposure to absofute maximum rating con-
ditions for extended periods may affect device reliabifity.

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

Ta = 0°Cto 70°C, Vg = 5V £5% unless otherwise specified.

Symbol Parameter Min. Twp.{'l I Max. | unit Test Conditions
Iy 4 Input Current 10 HA Vg = 0to 5.25V
ILoH 1/0 Leakage Current(2] 15 fryy CEy=2.2V, Vour=4.0V
I oL 1/0 |eakage Current(2] -50 ut | CEy=2.2V,Vour=0.45V
Ice Power Supply Current 30 80 mA | Wiy =526V, Ig = OmA
Tp = 25°C
Icez Power Supply Current 70 mA, Vi = 5.25V, Ig = OmA
Ta =0°C
ViL Input “Low" Voltage -0.5 +0.65 v
ViH Input **High'" Voltage 2.2 Veo V'
VoL Quiput “Low' Voltage +0.45 ' I = 2.0mA
Vou Qutput “High"" Voltage 2.2 v lopn = -186G A
Typical D. C. Characteristics
QUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS.
QUTPUT VOLTAGE OQUTPUT VOLTAGE
T | I ’ T T | T T o
AMBIENT TEMFEAATURE ! AMBlIENT TEMPERATURE -By/
15 b A% :;Ec“ I S || 74
\\Ei e A I : /A she ///
o W ) 4
F N g v vaVaks
i i | / i | |

NOTES: 1.
. Input and Output tied togeather.

NE

OUITPUT “HIGH" TYPICAL |

Yoy (VOLTS)

Vop = 475V -
CUTPUT "LOW" TYPICAL

q 9.5 14 16

AN

Vg, fYOLTS}

Typical values are for Ta = 25°C and nominal supply voltage,



SILICON GATE MOS 210t, 2101-1, 2101-2

A.C. Characteristics for 2101

READ CYCLE T, = 0°C to 70°C, Ve = BV 5%, unless otherwise specified.

Symbaol Parametar Min. Typ[.” Max. Unit Test Conditions

tRe Read Cycle 1,000 ns

A Access Time : 1,000 ns . 4 = 20ns

1o Chip Enable To Cutput 800 ns Vi =10.65Y to +2.2V

oo Output Disable To Qutput 700 ns Timing Reference = 1.6V

tprld) Data Qutput to High Z State o 200 | ns Load = 1 TTL Gate

o i % 5
WRITE CYCLE

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

twe Write Cycle 1,000 ns

Taw Write Delay 150 ns 1., 1§ = 20ns

tow Chip Enable To Write ano ‘ns Vi = +0.65V to +2.2V

tow Data Setup 700 ns Timing Reference = 1.5V

DH Data Hold -100 ns Load = 1 TTL Gate

twe Write Pulse 750 ns and C_ = 100pF.

wh Write Recovery 50 k3

thg Qutput Disable Setup 200 ns
A. C. CONDITIONS OF TEST Capacitance” T, - 25°c, = 1MHz
Input Pulse Levels: +0,65 Volt to 2.2 Volt Lirnits {pF}
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ.1)] Max,
Timing Measurement Reference Level: 1.5 Voit Cin {nput Capacitance 4 8
Output Load: 1 TTL Gate and C_ = 100pF (AWl Input Pins) Vi = OV

CouT Output Capacitance Yoyt = 0V 8 12
Waveforms :
READ CYCLE WRITE CYCLE
tag —— tye

C =X X

ADORESS l(

ppp— top— - on r - |
tcomaron o) 14 5 o —n —  oommon Lo 18] 1
|
ety ] h—lnfm—— —* log - ‘nu; I
DATA I A DATA QUT == DaTh T DATA IN J
ouT VALID IN i STABLE |
- —————— ——= — —_
L I oW
—=i tay = - -y —=|
Rw |q \ ’ /”

NOTES: 1. Typical values are far Ta = 25° C and nominal supply voltage.
2. This parameter is periedically sampled and is not 100% tested. 4. 0D should be tied low for separate 1/O aoperation.
3. tF is with respect 1o the trailing edae of CEq, CEa,
or 0D, whichever gecurs 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°Cto 70°C, Vige = 5V +5%, unless otherwise specified.

Symbol Parameter Min. T\,rp[,” Max. Unit Test Conditions

tRC Read Cycle 500 s

ta Access Time ' 500 ns t, tr = 20ns

teo Chip Enable To Qutput 350 ns Vi =+0.65V 10 +2.2V

tap QOutput Disable To Cutput 300 na Timing Reference = 1.5V

tpe 2! Data Qutput to High Z State 0 150 ns Load = 1 TTL Gate

tou Previous Read Data Valid a0 o and C) = 100pF.
after change of Address

WRITE CYCLE

[

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

twe Write Cycle 500 ns

Taw Write Delay 100 ns t., t; = 20ns

tew Chip Enable To Write 400 : ns V) = +0.65V 1o +2.2V
tow Data Setup 280 ns Timing Reference = 1.5V
toH Data Hold 100 ) ns Load = 1 TTL Gate

twp Write Pulse 300 . ns and G = 100pF.
twr Write Recovery B0 1H]

thg Output Disable Setup 150 ns

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

READ CYCLE Ta = 0°C ta 70°C, Vg = BY 5%, unless otherwise specified.

Symbol Parameter Min. Tw:{.” Max. Unit Test Conditions

tRe Read Cycle 650 ns

i Access Time . 650 ns t.. 14 = 20ns

tco Chip Enable Te Cutput 400 ns Vg =+0.65V to +2.2V

tap Qutput Disable Te Cutput 350 ns . Timing Reference = 1.5V

tpp (2 Data Output to High Z State 0 150 ns Load = 1 FTL Gate

tom Previous Read Data Valid 10 ns and €y = 100pF.
after change of Address

WRITE CYCLE

Symbol Parameter Ain, Typ. Max. | Unit Test Conditions

twe Write Cycle 650 ns

taw Write Delay 150 ns 1., tf = 20ns

tow Chip Enable Ta Write 550 ns Wy = +0.85V to +2.2V
tow Data Setup 400 ns Tirning Reference = 1.5V
oM Data Hold 100 ns Load = 1 TTL Gate

twp Write Pulse 400 ns and C = 100pF.
twr Write Recovery 50 ns

Ing Output Disable Setup 150 ns

NOTES: 1. Typical values are for T = 26°C and nominal supply voltage.
2. 1oF is with respect to the trailing edge of CEq, CEg, or OD, whichever occurs Tirst.,

2-32



inter Silicon Gate MOS 2102

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

Single 45 Volts Supply Voltage ® Simple Memory Expansion — Chip

Directly TTL Compatible — All Enable Input

Inputs and Output ® Fully Decoded — On Chip Address "
® Static MOS — No Clocks or Decade 2?"':

Refreshing Required 1 Inputs Protected — All Inputs Have e

Low Power — Typically 150 mW Protection Against Static Charge

. . ® Low Cost Packaging -— 16 Pin Plastic
Access Time — Typically 500 nsec Dual-In-Line Cogfigguration
Three-State Quiput — OR-Tie

Capability

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 monalithic 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 technology also provides excellent protection against contamination, This permits the use of
low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Ealt]
. e am I
e ] "% D g o
2 TJoara ous - 5 % R ARy
“S 1 EELELTOR) 32 ROAS
: ‘; e — a2 cOLumng
= so@5
am o @
Rt e | |
] ]
n.wo% COLLWY 140 CIACUITE iE] e
FIN NAMES ey
wsta D_W FONTREL COLUMN SELESTOH
0N DATA (NPUT CE CHIP ENABLE ) T T T T T T T T7
Ag— Ag ADDRESS INFUTS Dour DATAQUTPUT Ho-Di,
RIW  READMRITE INPUT || V..  POWER 1+5v) e o & ¢
[T d 4 =z K hy
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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 “Absclute Maxi-
mum Rating’ may cause permanent damage to the
Storage Temperature —B65°C to +150°C device. This is a stress rating only and functional
. operation of the device at these or at any other
Voltage 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 ) 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, V. = BV £5% unless otherwise specified

LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYPU) | MAX,
[ INPUT LOAD CURRENT 10 118 Viy=01t05.25V
{ALL INPUT PINS) '
I om CUTPUT LEAKAGE CURRENT 10 LA CE=22v, Vour = 4.0V
tar CUTPUT LEAKAGE CURRENT —-100 MA CE = 2.2v, Yy = 0458V
fee POWER SUPPLY CURRENT 30 G0 mi ALL INPUTS = 525V
DATA CUT OPEN
. Ty = 25°C
leco PFOWER SUPPLY CURRENT _ 70 mA ALL INPUTS = 5,25V
DATA QUT OPEM
. Ty=00°C
ViL INPUT "LOW" VOLTAGE -05 +0.65 v
Vin INPUT “HIGH" VOLTAGE 2.2 Ve v
VoL CUTPUT “LOW" VOLTAGE . +0.45 v g = 1.9mA
Van CUTPUT “HIGH” VOLTAGE 2.2 i lgy=—100pA
Typical D.C. Characteristics
POWER SUPPLY CURRENT VS, . POWER SUPPLY CURRENT V5,
AMBIENT TEMPERATURE ) SUPPLY VOLTAGE
L) . [ 21] T ™
—f | { i
70 _ Ve =826V 80 |—-—— —— - | i
‘\" . ! AMEBIENT TEMPERATURE = 26°C
.. 80 “';‘.‘-. — g _ 4 +
£ \'spec. ST £ : r
E 50 |- —POINTS } § 30 t
A
§ a0 é 0 1“‘% S [P R
<4 P, < / .
o T 1> 1
BTy . -__--""—Y:'-EA—IL—_ ! o m/ _
i B i
20 —1 B f—— it e ———
I
l
10 . | 1 i
0 W 20 3 4 50 &0 D ] a 5 ]
AMBIENT TEMPERATURE [“Ch Voo IWOLTS)

MNOTE: 1. Typical vatues are for Ta = 26°C and nominal supply voltage.
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SILICON GATE MOS 2102

A. C. Characteristics T, =0°C 10 70°C, v, = 6V £5% unless otherwise specified

LIMITS |
SYMBOL PARAMETER 0 I unNiT
MIN. | TYP. | Max. |
READ CYCLE
e PO
the READ CYCLE _ 1000 as
T ACCESS TIME 500 1000 ns
teo CHIF ENABLE TO QUTPUT TIME 500 ns
touT PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
toHo PREVIOUS READ DATA VALID WITH RESPECT 0 ns
! TO CHIP ENABLE _
WRITE CYCLE
twe | WRITE CYCLE 1000 ns
taw | ADDRESS TO WRITE SETUP TIME 00 | ) ns
twp | WRITE PULSE WIDTH 750 | | ns
wr | WRITE RECOVERY TIME I 5 ns
tow DATA SETUP TIME [ 800 ! ns
T ton DATAHOLD TIME [100 | ns
tow CHIP ENABLE TQ WRITE SETUP TIME | e00 | ns
Capacitance'” 7, =25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF}
Input Pulse Levels: +0.65 Yolt to 2.2 Volt TYRIT) MAX.
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE <] 5
INS} V) =
Timing Measurement Reference Level: 1.5 Vol MALL INPUT PINS) ¥y = OV
COutput Load: 1 TTL Gate and C = 100 pF Cour DUTP'{T CAPACITANCE 7 10
Vour =0V
Waveforms
READ CYCLE WRITE CYCLE
-t g twe |
ADDHES9< >< ADDRES><
e tovr
cip | cHIP _‘-* ol
ENABLE ENABLE
lany
ta e toan —t twp
DATA T
out >< 25\71?2 L /|
—~] tow, I " > fom
PATA OAAE O

NOTES: 1. Typical values are for Tg = 25 ¢ and nominal supply voltaga.
2. This parameter is periodically sampled and is not 100% tested.
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SILICON GATE MOS 2102

Typical D. C. Characteristics
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inter Silicon Gate MQOS 2102-1

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

*Fast Access Time -- 500 ns max. = Maximum Times Apply over
Temperature Range and

» Fast Cycle Time-- 500 ns max.
y X Supply Voltage Variation

=« N-Channel Silicon Gate

The Intel®*2102-1 is the fastest {500ns) version of the standard one microsecond 2102, 1t 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 conveniance, while the A.C.
characteristics appear on the opposite side.

ABSOLUTE MAXIMUM RATINGS*

FIN CONFIGURATION LOGIC SYMBOL Armbient Temperature Under Bias . ... . 09 to 70°C
Storage Temperature ... ..... .. —65°C 10 +160°C
[ PR ' 2 Voltage On Any Pin
n - —1 % .
: e L With Respect to Ground ... .. ... —0.5% to +7V
R b I " Power Dissipation .. .. vt in i 1 Watt
L L] L] ]l —
=] mate ot - *COMMENT
2} W JoaTa N "
o] : i ] :: Ooarr — Strogses above those listed under “Absolute Maximum Raring™
‘ o may cause permanent damage to the device. This is 3 stress rat-
L L A LE ing only and functianal aperation of the device at thase or at any
| T other candition abowe those indicated in the operational sections

uf this specification is not implied. Exposure to absolute maxi-
muem rating conditions for extendad pariods may alfect deviee
reliability.

D. C. and Operating Characteristics

T, = G°C to +70°C, Voo = 5V £5% unless otherwise specified

LIMITS '
SYMBOL PARAMETER uNIT TEST CONDITIONS
MIN, TYPM | MAX
Iy INPUT LLOAD CURRENT 10 #A Vin= 010 5.25V
{ALL INPUT PINS)
VLow OUTPUT LEAKAGE CURRENT 10 2A CE = 2.2V, Vour = 4.0V
1oL OUTPUT LEAKAGE CURRENT —100 pA CE = 2.2V, Vg7 = 046V
ce POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 525V
DATA OUT OPEN
‘ T, = 25°C
leca POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5,25V
_ DATA OUT OPEN
T,=0°C
Vi INPUT “LOW"” VOLTAGE —05 - +0.65 v
Viu INPUT “HIGH"” VOLTAGE | 22 Ve v
VoL OUTPUT “LOW” VOLTAGE +0.45 v §o = 1.9mA
Von OUTPUT "HIGH" VOLTAGE 22 v Ton= —1004A

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

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

LIMITS
SYMBOL PARAMETER _ .| el max unIT
READ CYCLE
the READ CYCLE 500 ns
ta ACCESS TIME ' 500 ns
o CH3P ENABLE TO OUTPUT TIME 350 ns
o1 PREVIOUS READ DATA VALID WITH RESPECT 50 ' ns
TO ADDRESS
tonz PREVIOUS READ DATA VALID WITH RESPECT 0 ' ns
TO CHIP ENABLE |
WRITE CYCLE
e WRITE CYCLE 500, i ns
taw ADDRESS TO WRITE SETUP TIME | Tis0 ns
twp WRITE PULSE WIDTH 300 ns
R WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 330 ns
ton DATA HOLD TIME T T To0 ns
tow CHIP ENABLE TO WRITE SETUP TIME . 400 ns
. 12
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 TYp.OI| MAX
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Reference Level: 1.5 Valt (ALL INPUT PINS) Vi = OV
Output Load: 1 TTL Gate and C, = 100 pF Cour 3EJ:ELSAPAC'TANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
tRe ! . } tye: {
RDDRES>< * ADDRESS
log——= fyer

CHIP CHIP e
ENABLE ENABLE
tony
DATA : READ!
ouT WRITE /|
-]

Tomy L oH

"l
DATA DATA CAN DATA CaN
N CRANGE * DATA STABLE CHANGE

NOTES: 1. Typical values are far T = 25°C and nominal supply voltaga.
2. This paramater iz pariodically sampled and s nor 1080% 1ested.

)
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intel° 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--650ns max. Temperature Range and
N Supply Voltage Variation
= N-Channel Silicon Gate

The Intei®2102-2 is a fast {50ns) version of the standard one microsecond 2102, {t has all the same features,
pin configuration, and D.C. cperating 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 oppaosite side.

ABSOLUTE MAXIMUM RATINGS*
PIN CONFIGURATION LOGIC SYMBOL )

Ambient Temperature Under Bias ... .. 0°C to 70°C
Storage Temperature ., .. ...... —65°C to +150°C
AL ooy ER] 22 Voltage On Al'l\i" Pin
Y H LT ‘“ . 3
- . With Respect to Ground .. ... ... —0.5Y 1o +7V
] mp — o f— e
e b J— ) Power Dissipation .. ... .. .......0.... 1 Watt
Ll ) uf Jee — 1.
“a 1s w7 [Joataaur 1 i: «COMMENT
o, s uw[CJoersam -1 |
; - 5 :: Pear Stresses sbove those listed under ""Absolute Maximum Rating™
b . —
N “ may cause permangnt damage to the device. This is a stress rat-
e L g Jon A tE ing only and Functional speration of 1he davice at these or at any
[ T other condition above those indicated in the operational sections

of this specification is not implied. Exposure to sbsolute maxi-
mum ratinp eondivigns for extendad periods may affect devies
reliabyility.

D. C. and Operating Characteristics .
T, =0°C to +70°C, V. = 6V £5% unless otherwise specified

. LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYP.O} | MAX.
Iy INPUT LOAD CURRENT 10 uA Vin=0to 5,28V
{ALL tNPUT PINS}

1 oM QUTPUT LEAKAGE CURRENT 10 A CE = 2.2V, Vo ur = 4.0V

oL QUTPUT LEAKAGE CURRENT -100 1A CE = 2,2V, Vg 7 = 0.46V

[ POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 5.25V

. DATA OUT OPEN

T, = 26°C

lees POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5.26V
DATA QUT QPEN
T,=0°C

Vi, INPUT “LOW" VOLTAGE —0.5 +0,85 v

Vi INPUT “HIGH"” VOLTAGE 2.2 Ve v

VoL QUTPUT “LOW” VOLTAGE +03.45 v To = #-9mA

Van OUTPUT “"HIGH” YOLTAGE 2.2 v Ton- —100HA

NOTE: 1. Tvpical values are for Ta = 25°Cand naminal supply voltage.
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SILICON GATE MOS 2102-2

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

LIMITS
SYMBOL PARAMETER e | TYP}”' .y UNIT
READ CYCLE
the . READ CYCLE 650 ns
ta ACCESS TIME 850 ns
teo CHIP ENABLE TO QUTPUT TIME 400 ns
tom PREVIOUS READ DATA VALID WITH RESPECT 50 ns
T0 ADDRESS
tous PREVIOUS READ DATA VALID WITH RESPECT o s
' FO CHIP ENABLE
WRITE CYCLE
twc WRITE CYCLE 650 ns
Taw ADDRESS TO WRITE SETUP TIME 200 ns
typ WRITE PULSE WIDTH 400 ns
twn WRITE RECOVERY TIME _ 50 ns
tow DATA SETUP TIME 450 ns
1om DATA HOLD TIME 100 ns
tow CHIP ENABLE TO WRITE SETUP TIME 550 ns
. {2]
Capacitance ~ T, = 25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
taput Pulse Levels: +0.65 Volt 10 2.2 Volt i TYPL] MAX.
Input Pulse Rise and Fall Times: 20nsec Cin INFUT CAPACITANCE 4 5
Timing Measurement Reference Level: 1.5 Valt FALL INPUT PINS} Viyy = OV
Output Load: 1 TTL Gate and C,_ = 100 pF Cour 33::‘:25““'”'\'& 7 | 10
Waveforms
READ CYCLE WRITE CYCLE
' We twe |
ADDRES>< >< J\DDHESS>(
e e | . Tyrer
cHip | CHIP * fow
ENABLE ENABLE E
oy
Ta - Tay = twp
oot pd o —“L yan
—=f o, \ o - on
© oaTa ogTAEN ara sTaBLE P

NOTES: 1. Typical values are for Ty = 25°C and nominal supply voltage.
2. This parameter is periodically sampled end is not 100% tested.
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intel" 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 gys max. Temperature Flange' apd
* N-Channel Silicon Gate Supply Voltage Variation

The Intei®2102-8 is a 1.5us version of the standard 2102. It has al! 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 Armbient Temperature Under Bias . . . . 16°C 10 +85°C
i [ W 4, Storage Ternperature . .. .. ... .. —65°C to +150°C
— Voltage On Any Pin
] LE] amE! e \
4 — — ™ With Respect to Ground . . .. .. .. —0.5Y 1o +7V
aw []o 14l 1A, ] B J—— Power Dissipation .. .................. 1 Watt
— 1™
LY ] nf g — 1.
- —]. “COMMENT
A, 5 17 DaTa OuT .
21: = A Stresses above those listed under *“*Absoluta Maximum Rating™
ay[ e [ Joatawm i o rmay cause permanent damage to the device. This is a stress rat-
2“ ouT ing only and funciional operation of the davice at those ar at any
E I b wl Jvec 2 ather candition abave those indicated in the pperational sections
“0': s N j anD of this specilication is not imphed, Exposure 10 absslule mgxi-
Riw CE mum rating conditions ior extended periods may affect devies
| ? relisbitity.

D. C. and Operating Characteristics

Ta = 158°C to +585°C, Vo = 5V £5%, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN, TYPY [ max.
Iy, INPUT LOAD CURRENT 10 A, Vin= 0 to 5.25V
{ALL INFUT PINS)
ILoH OQUTPUT LEAKAGE CURRENT 10 A CE = 3.0V, Vo= 4.0V
lLoL OUTPUT LEAKAGE CURRENT —~100 HA CE=32.0V, VguT=05V
loct POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 5.25V
DATA OUT OPEN
Ta =25°C
lece POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5.25V
DATA OUT OPEN
Ta = 16°C
Vio INPUT "LOW” YOLTAGE 05 +0.65 v
v INPUT "HIGH" VOLTAGE 30 Vee v
VoL OUTPUT “"LOW"” VOLTAGE 05 v oL = 1.BmA
Vou OUTPUT "HIGH” VOLTAGE 2.2 v laH = -50A

{1l Typical values are for T 4= 260C and narminal supply volage,
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SILICON GATE MOS 2102-8

A. C. Characteristics T, = 15°C to 55°C, Ve = 5V #5%, unless otherwise specified,

LIMITS
SYMBOL PAFIIAMETER oy T TYP.ml A UNIT
READ CYCLE
re READ CYCLE ) - 2000 ns
L9 ACCESS TIME 1500 ns
tcg CHIP ENABLE TO OUTPUT TIME 1600 ns
toH PREVIOUS READ DATA VALID WITH RESPECT 1] ns
TO ADDRESS
tomz PREVICGUS READ DATA VALID WITH RESPECT o ns
TO CHIP ENABLE
WRITE CYCLE
Twe WRITE CYCLE 2000 ns
taw ADDRESS TO WRITE SETUP TIME 900 -
twe WRITE PULSE WIDTH 1000 ns
twr WRITE RECOVERY TIME 100 ns
tow OATA SETUP TiME 1600 ns
toH DATA HOLD TIME : 300 “ns
Tow CHIP ENABLE TO WRITE SETUP TIME 1800 s
' . [2]
Capacitance T, =25°C, = 1MH2
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Levels: +3.65 Volt ta 3.0 Valt Typlll] MAX.
Input Pulse Rise and Falf Times: ’ 20nsec Cin INPUT CAPACITANGE 3 5
Timing Measurement Reference Level: 1.5 Volt (ALL INPUT PINS) Mgy = OV
Output Load: 1 TTL Gate and C; = 100 pF Cour S;JJ:U:TDSAPAC'TANCE 7 10
Waveforms
READ CYCLE WRITE CYCLE
e I by |
nnnn&s:s>< >< ’ nﬂDRES& )
Qi fwr
CHIP ] LHIP * ‘ew
ENABLE EMABLE
tomp
1a T — P
o ). & s *L /
] 1 ‘o - "o
o D:Jm)l( &

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

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

*Fast Access Time-- 350 ns max.

Single 45 Volts Supply Voltage ® Simple Memory Expansion — Chip

Directly TTL Compatible — All Enable Input

Inputs and Qutput . ® Fully Decoded — On Chip Address
® Static MOS — No Clocks or Decode

Refreshing Required m Inputs Protected — All Inputs Have

Protection Against Static Charge

® Low Cost Packaging — 16 Pin Plastic
Pual-In-Lina Configuration

Low Power — Typically 150 mW

B Three-State Output— OR-Tie
Capability '

The ntel*2102A is a high speed 1024 word by cone bit static random access memary element using N-channel
MOQS devices integrated on a monaolithic array. it uses fully DC stable {static) circuitry and therefore re-
quires no clocks or refreshing to operate. The data is read cut 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 fow standby power version {order as a 21024AL) is afso avait-
able. 1t has afl the same operating characteristics of the 2102A with the added feature of 42 ml¥ 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 QR-tied.

The Intel 2102A is fabricated with N-channel silicon gate technology. This technology aliows the design
and production of high performance easy to use MQS circuits and provides a higher functional density on a
maonolithic 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.

PNy .
CONFIGURATION  LOGIC SYMBOL BLOCK DIAGRAM
21024 21024
! PIN NAMES . - ®
—
ﬂ" ] DATA |NET N 52 .

ciL
A ARAAY
[sELEETON 13 AW

32 COLUMNS

AAY  AEADMWRITE INPUT
EE GHIF ENABLE

b@_)De_—_
=
o%
—= Se_ oee ] z >
&W
=

_?P_U.L DATA QUTPUT LS

Voo POWER (+5V)

} 1
LY
ORDERING INFORMATION

CATA
- - OO ki b TARELITE ot
Cril
o COMEROL COLUMN $ELLETER
Maximurn Standard Standby-Moda i e 1

Face & Tove Part No. Part No. u% i

350ns 21024 2102AL
250ns 2102A-2 M024L-2 e il NuwnEA
- 4b0ns 20284 2102414

e
ise
e
se
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SILICON GATE MOS 2102A, 2102AL

Absolute Maximum Ratings*
*COMMENT:

Ambient Temperature Under Bias 0tC to ?OIC'C Stresses above those listed under “Absolute Maximum Rating”’
may cause permanent damage to the device. This is a stress

Storage Temperature —65°C to +150°C rating only and functicnal operation of the device at these or
Voltage On Any Pin ’ at any other condition above those indicated in the cpera-

With Respect To Ground —0.5V to +7V | tional sections of this spacification is not implied. Exposure to
Power Dissipation T Watt absclute maxfmum rating conditions for extended periods may

affect device reliability.

D. C. and Operating Characteristics
Ta =0°C ta + 70°C, Voo = bV 5% unless otherwise specified.

Symbol Parameter Wi l_}'::t; T W Unit Fest Conditions
I Input Load Current 10 A Vin = 0to 5.25V
(Al Input Ping)
Ion Qutput Leakage Current 5 HA CE = 2.0V, Vout = 2.4 to Ve
leaL Qutput Leakage Current -10 uh | CE=20Vv, VouT = 0.4V
lec Power Supply Current 30 60 mA Afl Inputs = 5.25V,
Data Qut Open, Ty =26°C
fes Power Supply Current 70 mA, -All Inputs = 5.25Y,
DataQutOpen, Ta = 0°c
VIL Input “Low'* Voltage -0.5 08 v '
Vin Input “High’* Voltage 2.4 Vee '
VoL Qutput “Low'™ Voltage 0.4 v lgL = 2.1mA
Vou Qutput “High” Valtage 2.4 v loy = -100uA

Standby Characteristics — See Ordering Information on Previous Page
T, = 0°C to 70°C

Limits . -

Symbol Parameter o Typ. 1] Max. Unit Test Conditions
VPD V¢ In Standby 1.5 v

—_ . . 2.0 v 2.0V < Vpp = Vpe Max,
Vepsl2l E Bias in Standby Fo cc

Vep v 1.5V < Vpp < 2.0V

Ippy Standby Current Drain 15 28 mA, All Inputs = Vppy = 1.5V
IPDZ Standby Current Drain : 20 38 md, All lnputs = VP'DQZ 2.0V
ten Chip Deselect to Standby Time 0 . ns
tg (31 Standby Recovery Time tre ne

STANDBY WAVEFORMS

NOTES:

1. Typical valugs are for Ty = 257 C and nominal supply
voltage.

2. Consider the test conditions as shown: If the stand-
by valtage |Vpp! is batwesn 5.26V (Voo Mex.) and
2.0, then CE rust be held at 2.0V Min. (V). [t
the standby voltage is less than 2.0V but greater than
1.5 {Vpp Min.), then CE and standhby voltage
must be at least the same value or, if they are dif-
farent, CE must be the more positive of the two. - .

3, tg = tgc (READ CYCLE TIME).

STANDEY MODE
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SILICON GATE MOS 2102A, 2102AL

A. C. Characteristics T, =09C 10 70°C, V. = bV 5% unless otherwise specified

Symbol P t Limits Unit
m
¥ arameter Min. | Typl1l | Max. "
READ CYCLE
tRC fead Cycle 350 ns
ta Access Time 350 ns
tco Chip Enable to Output Time 180 ns
1OH1 Previous Read Data Valid with Respect to Address 40 ns
toH? Previous Read Data Valid with Respect to ns
. vl
Chip Enable
WRITE CYCLE
twe Write Cycle 360 ns
taw Address to Write Setup Time 20 ns
twp Write Pulse Width 250 ns
twRr Write Recovery Time Q ns
1ow Data Setup Time 260 ns
oM Data Hald Time 4] ns
iy Chip Enable to Write Setup Time 250 ns
H 2
Capacitance'?' 7, - 25°C, f= 1MHz
A.C, CONDITIONS OF TEST ' S$YMBOL TEST ’ LIMITS (pF)
Input Pulse Levels: 0.8 Volt tn.ZO Volg Tvr.ll_wmax.
Input Mise and Fall Times: 10nsec Ciy INPUT CAPACITANCE 3 5
Timing Measurement  {nputs: 1.5 Volts {ALL INPUT PINS). W, = OV
Fefere Level Quiput: 0.8 and 2.0 Voalt
out rence Taves Htpy ang e8 v Cour OUTPUT CAPACITANCE ; 10
put Loag: 17TL Gateand Cy =100pF  * W =0V
ouT i
Waveforms
'READ CYCLE WRITE CYCLE
| the [ Twe |
nnuazsy @ >< ADDRES&@I
—T'ﬁu——-—J Twh
— [ 1,
CHIP - CHIF \ tow
ENABLE EMABLE
lanz
ad .Al\‘ ll'II'
ool N
e )G neast ‘l\ A
(D 16 vaLTs ] Uy e ’ ! . - ToH
G z0vOLTs —

NQTES: 1. Typical values are for Tg, =25°C and nominal supply voltage.
2. This parameter is paricdigally sampled and is not 100% tested.
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SILICON GATE MOS 2102A, 2102AL

Typical D. C. and A. C. Characteristics
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lnter 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 Range and
o 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 fow standby power version forder as a 2102AL-2) is also available.
{t has aff the same operating characteristics of the 2102A-2 with the added feature of 42 mW maximum power dissipation
i standhy. (See 2102A data sheet for parametric definition.)

RAMSs

ABSOLUTE MAXIMUM RATINGS*

PIN CONFIGURATION " LOGIC 5YMBOL . .
Ambient Temperature Under Bias ... .. QoC to 70°C
_@ED [+
21024A.2 2102A.2 Storage Temneran.fre .......... G52 C to +160°C
Voltage On Any Pin
With Respect te Ground .. .. .. .. —{1.BV 10 +7V
I e
= . Power Dissipation ... ... ........... .- T WBtt
— np—
o "COMMENT
— :: Stresses abowva thase listed undar ““Absolute Maximum Rating”
] ,\: Dou l_ may cause permanent damage to 1he device, This is 8 stress rat-
e B ing enly and functional cperatian of the device st these ar at any
T other condition above thosa indicated in the operational sections
of this specification is not implied, Exposure to absulute maxi-
i : o . ;
mum rating cenditions for exrended periods may affect device
reliability,

D. C. and Operating Characteristics
T, =0°C 10 +70°C, V. = BV £5% unless otherwise specified

Symbol Parametar Yy T|;I:.1[| ::’ Yo Unit | Test Conditions

Ly, Input Load Current {All Input Pins) 10 | A | Viy=0to 525V

ILon | Qutput Leskage Current 5 | pA | CE=20V,Voyr=2.41t0Vee

ILoL | Qutput l.eakage Current -10 | pA | CE=2.0V, Vour =04V

Vee12]| Power Supply Current ae 60 | mA | All Inputs=5,25% Data Out Open,
Ta= 25°C

lgeal2)f Poveer Supply Current 70 | mA | All Inputs = 5,25V Data Out Open,
Ta=0°C

Vi Input “Low"’ Voltage -0.56 0.8 i

Vi Input “High'* Voltage ' 20 Vee | V

VoL Cutput “Low' Voltage 1Y} V' oL = 2.1mA

Von | Output “High” Valtage 24 \' lgn =-100pA

NUTE: 1. Typical values are for T4 = 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 21024-2
with the added feature of 42 mW maximum power dissipation in standby. (See 21024 data sheet for parametric definition.}
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SILICON GATE MOS 2102A—-2, 2102AL—2

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

Symbal Parameter - Limits Unit
Min. -[TYP‘[”] Max.
READ CYCLE
tRe Read Cycle 250 g
ta Access Time 250 ns
teo Chip Enable to Output Time 130 ns
I0H1 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
twe Write Pulse Width 180 ns
twr Write Recovery Time 0 ns
tow Data Setup Time 180 ns
toH Oata Hold Time o] ns
tow Chip Enable to Write Setup Time 180 ns
, Capacitance'” 1, = 25°C, 1= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS {pF})
Input Pulse Lavals: 0.8 Veltto 2,0.Vult TYP'[” MAX.
Input Risa and Fal! Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement Inputs: 1.5 Volts {ALL HNPUT FINS} Wy, = OV
oo Sl | weweiever o omrcaemane | |
ouT
Waveforms
READ CYCLE WRITE CYCLE
} ‘ac = Ty 1

ADDRESS [} : >< ADCRESS 0]

tog————nf yrr
— \
CHIP CHIP \ =
ENABLE EMNABLE
ToH;
-

T,

! N
Y L
g B
oA W@
WRITE
@
e

(I 15voLTs ] tar L ) Tou

& 2avoLTs o

3 . 0avaLTs DATA DATA CAN DATA CAN
@ ¢ CHANGE DATA STABLE CHANGE

NOTES: 1. Typical values are for T = 26°C and nominal supply voltage.
2. This parameter is periodically sampied and is not 100% tested.

1

AN
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Silicon Gate MOS 2102A-4, 2102AL-4

1024 BIT FULLY DECODED STATIC MOS

RANDOM ACCESS MEMORY

#* Fast Access Time --450ns max.

» Fast Cycle Time --450 ns max.

= N-Channel Silicon Gate

» Maximum Times Apply over
Temperature Range and
Supply Voltage Variation

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 fow stsndby power version {order as a 2102AL-4) is also available. It has
aff the same operating characteristics of the 2101A-4 with the added feature of 42 miV maximum power dissipation in

standby, (See 21024 data sheet for parametric definition.)

PIN CONFIGURATION

21024-4

[

LOGIC SYMBOL

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . .. .. 0°C ta 70°C
Storage Temperature .. ... .. ... —B5°C to +150°C
Voltage On Any Pin

With Respect to Ground . . ... .. —0.5V 10 +7V
Power Dissipation .. .. ... ... ......... . 1 Watt
SCOMMENT

Stressas abaye those listed under *Absolute Maximum Rating”™
may cius2 permanent damage to the device. This is 3 stress rat-
ing only and functional operation of the device at thesa or at any
other condition above those indicated in the operational sectians
of this specification is not implied. Exposure 1o absolute maxi-
mum rating canditiong 7or extended poriods may affact device
redishility,

D. C. and Operating Characteristics

T, = 0°C to +70°C, V. = 6V +5% unless otherwise specified

Symbol Parameter Min TI;::[I :: Mo Unit | Test Conditions
I tnput Load Current {All Input Pins) 10 HA | Viy = 0to 5.25V
iLoH | Output Leakage Current 5 | wA | CE=2.0V,VouT =24 toVee
'LOIL Output Leakage Current -10 | pA | CE=2.0V,Voyur =0.4V
lecl21 § Power Supply Current 30 60 | mA | Alllnputs =5.25V,
Data QutOpen, T4 = 25°C

lecz(2]| Power Supply Current 70 | mA | All inputs = 5,25V,

: Data Qut Open, Ta = 0°C’
ViL input “Low™ Voltage -0.5 0.8 Vv
Vig | Input “High” Voltage 2.0 Veo | ¥V
VoL | Output “Low" Voltage 0.4 v loL = 2.1mA
Von | Output “High' Veoltage 2.4 v logH = -1008A

NOTE: 1. Typical values are torn T 4 = 26° C and nominal supply voltage.
2. A low standby power version lorder as a 2102AL-4) is also avaitable. It has all the same operating characteristics of the
2101 A-4 with the added featurs of 42 mW maximum power dissipation in standby, (See 2102A datz sheet far parametric

definitian.}
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SILICON GATE MOS 2102A—4, 2102AL.—4

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

Symbol Paramet Limits Unit
mbol arameter ni
4 Min. | Tvp.[”l Max.
READ CYCLE
tre Read Cycle . 450 ns
ts Access Time 450 ns
too Chip Enable to Qutput Time 230 ns
toH1 Previous Read Data Valid with Respect to Address 40 rs
toH2 Previous Read Data Valid with Respect to Chip Enable a ns
WRITE CYCLE
twe Write Cycle 450 ns
taw ) Address toc Write Setup Time 20 ) ns
twp Write Pulse Width 300 ns
twi Write Recovery Time a ns
inw Data Setup Time 300 ns
toH Data Hold Time 1] ns
tow _ Chip Enable to Write Setup Time 300 P ns
Capacitance'? 1, = 25°c, 1= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIM:}‘I'S inF)
Input Pulsa Levals: 0.8 Valt te 2.0 Valt TYP! MAX.
Input Risa and Fall Times: 10nsec Ciny INPUT CAPACITANCE a 5
Timing Mzasurement  Inputs: 1.5 Yalts {ALL INPUT PINS) Vyp, = OV
Reference Levels Qutput: 0.3 and 2.0 Volts COUT OUTPUT CAPACITANGE 7 10
Qutput Load: 1TTL Gataand G = 100 pF Yoyt = 0V
Waveforms
READ CYCLE WRITE CYCLE
| . .HL [ 'wt |
ADDRE%@ >< ADDRESS 0]
T Yrn
CHIF ] \ CHIP * Tew
ENABLE ENABLE
ong
ta b+ tupe—et g :
DATA
o e ‘L y e
@ ]
M 15voLTS Al ] o o
.3 zovoLTs
@ 0.8 VOLTS nats D(?J:N%AE"* DATA STABLE Deaar

NOTES: 1. Typical values are for Ta = 25°C and norminal supply voltage.
2. This paramater is periodically sampled and is not 100% tested.
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Intel“’ Silicon Gate MOS M2102A-4

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

= Fast Cycle Time--450ns 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, 1t is capable
of operating over the full temperature range from —65°C to +1256°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 +126°C
Storage Temperature . . ... ... .. ~B59C 10 +160°C
M21024-4 MZ1028-4 Valtage On Any Pin
With Respect to Ground .. .. .. .. =05V o +7V
By Power Dissipation ... ... ... ... . ....... 1 Watt
w ee—
o *COMMENT

Stresses above those listed under “‘Absalute Maximum Rating”
8, may cause permanent damage 1o the deviee, This is o stress rat-
N ing only and functional operation of the device at these or at any
other condition abowa those indicated in the aperational sections
Fw o CE of this specification is not implied. Exposure to absolute maxi-
mum rating conditiens (or extended periods may affect device
reliability.

LU

D. C. and Operating Characteristics
Ta = -B5°C to +125°C, Voo = BY £10% unless otherwise specified

Symbal Parameter - Limits Unit | Test Conditions
Min, .| Typ.[1) | Max,
Iy tnput Load Current (All Input Pins) 10 MA | My =01 5.5V
lLon | Output Leakage Current 10§ pA | CE=2.0v,Vgyt=2.2 to Vg
ILor | Output Leakage Current 50 | wA | CE=2.0V, vyt = 0.45V
lceq Power Supply Current 30 60 | mA | All Inputs = 6.6Y, .
Data Out Open, T, = 25°C
lecz | Power Supply Current 70 | mA | Al inputs = 5.5V, .
Data Qui Dpen; T, = —55"C
ViL Input “Low™ Voltage -0.5 08 v
Vin | Input ““High” Voltage 2.0 Vee | V
VoL | Output “Low" Voltage 045 [ V lgL = 2.1mA
Von | Output “High™ Yoltage 22 v lgy = -100pA

NOTE: 1. Typical values are for Tz = 267 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

Symbol . Parameter Limits Unit
Min. ’ Tvp.[”r Max.

READ CYCLE
tRe Read Cycle ) 450 ns
ta Access Time 450 ng
ico Chip Enable ta Qutput Time T 230 ns
taH1 Previous Read Data Valid with Respect to Address 40 ns
toHz Previcus Read Data Valid with Respect to Chip Enable 0 ns

WRITE CYCLE
twe . Write Cycle 450 . ns
taw Address 1o Write Setup Time 20 ns
twe Write Pulse Width 300 ns
R Writz Recovery Time } 0 : ns
tow Data Setup Time 300 : ns
toH Data Hold Time ) 0 ng
tow Chip Erable to Write Setup Time 300 ns

Capacitance®' 7, =25°C, 1= 1MH2

A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS {pF)
1
Input Puise Levels: 0.8 Volt o 2.0 Volt Tve.ll] MAX.
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  |pputs: 1.5 Vohs (ALL INPUT PINS} W)y, = OV
Feference Levels Cutput: 0.8 and 2.0 Vahs
‘ pu and 2 Cour | OUTPUT CAPACITANCE ; 10
Cutput Load: 17TTL Gateand € = 100 0F Vgout = OV
Waveforms
READ CYCLE WRITE CYCLE
[ tre }= twe {
Annngsyﬁ) ' X ADDAESS
e Y 4
cHie ] CHIP o
ENAELE ENABLE
Yomy
a ndl ot~} twp
oATA ;
X W[ A
@
) 15voLTs ] Yok = { - fou

ow
T 2ovITS DATA DATA CAN
@ 08VOLTS W CHAMGE DATA STABLE rolpebvey

MOTES: 1, Typical values are for Tg = 25°C and nominal supply @ltage.
2, This parameter is periodically sampled and is nat 100% tested.
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lntel 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 --650 ns max. Temperature Range and
N Supply Voltage Variation
= N-Channel Silicon Gate

RAMSs

The Intel M2102A-6 is an expanded temperature range 1024 bit static M-channel MOS RAM. It is capable
of operating over the full temperature range from —BB°C to +128°C, and in addition the single b 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°Ct0 +126°C
Storage Ternperature . . ... ... .. —65°C 10 +1507C
M2102A-6 M2102A-6 Voltage On Any Pin
1., With Respect to Ground ., . ... —0.5V to +7V
= N Power Dissipation . ... ... .. ... ... ..., 1 Watt
E , *COMMENT
] :' Siresses above those listed under “Absolute Maxirmum Rating”
—q e p— may cause penmanent damaoe ta the davier, This is & strass rar-
B . ing only and funciional operation of the device at these or at any
et other conduien abowe those indicated in the operational sections
? . ot iz specification is nol implied. Exposure to absolute maxi-
mum raung conditions for extended periods may alfocr device
retliability.
D. C. and Operating Characteristics
Ta = -B56°C to +126°C, Vg = BY £10%, unless otherwise specified,
LIMITS
SYMBOL PARAMETYER UNIT TEST CONDITIONS
MIN. TYRt | MAX,
I INPUT LOAD CURRENT 10 pA Viy = 0 to 5.5V
(ALL 'NPUT PINS}
lon OUTPUT LEAKAGE CURRENT 10 A CE = 2.2V, Vg ur = 4.0V
ILoL OUTPUT LEAKAGE CURRENT —100 A CE = 2.2V, Vgyy = 0.45V
leet POWER SUPPLY CURRENT 30 60 mA ALL INPUTS = 6.5V
' DATA CUT COPEN
: Ta = 25°C
loeo POWER SUPPLY CURRENT 70 mA ALL INPUTS = 5.6V
DATA OUT OPEN
T, = ~55°C
Vi INPUT "LOW"” VOLTAGE =0.% . +0.66 v
ViH INPUT “HIGH"” VOLTAGE 22 Voo v
Vou QUTPUT “LOW" VOLTAGE +0,45 v g = 1.9mA
You OUTPUT “HIGR" VOLTAGE 22 v bgue —100pA

i1} Tyeical values sra far Ta= 259C and naminal supply voltege.
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SILICON GATE MOS M2102A-6

A. C. Characteristics 1, - -55°C to +125°C, Viec = 5V +10%, unless otherwise specified.

SYMBOL PARAMETER LIMITS UNIT
ain. | 1vell)] max,
READ CYCLE
Lge READ CYCLE 650 ns
14 ACCESS TIME 650 ns
teo CHIP ENABLE TO OUTPUT TIME 400 ns
o PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
tonz PREVIQUS AEAD DATA VALID WITH RESPECT g ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 650 ns
taw ADDRESS TO WRITE SETLP TIME 200 ns
twp WRITE PULSE WIDTH 400 ns
twi WRITE RECOVERY TIME a0 ns
tow DATA SETUP TIME - 450 s
Y DATA HOLD TIME 100 ns
tew CHIP EMABLE TO WRITE SETUP TIME 550 ns
Capacitance ¥ 1, = 25°C, f= 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
Input Pulse Lwelg: +0.65 Valt to 2.2. Volt Tvpll] 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:STO\C’APAC'TA”CE 7 | 10
Waveforms
READ CYCLE WRITE CYCLE
} tac -] . Vurc '
. hDDRES& * ADDRESS
. log———an] twn
cHe | CcHIE * tow
EMABLE ENABLE
toHg L
' tay —oe] o
"t pd vt ﬂ A
N PV | . = oH
.u.)l(

“NOTES: 1. Typical values are for Ta = 25°C and neminal supply volisga.
2. This paramater is periodically samptad and #s not 100% tested.

2-54



‘intgl’  siicon Gate MOs 210, 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
21051 * 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 Intel2105 and 2106-1 are very high spead 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 monalithic chip than either conventional MOS technology or P-Channel silicon gate technology.

PIN CONFIGURATICON LOGIC 3YMBOL ' BLOCK DIAGRAM
2105 & 21051 2105 & 21051
a3 I 18 || WRITE ENASLE —
Cr Y H] 177 Yo 1+12vH e Bl
A s 16 ] CENABLE ] :: O f—
M 151 A —da,
REFRESH [ |5 14| ] DATA OOT —1 4
] CELL ARAAY
4 e 1308 1 2: Bour [ 22 ROWS
a7 1z [T oata n i 32 COLUMNS
L | 11 ] g5 12D —] %
3] ] 10 ] Yen 1=5¥1 WE CE REF
il | ________
: ] OATA
DATA IN - Eg COLUMN /D CIRCUITS :D°_“6Uf
PIN NAMES WRITE ENABLE wee—eerrey °§ COLUMM SELECTOR
[+

Dy DATA INPUT ce CHIP ENABLE cEnafLE | +,{?+++
AgAg  ADDRESS INPUTS REF  REFRESH INPUT CLOCK BUFFER oL

fu Ay Ar

WE WRITE ENABLE Dgor  DATA QUTPUT
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SILICON GATE MOS 2105, 2105-1

Absolute Maximum Ratings*

Temperature UnderBias . ............... A .. 0°C1o0 70°C
Storage Temperature .., ........ e e e e it ae ... —BEC to+150°C
All Input or Qutput Voltages with Respect to the most Negatlve Supply Voltage, Veg .. .. ... oot +25Y to —0.3V
Supply Voltages Vpp and Vg with RESPecttO WRE « v v vv e cn e i i e e i e +20V to —0.3V
PowerDls'a‘lpatlon‘..,.”.,.“,..‘ ...... e e e e e e e e 1OW

*COMMENT: Stresses ahave those listed under " Absolute Maximum Hatlngs mav-cause pErmManent d_amage to the device. This is a stress rating
only and functional operation of the device at thase or any other conditions abova those indicated in the operational seclions of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may allect device reliahility.

D.C. and Operating Characteristics

Ta=0°C 1a 70°C, Vg = +12V + 5%, Vg = =5V 2 5%!3], vgg = 0V!¥, unlecs otherwise specified. 12!

Limits

i Test Conditi
Symbaot Parameter Min. [Typ.01 Wax. Unit est Conditions
Iy Input Load Current 10 pA Wy =0V w085bV N
{Address, Dy, WE!
e trput Load Current (CE, Ref} 10 BA Wiy = OV to Vgp + .5V
Lo Qutput Leakage Current ' 1 pA D vp=ov
lop1 Vpp Current During 25 40 ma, Vo = 13.6V, Viy= 0V to 4V,
Cenahle ON Ta = 25°C
lonz VYo Current During i3 20 mA, Vo =0V, Viy = 4V, Ta = 25°C
Cenable OFF, Address High
lppg Average Standby Vpp Current 3 6.0 mA Vg =0V, Viy =0V, Ty =25°C
During Cenable OFF trer= 10ps
[1ees| Vgg Current During 55 ! 105 |mA Vee = 13.8V, Vi = 0V 10 4V,
Cenable ON Dout =0V, Ta=25°%
|'eas) Standby Vg Current 26 | 50 |mA | Veg=0V, Viy=0Vio 4V,
During Cenable OFF : Doyt = OV, tgeg = 10us, T4= 26°C
23 35 mA |ty =270ns g~ 10us, Ty= 26°C
oo av Average Vi, Supply Current
as* .| 39* ma toye = 260N, trer = 10us, Ta = 28°C
4.0 g.0 ma toye = 27005, 1qpr = 10us. Ta =25°C
FIBB AV1 Average Vg Supply Current
45* 9.0" mA Toye = 260 N3, tpge = 10us, Ty =25°C
ViL Input Low Level Voitage Vgg—1 T | Vg +1 v
[All Inputs) :
ViH - Input High Level Voltage 4.0 6.5 W
(Address, DlN . WE)
Vibc Input High Level Voltage {CE, Ref] Vopp —1 YVpo+i | W
YoL Output Low Voltage -180  (mV Ry = 10082 at 1o
Vou Output High Voltage -80 my R =100 at ty P
NOTES:
1. Typical values are for T4 = 26°C and nominal supply valtages. 3. The Vg supply blso may be equal 1o —5.2V * 5%,
2. The only requirement for the sequance of applying voltage to the davice 4. "The current tez ¢ lpp —lpa-
is that ¥op and Vgg should never be 0.3V more negative than Vag. *  These parameters refer to the 21051,
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SILICON GATE MOS 2105,2105-1

D.C. Characteristics
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SILICON GATE MOS 2105,2105-1

A.C. Characteristics 1,-0°c to70°C,vpp=12V 5%, Vag=-5.2V £5%, Veg =0V, unless otherwise specified. 1]
READ, WRITE, and READ MODIFY WRITE CYCLE

Symbol Parameter Min. Max. Unit Canditions
tRer Time Between Planar Refresh Pulses 1 10 s
tan | Address Reset Time Note 2 ns
tag[21051 High Address Setup Time 5 ns
tag (41181 low Address Setup Time 35 ns
tan Address Hold Time 50 ns '
teg Cenable On Time 89((.:']' ggg“ 2:
toe Cenable Off Time ) 160 ns
READ CYCLE
Symbol Parameter Min. Max. | Unit Conditions
TRy (6] Read Cycle zzgg, 22 ty =15ns
s Write Enable 1o Cenable Sewup Time 1) ns
ten Cenable Qutput Delay agis* - :: C.oap = 50pF R, e
95 RLoap - 1002 isn
taccl?) Address to Output Access a0% 2: Refer 1o Nota 3 VTERM
WRITE CYCLE .
Symbaol Parameter Min. Max. | Unit Conditions
tweyl6l | Write Cycle - g;g 2: tr = 15ns
twp Write Enable Pulse Width 70 ns
twe Write Enable to Cenable End 0 120 ns
tpglal Data Setup Time 0 ns
o1l Data Hold Time 20 ns
READ MODIFY WRITE CYCLE
Symbol Parameter Min. Max. | Unit Conditions
tawcl12) | Read Modify Write Cycle 30 408 1 4= 150s
topm13] Cenable On Time 1?23- ggg* 2:
PLANAR REFRESH TIMING _
Symbol Parameter Min. Max. | Unit Canditions
tcr Cenable to Refresh Start 50 ns
RCF Refresh to Cenable End a ns
trp Refresh Pulse Width 50 500 ns
tre Refresh to Cenable Start 90 ns
treF Time Between Planar Refresh 1 10 HE

NGTES: 1. The only requirement lor the saquence of applying voltage 1o tha device is that Vpp and Vg should never ba .3V move negative than Viga. 2. tap isdellned ez igg +
IT - taH- During 1A R sckdresies may cnly be reset low or rémain statle. Addressas may change after the nart of 1o and betorg the starv ol tag . 3, High addresses must be stable by
the stari of tagy tima. 4. Low sddresses must be stable by the start 0 tag tWme. 5. To consarve power and reduce sensing noise, it is recommended that all addresses be reset tow
afigr 1o 1ime gnd remin reser until 14cy time. &, The parsmetsr 1Igey and IyyCy are defined as 17 + tCE + I‘r + :cc T, The parameter tacg is defined 0s tage + 17 *1C0.
8. The parameter tog is defined at Yo, o Vg whichevar ocours last, 9. The lead resistor Ry is ign Where ¥, inatign = —1.175Y £60mV &t 25°C, T a

13m0 C, VagVrarminasion = 443, 10, The parameter tyg is refarenced to the rising edge of write anable and the transition of date.  11. The parameter 1y is referencad 1o the
falling edgacf Cenabled (3} b or Weite Enabhe { {1 |, whicheuer ogcurs finst. 12 The paramets tRyye is delingd a2 100 4 e + 3ET + 1eg * modify lime or B + toEM * 4T * 10c +
modily tirsg, 11, Tegpy applies For Read Medify Write Cycte,

*Thesa parameters refar to the 2105-1.




SILICON GATE MOS 2105,2105-1

Waveforms
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" SILICON GATE MOS 2105,2105-1

Capacitance 7, - 25°¢, vyp = 12V £ 5%, Vgg = —5V & 5%, Vgg = OV, unless otherwise specified.

Symbol Parameter T:La.stic :::x Unit Conditions

Cin Input Capacitance {(Address, Dy, WE, Ref)] 4 [} pF Vin= Vg f=1MHz. All
Cour | Data Out Capacitance 4 6 o | Vi = Ves }:‘t"\‘;::f’ Pins Are
Cce Effective Cenable Capacitance 65 85 pF Note 1

Typical Data Qutput 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 |ocation with a one {high} stored and the other with a zero {low)
stored. The output would normally be strobed at too time. For a high output the condition of Vg between
0V and -80mVY must be met. For a low output the condition of Vg more negative than -150mVY must be met.

Vohage
Svidivision

time
20ns/division

time
20 nsidivision

Voltage
100 mYy {division

CATA GUTPUT

'Typical Current Transients vs. Time

L 100 200
. T
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SILICON GATE MOS 2105,2105-1

Application Information
Basic Cell QOperation )
Read or Write Cycle

The basic 2105 storage element, as shown in the Figure, f5
comprised of the distributed gate to substrate capacitance
of Qg and Qy. A one or a zero is stored by charging ong
capacitor and discharging the other, Qg -and Q5 are cross
coupled and provide a stable flip-flop when Qq, Q2, 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 1/0 bus. A few nanoseconds
later Qq, Qy, Q3 are disabled when Cenable becomes true.
When Q; and Qp are disabled, they form a high resistance
load to each of the differential colurnn 1/0 lines. This allows
a differential voltage to be developed across the lines. The
differential veltage 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
wrrite bus will override the Qg and Q5 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 decade 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,
{togic 0}, Q4, Oy and Q3 will conduct. The tow resistance
of these elements insures a zero volt difference across the
1/Q lines. Incidentally, this pravides a refresh condition on
the row which is selected and a data hold condition on the
other 31 rows,

Refreshing the Cell

During refresh, Q4 - Qg ave on, connecting both sides of the
column 1/0 bus to Vpp through a low resistance path, 1f Qy
and (5 are wrned off {rows not selected), the data on the
distributed capacitance of Qs 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 & volt-
age divider 1o the gate of Q7 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. Isolation be-
tween cells on the same column is provided by the low re-
sistance of Qp, (7 and (3. Removing the refresh signal
restares the circuits to a data hold condition.

CE

4]

REFRESH - C

Ag

Ay —f RO
Ay —3 SELECT
&y ——32 DECODE
Ay —t

LOW OROER

AGLDRERS BITS

g

READ BUS

DATA QUT

SENSE ArAP

Q2

OATA N

1

WRITE BUS

DATA IN

WE =
| 1
(L]
LT

HIGH ORDER
ADDRESS BITS

Simplified

ry cell and asse

1 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 veltage and fs normally equal to the
standard ECL -5.2 volt level. Vg 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 thresheld levels, and maintains isolation
between independent adjacent etements. The current associ-
ated with Vgg, Igg has three states ‘that are of concern to
the designer. Iggy is the Vgg current with cenable on, but
does not include the leading and trailing edge transition cur-
rents. lpgs is the standby current and includes the refresh
transient currents. lggay 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
lgg transients are presented in the figure below,

A positive voltage an the N-channel substrate could oceur if
the Vgg [ine becomes acecidentally 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-channe) substrate to ground {Vgg) hias will result in
a substrate current through each 2105 device. By use of cur-
rent limiting power supplies and connecting a diode from
Vg to Vgg, (anode to Vpp and cathode to Vgs) the for-
ward substrate currents will be reduced, thus preventing
possible catastrophic resubts from occurring.

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

does not include the leading and trailing edge transition cur-
rents. Ippg 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 s 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 Ippg standby current includes the average of the planar
refresh current, During gach refresh pulse, a typical current
surge in the order of 100mA and 20 ns duration is drawn
from the Vg 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 ™ THTALTIME © THEF

OR, numerically

20 x 109 SEC
10 x 108 SEC

IREF Ay + x 100mA = ZmA

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
Irefr av. or, for the Ippg value in Table VI,

) ! Ipps = i * IREF AV
nel device, and for the 2105 is equal to 12 volts. The Vpp .
current, Igp, varies depending on the mode of operation of = 2.8mA +.9mA = 3.2mA
the memory. Ippq is the Vpp current with cenable on, but
o 100 100
! I
1oV — oY —
CE §—
ce T
0 — -1 o 4
10mA — 40ma —
30 -
lgg 5 — oo 20 —
10—
p —= ——t

Typical [gg transients.

Typical ipp transients.



inter Silicon Gate MOS 2105-2

1024 BIT HIGH SPEED DYNAMIC

MOS RANDOM ACCESS MEMORY
Invisible Refresh

» High Speed N-Channel— = { ow Level Address, Data,
85 ns Maximum Access Time Write Enable Inputs

= Cycle Time--190 ns Maximum = Current Sinking Output

= Planar Refresh = OR-Tie Capahbility

= Standby Power—100 pW/Bit » All Inputs Have Protection

= Fully Decoded—0On Chip Against Static Charge
Address Decode = Standard 18-Pin Dual

{n-Line Packages

The Intet 2105-2 is a very high speed 1024 word by one bit dynamic random access memory elernent 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 1o 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 functienal density on a mono-
tithic chip than either convantional MOS technology or P-Channel silicon gate technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK HAGRAM
2105.2 * 2105-2
g
(% I 18 [ ] WRITE ENABLE
- - — P AEF.
AT 2, 171 “op {12 — Ay REFRESH . cont.
— & Dy —
] 15 { ] CENABLE 2 N e ]
- = . A=
+E]a wa —a 1
REFRESH ] & 1 [ DATA GO —] A5 *‘1—{}— < :
— CELL ARRAY
2 e 1% A Dourf>— P NS 1) I 12 ROWS
—* s | 32 BOLUMNE
A 12 ] DATA N — s A B ] \
El
41w 1] vgg 1ONDH —]Ra }
By —
™ [ 1) vep -5 WE CE REF ‘D‘ — | |
T I
a2 DATA
DATA (N Eg COLUMN LG CIRCUITS :D""'ﬁtﬁ
PIN NAMES WRITE ENABLE °§ COLUMM SELECTOR
el
Diy  DATAINPUT ce CHIP ENABLE CEMABLE [ + ??%%
E
AgxhAg ADDRESS INPUTS REF AEFRESH INPUT CLOCK BUFFER P A A7 Ag Ay
WE WRITE ENABLE Bour DATAOUTPUT
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SILICON GATE MOS 2105-2

Absolute Maximum Ratings*

Temperature Under Bias .. .. ... e e e e e e 0%C to 70°C
Storage Temperature , .. ............... e e e re et a.. . —B5°C 10 +150°C
Al Input or Qutput Voltages with Respect to the most Negative Supply Violtage, Vag .. .. ... . .. v .. H2EW o -0.3V
Supply Voltages Vpp and Vgg with Respectto Vgg .. ... ... . .. .. .. e e e, T20V 0 -03Y
Power Dissipation . ... .. e e e e e e e e veea .. 1LOW
"COMMENT:

Stresses sbave those listed under "'Absolute Maximum Rarings” may cause permanent damage fo 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 fo absolute maximum rating conditions far extended periods may affect device reliability.

D.C. and Operating Characteristics

Ta = 0"Cto 55°C, Vpp = +12V * 6%, Vg = —5.2V * 5%, Vigg = OV, unless otherwise specified.

Limits - . .
Symbol Parameter Win [Ty M Max. Unit Test Conditions
I Input Load Current 10 A Wy = 0V to 8.6V
|Address, Dy, WE)
luc Input Load Current {CE, Refl 10 LA Vi = 0V 10 Vpp + 0.5V
"o Output Leakage Current 1 HA | V=0V
ooy Vpp Current During 30 44 méa Ve = 13.6V, Viy=0V to 4V,
Cenable ON Ta = 25°C
lnoz Vpp Current During 15 21 mA Vipp = OV, Vg = 4V, Tg = 26°C
Cenable OFF, Address High .
"ops Average Standby Vpp Current 30 6.0 ma, Vog =0V, Viy =0V, T =25°C
Buring Cenable OFF trer= 10us
|IBB1| Wgg Current During 5.5 10.5 ma, Vee=13.6Y, Vi =0V to 4V,
Canable ON DDUT =0V, Ty=25 °c
|'ees| Standby Vgg Current 26 | 50 |[mA | V=0V, Vy=0Vio4V,
During Cenable OFF . Doyr = OV, tgep = 104s, To= 26°C
oo A\I«’. Average Vpp Supply Current .28 41 mA Tope = 19008, tpgp= 104, Ta= 25°C
Il
llgg av| | Average Vgg Supply Current 4.5 9.0 |mA | t, =180ns,tgep= 10Hs, To=26°C
ViL Input Low Level Voltage Veg—1 Vg +1 v
{All inputs)
ViH Input High Leve! Maltage 4.0 6.9 v
{Address, Dy, WE)
Vine Input High Level Voltage {CE, Ref) Vpp ~1 Voo +1 \
VoL Output Low Voltage ! -150  |mv | R, = 1008 attcg=65ns
Viou Output High Voltage (4] -80 | m¥ | Ry = 1008 attgs = 65ns
NOTES:
1. Typical values are for T = 28°C and nominal supply voltages. 4. Output voltages are measured w.r.i. Vigrmination-
2. Tha only requirement for the seguence of applying voliage to the device 5. The load resistar A is connected 10 Vigrmination whers
is that ¥pp and Vg5 should never be more nagative than Vag. Viermination * ~1.175V £ 60 mV a1 Z5°C, To = 1.3mV/°C,
3. The current g is lopp —Ige- VBB Ytermination @ 4.
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SILICON GATE MOS 2105-2

A. C. Chal‘acteristics Ta = 0°C t0 55°C, Vpp = 12V £ 5%, Vpp = —6.2V 6%, Vgg = OV, unless otherwise specified.m .

READ, WRITE, and READ MODIFY WRITE CYCLE

Symbal Parameter Min. Max. Unit Conditions
tREF Time Between Flanar Refrash Pulses 1 10 us
taR Address Heset Time Note 2 n:
tag+ 315 | High Address Setup Time 5 ns
tag [4115)] Low Address Setup Time 35 ns
AR Address Hoid Time 50 ns
toe Cengble On Time 80 360 ns
toe Cenable Off Time 80 ns
READ CYCLE
Symbol Parameter Min. Max, | Unit Conditions
tgey (8l | Read Cycle 190 ns ty =156ns
twg Write Enable to Cenabie Set Lp Time 1] ns CLoap = 50PF
tC_Q,____ Cenabile Output Delay 65 ns Rionp = 1000 R ¢,
tacol? | Address to Output Access 85 ns Fietar 1o Note 8 Vream 9
WRITE CYCLE
Symbal Parameter Min. Max. Unit Conditians
thYlﬁl Write Cycle 190 ns ty =16ns
TP Write Enabile Pulse Width 70 ns
tye Write Enable to Cenable End 70 120 ns
tpgl!®) | Data Set Up Time 0 ns
tgyl11! | Data Hotd Time 20 ns
READ MODIFY WRITE CYCLE
Symbal Parameter Min. Max. Unit Conditions
trwe!'?)) Read Modify Write Cycle 270 ns ty = 16ns
tepp! 13! Cenable On Time 160 360 ns
PLANAR REFRESH TIMING
Symbuol Pararneter Min, Max. Unit Conditions
tre Asynchronous Refresh PW. t,;;E+140I ns The refresh pulse timing is not
tREF Time Between Planar Refresh 1 10 Jres related to any other signal,

NOTES: 1, The only requicement for the sequence of applying voltege 10 the device is that Vg and Vgg should never be 0.3V mors negative
than Vgg.
2. tapmisdefined as toE + 17 = 1aH. During 14 m addresses may anly be reset low or remain stable. Addrasses may change after the
staruof tpp and before the start of tas...
3. High addresses must be stable by tha siar o Lag, 1ime. N

4. Low addresses must he stabile by the start of tag. tima, +
5. Ta conserve power end reduce sensing noise, it is recommendead that all addrgsses be raset low aftar tpg time and remain reset until
taS+ timea. '

6. The paramater tgcy and fyooy are defined as tv + tog + 7 + 100,
7. The parammer tace is defingd as tage + 17 + 100
8. Tha parameter 1 is defined at Vo or VoH, whichever noours 1ast.
9. The load resistor Ry is connested 10 Viprmination WNere Yegrminatian = =1.175V 1 60mY at 25°C, Tg « 1.3mV/°C,
VBB Viarmination = 4.43.
10. The parameter tng is refarenced to the rising edge of Write Enable and the transition of data.
11, The parameter 1oy is referenced 1o the falling edge of Cenable { ¥ or Write Enable § {1} 1, whichsver ocours Tirst.
12, The paramater tpyyc is defined as tey + nye + 3ty + teg + modily time or tT + 10gp + ty + top + modify time.
13. Teem epplias for Read Modify Write Cycle.
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SILICON GATE MOS 2105-2

‘Waveforms
READ CY_CL E
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WRITE ENABLE Z (0]
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— o [p—
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NOTES: (1) vgg+1.5v @ vggt+2.0v & The parameter 10 is defined at

@ Vgg + 2.0V
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VoL or Yo, whichever oocurs
lase. R = 1004, ¢ =50pF.

@ Data Out is valid during
toE time or until Write
Enable goas high,



intel  siicon Gate MOs 2107A

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

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

s Low Cost Per Bit s 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, |1 was designed for memoty 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 gach of the 64 row addresses. Each row address must be refreshed every two milliseconds. The
memory is refreshed whether Chip Select is a logic one or a logic zero.

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK MAGRAM
21074 21074
Ay o—a] -+—C Yop
2 LA — % hy o] -—C Vo
L — &, t—m| ROWDECODE ] "LER“:&RYY -
20 [ 4, —{a,  Pul z and BLIF FER 3
Py = — a, Ay O AEGISTER -0 Vg
By . By O 64 x84
18 9 von — by O )
v e | a i
16 B e . B Payr - %6‘
15 14 _1 :‘; NG
1w]a, — Ay —— co«‘rlnu i COLUMN
[EN = - GENERATOR AMPLIFIERS
v [ We 5 CE WE
¥ 139 l —1’5"
_ PIN NAMES Dy O COLUMN DECODE
WE o= 1o and
Din DATA INFUT CE CHIP ENABLE = o BUFFER REGISTER
AgA1; ADDRESSINPUTS* || Dout DATAQUTPUT l I I I 1 I 1
‘WE WRITE ENABLE Vep  POWER (+5V) __
— Coyr g Ar g Ay Ay Ay
Ccs CHIF SELECT NC NOT CONNECTED
*Relresh Addressas Ag-Acg.
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A% alie Temperature :
il ihput or Qutput Voltages with Respect to the most Negative Supply Voltage, Vag
!tiilily Voltages Vpp, Vg, and Vs with Respect to Vag
it Dissipation

1.8, and Operating Characteristics

*HION GATE MOS 2107A

Nmolute Maximum Ratings*

"3 firature Under Bias

tEmENT:

< 0°C ta 70°C
~B5°C 1o +150°C
+25V to ~0.3V
+20V to ~0.3V

1.0W

Yiti'segs above those fisted under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
Hi» and functional operation of the device at these or any other canditions above those indicated in the cperational sections of
LM% rpegification isnot impiied. £xposure 1o absolute maximum rating conditions for ex tended periods may affect device reliabifity.

T = 0°C 10 70°C, Vpp = +12V £ 8%, Ve = +5Y £ 5%, Vag [1) = -5V + 5%, Vgg = OV, unless othorwise notes.

Symbol 3 Limits Unit Conditions
Min. {Typ.2)| Max
iL| Input Load Current R 10 A Vi = VL min © Yie max
{alt inputs except CE) )
iLe Input Load Current 01 10 | A | Vin=Vie Min to Vin max
I*LO[ Qutput Leakage Current m 10 A CE=-1Vto+8VorTs =35V,
for high impedance state Vo =0V to 5.256V
fhot Vpp Supgly Current 1 160 WA CE = -1V 1o +.8V
during CE offl3}
lhp2 Vpp Supply Current 14 22 ma CE = V0. T, = 25°C
during CE on )
oo av Average Vo Supply 23 34 ma Cycle time = 700ns, 1oy = 480ns,
Current Ta = 25°C, Fig. 1,3
lect Ve Supply Gurrent 0 0 | p& | CE=-1Vto+8V
during CE off
legs Ve Supply Current 5 10 mA, CE= VIHC’ TA = 28°C
during CE on
legav . | Average Voo Supply & 10 mA Cycle time = 700ns, tepw = 480ns
Current Ta = 25°C, Fig. 2.4
tna Vg Supply Current 1 100 HA
ViL Input Low Voltage[4) -1.0 0.8 v
Vin Input High Voltage[4] as Voo +1 v
ViLe CE Input Low Voltagaldi | —1.0 +1.0 v
ViHe CE Input High Yoltage | Vpp —1 Voo #1 | V
VoL Output Low Voltage(4] 0.0 0.45 v IgL = 1.7mA, Fig. B
Von Cutput High Voltage !4 24 Voo v lgH = -100uA, Fig. 5
NOTES:
1. The only requirement far the sequence of applyng valtage ta the device s that Vp, Vo, and Vgg shoutd never be 3V or mare
nenativa than Vpg. '
2. Typical values are for Ta = 25°C and neminal pawer supply voltages.
4. Thalppand Igc currents flow to Vgs. The Igp current is the sum of all leakage currents.
4

. Raferenced to Vgg unless otherwise noted,



SILICON GATE MOS 2107A

D.C. Characteristics

Fig. 1. Ipp AVERAGE VS, TEMPERATURE Fig. 2. lgc AVERAGE VS, TEMPERATURE

m

12
b 1
Fmi “"""‘—1.-..2'-'“%1'555 L‘."-‘--"""‘n-..
e —— 1 g SUANANTEED
e - ey p——
3 Ema z | 45ma
g ""‘"-\_____‘ TYPICa, s 8
g --‘--"-‘--‘_h
3, I
8 - TYPICy e |- —ar— e ]
o
EYELE TIME = Tp0m EYELE TIME = ik ——] é
Iy = 480 | 1cew = AB0a =
L]
b = E] 0 0 ) 4 o o
1,00 1, e

Fig. 3. TYPICAL \pp AVERAGE V5. CYCLE TIME Fig. 4. TYFICAL g AVERAGE V5. CYCLE TIME

] - I w T
' |
Ed T 5 | , i
4D - 4 1
o | a ! \\\ ,]
" 5, L
H ‘\ T fopw = 6T g 2 T \ ]g\\
E s E ™
i N £ RN
= - \, =Ty
H E ere * 007 ]
a - feger 7108 \ ™
* | ~
! |
; u
2
1 | |
Tz 346 1 Ta5 10 20 30
Teyate 01 T Ltk
Fig. 5. TYPICAL lgy VS. Vor Fig. 8. TYPICAL 101 V5. VoL
o0 Y
N / .
\» » i
15 g - N
) =] F 2o .95
g . .%'o E 5 6T /
T - P BTy
3 \\ 3 e
& ’ . L
spa: Q I L | |
200uA, ZAY " SPEC:
| I~ \ 1 1ima, 45Y |
o i o 1 |
o [ ; 5 a [ T
Vg tumind Mg, fvoin]

Fig. 7. TYPICAL REFRESH VS. TEMPERATURE

000
100 Py 7y

o a0

Fig. 8. TYPICAL ACCESS TIME VS. TEMPERATURE

H H
FI T 2™ T
E | —
1 | 200
|
! l = 3 b £ 70
1,00 T, 10

269



SILICON GATE MOS 2107A

A.C. Characteristics 7,-0°c o 70%, vy = 12V % 5%, Ve = 5V + 5%, Vpp = -5V % 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = OV, unless stherwise noted,

Symbaol Parameter Min. Max, Unit Conditions
tREF Time Between Refresh 2 ms
tac Address to CE Set Up Time 0 ns
taAH Address Hofd Time 100 ns
toe CE Off Time i80 ns
tr CE Transition Time 50 15
1o CE O¥f to Qutput 0 ns

High Impedance State

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
troy Read Cycle Time 500 ns tT = 20ns
teea CE& On Time During Read 280 | 3000 ns
tro CE Output Delay 280 ns Ciyag = BOpF, Load = One TTL Gate,
tace Address to Output Access 300 ns Ref = 2.0V for High, 0.8Y for Low,
we CE 20 WE Low 0 ns tace =tac *teo + Ty
Wwe WE te CE on G ns

WRITE CYCLE

Symbol P; Min. | Max. | Unit Conditions
twey Write Cycle Time 700 ns t1 = 20ns
tcEw CE Width During Write 480 | 3000 s

ey WE to CE Off 340 | ns

Tow CE to WE High 300 ns

tow Dy to WE Set Up 0 ns

tep (1) CE to Dyy Set Up 50 ns

ton Dy Hold Time 0 ns

twe WE Pulse Width 150 ns

baw WE Wait ¥} ns

twe WE 10 CE On . 0 ns

Capacitance® 1, - 25°c

- Plastic And
Symbol Test Ceramic Pkg. Unit Conditians
Typ. Max.

Cap Address Capacitance, CS, WE, Dyy 3 6 pF | Wiy = Vig

Cee CE Capacitance 17 25 pF | Vin = Vss
Cout Data Dutput Capacitance 3 6 pF Vaour = BV

Notes: 1. top appliss only when tw>wegw -50ns,
" 2. Copoci 1 with B Meter or affective capach leul from the

Tat .
Ce= EFE 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 Conditions
tawel1! | Read Medify Write(RMW) | 840 ns tr = 20ns
Cyele Time
LR CE Width During RMW 620 3000 ns
L WE to CE on 0 ns
WE 1o CE off 340 ns
w ° - Croaq = BODF, Load = One TTL Gate,
twp WE Pulse Width 150 ns Ref = 2.0V for High, 0.8Y for Low.
o Dm 10 WE Set Up 4] ns
thy D, Hold Time 0 ns
teo CE to Qutput Delay 280 ns
Lice Access Time 300 ns
L DE!UT Valid After WE 1] ns tace = tag *too * U7
Note 1. oo — e 2 toy
{ - -
M ; {r:b\,
kS
“"“2:,5:?5—: GI) ADDRESS STABLE ADDRESS CAN CHANGE X
W =
—al e
e | il Tan _"J
Lo — o == % =l T —
Vine
@
CE ‘
' W
') -
Yie =
— b —tne oo
.‘ [ Tygp ———n]
Mn f_ X
WE \ / WE GAN
/ CHANGE
ML | 2
—— Thay —t=  |w—toH
Y 2 —
W Duuy AN CHANGE X Din STABLE X7 ity
v | t 7
: Yo f—two
Vo m e 5 k_ - JER—
BouT “papebancE ™| ] VALIO —=| fmoesmzu "‘ (MPEDANCE " ™1
Yo -
tace top—= }‘7
HOTES:
1. Wgg + 1.54 iz the relerence Ivval 1or maaswnng nming of the address C3. WE, and D)py,
2. Vgg + A0V it the reterence feval lor measring timing of the address, 5, WE, and Bypy.
3. Veg + 20V iz she relerence Iavel for maasw ing uiming ol CE,
A Voo -2V it the relerenoa Jevel For mgagurng diming of CE.
5. Wgg + L0V o the ralerence lvel for measering the teming of Dot
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2107A

Read and Refresh

Cycle M

1REY

Yim
ADDRESS
AND £5

Wi

DQRESS ETABLE

ADDRESS [AM CHANGE

aODRELS STABLE

— laH

ViHe

CE

iC

TCER

®

Viie

_..1

¥iH

b

wE
can
CHANGE

Wiy, e—

WE

YOH v e

HIGH
Bout = upggance

WE CAN
CHAMGE

-

|-— "L

" HIGH

Vi

BN

Write Cycle

¥in

P— ter

[~ MPEDANCE ™ |

|
|

ADOFRESS
AN CE

il

ADDRESS STABLE

ADCRESS CAN CHANGE

ADDRESS
STABLE

Tan

Vimg

CE

———Tuw

—

[~ trp ==

WE
AN
CHANGE

wE
CAN
CHANGE

WE CAN CHANGE

F——1 Dy

o ~T+

Fa
Dy CAN CHANGE

Oy STABLE

Din
CAN CHANGE

$pmm——m—-

HIGH -

Gour IWMPEDANGCE

Wiy == ————

UNDEFINED

HIGH |
IMPEDANCE

NOTES:

1
2
a
4,
E.
&

T

tor —=

For Refresh cycle row and column addresses must be stable befora tAC and ramain stable for entice tap period.
Vgg + 1.5V is the reference level for measuring timing of the addreses, &3, WE, and On-

. ¥gg + 3.0V is the referance level for measuring timing of the addresses, CS, WE, and Djpy.

Vgg + 2.0V is tha referance level for maasuring timing of CE.

. W -2V i5 the reference level for measuring timing of CE,

. Vgg + 2.0V is the retarenca level for messuring the timing of DouT.



intel Silicon Gate MOS 2107A-1

The 2107A-1 is a high speed version of the 2107 A Please refer to page 2-87 for functional description, pin configuration,
logic symbol, and block diagram. See page 2-68 for absolute maximum ratings and page 2-70for capacitance specification.
Refer 1o page 2-72 for read and write cycle timing definitions, and page 2-71 for read-modify-write cycle timing definitions.

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

*Access Time--280 ns max. *Write Cycle Time~550 ns
*Read Cycle Time--420 ns

RAMS

D.C. and Operating Characteristics

Ta =0°Cto 70°C, Vpp = +12V # 5%, Ve = +8V + 5%, Valll = =BV £ 8%, Vg = OV, unless otherwise notes.

Symbol Parameter Limits Unit Conditions
Min. |Typ.2!| Max.
LI} Input Load Current .0 s A Vi = ViL miN te Vin max
{all inputs except CE)

ILe Input Load Current Lol 10 A Win = ViL min 10 Vi max
|||_o] Dutput Leakage Current Kij| 10 A CE=-1V to +.8Y or C5 = 3.5V,
far high impedance state Yo =0V to 5.25v

Ipoy Yoo Supply Current A 100 A CE = -1V to +.8V
during CE off[3]

lop2 Vop Supply Current 14 22 mA CE =V, .. T, =25°C
during CE on

lopay | Average Vpg Supply 28 38 | mA | Cycle time = 550ns, togy = 410ns
Current Ta =25°C, Fig, 1.3

leey Voo Supply Current . 10 HA | CE=-1V to +.BY
during CE off

Icez Ve Supply Current 5 10 mA CE=Vn T, = 25°C
during CE on

loc av Average Vo Supply 8 12 mA Cycle time = 850ns, tcpw = 410ns
Current Ta = 26°C, Fig. 2,4

1] Vag Supply Current 1 100 pA

ViL Input Law Yoltagel4! —1.0 02 v

Vin Input High Voitagel4] 35 Ve ¥ | VY

ViLe CE Input Low Voltagel4l | —1.0 +1.0 v

ViHG GCE Input High Veoltage Voo —1 Vpp +1 v

VoL Cutput Low Voltagald) 0.0 045 v lgL = 1.7mA, Fig. B

Vou Cutput High Voltageld] 24 Voo \Y ton = -100M1A, Fig. &

MNOTES:

1

2
3

The anly requirement for the sequence of applying voltape 10 the davice is that Vpp, Ve, and Vg should never be .3V maore
nggative than Vpg. '

. Typical values ara for T = 25°C and nominal powsr supply voltages.
. The lpp and log currents Hlow to Vgg. The Igg current is the sum of all laakage currents.
4,

Referenced 10 Ygg unless atharwise noted.
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SILICON GATE MOS 2107A-1 '

A.C. Characteristics 7,=0% 1070, vy = 12V £ 5%, Vo =BV £ 5%, Vg = -6V 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 1o CE Set Up Time 0 ns Lo is measured from end of address transition
taH Address Hold Time 100 ns ’
teg CE Off Tims 100 ns

tr CE Transition Time 50 ns

tor CE Qff to Qutput 0 ns

High Impedance State

READ CYCLE
Symbol Paramater Min. Max. Unit Conditions
tacy Read Cycle Time 420 ns tt = 20ns
tcer CE On Time During Read 280 300C ns
too CE Output Delay 260 ns Cioan = B0pF, Load = One TTL Gate,
tarc Address to Output Access 280 ns Ref = 2.0V for High, 0.8V for Low.
L CE to WE 0 ns tage =tac +tco + Tty
twe WE to CE on 0 [

WRITE CYCLE

Symbol Parameter Min. Max. | Unit Conditions
ey Write Cycle Time 560 ns 15 =20ns
toew CE Width During Write 10 3000 ns

tw WE to CE Off ’ 250 ns

tow CE.to WE 250 ns

tow Dy to WE Set Up 0 ns

tep ] CE to Dy SetUp 50 ns

teH Dy Hald Time 1] ns

Twp . WE Pulse Width 150 ns

Tw WE Wait 0 ns

twe WE ta CE On 0 ns

Read Modify Write Cycle

Symbol Parameter Min. Max. Unit Conditions
tawe! ! | Read Modity WritetRMW) | 670 ns tr = 20ns
Cycle Time
enw | O Width During RMW | 630 | 3000 | ns
Ywe WE to GE on 0 ns
w WE 1o CE off 0 " Cyoaq = 50BF, Load = One TTL Gate,
twp WE Pulse Width 150 ns Ref = 2.0V for High, 0.8V for Low.
o D\ to WE Set Up 0 ns
oK DIN Hold Time 0 ns
teo CE ta Output Delay 260 ns
taco Access Time 280 ns
Ywo D7 Valid After WE [i} ns tace = tac +Hteg + TtT

Note 1. topw ~ tw ™ Teo'
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intgl  Siicon 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 2107 A 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 definitians,

D.C. and Operating Characteristics

Ta = 0°C 1o 70°C, Vpp = +12V £ 5%, Yo = +5V £ 5%, Vg [l = -5V £ 5%, Vgg = OV, unless otherwise notes,
Symhal Parameter . Limits Unit . Canditions
Min. [Typ.[] Max.
iy Input Load Currant .01 10 uA Vin = VIL sIN 10 Vip max

{all inputs except CE)

Ie Input Load Current 0 10 17y Vin = Vie Mg 10 Vig max
||L0l Qutput Leakage Current 01 10 pA CE=-1V 10 +.8V or C5= 3.6V,
for high impedance state Yo =0V 10 5.20Y

lopi Voo Supply Current 3 100 pA CE=-1V to +.8V
during CE offi3l

Ippz Vpp Supply Current 14 22 ma CE=V,., T, =26"C
dusing CE on

lop av Average Vpp Supply 20 30 mA Cyele time = 840ns, 1., = 600ns,
Current T, =26°C, Fig. 1,3

legr Voe Supply Current .0 i¢] i CE =-1V 1o +.8vV
during CE off

tees Vee Supply Current 3 10 mA CE =V To =25°C
during CE on :

lec av Average Voo Supply -] 2 mA, Cycle time = 840ns, t.o, = 600ns,
Current T, = 26°C, Fig. 2, 4

1gg Weg Supply Current 1 100 pA

ViL Input Low Voltags[4) -1.0 0.8 v

Vil Input High Valtage[4] 35 VCC +1 WV

ViLe CE tnput Low Voltage!dl | —1.0 +1.0 v

ViHg CE Input High Voltage Ypg -1 Vop +1 v

Voo Output Low Voltageld] 0.0 0.45 v loL = 1.7mA, Fig. 6

Vou Output High Voltage[#! 2.4 Voo v loy = -100uA, Fig, &

NOTES:
1. The only requirement for the seq ot applying valiage 1o the device is that Vpp, Ve, and Vgg should never be .3V more

nijativa than Vgg.
2. Typical values are for T4 = 25*C and nominal power SUpRlY voltages.
3. Tha lpp 2nd lge currents flow to Ygs. The Igg cdrrent & the sum of all 1eakage currents.
4, Referanced to Vgg unless atherwiss noted.
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SILICON GATE MOS 2107A-4

A.C. Characteristics 1,- 0°cw 70°%, v, = 12V £ 5%, Ve = 5V £ 5%, Vgp = -5V £ 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vg = OV, unless otherwise noted.

Symhol Parameter Min. Max. Unit Conditions
HEF Time Between Refresh 2 ms Caramic package
1 ms Plastic package*
tac Address to CE SetUpTime | 0 ns tac is measured from end of address transition
taH Address Hold Time 100 ! - s
toe CE Qff Time 200 | ns
tr CE Transition Time 50 ns
tor CE Qff to Output 0 ns
High !mpedance State
“trgF of 2ms available by special request in plastic. Specily P2107A51228,
READ CYCLE
Symbol Parameter Min. Max. | Unit Conditions
tRCyY Read Cycle Time 570 ns . 1y = 20ns
1CER CE On Time During Read 330 3000 ns
tco CE Qutput Delay 330 ns Cigag = BOpF, Load = One TTL Gate,
tace Address to Output Access 350 1] Ref = 2.0% for High, G.BY for Low.
e CE to WE 1 o ns tacc =tac *tco +1tr
twe WE to CE on 0 ns
WRITE CYCLE
Symbol Par Min. Max. Unit Conditions
twey Write Cycle Time 840} ns tt = 20ns
TCEW CE Width During Write 600 | 300G | ns
w WE to CE Off 400 ns
twp WE Pulse Width 200 ns
tow D to WE Set Up U_ ns
teplt] CE ta Dy Set Up 50 ns
toH D!N Hold Time 0 ns
Tyw WE Wait 170 s
twe | WEtCEOn 0 ns
Read Modify Write Cycle
Symbol Parameter Min. Max. Unit Conditions
tch“] Read Modify Write{(RMW} | 970 ns 1y = 20ns
Cycle Time
tcav_\r CE Width During RWMW 730 3000 ns
e WE to CE on 0 ns
w WEtCEoff 400 n Cpoaq = 5OPF, Load = One TTL Gate,
e WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
ow D, to WE Set Up 0 ns
oy D, Hold Time 0 ns
tog CE to Qutput Delay 330 ns
tace Access Time 350 ns
two 0 ouT Valid After WE Q ns tace = tac + oo + 1tp
Note 1. t t,=t .

AW W co
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|n@| 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 870ns write cycle time. Please refer to pijgn -1+
for functional description, pin configuration, logic symbol, and block diagram. See page 2-68 for absolute maxjniu..
ratings and page 2-70 for capacitance specification, Refer to page 2-72 for read and write cycle timing definitjor, ., Y
page 2-71 for read-modify-write cycle timing definitions, '

D.C. and Operating Characteristics

Ta = 0°C 10 70°C, Vpp = +12V £ 5%, Ver = +6Y £ 6%, Vpg (1] = -5V + 6%, Vigg = OV, unless otherwise notes.

Symbol Parameter Limits Unit Conditions
Min. |Typ.#l| Max.
Iu Input Load Current 01 10 i Vir = ViL min 12 VIH MAX
{all inputs except CE)
LIYY] Input Load Current .m 10 LA Win = VIL min 0 Vg max
Hio| Qutput Leakage Current . 10 LA CE = —1V to +.8V or {5 = 3.5V,
for high impedance state Vg = 0V 10 5.25Y
oD Vpp Supply Current 1 100 | pA | CE=-1V to +8V
during CE off(3}
Ippz \pp Supply Current 14 22 mA CE =V, T, =25°C
during CE on
oo av Average Vpn Supply 18 28 mA |, Cycle liTE = 870ns, topy, = 680ns
Current TA =25C,Fig. 1,3
leet Voo Supply Current 01 10 718 GE = -1V 1o +.8Y
during CE off
lcez - | Veg Supply Current 5 10 ma CE=V, T, =26°C
during CE on
Ioc av Average Voo Supply 4 8 mA Cycle tiTe =970ns, tapy = B80ns
Current TA =257C, Fig. 2,4
lgg Ve Supply Current 1 100 | pA
ViL Input Low Voltageld] -1.0 0.8 A
Vi $nput High Voltage!4l a5 . Ve 1 v
ViLe CE Input Low Valtagels! | =1.0 +1.0 v
ViHC CE Input High Yoltage Vop —1 Vpp +1 v
VoL Output Low Voltage(4] 0.0 045 v lgL = 1.7mA, Fig. 6
Vow Qutput High Voltage!4] 24 Veo Ay lon = -100pA, Fig. b
NOTES:

1. Tha anly requirement for the sequence of applying voltage o the deviee is that Vgp, Voo, and Vgg should never be .3V more
negstive then Vgg.

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

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

4. Referenced to Vg3 unless otherwise noted.
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SILICON GATE MOS 2107A-5
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A.C. Characteristics 1,-0°cw70°%, vy = 12V £ 5%, Voo = 5V £ 5%, Vgp = -5V £ 5%,
READ, WR|TE, AND READ MODIFY/WRITE CYCLE vgg = OV, unless ctherwise noted.

Symbol Paramater Min Max. { Unit Conditions
tRer Time Between Refresh | | 2 ATS Ceramic package
1 ms Plastic package®
tac Address to CE Set UpTime| 0 ns tac is measured from end of address transition
tan Address Hold Time 100 ns
too CE Dff Time 250 ns
iy CE Transition Time 50 ns
ToF CE Off to Dutput 0 ns
High Impedance State

“tREF °f 2ms available by special reqguest in plastic, Specify P2107AS1 2456,

READ CYCLE
Symbol Parameter Min, Max Unit Conditions
tRgy Read Cycle Time 690 ns 17 = 20ns
tceR CE On Time During Read 400 3000 ns
tco CE Qutput Delay 400 ns Cinag = 50pF, Load = One TTL Gate,
tacc Addrass to Output Access 420 ns Ref = 2.0V for High, 0.8V for Low.
Wi CE to WE ns tace =tac tigo t T
twe WE to CE on ns
WRITE CYCLE
Symbaol Parameter Min. Max Unit Caonditions
ey Write Cycfe Time 570 s ty = 20ns
CEw CE Width During Write 680 | 3000 ns
W WE to CE Off 450 ns
e WE Puise Width 200 ns
tow Dy to WE Set Up 4 ns
tep (! CE to Dgy Set Up 50 ns
IpH DlN Hoid Time 0 ns
Tww WE Wait 200 ns
twe WE to CE On [+ ns
Read Modify Write Cycle
Symhbal Parameter Min. Max. | Unit Conditions
tawe!! 1| Read Modify Write(RMW) | 1140 ns tr =20ns
Cycle Time
torw CE Width During RMW 850 aoao0 ns
twe WE to CE on 0 ns
w WE to CE off 450 ns Cload =50pF, Load = One TTL Gate,
twp WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
Thw DIN to WE Set Up 0 ns
L D,;, Hold Time 0 ns
teo CE te Output Dalay 400 ns
tace Aceess Time 420 ns
wo Doy Valid After WE [ ns tace = tac * top + 1ty
Note 1. terw = tw ™ oo




intgl

The 2107A-8 is the lowest cost version of the 2107A. Please refer to page 2-67 for functional description, pin configura-
tion, legic 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 cyele timing definitions, and page 2-71 for read-modify-write cycle

Silicon Gate MOS 2107A-8

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

*Access Time-- 420 ns max.

timing definitions,

D.C. and Operating Characteristics

Ta =0°C1a 55°C, Vgp = +12V + B% -2.5%, Voo = +5V 5%, Vg 1] = -BV 5%, Vgg = OV, unless otherwise notes.

* Refresh Period --2 ms

Limits . .
Symbol Parameter m Unit Canditions
Min. 1Typ.ld) Max.
1T} Input Load Current .01 10 [Ty Vin = Vil min to Vid max
{all inputs except CE}
ILe Input Load Current 01 10 TN Vi = ViL mim 12 ViR aax
|1 Lo[ Qutput Leakage Current .01 10 A CE = —1V 10 +.8V or CE = 3.5V,
for high impedance state Vg = 0V 10 526V
oo Yoo Supply Current A 100 HA CE=-1V 10 + BY
during CE offl3]
lap2 Vop Supply Current 14 22 mé CE=V, e Ta= 25°C
during CE on
oD av Average Vpo Supply 18 8 mif Cycle time = 970ns, 1,p,, = 680ns
Current TA = 25°C, Fig. 1,3
les Voo Supply Current .o 10 [T CE=-1V 10 +.8Y
during CE off
lepo Vee Supply Current 5 10 mA CE=V, .. T,=25°C
during CE on
len Ay Average Ve Supply 4 g mA Cyele time = 970ns, top,, = 680ns
Current TA =26°C, Fig. 2, 4
lgs Ve Supply Current 1 100 BA
ViL Input Low Veltage(4] —-1.0 08 A4
¥in Input High Voltage!4) 38 Ve 71|V
ViLe CE Input Low Voltageldl | —1.0 +1.0 v
ViHg CE Input High Voltage Vpp -0.8 Voo +1 v
VoL Output Low Voltagel4l 0.0 0.45 v oL = 1.7mA, Fig. 6
Vom QOutput High Voltagel4] 24 Ve v lgn = -100pA, Fig. 5
NOTES:
1. The only requirement for the sequance of applying voltage to the device is that Vpp. Voo, and Ygs should never be .3V more
negative than Ygg.
2. Typical values are for Ty, = 25"(‘. and nominal power supply voltages,
3. The lgp and Icg currents flow 1o Wgg. The Y corrant is the sum of all leakage currents,
4. Refaranced to Vg5 unlass otherwisa noted.

RAMs
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SILICON GATE MOS 2107A-8

A.C. Characteristics . - 0°c1055°C, vpp = 12V +5% -2.5%, Vg = 5V £5%, Vg = -5V 35%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgg = 0V, unless otherwise noted,

Symbal Parameter Min. Max. Unit Conditions
tREF Time Between Refrash T2 ms Cer;gﬁ;;k-;g;
1 ms Ptastic package*

tac Address to CE Set Up Time| 0 ns tac is measured from end of address transition
taH Address Hold Time 100 ns
oo CE Off Time 250 ns
t1 CE Transition Time - a ns
tor CE Off to Output 0 ns

High Impedance State

*trEF of 2ms is available by special request in nlastié. Spacify P2107A5987.

READ CYCLE
Symbol Parameter Min. Max. Unit Conditions
tacy Read Cycle Time 690 ns tt = 20ns
tceR CE On Time During Read 400 | 3000 ns
teo CE Output Delay 400 ns Cigag = 50pF, Load = One TTL Gate,
tace Address to Qutput Access 420 | s Ref = 2.0V for High, 0.8V for Low.
i CE to WE 0 ‘ns tace = tac *teco + Tty
twe WE to CE on 0 ns

WRITE CYCLE

Symbol Parameter Min. Max. Unit Conditions
twoy Writa Cycle Time 70 ns tT = 20ns

teew CE Width During Write #80.| 3000 ns

ty WE to CE OFf 450 ns

tyyp WE Pulse Width 200 ns

tow Dy ta WE Set Up 0 ns

teplll | CE to D)y SetUp i 50 ns

toH Dy Hoid Time 0 ns

v WE Wait 200 ns

twe WE ta CE On 0 ns

Read Modify Write Cycle

Symbol Parameter Min. Max. Unit Conditions
tRwC[” Read Modify Write{RMW} | 1140 ns tr = 20ns
Cycle Time
temw | CE Width During RMW | 850 | 3000 | ns
e WE 1o CE on 0 . ons
Y WE to CE off 450 e Cjoqq = 50PF, Load = One TTL Gate,
twe WE Pulse Width 200 ns Ref = 2.0V for High, 0.8V for Low.
Thw Dy to WE Set Up 1 ns
154 DIN Hold Time ) ns
teo CE 10 Qutput Dsalay 400 ns
Lce Access Time 420 ns tace = tac tigo + 17
two Do Volid After WE 0 ns
Note 1. topw = tw ™ teg
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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 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—0On 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 Inte"21078 is a 4096 word by 1 bit dynamic nchannel MOS RAM., It was designed for memory applications where
very low cost and large bit storage are important design objectives. The 21078 uses dynamic circuitry which reduces the
standby power dissipation,

RAMs

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

The 21078 is fabricated with nchannel silicon gate techpology. This technolegy 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 2107 A.
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
21078 21078
— 4 By 0 ~—0 Vbp
— = Ay O MEMOHY 0 Mg
. A; [u 8y o= R_ﬁ:‘gjg&“; ARRAY -3 Vg
— # A O REGISTER AxBd -2 pe
1 A A, D—= 6426
d 2y o
-8, Dot T % 81
i
i By TIMING
=1 e Ihal COLUMN
1 &n CE O=-p Ggg:;i%ﬁ AMPlI__ll;lERs
£5 CE WE
T l %5‘
FIN NAMES
T COLUMN DECODE
- - WE —w 10 and
Ag-Ry, ADDRESSINPUTS* | Wpy  FOWER [-5V)
= BUFFER T

CE CHIF ENABLE [ V.  POWER (+BV) cs UPFER ReGIsTER

=3 CHIP SELECT Voo POWER {+12V] l I I I I I I

Dy DATA INPUT Vs GADUND o

Dgur DATAOUTPUT | WE  WRITE ENABLE Bour fe Ay fp Ay Ay A

NC NOT COMNECTED |

"Refrash Address Agy-fy.

2-87



SILICON GATE MOS 2107B

282

Absolute Maximum Ratings*

Temperature URder BIas . . . .. oo oot e e e e e 0°C 1o 70°C
Storage TEemMPErAIUIE . . . . .. ottt it e e e e B e e e e e e e e e, —66°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, Vog, and Vgswith Respect 1o Vgg .. . .. . oo i e e e +20V to —0.3V
Power DRSS DatiON L . L L e e e e e e e e e e e e 1.25W

COMMENT:

Stresses above those listed under "'Absolute Maximum ﬁar.-'ngs" may cause permanent damage o the device. This is a stress rating
onfy and functional operation of the device at these or any other conditions above those indicared in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for ex tended periads may affect device reliability.

D.C. and Operating Characteristics
Ta =0°C to 70°C, Vpp = +12V £ 6%, Voo = +BV £ 5%, Vg1l = -BY * B3, Vgg = OV, unless otherwise noted,

" Limits . -
Symbol f i, Typ. Yoy Unit _ Conditions
Input Load Cutrent ' _
st (&l inputs except CE) o . 10 HA VIN = ViL MIn t Vi Max
ILe ' Input Load Current .01 10 1 Vin = ViL Min 10 Vi max
liLg! Qutput Leakage Current o1 10 uA | CE=VjcorC8=viy
for high impedance state Vo =0V 10 5,25V
Vpp Supply Current
1 =- .
Do oring OE offl3] 110 200 A | CE=-1V 1o +6V
Yoo Supply Current _ Jp—
Ipp2 during CE on 80 100 _ mi CE=WViqe, Ta=25°C
Iop awv1 | Average Vpp Current 55 80 ma Cycle time=400ns,
toe = 230ns Ta = 25°C
Ibo avz | Average Vpg Current 27 40 mA, Cyele time=1000ns,
teg = 230ns
Vo Supply Current —_—
2] 'cc Supply _ _
legq ! during CE off 01 1a A CE=VjLc orCS8=Viy4
Igg~ Vgp Supply Current [ 100 15
ViL Input Low Voltage -1.0 0.6 y tT=20ns — See Figure 4
Vin Input High Voltage 24 Voot Y
ViLe CE Input Low Voltage -1.0 +1.0 v
Vine CE Input High Voltage Vgp-1 Vop+1 v
VoL Qutput Low Voltage 0.0 0.45 v loL = 2.0mA
Vau Qutput High Voltage 2.4 Vee W lnH = -2.0mA
NOTES:

1. The only requivement for the sequence of applying voltage 1o the devica is that Vop, Ve, and Vg should never be .3V mors
negative than Vpp. !

2. Typical valugs are for Ta = 26”C and nominal power supply volfages.

3. The lgp and {oe currants flow to Vgg. The Igg current isthe sum of all leakags currents,

4. During CE on Vg supply current is dependent on cutput Joading, Vo s connectad to output buffer only.



SILICON GATE MOS 2107B

Typical Characteristics
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SILICON GATE MOS 2107B

L]
A.C. Characteristics 1,-0°c 1w 70%, Vpp = 12V £5%, Voo =5V £ 5%, Vyg = -5V £ 5%,
READ, WRITE, AND READ MODIFY/MWRITE CYCLE Vs = 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

too CEOff Time . 130 iH

tr CE Transition Tima 10 40 ns

tor ‘1 CE Off to Quiput [¢] ns

High Impedance State.

READ CYCLE

Symbol Parameter Min. Max. Unit Conditions

tey Cycle Time 400 ns tt = 20ns

Toe CE On Time 230 | 3000 | ns :

teo CE Qutput Delay 180 ns Cioaa = 50pF, Load = One TTL Gate,
tace Address to Quiput Access 200 ns Ref = 2.0V.

tyL CF to WE 0 ns tace = tac *1cg * 1ty

tyre: WE to CE on 0 ns

WRITE CYCLE

Symbol Parameter Min, Max, Unit Conditions
toy Cyele Time 400 ns t1 = 20ns

tce CE On Time 230 3000 ns

tyy WE 10 CE Off 150 ns

tow CEwwE | 1o | ns

tow (21 Oy to WE Set Up a ns

toH Dipg Hotd Time B ns

twp WE Pulse Width 50 ns

Capacitance 1 - 2s°c

Plastic And
Symbot Test Ceramic Phyg. Unit Conditions
Typ. Max.
Cap Address Capacitance, CS 4 G . pF Vin = Vss
Cre CE Capacitance 17 25 pF Vi = Vs
Cour Data Qutput Capacitance 5 7 pF Voyt = OV
Ciy Dy and WE Capacitance 8 10 pF Vin = Vss

Notes: 1. A.C. characteristics are guaranteed only if cumulative CE on time during tREFR is 60% of (REF.
2, i WE i3 low before CE goes high than Dypy must be valid when CE gees high.
3. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation

1At
C= —V with the current egual to a constant 20méA.
A
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SILICON GATE MOS 2107B

Read and HEfI'ESh Cycle ) {Numbers in parentheses are for minimum cycle timing in ns}

oy 00— —
v,
" k@ 3
AODRESS ADDRESS STABLE ADDRESS GaN CHANGE (7} ADDRESS STABLE
Vi 19 7
bt yq 50—} Y L — {20t
taeldl 1o [230}
Vine ® .
CE
[
=
ViLe @ Eﬁ———-d <L
o
h PR p—
||—.| b — n 0
Wi =t X
WE . WE CAN
WE CAN
CHANGE_/ \ CHANGE
Vi, m— —
1o 1801 —- Ly O
Vigh o o e ] e ]| ® ===
HIGH HIGH
Gout = ipepance ] vALID ﬂ: F*— mpEDANCE ]
[P —————
taoc 200 w1 o
Write Cycle o
- & 3
ADDAESS
AND G ADDRESS STABLE ADORESS CAN SHANGE (7) ADDRESS STAALE
Y @ 4
tap 1500 —] [tz
taclOF 1ep [2301 —ae k2]
v,
e ® —
ce
® Ty (150H
Viee 4_ l 2
Ty L1060}
! o f R 1 p—
| P L 501 —=,
Mo ~ =\ Ii
WE | WECAN CHANGE \ "] _/ WE CAN CHANGE
.
W H T
——| ety —u| o 1ot
Wi =y .
B Dy CAN CHANGE Dy STABLE CAN CHANGE
YiL | =
\bu-—————— -
e HIGH HIGH
OUT = MPEDANGCE | f UNDEFINED k‘ IMPECANGE ™

L

NOTES: 1.

2,

MmO

e

L‘—‘\:f“" :

For Aefresh cycla row and column addresses must be stable befare tac and remain stable for entire tay period.
Wy MAX is the referance level for measuring timing of the addresses, S, WE, and D.
. VjH MIN is the referance level far measuring timing of tha addresses, S, WE, and Dyy.
Vgg +2.0V is the reference level for measuring timing of CE,

Yoo -2V is the reference fevel for measuring timing of CE.

. VWgg +2.0V is the reference level far measuring tha timing of Doyt
. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.
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SILICON GATE MOS 2107B

Read Modify Write Cycie!

Symbol Parameter Min. Max. Unit Conditions
tawe Aead Modify Write{RMW) | 520 ns ty = 20ns
Cycle Time
temw | CE Width During RMW | 380 | 3000 | ns
L WE 10 CE on 0 ns
W WE to CE off 150 " Cioaq = SOPF, Load = One TTL Gate,
twp WE Pulse Width 50 : ns Ref = 2.0V
Tow Dy, to WE Set Up 0 ns
L. DIN Hold Time 0 ns
teo CE to Qutput Delay : 180 ns
tacc Access Time -200 ns tace = tac tico * iy

{Nummbers in parentheses are for minimum cycle timing in ns.}

- -t (5207 ®___'_ [ R
‘oo Vin . \r ® ~, -
RESsEs ® ADDRESS STABLE ADDRESS CAN CHANGE
™ h 7
iy Sy
TaniB0 1 !
- topw 160) ———— — e - - T 20F {200 - |
Ving o) ’ .
|
e |
® - — 1, 150) f
ViLe [ ’ - =1
| ol tegit3Or___
_"I Tt e 150} b e
Vi o
: I
WE # @ WE Can :
/ " CHANGE
WL ¥
et B el L = e T1puldt
Vin s ™
Dy Dyyy CAN GHANGE Dy STAHLE 2:;\:2:
ViL - h - 7"\
tog 1546}
Vo ——————
Doyy =5, HIGH —u ':—-——--—---—m—u—-u—- VALID—- — ey L HIGH
OUT TIMPEGANCE : . “'IL‘ IMPEDANCE ™|
VoL = |
tacg (200) tCFEm--—~{ —
NOTES:

1. A.C. chargeteristics are gusrantead only if cumulative CE on time during tRgF is <60% of tgef. For continuous Reed-Madify-Writa
operation tec and tRwe should be increased 10 at least 19505 and 58S ns, respectively.

. V)L MAX is the reference (evel for measuring timing of tha addressas, TS, WE, srd Dy,

. VW MIN is the refarence lsvel for measuring timing of tha addresses, €5, WE, and D).

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

VDD -2V It the raference level for maasuring timing of CE,

. Vg5 +2.0V is tha raferance level for mearuring the timing of DoyT.

. WE must be at V)4 until end of t10g. _

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

[ Y Y
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SILICON GATE MOS 2107B

Typical Current Transients vs. Time

cE [ ware _/T\_
CYCLE CYLLE
20
‘e 10
tmAy

<
<
RAMSs

Yoo
(L)

20

'sm 10
fmA} 0
-1

Applicatiohs
Refrash

The 21078 is refreshed by either a read cycle, 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 refreshing, then the chip select input, CS, can be a logic higi‘l or a logic low. If a write
cycle or read-modify write cycle is used to refresh the dewce then CS5 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 Ippay and Vge x Ipg. For a cycle of
400ns and tee of 230ns typical power dissipation is 660mW.

Standby Power

The 2107B is a dynamic RAM therefore when Vigg = Vg very little power is dissipated. In a typical system
most devices are in standby with Vgg at Vy . During this time anly leakage currents flow [i.e., Ipp1, lce1,
lgg, 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 T5. The 3210, 3230, 3235, and 3404 are standard Inte! pro-
ducts. Decoupling is indicated by 1" for Vpp to Vsg and 2" for Vgp to Vss. Ipp and tpp current surges at
the CE transitions make adequate decoupling of these supplies important. It is recommended that 1uF higly
frequency, low inductance capacitors be used on double sided boards. V¢g to Vsg 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 Vipp to Vsg close to the array.
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SILICON GATE MOS 2107B

Typical System
16K X 9 BIT MEMORY CIRCUIT

Ag, g Ay By, Ag, Ay, A, Ay, Ay, By, Agg. Ay WE, T5, DI, DIZ, D13, DI, D15, DIG, 017, DIG, QIS
A

3235 I/ ‘\l
CE By
- T T T 17 13 1z 17 13 1
ENARLE | —‘
ENABLE 2 —i} [~ CE GE1—»| 21078 [— 21076 —— 2107 [—— 21076 [ 21076 ——— 21078 [— 21078 |—— 21076 [—— 21078
— j—— CE3
ENABLE ¥ —
ATEd [ LE4
ENAELE 4
: 2 | ) |z 1 2 i 2 J1 2
I210/ 323510074 H00

E .
_—DD—" ce2—=] 21078 |— 21078 |—{ 21078 ——| 21078 |—] 21078 —{ 2v0re |—— 21078 |—— 21076 |—] 21078

ADDRESS CE 3 —+| 21078 [—] 21078 }——] 21078 |— 21078 [—1 21076 |— 2107E [—] 21078 —-—I 21078 —— 21UTE
ENAELE —
o
A,
" 2 1 2z 1 2 1 4 1 2
REF —
7] £s CE 4 —| 21075 |———] 21078 |—{ 21078 |——1 21070 |— 21078 — 21076 — 21078 21078 |—— 2078
M
F— m 1 2 1
2
—DI3
— Dl
IS
304
— Ole
M§
— 017
OuTPUT QuTPUT
— 19
o You Voo
L i) 1 .
-y g 1uF (See previous page)

- 1uF
T, 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 21078-4 is a medium speed version of the 2107B, Please refer to page 2-81 far pin configuration, logic symbol, and

bl

lock 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-B8 for applications information.

D.C. and Operating Characteristics

Ta =0°Cto 70°C, ¥pp = +12V + 8%, Voo = +5V £ 5%, Vpp!1] = -6V # 6%, Vgg = OV, unless otherwise noted.

- Limits . "

Symbol Par Wi Typ.2) Mo, Unit Conditions

Input Load Current _
i {all inputs except CE) o 10 A VIn = ViL in ® Vinmax
I ¢ Input Load Current .0 10 A Vin = Vi min 19 Vil max
Ll Output Leakage Current .0 10 gA | CE=VjcorT5=Vy

far high impedance state WV =0V 10 5.26Y

Vop Supply Current -
lop1 during CE off3] 110 200 HA CE=-1V 10 +.6V

Voo Supply Current - ~ og?
Ibp2 during CE on 80 100 mA | CE= Ve, Ta = 26°C
Ipp ava | Awerage Vgp Current 55 80 mA Cycle time=470ns,

teg = 3‘_00ns ) Ta = 25°C
Ipp avz | Average Vpp Current 27 40 mA, Cyele time=1000ns,
teg = 300ns
Ve Supply Current =
4] o = =
lCCI [ . during CE off M 10 ,IJA CE V".C or CS V]H
lep Vena Supply Current 5 100 A
ViL Input Low Voltage -1.0 0.6 v 11 =20ns — Sea Figure 4
Wi Input High Vaoltage 24 Vipg*l W
ViLe CE Input Low Voltage -1.0 +1.0 v
Vimg CE Input High Voltage Vop-1 Vpp+1 ¥
VaL Output Low Voltage 0.0 0.45 v loL = 2.0mA
Vou Dutput High Yoltage 2.4 Vee v Iny = -2.0mA
NOTES:

2
3.
4,

The only requirement for the sequence of applying valtags to the device is that Vpp, Vg, snd Vgg should naver be .2V more
negative than Vpg. .

. Typicat values are for Ty = 25°C and nonfinal power supply voltages.

The pp and Igg currents tiow 10 Vg5, The Igg current is the sum of all leakage currents.

During CE on Voo supply current is dependent on output loading, Vo is connecied 10 output butfar only.
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SILICON GATE MOS 2107B-4

. il
A.C. Characteristics 1,-0°c w0 70°, vy = 12V £ 5%, Voo = 5V 5%, Vgg = -5V £ 5%,

\" READ, WRITE, AND READ MODIFYMWRITE CYCLE vgg = 0V, unless otherwise noted.
\-. Symbol Paramater Min. | Max, | Unit . Conditions
\‘\’ tREF Time Between Refresh 2 -ms
Y
1 tae Address to CE Set Up Timel 0 ns taq is measured from end of address transition
"‘\._ tan Address Hold Time B0 ns
top CE Off Time 130 ns
r CE Transition Time 10 40 ns
top CE Off 1o Dutput 0 . ng
High Impedance State

READ CYCLE
Symbol Parameter Min. Max, | Unit Conditions
tey Cycle Time 470 ne t1 = 20ns
tee CE On Tima 300 3000 ns
oo CE Qutput Delay 250 LbH Closd = 50pF, Load = One TTL Gate,
tace Address to Qutput Access 270 ns Ref = 2.0V,
wi CE to WE 0 ns tace =tac * teo t+ Ity
twe WE ta CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
tey Cycle Time 470 ns tr = 20n%
tee CE On Time 360 3000 ns
Ty WE to CE Off 150 ns
Tow CE to WE 100 ns
tpw[2) | Dy to WE Set Up 0 ns
toH Dy Hold Time -0 ns
typ WE Pulse Width 50 ns

Read Modify Write Cycle"

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

Torw CE Width During RMW 420 | 3000 ns

Ywe WE to CE on 0 ns

' WE to CE off 10 o Ciong = BUPF, Lozd = One TTL Gate,

typ WE Pulse Width 50 ns Ref = 2.0V

Tow Dy, to WE Set Up [ ns

oy Dy, Hold Time o] ns 5

LI CE to Output Delay 250 ne |

Yace Access Time 20 ns tace = tac * too + 111
NOTE:

1. A.C. characteristics are guaranteed only if curiulative CE on time during tRer is <65% of tRgg. For continuaus Read-Madify-Write
cperation, tog and tRwe should be increased to at feast 185ns and 645ns, respectively.
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|nte| 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.

RAMSs

The 21078-6 is a version of the 21078 which is useful in microcomputer and terminzl applications. Please refer to page
2-81 for pin configuration, lagic symbal, and block diagram, See page 2-82 for absolute maximum ratings and page 2-83
for typical characteristics. Refer 1o 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 10 70°C, Vo = +12V + 5%, Ve = +6V £ 6%, Vap [1) = -5V * 5%, Vigg = OV, unless otherwise noted.

Limi

Symhbol Parameter i, T:::n[;J Mo Unit Conditions

input Load Current =
u (&l inputs except CE) 0 10 HA VIN = ViL i 1 Vidmax
e Input Load Current 01 10, #A | Vi = Ve min 10 Vis Max
Mol Cutput Leakage Current kil 10 pA | CE=Vi cor88=Viy

for high impadance state Vg =0V to B.26V

Voo Supply Currant _
lop during CE off(3 110 200 pA | CE=-1Vto+8V

Vop Supply Current - o 9RY
lopz during CE on 80 100 mA CE=Viye, 742250
lopavt | Average Vpp Current 45 70 mA | Cycle time = 800ns.

tce = 380ns
Ta =25°C
Voo Supply Current : —_
i41 cc Supply = =
ey duting CE off .01 10 re.y CE=Vj corCS=Vy
lap Vgg Supply Current ' 5 100 A .
Vi input Low Voltage -3.0 0.6 v tr = 20ns — See Figure 4
Wiy Input High Voltage 35 Vegtl v
Ve CE tnput Low Voltage -1.0 +1.0 Ay
ViHe CE Input High Voltage Vpo-1 Vppt1 v
VoL Output Low Woltage 0.0 0.45 1Y lgp = 2.0mA.
Vo Output High Voltage 2.4 Veo V| lon=-2.0mA
NDTES:

1. Tha only requiramunt for the sequence of applying voltoge to tha devics is that Vop, Yoo, end Vg3 should never be .3V mors
negative than Vpp.

. Typical valuns are for Ta = 26°C and nominal power wpply voltages.

3. The lgp and I currents flow to Wgg. Thae lgp currant is the sum of all lsakage currents.

4. During CE on Yo supply current is dependent on cutput loading, Vo is i to cutput buffer onty.

o)
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SILICON GATE MOS 2107B-6

.t
A.C. CharacteristiCs v,-0°C 10 70°C, iy = 12V £ 5%, Vo = 5V # 5%, Vgg = -5V * 5%,
READ, WRITE, AND READ MODIFY/MWRITE CYCLE Vgs = OV, unless otherwise noted.

Symbol Parameter Min. Max. | Unit Conditions
tREF Time Betwaen 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
tee CE Off Time 380 ns
t1 CE Transition Time 10 40 ns -
tce CE Off to Output ¢ ns
: High Impedance State

READ CYCLE
Symbol Parameter Min, Max. | Unit Conditions
tow Cyele Time 500 ns tr = 20ns
toE CEOn Time _ 380 | 3000| ns
oo CE OQutput Delay 320 s Cioag = 50pF, Load = One TTL Gate,
tace Address to Output Access 350 s Ref = 2.0V.
twrL CE to WE ) ns tace = tac *teo + T
twe WE to CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Conditions
toy Cycle Time 800 ns ty = 20ns
tce CE On Time 380 3000 ns
Ty WE to CE Off 200 ns
tew CE 10 WE | 150 ns
tpw f2t Dy to WE Set Up 1] ns .
1oH Oy Hoid Time 0 ns
twp WE Pulse Width 100 ns

Read Modify Write Cycle"

ISymIm{ Parameter Min. Max. | Unit Conditions
owe Read Modify Write(RMW) | 960 ns t1 = 200s
Cycle Time

torw CE Width During RMW .540 3000 ns

twc WE to CE on 0 ns

w WE to CE off 200 ns Cpyaq = 50PF. Load = One TTL Gate,

twp WE Pulse Width 100 ns Ref = 2.0V

L Dy, to WE Set Up Q ns

toH Dy Hold Time o ns

teo CE to Qutput Delay 320 Lons

Lige - Access Time 350 ns tace = tac *too M1
NOTES:

1. A.C. characteristics are guaranteed only if cumulative CE on time during tREE is 950% of tygg. For continuous Read-Modify-Write
operatian 1 and Ry should ba increased to at least 5B00ns and 1080ns, réspectively.
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INtal Siicon 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 o
Refreshing Required . = Low Power — Typically 150 mW

= Access Time — 0.5t0 1 usec Max. » Three-State Output — OR-Tie

s Simple Memory Expansion — Chip Capability

Enable Input

The intel’2111 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array, 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 memary applications in small systems where high performance, low cost, large bit
siorage, and simple interfacing are important design objectives.

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

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

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
ey _—
M 1 N ®
Agr=—[F ]
a2 {2 1[4, —1, v, - i 15! — Vit
Ape=—{x
S e wl A a, o, @ Ao MEMGRY ARRAY - —@no
Ape—x ) ot 32 ROWS
soTa 15[ 3o, ay o, . o) 32 COLUMNS
kb E
as[ds  21m a[Jrog — A, g, b— : ,-_\_,.®_D—- |
ag[|s 12 ro; EY- s @ T I
a7 1z Jue LR op b— 1104 3]
NPT
Guo [ )8 oy - 110, @ DATA
COMTROL
oo w|]EE, RW CE, CE, 1ty )
73 oS
PIN NAMES
]
Agh;  ADDRESS INPUTS 8y ® N
oD OUTPUT DISAGLE | o,
T Rw READMAITE INFUT oo &) i
Tc€;  CHIPENABLE1 ) = FIN HUMBERS
[ CEz_ __ CHIPENABLE2 |
{‘ 1707- 18ty DATA INPUTIOGUTPUT
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‘SILICON GATE MOS 2111, 2111-1, 2111-2

Absolute Maximum Ratings™ “COMMENT: .

. ' Stresses above thoss listed under "'Absolute Maximum
Arnbient Temperature Under Bias . ... .. 0°C to 70°C Rarfhg"may cause parmanent darmage to the device. This
Storage Temperature . .. .. ... ... _B5°C to +150°C is g stress rating only and functional operation of the de-

vice at these or at any other condition above those indi-
cated in the aperational sections of this specification is
not implied.  Exposure to absoiute maximum rating con-
Power Dissipation ... ................. 1 Wart ditions for extended periods may affect device reliability.

Voltage On Any Pin
With Respect to Ground . . .. ... .. -0.8V ta +7V

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

Ta = 0°C 10 70°C, Ve =5V 5% , unless otherwise specified,

Symbol Parameter Min. | Typ.[1l| Max, Unit Test Conditions
BT Input Load Current ) 10 HA Vi = 0 to 5.25V
ILoH 1/0 Leakage Cusrrent 15 iz CE; =CEy=2.2V, Wyg=4.0V
ILoL 1/O Leakage Current - -60 oA CE, =CE;=2.2V, Viio=0.45V
leos Power Supply Current 30 60 mA, Viy = 5.25V
lig = OmA, Ta = 26°C
lega Power Suppty Current ' 70 mA Vyy = 5.26V
ljo=0mA, T4 = 0°C
ViL Input Low Voltage -0.5 +0.65 v
ViH Input High Voltage 2.2 1 Vee v
Vor Qutput Low Voltage 0.45 v oL = 2.0mA
VoH Qutput High Voltage 2.2 v lgy =-150 pA .
OUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS,
QUTPUT VOLTAGE OUTPUT VOLTAGE
AMBENT .J..r..n |TURE AMBIENT TEL’ERA‘TURE ]I'Py//r
JRTY W L W - g;fc B ] 15 7
\,"W’c l /A or /1/
 -u = 10 A/ /
E \ E / 70°C
g \ S i
: £
s ! \\ Vea- 475V ! ] 5 /v“-a.rsv ]
OUTAIT “Hak TYRICAL /V// GUTPLT "LOW™ TYPIGAL
‘\
Q a
' 2 ] 4 ) [ o5 1.0 15
’ Vg [VOLTS) Vo (VOLTS)

NOTE: 1. Typical walues are for T = 25°C and nominal supply voltage.
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SILICON GATE MOS 2111, 2111-1, 2111-2

A.C. Characteristics for 2111

READ CYCLE Tpa =0°Cto 70°C, Ve = BV 5%, unless otherwise specified.

Symbol Parameter Min. T\r(.{.” Max. | Unit Test Conditions
tRC Read Cycle 1,000 ns
ta Access Time 1,000 s ty, = 20ns
1ea Chip Enable To Output 800 ns Vi =+0.65V 10 +2.2V
top Qutput Disable To Output 700 ng Timing Reference = 1.5V
tpel3! Data Output to High Z State 0 200 he Load = 1 TTL Gate
Previcus Read Data Vatid and C_ = 100pF.
toH 40 ns
after change of Address

WRITE CYCLE

Symbol Parameter - Min. Typ. Max. | Unit Test Conditions
twe Write Cycle 1.000 ns .
AW Write Delay 150G ng 1., t¢ = 20ns
oW Chip Enable To Write 960 ns Wy = +0.65V to +2.2V
oW Data Setup 700 ns Timing Reference = 1.5V
toH Drata Hold 100 ns load=1TTL Gate
tye Write Pulse 780 ns and C = 100pF.
twe Write Recovery 50 ns
os Qutput Disable Setup 200 ns
[21
A. C. CONDITIONS OF TEST Capacitance "7, - 25°c, = 1wz
Input Pulse Levels: +0.65 Volt to 2,2 Volt Limits {pF)
Symbol Test ¥
Input Pulse Rise and Fall Times: 20nsec Typ' 'l Max.
. C Input Capacitance
T M t Reference Level: 1.5 Volt 1N put Lap
iming Measurement Re nce Lev (AHl Input Pins) Vi = OV 4 8
Cutput Load: 1TTL Gate and € = 100pF Cout Output Capacitance Vour =0V | 10 15
Waveforms
READ CYCLE ) WRITE CYCLE

ADDRESS \< )< ADDRESS
CHIF JRE—— [ —=— gy — CHIP

ENABLES /- ENABLES
a1 53] [CE,. CE,)

— top=— I
QuTPUT Top— [— it
DISABLE
t e Uy 2|

e —————— DATABDUT =" DATA N
DATA 11D < vaLID l__ DATA NG ) STABLE
tye e —

READ) . i
WAITE M /|

NOTES: 1. Typical values are for Ta = 25°C and neminal supply voltage.
2. This parameter is periodically sampled and__ig_nolj_m% tested.
3. tpF is with respect to the trailing edge of CEy, CE9, or OD, whichever accurs first.
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SILICON GATE MOS 2111, 21111, 2111-2

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

READ CYCLE T4 = 0°Cto 70°C, Vge = 5V £5%, unless otherwise specified.

[1)

Symbol Parameter Min. Tye. Max. Unit Test Conditians

tre Read Cycle 500 ns

Ta Access Time : . 500 ns 1. 4 = 20ns

teo Chip Enable To Output 350 ns Yy = +1L65V 1o +2.2V

too Output Disable To Cutput 300 ns Timing Reference = 1.5V

tpe 2 Data Qutput to High Z State 0 150 ns Load = 1 TTL Gate
Previous Read Data Valid and C = 100pF,

1oH 40 ns

after change of Address

WRITE CYCLE

Symbol Parameter Min, Tyr|:|[.1 ! Max. Unit Test Conditions

twe. Write Cycle 500 ns

Taw Write Delay 100 ns tr, tr = 20ns

Tew Chip Enable To Write 400 ns | ViN=+065Vto+2.2V
ow Data Setup 280 P Timing Reference = 1.5V
on Data Hold 100 o Load = 1 TTL Gate

Ty p Write Pulse 300 s and C,_= 100pF.
twr Write Recovery 50 s

tns Output Disable Setup 150 ns

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

READ CYCLE T4 = 0°C to 70°C, Voo = 5V 5%, unless otherwise specified.

Symbol Parameter Min, Typ{.” Max. | Unit Test Conditions

tae Read Cycle 650 ns :

ta Access Time ' . _ 650 ns ty, t = 20ns

teo Chip Enable To Output 400 | ns | Ym=1085Vi0+2.2V

top Qutput Disable To Qutput 350 ns Timing Reference = 1.5

tgr [ Data Qutput to High Z State i} 150 ns Load = 1 TTL Gate
Previous Read Data Valid and Cy = 100pF.

toH after change of Address 40 s

WRITECYCLE

Symbol Parameter Min. Tvp(‘u Max. Unit Test Conditions

twe Write Cycle 650 ns

taw Write Delay 150 ns tr, tr = 20ns

tow Chip Enabte To Write 550 s Vin = +0.65V to +2.2V

tow Data Setup 400 " Timing Reference = 1.5¥

o Data Hold 100 - Load = 1 TTL Gate

twp Write Putse 400 ns and G = 100pF.

twr Write Recovery 50 ]

tphs Qutput Disable Setup 150 ns

NOTES: 1. Typical vatuss are for T = 26°C and pomins! supply voltaga,
2. tpF is with respect to the trailing edge of CEq, CE5, or OD, whichever occurs first.
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intgl’  Siicon Gate MOS 2112, 2112-2

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

s Traanization 256 Words by 2 s » 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 » L ow Cost Packaging — 16 Pin Plastic

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

= Access Time — 0,65 to 1 psec Max. » Three-State Output — OR-Tie

= Simple Memory Expansion — Chip Capability

Enable Input

The Intel®2112 is a 266 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. 1t uses fully DC stable {static} circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data, Common input/output pins are provided.

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

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 technolagy also provides excetlent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC 5YMBOL BLOCK DIAGRAM
B e W oy O]
as 161 Jvec — 4 “““@_E: | ﬁf Vee
o)
a1z 5[] A, —a, 1o, b— Aia@)_DE: Ao MEMORY ARRAY — ane
a3 ul Jrw —] %2 10y — Az @ t SELECT 2 SOLUMNS
P | e " . AS’ED: —1
- . o, — ago——Pr ]
as[1s 2z a1zl Juos I I
—] % Mz COLUMN (/0 CIRCNITS
ag[]s n[Juo; —] A Ve @ N COLUMN SELECT I
a7 o[ Jno: —Ff A, wo‘ 5] INPUT
' N e e
GN,DE ] 4 jla’D; RMW CE 1oz 1 @ @
T = " ﬁ
PIN NAMES cE ’@_V,-"D
_INNAWES @

4gA; ADDRESS INPUTS
A READWRITE INPUT
TE  CHIP ENABLE INPUT
\/0, 110, DATA INPUT/OUTPUT
Veg  POWER {45V}

(- PIn MUNBERS
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SILICON GATE MOS 2112, 2112-2

2-98

Absolute Maximum Ratings*

Ambient Temberature Under Bias

Starage Temperature -65°C to +150°C

Voltage On Any Pin
With Respect to Ground

-0.5V to +7V
1 Watt

Power Dissipation

0°Cto70°C - .

. "COMMENT:.

' ISrresses.'a.bqv:aj those listed under “"Absolute Maximum

‘Rating" mdy cause permanent damage to the device, This
is & stress rating only and functional operation of the de-
vive at these or at any other condition above thase 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 refiabitity.

D.C. and Operating Characteristics for 2112, 2112-2

Ta =0°C 10 70°C, Vee = 5V 5% unless otherwise specified.

Symbal Parameter Min. Tvp.“] Masx. Unit Test Conditions

T Input Current 10 uA Vin = 010 5,25V

I oM 1/0 Leakage Current 15 A CE=2.2V, Vo = 4.0V

Lo 1/0 Leakage Currant -50 A CE=2.2V,V|;n=0.45V

leeq Power Supply Current 30 60 mA, Viy = 5.25V, lj;o0 = DmA

Ta = 25°C
leea Power Supply Current 70 mA Vin = 5.25V, ljyn = OmA
Ta =0°C
Vi Input “Low* Voltage - -05 +0.65 v
Viu Input “High” Voltage 2.2 Voo v
- Vag Qutput “Low" Voltage +1.45 v oL = 2mA
Vau Dutput “High” VYoltage 2.2 V' lon = -150u4
A.C. Characteristics for 2112
READ CYCLE T4 =0°C to 70°C, Ve = BV #6% unless otherwise specified.
Symbol Parameter Min. [Typ.[1)| Max. | Unit | Test Conditions
tre Read Cycle 1,000 ns 1., 1 = 20ns
ta Access Time 1,000 ns Vyy = +0,65V to +2.2V
tco Chip Enable To Output Time 800 | ns Timing Reference = 1.5V
tep Chip Enable To Qutput Disable Time | © 200 ns Load = 1 TTL Gate
taH Previous Read Data Valid After 40 ns and G = 100pF.
Change of Address

READ CYCLE WAVEFORMS

(2]

Capacitance 1, - 25°C, f= 1 MHz

AGDRESS

CHIF ENABLE

INPUT/GUTFUY

Limits (pF}
Symbaol Test
¥ i Typ.HI] Max,
Gin Input Capacitance 4 8
{All Input Pins) vy =0V
Ciio 1/0 Capacitance Vg = DV 10 1%
NOTES:

1. Typical values are for Ta = 25°C and nominal supply voltage.
2. This paramater is pariodically sampled and is not 100% testad.




SILICON GATE MOS 2112, 2112-2

A.C. Characteristics for 2112 (continued)
WRITE CYCLE #1 Ty = 0°C 10 70°C, Vo = BY 5%

Symbol Parameter Min. | Typ. M Max. Unit .| Test Conditions
W Write Cycle . 850 ns 1y, t = 20ns
taw Address To Write Setup Time 150 ns Wy = +0.65V to +2.2V
D1 Write Setup Time 650 ns Tirning Reference = 1,5V
e Write Pulse Width 6560- n: - | Load=1TTL Gate
test Chip Enable Setup Time a ng and Cy = 100pF.
toH1 Chip Enable Hold Time Q ns
twA1 Write Recovery Time 50 ns
toH1 Drata Hald 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
twez Write Cycle 1050 ns 1., t = 20ns
taws Address To Write Setup Time 150 ns Vi = H0.65Y to +2.2V
tow2 Write Setup Time 660 ns Timing Reference = 1.5V
twp2 Write To Output Disable Time 200 ns Load = 1 TTL Gate
teso Chip Enaple Setup Time 0 ns and Cp = 100pF,
toH2 Chip Enabte Hoid Time a ns
w2 Write Recovery Tirme B0 2l
1DH2 .Data Hald Time 100 ns
Write Cycle Waveforms
WRITE CYCLE #1 WRITE CYCLE #2
twer | Ywez

:
LJ
-

X

—] f— by 4! ey
CHIF ENARLE L‘_'m __’J_
oy ="
e *
| |y
READM‘R]TE__ y
ity ety ~—tpyp—

»
4
L

tesz Tewz
CHIP ENARBLE :I
i
‘ &"'_ oz
INPUT/OUTPUT ! il
thipy L“_‘ — ‘oz
READMWRITE | \1 14
P Tawz "‘".i = teez

MOTE: 1. Typical values are for T = 25°C and norminal 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 Tp = 0°C to 70°C, Ve = 5V #5% unless otherwise specified.

Symbol |- Parameter Min. Typ_m Max. | Unit Test Conditions

tre Read Cycle 650 ns t;, 1 = 20ns

ta Access Time 850 ns Vi =+0.85V to +2.2V
tco Chip Enable Ta Qutput Time 500 ns Timing Reference = 1.5V
teo Chip Enable To Qutput Disable Time 0 150 ns Load = 1 TTL Gate

toH gll.f:r::gsc) lfi ;agd?ei;a Vatid After 40 ) ns and C = 100pF.

WRITE CYCLE #1 Ta =0°C'to 70°C, Ve = 5V 6%

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

twet Write Cycle 500 ns 1,, t = 20ns

Law Address To Write Setup Time 100 ns Vi = +0.65V. to +2,2V
tow1 Write Setup Time 280 . ns Timing Reference = 1.5V
Pt Write Pulse Width S| 350 ns Load = 1 TTL Gate

tes Chip Enable Setup Time 1] ns and Cy = 100pF.
tcH1 Chip Enable Hold Time o ‘ns

twr1 Write Recovery Time 50 ns

toHY Data Held Time 50 ns

towl Chip Enable to Write Setup Time 350 ns

WRITE CYCLE #2 Ta = 0°C 10 70°C, Vo = 5V #5%

Symbol Parameter Min. T\,lrp,[II Max. Unit Test Conditions

twez Write Cycle © | 650 ns t,, t¢ = 20ns
Tawz Address To Write Setup Time 100 ns Vi = +0.65V 10 +2.2V
towz Write Setup Time ) 280 ns Timing Reference = 1.5V
two2 Write To Cutput Disable Time 200 ns Load = 1 TTL Gate
tcs2 Chip Enable Setup Time 0 ns and G~ 100pF.
tokz Chip Enahle Hald Time 0 ns
twR2 Write Becavery Time 50 ns
tpH2 Data Hold Time 50 ns

NOTE: 1, Typical values ara for Ta = 26°C and nominal supply voltage.
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|nter° ~ 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.
{31014}
= Fully Decoded --on Chip Address
» Simple Memory Expansion through Decade and Buffer.
Chip Select input--17 nsec. max. ' .
over 0-75°C Temperature Range. = Minimum Line Reflection-- Low
(31014) Voltage Diode Input Clamp.
* DTL and TTL Compatible --Low = Ceramic and Plastic Package --
input Load Current: 0_25mA. max. 16 Pin Dual In-Line Configuration.

The Intei*3101 and 31014 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 regardiess
of the state of the read/write signal.

The vse of Schottky barrier diode clamped transistors to obtaln fast SWItChlng speeds rasults in higher perfor-
mance than equivalent devices with gold diffusion processes.

The Intel 3101 and 31014 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 celis 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
ABORESS INPUT 2, 1 16 v, e iy n@ [ =
- —Aa R I R =
cur sELECT £52 1[04, AboREss mpus . o b— L) = S
WRITE ERRBLE WELT] 2 147 &, ADORESS INFUT P ' i) [ - é [— CELL RRRAE
. uk— E B H
oata eyt o, {4 #1 [ %y ABORESS INPLT —q A ,,,,_,@_. = ] —]
paTa burret 8, s 120 0, paTamrIT e ok . o —
DATA INPUT B, {6 1 17, osta sureur Rl @ e
DATA OUTRUT 8, 1 16 7 0 aaTa IneuT e L,p— {@ouo Feo s VIRITE AND SERSE
—A ) porthamirs o AMELIRER
[+ Y ] 3 1, ‘DaTA ouTROT —]o,
& B 5 & 9 B T
TRUTH TABLE
PIN NAMES ! S::EI:;T E"'::‘;lEE_ _oP_ERAII_ON i oureur
0,-D, DATAINPUTS s CHIP SELECT INPUT Teow g | wmire J g
. HIGH £ MPLERENT GF |
Aq—A; ADDRESS INPLTS 5,—5, OATAOUTPUTS Pl man {_"_U_ SAITTEN BATA
! HIGH
WE WRITE ENABLE Vee POWER {+5V} - - I
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SCHOTTKY BIPOLAR 3101, 3101A

Absolute Maximum Ratings *

*COMMENT:

Temperature Under Bias:  Ceramic —GE°C to +125°C Stresses above those listed under “Absclute Maximum
Plastic —-B5%C to +75°C Rating” may cause permanemt damage to the device. This
Storage Temperature —65°C to +160°C is a stress rating only and functional operation of the dwir::e
Alt Output or Supply Voltages —0.5 to +7 Volts at these ar at any o_ther condition a_hfa\.reltho_se i"dicale.dm
} . the operational sections of this specification is nat impligd.
Al Input Voltages —1.0 to +5.5 Volts Exposure to absolute maximum rating conditions for ex-

Cutput Currents 100 mA tended periods may affect device reliability.

D.C. Characteristics 1, = 0°C w0 +75°C, v = 5.0V 5%

SYMBOL PARAMETER MIN. _MAX. UNIT TEST CONDITIONS
tra ADDRESS INPUT LOAD CURRENT -0.26 | mA Vo =5.25V, ¥V, =0.45Y
‘en DATA {NPUT LOAD CURRENT —0.26 } mA Vo =5.25V, W, =0.48V
Iew WRITE INPUT LOAD CURRENT —0.25 | mA Voo =525V, W, =045V
leg CHIP SELECT INPUT LOAD CURRENT -0.25 | mA Veop 75.25V, V =0.46Y
Iga ADDRESS INPUT LEAKAGE CURRENT . 10 [T Ve =5.26V, V, =B.25V
lap DATA INPUT LEAKAGE CURRENT 10 pA Voo =5.26V, V =6.26V
lpw WRITE {NPUT LEAKAGE CURRENT 10 pRA Ve =5.25V, W, =5.25V
lps CHIP SELECT INPUT LEAKAGE CURRENT 10 pA Veg =825V, Vi =5.28V
Vea AODRESS INPUT CLAMP VOLTAGE —i.0 v Vep =475V, 1,=-6.0mA
Veo DATA INPUT CLAMP VOLTAGE -1.0 v Ve =475V, 1,=—6.0 mA
Vew WRITE INPUT CLAMP VOLTAGE -1.0 v Vo =375V, iy =—5.0 mA
Veg CH!P SELECT INPUT CLAMP VOLTAGE ~1.0 v Vep =475V, I;==5.0mA
Voo QUTPUT “LOW" VOLTAGE 0.45 v Ve =375V, Ig = 15 mA
Memaory Stores "'Low"
lcex OUTPUT LEAKAGE CURRENT 100 pay V=825V, Vipgy =5.26V
Vg=2.5V
lec POWER SUPPLY CURRENT 105 ma Ve =525V, W, =V, =V, =0V
Vi INPUT “LOW” VOLTAGE 0.85 v Ve 5.0V
Viu INPUT “HIGH"” VOLTAGE 20 v Voo =50V
Typical Characteristics
OUTPUT CURRENT INPUT CURRENT INPUT THRESHOLD VOLTAGE
VS, UTPUT “LOW"” VOLTAGE VS, INPUT VOLTAGE VS, AMBIENT TEMPERATURE
o [ 25
i == ]
: -5 - 4 = Vee * 5OV
750G -] E
o =T e @
< 3 -50 e g 20
E E 2
[ a4 =t
z £ -7 2 .
& o z
S = } 100 ds -"""""“"""-l._....___—-----...1
£ Z/A‘_.—o"c 3_125 E ]
E ! 2 g
25°C — % =
2 = -150 S0
/ —175 2
[ // - —200 05
o [i3-4 oa o8 13 ] 10 20 30 L 25 50
CUTPUT VOLTAGE (V) INPUT YOLTAGE (V] AMBIENT TEMPERATURE i°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 leveis
Output loading is 156mA and 30 pf

15 mA Test Load

READ CYCLE
Address to Cutput Delay

r—
A Ap, Ag, Ag

X

WRITE CYCLE -

Ay Ay, Ag, Aa,
-
—= - <18 ns
CHIP BELECT INFUT CHIP SELECT INPUT
-— tA— —t— " lA+ -ty ——
6ata ay™
may
04, 0q, 04, Oy 0y.D4 D3 D4 change b,
Chip Select to Output Delay I typ
Ag. Ay, Ay, Ag * '| WRITE INPUT >0ns WR
# Y 1=
CHiP SELECT INPUT | ©1. 95 O3 O 4 Y
| {Selected Chipsh o v
l —| g -—
(See Nowa 1)
0y, 05,04, 04
*Cutputs of unselacted chips remain high during write cycle,
MOTE 1: g is associated with 2 read cycle Following @ write cycle and does not alfect the access time,
A.C. Characteristics 1, = 0°C to +75°C, V¢ = 5.0V +5%
READ CYCLE WRITE CYCLE
3101A Jm BHA 3
SYMBOL PARAMETER LIMITS {na} LIMITS Ina) SYMBOL TEST LIMITS {nsl LIMITS {ng)
MIN.| MaX, | MIN.] MAX, MIN,| MAX. MIN. [ MAX.
tgy.tg_ | Chip Select to Outpur| & 17 5| 42 tsh Senss Armplifier b -] S0
Dalay Fecovery Time
Taoitay Sdldrm to Qutput 0| x 0,y 80 twp Wirite Pute Width % 40
alay
tow DataWrite Dvarlap 25 40
’ Tima
CAPACITANCE? T, =256°C :
twh Wiite Racovery Time [ 5
Cin INPUT CAPALCITANCE 10 pF
(A Pins| maximum NOTE 2: This parameter s periodically sampted and fs not 100%
C, 12 pf 1ested. Condition of measurement is f 2 1 MHz, Vi,
ouT OUTPUT CAPACITANCE . 22V, Vg = OV, and T = 25°C,
MBXImum
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SCHOTTKY BIPOLAR 3101, 3101A

Typical A.C. Characteristics

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OQUTPUT RELAY
V5. VE,
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
40 [ an T
Ve = 5OV £ 5% i Voo "50VEX
¢, =30pF i €, =30pF
|
- 30 E a
: I
* 1
3 ———r] ot
g ———— - [ ;
g 2
g 2 2 a0t
3 g
=
% B ‘
) | — 5—
g | ¥
= .
< 10 e Rt I w
o —
A ls.
|
\ : |
a 25 50 75 0 25 &0 75
AMBIENT TEMPERATURE (°C} AMBIENT TEMPERATURE (3C}
ADDRESS & CHIP SELECT TO OUTPUT DELAY WRITE PULSE WIDTH & SENSE
VS. AMPLIFIER RECOVERY TIME
LOAD CAPACITANCE . VS, AMBIENT TEMPERATURE
5 40
Ve @ 5.0V 2 5% - -
D.C. LOAD = 15 mA - Voo 250V
Ty - 20C - ©y ~ 30 0F
_ A" E e o L L |
Z I
F o= - S g 30
3 /'/ %5 1
8 -~ - S e
- - ta_ | gF
2 - + q >
=] J:—._____,..—-- r
g et == 20
o -~ 53 tr
z - w2 LA
a - S
2 - Sw
2 5t T
2 l // I =
=
é * _...-—-—-7"""""_:'_ 2w
pE— 5-
-
L~ [
-
-
5 . o
o 50 W 150 200 [} ] 50 7%
LOAD CAPACITANGE (pf) AMBIENT TEMPEAATURE {°C}

2-14



intal schottky Bipolar M3101, M3101A
HIGH SPEED FULLY DECODED 64 BIT MEMORY

= Military Temperature Range " OR-Tie Capability —
—55°C to +125°C Open Collecior Quiputs

® Fast Access Time—45ns = Standard Packaging—16
Maximum (M3101A) 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

. . . . . - - ©3
ideal in scratch pad and small buffer memory applications, The M3101 and M31014 are fabricated with using Schottky bar- =
rier diode clamped transistors which results in higher speed performance than equivalent devices made with a gold diffusion 'é:f
process.
PIN CONFIGURATION LOGIC SYMBOL
- —es
AUDRESS INPUT 4y (1 v ABSOLUTE MAXIMUM RATINGS*
— i
CMIFSELECT C3 ] 2 15[ 4, ADORESS MPUT o, p—- . X
- ! —1s ! Ambient Temperature Under Bias . ... 15°C to +55°C
WRITE ENABLE WE (] 3 140 A; ACORESSINEUT ___ | Ay Storage Temperature ... ... =85°C to +1680°C
0y P— -
DATA INPUT D, ) 4 131 Ay ADDRESSINFUT ——Ff &y Voltage On Any Pin
- With Respect to Ground . . . ... .. —0.BV to +7V
paTAOUTRIT & (] 5 1210, DATA INPYT - Lo
! i o np— Power Dissipation .. . ... . ............. 1 Watt
DATAINFUT 0, (] & 1T, 0ATA 0UTRUT '
- —1u
OATAQUTAUT 0] 7 10 [ 0 DATA INFUT * op— "C‘?MMENT
o ’ T on - K Streeses above thesa listed under “Absolute Maximum Rating”
GHD f Pu’ BATA DuTRUY -0 may cause permanent damage to the deviee. This is 8 stress rat-
ing anly and functional operation of the dewice ar these ar gt any
TRUTH TABLE other condivon above those indicawed in the operational sections
T of this specification is not implied, Exposure o absolute maxi-
CHIF SELECT | WRITE ENABLE | QPERATION | . oureur ) mum ranng conditions Tor extended periods may aifect gdavice
LOW LOW WRTE | HIGH - ] iabili
Low HIGH READ [ COMPLEMENT OF WAITTEN DATA reliability.
l_._mey_ | _tow | - JHH —|
HIGH HIGH - HIGH

D. C. and Operating Characteristics T, = —s5°C to +125°C, V. = 5.0V 5%

Symbol Parameter Min, Max, Unit Test Conditions

Ira Address Input Load Current -0.26 mA Voo =B.26V, W =0.45V

Irp Data Input Load Current -0.25 mA Vec=5.26V, Vp =0.45V

few Write Input Load Current -0.25 mhA Ve =525V, Viy =046V

leg Chip Select Input Load Current -0D.25 mA Vee=5.25V, Vg =0.45V

IRa Address Input Leakage Current 10 uh Veop=5.26Y, V5 =625V

lgp Data Input Leakage Current 10 HA Vee=5.25V, Vi =526V

lrw Write input Leakage Current 10 LA Ve =5.26Y, Vi =526V

Irs Chip Select Input Leakage Current 10 HA Voo =5.26V, Vg =6.26V

Vea Address Input Clamp Voltage ) -1.0 v Voo =475V, 15 =-5.0mA

Veb Data Input Clamp Valtage -1.0 v Veo=4.75VY, Ip =-5.0mA

Vew Write input Clamp Volitage -1.03 Y Veoe=4.78Y, Iy =-5.0mA

Veg Chip Select Input Clamp Vaoltage -1.0 A Veo=4.75V,15=-5.0mA

Voo Output “Low’ Valtage 0.45 v :ﬁ?ﬂ?::::;:;';il?:ﬂ‘q

loEx Qutput Leakage Current 100 uA Vee=5.26Y, Voex =5.25Y, Vg=2.5V
lee Power Supply Current 105 mA Voo =5.25V, Vi =Vg=Vp =0V
ViL Input Low" Voltage ) 0.80 v Voo =50V

Vin {nput “High’ Voltage 21 A Voo =5.0v
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SCHOTTKY: BiPOLAR M3101, M3101A

A.C. Characteristics 1, = —55°C +125°C, Vo = 5.0V 5%

READ CYCLE WRITE CYCLE
ITA 3101 X J01A o1
S¥YMBOL PARAMETER LIMITS {ns) LIMITS [ns) SYMBOL TEST LIMITS ins) LIMITS (ns}
MIN. | MAX, MIN. | M8 X MIN. | MAX. MIN.| MAX,
tay tg_ Chip Select to Qutpur | & 2% s 55 tsR Sense Amplifier a0 50
Delay Recovery Time
ta_.ty, | Addressto Cutput 10 | 45 10 %5 twp Write Pulse Width a5 40
Delay
fow DataWrite Ovarlap 36 40
i o Time
CAPACITANCE T,=256°C . -
L Write Recowvery Time a o
Cin INPUT CAPACITANCE 10 pF
{AN Pins) maximum NOTE 1t This parameter Ts periedicatly sampled and §s not 100%
. . iti f measurement is { = 1 MHz, Vp;
C 12 pF tested, Condition o . ¥bias
ouT QUTPUT CAPACITANCE e = 2V, Vg = OV, and Ta = 259C.,

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
QOutput loading is 10 mA and 30 pF

10 mA Test Load Vee

30pF -I: 210000

READ CYCLE
Address to Qutput Delay

r—
Ag. Ay, Ap. Ag

— ~— <18 ns

)

CHIP SELECT INPUT

’-'*-‘A:*'l C T s

04.03,03. 0y

Chip Select to Ouiput Delay

Ag. Ax. Ay Ay
- '
—— 2> 30ns

CHIF SELECT INPUT

NOTE 2:

2-106

WRITE CYCLE

|
Ag, Ay, Ag, A
- Ay: A, Az,
:"X

CHIP SELECT INPUT

IDW—-—-—-
Dlata ﬂ'la\"
Ly, Bp, Dy Oy change
| twp
WRITE INPUT >hng WA —7
_ —_- —_- = g T K
01, 07, 03. 04 ':' Y\
{Selacted Chips!™ s
scte Ips . ﬁ-----ﬂ‘ . “‘
| tsn N

{See Note 21

*Ouwputs of unsalected chips remain high during write cycle,

ta R is associated with a read cycle following a write cycle ang does not affect the access time.



inter 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 Qutputs —~OR Tie . = Bit Enable Input - Bit Masking
Capability e = Standard 24 Pin Dual In-Line
» High Current Sinking Capability —
15 mA max.
The Intel®3104 is a high speed 16 kit Content Ad- to indicate a match when these data are identical.
dressable Memory (CAM). It is a {inear select 4 word This eqguality search is performed on all bits in par-
by 4 bit array which is designed to compare data on ailel. The 3104 can also he used as a read/write RAM
its inputs with data already stored in its memory and with linear selection addressing,
PIN CONFIGURATION ' LOGIC SYMBOL
P e W
WRITE ENOBLE  WE )1 ™ e SUFPLY VOLTAGE 5412 W33
*DATA INPUT B, ]2 2 IE,  BIT ENABLE INFUT ‘l$$é :L&
DATANPUT B, ] a 2 1, §1T ENABLE INFUT b, 0,00, EEE;E,
DATAINPUT 0[] 4 M E, BT ENABLE INPUT TGy wE
DATAINPUT B, 6 2000F, &ITENARLE LNPUT . Mo P10
mATcHOUTRUT M, ] e wA, ADDRESS wPUT 16— A, Bl Mo [—= &
MATCHOUTPUT M, ] 7 W1 A, ADDRESS INPYT 17—c]a, IXICAM gl g
MATCHOUTFUT o, )& 17|Ja, apDARES INPUT % A w7
MATEHOUTPUT M, ]9 163, ADDRESS INPUT 18 Ay M — &
MATGHOUTRUT &, [+ 15110, BaTA QuIRLT O G O O
oaTagurPur G, N W0, DATA OUTRUT T T T T Yoo PIN 24
GROUNE GRD )12 W0, DATA DUTPUT . ¥3 111495 GND =@ A2
TDATA 1M wnd DATA OUT wl o tat ek Kt lwwabi Foor i thip thd iy mot selpcind, e e swtpin It
W i tgh bl
g, b i | !
Eu @ 1L T %E’ T 1 i bl @ T T :} N 60
H [ H u 1} )
g, E (B I ins G-+ T,
s 1. | |
;o] | 2550 | [Peds] | | [oRiit
_2 @ T r\-;]_} 1 T _@ I i § e 1 T U N 62
2
|| ] H - H : H
& o loiree]) | | el | || | |
5, 7] GiRE 6 £ b3,
€ —D*—}; t‘*ﬁni-‘,q‘ wM‘ b, ?Mz J’As vM
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SCHOTTKY BIPOLAR 3104

Absolute Maximum Ratings*

. . *COMMENT:
. i N
Temperature Under Bias 857C to +126°C Stresses above those listed under “Absolute Maxirmum
Storage Temperature —657C 10 +160°C Rating”* may cause permanert damage to the device. This
Alt CGutput or Supply Voltages —0.5 to +7 Voits is @ 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.
Qutput 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, Vi, = 5.0V +5%; unless otherwise specified.

LIMIT
TEST
SYMBOL PARAMETER MIN. | TYP. | MAX. umIT CONDITIONS
Ira ADDRESS INPUT LOAD CLURRENT —0.25 ma | Vee =529V Vg =45V
) €17 ENABLE INPUT LOAD CURRENT T oz mA | Vep - 6.75V Vg = 45%
FE cc £
e WRITE EMABLE INPUT LOAD CURRENT 0,25 MA | Vep® 525V Vg = A5V
ED DATA INPUT LOAD GURRENT -0.25 mA | Vpe =626V Vo= 48V
na ADDRESS INFUT LEAKAGE CURRENT 10 [y Vog = 5.25V Vg = 525V
1 BIT ENABLE INPUT LEAKAGE CURRENT 10 A Ve = 525V Vg = 525V
HE cc E
Taw WRITE EMARLE INFUT LEAKAGE CURRENT 10 BA | Vg - 5.25V Wi - 625V
no DATA INPUT LEAKAGE CURRENT 10 uh | veen528v vy =EzEV
leex QUTPUT LEAKAGE CURRENT 50 A Vop = 525V Vipy = 5.25V
{ALL OUTPUTS)
VoL QUTFUT "LOW" VOLTAGE 0.45 v Veg =478V g = 16mA
{ALL OUTPUTS)
VL INPUT “LOW” VOLTAGE {ALL INFUTS) 0.85 Y Vog = BY
Vi INPUT ““HIGH" VOLTAGE tALL INPUTSI 2.0 % Voo = 8Y
oo FOWER SUFPLY CURRENT ] 25 mA | Yo = 5.25% OUTPUTS HIGH
Cyp” INPUT GAFRCITANCE & pF Vg = 2.0V, Voo = 0.0V
f=1MHz
CouT™t | OUTPUT CAPACITANCE . 8 pF | Voyr = ¥2.8Y, Vo = 0.0V
f=1 MHz
F*This parameter is periodically sampled ang is not 100% tested,
Typical D.C. Characteristics
INPUT CURRENT. VS. INPUT THRESHOLD VOLTAGE OUT_PUT CURRENT VS.
INPUT VOLTAGE Vs, TEMPERATURE OUTPUT "“LOW"” VOLTAGE
¢ 11— zo - 50 .
| v =s0v I A L] | Ve = 50w Vg =50V
?I"c--_‘__J// [ 2
-2 w _ a0
;‘; 5o g 15 E
kS T - -—-—.___‘_____ =
- L]
E -0 '{ g 2 m
= Il o g
g I g ' ] 2 7800 —1
S e & L 20
g ﬂ & 5 2500
a I 1)
: L : . s
B0 . F——] 5 10 b
:[H 8
—oo L1 0 H - 0
-1 b 18 20 ap 4D o 25 50 75 D 2 4 5 5 10
INFUT VOLTAGE (V] AMBIENT TEMPERATURE {"C} CQUTPUT "LOW” VOLTAGE (V]
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SCHOTTKY BIPOLAR 3104

Switching Characteristics

. Conditions of Test: 15mA Test Load Voo
Input Pulse amplitudes - - 2.5Y
Input pulse rise and fall times of 3
5 nanoseconds between 1 volt ; !
and 2 volts ’ . [ o000

13 |
Speed measurements are made at 1.5 volt levels | :

Qutput loading is 15 mA and 30 pF : —-

. ™
BIT ENABLE [ tem

INPUT h '

raTCH '\| /_

OUTPUT | i MATCH

3000

DATA

.t

™tap™ l MCODE
DATA | /_
OUTPUT ™ |

? DATA
MODE
DATA wDM"‘ L/
INPUT | | ,
i"“DM"l
MATCH P ™~
ouTPUT N S
—-— - | [ ema
-1
ADDRESS N“Oﬁ. : L/ ne
INFUT | | | AD

ADDRESS AND . =
Je———t= 0 t3=0n
817 ENABLE \ n A | g
INPUT I |
WRITE . —
EMABLE ™\, we F
INPUT | \ WRITE
e P - T DaTA
cmmuany s A i MODE
DATA \ Pl
TNPUT /'|~,__ |
|
DATA T T ™
QUTPUT | .
|-| —IWO—-— -

A.C. Characteristics 7, = 0°C to +75°C, V¢ = 5.0V £5%; unless otherwise specified.

SYMBOL PARAMETER MIN. Li-:ﬂ\::.stﬁ MAX. UNIT
“tem BIT ENABLE INPUT TO MATCH QUTPUT DELAY 15 20 ns
tom DATAS iNPUT TO MATCH OUTPUT DELAY 16 30 ns
tagy ADDRESS INPUT TO OUTPUT DELAY 14 30 ns
typ WRITE ENABLE PULSE WIOTH 40 - 25 ns
L WRITE ENABLE TO OUTPUT DELAY — 40 ns
tg SET-UP TIME ON DATA 1NFUT - 40 ns
ta RELEAGSE TIME ON DATA INPUT 0 - ns
Mote 1. Typical values are at nomingl voltages and Ty = 252C.
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SCHOTTKY BIPOLAR 3104

2110

BIY ENABLE INPUT TO MATCH OﬁTPUT DELAY {ng)

Typical A.C. Characteristics

ADDRESS INPUT TO DATA QUTPUT DELAY (il

o

20

BIT ENABLE INPUT TO MATCH QUTPUT
DELAY Vs. TEMPERATURE

Ve = 5OV
T, ~30pF

5 50 75
AMBIENT TEMPERATURE ()

ADDRESS INPUT TQ DATA QUTPUT
DELAY VS. TEMPERATURE

Ve = 8.0V
€, =30pF

25 Bl i}
AMBIENT TEMPERATURE (°C}

WRITE ENABLE PULSE WIDTH (ns)

BATA INPUT TO MATCH GUTRUT DELAY ins)

30

20

W

o

Fl]

DATA INPUT TO MATCH OUTPUT

DELAY VS. TEMPERATURE

AMBIENT TEMPERATURE {7C)

Voo = 50V
€, = 30pF
1
1 |
'y ) —_"1
|
. -
!
T
)
1
|
25 50 5
AMEIENT TEMPERATURE "C)
WRITE ENAEBLE PULSE WIDTH
V8. TEMPERATURE
Ve = 5.0V
€, =30 pF
——
|
1
1
!
!{
i
i
5 S0 75
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HIGH SPEED FULLY DECODED 256 BIT RAM

Schottky Bipolar 3106A, 3106, 3106-8,
- 3107A, 3107, 3107-8

» Fast Access Time-60 nsec max.
over Q° to 75° C Temperature

" Range and 5% Supply Voitage -
Tolerance — —3106A and 3107A

» Fully Decoded—0On Chip Address
Decode and Buffer

* DTL and TTL Compatible—Low
Input Load Current: 0.25mA max.

slower performance systems where low system cost is a prime factor,

*Open

Collector

(3107A, 3107, 3107-8) or Three
State (3106A, 3106, 3106-8) Output

» Simple Memory Expansion
through 3 Chip Select Inputs

= Minimum Line Reflection—Low
Voltage Diode Input Clamp

» Standard Packaging--16 Pin DIP

The 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 versians of the 3106 and 3107. The 3106-8 and 3107-8 are ideal for

RAMs

All devices feature three chip-select inputs, The 3108A, 31086, and 3106-8 have a three-state output and the 3107 A, 3107,
and 3107-8 provide the user with the popular open collector output. On-chip address decoding and the high speed chip-
select facilitate gasy memory expansion.

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher performance than
equivalent devices made with a gold diffusion process, The performance of these devices is specified over a ternperature range

from 0°C 1o +75°C.

The 3106 and 3107 families are compatible with TTL and DTL logic circuits.

BLOCK DIAGRAM

R T S @ -v
PIN CONFIGURATION LOGIC G =2 Tl Gl G * Ve
[ = GND
SYMBOL @ 1116 DECODER
C5 = ADDRESS BUFFERE AND ) =FIN HuMBER
4 ] =& INVERTERS
we Dy N
—of %5 D O e B E]
ADDREES NAUT & [ J 15 Voo SUPRLY vOLTAGE O ©3; - [ II:I?::'L':' O
—Jes, Bour € (RITE anD i
ADDRESS NPUT A Tl 7 18 l___ln2 ADDRESS IHFUT SENSE AMPLIFIERS WAITE i3 =
FHLBUFFERS o—— WE
CHIF SELECT  cE, s [ Ja; ADDRESS MFUT — A LITITTTTITTIIITIL.
CHIPSELECT (5, ]a 1300, DATA INPUT : :- Ciurr E IEm @A‘
cHw sELECT ¢ s whJwe wae emsete | A: H EEE 0y A
- Bule H S&& 5
DATAOUTPUT By 6 119 04, ADORESS WPUT — —f A, MEMORY SRAAY 1 &, &)
- " .
spDREss weuT A7 w1 s, apomessiweur T8 E .‘EEE i
—14 H =o= ail
croune cholfe o 14; AODRESS INPLT a H 2 —= A2
—1~ =
TRUTH TABLE
CHIP WRITE
SELECT | ENABLE | OPERATION QUTPUT
PIN NAMES ALL Low WRITE COMPLEMENT OF
- = LOwW . DATA INPUT
. — P -
Din DATA INPUT 1 (’33 CHIP SELECT ALL HIGH READ COMPLEMENT QOF
Ag—B; ADDRESS INPUTS Dour  DATA OUTPUT LOw WRITTEN DATA
WE WRITE ENABLE ONE OR|[ DON'T HOLD 31064,3106,31068 |
1NFUT MORE CARE HIGH
HIGH {MPEDANCE
S5TATE
3107A,3107,3107-8
HIGH
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SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

2172

Absolute Maximum Ratings*

—6b°C 1o +126°C
-Gb°C to+1680°C
—0.5 to +7 Volts
—1.0 to +5.5 Volts
100 maA

Temperature Under Bias
Storage Terﬁperatu re

All Qutput or Supply Voltages
All Input Valtages

Qutput Currents

*COMMENT:

Stregses 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 10 75°C, Ve = 5.0V £5%

LiIMITS TEST
SYMBOL PARAMETER TrvPMAX. | UNIT CONDITIONS
(e INPUT LOAD CURRENT —0.95| mA | Ve =6.25V
ALL INPUTS Vpy =0.45V
I INPUT LEAKAGE 10 | uA | Vg =475V
CURRENT, ALL INPUTS Vg =5.25V
Ve INPUT CLAMP 10| V| Ve =aTBY
 VOLTAGE, ALL INPUTS | lyy = —5.0mA
- ;
Vo, OUTPUT LOW : 045 [ v | Voo =475V
VOLTAGE i Do =15 mA
|
leex OUTPUT LEAKAGE | 100 | wA | Vg = Veey = 5,25V
CURRENT
Foe POWER SUPPLY 90 (130 | mA | Ve =5.25V
CURRENT ALL INPUTS OPEN
V. INPUT LOW VOLTAGE 0.85
Vi INPUT HIGH VOLTAGE Ve =50V
3106A, 3106, 3106-3 ONLY
ol OUTPUT LEAKAGE FOR 100 | wA | Ve =526V
HIGH IMPEDANCE STATE Vo =0.45V/5.25V
lee OUTPUT SHORT 15 65| mA |V, =0V
CIRCUIT CURRENT Vee =BV
Vo OUTPUT HIGH VOLTAGE v |1, =32ma
Voo =475V

() Typical values are for T, = 25° C and nominal supply voltages.



SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

A.C. Characteristics T, = 0°C to +75°C, V. = 5.0V +5% unless otherwise specified.

REALD CYCLE WRITE C¥CLE
LIMITS ins} LIMITS ins)
SYMEOL TEST MIN, [ TYP, | MAX. 5YMBOL TEST MIN, [ TYP, [ MAX.
A, ADDRESS T J106A/3107A 15 40 £0 e WRITE ENABLE  3106A 3107A 50 a5
798 OUTPUT DELAY 3106, 3107, 15 50 80 FULSE WIDTH 21063107 B0 45
{ALL CHIP 3106-8,3107-8 3106-8,3107-8 80 70
SELEGTS LOW) R TIME INPUT DATA APPEARS AT
5., CHIP SELECT 5 25 40 THE CUTPUT FOLLOWING A 10 25
g+ FO QUTPUT WRITE COMMAND.
DELAY {ALL e MIN, LT
ADDRESS
INPUTS ETABLE)
31064, 3106, 3106-8 ONLY CAPACITANCE, T, = 259C
SYMBOL TEST MIN. MAX. LIMITS (pF)
tan TIME QUTPUT REACHES 0 SYMBOL TEST PACKAGE |TY¥P. MAX |
:2‘:’;;“2?:3;;;::;5 T INFUT CAPACITANCE  PLASTIC [ 8
{ALL INPUT PINS) -
tFF TIME OUTFUT REACHES 20 ALL GEVICES CERDIP 7 0
HIGH IMPEDANGE STATE -
C | OQUTPUT PLASTIC a 1
ouT
AFTER CHIP DISABLED CAPACITANCE
) AlL DEVICES CERDIP 3 13
*This parameter is pericdically sampled and is not 100% tested. Condition
af measurement is f = 1 MHz, Vl:ias IV W 0V and Ty = 2E0C,
Conditions of Test: Test Load O Vee
{nput Pulse amplitudes: 2.5V P12 3000
Input Pulse rise and fall times: °_ﬁ 50 pF
5 nanoseconds hetween 1 volt RzZg00n €L INCL.JIG.
and 2 volts ] | & PROBE
Measurerments made at 1.5 volt level =
Waveforms
READ CYCLE WRITE CYCLE

A0DRESS TOAUTPUT RELAY

ADDORESS %
NPT

Eay
#EssEszassEmEsmsasafanssne,
* *
"
.

CHIF SELECT TO QUTPUT DELAY

CHIF
SELECT
LMPLT

‘.n----------I-oooa apnmmm -i“

B ous

CHIP \
SELECT
NFUT \

Y
ADDRESS ‘(
INFUT
. L
PR [ W —
il }
LY
DaTA ‘/
h
LY
*

IMPUT

(e g P

2 1) s —e] ]
L™ - |
WAITE /
EMABLE
- 15m
Cour

-

2113

RAMs




SCHOTTKY BIPOLAR 3106A, 3106, 3106-8, 3107A, 3107, 3107-8

Typical A. C. Characteristics

ADDRESS INPUT TO QUTPUT DELAY ADDRESS INPUT TQ DUTFUT DELAY CHIP SELECT TQ QUTPUT DELAY
VS TEMPERATURE V5 LOAD CAPACITANCE ¥5 TEMPERATURE
13108, ITR6A, 2107, IT0TAN 13106, 39064, 3107, 21074} (3106, 31064, 3107, 11074}
L T -] T a
Ve = bW
DE. AGAD - 15 mA Ve 500
G, - 5o gt DG LOAD - 15 ma
L To - 15T 1 .
H £ - E
= by ADDRESS INPLITS Ay, s, dg. & . >
I Pt 40 ] - % T i ®
& - = ot g P = N [
EI g W = '1';“,_53 i B ow
T ow =
; ; - _,—M‘f: £ SN Il
H I e = %“?i'.:!“ﬂ_”" —/'7..‘_’ E I Pty
i » =
E Vo ADORESS INPLITS Ay 4y, 4. &y ; ,\01.5‘01 T&(;Muﬁ"‘"‘ Al g
I I B M 8w
3 = e :
- e Tt A i 4Ty, Z Vo - o
* 3 G4 L0AD = 15 ma
€, 5D oF
[
o o ] [
] 5 50 5 £ 00 150 200 260 P 25 50 ]
AMMEIENT TEMPERATURE [*CH LOAD CAPAL ITAMCE |pFt Ahw|ENT TEWCERATURE 1°C1
. .
Typical D. C. Characteristics
WRITE ENABLE PULSE WIDTH INPUT CURRENT V5
VS TEMPERATURE INPUT VOLTAGE
13106, 31064, 3107, I107A) 13106, 31064, 3107, 31074)
i ]
’ e
‘RSN SR S S W= & SV BV
2
g -
g ey S -
[ Twr :
-:- an ] Fy |
H [l |4 ~—— —-
£ 3
z : g ! 5
: ! i '
o
g | :
H H
u M — __..T___.,__._ H
£ Vpn= BOV -
ADORESS CHAMGED b
FRIDA TO WE PULSE.
] ~16D L
a b3 50 3 -18 t 13 20 ELd
AMBIENT TEMPERATURE |83 . WIFLIT VOLTAGE ¥}
DUTPUT "HIGH" VOLTAGE WS QUTPUT "LOW™ VOLTAGE VS INFUT THRESHOLD VOLTAGE VE
QUTPUT CURRENT QUTRUT CURRENT TEMRPERATURE
[3106 & 316A ONLY) {3106, 31064, 3107, 31074] 13108, 31064, 3107, 3107A)
L3 | T w T — 20 |
g R R S iad a0 v/ |
’ L, . Vg = ROV
: |
“w ; e ] H . |
- I w
] : E L i 13 i
5 1 T = 2 . |
& / F a
é 0 L E n ]
: 4 z :
Z LA H i
3 £ &
E i SR
- // ] I P g
7| |
2 L / S N N
7 i Y " |
a0 | | o os

T+ 10 pLd EL) ar ¢ 100 Byl 3¢ 400 ] " L ®
OUTRUT WOLTAGE VI GUTPUT LW~ VOLTAGE ik AMBIENT TEMPERATURE |50}
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INtal 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 — Al

= Single +5 V Power Supply Inputs and Qutputs
® Three-State Ouiput

RAMSs

The Intel®5101 and 5101-3 are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion-
imptanted silicon gate CMOS technalogy, The devices have two chip enable inputs. Minimum standby current is drawn by
these devices when CE5 is at a low level. When deselected the 5101 and 5101-3 draw from the single 5 volt supply anly 16
microamps and 200 microamps, respectively, These devices are ideally suited for low power applications where hatter\r
operation or battery backup for non-valatility 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 cutput terminals. An output disable function is provided
s0 that the data inputs and outputs may be wire OR-ed for use in cormmon data 1/0 systems,

The 5101L and §101L-3 are identicafl to the 51071 ano 5101-3, respectively, with the additions! festure of guaranteed data
retention at a power supply voltage as low as 2.0 voits,

A pin compatible N-channel static RAM, the Intel 2101, is also available for fow 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
5104 S5101 @
b Y @
s 2 v, 1. n°‘®—D§: | v
P o nf]a, — A, A h:E GND
as 2 [Jaw e Az oifg_:: g AROME |
— Ay @ 32 COLUMNS
~ ] v A Ay —==—{F ]
a s % [ Joo — Ay e} —
a s w [ ée2 — :‘ Ay “'—Df: I T
—_— ¥
A, 16 [ 1 oo, o oo, |— AW @ -1 COLUMN 170 CIRCLITS = |
auo [ e 15[ Joy, o, oo, [— o (8 | COLUMN SELECTOR
oL [ 1 [ oo, - g:: boy — ! @ INPUT
ol RO =R D I iy oo W1 L
] 13 ;
o, 2 [Jeo, AW CEZ GE1 D'a“gb: el 3_0002
19 Dy ——F ] A5 Ag Az B@ono;
PIN NAMES - > ® o
Dly -Dl;  DATA INPUT (1) DLUTPUT DISABLE £ @ i
—Wmom‘r CEZ2
R READMYRLTE INPUT | Ve FOWER 5V ao O= PIN NLUMBERS
TET.CE2 _CHIP ENABLE T {8
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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 Srre'ssei above those listed under "Absolute Mf'ixr'mun::
Storage Temperature . . . . . .. ... 65°C 1o +150°C f?armg may. cause permanenr. damage ta ‘tbe device. T{:.rs
is 3 stress rating only and functional operation of the device
Voltage On Any Pin at these or at any other condition above those indicated in
With Respsct 1o 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 perfods may affect device refiability.

D. C. and Operating Characteristics for 5101, 5101-3, 5101L, 5101L-3

Ta=0°Cto 70°C, Voo = BV 5% unless otherwise specified.

Symbol Parameter Min. | Typ.[il | Max. | Unit | Test Conditions
1,2 Input Current 5§ nA Viy = 010 5.25V
1 on21 | Qutput High Leakage ' 1 A CE1=2.2V,Voyr=Vee
ILoe[2) | Qutput Low Leakage 1 wA | CE1=2.2V, VouT=0.0V
. Viy =Vee Except CE1< 0,01
| 2 A
cet Operating Current 9 2 m. Outputs Open
. ' . Vin=2.2V Except CE1< 0.01
| 7 A
cez Operating Current 13 2 | m Outputs Open
511 ) Vi =010 Veo, Except
lchW' Standby Current 0.2 15 A CE2 < 0.2V
51013 Win = 010 Ve, Except
A
leey 12) Standby Current 1 200 I CE2 < 0.2V
Ve Input *'Low" Voltage -0.3 0.65 \
ViH Input “High” VYoltage 22 Voo v
Vo Output “Low" Voltage ' 0.4 v gL = 2.0mA
Vg | Output “High” Valtage 2.4 v lon = 1.0mA

Low Ve Data Retention Characteristics {For 53101L and B101L-3) T =0°C to 70°C

Symbol Parameter Min, Typ.I11 Max. | Unit Test Conditions
Vor Ve for Data Retention 20 v
5101L
\econ Data Retention Current . 0.14 A CE2 €0.2V Vg =2.0V
g101L-3 .
i Data Retention Current 0.70 A =20V
lecor H Vor ]
t Chip Deselect to Data Retention o ns
COR Time
1 Operation Recovery Time tgcld! ns

MOTES: 1. Typical values are Ta = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in log
measurement. 3. tgeq = Read Cycle Time,

2-118



SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3

READ CYCLE Tp = 0°C 1o 70°C, Vee = BV 5%, unless otherwise specifiad,

Symhol Parameter Min., Typ. Max. | Unit Test Conditions
tre Read Cycle (1] ns
A Access Time 650 ns
1 i CE1) to Output "
cot Ch}p Enable (CE1) to Outpu 600 5 1See below)
tcos Chip Enable {CE2) to Output 700 ns
tap Output Disable To Output . 360 ns
ipF Data Qutput to High Z State 0 150 ns
t Previous Read Data Valid with 0 ns
oH1 Respect 10 Address Change
1 Previous Read Data Valid with
OHz2 Respect to Chip Enable ¢ ns

WRITE CYCLE

Symbal Parameter Min. Typ. Max, Unit Test Conditions
twe Write Cycle 650 ns
Taw Write Delay 180 ns
i CE1) To Wri ns
tow Chip Enable (CE1} To Write 550 (See below)
towz Chip Enable (CE2} To Write 550 ns
tow Data Setup 400 ns
toH Data Hold 100 ns
wp Write Pulse 400 ns
WR Write Recovery 50 ns
ins Output Disable Setup 150 ns
. (2} .
A.C. CONDITIONS OF TEST Capacuance Ta = 25°C, f = 1MHz
Input Pulse Levels: +0.65 Volt 10 2.2 Volt Limits (pF)
Input Pulsg Rise and Fall Tirmes: 20nsec Symbol Test Tye. | Max,
Timing Measurement Reference Level: 1.5 Vol Cin Input Capacitance 4 8
Output Load: 1 TTL Gate and C_ = 100pF LAl fnput Pins} Vi = OV
Cour Cutput Capacitance Yoyt = 0V 8 12
MOTES: 1. Typical values are for Ty = 26° C and nominal supply voltage,

1

2. This parameter is periadically sampled and is not 100% tested,

3. OD may be tied low for separae 1/C aperatian,

4. During the writa cycle, OD is “"high™ for common 1/0 and
"don't care’ for separate 1/Q operation.
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

Waveforms

WRITE CYCLE

READ CYCLE tacr I —— e twey
ADDRESS :( ADDRESS >(
oot —] tam f— | Tom
—— - —_—
[44] 4]
fonz —=| -—
cE2 j )
I Yoz -
f tomz
oo T ‘oo =] - or )/
{COMMON 1/0] teamman o1t g
rmt‘—-—-—p Tos  —w — 'bs - ——]
DATA N DATA OUT DATA DaTA N
ouT J VALID N ETABLE

D —
] oy

e

R

/]

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

This parameter is pericdically sampled and is not 100% tested.

00 may be tied low for separate 1/0 operation.

. During the write cycle, OO0 is "high*’ far comman O and
“'dan't care™ for separate |fO operation.

mEn

Low V. Data Retention

DATA RETENTION
MQDE

SUPPLY VOLTAGE ‘Vcc) @ @ 8 ATBY
tcor ty % \\':DH
H

&\ ¢ > ®

CHIP ENABLE [CE2) ® i

Typieal loopp 8- VpR

100
5101L-3
8o f—
'
FR ]
2
8
- AD —
o .y—
N N R
[] L] z ] 4 5
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READ ONLY MEMORIES

Electrical Characteristics over Temperature
Type No. of Description Organization | Access Time Power Supplies {¥] | Page No.
Bits Dissipation Max.
1302 2048 | Mask Programmable (Static} 256 x 8 1.0pns T00mW +5, -5 33
w | 16024 2048 | Eiectrically Programmable (Staric) 266 x 8 1.0us 700 mWy +5, -9 37
E 1702A 2043 | Erasable Electrically Programmable {Static} 256 x 8 1.0us FO0mW +5, -9 37
E 16024-6 | 2048 | Electrically Programmable (Static) 256x 8 1.5us 700 mw +5, -9 314
: 1702A-6 | 2048 | Erasable Electrically Programmablg (Static) 256 x 8 1.5u5 T00mW +5, =9 314
s 2308 8192 | Mask Programmahle 1025« & Sus 700 mW +12, 5 3-17
é 2316A 16,384 | Mask Programmahle ) 2048 x 8 855 500 mW +5 3-18
2704 4096 | Erasable and Electrically Pragrammahle 512x8 B 750 mwW +12,:5 319
2708 8192 | Erasable and Electrically Pragrammable 1024 x 8 Bus 750 mW +12, 15 319
330A 1024 | High Speed, Mask Programmable 256 x4 45ns 826 +5 kil
M33IMA 1024 | —55°C to 129°C AOM 256 x 4 60ns 625 mwW +5 3-25
3302 2048 | High Speed, Open Calleztor ROM Bi2x4 70ns B50mW +5 333
33024 2048 | Open Collector ROM 512 x4 S0ns BE0mW +5 333
33026 2048 | Low Standby Power ROM 512 x4 90ns 575 mW/ 240 mW +5 333
3322 2048 ) High Speed, Three State ROM 512x4 70ns 650 mw +5 333
33224 2048 | Three State ROM 512 x 4 80ns B50mW +5 333
33226 2044 Low Standby Power RGM 512 x4 90ns 575 mW/ 240 mW +5 3-33
3304A 4096 | High Speed, Open Collector 512 x 8 F0ns 950 mW +§ 3-35
3364a4 | 4096 (pen Collector ROM 512 x 8 90ns 50 mw +h 335
- 3304A-6 | 40956 | Low Standby Power RDM 512x8 90ns 700 mW/ 225 mW +5 3-38
< | 3324A - | 4096 | High Speed, Three State ROM 812x8 70ns 950 mW¥ +5 335
E 3324A4 | 4096 | Three State ROM 5128 90ns 950 mW +5 3-35
: 3601 1024 | High Density PROM 256x4 T0ns G50 mW +5 327
E 3601-1 1022 High Speed PROM 256 x 4 blins G50 mW +5 3-27
2 | masn 1024 | —55°C to 125°C PROM 256 x4 90ns 650 mW +5 31
@ 3602 2048 | High Speed, Opan Collector PROM M2 x4 Mns G50 mW 45 334
36024 2048 | High Oensity, Open Callector PROM M2xd 90ns G50 mwW +5 3-34
3602-6 2048 | Law Standby Power PROM hiZzx4 S0ns 650 MW/ 240 mW +5 334
3622 2048 High Speed, Three State PROM S1Zx4d Tins GH0 m\W +5 334
362249 2048 | High Density, Three State PROM 512x4 90ns 650 mW +5 3.34
3622-6 2048 | Low Standby Power PROM 512x4 90ns 650 mW/240 mw +5 334
3604 4096 High Speed, Open Callector PROM 512x 8 70ns 350 mW +5 336
3604-4 4096 High Density, Open Collector PROM 512x 8 90ns G50 miy +5 336
3604-6 4096 | Low Standby Power PROM . 512x8 30ns 700 mW/225mW +5 3-36
3624 4096 | High Speed, Three State PROM 812x8 70ns 950mW +5 340
36244 4026 | High Density, Three State PROM 512x8 90ns 950mW +5 340
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Intel Silicon Gate MOS 1302

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

» Fully Decoded, 256x8 » Static MOS--No Clocks
Organization ' Required

* Inputs and Outputs DTL and » Simple Memory Expansion --
TTL Compatibie Chip Select Input Lead

* Three-state Output-- s 24-pin Dual-In-Line Hermetically
OR-tie Capability Sealed Ceramic Package

The Intel®302 is a fully decoded 256 word by 8-bit metal mask ROM. 1t 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 reguired. 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-channei 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 DHAGHRAM

DATA OUT 1 DATA QUT 8
e I had 24 p=—"or Ag=Ag Address Inputs i _______ *
m—z alb—vic cs Chip Select (nput 5 ] a(i!Jl.;TFI’EL';I'S
o) =0, Data Qutputs
e E a2 d— e ouUT1 " ouTs P
NaTa OUT 1= 4 {LERI 21 Jum A I
DATA DT 2wy & 2—4 248 BT
ROM MATRIX
DATA OUT 31§ 10— A 1266 = 81
1302
OATA DUT 4—q 7 1B f—~g {
pATAOUT 5 —{8 17 p—a;
DATH CUT § =] & 16— DECODER
DATA OUT 7=—10 16 f—nC T
DATE OUT 8 =] 11 1M 1ap—1TF
WWPUT
Vg ——j1? Ef—ne DRIVERS
Ag Ay Ay

NOTE: LOGIC 3 AT INFUT AND OUTPUT IS
A HIGH AND LOGIC 015 LOW,
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SILICON GATE MOS 1302

3-4

Absolute Maximum Ratings *

Ambient Temperature Under Bias ... ..... 0°C 10 +70°C
Storage Temperature .. ........... —65°C to +125°C
Soldering Termperature of Leads (10s%ec) .. .. .. .. +300°C
Power Dissipation . ... ... F . & 1 : 11 ¢
Input Voltages and Supply

.......... +0.5V 10 20V

Voltages with respect ta Vi

"COMMENT

Stresses above those listed under *'Absolute Maximum Rat-
ings"” may cause permanent damange to the device This is a
stress rating only and functional operation of the device at
these or 21 any other condition above those indicated in
the operational sections of this specification is not implied.
Exposure to Absolute Maximum Rating conditions for ex-
tendad periods may affect device reliabifity.

READ OPERATION
D.C. and Operating Characteristics

_

Ty = 0% 10 70°C, Vo = +5VEE%, Vo= —9VEE%, Vg = —BV1 5%, unless otherwise noted.
SYMBOL TEST MIN.  TYPiZt mAX. |uNIT CONDITIONS
I Address and Chip Select ) 1 pA | vy =00V
Input Load Current
o Dutput Leakage Current 1 pA Vour = 0.0V, ts= Vep =2
lopg | Power Supply Current 5 10 mA | Vee=Voe. -C_S’:Vcc_?)
lg, = 0.0mA, T, =25°C
Ingy | Power Supply Current 35 50 mA | C8=Vpp -2 1
loL =0.0mA. T, = 25°C
lone Power Supply Current a2 45 mA C5=0.0
loL =0.0mA, T, =25°C )
— Continucus
logs | Power Supply Current 185 G0 mé CS=\:’CC -z X Operation
Io, =0.0mA T, = 0°C
lory Qutput Clamp Current 2 14 mA | V= 1.0V, T, =0°C
ICF? Qutput Clamp Current i3 maA Vl:luT = —1.0V, TA =25%¢C J
IGG Gate Supply Current 1 pA
Yoy Input Low Voltage for -1.0 0.65 v . '
TTL interface
ViLz Input Low Voltage for Voo Vo —B v
MOS Interface
Vi Address and Chip Select Vee—2 Vo +0.3 Vv
Input Migh Voltage
Il Qutput Sink CLE,T__ 1.6 4 ma Viyt ° 045V
lon B QOutput Source Current 20 mA Vour = G0V
Vi Qutput Low Yoltage -7 .45 v g, = 1-6mA
Van | OQutput High Voltage 35 45 V| gy = —100pA
Nete 1, Vg may be clocked to reduce power dissipation. In this mode average |pp roreases i proporusn o Vg duty cyele.

Note 2. Tymcal values are ar nominal voliages and Ta = 269C.




SILICON GATE MOS 1302

A.C. Characteristics

T, =0PCto +70°C, V. =45V 5%, V,, =9V 15%, Vo = —B8V £5% unless otherwise noted
SYMBOL TEST MINIMUM | TYPICAL MAXIMUNM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ng
tace Address to output delay 700 1 Hs
lovae Clocked Vi, setup 1 s
tes Chip select delay 200 ns
‘eo Cutpur delay from C5 500 ns
top Output deselect 300 ns
toHe Data cut hold in clocked Vg, mode {(Note 1) 5 "s

Note 1,  The cuiput wiit ramsln valld for toHg 83 IonTs! clocked Vg s ot Vo, An addrass éh.ngu mey ooour of weon ge tha output is sansed

{clockad WV gg may st be st Vecl, Dats bacomes thvalid far the ol addres when clocked Ve I returned wa Vg g,

Capacitance’ 1, - 25°c

SYMBOL TEST MINIMUM | TYPICAL MaXIMUM UNIT CONDITIONS
Cin input Capacitance 5 10 pF M= Vec All
Caour Qutput Capacitance 3 10 pF C5= Ve unuséd pins
- - Vour = VYoo are at A.C,
C\,G a Vg Capacitance 30 pF Vew =V gound
{Clacked Vg Mode) GG cc

*This parametér is periodically ssmpled and is not 100% tested.

B} Clacked V. Operation
T H 1ot I-.-—GG YELE TIME = HFREG——mt
Switching Characteristics § " EroLe Tiue - veieo ———=
H %
ADDRESS X I
Conditions of Test: Y 0 )
. 1
Input pulse amplitudes: & 1o 4V; t5, tr <50 ns v | :
Output load is 1 TTL gate; measurements made "G I !
at cutput of TTL gate {t,, =15 ns} €5 ! b sim——ed
’ AT H
A} Constant V_ . Oparation - ey r
GG e 1 oG
1
t——— CYCLE TIME ¢ 1fFAEQ. —=r—sl cLOCKED I : T
v | | Veg 1 L
" e Voo | | ISEE HDTE 1)
ADDRESS ¥ —Targ —"1 -~ 1“" Yo
v a0 VoM LI i —— .
- 1 ATA ‘ATA our I sl
i gy e out CINYALLD ’ el INWALLD
v|“ I 1 \'m_ : - U -
o |
s ! | DESELECTION OF DATA CUTPUT LM DR-TIE DPERATION
Y II Yin
| ADDRELS
Von 1 g -
DATa 0ATA QUT: v, \
1 1
ouT !Ifl_\li;:l Li.p. b NOTE 2 e - EO
v - 3 it _ v \ [ T,
Eal tace { DATA OUT = " 1 'f - !
INVALID \ [} (I
DESELECTION OF DATA QUTPUT (M DR-TIE QPERATION I h L . ' .
Yin o ¥ "'ll I""‘Dvm tap ™1 : ~
ADDRESS ey | | Lo
. CLOCKED Yy | ' [
Vi T Voo | 1 1
4
Wiy ~—F ' ! Yas | | ,.._;w..,__._..: 1
™ ' T , ' [
4 1 ' ¥eu | :
i, W 1 OATA QUT I !
1 __: tm :"" |7 e
N 1 k v,
VW ] ] o .
NOTE 1: The outeul will esmaln valld for 1nyc = fong sscletkec Vo
DATA ! ! i3 at Vgoe An adocess chango may GLCuF as 3000 & the GuLBUL |1 4ansed
aur ! iclockad Vg may otill b st Vool Date Becomes invallo tor the old
Voo 1 ' addrens when clocked Yog s ceurned 1o Vag.
-ty b . NGTE 2: 1 &5 makes & rangition rom Vi 1o ¥ white cloched ¥gg
is at Vg, then desclection af Quiput DEclrs ot top wi shown [0 sisLic
opeTaion with conFlam Vog.



SILICON GATE MOS 1302

Typical Characteristics

ACCESS TIME VS, OUTPUT SINK CURRENT
Ipp CURRENT VS, TEMPERATURE LOAD CAPACITANCE VS, OUTPUT VOLTAGE
™ 900
= INAERE ]
o N\ :n - ::: n had e
AN %0 o 3 -
* Vo™ Y H ; 1240 :L‘A’: ) _'r;:-——
g » NN INPUTS = e | = H e
E M N DUTHATS ARE OFEN g we g woe4— ':G - m0c ]
g » i ] L 8 a0 1TIL LORD T = | /
E = ﬁ [P —T§ 0 T
5 Ve T s e b @ & oov
» N Vpp - -3¥ = o p
S N 200 Vpg - -9 T g L~
» \\ 100 Ta -2 1 © .0 ]
O = 0w | A0
b o L | ®
¢ W 20 M 4C 6O 60 P B B0 00 20
Tl LOAD CAPACITANCE tpFl L~
¢ ] X # & 8% w20 4 =3 =2 Y 0 a1 e2 43 W
AMBIENT TEMPEAATURE 1% OUTPUT VOLTAGE (VOLTS]
ACCESS TIME vs, OUTPUT CURRENT VS, OUTPUT CURRENT VS,
‘TEMPERATURE Vi SUPPLY VOLTAGE TEMPERATURE
500 g Y T 3 E
B0 - Vg =05V ‘.2_' I
st E 4| vgg - v & Voo = Y
e fomrt E Yo - "45"/, § \ Voo™ =
E 800 ; sk Ta mig ; . \\ :m::w
E 500 H 3 -\\ o = +ASY
~ 2
g 400 1 TTL LD 20 g —) E sozc,',l::, Ronge __| | E Fa o.;v\“"-._.
& a0 vgp meev 4 3, - -
Vpg = -av 3 7,
L vgg v =V -] o [K$ -
foo ——t+—1 E L s ¢ 7 s l-s]-w L F §a w2 3 400060 70mwoe0
& [ | I j e N Vgp SUPPLY VOLTAGE {V) - AMBIENT TEMPERATUAE {“C)
010 I M ¢ B2 60 0 e M B - e ey 8
AMMENT TEMPERATURE {°CH H oo § Voo = 1BV
4 ¥gg - - Vo= IV
] Vay = 00v =
g 1:H . 2w E T Year v
3 -2 \ § vou' oV
E E _.--'-‘“"_‘g:uw
5 g :
; | |
E Ll 5o
AVERAGE CURRENT VS, DUTY
CYCLE FOR CLOCKED Vg
“©
° RRER
CLOCKED Voo + -8
.oy
-'l‘wl » "'gn ", 1
3 b Ty I5°C | [
2= -t
W il
g - -/lf
% 15 -
oy
= m .
Yoo & pec} i
nn 10 Y 0 a“n 50 % Y = 0 100
DUTY CYELE %) '
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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 QOutputs DTL and
for all 2048 bits TTL compatible
= All 2048 bits guaranteed* * Three-state Output--
programmable --100% factory tested OR-tie Capability
L. = Simple Memory Expansion --
* Fully Decoded, 256x8 organization Chip select input lead

= Static MOS -- No Clocks Required

The 1802A and 1702A are 266 word by 8-bit electrically programmable ROMs ideally suited for uses where
fast turn-areund 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 17024 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 ultraviclet light to erase the bit pattern. A
new pattern can then be written into the device, The 16024 is packaged in a 24 pin dua! in-line package with a
metal lid and is not erasable.

The circuitry of the 1602A/17024 is entirely static; no clocks are required.

A pin-far-pin metal mask programmed ROM, the Intel 1302, is ideal for Iarge volume production runs of sys-
terns initially using the 16024 or 17024,

The 1602A/1702A is fabricated with silicon gate technology. This low threshold tachnology allows the design
and production of higher performance MOS circuits and provides a higher functional density on a monolithic
chip than conventicnal MOS technologies.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
[~ 3
RN b Voo DATA OUT 1 DATA DUT &
a2 P . Ag—hy | Adoressnputs | IR }
S Chip Select lnput
e b #E Ner n 2 2 & - noulfrpﬁ‘;'s
Daur1—Cours | Dats Cutputs
SPATAGUT 1 4 wtBh Nk oAy
AOATA OUT 245 WAy, T
. M OIF
pelaoul 346 W Ay FROGPRA M == ROM MATAIX
(56 e 2

DATAOUT 4~ T e Ay
"oevADUT 5 8 LN ST
oRTaBaTES ¥ o e
*GATa GUT T 10 [y '
SDATA OUT Bl 10 JW5EI 1a - 8 NPT

Ve 12 nk eocrau
ATHIF FIN IS THE DATA INFUT LEAD DUPRING PRCGH aMbuNG A ; _____ '

. o #

See page 3-8 fur operationsl connection. NOTE: In the read mode a lggic 1 at the address inputs

*Intel’s liability thall be limited to reptaging and data guiputs is 8 high and logic O is a low.,

any unit which tails to program as deswed. 1.5, Patent No, 3660819
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SILICON GATE MOS 1602A/1702A

FIN 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-B are pins 4-11 respectively.

FIN 12 13 14 . 15 16 22 23
MODE {Voe } | {Program} (C5}) tVap 1 | Vg ) Voe} | (Veg)
Read Vee | Voo GND | Ve | Vag Vee | Veo
Programming " GND Program Pulse | GND | Vg Puised Vg IV 4p } | GND | GND

Absolute Maximum Ratings *

Ambient Tempersture Under Bias . ... ... . 0°C 10 +70°C *COMMENT
Storage Temperature .. ........... —557C to +126°C
Sotdering Temperature of Leads {(10sec} .. ... ... +300°C
Power Dissipation .. . ........ ... ......... 2 Wants
Read Operation: bnput Yoltages and Supply

‘Stresses above those isted under "Absotute 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

Voltages with respectto Ve ... ... ... +0.5V 10 --20V the operational sections of this specification is not implied,
Program Ogeration: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex-
Voltages with respect to Ve ... .. ... R —48Y tended perigds may affect device refiability.

READ OPERATION

D.C. and Operating Characteristics T, =0°C 10 70°C, Ve = +5V25%, Vpp =-9V15%,
Vgg 1 =-9V5%, unless otherwise noted. Typical values are at nominal voltages and Ta =25°C.

SYMBOL TEST MiIN.  TYP. MAX. |UNIT CONDITIONS
L Address and Chip Select 1 pA Wy =00V
Input Load Current
[P Qutput Leakage Current 1 pA Vot = 0.0V, €8 = Voo -2
lopg | Power Supply Current [ 10 mA | Vgg=Voc C8=V -2 Note 1
I, = 0.0mA, T, = 25°C 0
gy | Power Supply Current a5 50 mA | C8=Vo -2 .
o N lo =0.0mA, T, = 25°C
Ippa | Power Supply Current 32 a6 mA | CS=0.0
loL =0.0mA, T, = 25°C
Ihpg | Power Supply Current 385 60 ma (ﬁ=\!cc -2
Igy =0.0mA T, = 0°%C
lory | Output Clamp Cureent 8 14 ma | Vg, = - 1.0V, T, =0°C
= = Lis
loFz Output Clamp Current 13 mA | Vg, r = —1.0V, T, =256°C
IGG Gate Supply Current 1 i o
ViL Input Law Yoltage for 10 0.65 v
TTL Interface
WViLz Input Low Voltage for Vop Mee —6 W
MOS Inmterface
Vi Address and Chip Select VCC -2 Ve #0.3 W
Inpul High Voliage
laL Qutput Sink Current 15 4 mA Vour ~ 0456V
lon Qutput Source Current w70 ma VOUT = 0.0V
VOL Cutput Low Valtage -7 Q.45 W oL = 1-6mA
Vou Qutput High Voltage 35 45 iy lon = —100 pa

NOTE 1: POWER.DOWN OPTION: Vg may be clocked to reduce power dissipation, The average Ipp will vary betwean fnpg and 1D
depending an the Vg duty cycle (see typical characteristicsl, Far this option please specify
1702AL or 1602AL.



SILICON GATE MOS 1602A/1702A

A.C. Characteristics
T, = 0°C to +70°C, Voo =+8V £5%, V,, =9V £5%, V., = -89V 25% unless otherwise noted

SYMBOL TEST - MINIMUM | TYPICAL MAXIMUM UNIT
Freq, Repetition Rate 1 MHz
oy Pravious read data valid 100 ns
tace Address to output delay 0.7 1 Hs
bvge Clocked Vg setup  [Note 1) 1 s
1o Chip select delay 100 ns
teo Qutput delay from CS 900 ns
ton QOutput deselect 300 ns
taue Data out hold in clocked V54 rmode (Note 1} E Hs

Capacitance” 1, = 25°c

SYMBOL TEST MINIMUM | TYPICAL MaXimum UNIT CONDITIONS

Cin Input Capacitance 8 15 pF V= Vec All

Cour Output Capacitance 1o 18 pF Cs- Vee unused pins

Cy Vg Capacitance 30 oF VOUT_= Voo | areat AC
GG Note 1) Vgg = Vee ground

*This parameter is pericdically sarnplad snd is not 100% tested.

. . . . Bl Power-Down Option {5ee Note 1)
Switching Characteristics o oo e ienen — e

Y 0%
ADDAESS X X
Conditions of Test: v b

(nput pulse amplitudes: O to 4V tg, t; <50 ns . i
Output load is 1 TTL gate; measurements mada "y l
at gutput of TTL gate {tpp<15ns|, C = 15pF & ' o

A} Constant V. Operation

Y :
re - -— OYCLE TINE - WFREQ.- —i ELOCKER Al | !
1 ! . 1 1
Yy g e v, | | SEENOTE 2t
sooeess Y| h'd P— 'ncc—": bl r'— Long
s Vo \ 1

. ”
w | 1 BATA DATA QUT Y] if OATA QUT
. | tog pe— ] | auT INVALID INvALID
-1
_ H | : | OH _‘-l Va‘ 1 T
s ! 1 . CESELECTION OF DATA OUTPUT IN OR TIE OPERATION
" t | Yin ;
n ] |
| | AOLRESS |
Vg —r 1
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SILICON GATE MOS 1602A/1702A

Typical Characteristics

OUTPUT CURRENT V5. OUTPUT CURRENT V&,
tpp CURRENT VS, TEMPERATURE Vpp SUPPLY YOLTAGE TEMPERATURE
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T ¢ - ] g
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K Vgge -9V ] n E] op =~
35 4 T Ta =39 o ] . V. =ty
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ug a1 3 3,
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SILICON GATE MOS 1602A/1702A

PROGRAMMING OPERATION
D.C. and Operating Charact=ristics for Programming Operation

T, = 750, Mop =0V, Vg =412 £ 10% I8 - IV unless otherwise noted

SYMBOL TEST MIN. TYP. MAaX. UNIT CONDITIONS
ILiie Address and Data Input 10 mA Vi = —48Y
Load Current '
TS Program and Vo 10 ma Wiy = —48V
Load Current
lag Vgg Supply Load Current 10 mA, (Note 5}
lboe Peak |5, Supply 200 mA Wop = Vgrog = —48Y
Load Current Veg = —35%/ {Note 4}
Ve Input High Voltage 0.3 v .
Vi | Pulsed Data input —48 —a8 v =
Low Voltage o
VT Address Tnput Low | —40 78 v
Voltage
ViLap Pulsed Input Low My, —46 —48 v
and Program Voltage
ViLap Pulsed Input Low -35 —40 v
Vg Voltage

Note d:  Ippp flows only during Vpp, Vag on time. Ippe should not be allowed 1o exceed 300 mA for greater than 100usec. Average power
supply current |pppe |s typically 40mA at 308 dury cyele.
Mote 5:  The ¥gp supply must be limited to 100mA max. current 1o prevent damage 10 the devica,

A.C. Characteristics for Programming Operation
Tameient = 25°C, Ve = OV, Vgg =+ 12V + 10%, C5 = OV unless otherwise noted

SYMBOL TEST MIN, TYP, MAX, UNIT CONDITIONS
Duty Cyele (Vpp . Vg ) 20 %
topw Program Pulse Width 3 ms Vag =—3BV, Vpp =
Vprog = —48V
oy Data Set Up Time 25 : 713
oM Data Hold Time 10 7t :
Ty Vpp . Vag Set Up 100 us
tvp Vpp . Vgg Hold 10 100 s i
tacw'® Address Complement 25 s T
Set Up
tacy @ Address Complement 25 ps
Hold B
tATW Address True Set Up 10 . HS
TATH Address True Hold 10 i us o

MNote B ANl 8 addrass bits must be in the complement state when pulsed Yoo and Vgg mowve ta their negative levels, The addresses T through
255) must be programmed 85 shown in the tieming diagram for g mininuwm of 32 ames,



SILICON GATE MOS 1602A/1702A

Switching Characteristics for Programming Operation

Caonditions of Test:
Input pulse rise and fall times = 1usec
C5=ov

PROGRAM WAVEFORMS
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ALQDRESS 1 ADDAESS OF WORD
[ TO BE PROGRAMMED

—40 to ~48 ! =+

| BINARY ADDRESS
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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). Informatian is introduced by selectively programming “*17s
.{output hight in the proper bit locations.

Waord address selection is done by the same decoding circuitry used in the READ mode (see 1able on page 3-11 for logic levels),
All 8 address bits must be in the binary complement state when pulsed Vgp and Vg move to their negative levels. The addresses
must be held in their binary complement state for a minimum of 2busec after Ypp and Vgg have moved to their negative levels.
The addresses must then make the transition te their true state a minimum of 10usec before the program pulse is applied. The ad-
dresses should be programmed in the sequence D 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-
ultangously by setting the desired bit information patterns on the data input terminals.

Duting 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 2637 A. The recommended
integrated dase {i.e., UV intensity x exposure time} is 6W-sec/cm?. Examples of ultraviclet sources which can erase the 1702A in
10 to 20 minutes are the Model UV5-54 and Model S-62 short-wave ultraviolet lamps manufactured by Ultra-Violet Products, Ine,
{6114 Walnut Grove Avenue, San Gabrigl, 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.
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intal  siicon Gate MOS 16024-6/1702A-6

314

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
L = Simple Memory Expansion --
* Fully Decoded, 256x8 organization Chip select input lead
» Static MOS -- No Clocks Required = 1.5 ps Access Time

The 1602A-6 and 1702A.-6 are 256 ward 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 ang 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-ling package
with a metal lid and is not erasable.

The circuitry of the 1602A-8 and 1702A-6 is entirely static; no clocks are required.

A pin-for-pin metal mask programmed ROM, the inte! 1302, is ideal for large volume production runs of sys-
tems initially using the -6 devices,
The 1802A-6 and 1702A-6 are fabricated with silicon gate techriology. This low threshold technotogy ailows

the design and production of higher performance MOS circuits and provides a higher functional density on a
monolithic chip thar conventional MQS technologies.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
e ———
ek ML Voo DATA OUF 1 DATA DUT 8
arde ] Ag—Ay | Agdresstnputs | R
a2 2f v o3 Ehlp Zelect Input . g?_."::‘;?:g
o =0, ata Qutputs
“pATADUT 1] 4 |L5E) okl oay SUT1~FOUTE
stats OUT 3 5 Y S . I
1098 BT
*DATAOUY 3] E b0 As PROGRAM —) A0M MATRIX
1256 2 B
*DATAQUT ¢ 7 1Bk Ag
"batapur 5 1| a;
~oaTa ouT 7o 10 15 | Vau
*DATA OUT B 01 (MEEI |- OF
INFUT
Vee 12 13| BROGAAK DRIVERS

“THISPIN 15 THE OATA INEUT LEAG DURING FROGRAMbI NG

. Ay Ay Ay

See page 3-15 tar oparational connsetion. . NOTE: In the read mode & logic 1 at the address inputs
“Intel’s kiabifity shall be limiled to replacing . gnd data outputs is a high and logic O is a low,
any unit which fails o program as dasired. 5. Patent No, 3650819




SILICON GATE MOS 1602A-6/1702A-6

PIN CONNECTIONS

The external tead connections to the 1602A-6/1702A-6 differ, depending on whethar the device is being programmed or used in

the read mode. |See following table.} In the programming mode, the data inputs 1-B are pins 4-11 respectively.

PIN 12 13 lf 15 16 22 23
MODE {Vee } | (Progeam) ©5 | (Vgg) | Vgg? Vge) | (Vee)
Read Vee | Vee GND | Voo | Voo Vee | Vee
Programpming GND | Program Pulse | GND | Vpp Pulsed Vigy (Vy 4p ) | GND | GND
A
Absolute Maximum Ratings®
Ambient Temperature Under Bias 0°C to +70°C *COMMENT

Storage Temperature .. ........... —B85°C10+125°C
Soldering Temperature of Leads (10sec) . ... .. .. +300°0C
Power Dissipation e e v s, 2 Watts
Read Qperation: Input Voitages and Supply

Valtages withrespeetto Ve ... ... ... 405V to =20V

Program Operation:  Input Valtages and Supnply
Voltages with respect to Ve

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
the operational sections of this specification is not implied.
Exposure 1o Absolute Maximum Rating conditions for ex-
tended periods may affect device reliability.

READ OPERATION

D.C. and Operating Characteristics 14 =0°C 10 70°C, Ve =+5V5%, Vpp = ~9V£5%,
Vg [1) = -9V+5%, unless otherwise noted. Typical values are at nominal voltages and Ta = 25°C.

E¥YMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
W Address and Chip Select i pA Vi = 0.0V
Input Load Current
ko Qutput Leakage Current 1 pA Vour = 0.0V, c§= Voe -2
lbpo | Power Supply Current 5 10 mA | Vgg=Vee, C8=Vpe—2
lor = 0.0mA, T, = 25°C Note 1
lppa | Power Supply Current 35 50 ma | CS=Vpn -2
lop =0.0mA, T, = 25°C
lpaz Power Supply Current 3z 46 mA £5=0.0
lgy =0.0mA T, =25°C
lopz | Power Supply Current 38.5 80 mA | C5=v_. -2
Iy, “0.0ma , T, = 09C -
lekq Qutput Clamp Current B8 14 mA | Vg = 1OV, T, =0°C
lCFZ Output Clamp Current 13 mA VOUT = =10V, To = 25°¢C
lae Gate Supply Current 1 pA
VLt Input Low Voltags for -1.0 .65 v
TTL Interface
V||..2 Input Low Voltage for UDD VCC -6 v
MOS $nterface
Vin Address and Chip Select Ve =2 Ve #0.3 v
Input High Veltage
IDQ_ Output Sink Current 6 4 mA | Vg = 045V
lom Dutput Source Current -2.0 ma | Vg, = 0.0V
YoL Qutput Low Voltage -7 0.45 v oy = 1-6mA
Von Dutput High Yoltage 35 4.5 A loy = - 100 pA

NOTE 1: POWER DDWN OPTION: Vg may be clocked w reduce power dissipation, The sverage 'Db will vary between Ippg and 1ppy
depanding on the Vi duty eyels (ses 1ypical eharactaristics). For this option please specify

1602AL-6 or 1702416,
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SILICON GATE MOS 1602A-6/1702A-6

A.C. Characteristics
T, =PCto+70°C, V. =+BV 5%,V =9V 6%, Y, =—9V 5% unless otherwise noted

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM: UNIT
Freq. Repetition Rate 0.66 MHz
toH ) Previous read data valid e ns
tace Address to output delay 0.7 15 ]
tovag Clocked Vg; setup {Mote 1) 1 T
tog Chip select delay 600 ns
teg Output defay from oS a0 ns
top Qutput deselect 300 ns
toHe Data out held in clocked Vg mode {Note 1) [ us
. - _
Capacitance”® 1, =25°c
SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT CONDITIONS
CIN Input Capacitance B i5 pF VN~ Veo All
Cour Output Capacitance 0 T pF G =Vee unused pins
- VOUT = VCC are at A.C,
C\,«G e Vgg Capacitance 30 pF Vas = Yoo ground
{Note 1)
*This p iz periodically dard and is not 100% tested.

. B) PowerDown Option {See Note 1)
Switching Characteristics — A

H Y 0% X
. ADBAESS le h
Conditions of Test: vy, = I

Input pulse amplitudes: 0 to 4V; tg, tp <50 ns
Dutput lpad is 1 TTL gate; measurements made
at output of TTL gate {tpp=15 ns}, Cy = 15pF

Al Constant V. Operation

ke -——— CYCLE TIME = MFREG ——=f
|

OATA OUT -
ALty o

} -
ey J DATA OUT
INVALID

DES’EI.ECI'ION OF DATA DUTFUT (M OR-TIE SFERATION

Y oo
ADORESS
L B

3
g
&
g
1

<
< ac
‘3,

”l
|

o &
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All programming operation and ing ch

1
[ | : Vou =T 1
v . wn 1 . oatacur | !
i | = tpp
- |

g b '

A

s 84

K‘

Yoo
MNOTE 2! ‘Tha culput will remain valid for 1gypc an tong asclocked Yoo
st Yoo, An sddreis Change may oCour an #0000 8% The Ouipul i panped
fetached Vo may 310l e st Vi), Daty becomss nvalid for the oid
adorers when clocked Vg horewurned © Voo,
NOTE 3: 17 €5 rskas a tramtition fram \‘l”_ W Vi while clocked Ve
ir mF Vg, then desalacrion o0 putpul Bcours st hgg as shawn in static
apsratlen wlth comsant Vg,

ibed on pages 3-11 through 3-13 apply for the 1602A-68/1702A-6.



intal  silicon Gate MOsS ROM 2308
8192 BIT STATIC MOS READ ONLY MEMORY

® Fast Access Time—500 ns & Three-State Output-—OR-Tie

» Standard Power Supplies— Capability |
+12V, =5V , B Fully Decoded —On Chip
® TTL Compatible—All Addlress Decode
Inputs and Outputs B 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-hits, This ROM is designed for
memary applications where high performance, large bit storage, and simple interfacing are important desian 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 salect input can be definad 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 cutputs, facilitates easy memory expansion.

The 2308 read only memary is fabricated with N-channel silicon gate technology. This technelogy provides the designer with
high performance, gasy-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 QUTPUT
bl -
& [ 29 [ vee 9 X O
ng ]2 -1 mE T —
a1 Ea] m :
—_ ' 08—
az[]s - ne CHIP SELECT
L¥Y m [ wl ] 082,657 —} Losic QUTPUT BUFFERS
sz 1% | ] cseicse
mde 7 os j—— M
—e| DECODER . ¥ GATING
o[ wl o, *
o[ 5[] os Ayhg
ADDRESS
[ n wijog IMPUTS
. E—— -
wes [ 12 1z[]o, — x : &4 % 128
jm—— DECODER AOM ARRAY
i — | »
.
P NAMES
Mg ADORESS INPUTS
Ty |~ TATA DUTEUTS
T8y CHIF SELECT INPUT
CERICST FAOGRAMMABLE CHIF SELECT INFUT
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® Single +5 Volts Power Supply ® Three-State Output— OR-Tie

Voltage Capability
= ) ess than 1 gs Access Time & Fully Decoded —On Chip
m 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 23164 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 pregrammable. 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, facifitates easy memory expansicn,

The 2318A 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
e 2
a e 0, Op Oy Oy Og Og O; Oy
al]z 2 oy -——C Ve
= o 1 —oa
awl]e aldo Ap — OUTPUT BUFFERS DETZ);DE
~ge mHe A [T ITTT]
ME ¢ 2316A  © 305 Ay == % ¥ DECODER 10F16x8 J
bz ¥ [F] .5 g CHIF
(n L o P ] [ IEEEEEEE 3N Ly
asC]e i m A " 31
e ] ez, Ay, — g - s 117
a[Cn uJes: s — 8 A bs— 5,
oo ]2 It m a allc: 16, 364 BIT
T 9 5 CELL MATRIX CHIP
w— HE ek,
FRpp— - = BUFFERS
Ayg — — —— C54
PIN NAMES

Ag- Aty ADDRESS INPUTS

0y-Og DATA OUTFUTS
CS1-CS3 PROGRAMMABLE CHIP SELECT INPUTS
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lnte| Silicon Gate MOS 2708,2704 SEE
8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

e 2708 1024x8 Organization
e 2704 512x8 Organization

® Fast Programming — = Static—No Clocks Required
= Low Power During Programming Compatible During Both Read
® Access Time—500 ns and Program Modes

+12V, =5V il Capability

The Intel 2708/2704 are high speed 81924005 hit erasable and electrically programmable ROMs,

The 2708/2704 are packaged in a 24 pin dual-in-line package with transparent lid, The trangparant lid allows the user to ex-
pose the chip to ultraviolet light 1o erase the bit pattern. A new pattern can then be written into the device.

A mask pragrammable ROM, the Intel 2308, is available for volume production runs of systems initially using the 2708/2704.

PIN CONFIGURATIONS ) BLOCK DIAGRAM
- DATA QUTPUT
a1 24 T 0, -0y
1
ne ]2 ] ag T !
a3 z2{] ene
] 21 F e ’
[ 2704 w0l T esme e CHIP SELECT
as[e JE1 m KN Locic OUTPUT BUFFERS
A 1w rronran
= TP _-._, . .v BATING
o[ 160 J0; DECODER v
o[ 150 F
ADDRESS
un o, INPLITS .
j—

12 12 Q. -

s [ (0. ——— % . B4 % 128
— DECODER ROM ARRAY
iy .
al 2 Y
a2 2 'lj ag
a3 22 F| Ag
as[}a n gws
asf]s CHWE
g 2708

axle 13 ] v
ML 18 [ ] pRoGAAM
L | 17 o
m ] wl o PIN NAMES
= e [Fa 2o | AGORESSINPUTS |
o u[as (0104 | OATAUTPUTS |
"SSE 2 " 304 cs ¢ CHIP SELECT INPUTS
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3-20

* 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- 3
ming control. They also require
high current programming pulses POLYEILICON.
that may blow the wrong junction. SN
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lntel 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 Qutputs

The 3301A is a fully decoded 10238 bit read anly memory organized as 256 words by 4 bits. |t is a higher speed
version of the 3301 and is a direct pin for pin replacement of the 3301. lts performance is specified over the
complete ambient temperature range of 0°C to 75°C and a V¢ supply voitage range of 5V £ 5%. The 3301A
is programmed at the final step of processing which allows fast turnaround.

The OR tie capability and the 2 chip select inputs of the 3301A allow easy memory expansien into larger word
and bit lengths,

The 3301A is mask programmed to customized patterns. |t 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
S "Ag—A; ADDRESS INPUTS =
avoRgssineut a; [ 11 o S 1—CS, CHIP SELECT INPUTS ’
— s o b—
ADDRESS iweuT ag [ | 2 15 [T &, aoomess wruT 0,-D,; DATACUTPUTS ¥ 1
L)
R
ADDAESS INPUT &, [ | 3 v [ 7§, P SELECT 2 R
' ab—
ADDRESS INPUT 4y [ 4 13 [T &, crirseLect By
aooRess meut a, [ s 12 [ ] o, oavaouteut — Ay
nsel s o kb
—a ’
ADORESS NPT &, [ |6 t [ ] 0, oatacureur : 4
N Y
nnoRESS NPT A4 17 w [ o, paraoutrur
— % o p—
GND ] ° !: 0, DATAQUTPUT
- ! (ms A
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ROMs

SCHOTTKY BIPOLAR 3301A

322

Absolute Maximum Ratings*

Temperature Under Bias —65%to +125°C
Storage Temperature —65%t0 +160°C
All Input, Output or Supply Voltages —0.bV to-7 Volts

*COMMENT

Stresses above those listed under “Absolute

All Input Voltages

Output Currents

—1.0ta 5,5V
100 mA

Maximum Rating™ may cause permanent dam-
age 1o the device. This is a stress rating only
and functional operation of the device at
thase or at any other condition above those
indicated in the operational sections of this
specification is not implied,

D. C. Characteristics: At Limits Apply for Voe= +5.0V £5%, To= 0°C to +75°C

LIMITS TEST
SYMBOL PARAMETER MIN, TYP. ' MAX, UNIT CONDITIONS
Ien ADDRESS INPUT -0.25 mA | V.= 528V,
LOAD CURRENT V, = 045V
ks CHIP SELECT INPUT ~0.25 mA | V= 625V,
LOAD CURRENT Vg = 0.45Y
lra ADDRESS INPUT 40 uA Vee= 520V,
LEAKAGE CURRENT V, = 525V
Ins GHIP SELECT INPUT 40 wA Vg = 6.25V,
LEAKAGE CURRENT Vg = 5.25V
Vin ADDRESS (NPUT -1.0 v Vo= 4,75V,
CLAMP VOLTAGE I, = —5.0mA
Ves CHIP SELECT INPUT -1.0 A Vo= 4.75V,
CLAMP VOLTAGE I; = —5.0mA
VOL QUTPUT LOW 0.45 vV Vo= 475V,
VOLTAGE o = 16mA
logx OUTPUT LEAKAGE 100 uA Vo= 5.25V,
CURRENT - Vi = 5.25V
les POWER SUPPLY 30 125 mA Vee= 5.25V,
CURRENT Vag™Vay =0V
: Vo= V51~ OV
Vi, INPUT “LOW" 0.85 v Voo = 5.0V
VOLTAGE
Vin INPUT “HIGH" 2.0 v Voo = B.OV
VOLTAGE
Mote 1 Typical vajues are at 259C and at nominal vottage.




SCHOTTKY BIPOLAR 3301A

Switching Characteristics

A. C. Characteristics v . =+5V £5%, T, =0°C t0 +75°C

LIMIT
SYMBOL PARAMETER TYP.A1! MAX. UNIT COMDITIONS
LA Address 1o
AttA—— 25 45 ng
tayitp_y | Output Delay )
Both C.S, lines must be at ground potential 1o activate
the ROM.
L YL . Chip Select
13 20 ns
to Qutput Delay
NOTE 1: Typical valugs are at 269C and at nominal voltage.
[ (2}
Capacitance'” 7,=25°C
LIMIT
SYMBOL PARAMETER PLASTIC CERAMIC UNIT | TEST CONDITIONS
TYP. MAX. | TYP. MAX.
Cina Address Input 5 g 5 10 oF | Yco=5Y
Capacitance i Vina = 2.5V
Cins Chip Select s 8 5 10 pf | Vog =8V
Input Capacitance Ving = 2.6Y
Caut Output Capacitance 7 10 8 12 nF | Ver =8V
VouT = 2.5V
MOTE 2: This parameter is only periadically sampled and |3 not 100% ested.
Conditions of Test: 15 mA TEST LOAD Voo
Input pulse amplitudes - 2.5V
Input pulse rise and fall times of 3000
5 nanoseconds between 1 volt and 2 volts
Speed measurements are made at 1.5 volt levels 30pF S0

QOutput loading is 15 mA and 30 pF
Frequency of test - 2.5 MHz

ADDRESS TO OUTPUT DELAY

ADDRESS /_ \
INPUT 715V 1.5¥
OUTPUT 15V \
e~ Ty —
OUTPUT 1.5¢ 7
Ta,  —a 1a 4 —*

N

g1.5\|'

(rm—

}

CHIP \
sELECT 18V

INPUT

CHIP SELECT TO QUTPUT DELAY

CUTPUT 1.5v

ty =

toee ™

/f 1.5V
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SCHOTTKY BIPOLAR 3301A

Typical A.C. Characteristics

e ] €
i T | 1 I T
Ty 2T Vg = 5OV | Ta - I5°C
pp|DcloAD-tsma | | 5 o | DE LDAD - 15 ma I 3 5o} D€ LOAD - 6 ma
§ [T S ¢ =3npf £ T = 30pF
hy > z
% % ay 4 o an I
2 i | | 2
- Ly
5 5 [ £ o B
=]
|5 z | O e S A
k=1 =t 1 E —
o M S ] A i
=4 v n
4 5 o .I 15-- 4 L e
3 - = —— 5
gw FR T ¢ — ey
LT ; tgee IL
¢ [ : 4 1 o
435 45 Af5 B8 535 EE 575 S8 wan 0 D 00 -120 S0 435 45 4 60 525 58 BIS
Ygg (VOLTS) AMBIENT TEMPERATURE (*C) Vg IVOLTS

SELECT TO OUTPUT DELAY
V5. SUPPLY VOLTAGE

SELECT TO OUTPUT DELAY
V5. TEMPERATURE

ADDRESS TO OQUTPUT GELAY
V5. SUPPLY VOLTAGE

ADDRESS TO DUTFUT DELAY
V5. TEMPERATURE

SWITCHING DELAY
V8. LOAD CAPACITANCE

“ T ] “ [ [ [
Vgg = 5OV | LA T |
T so |- DELOAD - 15.ma o b Voo = 50¥ |
H £, w30 pF 0C LOAD * 15 mA 1
5 : |
o aa Ew -
e thoe z nDl)nEss L] ‘,“
5. tare I L N R W K
a ) Y- L= o "
=] - {1 Loy
P Sl L= L
B 20 == £ w — b e T5a
E Tar- & |3
N " [ =L e seLect T0
| ouTRuT
o L v L |
@ 40 0 D BB +120 16D @ s W w0 w0 e @
AMBIENT TEMPERATURE Ty LOAD CAPACITANCE (pF)
Typical D.C. Characteristics
INPUT CURRENT INPUT CLAMP CURRENT
VS. INPUT VOLTAGE VS, INPUT VOLTAGE
P :I,!_-j_la_.w vlc =B »
o i)
- - T T
1 +1C t 5
1 | R
e - v ire
- Kl =we T
T U RO SO ~ J—-—TI "“’- }
—m b —a— l
| | i
= —F a5 7 a5 i 0 ) = Y
¥y IVOLTS ¥y YOLTEH
QUTPUT CURRENT INFUT THRESHOLLD
VS, OUTFUT “LOW" VOLTAGE VS, TEMPERATURE
T 7 a0 T
|— Yoo =5a0 ]— 1 A1 Iv,,.w:s.nr
o i T Iy
:f |: ! ’// | — a8 T
| ol /7 ; ;. :
- I T )
I ! I ! =) —_— L e ]
v ] T g
| - L IS I
- £ -]
“ ] - —
" ': =t
E 10|
w E
L] ! -
a J r 18 - 1 e ™
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intal

Schottky Bipolar M3301A

HIGH SPEED 1024 BIT READ ONLY MEMORY

= Military Temperature Range
—55°Cto +125°C

® Fast Access Time—60 nsec
Maximum

= OR-Tie Capability —

Open Collector Outputs

® 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 protatyping can be performed before going into volume production by using the pin compat-

ible M3601 PROM.

PIN CONFIGURATION LOGIC SYMBOL
Y S
anonEss meue ag ()¢ [N - —q
— s, o
ADDRESE wWPuT 4, [ |7 15 [T & annREss weur !
iwsa ™
appness veut 4, T3 e [ & onestectz N
! L5 -
ADDRESS INPUT &y [ ) # 1 [ ] &, cuiesELECT L .
rooREss vUT ay ) u [ o, caraouipur —] *a
{LzBI L8 o e
—]
stoRtss et &, |4 W[ 0, vatapureuT
.
ADDAESS NPUT 2y [ 7 w ] oy oatsoutrul
—_ 0 p—
oD ] E O, OATAQUTPGT
— [ o, pevs —a

D.C. and Operating Characteristics

Adl Jimits apply for Voo = 5.0V 5%, Ta= -55°C to +125°C, unless otherwise specified,

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias . .. ........ -B5"C 1o +150°C
Storage Temperatore . . . .. ... ... .. -66"C to +160°C
Qutput or Supply Voltages . .. . ... .. -0.5V ta 7 Volts
All lnput Voltages .. .. ... . ... ... -1.2% 10 5.5V
Quiput Currents . . . . .00 o 100mA
*COMMENT

Stresses above those listed under "Absatute Maximum Rating”
may cause permanent darmage to the device. This is a stress
tating only and functional operation of the davice at these or
at any other candition above thase indicated in the opera-
tional sections of this specification is not implied.

Limidts )
Symbol Paramater : Min. Typ.[1) Max. Unit Test Conditions
| Address Input Load
FA Current -0.05 -0.29 ma Voo = 5,25V, Wa = D45V
Chip Select Input Load _ _
IFs Current -0.05 -0.25 ma Ve = .28V, Vg = 045V
Addrass Input Leakage i _
IRa Currant 40 HA Vep « 5.25V, Vi, = 5.25V
. Chip Select Input - -
las Leakage Current a0 nA Veo = 8.25V, Vg = 5.26V
Addrass Input Clamp . _
Via, Voltage -0.7 -1.2 v Voo =475V, |a =-5.0mA
Chig Select Input _
Ves Clamp Voltage 0.7 1.2 v Veg =4.75V, Ig=-5.0mA
Ves QOutput Low Voltage 0.2 0.45 v Voo =4.75V, 1n. = 10mA
CEX Qutput Leakage Current 100 7 Voo = B.25V, Ve = 5.26V
Ve = 5.28Y,
lgo Power Supply Current =11 125 mA Van—eWVa7 = 0V, Voo=5.25Y,
Vgp = Vg =0V
Vip Input “'Low" Valtage 0.2Q v Ve = 5.0
VYIH Input *'High™ Voltage 21 Voo = 5.0V

MOTE 1: Typical values are at 25°C and at nominal voltage.




SCHOTTKY BIPOLAR M3301A

I3

"A; C. Characteristics vgc=+5v £5%, T, = -55°C to + 125°C

MAX.
SYMBOL PARAMETER LiMT UNIT ' CONDITIONS
tass  ta-n )
Ake 1A Address to Output Delay 60 ns
a4 ta—+ Both C.5. lines must be at ground potential
154ty Chip Select to Qutput Dalay 30 ns to activate the ROM,
C it Mmoo .
apacHance " 1,-2°c
LIMITS ’
SYMBOL PARAMETER UNIT TEST CONMDITIONS
TYP. MAX,
Cina Address Input Capacitance 4 10 pF Veg =5V V= 2.5V
Cins Chip-Select input Capacitance i1 10 pF Ve = BY Viy = 2.5V
Cour Qutput Capacitance 7 12 pF Ve = 5V Vout =25V

MNOTE 1 This paramater ts only periadically sampled and is not 100% tested,

Switching Characteristics

Conditions of Test: 10 mA TEST LOAD i Veo
Input pulse amplitudes - 2.5V
input pulse rise and fall tirmes of £ 4708

5 nanoseconds between 1 volt and 2 volts

Speed measurements are made at 1.5 volt levels I 300F 3

5
op % 10008
Output lcading is 10 mA and 30 pF [ :
Frequency of test - 2.5 MHz =
Waveforms
ADDRESS TO QUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
ADDRESS \ /
INPUT ,Ftsv 1,5\N- g;l_:m 1.5¥ / 1.5¢
— INFUT N\
CUTPUT 1.5¥ \itsv
tass —= Ty — le— -
_/ GUTPUT 1.5¢ 1.5V
QUTPUT 1.5V ] 1.5v
tg.- toes™
s — o s —= o —
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Inter Schottky Bipolar 3601, 3601-1

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 --Inpuf
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 Qutputs
Typically . .

» Simple Mem Expa -

* Polycrystalline Silicon Fuse gICI!:ip Selec(:rls:'lp:tp Lg::josr'l

» Fully Decoded --on Chip Address . . .

Decode and Buifer. » Minimum Line Reflection--Low

Voltage Diode Input Clamp.

» Standard Packaging--16 Pin Dual
In-Line Lead Configuration.

« Low Power Dissipation --
0.5 mW/Bit Typical.

The Intel 3601, 3601-1 is a 1024 bit {256 ward 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 36017,

The 3601, 3601-1 is pin compatible with the Intel metal mask 3301A ROM. The 3301A is ideal for large vol-
ume and lower cost praduction 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 technclogy.

PIN CONFIGURATION LOGIC SYMBOL
—— PIN NAMES
ADDRESS INFUT 5, ' s v, —d o5y
< = Ag—P; ADDRESS INPUTS
: — 0 o
apress et s [ 2 5 ] &, aooress mput 631—852 CHIF SELECT INPUTS 2 !
st : 0,-U,; DATADUTPUTS —J
ADDRESS INPUT 2, [ 3 u ] &, crmpsieet;
™ o f—
ADDRESS WPUT A3 [ ]+ 13 [ &5, cHipsececT .
appressweut &y [ s @ [ 8, caraovreur — 4
wsA| 158
_1a 01—
ADDRESS INPUT A&, [ | & v ] T, oavanuTeuT .
. —
apoRess et &; ] 7 1w {77 B, DATA OUTPUT
’ ——— A Ty o
L . s "] %, pataouteur
WS e fald
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SCHOTTKY BIPOLAR 3601, 3601-1

Absolute Maximum Ratings*

Temperature Under Bias —65°C to +125°C *COMMENT
Storage Temperature —65°C to +160°C Stresses above those listed under “Absolute Maximum
Output or Supply Voltages —0.5V te 7 Valts Rating” may cause permanent damage to the device,
All Input Voltages —1V 10 5.5V This is a stress rating only and functional operation of
Qutput Currents 100mA the device at these or at any other condition above thase
Programming Only: indigated in the operational sections of this specification

Output or V. Voltages 10,28V is not implied,

CS, Voltage 15,5V

CS; Current 100mA

D. C. Characteristics: An Limits Apply for Vpo= +5.0V £5%, T,= 0°C to +75°C

LIMITS ' TEST
SYMBOL PARAMETER MIN. TYP.M MAX, UNIT CONDITIONS
lea ADDRESS INPUT —0.05 | —0.25 mA | V= 5.25V,
LOAD CURRENT V, = 045V
les CHIP SELECT INPUT -0.05 —-0.25 mA Vo= 5258V,
LOAD CURRENT Vg = 0.45V
lha ADDRESS INPUT 40 uA Vo= 5.25V,
LEAKAGE CURRENT V, = 5.25V
Ipsg CHIP SELECT INPUT 40 uA Veo= 5.25V,
LEAKAGE CURRENT A Vg = B25V
Vea ADDRESS INPUT —0.7 —-1.0 v Vee= 4.75V,
CLAMP VOLTAGE Iy = —5.0mA
Vg CHIF SELECT INPUT -0.7 -1.0 v Ve = 475V,
CLAMP VOLTAGE . : g = —5.0mA
VOL OUTPUT LOW 0.3 0.45 v Vo= 475V,
VOLTAGE lop = 15mA
leex OUTPUT LEAKAGE 100 A Vo= 5.25V,
_ CURRENT Ve = 5.25V
loe POWER SUPPLY 90 120 mA Vee™ 5.25V,
CURRENT : Voo™ Vay =0V
' 50" V1= OV
Vi, INPUT “‘LOW" | 0.85 v Voo = B.OV
VOLTAGE
Vi ' INPUT “HIGH” 20 v Vo = 5.0V
VOLTAGE :
MNote 1 Typical valugs are at 259 and at nominat voltage,
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SCHOTTKY BIPOLAR 3601, 3601-1

A. C. Characteristics v.=+5v £6%, T, = 0°C 10 + 75°C

MAXIMUM LIMLTS
SYMBOL PARAMETER . S UNIT CONDITIONS
[ 25°¢ 75°C
Toet, ta__ Address to Cutput Delay {3601) 0 60 70 ne
Tas_.ta_s hes b
Both C.5. lines must be at
T | . 1] . .
ti:h tti“ Address to O_utput Dalay (3601-1} 50 50 5 ns ground potential to activate
— —+
PROW,
|_— tges, tg— Chip Select to Output Delay 25 25 25 ns the PRO

Capacitance'" r,- 2%

SYMBOL PARAMETER TY:.lMITh:AX. UNIT TEST CONDITIONS
Cina Address Input Capacitance 4 10 pF Meop = BV Vin= 2.5V
Cins Chip-Select Input Capacitance 5] 10 pF © Vep =BV Wiy = 2.5V
Cout Output Capacitance 7 12 pF Ve =5V VouT = 2.5V

NOTE 1: This paramerer is only periadically sampled and is not 100% wested,

Switching Characteristics

Conditions of Test: 16 ma TEST LOAD Veo

[nput pulse amplitudes - 2.6V

Input puise rise and fall times of % a00n
5 nanoseconds between 1 volt and 2 volts 0_1—4.

Speed measurements are made at 1.5 volt levels S

3mF 60082

QOutput Joading is 15 mA and 30 p¥ : [ ]

Frequency of test - 2.5 MHz

A
|

Waveforms
ADDRESS TO OUTPUT DELAY CHIP SELECT TQ OUTPUT DELAY
ADDRESS ' \ /
INPUT 4.5\! . LS\X ggll.:CT 1.5¥ 1.5¥
\_ INPUT \_ /
OUTPUT 1.5¥ \<1.sv
Thiy —=] ty _ —e —
_/ 1.5V 1.5¥
OUTPUT
OUTPUT 1.5% ] 1.5¥
tg = tg ™™
‘IA+_ " tA L (o
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SCHOTTKY BIPOLAR 3601, 3601-1

Typical D. C. Characteristics

INFUT CURRENT WNPUT CLAMP CURRENT
Vi INPUT VOLTAGE - . V5 INPUT VOLTAGE
I Y T
W= Vg - BV
-_0
d
80 |—-_-~_|——_—.._--—_.—...__ ey
-
-m

|
1

r

-
=§

H e [ e sre

i
" w4
T i

-0 -0 (1] aa -1 - B .
oy [VOLTE| Vi IVOLTSH
OUTPUT CURRENT INPUT THRESHOLD
VS, OUTPUT ~“LOW' VOLTAGE VS, TEMPERATURE
Mpm !%v Ve B
] ELd
- g -
7
z ] s —
5 g ——
= £
M E (%]
¥
E B "
\I’M v FE| TEMPERATURME Ch
. . as
Typical A. C. Characteristics
SELECT YO GUTPUT DELAY SELECT T0 OUIPUY DELAY
V5. SUPPLY VOLTAGE VS, AMBIENT TEMPERATURE
L) B
Tam 354 f Vep= FOV
D LOAD = 15ms, OC LOAD " 15ma
€, - 300t = Mpf
. iI ;
A 5w
H B
; E
- — :
B E
§ M — e g »
K - % [
H x
¥ “ ° 5. |
1
o 476 S0 2 o Fi) 50 ™
Ve (VOLTS) AMBIENT TH WM AATURE {'C|
ADGAESS TO QUTAUT DELAY ADGRESS TO QUTPUY DELAY
R VE. SUPPLY VOLTAGE V5. AMBIENT TEMPEAATURE
T
DY LOAD + 16t o coAD » 15ma
e Gy dopF
" I wh— —
3 L la . J E 'y -
EI 2 T z
& H T
5 — : -
- =) b
g " 7 2 IR 7
g [P W z
n ]
g . SR I
z i
2 H
—F—
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intal

Schottky Bipolar M3601

HIGH SPEED ELECTRICALLY PROGRAMMABLE
1024 BIT READ ONLY MEMORY

® Military Temperature Range
—55°Cto +125°C

® Fast Access Time—90 nsec
Maximum

® Fast Programming —1 ms/bit

Typically

¥ Standard Packaging — 16 Pin

Dual In-Line Lead Configuration

The M3801 is a military temperature range PROM, organized as 256 words by 4-bits. The PROM is manufactured with
all autputs low and lagic output high levels can be electrically programmed in selected bit locations. The M3801 is pin
compatible with the Intel metal mask ROM M3301A,

PIN CONFIGURATION

ADOREss e &, (]
ADDRESS INFUT Ay [ Y
anoRess wrT 5, [
ADORESS IMFUT 8y ]
Rggrtss‘upuv ay T
AODRESS iUt 4, |
SOGAESS AT oy [

aun [

1 L

15 ] a, AOMESS INPUT
M0y

" ] &, criPstuegT2

11 ] £ cHegeLicT

12 [ 0, oavaoureur
ILsal

11 ] 0, DaTaouTRT

[ 0, GeraoureT

L] I 4d, DATAOUTFUT
" imser

LOGIC SYMBOL

e
—of =, o b—
— 5
ju—

o p—e
— oy
— s

o p—
—] 5
—] A
— o, p—
—Fta

ABSCOLUTE MAXIMUM RATINGS*

Temperature Under Bias . .. . . ... ... -65°C 1o +150°C
Storage Temperaturg . . . . . . ... ..., G5 Cto+160°C
Output or Supply Voltages . . . ... ... 0.5V to 7 Volts
All lnput Voltages .. ... ... .... .- -2V 10 5.5V
Output Currents . . . . . . . . . -0 ... P 100mA
Proaramming Only: .
Cutout or Voo Valtages .. .. .. o ... ... 10.25V
CSpValtage . . .......... ... ...... 15,25V
VeoCorrant . L. e e e 500mA
C8oCurrant . . . . oot e 100mA
*COMMENT

Strasses above those listed under “Absolute Maximum Rating™
may cause permanant damage to the device. This is a stress
rating anly and functicnal operation of the device at these or
at any other condition abova those indicatad in the opera-
tional sectiong of this specification is not implied.

D.C. and Operating Characteristics

Al limits apply for Voo = +5.0V 5%, Ty =-55°C to +125°C, unless atherwise specified,

Limits

Symbol Paramater Min. Typ.[1] Max, Unit Test Conditions
Address Input Load _ _

IFa Current -0.05 -0.25 mA Voo = 5.25V, Vg = 0.46V
Chip Select Input Load _ -

IFs Current -0.05 -0.25 mA Voo = 5,25V, Vg = 048V
Address Input Leakage o -

Iga Current 40 A Vee = 5.28Y, Va = 5.25V
Chip Salect Input _ _

‘RS Leakage Current a0 A Vg = 5.25V, Vg = 526V
Addrass tnput Clamp .

. -1. =4, g =-5.

Vea Voltage -0.7 1.2 v Voo = 4.75V, 14 = -5.0mA
Chip Select Input

M . -1, =4, Ig=-~5.

cs Clamg Vohage -0.¥ 1.2 v Voo =4.76V, Ig=-5.0mA
ves Qutput Low Yoltage 0.3 .45 v Veg =476V, IgL = 10mA
1ceX Qutpyt Leakage Current 100 - LS Weg = 56.25Y, Vg =5.26v
Vor = 5.256V,
lec Power Supply Current a0 130 mA Van—=Vaz =0V,
. Vg = Vg1 =0V
WiL tnput “Low™ Voltage .80 A Voo = 5.0V
ViH input “"High" Vohage 24 A Voo = 540V

NOTE 1. Typical values ara at 25° ¢ and at nominal voltage.
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SCHOTTKY BiPOLAR M3601

- A, C. Characteristics vgc = +5v £5%, T, = -65°C 1o +125°C

MAX,
SYMBOL PARAMETER LIMIT UNIT CONDITIONS
t Jta o
Are o TA Address to Qutput Delay 90 ns
tat- a4 : Both C.5. lines must be at around potential
tg+s, tgan Chip Select 1o Qutput Delay 35 ns 1o activate the PROM.
Capacitance'" -2
LIMITS
S¥YMBOL PARAMETER UNIT TEST CONDITIONS
TYP, MAX,
Cina Address Input Capacitance 4 10 pF Voo =5V V=258V
Cins Chip-5elect input Capacitance 6 10 oF Vg = 5V Vi = 2.5V
CouT Output Capacitance 7 12 rF Voo =5V Vour = 2.5V

NOTE T: This parametar is only periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test: 10 mA TEST LOAD
Input pulse amplitudes - 2.6V

Input puise rise and fall tires of
5 nanoseconds between 1 volt and 2 volts

Speed measurements are made at 1.5 volt levels
Qutput loading is 10 mA and 30 pF
Frequency of test - 2.5 MHz

of

ad

¥

bl
1= o AR
[ e—AA——ivve
= &
-~
g g
< ]

Waveforms

ADDRESS TO OUTPUT DELAY CHIP SELECT TO QUTPUT DELAY

ADDRESS \ ,
INPUT 4;\! 1.5\\— g::_‘;c? 1.5¢ 1.8¥
——t ; INPUT \ /
OUTPUT 1.5v 1.5V
Eat —= Ta———
. 1.5¥ 1.5V
OUTPUT 1.5v 1.5v ouTPUT
g — 54—
Tpp — ta 4+ —*
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intal  schotiky Bipolar 3302, 3302-4, 3302-6,
T 3322,3322-4,3322-6

HIGH SPEED 2048 BIT READ ONLY MEMORY

® Fast Access Time-—70 ns (3302, 8 DTL and TTL Compatible —

3322) over Temperature and Input Loading is 0.25 mA Max —
Supply Voltage Variation Qutputs Sink 15 mA

8 Low Standby Power Dissipation = Open Collector (3302, 3302-4,
{3302-6, 3322-6) — 100 xW/bit 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 Vg supply voltage range of BY £5%. The 3302 and 3322
ROM families are pin compatible with the Intel 36802 and 3622 PROM families, Consequently initial circuit prototyping can
be performed using the pin campatible PROMs.

The 3302-4 and 3322-4 are ideal for slower performance systems (2>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. Net only does the 23302-8 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 ¢lamped transistors which results in higher speed
performance than equivalent devices made with gold diffusion process,

PIN CONFIGURATION FIN NMAMES LOGIC SYMBOL

' T = Ao-Ag | ADDRESS INPUTS D
3 CHIP SELECT INPUTI] o

27 I 1514 0,0y | DATAGUTPUTS A P
EW M 114 1. To saloct the ROM —

£E = Logic 0. -—]a, o, b—
A [a ek | .
i |

N | 1z o — A, 0, fo—
EY I [ uf]e, ——1 Ry

e 0y po—
A ) ) ]% 1.
anp[_|s ] A —la,
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mtel * Schottky Bipolar 3602, 3602-4, 3602-6,
3622, 3622-4, 3622-6

HIGH SPEED ELECTRICALLY PROGRAMMABLE
| 2048 BIT READ ONLY MEMORY

® Fast Access Time—70ns ® Fast Programming —
(3602, 3622) 1 ms/bit Typically

= | ow Standby Power Dissipation : B Polycrystalline Silicon Fuse
(3602-6, 3622-6) — 100 »W/bit - w 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 {612 words by 4-bits) PROMs suitable for uses where fast turn-
around and pattern experimentation are important such as in prototypes or in smaltl production volume systems. For those
systems requiring low power dissipation, one should consider the 36026 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 PROM: when in large volurme production.

The PROMs are manufactured with all outputs high and logic tow levels can be electrically prograrmmed in selected bit locations.
The 3602 and 3622 device families are monolithic, high speed, Schottky clamped TTL arrays with palycrystalline silicon fuses.

The Schottky barrier diode clamped transistors allow faster switching speeds than thaose devices made with the conventional
gold diffuston processes.

PIN CONFIGURATION ' LOGIC SYMBOL
A

a1 16 v —0fes

= #Fn —» op—
D

A E 1Ll . a o

N [ —a

£ . 12[Jo, nse -1 o fo—
e

a4 1e nf_Jo, n ok

A7 wl Jo, —]a

eno[_|s 9 :jo_, iMs8) — A
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~intgl Schottky Bipolar 3304A, 3304A-4,
3304A-6, 3324A, 3324A-4

HIGH SPEED 4096 BIT READ ONLY MEMORY

® Fast Access Time—70ns = Open Coilector (3304A, 3304A-4,
(3304A, 3324A) Over Temperature 3304A-6) and Three State (3324A,
and Supply Voltage Variation 3324A-4) Outputs

s Low Standby Power Dissipation = Simple Memory Expansion—4
5:33'?43;5)—"33 ;u‘.ﬁ.")'bi(t:h Chip Select Input Leads

= Fully Decoded-—on Chip m Standard Packaging—24 Pin
Address Decode and Buffer Dual In-Line Lea%l gonfiguration

s DTL and TTL Compatible —
Input Loading is 0.25 mA max—
Output Sink is 15 mA

The 3304A and 3324 A device families are high density 4096 bit {512 words by 8-bit} ROMs. Electrical performance is specified
over the complete amhient temperature range of 0°C to 756°C and Ve supply voltage rangs 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 (220 ns) where low system cost is a prime factor. For
those systems requiring low power dissipation, one should consider the 3304A-6. Not only doas the 3304A-6 dissipate 20%
less active power than the 33044, but it also has an added low standby power dissipation feature. Whenever the 3304A-6 is
deselected, power dissipation is reduced by 70%.

The 33044 and 3324A device families are manufactured using Schotiky barrier diode clamped transistors which results in
higher speed performance than equivalent devices mode with gold diffusion process.

Mode/Pin Connsction Pin 22 Pin 24
Read:
33044, 330444, PIN NAMES
33244332454 MNe Connect or BV By
330456 +5Y No Connect Ag—Ag ADDRESS INFUTS
Standby CS1-C5p } 11}
CHIP SELECT INPUT!
Pawer: C83-CS54 s
330446 Power dissipation is automatically Oy—Cg DATA OUTPUTS
;Zr:::ictle\zhenever the 3304A-6 is : [1] To selact the ROM 08, = &85 = 0
’ and C83=C8q = 1.
FIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL
s ~ w3 DATADUT I DATADUTE —de,
as[]z 23] o s iy [ ———— —of s, o, fo—
a[> 22 Y vec taeuaco 2:: Taeens —Jes o bo—
w]e 2 r’_‘[cs. ONLYI €5 7 — % o, fo—
1w L) 2 [Jesq 409;5" 1% LS e
LAEY-) — Ay ag fo——
« 18] Jesa . alo—
TLSM: e LE] e LMY — ., o, fo—
asa ey L m =N —] s,
a; L s ]o —
o “he -1
ane [z RE] = A [ . —] %
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Intel' Schottky Bipolar 3604, 3604-4, 3604-6

o HIGH 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
Temperature and 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 ROMg suitable for uses where fast
turnaround and pattern experimentation are important such as in prototypes or in small production volume systerns. The
PROMs are manufactured with all gutputs 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 33044, 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 3604-5 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 iz 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 Connectian Pin 22 Pin 24
Read: ' PIN NAMES
3604, 36044 No Connect or 5V 5y
26046 16V No Connect ) An—Ag ADDRESS INPUTS
Program: 5)-C5; ]— CHIP SELECT INPUTS "
3604, 36044 Pulsed 12V Pulsed 12V C5q—-C54
36046 Pulsed 12V Pulsed 12V C,-0g DATA GUTPUTS
Stendby {1] To select the PROM £5q =TSy = 0
Power: Power dissipation is automat_icarlv re- snd CSq = C54 = 1.
36046 duced whenever tha 3604-6 is
desalected,
PIN CONFIGUARATION BLOCK BHAGRAM LOGIC SYMBOL
" E Y e . j"b(‘ CATAOUT 4 DATAOUT B
' ' —a
] 23 [T ny aasm — =, 9 D—
(A m ] 22 [ veey meowinge. e ) o f—
s N nh1es. Tt — e, o p—
Mal wfem. - oo
Mu{} m[gess : :: :: g:
«[]* [ e5a p— Y oy 0
nen ma oy wise ] ‘: afo—
TN u [ w[To, —~
[Yta [ 1% ::[n, —_—
o n w0, —ta,
2w ] uf e, ™
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SCHOTTYKY BIPOLAR 3604, 3604-4, 3604-6

Absolute Maximum Ratings*

Temperature Under Bias ... ........ -65°C to +128°C "COMMENT
Storage Temperature . . ........... -65°C to H160°C Stresses above those listed under “Absolute Maxirmum
Qutput or Supply Voltages ... ... ... -0.5Y to 7 Volis Rating” may cause permanent damage 1o the device, This
Alllnput Veltages . ... . ............. -1V to 6.6V is a stress rating only and functional operation of the device
OQutput Currents ... .. .. .. ouiunvnnnnn.nn 100mA at these ar at any other condition above those indicated in
Programming Only: the operational sections of this specification is not imptied,

Qutputor Ve Voltages ... ... ... ... 12.5V

CoyValtage ... ..... ... ... ... ..., 15.8V

VMecCurrent .. Lo oLl e BO0mA

CoyCurrent .. ... ... . i, 150mA

D. C. Characteristics: Al Limits Apply for Vo= +5.0V £5%, T,= 0°C to +75°C

Limits
Symbol Parameter Min. | Typ.[1) Max. Unit Test Conditions
lea Address Input Load Curreny -0.05 -0.25 mA, Voo =5.25V, Va = 0.45V
lgg Chip 5elect Input Load Current -0.05 -0.50 mA Voo = 5,25V, Vg = 0.45V
Ina Address Input Leakage Current 40 Fry Voo = 5,25V, Vp = 5.25V
lqs Chip Select Input Leakage 40 Ha, Voo =5.25V, Vs = 3.5V
Current
Vea Address Input Clamp Voltage -0.7 -1.0 v Voo =478V, 15 = -5.0mA
Vies Chip Select lnput Clamp -0.7 -1.0 v Voo =4.78V, Ig = -6.OmA
Voltage
Voo Output Low Voltage 0.3 0.45 v Voo =478V, Ig = 15mA
lgex Qutput Leakage Current 100 HA Vo = 5,25V, Vg = 5,26V
lect Power Supply Current {3604, 190 mA | Vpci=5.25V, Vag*Vaz =0V
3604-4) T8, =85 = 0v
. CS3 = C54 = 5.26V
lece Power Supply Current{3604-6) Voo = 5.25V, Veey = Open
Active 140 mA Chip Selected
Standby 45 mA | Chip Deselected, £S5 =C5,=2.5V
Wi Input “Low"" Voltage 0.85 v Veo = 5.0V
ViH Input “High" Voltage 2.0 kY Ve = 5.0V

Note ¥:  Typical values are at 26°C and at nominal voitage.
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SCHOTTKY BIPOLAR 3604, 3604-4, 3604-6

Typical D. C. Characteristics
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SCHOTTKY BIPOLAR 3604, 3604-4, 3604-6

A. C. Characteristics v .= +6V £8%, Ty = 0°Cto + 75°C

Symhol Parameter l\r:lax.. Unit Conditions
Limit
a++ta_— | Addressto 3604 70 ns C8; = Sz = V) and C§3 = C§4 =
ta+-ta-+ Quiput Delay: 3604-4, 3604-6 90 ns Vi to select the PROM.
154+ Chip Select to  3604,3604-4 30 ns
Qutput Delay: 3604-6 30 ns
tg._ Chip Select to 3604, 3604-4 30 ns
Dutput Delay: 3604-6 120 ns
Capacitance "' 7,-25°c
Symhol Paramater Limits Unit Test Conditions
Tvp. Max.
Cina Address tnput Capacitance 4 10 pF Ve = 5V Wiy = 2.5V
Cing Chip-Select Input Capacitance =] 10 pF Veg = BV Vi = 2.5V
CouT Ouiput Capacitance 7 12 oF Ve = BV VouTt = 2.5V
NOQTE 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 1imes of 33000
§ nanoseconds between 1 volt and 2 volis ) Q.—I——qp
Speed measurements are made at 1.5 volt levels 30pF 38008
Qutput loading is 19 mA and 30 pF [ )
Frequency of test - 2.6 MHz =

Waveforms
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
ADDRESS { \ /
INPUT J15v 1.5V 1 1 1.5¥
OUTPUT J[st \\t_,sv \‘ 1.5V

thes —= (— th e [—

1.5v
\ / OUTPUT
OUTPUT L 1.5V } 1.5¥
g toss ™™
Tay —= —.— a4 — fam—
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intal  schottky Bipolar 3624, 3624-4

HIGH SPEED ELECTRICALLY PROGRAMMABLE
4096 BIT READ ONLY MEMORY

B Fast Access Time— = Full Decoded — On Chip
70ns (3624) Address Decode and Buffer
90ns (3624-4) ® Polycrystalline Silicon Fuse

= Three-State Outputs = Standard Packaging -

24 Pin Dual In-Line

a Fast Programming — Lead Configuration

1 ms/bit Typically

The 3624 and 3624-4 are high density 4096 bit (512 words by 8-bits] PROMs suitable far uses where fast turnaround and pat-
tern experimentation are important such as in prototypes or in small production volume systems. The PROMs are manufac-
tured with all outputs high and logic low levels can be electrically programmed in sefected 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 polyerystalline 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 e 2 [Twee =,
[ m E 23] aa imsen s, o,
s 2 [Pne — % L)
a7+ n[]S, 1% 0y
a [ w[Je3. i ::: -
_"?E‘ w[es, s, o, lo—
] 1] I:]cs.. S o fjo—
wse ag [ e 1[0 s —da, 9, Jo—
HE TN o L 1wl Jar —] A
o[ Je 15 Yo — 4,
:H{m ta[Ja. —
one [z 1o, —

3-40



ntel 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 76000
ar MCS pragrammers, _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 1o Intel:

1. A data field should start with the most significant bit and end with the least significant bit,

2. The data field should cansist of P's and N's. A P is to indicate a high level output {most positive} and an N a low leve! output
imost negativel. If the programming information is sent on @ punched paper tape, then a start character, B, and an and charag-

ter, F, must be used in the data field,
A. Punched Card Format

An 80 column Hollerith card (preferably interpreted) punched by an 1B 028 or 029 keypunch should be sutynitied, The

first card will be a title card, The format is as follows:

DECIMAL NUMBER INDICATING

1. Title Card THE TRUTH TAELE NUMBER
NG, OF QUTPUTS
4ori
TITLE CARD INTEL
DESIGNATION . PiN
. CUSTOMER'S . Column Data
CUSTOMER'S DIYISION OR CUSTOMER'S
If.':OI\-"IP.f?«NYI MNAME LOCATION PfM 1 Puncha T
: — 2.5 | Blank
630 | Custamer Company Mama
21-24 | Blank
3564 | Customer's Companv Divislon or lecation
5558 | Blank
59-52 | Custormer Part Numbaor
mmmmn.mmmmmmmmazt:1:3:za:zeatagmnmmmnmmu 64-67 | Blank
| RREREREEST H-{ BRSE! PEI ESFERRFERESPASR] ERY [ REREI EI RERSRERRERE] ERRSEST | SRERSEEIEREY 68-74 | Punch the Intel 4 digit basic part number and
ST L L L L T G T L N L L L S e in } the number of output bits, e.g. 1702 (8)
LI TEE LT I PEETY PSS R R E R TR TR AR T FEE TR L I S IR IR TR IR IR IR R EAEE] 1] LEEIT ) 3204 {8}, 3301 14}, or 3601 (4.
AU A e A o R e 75-78 | Blank
VIR L R D R T T R R R 79-H0 | Punch a 2 digit decimal number 1o idamify
R S O L L the truth table number.  The first
T T T e T YT e YL Y YT EL LT R PCT L L TET LY e FETEE EYES LR TETL T truth table will be @3, sacond #1, third
\."""' EPHENE R e ipeie] A 4 #3, ete.
2. For a N words x 4 bit organization only, cards 2 Tolumn Darta
and the following cards should be punched as shown: 1.5 Punch the 5 digit declmal equivalent of the
Each card specifies the 4 bit autput of 14 words. binary coded Iocation which begins each’
card. The address is right justifled, e,
OF0A0, POV 4, BABIE, ec,
& Blank
LS8 DECIMAL NUMBER 710 | Data Fisla
DECIMAL WORD . INDICATING THE 2n
ADDRESS BEGINNING M58 TRUTH TABLE NUMEER 1216 | Data Field
EACH CARD 14 DATA FIELDS 16 Blank
. ) A 1;-120 g!atakFieId
— . T - - an
AT TN PG FEEF NRIP FENN NIFE PFEI FIEe PRI HFEF IR FPEE TER FTIE 00y, 2526 | Data Field
ARRE SORL INTN ROA0 WARN WORG DNT0 GNLO 0300 OO O0NW MALN GOLY 0AMA 26  jBlank
1 ADDEARBIRONON0InIBanQIaIA10IDabaN0IOapannuoaparpeninakarngendnionpd ] 27-30 Data Field
|||l1|l||lI|I|1||Tl"|’;|I1IlII|I|I|IIIIl'II'IIIII'II'IIIIHII'IlIII]IIII'Il'II!IIIi'Il!IlIl 33135 glatnkF'E|d
LTI R T R R A I T I L2 R A2 T R AR R R R kA A R 2 a2 3;5 Bra:kl
NN I I I I3 I I A I A1 1 0033 09109031313913) 3151801 37-40 Drara Fisld
(R EE RN RN RN R R N R RN RN R R R R R R R R RN PRI EE RN AR ER R ER RN ENNE ] 41 Blank
FESTERRT M B3 111 EERER3Y 1] BHY ELEERRESY EXTH ERRY [ HY BERREL [ | ERESHET T R3EHY | ERERE4S 424% | Data Fleld
I I A A T A A I I I A o 1111 46 -| Blank
RRRE R T SRRy T LT YRRt T ORR ARy Ty LT UOY TN TV L RNAE I T T VRaaT (1 Lot [ 12 EXY TRRRE) 4750 | Data Field
R L T T T LY H O I S TR Y PR D AT R R TRE T TN I LY L] 51 Blank
!?!‘!!9]!9!“51!:!!!9!5]!i!!!9!!!5!H!!!‘9!‘l!!l99l!!H!3!51!3!3!51!3!9!9!'9'9!9! 5255 Data Field
N H12 1 S s 56 Blank
5760 | Data Field
61 - | Biank
52.65 | Data Field
66 | Blank
E7-70 | Data Field
71 Blank
72-75 | Dats Field
76-78 |EBlank
7980 | Punch same 2 digit decimal number a5 in

title card,
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ROM AND PROM PROGRAMMING INSTRUCTIONS

3. For a N words » 8 bit organization only, cards 2

and the following cards should be punched as shown. Column Data -
Each card specifies the 8 bit output of 8 words. 15 Punch the 5 digit decimal equivalent of tha
binary codesd location which beging sach
MsA _L3s — cardl, The address Is right justified, ie.,
' 20020, YEREE, P0G 16, etc.
DECIMAL WORD BECIMAL NUMBER 8 Blank
ADDRESS BEGINNING JNDICATING THE ?;;4 g::kmeld
EACH C?RD | DAT;*-\I FIELDS TRUTH TABLE1NUMBEFI 1622 | Data Flald
T z - P o 24 Blank
heindil FEFFRHNE HiPFE PREIREFI FRINREEE NITHRGEEE F FNEHIE FREEhnE J[r\ 2532 Data Field
TOONONED ORRONRNY AERERION VIBATRAN WADIPENN DUBNIDUF INOONNNA DIDREOND 33:_’41 glat"kF‘eld
MM il aa bl R0 nARa R AR papaiagniautatniRaluntidedinarainiio) g e Bfa:k !
(R R bR R R R R A R R R R R R RN N R RN RN R R N AR AR RO R RN AR RN} A43.50 Data Field
PR I T I I T R L T T D L T L L T 51 Blank
ININHNNN DRI ANNEINN NN R0 5259 1 Data Field
AL LT e s b e et ot a4 B0 B|an'k
RESEERR RO LD RRSRAY 1 L ERUSY |/ ORISR | I5) EXRY (1 ERT 11 LD FREA | IFT (1 i394 | 121 [ ERE¥1 6168 | Data Field
AR R REENER e NEBRR NGB REG(RE L R EEiRGREIEREGERRERCiEROE R ANEREREANEATESEA0REERIRE 3z] Blank
[REEREITY PEFEERY (1T PREL ST T RANST VT (TNY | TOT 1 eXRC 1 U RRRen) (1 1aat | L 131 T 70-77 | Data Field
AELENNE NEZ e AN RANEANENRANEN AN NI LA REN A AN NN AEVEN IS IR INENEANENNANENGAL 73 Blank
79-80 | Punch same 2 digit declmai number as n

1918919353191
e R e

a0

k !!SS!”!!W“!!‘JL!!H!S!Si!9‘!“'9!9!!9!9!9!”“9!9!‘3
HEREA e

title card,

HH

B. Paper Tape Farmat
The paper tapes which should be used are the:

1. 1" wide paper tape using 7 or 8 bit ASCI| code, such as a model 33 ASR teletype produces, or the
2. 11716 wide paper tape uzing 5 hit 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 Bar 4
data characters between the B and F for the N x 8 or N x 4 organization respectively.

N OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A WORD FIELD, 11 in preparing
a tape, an error is made, the entire word field, including the B and F must be rubbed out. Within the ward fietd, a P results
in a high level output, and an N results in a low level utput.

2. Preceding the first word field and following the last word field, there must be a lsader/trailer Jength of at least 26 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 figld {or at laast betwesn 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 (35 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 mare than one pattern
is being transmitted, the ROM pattern number.

8. MSE and LSB are the most and least significant bit of the device autputs. Refer to the data sheet for the pin numbers.

Example of 266 x 8 forrat (N = 266):

Start Character Stop Character Data Fiald MSE LEB
Leader: FAubout Key TFrailer: Rubout Key
Tor TWX and Latter BPPPNMNNMNNFBNNNNNNPPFR.BNPNPPPNNF for TWX and Letrer
Key for Telex lat least L T A T J L T / Key for Telex (st 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 Fiald M5B LSB
Leader: Rubout Key Trailer: Rubout Kay
Tor TWX and Letter BEPNPNF BNMNNNF .souenssa BPPPPF far TWX and Lerter
Key for Telex {at least L T J L T 1 ; J ! Key for Talex fat least
25 frames). Word Field @ Comment  Word Fleld 1 Word field 1023 25 frames).
[Sen Section
B4}
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ROM AND PROM PROGRAMMING INSTRUCTIONS

II. Manually Programming the 3601 (or 3601-1}

The 36071 may be programmed using the basic circuit of Figure 1. Addrass inputs are at standard TTL levels. Only one output
miay be programmed ata time. The cutput to be programmed must be connected to Veg through a 30081 resistor, This will force
the proper programming current {3-6mA) into the output when the Vg supply s 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 380% Vee and C53 leads. Ve is pulsed from a fow of
4.5 ¥ 25V to a high of 10 £ .25V, while C5z is pulsed from a low of ground {TTL logic O} to a high of 15 £ 0.6V, 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 1ms, but occasionally a fuse may take up to 400ms.
Ouring the application of the program puise, current 10 CSg must be limited to 100mA, The autput of the 3601 is sensed when
55 is at a TTL low level autput. A programmed bit will have a TTL high output. After a fuse is blown, the Ve and TS5 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,

.25
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ROM AND PROM PROGRAMMING INSTRUCTIONS

HI. Manually Programming the 2K and 4K Bipotar PROMs

The Intel 2K and 4& bipclar PROMSs may be pragrammed using the basic circuit of Figure 1. Initially all bits {either
2048 or 4096} are in a togic 1 (high) state, Cnly one cutput may be programmed at a time. The programming current
{BmA +10%} is forced into the output to be programmed by a current source. The current should be clamped to Vg by
:\i" sﬂn;:on dn:}nde All other outputs must be allowed to float such that the outputs are zllowed to rise one diode above

cc (12.5V

For simplicity of the programming description, reference wifl be made only to Ve, however, this term includes both
the Veeq and Vgea of the 4K PROM. There is only one Vige for the 2K PROM. Programming pulses must he applied to
bath Vee and CS. A series of pulses is applied to the Ve and €5y leads as shown in Figure 3a and 3b respectively. The
pulse applied must maintain a duty cyele 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 Tms,
but oecasionally a fuse may take up to 400ms. During the application of the program pulse, the Voo current must be
limited to 600mA and the CS current to 150mA. A programmed bit will have a2 TTL low level. After a fuse is biown,
the Voo and C5; pulse trains must be applied {the pulse width still linearly i mcreasmg to @ maximum of Bus) for another

T100us.
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SHIFT REGISTERS

Electrical Cheracteristics over Temperature
No. Data Rep. Rate Power Input Clock Page
Type of Description Dissipation | Output Levels Supplies [V] Mo,
Bits Min, Max. Max.[1] | Levels .
14024 1024 Quad 256-Bit Dynamic 10kHz | %MH:z SO0 mw TTL MOS/TTL { 9, -50rb, -9 | 4-3
1403A 1024 Dual 512-Bit Dynamic 10kHz | 9MHz 500mw TTL MOS/TTL | 5, -%0r5,—9 § 4-3
& 14044 1024 1024-Bit Dynamic 10kHz | 5MHz 500 mw TTL MOS/TTL | 5, —50r5,-9 | 4-3
E 14054 512 Dynamic Aecirculating 10kHz | ZMH: 400mW TTL | MOS/TTL | §, 5or5, -8 | 4.7
'E 1506(2] 200 Dual 100-Bit Dynamic GkHz | 2MHz 110 mW TTL Mos +h, ~-5§ 111
: 1607(2] 200 Duat 00-Bit Dynamic GkHz | ZMRz 110 mw TTL MOS +5, =h 4-1i
= {20 k2 output)
; 24 2048 Qual 1024-Bit Dynamic 28kHz | 1MHz 350mW TTL TTL +5 &15
w Recirculating . .
24G5 1024 1024-Bit Dynamic Recirculating | 25kHz | {MHz I50mwW -TTL TTL +5 4.15
2416 16,384 | CCD Serial Memory 125kHz | 2MHz | 300mW TTL mos +12, -5 4-14

Motes: 1. Power Dissipation calculated with maximum power supply current and nominal suEp[y voltages.
2. The 1506 and 1507 are also available in military temperature range {—55° to +125°). To order specify 1406 or 1407, respectively.

o
o
-
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]
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intal Silicon Gate MOS 1402A, 1403A, 1404A

1024 BIT DYNAMIC SHIFT REGISTER

« Guaranteed 5 MHz Operation = Inputs 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 Capacitance -- 140 pF » Three Standard Configurations --

pa P Quad 256 Bit - 1402A, Dual 512
" Low Clock Leakage -- < 1pA Bit -- 1403A, Single 1024 Bit --
1404A

The 1402A/1403A/1404A are direct pin for pin replacements for the 1402/1403/1404. Due to “on chip”
multiplexing the data rate is twice the clock rate. Data is shifted one bit on each clock pulse (both @ and g,).

3

¢ SHIFT
~ REGISTERS

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 +5Y and —5V. The
1402A/3A/4A are capable of operating at the power supply voltages of +5V, -9V as well as 46V, =6V,

The input to the shift register can be driven directly by standard bipolar integrated circuits {TTL, DTL, etc.L.
The design of the output stage provides driving capability for both MOS and bipolar 1Cs.

Use of low threshold silicon gate technology allows high speed {5 MHz guaranteed) while reducing power
dissipation by a factor of two and clock input capacitance by a factor of three compared to equivalent
products manufactured by conventional tachnologies.

PIN CONFIGURATION

. ———
QUTPUT 11 16N 4

NCe—] 2 15ING

IN 1] 3 40Ut 4

@ 1e=]4 13FINC

Vo5 12favgy

ouT 26 1"pEe 2
NCE—]7 10N 3
IN 28 IpPouT 3 M1404A
C1402AIP1402A
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SILICON GATE MOS 1402A, 1403A, 1404A

Absolute Maximum Ratings "

Temperature Under Bias 0°C 10 70°C | Daa and Clock Input Voltages
Storage Temperature —65°C to +160°C and Supply Voltages with
Power Dissipation ‘2 1 Watt respect 1o Ve +0.5V to —20V

D.C. Characteristics T, =0°C to 70°C, Vo = +6V £5%, unless otherwise specified

Vpp = —BV £5% or —8V £6%

SYMBOL TEST MIN. v max. UNIT CONDITIONS
I Input Load Current <10 500 nA T, =25°C
'Lo Cutput Leakage Current <10 10080 nA VOUT=IJ.0V, Tg =25%C
'LC Clock Leakage Current 10 1000 né Max, Vier Ta =25°0C
Vu, Input “Low" Voltage Vep—10 Vep—4.2 v
Viy Input “"High” Yoltage Ve~ 1.5 Vpg+d v
Vpp = —BV 5%
Ipo1 Power Supply Current 40 50 mA | T,=25°C| Output at Logic “0",
5 MHz Data Rate,
33% Duty Cyele,
o Continugus Operation,
[+ o =
- w o2 Power Supply Current 56 mA | To=0°C | Yiie™Vee -7V
= 2 Vire Clock Input Low Voltage | Voo —17 Vee—15 v
s Vine Clock Input High Voltage | Voea—1 Veet3 W
VaL OQutput Low Voltage -3 0.5 A R 1=3K to V. Jg = 1.6 mA
Vo Qutput High Voltage 2.4 1.5 v R, =3K to Vo i Iy = —100 pA
Driving TTL.
Vo | Output High Valtage Vee—14 Vo —1 v | RL=4.7K 1oV,
Driving MOS (See p. 6 for connection)
Vpp = —9V 5% _
'Dua Pawer Supply Current 30 40 ma, Tg =250¢] Output at Logic 0™,
3 MHz Data Rate,
26% Duty Cycle,
Cantinuous Operation,
Ibpa Power Supply Current 45 mA | T.=0PC ViLe™Vec 147V
VILC Clock lnput Low Voltage |- Vipe —14.7 . Voo —126 v
VIHI: Clock Input High Voltage | V..—1 Ve t3 v
Vo, QOutput Law Voiltage -3 0.5 v A ,=47K o Vg, 1y = 1.6 mA
VoHi Cutput High Voltage 2.4 35 v R =4.7K to My Ly~ 1000A
Driving TTL )
Vouz Ouiput High Vohage Vog~1.4  Vee—1 v Ry 5 =8.2K to Vo] (See p. 6 for
Driving MOS RLE =3.9K t0 V.. | connection)

Note 1:  Stresses above thase llsted under “Absolute Maximum Ratings'” may cause permanent damape to ihe device. This s 8 strass rating only
and functional operation of the devlce at these or at any other condition above those indicated In the operptiong! sectlons of this
specification Ts not implisd. E € 1o &b rating conditions for exwended periods may affect device refiability,

Meta 2@ The 1 watt dissipation is not to be construed as an operating rating {see note 1). For operating at elevated temperaturas the device must
be derated based as shown on page 3. When operating at Vp » —EVA5% the maximum duty cycle Is 33% and at Yoo =—9V+i% the
maximum duty cycle is 26%, I applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = Itﬁpw
+ Yltg + 1p)]x clock rate.

Mote 3 Typical values ara at Ty = 25°C and atnaminal valtages.
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SILICON GATE MOS 1402A, 1403A, 1404A

A.C. Characteristics T, = 0°C to 70°C: Vi, = +5V 5%

Vpp =8V +5% Vop =89V £5%
SYMBOL TEST {Test Load 1) {Test Load 2) unNIT
MIN. MAX, MIN, MAX,

Frequency Glock Rep Rate 2.5 1.5 MHz

Frequency Data Rep Rate Mote 1 5.0 Mote T 3.0 MHz
typ Clock Pulse Width 130 10 A70 10 usec
Yo Clogk Pulse Delay 10 Note 1 10 Note 1 nsec
th e Clock Pulse Transitian 1000 1000 nsec
o Data Write Time {Set Up) 30 60 nsec
LA Data Te Clock Hold Time 20 20 nsec
twla. Clock To Data Out Delay a0 ’ 10 nsec

CAPACITAMCE™? V(.= +5V 25%, Vo= ~BV £5% or —9V 5%, T, = 25°C

SYMBOL TEST TYP. MAX. CONDITIONS
T Input Capacitance " SpF 10pF Viy = Ver
couT Output Capacitance 5 pF 10 pF Yout = Yoo : TVIHz
[ Clock Capacitance 110 pF 140 pF Vg = Vg
Cim o2 Clock to Clock Capacitance 11 pF 16 pF . V¢ = Ve

Moie 1: See page & for gquaranteed curve, Note Z: This parameter is periadically sampled and is not 100% tested,

R
-
= b
L b
T
T

[*e)
i

Switching Characteristics

Conditions of Test

Input rise and fall imes: 10 nsec
Cutput load is 1 TTL gats

TEST LOAD 1 TEST LOAD 2

I CroTaL =10pF

Timing Diagram Vpp= —9V15%

! BIT 1 | 817 2 BITN+17t | BIT Ne2

BIT 1 L

ViHe

g% bem o — __ Vie
b= b
| ~itgopy|~DATA RATE= N y
X, 1 H
J N v
INBIT1 INBITZ2 M L
it YoH
CATA OUT -
it Voo

QUT BIT1 OUT BIT 2

“tow and thyyy same tor (az **N = 256 for 14024, N = 512 for 14034 N = 1024 for 14044
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SILICON GATE MOS 1402A, 1403A, 1404A

Typical Characteristics

POWER DISSIPATION /BIT VS SUPPLY VOLTAGE POWER DISSIPATION FBIT V5 CLOCK AMPLITUDE
7 ; ? T T T T T T
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| o | otgreo AT e oS e
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ntel” Silicon Gate MOS 1405A

512 BIT DYNAMIC
RECIRCULATING SHIFT REGISTER

» High Frequency Operation -- = Low Clock Leakage --
2 MHz Guaranteed over =fuAat=-17 V
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 140BA is a 512 bit dynamic recirculating shift register and is a direct pin reptacement for the 1405. The
1406A is capable of operating at power supply voltages of +5V, —9V as well as +8V, —5¥. A high speed
recirculating data rate of 2 MHz over the temperature is easily obtained at the +5, —5 power supplies,

Writefrecirculate 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.

SHIFT
REGISTERS

These registers can he 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 1408A 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 OUTFUT

INPUT |
W/R READ
CS81 C52

FIN W/R Csi cs2 READ
MODE 12) n (9} (&)
WRITE 1 1 1 1aro
RECIRCULATE!Y | 90r0 | 1aro | 1or0 | 10r0
READ 10r0 1 1 1

Note 1: Either W/R, 51, or C52 must be a. @' during Recirculation.
A lagic 1 is dafined as a high input and a logic 0 as a low input.
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SILICON GATE MOS 1405A

4.8

4

Maximum Guaranteed Ratings *

Temperaturs Under Bias 0oC 1o +70° 0
Storage Temperature =652 to +160°C
Power Dissipation (1} 600 mw
Data and Clack Input Voltages

and Supily Voltages with

respect 1o Ve +.3V o 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 specificatian is not impiied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability,

D.C. Characteristics Tp=0°C 10 +70°C, Vg = 6V £5%, unless otherwise specified

Vop = —5V £ 5%

SYMBOL TEST MIN. Typ (2 MAX, { UNIT CONODITIONS
Ll INPUT LOAD CURRENT 10 1000 na ViN = Vi 10 Y
Lo OUTPUT LEAKAGE CURRENT 10 1060 nA VouT =00V
ILe CLOCK LEAKAGE CURRENT 10 1000 nh, Vi "V =17V
oo POWER SUPPLY CURRENT 25 a0 mA Ta=252CT] Qutput at Logic "0,
2 MHz Data Rate,
40% Duty Cycle,
Continucus Operation,
Igpz | POWER SUPPLY CURRENT 46 mA | Te=PG _| Wg=Vee—17V
ViLct | CLOCK INPUT LOW VOLTAGE | Veg—17 Vec—145 | v
Vine | CLOCK INPUT HIGH VOLTAGE | Vg —1 Voo +.3 v
Wy INPUT "LOW" VOLTAGE Veo—10 Vog—3-2 W
Vimy | INPUT “HIGH" VOLTAGE Voo-1.5 Ve +.3 % ]
VoL | OUTPUT LOW VOLTAGE -3 05 | v Ry 1=3K ta Vpp . lgL= 1.6 mA
Voum | QUTPUT HIGH VOLTAGE - 24 i5 [ RL1=3K ta Vo , lon= ~100 HA
DAIVING TTL
Von1 | OUTPUT HIGH VOLTAGE Voe-14  Vge—! v Ry ,=5.6K to Vo
DRAWVING MOS {see p. 6 for connection}
Vop = —9V £ 5%
0w INFUT LOAD CURRENT 10 1000 nA Wiy = Vie to VL
Lo OUTPUT LEAKAGE CURRENT 10 1000 nA Vaurt = 0.6V
e CLOCK LEAKAGE CURRENT 10 1000 na ViLg*Vee 147V
lpos POWER SUPPLY CURRENT 0 3 mé Ta =2°LC7 Cutput at Logic 0",
. 1.5 MHz Dara Rate,
36% Duty Cycle,
Contineous Operation,
loos | POWER SUPPLY CURRENT . 36 mA | To=rC | VjLe=Vee~147V
Vi_gz | CLOCK INFUT LOW VOLTAGE | Ve=14.7 Vec—126 | v
Vinc | CLOCK INPUT HIGH VOLTAGE | Voo —1 Vep+.3 v
ViL INPUT "LOW" VOLTAGE Vee—10 Veo—2 W
Viga | INPUT “HIGH” VOLTAGE Vor—1.5 Vo +.3 v
VoL | QUTPUT LOW VOLTAGE -3 05 | v A 175.6K to Vpp lgp = 1.6 mA
Vou | OUTPUT HIGH VOLTAGE 2.4 35 [ AL1=5.6K 10 Vo, loum~100 HA
DORIVING TTL
Vgn1 | OUTPUT HIGH VOLTAGE Vor—14  Voe-1 v R 2=6.2K 10 Vppy (5ee p. 6 for
DRIVING MOS R 3"3.9K to Vpe  connection}

Mote 1: For cparating at slevated temperatures the device must be dersted based as shown an paga 3. In applications tha duty cyde shoutd
be a minimum 1o reduce power dissipatien. Duty cycle = {t¢pw + %ty + tpl) x clock rate,

Mote 2: Typica) veluesare a1 Ty = 25°C and at nominal voliages,



SILICON GATE MOS 1405A

A.C. Characteristics T,=0°C to +70°C; Vg = +5V £6%; C_ = 20pF; 1 TTL Load

Vpp = -5V 4 5% Voo = ~8V £ 5%
SYMBOL TEST ViLg=Veo—~14.8 to Vep—17 VyLos VCC-—I2 6to Vop—14.7 UNIT
A =3K R =56 K
MIN, MAX. MIN. MAX.
Frequency CLOCK OATA REP RATE 200 Hz @ 259¢! 1! 2 200Hz @ 250! 1.5 MHz
TPy CLOCK PULSE WIDTH 0,200 10 240 10 s
40 CLOCK PULSE DELAY a0 Note 1 an NMata 1 nsec
Outy (:yc_m!?} CLOCK DUTY CYCLE 40 36 %
tRTE CLOCK PULSE TRANSITION 1 1 Lsec
tow DATA WRITE (SETUPI TIME 100 100 nsec
oM DATA TO CLOCK HOLD TIME 0 20 asec
Tae ta_ CLOCK TO DATA OUT DELAY 250 250 nsec
tR_1og—i CLOCK TO "READ QR “CHIP 1] o nsec
. SELECT” OR “WAITE/
WR— RECIRCULATE" TIMING
TR+ togel CLOCK TO “READ” QR “CHIP 0 0 nsec
' SELECT” OR "WRITE/
WR+ RECIACULATE" TIMING
CAPACITANCE™ V., =5V % 5%, Vpp = —5V £ 5% or -9V £ 5%, T, = 26°C

SYMBOL TEST TVP. MAX. CONDITIONS

Cin INPUT CAPACITANCE 3 5 pF Vin = Vep

Cout QUTPUT CAPAGITANCE 2 5pF Vout =Vec |, - ]

= i
Co CLOCK CAPAGITANCE 75 85 pF V4= Vop w
Coy ey CLOCK TO CLOCK CAPACITANCE 6 10pF Y= Voo E
Nots ¥:  Sae curve of Min Cata Rate, eng Max Clock Delay vs. Temp, on page B, Nota 2: Duty Cycla = [‘¢P\N + Kitﬁ + tF!] x clock rae. ‘:-;:J

Nate 3 This parameter |5 paricdically samplad and s not 100% tastad,

Switching Characteristics

Conditions of Test
Input rise and fall times: 1{ nsec
Cutput load is 1 TTL gate

Timing Diagram

i__ BIT N

HE

$z INPUT CLOCK

Vit :_ : T
$y CUTPUT CLOCK | 1 |
Yivg l 1 |m o
| -l F_._, LLOCK Rsram’e——l—{——{ |
R -_—--u————e}—|L——|_—___—__—_——_-
DATA 1N & i o N I
Y = ,,T' Rt
I 1
: Jl'r'_ Tar -:-——I |--— ta —a-i
I e e I T R P § A
DATA QUT aw -: -{ ! t
V., 7 ' L - -
ac T I e ] | ST BT 1
lwp-c-' [ | tn = I |
Vin ' 1
WHITE/RECIACULATE i 1 t |
¥ 1 1 #
I T T ;
[ -' 3-- --] tog_ ‘cs»""f [ - |..._‘S_
CHIP SELECT 1 Yim | T
CHIF SELECT 2 I ,
V“. _L | |
1+ |-—|R—
VIH
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Y, ?



SILICON GATE MOS 1405A

Typical Characteristics

POWER DISSIPATION/BIT V5. SUPPLY VOLTAGE POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE
A T T T T T T
DATA AATE = 15MH1, "
3% DUTY CYCLE, I |
Vag =Vgg= =147¥ DATA AATE * 2 MHE
7 | DATA RATE = 2 MHy e iz =Voc ] g
= AFEBUTY CYELE, ™ #D% DUTY CYCLE
E Vine —Vec® —17Y e E § Yog=Vecm -5V
I & | Ty = rCt” %
£ i} | " | oot E
E 5 e b L el E DATA AATE = 15 MMz,
: c LT £ abmaTedy
g Ty ;Tl: | nleek e : I'_ wl oz [
i . &!’,c. T B oo - LTI
£ o . 2 T, =0z . Y
. SPECIFIED - ]
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ol o 3 L
EE I e e [ R E R PR -|s -1 - -
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inter Silicon Gate MOS 1406, 1506, 1407, 1507

DUAL 100 BIT
DYNAMIC SHIFT REGISTER

= Low Power Dissipation--.4 mW/bit = Inputs Protected Against Static
at1MHz Charge

= High Frequency Operation ~-- = Standard Packaging --
2 MHz Guaranteed over Low. Profile TO-5
Temperature Range » Military and Commercial

» DTL, TTL Compatible Temperature Ranges

= Low Clock Capacitance-- 40 pF » Low Qutput Impedance -«

» Low Clock Leakage -- ' 3000 Typical

=5puAat—-18Y

The Intel dual 100 bit dynamic shift register element consists of normally oft 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.

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 1C'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 preducts manufactured by conventional MOS technologies.

SHIFT
REGISTERS

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

NFUT 1(1 7 JINPUT 2 Open Drain Qutput 205t Output
£ 'ﬁ‘_a 'n_":g Configuration =559C 10 | 0°Cto | —557C to 0oC to
ourrur 1(2 ) (23|83 ((s)oureur 2 +1260C +70°C | +1269C +700C
TE|TE X
Dual 100 Bit 1406 1506 1407 1507
weurry~] L7 oureur -

CLOCK Myt CLOCK iy}

Vee
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SILICON GATE MOS 1406, 1506, 1407, 1507

4-12

- Absolute Maximum Ratings®

Temperature Under Bias —55°C to +-125°C *COMMENT:
Storage Temperature —658°C to +160°C | Stresses above those listed under *“Absolute
Power Dissipation 500 mW Maximum Rating” may cause permanent damage

to the device, This is a stress rating only and

Data and Clock input Valtages +5Vio—25V functional operation of the device at these or at -

with Respect to Most Positive

Supply Voltage, Vee any other condition above those indicated in the
' ! operational sections of this specification is not
Power Supply Voltage, Voo with 4+ 5Vto 25V implied.

Respect to Ve

e | Ta=—55°C to +125°C (1406 and 1407) | Ve = +5V £5%, Vipp=—5V+5%
D. C. Characteristics T,=0°C to 70°C (1506 and 1507}; unless otherwise noted.

LIMITS
SYMBOL PARAMETER MmN, TYRSE Max, | umir | CONDITION
I INPUT LOAD CURRENT 500 na GND ON PINS 2, 3,4,5,6,7
PIN 1) PIN 1 = —18V, PIN 8= ~8Y
T =25°C
I INPUT LOAD CURRENT 500 nA& GND ON PINS 1,2.3,4,5,6
{PIN 7) PIN 7= —1BV,PIN 8 = —8V
Ty = 25%
o'z & QUTPUT LEAKAGE CURRENT s00 na GND ON PINS 1,4,6,7.8
{PIN 2 PIN 2= —18V,
PINS 3,5 = ~BV
Ta =25%C
Lo OUTPUT LEAKAGE CURRENT 500 na GND ON PINS 1,2,4,7,8
{PIN &) PIN 6= 18V,
PINS 3,5 = ~BY
Ta=25%
" CLOCK LEAKAGE CURRENT 500 na PIN 3, PIN G = —18Y.PINB = —10V
{PIN 2 OR PIN 51 ALL OTHERS AT GND
Ty =25°C
DD POWER SUPPLY CURRENT, Vpp 10 17 mA T4 -559C ) FREQ = 1MHz
30% CLOCK
‘ooz POWER SUPPLY CURRENT, Vpp 6.0 13 mA Ta= 0% DUTY CYCLE
'oD3 POWER SUPFLY CURRENT, V) 5.0 1 ma, To25% ISEE NOTE 4)
v INPUT “LOW" VOLTAGE —10 W2 8 v Vpp = —5V. Vg = +5V
ViH INPUT “HIGH” VOLTAGE +35. 5.3 v Vpp = —BY, Vg = +5V
ViHe CLOCK INPUT “HIGH" LEVEL +4.0 +6.3 v Vop = =5V, Vo = +5V
Ve CLOCK INPUT “LOW™ LEVEL —13 —9.5 v Vpp = =BV, Vg =5V
ZauT OUTRUT IMPEDANCE 300 750 Q Vgp = =BV, Voo = +5V
IsoyRce = 2.5mA
VoL OUTPUT “LOW" VOLTAGE -1.8 0.4 v IgL = 1.6 mA
' SEE NOTE 6 FOR A
Von OUTPUT “HIGH" VOLTAGE 25 4 v Ign =100 HA
SEE NOTE B FOR R

Nate 1@ For operating st elevated temperatures the device must be derated based an a +150°C maximum junction temperature and a thermal
resistance of 150% C/W junction to amblent, The Full rating applles for amblent temperatures ta +125%C for 1406, 1407 and +70%C for 1506, 1507,

Note 2 For 1407 and 1507 the autput on pins 2 and B will exhibit a resistarice when measured with the fallowlng bfas conditions: pins 3, 4, and
Bat GND;pin 5 at —15V, pins 1, 7 open; messure ping 2 and 6. 25kR 2 Ry 2 15K,

MNote 3:  Not for devices having Internal resfstors {1407 and 15071,

Note 4:  In applications the duty cycle should be a milnimum to reduce power dissipation. Duty cycle “l‘qﬁPW + % {tﬂ + tF]] x clock rate.

Note B Typical values are at 2520 and at nominal voltape.

Mote &:  For tha 1406, 1506 R = 3.0K. For the 1407, 1607 R = 3.6K. R is tied from the output 1o -5V for a TTL compatible autput,



SILICON GATE MOS 1406, 1506, 1407, 1507

Switching Characteristics

Conditions of Test
Data amplilude +.8to + 2.5V
Input rise and fall imes: 10 nzec

Qutput load is 1 TTL gate Timing Diagram
¢'2 \’IHC
INPUT

PHASE V) p

1
QUTPUT
PHASE VIL.C

pathA  YIH

N
VIL |
{
t
) .
I ] 1 b YA :“* y
1 | | iy
v | ' ' b
DATA OH 2
| 1.8V QUTPUTEBITI 15V o
out v h {1 w
oL T 1k} Y | [+
(
ot 100 BIT DELAY -]
A.C. Characteristics v,,=-5v 5%, V.= +5V £5%, 1 TTL Load, Cyoya= 20 pF.
1406 1506 1407 1507
Ta ' _EE9C 10 +1250C 090 to +700C =552C 1o +1259C 0°€ o +7000
R 3K 3K 16K 36K
LIMIT
SYMBOL PARAMETER MLN. MAX. uNIT CONDITIONS
FREQUENCY CLOCK REP RATE {NOTE 1) 2 MHz
hipw @ CLOCK FULSE WIDTH 130 ns
LoPW 3 CLOCK PULSE WIDTH 130 ns
e | cLock PULSE DELAY 100 ns
[ CLOCK PULSE TRANSITION 50 s @1 MHz
ow DATA WRITE TIME (SET UMl 100 s
oy CATA TO CLOCK HOLD TIME 100 ns
Tas o CLOCK TO DATA 100 ns ViLc — Vog - — 18V
DUTPUT DELAY i L
Capacitance® , T, = 25°C
LIMIT
SYMEOL PARAMETER TYP. MAX. UNIT CONDITION
Cin INPUT CAPACITANCE {PINS 1, 7] 4 oF | Vin=Vee
Ca CLOCK INPUT CAPACITANGE (PINS 3, 5} 40 of Vge Vop
Cy CLOCK INPUT CAPACITANCE {PINS 3, 5 35 nF Vg = —20 VOLT BIAS
Co1q2 CLOCK TO CLOCK CAPACITANCE H 4 rF V= Veo
Cayut DUTPUT CAPACITANCE [ oF ¥aur = Yoo
Mote 1;  See page 6 for guaranteed curve Mate 21 This paramater is perlodically sampled and i3 not 100% wested.



SILICON GATE MOS 1406, 1506, 1407, 1507

Typical Characteristics

Minimum Operating Frequancy Pawer Dissipation vs Frequency

w0 /f 1000
- _— //
;.Nweiﬂ /,,-— Yoo~V - oW
y / CLOCK AMPLITUOES
e |
é [ / 100
H ,ﬂ"’r" Iy = 40 gy = 100
E Y lm =200 n1 /
g
2 /
| by . /
10
t
z
8
%] £
-&a - F -] ot (1] 180 =
TEMPER ATURE 13 [
o
Cloek Amplitude vs Maximum Frequancy & /<
4
} ] § ! f
w':n"" Igtpepy = 10003 Tgg = 100N
vV o tanry 10003
z a "] ao-vee
i -
E /
z
: - \
) '
£ f
0 : !
o= H Ty = 35%
w
= i, Vpp—Veg T 1OV
] YiLc—Vog ® 6V
=)
w
o« m
0 a 1 D wo 000 10000
-3 -1 12 " - -n - OPERATING FREQUENCY |KEM:)
Vig Voo lVOUTSH
Power Dissipation/Bit vs Supply Vollage Powar Dissipalion/Bit vs Clock Amplitude
10 10 T T
Ty = 3590 Vpp-Yoo = - 10V
E Vi o—Vee = —18¥ £ hiew = 400 m
& og emrvee - o8 Tqgrw - 200
S F g = 100 MJ\
E Py = 400 ns E §’ /
z gzpw 2 200 m Z g I
B 06 190~ 100 ™ g o T
E 1 MH: 4 Ty = 125%¢ /
o o
= Lt H L r
B ooa - 9 oa e H
K — g ] i __/’_,.;S-;-
x L] :: . -
£ ] T gy = 100 P LV g T Tloumy ™ 100ns |
& I tgapyy = 1000 § L | tapy = 0
- D-IW“I $0‘1mﬂ1
o ¢ 2 MH2 ) e 4725
-6 -7 B -8 =0 -m -1z =13 B 10 12 -4 -6 -8 P 22
[VppVeel IVOLTS) [¥| o Vel IVOLTSE CLOGK AMPLITUDE
I0GIT DELAY DTL/TTL MOS Interfaces FO0-EIT DELAY
wy -
<
. .
Ver :mci :: 18K veg Ver Vee :::uu ,
oTUTTL 1408, 1407, 1508, 1507 BTLATL DTLTTL 1408, 1457, 1604, 1507 DTLATL
TRy
} 100 T I Ll n‘!'g,:::.‘;n o
INFUT WPUT |
T I ‘
ouTruT
o o
INPUT TG
ol [ [ il 1 4
= =
- 1 .
= ] = a3 2R
] LOAD RESISTOR VALUE r b3
14 | 1407
Yen e | e e
(NETREL 1
- ¥For 1408 et 1508 oy eV
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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,
Qutputs and Clock

= Single Phase Clock

» Guaranteed 1 MHz Operation

with 100 pF Load, over
Temperature Range

» Low Power Dissipation--
120 uw/bit typically at 1 MHz

= Low Clock Capacitance--7 pF
= Write/Recirculate and Chip
Select Logic Incorporated on Chip

» Standard Cenfigurations --
Dual 1024 Bit -- 2401
Single 1024 Bit-- 2405

The 240172405 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 cutput 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 +BV power supply is needed and all devices

are directly TTL compatible, inctuding clocks.

PIN CONFIGURATIONS

LOGIC DIAGRAM

Ve

INTEANAL
Loan
AESISTOR

Ay
E auTePLT
= |:_|’__O

our, 1% ] Yo aut I 16 ] vee

Ry C! 2 Y LA A ] 2\ \: [ Y

w2 1 [ OuTty w}s \I}‘DIUUH
wWiry ] 4 LE] L WA C_‘gx‘: 13 :lNC: w
G [ 1z [ WiRy =" s LT R
i I n [ cLock &y [ s 1 [ cvook

ne (s w g we. ne ] 7 _w[Jne

b [Cla s nc sno ) e [ m A

* DASH LINES INDICATE MECESSARY EXTERNAL
PRINTED CIACLIT BOARD CONNECTIONS FOR
PROPER OPERATION OF THE 2405,

(SEE APPLICATION SECTION]

§J€ MOTE: This represents one hatl of the 2401 The chap
Ciy #4ect inputs and clock wput ark common.

PIN MAMES
" DATA INPUT ouT DATA DUTPUT
WiR WRITE/RECIRCULATE | R INTEANAL LOAD
COMTROL RESISTOR
Gy, C8y  CHIP BELECT INPUT M.C. NO CONMECTION

TRUTH TABLE

PIN S¥YMBOL
FUNCTION ViI'R 3 5y
WHAITE MODE H L L
RECIRCULATE L » X
x H X
% b H
READ MODE K L L

H = Log High Level L = Lagic Low Leuet
¥ = Don't Care Condition .




SILICON GATE MOS 2401, 2405

Absolute Maximum Ratings*

“*COMMENT:
Ambient Temperature Under Bias: 0°C 10 70° C Stresses above those listed under "Absolute Max-
Storage Temperature: _E5TC o +1B0P O imum Rating” may cause permanent damage to
o the device, This is a stress rating anly and function-
Fower Dissipation: 1w 2l operation of the device at lhese or at any other
Voltage on Any Pin with Respect - candition above those indicated in the operation-
te Ground: —05V to +7V &l sections of this specification is not implied.

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

D. C. Characteristics

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

LTS
SYMBOL PARAMETER MIN, TYR.[1] WAX. URITS TEST CONDITIONS
I INPUT LEAKAGE 10 HA Yy = 5,26V
e QUTPUT LEAKAGE 100 HA Yoyt = 5.25Y
lee! mWER SUPPLY CURRENT 45 0 méa T = 25°C | Voo = 5.25Y;
50 80 mé Ts =0°C 80% DUTY
CYCLE
Vil INPUT HIGH LEVEL 2.2 5.25 v
YOLTAGE {ALL INPUTS}
2 ViL INFUT LOW LEVEL . -0.3 0.65 Ay
ﬂ VOLTAGE {ALL INPUTS]
[ %]
S Vo QUTPUT HIGH LEVEL 24 Ve v lgp ==1ma,
o VOLTAGE . R = 16K £ 5% ohms,
external
Voo QUTPUT LOW LEVEL o] 0.45 W loy = 5.0mA,
VOLTAGE R = 1.5K = 5% chms,
externaliz]
HOTES: 1, Typical values ate at 25" C and at nominal voliags.
2. Tha follawing was used to calewlare lgy) .
Yeg tmax) - Vg, imax.] ) 6.25 = 0.45
gL = R el + 1y {TTL device] =T qam +1.6=4.87ma,
Adga nate thal the internal load resistor, R |, has a value renping Fram S04 shmng ovini wa 2,200 shme i The incernal
Iaad resistor can be wsed when driving lrom one 2404 /2408 to another 2401 /2405 or 1o other MOS inpute
POWER SUPPLY CURREMT ('CC} EFFECTIVE INPUT CHARACTERISTIC

VS, DATA REP RATE

DATA = "0
—— o DATA =T s
] b
COMSTANT DUTY
CONSTENT PULSE " CYCLE = 0% a | -
WIDTH - 1003
a0 wd @ ’
y r}
- =
‘E _____'__.-/ - = 3
= e =
a0 - -
g - 2
- // - b
— o |, COMSTANT PULSE 2z
0 == —_—— " WIDTH = $00 ns
1
10 7
TTINITE SEPITATE APEITETE AT NS N
a S a
IKHz 10K Hz 100K H: 1MHz 10 MHe 200wy Vg IVOLTS}

DATA REP RATE

WORST CASE
TTL QUTRUT




SILICON GATE MOS 2401, 2405

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

LIMITS
SYMBOL PARAMETER MIN, TYP.  MAX.|UuNITS TEST CONDITIONS
FREQ, MAX. | MAX. DATA 1 | MHz
REP. RATE :
FREQ. MIN, | MIN. DATA 1 KHz Ta=25°C
REP. RATE 25111 KHz T,=70°C
torw CLOCK PULSE 0.80 10 | us
WIDTH
oy CLOCK PULSE 0.20 1000 | us T,=25°C
DELAY 0.20 40 | us T,=70°C
t,, 1, CLOCK RISE 50 | ns
AND FALL TIME
ty WRITE TIME 200 ns
1 HOLD THIME 150 ns
1A ACCESS TIME 250 500 | ns RL = 15K + 5% ohm,
FROM CLOCK EXTERNAL
OR CHIP CL=100pf
SELECT ONE TTL LOAD @
NOTE: 1, 100 kHz in plastic (P} package. E E
u 5
Capacitance 1,=25¢ =3
LIMITS
SYMBOL PARAMETER MIN. TYP. MAX. | UNITS | TEST CONDITIONS
Cin g:::éﬁinNgEcs INPUT 4 7 pF ALL PINS AT AC
GROUND; 250 mV
Cour OUTPUT CAPAGITANCE W 14 pF PEAK TO PEAK,
Cy CLOCK CAPACITANCE 4 7 pF 1MHz
wavaforms BIT1 BT 2 BIT n+1 BITn+2

-t
VEYELE —u

le— 1

OUTPUT {F CHIP
CONTINUCUISLY -
SELECTED

~ g ouT
c5

OUTPUT IF €5 1S 15
PULSED (QUTPLIT |
15 HiGH WHEN

UNSELECTED} GUTPUT % 1a

17 ouT

g OUT

4-17



SILICON GATE MOS 2401, 2405

D. C. Characteristics

TEMPERATURE DEPENDENCE OF

QUTPUT LOW LEVEL SINK SAPARILITY POWER SUPPLY CURRENT {ig} VS. AMBIENT TEMPERATURE {°G)

" ] : ) T ! 5

» [ Wy » A5V T et b
= ™ - T " 55 To = 000 b0 : — =
i on - Vg - 0¥
" omf v g e - - __| .
b 3P [~ E S e
z ™ ¥ -
ior [ :u a5 ""‘“‘-...____‘__
ERE & """'*-..\__.______
- L e s ey
a 1
i ’ T |

5 [—— I —~[— WORST CASE LIMIT == = o | —] l! I

. L1 N |

& [ F an ag ] 2] T ] o it o ol &0 0 &0 T
AMRIENMT TEMPERATURE £} AMBIENT TEMPERATURE |°C
A. C. Characteristics
MINIMUM GATA RATE AND MAXIMUM CLOCK DELAY MINIMUM CLOCK PULSE WIDTH AND

V5. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE EFFECTIVE MAXIMUM DATA RATE AT §0%
: DUTY CYCLE VS,

100 %H 10 )
F o | ' POWER SUPPLY VOLTAGE (V)
N a1
| | ,
mwhe T T | — — T oA SPECIFIED
- OFERATING
| / RANGE

10 KH: : // s 200

()
==
w
[
“
1=}
w
=

MM o R I ___.7A 1m MAMMUM

DATA RATE ELOCK

/ / DELAY ltgp)

. . ds
eHE \CP"/ 0 me

\

Yoy mh dms]

\

EFFECTIVE MAX. DATA RATE AT B0 DUTY CYCLE {MHzh

1
l.
| | 4 B & 7 |
" 20 g a4 o (-] n Voo (VDL TS

TOHe
o

AMBIENT TEMFERATURE {v)

Typical Application Of TTL Compatible Shift Registers
ACCESS TIME V3. LOAD CAPACITANCE

Uy = 46 VOLTE

Lo T T
R = 15K £ 5% ohms,
oo e fome epterml oL
CONTROR
L 1EKD & 5% (1}
400 — mLaTL LU ~l WA Ve R BT
_D’-LHL_ 01 QU ™ bt ouT
ty 200 // Chg tAy CLOCK €5y 05, CLOCK
il /', DTLATL
200 OTLTTL fj:’:g
HO—
1w pILTTL
| % CLOCE
o ™ P P o 750 300 NOTE {1): The 2401 {2405 is directly compatible device to device.
LEAD CAPALITANCE IgF] An external 1.5K Q2 + 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

B Avg. Latency Time Under 100 gs » Standard Power Supplies —

m Max. Serial Data Transfer Rate +12v, —-5v
—2 mega bits/sec. ® Open Drain Output

= Address Registers Incorporated ¥ Combined Read/Write Cycles
on Chip Allowed

The Intel®2415 is a 16,384 bit CCD serial memory designed for low-cast memoty 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 2566 bits each, Any one of the 64 shift registers can be accessed by applying an appropriate 6-hit address input.

The shift registers recirculate data automatically as long as the four-phase CCD clocks {¢hy . . . ¢4} are continuously applied
and no write command is given, A ane-bit shift is initiated in al) 64 registers following a low-to-high transition of either ¢4 or
4. After the shift operation the contents of the 64 registers at the bit location invalved are available for non-destructive read-
ing, and/or for modification. 1/Q functions are accomplished in a manner similar to that of a 64-bit dynamic RAM. At the next
shift cycle, the contents of the B4 accessible bits {whether modified or notl 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
cperation itself.

w
[==3
R
=17
T2
w
u

T

The Intel 2416 generates and uses an internal reference voltage which requires some time to stabilize after the power suppfies
and four phase clocks have been turned on. No 1/ functions should be performed untit the four-phase CCD clocks have ex-
ecuted at least 4000 shift cycles with power supplies at cperating voltages., After this start-up period, no special action is
needed 1o keep the internal reference voltage stabie.

The 2416 is fabricated vsing Intel’s advanced high voltage N-channel Silicon Gate MOS process.

PIN CONFIGURATIONS : BLOCK DIAGRAM
P2416 c2416
ey REFAESH| 256817 RECIACULATING |REFRESH pataour]  ——
hed AMP £CO REGISTER NO. 1 e [ [—"| eurrer DATA OLTPUT
ves [0 wl[Jee  ce [ 2 [Je | 1
= REFRESH] 256.81T RECIACULATING | REFRESH ’ f
Dour [ 2 wl[ Jes vee [ 2 21 [ 4, . AMP LD REGISTER NG, 2 | amp [t
L E wl It Dgur 3 [ | patam le—paramer
. BUFFER
Ag E . 5 :] 5, 4] 10 [ ne : : Mgm ~— WRITE ENABLE
alls wPw A b : . 1
1 [ al J4 M s 12 [ ves | | — 4,
Y [ Y 1 [Jue anopess [ o -
=— "' [_ ADDRE!
A, A REFRESH| 256817 RECIACULATING | REFAESH 1 . [NPUT A
< [ L 2] ¢ 15 [ we AMP | CCDREGISTERNC.84 | ame [*™| BUFFERS [+ (3 WPUTS
Voo [Je wllow Ao 1[4 —
Yoo [ 10 1w T
00 T 1z [ we ! |
PIN MAMES T e CE WRUT
GENERATORS |auees o5 iopur
Ay ADDRESS INPUTS l LE CHIP ENABLE INPUT
Dy DATAINPUT T e CCD CLOCK INPUTS 1723 %
WE  WAITE ENABLE INFUT Vg, Vo Vay  POWER SUPPLIES FOUR PHASE CED
I e e e T e CLOCK INFUTS
cs CHIP SELECT INPUT Oayr DATA DUTPUT

4-19



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 ta any bit) of less than 100 us and a maximum data transfer rate of 16 million hits per second which may

be increased to 64 million bits per second by using interleaved accesses,

v
o«
—
[Ty
=
=9
wvi &2
w
o

The photomicrograph below is of the 2416 16,384 bit CCD Register Chip.
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MEMORY PERIPHERALS

Electrical Charactenistics over Temperature
Type Description Input to Qutput Delay | Power Dissipation[1] | Supplies [V] | Page Na.
Maximum Maximum
3205 1 of B Binary Decoder 18ns 350 mwy +5 53
320748 Cugad Bipolar 10 MDS Level Shifter and Driver 2503 900 mw +5, +16, +19 51
3207A-1 | Quad Bipolar to MOS Level Shifter and Driver 25ng 1040 mW +5, +19, +22 511
ﬁ' 32084 Hex Sense Amp for MOS5 Memories 2ns £00mW +h 513
d
2 | 3210 Single High Yoltage Bipolar to MOS Level 40ns 570 mw +5, +12(2] 519
= Shifter and Driver plug Quad Low Voliage
& Bipalar to MOS Leve| Shifter and Driver .
Elan Single High Voltage ECL to MOS Level 45ng F05mW +5, +12[2) 523
g Shifter and Driver plus Quad Low Voltage
8 ECL ta MDS Level Shifter and Driver
3235 Quad Bipoiar ta MOS Level Shifter and Oriver 3Zns GO0mW +5, +12, +15 5-27
3404 High Speed 6-Bit Latch 12ns 37hmw +5 5-3
34084 Hex Sense Amp and Latch for MOS Memories 29ns 625 mW +h 513

8.2

Motes: 1. Power Dissipation calculated with maximum power supply current and nominal power supply voltages.
2. One external PNP transistor is required.




intal’  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 Qutput » Minimum Line Reflection-- Low
Delay Over0°C to 75°C Voltage Diode Input Clamp.

Temperature -- 3404 . .
* Qutputs Sink 10 mA min.

= Directly Compatible with DTL and
T'lll"l_c;_ogic Cig:.its_ v = 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 aliow gasy memory expansion. For very large memaory
systemns, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo-
ry expansicns.

3404 :

The Intel 3404 contains six high speed latches organized as independent 3-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 Intei 3404 is packaged in a standard 16-pin dual-in-line package; and its perfarmance is specified over the
temgperature range of 0°C to +76°C, ambient, The use of Schottky barrier diode clamped transistars to obtain
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process.

L]
-
- T
Tt
ow
T
Eﬂ.
=
L1
(-

PIN CONFIGURATION

3205 3404
Fs K W S n,:‘—;k.‘ B v
PP k- D_'E'_':.ao a2 S
= E o431, o}cj—g;y—‘ [ﬂi=%
= L. 14 BiNARY p—2a5, e =
s L =7, 5, e 1855,
Y= L LS ST Wt oq |Meu,
El= L 0, arn L‘— 3,

5.3



SCHOTTKY BIPOLAR 3205, 3404

Absolute Maximum Ratings*

Temperature Under Bias:  Ceramic —65°C 1o +125°C *COMMENT .
Plastic —B59C 1o +75°9C 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 Qutput or Supply Yoltages =0.5 to +7 Volts any other condition above those indicated in the operational
sections of this specifization is not implied. Exposure 1o absolute

. Storage Temperature ~65°C to +160°C

All Input Voltages =10 10 +5.5 Valts maximum rating conditfons for extended perficds may affect
Qutput Currents 125 ma device reliability.
D.C. Characteristics T, = 0°C 10 +75°C, V¢ = 6.0V #5%
3205, 3404
SYMBOL PARAMETER LT UNIT TEST CONDITIONS
MIN. MAX.
e INPUT LOAD CURRENT -0.25 mA UCC = 5,26V, VF = .45V
lF! INPUT LEAKAGE CURRENT 10 LA VCC = 825V, VF\: = h.35Y
Ve INPUT FORWARD CLAMP VOLTAGE 10 v Ve =475V, I = 5.0mA
Vou QUTPUT "LOW” VOLTAGE 0as | ¥ Ve - 475V, Iy, - 10.0mA
Vou QUTPUT HIGH VOLTAGE 24 v Vo = 478V, (= ~15mA
v, INPUT “LOW" VOLTAGE 085 | v Veg = 5.0V
Vo INPUT “HIGH"” VOLTAGE 20 v Ve = 5.0V
o OUTPUT HIGH SHORT -0 |-120 mA | Vo = 5.0V, Vg r =0V
CIRCIHT CURRENT
Vou OUTPUT “LOW" VOLTAGE 08 v Vg = 5.0V, I, = 40 mA
@ HIGH CURRENT
3206 ONLY
lc | POWER SUPPLY CURRENT [ | 70 | ma [ v -s25v
3404 ONLY
e lCC PFOWER SUPPLY CURRENT 75 ma, VCC =5.25V
; ; lewt WRITE EN?ABLE LOAD CURRENT —-1.00 mh VCC=5.25V, VW =045V
(=3 iN
==
-9
"‘E‘ = iFW? WRITE ENABLE LOAD CURRENT —-050 mA UCC=5,25V, Vw =045V
w PIN 15
rHW WRITE ENABLE LEAKAGE CURRENT 10 pA VF! =5.25Y
Typical Characteristics
OUTPUT CURRENT VS, QUTPUT CURRENT VS.
OUTPUT "LOW" VOLTAGE QUTPUT "HIGH” VOLTAGE DATA TRANSFER FUNCTION
100 o 50 -
L 254 17 P
. _,E,,..isjf__“‘ - I Vne = 5.0V | W\J{\ i | - Mg T 50V
Ta = 26'C 1, 1, | Ta25°C [
» —10 L an —t
3 Voo * 5OV T Ta =02 TLere | o ;
i . AR 3 — S
=T . 1 4] & mf- ! "g‘aa-—m——f = - -
£ | ¥ R . AN
=
B / 1 E L e
[+ F g T, - 159 \
g T = 3 t
2 Ta= 15T ] S T \
20 ; < L0 10 -
| Ta-oc | \ \
7 r— 1 - + t
IR X f
: L . ,, REEAY
0 2 A 5 8 e - 0 12 X . an 50 002 4 B & 108 1214 16 18 20
QUTPUIT "LOW" VOLTAGE (V1 OUTPUT “HIGH” VOLTAGE (v . INPUT VOLTAGE (V)

54



SCHOTTKY BIPOLAR 3205, 3404

3205-HIGH SPEED 1 OUT OF 8 BINARY DECODER
Switching Characteristics '

CONDITIONS OF TEST: TEST LOAD:

Input pulse ampiitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V

Measurements are made at 1.5V

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE

QUTPUT

L P —

A.C. Characteristics 7, = 0°C 10 +75°C, V. = 5.0V +5% unless otherwise specified.

SYMBOL PARAMETER MAX, LIMIT UNLT TEST CONDITIONS
Les 18 ns
., ADDRESS OR ENABLE TG 18 ns
t_ QUTPUT DELAY 18 ns ”
t__ 18 ns - &‘
Cmm INPUT CAPACITANCE P3205 Hiypd pF f=1MHz Voo = OV E_ ;
C3205 Sltyp.) pF VEIAS = 2.0V, Ta =25°C =S
1. This parameter is periodically sampled and ig not 100% testad, = ;

Typical Characteristics

ADDRESS OR ENABLE TO QUTPUT ADDRESS OR ENABLE TG OUTPUT
DELAY V5. LOAD CAPACITANCE DELAY V5. AMBIENT TEMPERATURE
o0 20 T
Veg * 5.0V J Vg = 50V
Thaz?nc I—’," . CL = 30 pF
a_ 15 % ‘-;L:/' ] e_
uE PP “3
FER Y Loy R FE R Al
52 L5 | ] 53
& 10 ¥ 10
-3 [T ol '
4| ] 7
€3 £s
g° 58
< & < 5
[ [
] 50 e 150 200 a Fid 50 %
LOAD CAPACITANCE [pFl . AMBIENT TEMPERATURE {°C1

&5



SCHOTTKY BIPOLAR 3205, 3404

3404 -6-BIT LATCH
Switching Characteristics

CONDITIONS OF TEST: TEST LOAD:

) 39010
Input pulse amplitudes: 2.5V

Input rise and fali times: 5 nsec
between 1V and 2V

CL I 2K
= = Al Trangistors 2M2368 or Equivalent. € = 30pF

TEST WAVEFORMS

Measurements are made at 1.5V

MEASUREMENT FOR DATA DELAY MEASUREMENT FOR WRITE ENAGLE DELAY
am=n ———
DATA \( . ¢ DATA
INPUT M | INPUT
. T v S e T o
e P T Dl — “'Jl'HOLo"‘
WRITE WRITE
EMABLE ENABLE )
-l — 1 | s, .
1 o e e ’ -—— -
# L
auT * NOTE 1 ouT X note2
-t eI Lr Lt .

NOTE 1: Culput Cuta s vahid afier 1, 1 NOTE 2- Output Data 15 valio atter §__ 1

' —+

A.C. Characteristics 7. = 0°C to +75°C, V.= 5.0V +5%; unless otherwise specified.

LIMITS
S¥YMBOL PARAMETER M. TVE. MAX UNIT TEST CONDITIONS
Peo 4 DATA TG OUTPUT DELAY 1z ns
t__t_+ }WRITE ENABLE TO OUTPUT DELAY 7 ns
et yp | TIME DATA MUST BE PRESENT BEFOAE 12 as
| RISING EDGE OF WRITE ENABLE .
woLo TIME DATA MUST REMAIN AFTER ! 8 ns
. RISING EDGE OF WRITE ENABLE :. )
- 3 twp WRITE ENABLE PULSE WIOTH R ns
=T Ciypo'd DATA INPUT CAPACITANCE P3404 | q wF =1 MHz, Wep = OV
=X ) L3404 5 [ pf Vilag = 2.0V, T =259C
= Cipw!? | WRITE ENABLE CAPACITANCE  P3404 7 T pF =1 MHz, Voo = OV
& c3a04 8 pF VBIAS T 2.0V, T4 = 250¢

NOTE 3: This parameter is periodically sampled and is ool 100% tested.

Typical Characteristics

DATA INPUT, WRITE ENABLE DATA INPUT, WRITE ENABLE
TO OUTPUT DELAY VS. TO QUTPUT DELAY VS, WRITE ENABLE PULSE WIDTH
LOAD CAPACITANCE AMBIENT TEMPERATURE © WS, LOAD CAPACITANCE
21 o T T o T T
Yoo = 5OV I Vgg = 5.0V
- wa €, =30 pF 3 T, = 25'C
Ef % é.; 15 - ,l Ew et - - — ~—-——~—J;-- —
24 z3 WRITEENABLES _ 4 © |
Wi ] ]
wa wé } - .
Ex 5 r 3
g2 Lt 210
-5 = X a
gg Eé DATA QR WRITE ENABLE 1+ 2 ..---'""/
= T =
5 g . 2 g lL__ CATA L. z
<& ag 5[ =
oz oz . = i
: ! |
0 [ o I 1

L] 100 200 feleli) 400 o 25 57 5 ] T 200 200 400
LOAD CARATITANCE tpFt AMBIENT TEMPERATURE {*C) LOAD CAPACITANCE (nF}



|n-l-e| Schotiky 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 Qutput = 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 anfl DTL input signals, and
provides high output current and voltage suitable for driving MOS circuits, 1t is particularly suitable far driving
the 1103 and 1103A memory chips. The gircuit operates from a b volt TTL power supply, and Vgg -and Vgg
power supplies from the 1103 and 11034, .

The device features two common enable inputs per pair of devices which permits some logic 10 be done at their
inputs, such as cenable and precharge decoding for the 1103 and 1103A,

For the TTL inputs a fogic 17 is Vi and & logic ""0" is V| . The 3207A outputs cosrespond to a logic 1" as
VoL and a logic 0" as Voy for driving MOS inputs.

The 3207A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device perfarmance
is specified over the same temperature range as the 1103 and 11034, i.e. from 0°C to +70°C,

“y
—
> L
[= =g
(=27

=
E8
=
)
O,

PIN CONFIGURATION LOGIC SYMBOL
v, 16y . D o
55 - cC E] | 1 .
output 0,02 1500, ouTRUT ¢
pata Ut 0,03 158, DATAmNPUT ; 0,
2

ENAGLE INPUT ¢, (]

S
-
w

[JE,  ENABLE INPUT

v
=

ENASLE INPUT Ezd 353 ENABLE INPUT

0
DATAINPUT D,[]& 11AD; OATA INFUT ? 0,
53_4.
putrLT 0,07 0o, oureur £ .
4
gnol] 8 8T Vg - ud__:‘-—D_ua
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_ SCHOTTKY BIPOLAR 3207A

Absolute Maximum Ratings*
Temperature Under Bias ......... 0°Cta +70°C *COMMENT .

Storage Temperature. ... ....... —65°C to +160°C Strasses above those listed under "4 bsolute Maximum Ratings™ may
All Input Voltages and Vg, . .. .. 00 =1.0 10 421V cause permanent damage to the device, This is a stress rating only
Supply Voltage Vep ..o v vvvvunnaen . —LO 04TV and functiona! operation of the device at these or at any other con-
All Outputs and Supply Voltage dition above thase indicated in the pperational sections of this
Vpg withrespect ta GND ......... —~1.01t0 +25V specification is not implied. Exposure to absolute maximum rating

Power Dissipation at 268°C. .. ......... 2 Watts ' conditions for extendsed periods may affect device réliability,

{11 Refer to the graph of Junction Tempereture versus Total Power Dissipation on page £-10 for other mmperatures,

D. C. Characteristics T,=0°Cto 70°C, v, 5V £ 5%, V5 =168V % 5%, Ve~ Vye= 3.0V 10 4.0V

sYMBOL TEST e ™ max uNI¥ CONDITIONS
e DATA INPUT LOAD CUARENT —0.25 mA Vp = A8V, V=525V, AN Other Inputs
at B.25V, Vo = 16V, V= 10V
tee ENABLE INPUT LOAD CURRENT —0.50 ma Ve = 45V, V.7 5,25V, Al Dther Inputs
at 5.25V, Vg = 16V, Vg = 10V
2o DATA INPUT LEAKAGE 20 KA Vp = 19V, V.= 5.0V, All Other inputs
L=
CUARENT Grounded, V.= 16Y, ¥V, =19¥
55 [=]:]
Ine ENABLE INPUT LEAKAGE 0 Py Vg = 19V, V= 5.0V, All Other inputs
CURRENT Grounded,V_ = 16V, Vv, _w 19V
S5 BB
VoL QUTPUT “LOW" VDLTAGE A vie®ei Iy = S00KA, V= 4.76V
7 V{26°C) Vg™ 16V, V= 19V
6 VI e) Al loputs at 2,0¢
Vo MINI[  OUTPUT “HIGH" VOLTAGE Voo =7 vio®c) Igp= —5001A, V.= 6.0V
: V.. -6 vize®el Vo =16V, V=19V
3] S5 BB
Vg — 5 wi7e°cl Al Inputs at 0.85V
lgH =5MA, W = 5.0V
CoH Ve
Vigi IMAX) Vag +1.0 v Voo = 16V, Vop = 19Y
. S8 +Vag
o, QUTPUT SINK CURRENT 100 mA Vg = AV, V= 5OV, Y o= 16V,
" Vgg® 18V, V= V= 2.0V
=1 - - - -
> 3 lon QUTPUT SOURCE CURRENT —100 mA Vo = Vgg =4V, Vpm 5.0V, Voo = 168V
S5 _ Vg 19V, V=V, - 085V
& v, INPUT ““LOW” VOLTAGE 10 v V=5 5.0V, V= 16V, V, =19V
=o L cc ss BE
%) n u = = =
w Vi INPUT “HIGH"” VOLTAGE 20 Voo™ 5OV, Vo = 16V, Vi = 10V
(= INPUT CAPACITANCE B{Typical] eF Vg ag™ 20V, Voo OV
POWER SUPPLY CURRENT DRAM:
Al Qutpurs “Low™
Symbal Parameater Min, Max. Unit Conditions
i B
‘cc Current from Vee 83 i Vg = 526V, Vgg =168V, Vgg = 20,8V
1 Current from V., 260 A
55 ufrent from Vss M All Inputy Open
lBB Current from VBB el | ma
ProTat Total Power Dissipation 00 mW
Adl Qurputs “High”
1 Current from v ' A
ce frem Trem Yec 3 m Vg = 5.25Y. Vgg = 16.8V, Vgp = 20.8V
Igg . Curremt Trom Ve 260 HA cc S8 &8
Al Inpurs Grounded
Igg Current from Vgg 3 mA .
PTOTAL Total Powsr Dissipation 250 m
Standby Condition with Ve = OV, Voo = Vg
lec Current from Vee ¢ mA Ve = 0, Vgg =168V, Vg = 16.8Y
Igg  Current from Vgg 250 HA
lag Current from Vg 250 HA ‘
ProTaL Total Power Dissipation ta miy

5-8



SCHOTTKY BIPOLAR 3207A

Switching Characteristics

A.C. Characteristics
T, = 0°C to 70°C, Vg = BY £5%, Vg = 16V £5%, Vgg = Vg5 +3 to 4V, f = 2 MHz, 50% Duty Cycle

LIMITS {ns}
SYMEOL TEST DELAY DIFFERENTIAL'"
Cy = 100 pF €, = 200 pF C( = 200 pF

MIN. MAX. | mIn, MAX, MAX,
t,_ | INPUT TO OUTPUT DELAY 5 15 5 15 5
t_, | INPUT TO GUTPUT DELAY 5 25 5 2% 10
Y OUTPUT RISE TIME 5 20 | s 30 10
t DUTPUT FALL TIME 5 20 10 30 10
ty DELAY + RISE OR FALL TIME | 10 25 20 a5 )

{1} This is defined as the maximum skew between sny output in the same package, eq., all the input ta cutput delays for the
t_, parameter are within a maximum of 10 nsec of each other in the same package.

Waveforms

Veg ’

auT
52

- t g~}

t————- 1y
W
-
[ \ 1.5v Ea
7 TN e +
b &
IN - 15v v =c
¥ ¥ ¥ a

GND

Typical Characteristics

SWITCHING TIME V5. SWITCHING TIME V5.
AMBIENT TEMPERATURE LOAD CAPACITANCE
an ’ 40
Vo = 6OV Vgp = 50V
Wge = 16V Ve = 16V
. 30'—\:::-19\! ~ M—\@s:ﬂsv
H C_ = 200pF E Ta =28°%C /
£ S =
= = u
I N S et 5 / _.-4 -
é T— — 1 E / /
0 ? = fon |
T — e ’/';/
0 [}
o el a0 50 HO ] 100 200 300 400
AMBIENT TEMPERATURE [°C} ' LOAD CAPACITANCE (pF)



SCHOTTKY BIPOLAR 3207A

Power and Switching Characteristics
POWER CDNSUM.ED IN CHARGING AND

DISCHARGING LOAD CAPACITANCE NO LOAD D.C. POWER DISSIPATION VS,
OVER 0V TO 16V INTERVAL OPERATING DUTY CYCLE
2 10 [
g =5V
1 //// Vgg = 16V3 %
.I Vg ~Vgg tAw0ay
[=]
£ J g 7% L
E £
= z %
§ 2 E vf;aps /
B & B
‘; % & 3 / (}-\'/
Z4 E: E 50 ol
a5 & = / /
3 S
;% 3
24 &
§ g /AUT I | I |
g -25 P / L-_ - 1
¢ gl
T?
T
OUTY CYCLE: - x 100%
: 2
L1111l | | L1 1111 0 |
- | ? a IR 1) u 50 76 100
FREQUENCY OF SWITCHING (MH2} SWITCHING DUTY CYCLE (%]
FOWER = Cy¥ ¢
WORST CASELOAD CAPACITANCE
JUNCTIOM TEMPERATURE VS. TOTAL ON EACH QUTPUT V8§,
POWER DISSIPATHON OF THE CIRCLIT FREQUENCY OF SWITCHING
[}
-z 200 00 -
oo _
=N o BT .
= E QPERATING IN THIS REGIDHN 1S NOT .
== S e e o JECOMMENGED -
o ~ A g
¥ 50 » ] o 0
- -4 .
E / - Er
w !
2 / / g5
S ’ ok e D
E - 1{9"’ / / §3 . _ 4 o(, Cr o
B «;% 7 2% Ssascgstratiig. [N
£ O A gy N REGION ., ..~ o |- Ny,
= < 7 -2 A T NG
o e o = S . .
E ’ : 2N 2 N T Bk
g 50 s e 160 T P — \
/ / S Ve T BV, Vee - 16V, Vg TV '
: L M g
* 1 MAX. JUNCTION TEMPERATURE = 150°C :
0 [
) it 10 15 20 0 1 2 3 )

TOTAL POWER DISSIPATION OF THE CIRCUIT (W)
TOTAL POWER = D.C, PODWER + PDWER CONSUMED iN
CHARGING AND [HSCHARGING LOAD CAPACITANGE,

FREQUENCY OF SWITCHING (MH2}



|nte| Schottky Bipolar 3207A-1
QUAD BIPOLAR-TO-MOS LEVEL SHIFTER
AND DRIVER

= 1103-1 Memory Compatible
at Output

» Power Supply Voltage
Compatible with the High
Voltage 1103-1

The Intel 3207A=1 is the high voltage version of the standard 32074, and is compatible with the 1103-1, The
3207A-1 has ali the same features as the standard 3207A. The absolute maximum ratings and pin configuration
arg repeated below for convenience, while the DC and AC characteristics appear below and on the next page.

ABSOLUTE MAXIMUM RATINGS*

.......... 0°C to +85°C
v e . —BEPC to +160°C

LOGIC SYMBOL

0,

PIN CONFIGURATION

Ternperature Under Bias
Starage Temperature . ., . .

& —

ouTRIT auteuT g, AllInput Voltages ... ......... —1.0ta+21 Volts
DATA INPUT DATA INPUT o v, Supply Voltage Ve . . ... . ...« —1.0 10 +7.0 Volts
ENABLE INPUT ENABLE IRPUT All Qutputs and Supply V"—’ltages Vpe and Vgg

EHABLE INFUT with respect to GND . .... =101 +25 Volts

LE INFL ENABLE WPOT Power Dissipation at 9B°C. 2 Watts
DATA INPUT DATA (NPT E’ o, COMMENT
j_J H

OUTFUT oureut € Stresses above those listed under “Absolute Maximum Ratinas™

4 | may gause parmanent damage to the deviee, This is a stress rating

0, a, only and functional operation of the device at these or at any

other condition above those indicated in the oparational sactlong
af this spacification s not Implied. Exposure to absolute maxi-
mum rating conditions for extended periods mey affect device
reliability,

D. C. Characteristics 7, = 0°C 10 55°C, Vi = BV = 5%, Vigg = 19V £ 5%, Vg —Vig = 3.0V to 4.0V

LINKT
YMI TEST umT CONDITIONS
SYMBOL MIN. MAX. w
o DATA INPUT LOAD CURRENT 025 A W = A5V, V.= 5.25V, All Other Inputs el
= = 2w
BUE.2BY, Vo = 19V, V, = 20V =
o
[ ENABLE INPUT LOAD CURRENT —0.50 ma Vg = .48V, = 5.25V, AN Other Inputs =z
i = wd
at 5,26V, VSS_ 19V, VBB 23 o
[ DATA INPUT LEAKAGE 20 A Vg = 18V, V.= 5.0V, All Other Inputs
CURRENT Groundsd, V.= 19Y, Vv, = 23V
R * BB
lng ENABLE INPUT LEAKAGE 20 pa VE = 18V, V.= 5.0V, All Other Inputs
CURRENT Graunded, v =19V, v = 2V
VoL QUTPUT “LOW" VOLTAGE 08 vio®c) lo =SODHA, V.= 4.75V
a7 VIZEPCH | v =19V, V, = 23V
0.6 Vv{55°C) Al Inputs at 2.0V
Vg IMINY|  OUTPUT “HIGH" VOLTAGE Vg —0.7 vio® o) lou™ ~500uA, V= 5.0V
Vg —08 vi{26°C) Vg = 19V, V= 23V
Vg 08 VIB57C) All 1nputs at o,aw
' lgH = BMA, Voo = 6.0V
Vop (MAX) Vesr18) v Vgg = 19V, Vgp - 23V
55 VR
™ QUTPUT SINK CURRENT 100 mA vo =4V, Vo T BOV,V o= 19V,
g 23V, Vom V= 2.0V
o OUTPUT SOURCE CURRENT -100 ma “'o = Voo =V, Vo om 5.0V, Vg = 10V
Vgg 23V, Vg = Vi, = 0.85V
N INPUT “LOW" VOLTAGE 1.0 v o™ 5OV, Vg = 19V, v =223V
Vo INPUT “HIGH" VOLTAGE 2.0 v " 5OV, Vg = 18V, Vg o= 23V
S INPUT CAPACITANCE B{Typical) pF vs' ag™ 20V, Vo OV




SCHOTTKY BIPOLAR 3207A-1

D.C. Characteristics (Continued) T, = 0°C 10 +65°C, Vg = 5Y £ 5%, Vgg = 19V # 5%, Vg —Veg = 3.0V 10 4.0V

POWER SUPPLY CURRENT DRAIN:
Alt Qutputs “Low'"

Symbol Parametsr Min, Rfax Unit ) Canditions

1 Current from V a ;
Cc urrent fram Vee 83 m Vep = 625V, Ve = 20V, Vpg = 24V
] Current fromn W T 250 HA ce §8 el

58 55 All 1nputs Gpen

lgg . Current from Vg 5 mi
Protal Taral Pawer Dissipation . 1040 myy

Al Qurputs *"High'*

| Current from 3 ma :
cc e 3 Voe =5.25V. Vgg = 20V, Vg = 24V
Isg Current Irom Yey 250 A
All Inputs Grounded
IBB Current fram Vag 5 mA
PTOTA L Total Power Dissipation 297 mw .

Standby Condition with Yop = 0V, Vgg = Vg

| Current from W o] mA
cc vrrent oM e Voo =0V, Vgg = 20V, Vgg= 20V
1 Current from W, 500 A
55 55
lag Currant from VBB LS00 LA
ProTaL Total Power Dissipation 18 mw

A.C. Characteristics
a = 0% 10 55°C, Vo =5V £5%, Vg = 19V.16%, Vg = Vg +3 to 4V, f = 2 MHz, 50% Duty Cycle

LIMITS (nsl
SYMBOL TEST DELAY DIFFERENTIAL'"
Cy = 100 pF €, = 200 pF C_ =200 pF
MIN. MAX. | wIN. MAX. MAX.
@ t,_ | INPUT TO QUTPUT DELAY 5 15 5 15 B
e t_, tNPUT TO QUTPUT DELAY 5 25 5 25 10
gg 1, OUTPUT RISE TIME 5 20 5 30 10
E=x t OUTPUT FALL TIME . 5 25 10 35 10
Ld
= 1y DELAY + RISE OR FALL TIME | 10 35 20 45 10

(1) . This is defined as the maximum skew between any ouiput in the same package, eg,, all the input to output delays for the
t_, parameter are within a maximum af 10 nsec of each other in the same package.

Waveforms

Vg5 +

ouT
X

LT 15—

GND



intel“’ 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 Qutput..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
103 Qutput

The Intel 3208A is a high speed hex sense amplifier designed to sense the cutput signals of the 1103 memory.
The device features two separate enable inputs each controlling the cutput 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 threugh 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 voit power supply. Device performance is specified over the
complete ambient temperature range of 0°C to 70°C and over a Ve supply voltage range of 5 volts £5%. The
3208A and 3408A are packaged in an 18 pin plastic dual in-line package.

[%¢]
> &
oo
PIN CONFIGURATIONS BLOCK DIAGRAMS =
w
w e ) 20 e ) 3088 =i
we ] 188 vee & @ ' B kY
anEz ng?. REF ® WG)_D_
s []* wl 3o oo | :D"_° REF —
H ' 4 @
=0+ )6, @ :D,_ 5y —1l j | ﬁ—ﬂ\
S;Eﬁ mn\ g n'_']o, ®:Dk
&y ——
-d: o V@ e |, T HDs"
s N >
g b mED>—Ds L D
awe [ wl & ® @
Fypm—
3208A 24084 @ FD’__D@“«- s D .
Fm—
G :D’_:D.au. ss_:D"— o
PIN NAMES
5
$1,92 54.54.55, 55 SENSE AMP INPUTS "® _>—:D§°' —_— o
Eﬂh Ez ENABLE INPUTS -
REF AEFERENCE INPUT ta D - vec _ ) = vee
04,02,04, 0405 05 OUTPUTE (Noninverting) (5)+ ono e, [ORE-L
w WRITE INFUT {340BA only} () - PN NuMBER )+ o usaen




SCHOTTKY BIPOLAR 3208A, 3408A

Absolute Maximum Ratings™*

"COMMENT:

Temperature Under Bias —56°C to +126°C Stresses above those listed under ‘‘Absolute

Storage Temperature -65°C to +160°C Maximum Rating” may cause permanent damage

All Qutputs or Supply Voltage --0.5 to +7 Volts to the device. This is a stress rating only and

Al TTL Input Voltages —1 10 +5.5 Volts functional aperation of the device at this or at

All Sense Input Voltages —1 to +1 Volt any other condition above those indicated in the
Qutput Currents Total 300mA operational sections of this specification is not

Input Current : 125 mA implied.

D. C. Characteristics for 3208A 7, = 0°C to 70°C, V=5V £6%

LIMITS
SYMBOL PARAMETER I, TYP NMAX. UNIT TEST CONDITIONS
leg INPUT LOAD CURRENT ON -0.25 mA Ve = .26V
ENABLE INPUT Ve =0.45Y
lRe INPUT LEAKAGE CURRENT 20 HA Vog = 4.75V
ON ENABLE INPUT Vg =6.25V
Vin INPUT "HIGH" VOLTAGE 20 v Voe = 5.0V
ON ENABLE INPUT
ViL INPUT “LOW" VOLTAGE 0.85 v Voo = 0.0V
ON ENABLE INPUT
VoL QUTPUT “LOW" VOLTAGE : .45 v Vpe = 4.75V
IoL = 10mA
legx | OUTPUT LEAKAGE CURRENT ’ 100 WA Vo = 0.26V
' . Vegx = 5.25V
n lpge | INPUT CURRENT ON -150 B Ve = 528V
= REFERENCE INPUT Vrer = 100mV
Sz g INPUT CURRENT ON =T uA Ve = 6.25V
== SENSE AMP INPUT Vg = 100mV
C Ven INPUT “HIGH" VOLTAGE FOR VREF my Vop =475 10 5.25V
SENSE AMP INPUT Vree = 100 to 200mV
Vg INPUT “LOW"” VOLTAGE FOR VeEr my Voo =475 1w 5.25V
SENSE AMP INPUT -5h0 Vree = 100 to 200mV
Vaer | OFERATING RANGE OF 100 200 my Ve = 4.75 10 5,25V
REFERENCE VOLTAGE
leg POWER SUPPLY CURRENT 120 mA Voo = 5.25Y
Ve | INPUT CLAMP VOLTAGE -1.0 v Vo = 4,75V
ON ALL INPUTS 1o= —5.OmA
Vsp SENSE INPUT CLAMP 1.0 v Vo = 5.0V
DIODE VOLTAGE lp=5.0mA
3208A TRUTH TABLE
INPUTS
Sense Amp Enable QUTPUT
<Vgpge —HOMV L L
>Veer L H
X “H H X = Don't care
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SCHOTTKY BIPOLAR 3208A, 3408A

D. C. Characteristics for 3408A 1, = 0°C 10 +70°C, Vg =5V £5%

LIMITS
SYMBOL PARAMETER I, TYP, AKX, UNIT TEST CONDITIONS
leg INPUT LOAD CURRENT —0.25 mA Ve = B.25Y
ON ENABLE INPUT Vg = 045V
lre INPUT LEAKAGE CURRENT 20 nA Vop =475V
OK ENABLE INPUT - Vg = B.25V i
lew INPUT LOAD CURRENT -0,29 ma Ve = B.25V
ON WRITE INPUT : Vi =045V
Spw INPUT LEAKAGE CURRENT 20 HA Ve =475V
OM WRITE INPUT : Vg = B5.25V
Vi INPUT "HIGH"” VOLTAGE 2.0 N W Vee = 5.0V
OMN ENABLE AND WRITE INFUT
Vn. INPUT "LOW" VOLTAGE ON 0.85 v Vep = 5.0V
ENASLE AMD WRITE INPUT
Yoo OUTPUT “LOW"” VOLTAGE 0,45 v Ve =475V
fgL = 10mA
Yo QUTPUT “HIGH" VOLTAGE 2.4 W ‘Moo =475V
! lgy = —1.5maA,
I lg | OUTPUT LEAKAGE CURRENT 100 A Moo= 5.25V
FOR HIGH IMPEDANCE STATE Mo = 0.46V/5.25Y
lge OUTPUT SHORT CIRCUIT —40 =100 mA Vo = 5.0V
CURRENT ) Vo= OV
lrer IMPUT CURRENT ON —-150 HA Ve = 5.25V
REFERENCE INPUT Vrere = 100my
Ig INPUT CURRENT ON -25 HA Vep = 5.25V
SENSE INPUT Vg = 100mV v
VSH INPUT “HIGH” VOLTAGE VREF my Vee = 4.75 10 5.25V ) ; 5
FOR SENSE AMP INFUT Vree = 100 10 200mV aw
Vg | INPUT “LOW" VOLTAGE Vaer v Vg = 475 t0 5,25V wE
FOR SENSE AMP INPUT —60 VHEF =100 1o 200mY w
Vrer | OFERATING RAMGE OF 100 200 my Vee = 4.79 to 526V
REFEREMNCE VOLTAGE
lee POWER SUPPLY CURRENT i 125 mA Vep = 525V
Ve \ INPUT CLAMP VOLTAGE | : -1.0 W Voo = 475V
ON ALL INPUTS lo= 5.0V
Vg -j SENSE INPUT CLAMP 1.0 v Vee = 5.0V
DIODE YOLTAGE ip= 5.0mA
3408A TRUTH TABLE
INPUTS
Sense Amp Enatle Write ouTRUT
< Vgep —B0mY L L L
> Vagr L L H
X L H Previous X = Don" care
Data Stored | sThe nutput of the 34084 15 three-state,
. R * hence when not enabled the output is a
X H X High Z hgh impedance,
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SCHOTTKY BIPOLAR 3208A, 3408A

Typical D. C. Characteristics for 3208A/3408A

SENSE AND REFERENCE INFUT CURRENT (A}

QUTPUT CURRENTF {mal

b

&

"0

SENSE AND REFERENCE INPUT CURRENT
V§, AMBIENT TEMPERATURE

Wgge G0V

""--—-._._____ REFEnEI\r-:E WNpyy
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SENEE INPUT

e e e e,

[ =5 50 o

AMEIENT TEMPERATURE (*C)

OUTPUT CURRENT VS.
OUTPUT "LOW" VOLTAGE

vt oov /
V4

Ty = 7O
T, ewe.
T, = 0°C. ]

u 100 00 300

OUTPUT “LOW" VQLTAGE {mV)
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OUTPUT CURRENT (mA}
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SCHOTTKY BIPOLAR 3208A, 3408A

A.C. Characteristics T,=0°C 10 70°C, Voc = 5V £5%

3208A
; LIMITS
SYMBOL PARAMETER WL =y MAX. uMIT TEST CONDITIONS
tg SENSE AMP INPUT TO OUTPUT 20 ns D.C, LOAD = 10mA
DELAY C =30pF
tg_ ENABLE INPUT TO OUTPUT 20 ns D.C. tOAD = 10mA,
Tg, DELAY 25 C =30pF
3408A
typ WRITE PULSE WIDTH 30 ns 0.C. LOAD = 10mA
CL =30pF
tg—- SENSE AMP INPUT TO OUTPUT 25 ns D.C. LOAD = 10mA
DELAY Cy = 30pF
te_ ENABLE INPUT TO QUTPUT 20 ns D.C. LOAD = 10mA
DELAY, LATCH STORES “LOW" G =30pF
g+ ENABLE INPUT TO OUTPUT 26 ns D.C. LOAD = 10mA
DELAY, LATCH STORES "HIGH"” C_=30pF
Capacitance'" 1,= 25°C, f = 1 MHz Switching Characteristics
LIMITS CONDITIONS OF TEST
SYMBOL TEST . . .
TYP. | MAX. #» lnput Pulse amplitude: 25V for all TTL compatible
c Voo = OV. V. =20V 3 12 inputs and 2.5V through s resistor network as shown
o e * "BIAS below for sensa input,
CinE ENABLE INPUT [ 10 ® Input Pulse rise and fall times: 5ns,
Voo = OV, Vgyag = 2.0V ® Speed measurements are made at 1.5V for all TTL
Cins SENSE INPUT & 10 compatible inputs and outputs, and for sense input,
Ve = OV, V =0V see netwark and waveforms below, Vgpe is set at
ce T RS 150mV.
{1} This parameter is perindically sarmpled and is 10mA TEST LOAD
not 100% tested, SENSE INPUT Vee
Waveforms %m
3208A/3408A PULSE 24K D.0.1 B.uT 1
INPYT INPUT OUTPUT X
| &
ENABLE 2400 41K
(NPUT m;‘[ ‘L
tE— 1g4 — :_‘_-
OuTPUT
J40BA ONLY

PULSE !
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SENSE s

INFUT

OuTPUT
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SCHOTTKY BIPOLAR 3208A, 3408A

Typical A. C. Characteristics

SENSE INPUT TO OUTPUT DELAY ENABLE INPUT TO OUTPUT DELAY
V5. AMBIENT TEMFERATURE VS, AMBIENT TEMPERATURE
30
Vo= 5.0V Vog « 5.0V
0.0 LDAD = 10ma DL. LOAD = 10ma4
€L~ 30pF C,= 30pF
Vaee = 150my
3 E
. -
1 Z =
a =
& 408 1, - S £
% F— 204 ¢, — e § 32085 TEx
2 :: |y 4084 g+
-
g g A20BA, MOBA tp_
2 o —
2 ]
# £
® 25 50 R % 25 50 75
AMBIENT TEMPERATURE {*C} AMBIENT TEMPERATURE 1°C}
3408A WRITE PULSE WIDTH V§. BENSE INPUT TO OUTPUT DELAY
AMBIENT TEMPERATURE VS. REFERENCE INPUT VOLTAGE
30
Vg " 5.0V n
L
-
o= T
@ e
=g
S Z
=] ; E 20 L]
E
4
g z
'E- / i N
3 10
§ " _______-—-'-"'-'-"-....._-—
¢ Co0
] 25 50 70 76 a 0o 200 1
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intel Schottky Bipolar 3210

TTL-TO-MOS LEVEL SHIFTER
AND HIGH VOLTAGE CLOCK DRIVER

= Four Low Voltage Drivers = Operates from Standard TTL
= One High Voltage Driver and MOS Power Supplies

Output Clamp Diodes
» Qutputs Compatible with P _ P

2105 and 2107 MOS Memories

The Intel 3210 is a Bipalar-to-MOS level shifter and high veltage driver which accepts TTL and DTL inputs. It
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 10
pin 12, the collector to pin 11, and the emitter to pin 10 or \pp . The use of a fast switching, high voltage, high
current gain PNP, like the 2N5057 aor 2N35486 is recommendad.

L]
-
> o
0o
o
=T
us O
Ec
w
(-9

FIN CONFIGURATION LOGIC SYMBOL

DaTa weuT o5 [} [ vee

. 0,
ENABLE INPUT E l: z 17| o, DaTa INRUT a,
Eq
oaTA meuT 0, (] [ 1o, Low voLTagE ouTPuT N o
rs
paTa NpuT ;|2 151 ] 0, Low vOLTAGE QUTPUT By o
El
ensBLENPUTES[ |5 3210 14| |0, Low voLTAGE OUTPUT Eg
Oy
DATA INPUT O [ | 13| ] 0 LOW VOLTAGE BUTRUT By
) B
CATA INPUT Dy [ [ Juease aF pur =
D
BaTa INPUT g [ [ 0 HIGH voLTAGE ouTPUT s 9
D

auo[ s w[ v

w
E

-

]

)




SCHOTTKY BIPOLAR 3210

Absolute Maximum Ratings™

Temperature Under Bias . ... ......... 0°C 1o 75°C All Input Voltages ... ............ —1.0 to +13V

Storage Temperature .. ......... —65°C 10 +150°C Outputs for Low Voltage Drivers .. ... e L0 TV
Supply Valtage, Ve .. oo oL —Q.5 to 47V Qutputs for Clock Drwer .......... —1.0 to +13V
Supply Voltage, Vpp -« -« - v oo v i i e e —-0.5 to +13V Power Disslpation at 25°C . . ... .........-... 2w

*COMMENT: Stresses above those listed under “Absolute Maximum Ralings” may causa permanent damage to the device, This is a stress rating
only and lunctional operation of the device at these ar any ather conditions above those indicatad in the operational sections of 1his specification
is not implied. Exposure to absolute maximurm rating conditions for extended perinds may affect davice reliability.

D.C. Characteristics Ta=0°C to 75°C, Vcc =5.0V £ 5%, Vpp = 12V £ 5%

Symbol Parameter - Min. Max. Linit Test Conditions

lgp Data Input Load Current -0.25 ma Ve =045V

iFe Enable Input Load Current ~0.50 mA, Vi = 0.45V

IrRo Data Input Leakage Current 10 A Vg = 12,68V

IR Enable Input Leakage Current 20 A Vg = 12.6V

v Output Low Voltage 0.45 v loL=3mA, Vi =2V
oL for all Drivers =10 v oL = =5mA

v Output High Voltage Voe —0.65 v lop = —1mA, V= 0.8V
OHt for Low Yoltage Drivers Vg +1.0 v Ion = 5mA

v Qutput High Voltage VDD ~0.75 - v IQH =—tma, W  =0.8Y
QH2 for High Voltage Driver Vpp+1.0 v loy =5mA

ViL Input Low Voltage, Al Inputs 4.3 1Y

Vi Input High Valtage, All Inputs 2 L'

! Base Drive to Extarnal PNP 7 16 A ViL = 0.8V,

B (Pin 12) ™ Vg = Vpp ~0.8V

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION

@ All driver outputs are in the state indicated
; E Test Conditions -- {nput states to ensura
g = ] the following cutput states: Additional Test
o . All Low Valtage High Voltage Conditions
= & Sw_'nhol Parameter Tvp. Max.. Unit Outputs Output
o
leey Current from Veg 27 32 mA
lopa Current from Vpg 12,5 1B mA Low Low
Ppyi Power Dissipation 300 370 mw
leee Current from Vee 22 27 mA )
lpog Current from Vpp 28 34 mA. Low High
Poz Power Dissipation 470 570 mw Voo =528V,
Vpp = 12.6Y
lecs Current from Ve 9 12 mi
loos Current from Vpp 9 M5 mA -+ High Low
Pba Power Dissipation 160 210 i
|cc4 Current from VCC 4.5 5 ma
looa Current from Vgp 24 30 mA High High
Pod Power Dissipation 325 410 mw
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SCHOTTKY BIPOLAR 3210

A.C. Characteristics Ta=0°C 1o 75°C, Voe = 5.0V £ 5%, Vpp = 12V £ 5%

Symbol Parameter Min. | Typ.[1| Max. | Units | Test Conditions
tLpR Delay Plus Rise Time for Low Vohtage Drivers 17 25 ns | Cp=200pF
tLoF Delay Plus Fail Time for Low Voltage Drivers 16 25 ns G, =200pF
LTI Input 1o Qutput Delay for High Voltage Driver 9 15 ns G =175pF
thor Delay Plus Rise Time for High Voltage Driver 27 40 ns Cy =350pF
e Input to Qutput Delay for High Voltage Driver 4 8 ns Cy=175pF
thoF Delay Plus Fall Time for High Veltage Driver 18 3o ns Cy = 350pF
tog Delay to Base Drive to External PNP {Pin 12) 4 8 17 nsg

Mote 1: Typical values measured at T, = 25°C,
Capacitance™ 15= 25°C A.C. CONDITIONS OF TEST

Input Pulse Amplitudes: 3.0V
Symbot Test Typ. | Max. Input Pulse Rise and Fall Times: 5ns between
Cin Input Capacitance, except D+ SpF 10pF 1 volt and 2 volts
Cin Input Capacitance, D BpF 16pF Measurement Points: See Waveforms

*This parametar is periodically sampled and is not 1005 1asted.
Condition of measuremant is f = 1 MHz, Vpja; =2V, Voo =0V,

and Ty = 25°C.
Waveforms Application
HIGH VOLTAGE DRIVEA HIGH VOLTAGE OUTPUT CONNECTIONS
8ASE DRIVE
oo 1FIN 12}
it -

(m § 18] - zl'

Iz ] = E

iz 16]7] E 2
i

[l ] s a

O =7

- ol Os 1] QUTPUT
WPUT -
\ J/ USE ZN5067, 2MI548
v 7 P s o1 12— - ontauvaient
i PHP TRANSISTOR
GHE — — — |— T-----—-—--r---—-—-——--- ES ll}———-—-—
8 10
.._1“___.{ —] by, f—
THoR tvor

LOW VOLTAGE DRIVER
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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.
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inter 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 |I‘lpl.ltS " Maximum MOS Deviée Protection..
= Qutputs Compatible with Output Clamp Diodes '

2105 and 2107 MOS Memories

The Intel 3211 is an ECL ta MOS level shifter and N-channel MOS memory driver, Each package containg
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 comman enable inputs per pair af drivers which permits address or data
decoding. Tha 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 ta pin 11, and the emitter to pin 10 or V. The use of a fast switching, high voltage, high
current gain PNP, like the 2N5057 or 2M3546 is recommended.

PIN CONFIGURATION LOGIC SYMBOL
D‘
o d 01
vee LH1 18 v, .
A
ENABLE INPUTE,, [ |2 17[ Jb, patawpuT o
¥
D
pata meuT 0,3 16[_]0, LOW YOLTAGE GUTPUT ?
D,
pata neuT 0, [ 18 [J 9, Low vOLTAGE ouTPUT 3 o,
EnsBLE INPUTEG[]5 3211 14| o, LOW vOLTAGE QUTRUT Ep
o
paTa tepuT 0, [ 16 13 |10, LOW VOLTAGE OUTPUT o, 1
pataruT o [|7 12| J B Base oF pre
B
oatampuT D []2 11] ] 0 HIGH YOLTAGE OUTPUT /_
el W — I St
B ®
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SCHOTTKY BIPOLAR 3211

Absolute Maximum Ratings™

Temperature Under Bias . . ........... 0°C to 75°C Alllnput Voltages . ... .. ... ... ovveuy oV to Ve
Storage Temperature ... ......... ~B5°C to +150°C Qutputs for Low Voltage Drivers .. .. .. .. -1.010 47V
Supply Voltage, Ve ... v oot ia —0.5 to +7V Cutputs for Clock Diriver . .. ... ... ... —1.0 10 +13V
Supply Voltage, Vop + - -« v v v v ... 0,5 to +13V Power Dissipationat 25°C . .. ... ... . ... . ..., 2w
Supply Voltage, VEE ... . ... ... +0.5to -7V

*COMMENT: Strasses above those listed under “Absolute Maximum Ratings'” may cause permanent damage ta the davice, This is a stress rating
only and functionat operation of the device at these or any other conditions above those Indicated in the operational sections of this specification
ig not implied. Exposurs to sbsolute maximum reting conditions for extended periods may alfect device reliability.

D.C. Characteristics Ta = 0°C 10 75°C, Ve = 5.0V 5%, Vpp = 12V £5%, Veg = -5.2V 6%

Symbol Parameter Min. Max. Unit Test Conditinns
IFn Data Input Load Current 0.5 mA Vg =—0.8v
e - Enable Input Load Current 1.0 ma, Vg =08V

Output Low Voltage 0.45 v oL = 3mA, V| = —1.025V
VoL for all Drivers -1.0 v Ig, = —BmA

Output High Voltage Voo —0.65 W low = —tmA, V| = —1.600V
Vont for Low Voltage Drivers Voo +1.0 v lgH = BmA

Cutput High Valtage Vop —0.75 v lon =—1mA, V. =—1.500V
VoHz for High Valtage Driver Vop 1.0 v lon = 5mA
ViL Input Low Voltage, All Inputs -1.500v v
Wiy Input High Woltage, Al Inputs —1.025V W

Base Drive to External PNP Vi = 1.8V
's (Pin 12 ! e A | Vg = Vop-08Y

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION
All driver outputs are in the state indicated

Test Conditions -- Input states 1o ensure
w the following cutput states: Additional Test
L= All Low Voltage High Voltage Conditians
eu Symbol Parameter Typ. Max. | Unit Qutputs Qutput
E 3 I Current from Ve | 245 n mA,
Tw lEEY Current from Vgg | —24 | —30 | mA Low Low
"lpoy Current from Vpp | 1285 16.5 ma,
Ppq Power Dissipation 415 535 mw
lega Current from Vg 20 26! mA
lgez Current from Vegg | -21.5 27 mA, Low High
Ipoa Current from Vpp 27 335 | mA Vop = 525V
Poy Power Dissipation | 560 | 705 | mw Vcc —126v
lcca | Cumemtfrom Vg | 11 | 16 | mA Vee = _5.46V
teea Curvent from Yeg =19 |-23.6| mA High Low
inpa Current from Vpp 2 12 ma
Ppa Power Dissipation 275 365 mw
toeg Currant from Ver ] 10 mA
leeq Current from Vgg —18 —20 mA . .
Jona Corrent fromVpp | 235 | 27 | ma High High
Ppa Power Dissipation | 415 { 50O | mW
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SCHOTTKY BIPOLAR 3211

A.C. Characteristics T, =0°C 10 75°C, V. = 5.0V-£5%, Vg = 12V £5%, Vg = —5.2V 6%

Symhol Parameter Min. | Typ.l11| Max. Units | Test Conditions
tyoR Delay Plus Rise Time for Low Voltage Drivers 3 27 ns C =200pF
tipF Delay Plus Fall Time for Low Voltage Drivers 22 32 ns Cy = 200pF
| ST input to Output Delay for High Voltage Driver 14 20 ns Cy = 175pF
tHoR Delay Plus Rise Time for High Voltage Driver 36 45 ns Cy = 350pF
L ST Input to Cutput Delay for High Yaltage Driver 7 12 ns C =178pF
T Hpe Delay Plus Fall Time for High Valtage Driver 27 40 ns Cy =350pF
tpg Delay to Base Drive 1o External PNP {Pin 12} 7 14 23 ns
Mave 1: Typical valugs measured at Ty = 25°C.
Capacitance * T4 = 25°C A.C, CONDITIONS OF TEST
Symbel Test Typ. Max. input Pulse Amplitudes: -0.9V to -1.7V
Cig Input Capacitance 4oF 8o Input Pulse Rise and Fall Times: Sns (Between
*This parameter is periodically sampled and is not 100% tested. M 10% and 90% _DO&I:IIS}
easurement Points: See Waveforms

Condition of messurement is £ = 1 MHz, Vpige = 2V, Voo = OV,
Vgg = 0%, and Ty = 25°C.

Waveforms Application

HIGH VOLTAGE DRIVER HIGH VOLTAGE QUTPUT CONNEGTIONS

BASE DRIVE (PIM 12} _1_
Voo —— e ——
Vgp -0 — — — — v 2

! v
toy —s (Wi B[]
[
GUTPUT O: 7 :l = E‘
oo
O: 6] g E
- s[] HEJ o
- [¥¥)
T n [-H
] k) ziv \ Os =1 1]
cun-.__.__f..__._t__..___t_._._..____i___._ Os {1 | GUTPUT
USE 2N5057, 2N3546
—13v —1ay O- 12— OR EQUIVALENT
INNT\_ l s " PP TRANSISTOR
bty ] g ] E 9 e
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SCHOTTKY BIPOLAR 3211

TYPICAL SYSTEM

Below is an example of an 8K x 8 bit memory circuit employing the 3217 driver. Device decoding is done with the CE input.
The 2108, 3205 and 3404 are standard Inte) products.
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TYPICAL CHARACTERISTICS
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inter 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 = Minimum Line Reflection--Input

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

The Intel 32356 is a Quad Bipolar-to-MOQOS driver which accepts TTL and DTL input signals. 1t provides
high autput 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 Ve power supply is lost. This protects 4K RAM’s by putting
them in the standby mode.

%]
—
e
oo
ow
B
PIN CONFIGURATION LOGIC DIAGRAM =k
. o
3235 _
g EI
Vo [0 16 ] Ver g
LM £ w0, .
(M S w5, . Iy ‘_D '@— o,
[ [E] -
R :D o
§[ s 2
= S =t 1
[ o,
0. - whbJo, # [ )3 :D_ ¢
ano [ s ] T B -
R
PIN HAMES
-1, DATAINPUTS 0,0, URIYER OUTPLTS c
E,.E; ENABLE INPUTS Vge 6V POWER SUPPLY
R REFRESHEELECT INPUT | Voo, +12v POWER SUPPLY
T CLOCK GONTROL INFUT | %,  +15V POWER SUPPLY
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SCHOTTKY BIPOLAR 3235

Absolute Maximum Ratings*

Temperature Under Bias . . .......... 0°C to 75°C Supply Voltage, Vppp - - - -+ v o v vt -0.5 ta +i6V -
Storage Temperature ... ........ -65°C to +160°C All Input Voltages . . .. ..vvuus.. .- -1.0to Vpps
Supply Voltage, Ve oo vvvn e e, -0.5 to +7V Qutputs for Clogk Driver ,, ..., .. =1.010Vpp H1V
Supply Voltage, Vo - oo ov e van e -0.5 to +13V Power Dissipation at 25°C . . .. .. ... .vunns. 2w

*COMMENT: Stresses above those listed under “Absclute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating anly and functional aperation of tha device at these or any other conditions above those indicated in the operational sections of this
spacification is not imptied, Exposurs to absobute maximum rating conditions for extended periods may affect device reliability.

D.C. Characteristics :
TAEODC to 75°C, Vcc=5.0V 5%, VDD1 =12V 5%, VDDE =VDD1 +H3V £6%)

Symbol Parameter Min. Max. | Unit Test Conditions
Iep Input Load Current, Ty, T, 73, T4 -025 | mA | Vg =045V

IeE fnput Load Current, R, C, Ey, E; 1.0 | mA | Vep=045v

1S Data Input Leakage Current 10 “A Vg = 5.0V

Ire Enable Input Leakage Current 40 pAa VR = 5.0V

VoL Qutput Low Yoltage 0.45 v lor, = BmA, Vyy = 2V
Vou Output High Voltage Vbp1-0.50 ) v loy =-1mA, V) =0.8V
Vi © Input Low Vaoltage, All Inputs 0.8 A4

ViH Input High Voltage, All Inputs 2 Vv

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION

=7}
-
>
oo . Test Conditions — Input states to Additional Test
E E Symbol Parameter Typ. | Max. | Unit ensure the following output states: Conditions
= ; oo Current from Ve 21 32.0 mA
Inp1 Current from Mop 2 2.0 mA High
g
ooz Current from Vpgz | 125 18.0 mA
Power Dissipation 310 417 mW
P1 g Vee = 5.25V
Power Per Driver 77 119 mw
VDD1 = 12.6Y
lco Current from Veg 36 46.0 ma
Vnnz = 1675V
lop1 Current from Vppy | 2.1 3.0 mA L
ow
lpp2 Current from Vpp2 20 28.0 ma
Ppz Power Dissipation 530 689 mW
Power Per Driver 132 172 mw
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SCHOTTKY BIPOLAR 3235

A.C. Characteristics 7, - 0° t 75°C, v = 5.0V # 5%, Vppy = 12V 5%, Vpps = Vpp +3V +56%)

Symbol Parameter Min{1 | Typl2) | Max.[31| Unit | Test Conditions
ot Input 1o Qutppt Delay 5 11 ns
inR Delay Plus Rise Time 20 32 ns
. Input to Quiput Delay 3 g ns
tpF Delay Plus Fall Time 19 32 ns

NOTES: 1. Cy = 160pF (minimum Cy for & 4K RAMs). .
2. Cy =200pF ltypical €| for 9 4K RAMs). Typical values measured at Ta = 25°C.
3, Cy =280pF (maximum C_ for 9 4K A AMs),

Capacitance™® 1, - 25°c A.C. CONDITIONS OF TEST
Input Pulse Amplitudes: 3.0V
Symbol Test Typ. | Max. i
ymoo i — b . Input Pulse Rise and Fall Times: 5 ns between
Cin Input Capacitance, . 15, %3.14 4 5pF 7 1 volt and 2 volts :
N Input Capacitance, R,C, Eq, Eo BpF | 12 Measurement Points: See Waveforms

"This parameter is periodically sampled and is not 100% tested.
Condition of measurement is f = 1 MHz, Vigjas = 2V, Voo =0V,
and Tg = 25°C.

Waveforms

OUTPUTS
0, —,]

-
I.
=
-l E
By
.=
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SCHOTTKY BIPOLAR 3235

Typical System

Below is an example of a 16K x 9 hit 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 memaory array,

Bo. Ay, Az Ag Ag, s, g, Ag, Bk, Ag. Asp, A, WE, C3, DI, D12, Di3, O, DS, 016, OI7, 018, 019
A

35 f \I
ENABLE ~—— L el I I ] l
INPUT T —
iwoTs — [— ¢ £k 1 =+ 21078 —— 21078 21078 [—] 21078 |-—— 21078 21076 |[—— 21970 —— 21078 }—T 1070
W s ~——p [ 8
TPOTd — [ c | ] [ ,
ez —| 21078 —— 1078 Hore 2108 i——| 21078 - 21078 ——] 21078 — svare - 2107
£ 3 —| 21078 [~——] 21078 ——{ 21028 2ere —— 21078 ——] 23018 |—— 21078 |——] 21078 |—— 21076
cea—| s —— 21 |—{ 208 Hore 21998 |——| 21078 |—{ 21078 |——] 21078 |— 21078
Mot 1T
. R
ouTPUT OUTPUT
1)
—
b
oc oo
=
o
=
&
Typical Characteristics
INPUT TO OUTPUT GELAY DELAY PLUS TRANSITION TIME
VS, LOAD CAPACITANCE ’ VS, LOAD CAPACITANCE
o | 30 |
' |
|| ton f
20 : 20 //
l / Tor
;Ej ' i ‘E /
. . 1
10 _-—_———-/“_‘I'-?— w
Iy t, . :
1] . o
o hlind 200 L] Al o 100 200 300 Llri)

LCAD CAPACITANCE IpFl LOAD CAFACITANCE (pF]
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INTEL MICROCOMPUTER SYSTEMS

FIRST FROM THE BEGINNING IN MICROCOMPUTERS . .........

intel provides a hroad range of CPUs, ROMs, PROMs, RAMs, 1/0 devices, and
peripheral circuits which enable yvou 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. Afl 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? . ... .. . it iniear e 6-3
MCS-40" Microcomputer Systemn
A00ACPL L. o e e e, 65
AOAGCPU L . i i e et 69
ROMS L. i et i te s v e m e 6-13
PROMS ... i it n i s s 6-15
RAMs ... i s et s s e 6-16
e ... .. T 6-17
Peripheral Circuits . . ... ..., ... o i 6-19
Intellec Systems ... .. ..t e 6-21
mcs-go™ Microcomputer Systemn
8008, 8008-1CPU ... ... .. e i 6-25
BOBO CPU .. .. e e 6-29
ROMs ... i i i e e e 6-33
PROMs ... . e e 6-34
. 6-35
o 6-38
Peripheral Circuits . . .. ... .. .. i s it s e aa e 6-40
Intellec SYSIBMS . .. i it i it rnnenaai e 6-43
MCSModules ... ...t it e iaaae s 6-46
MCS Pratotype Systems . _ . . .. ... ... . s 6-49
MCSSupport Software . . ... ... e i 6-50
Bipolar Microprocessor System
Bipolar Microprocessor System Description .. .......... 653
ROMs . e e i B-61
PROMs _ . .. i i i e i 6-62
O e e i B-63
WF-3000 System DevelopmentSet ... . .............. B6-64



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 logie™
{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 alterpative
. . . . the microcomputer. Utilizing the technologies and ex-
perience gained in becoming the world's largest supplier of
LSl memory components, Inte! 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 soive 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 microprocessar performs all of the sys-
tern's functions by fetching the instructions in memory, ex-
ecuting them and comrmunicating the results via the micro-
computer’s I/Q ports, A single-chip microprocessor, exacuting
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 |C 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 .06
Board Test and Rawark .10
Connactar .05
Discretes .06
Wiring A0
Power 14
Catinewry, Fans, Etc. ﬁ

£1.60

Table |. System Manufacturing Costs Per IC

The ASP {average sale price) of an Integrated Circuit today
is approximately 50g. 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¢ 1o 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 systermns frequently
cost aver a doeflar a position. When customers put 1Cs in sock-
ets and then wire wrap cards, the cost per IC position guickly
approaches $2. Customers with automatic 1C 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, capaciters, gower bus bars, etc., add a
cost of B¢ an IC position. Systems frequently average ong
wire or mare per IC positien 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 | 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 minima! 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 z 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 singlé 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 Memary Gates ICs
Size Bits Raplaced Replaced

2048 128-256 13-26

4026 266512 25-50
192 512-1024 50104
16284 1024-2048 100-20Q

Table Il. Number of ICs Replaced with a ROM
{Read Only Memory)

Reducing Development Time and Cast

" Microcomputer systems simplify almost every phase of pro-
duct development. Because of the extensive design aids and
software support supplied by Inte! 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 speedad up once the decision has been made to
use a microcomputer. This is because the incremental cost far
adding features to the systern is usually small and can be
easily estimated, For example, added features such as auto-

matic iax computation for an electronic cash register may
only require the addition of a single ROM, The addition of
one LS1 chip has a minimal effect on total system cost, power
and packaging requirements. On the ather hand, the same
function implemented with IC logic might require two or
three fairly large PC cards filled with MSI and 551.

System and logic design time is also reduced.Programming
is a faster way to design than using fogic disgrams. 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-
vals. Parts lists become sharter, easing the task of transferring
the product to manufacturing, Cooling, packaging, and power
distribution problems frequently become trivial. Finally, engi-
neering changes that are difficutt to make and frequently
tedious to document, bacome simple program changes. These
can be made by changing the pattern in a ROM or PROM
{Programmable Read Only Memaory} 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
autornatic 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 }Cs and
consequently the faflures associated with these devices, it can
significantly increase system reliability. Most of the failures
in a digital system occur becavse an interconnect has failed.
The use of a typical 16 pin IC will intreduce approximately
36 interconnactors in a system. There are 16 interconnections
from the chip 1o the lead frame, 16 from the lead frame to
the PC card, and approximately 2 interconnections from the
PC card to the back ptane, and 2 interconnections from hack
plane point to back plane point per IC. If one ROM  elimi-
nates fifty 1Cs, then it eliminates approximately 1800 inter-
connections,

Development Steps Conventional System

Programmed Logic -

Product definition

System and logic design Dane with logic diagrams
Debug Done with conventional
lah instrumentation

PC card tayout
Decurmentation
Coaoling and packaging
Power distribution

Engingering changes Done with yellow wire

Simplified because of ease of incorporating fealures

Can be programmed with design aids (compilers,
assemblars, editors}
Software and hardware aids reduce time

Fewer cards to layout

Less hardware ta document

Reduced system size and power consumption eases job
Less power to distribute

Lhange program in PROM

Table Itl. How Devetopment Time and Cost are Reduced with Microcomputers
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intal  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 Biis of RAM

The Intel®4004 is a complete 4-bit parallel central processing unit {CPUJ. It is designed 1o be used in test systems, terminals,
billing machines, process control and random legic 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 memary 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.

DyDy  BI-DIRECTIONAL

DATA BUS
BUFFER

DATA BUS

14 BIT) (4 BITY
INTEANAL DATA BUS I INTERNAL DATA BUS
— 1
][ T; 4+ & £
rd bV h
ACCUMULATOR TEMP. REG, INSTRLUCTION STACK REGISTER
144 141 REGISTER ‘5t ™4 MULTIPLEXER Mex,
&
FLAG | PAOCRAM COUNTER PR x
FLIP-FLOPS w oW
S LEVEL NO. 1 Pl R )
L INSTRUCTION g S =
| T ==
AJARITHMETIC DECODER % LEVELNO.Z gl o ™ =
AND z o e
|| MACHINE 1 ] [ 14y
VELE LEVELND.3 1z Bl o 7
ENCODING b
4 ADDRESS L B
STACK P
w
B ID['“ 11{4!
[
DECIMAL : 141 )
anlust 1 12 13
I
oV
TIMING JCRATCH
AN PaD
CONTROL
POWER —_— Y
SUPPLIES | o 45y AOM RAM —
CONTROL CONTROL  TEST gvne cuocks]
cmRom  ——— TEst SYNC o1 o2 RESET
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4004 MICROPROCESSOR

4004 FUNCTIONAL PIN DESCRIPTION

V _
o[t 16 ] CM-RAMG
1} H is CM-AAM
oara [0 [ " | mEmory
113 : - CONTROL
vo |03 18" emram, | OUTPUT
;Y4 13 F omram;
ves ()5 1217 vop
CLOLK MEMORY
,,ms“}wl[: 3 1 JcmAoM — CONTROL
| ODTPUTS
CLOLK
Punsxz}‘b?[: 7 10 ] Test
SYNC
ouTeyT ]-svul: (] 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
ctock cycles {8 machine cycles).

TEST
TEST input, The logical state of this signal may be
tested with the JCN instruction.

SYNC

SYNC output. Synchronization signal generated by
the processor and set to the ROM and RAM chips.
It indicates the beginning of an instruction cycle.

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-RAM;

CM-RAM ocutputs. These are the bank selection sig-
nals for the 4002 RAM chips in the system.

¢1- ¢2
Twa phase clock inputs.

Vss
Ground reference — most positive voltage.

Vbp
-15 5% main supply voltage.



4004 MICROPROCESSOR

INSTRUCTION SET FORMAT

A. Machine Instructions

# 1 word instruction — B-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 OP A field containing the modifier. For two word instructions,
the second word contains address information or data.

The upper 4-bits {OPR) will always be fetched before the lower 4-bits (OPA} during M and M3
times respectively.

ONE WORD INSTRUCTIQNS TWO WORD INSTRUCTIONS
151 INSTRUCTION CYCLE el INSTALICTION CYCLE
0y Dy Oy Oy Dy Dy 0Oy Dy Py 03 Dy O Dy Dy DBy O
SHREBREREBERRRnnn
o, o, o D, D, 0 Dy oPR opa oen 0PA

Dy
L e[ [+ ] T
v | OF CODE l MOCIFIER —l | OF COCE MODIFIER I

OFA

. UPPER ADDAESS MIDDLE ADDRESS LOWER ADDRESS
OP BODE MODIFIER | x| x|x
I | J I ' | |'“:| Ay Ay Ay |": Ay Az Ayl Ay Ay Ay A
]
INDEX REGISTER CONDITION MIOOLE ADDRESS LOWER ADDRESS
x x| x| = ADDAESS |
I [ | ‘ |n A A _n lxlxlexlcl C; C3 Cu Ay Ay Ay Ay | Ay Ay A Ay
oA CR
(NOEX REGISTER PAIR INDEX REGISTER MIDDLE ADGRESS LOWER ADDRESS
x| x| x ADDRESS .
x| ®|x ADDRESS | Ay By kg Ap ] A Ay Ay g
GR OR
DATA INDEX REGISTER PAIR UPPER DATA LOWER DATA
x| x
|!‘ | ‘KID b o D] Bl il A?lmissn X ID,D,B, Dz f Db D, Dy Dy

Table I. Machine lostruction 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 I} illustrates the contents of each 4-bit field.

1%2]
x
o
.=
ey =
_—
==
=]
P

INPUT/OUTRUT &
AAM INSTRUCT IONS | “' | ¥ 1 “I"["; "‘x—'

ACEUMULATOR GROUP
INSTRUCTIONS l“'i‘!""lxlx‘“l

WHERE X = EITHER n 0" OR & 1"

Tabte 11, 1/Q and Accurnulator Group Instruction Formats
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4004 MICROPROCESSOR

MCS-4"" INSTRUCTION SET :

| Those instructians prageded Ly an asterisk ('} are 2 word instructiens ihat occupy 2 successive locatigns in RM]
MACHINE |NSTRUCTIONS {Logic 1 - Low VoHage - Megative Voltage: Lege 0 - High VYaltage = Ground 1

- oPR - 0RA
MNERMGN I OESCAIPTION GF OPERATION 0,00, 0 By b, 0ty
NORP N psrptlon L - B ] 04 D0a
N Tump 1a AW addien Ay Ry Az Ag Ag &) A7 Ay Iwiinin The ams
e ROM that containy this JCN riufuctiont if condition € Gz €1 G4' 1 @001 CyCataty
15 1+uiC, aaberewist 3kin |go o the e sl indiruchion i suenol, AahghgAg LT ETET
TFiIM Faeh Imﬂu:&ll! direcch drom A Data O3, 0 10 108 s regeries pawr d o 10 AR ARG
wagsiinn AAR,| 05050705 Dy By Dy 0y
SRT Terd reguses cundrgl Serd th sddrat (contants of ndek register ar ARRE | 0 0 1 0 AR R
to FOM and 6 AM at %3 ard K3 time in th |n4irutrion Cyoe,
Fesch Indheecy beoem FEOM. Send cancends of Index cegister par locanan O
Fin e a1 an arkdress. Diann denched is placed inra eegicier paie Ioeation AR K e RARe
N Jummg indirCCe. Sord canrenis ol feglster palr AFLIE o1 % #n addrees CICEE CICIEE
m A7 and Ax time i the Ispieuction Cycle.
foy Ay B A
N Jurnp nacoRdinonal 18 ADM widiau A7 A, By L E e
by Ag Az Ay Ap AL Ry A,
Mz i 4 subeou tire REOM b s A3, Ag, A, s2ve ol acddress. BUR 7 level a1 e dy 4,
I stack b Ry By By Ay ARy AL A
INE Incr ey ettt ol smgrin ARAR, 13 0114 RARRA
; Wrvirarien | CEPRETS i rhguier ARFCA, G o FLON piirent Ag, A7 o ] ARA
152 twrtbr, A earme LM ARBE £onlabns i 152 smateucsion] 1 st 9 8, P iy Ay
therwise thio 193 40 1he rewd Inpleuctdan fn sequencel. Eaac div i R et |
ADD Aok eontanre of reglied RRAR r decemu Lar with ceey . 19400 AR AR
Sl Subtract contens ol regliier ARRR 18 arcumulatr with for oo, 1000 AR AR
Lo Luad convends gl regliter RARR I atcudnglatil, 1810 R R AR
Ko Exchange contents of Index saglste RRAR and pcrumslator, 1011 AAaARA
BeL Brar<h back {down ¥ érvel In stack] and toad date DOBT ta accumutatar. 1100 DooeR
Lom Laatt daca DD DO 16 sooumutator. T o pooop
INPUT/QUTPLUT ANC RAM INSTRUCTIONS
tThe AAMs and RO operaisd @i in dhe 100 gid A8 B inud FUSHond Rave bees prew=auly seiected lay 10 lait SRS navvuctlan seaceced b
MNEMOHIC GESCRIPHION OF GFERATH j kb o
CRAIFTIDN ERATHIN By 6 By by Dy ly By Oy
Wirie 1he conlents BF e SToafls 191 e The Drevouthy Recied
iom AN maim by <lmrarer R 000 |
WWOILE [ LONTEmME Gl sk nco ahe e alesly seleceed
W ALm purpul oord i+14 ogeo
Wiriie dhe Ciandenis OF he gccurnalaiar nrlo he previgaily webecied
i WRR ROM ou gyt part, |13 Lined] I R
H Write the cianfuncs OF he accurmulasce ince the previously seseeied
| wen hif bute of readirrte coanram memery |far st st $00R/4003 anidt e et
r wng ::: ::::::l:_nu af |l|r acEUrmIaar e the pregioaty weee1ed T 110 400
1 [ Wrate Tha conieniof nu ECLMINDS N0 thet paedusly serered
[I Wi | FLAM shabus charagice | 1110 21
2 2T WWILE ChE £ONCERIE D1 1hF ACCUrmulaior s 19r presmdly seecied
wagld | AAK i chaagier 2 110D ¢
I T Were the cuniends ol The pooimlala in he G ol eiecied
| ALAM stauss chacacier 3 r11e LI
Sunrace ine previcuily 4eikcred AR Man MEMory charkcth ften
f sam tamatshar ot Fortoms v 1oen
1 Taad the gréviowly selecard RAK mgin memary characier B
ok Inio the a}ccumdacr. 111 rape
rOR Fikao thd zaniens 41 e BrEWEUY SEIECied TR I art T o T o0
B L prevituily seibl edd FEAM i fermary tharoctin 1o
ADM arsur gl with ey e e e
rop 4 Fead 1hE prewcusly seleced AR 41005 chal et 6 B sl Acoynn alr 1118 1109
ROl Flean tha previcntly Seleered FUAM 414105 €Raracier § iniD aiumislare. T 10 11 o
AD2I Pead e presicusty selecoed AN 112105 chalsier 2 inr aceutr larar 1110 P11 a
ot Figat 1he grévimty velocted RAM 31aivs character 3 into srcumulator. 11 v 0 11
|
v |
==
] ACCUMULATOR GROUP INSTRUCTIONS
[
=1 e Cirar bmh,  IAccumulatos snd carryl a1 0000
[ ——
= oL Civar carry. 1101 LK
S e Inaremenn accurmulatar ., TE o D010
CMC Cowmalemnn caiy LA B | 601 1
CMA Complemant acgufalanoe, LI B I o1 o0
AL Rovae tofe. |Acourmulacor and carryl R Do
AaR Tan, [Accunslaiar and careyk 111 o1 e
1L Teansmil garey 10 gocu Muldiar and clear earey. 111 LN S |
bt Dicin et mccurmlnts. 11 1 e 00
res Trantlen catry whtrodt sy chiam carry. 110 [
5TC et camy. 11100 v 1o
pAA Decimal edyun secumisco, 11 0 a1
Keyboard process. Cormeercs be coments of |he accumulasor fron
KBR one out al bowr code to » binary cae. it 110w
boL Deesignane eomwrund lina LI ] 1100
NOTES 171 The condtliion code i assigart w Fodlams.
€y 51 IAwiel jumg condilin a1 Jump If sccumulanar I 7o Cygv 1 duma Wdest sigead 14 2 0

Cy =% ot lavert jump candilon Cy =1 Jumo il corrydlink st
1ZAARA n ha acdenst of t ot @ lncee roglann pales in cwe £PLY.
IFRARA & the nddren oF 1 of 16 I reglatert b ra CPU
WlEnch AN :Mp e 4 regichers, rach wath bwenty 4.1t chamm wem-um Inte 16 main memery charaeces arst 4 phata Chacssters,

Chip numk, R b A Ml My Ch s inr 2 - b oo ol I o and reglyter, Rowerver.
MaE chasperar Iaul-em arn Mlscted By the |nuructlunm¢e 1OFA),
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intal  silicon Gate MOS 4040

SINGLE CHIP 4-BIT P-CHANNEL MICROPROCESSOR

* Functionally and Electrically = Single Step Operation
Upward Compatible to 4004 CPU = 8K 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 Intei®4040 s a caomplete 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 wards 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 addyessing or for scratch pad memory far storing computation results. The interrupt feature
permits a normal program seduence to be interrupted, with normal program execution continuing after the interrupt service
routine is completed. Provisions have also heen made to parmit single-stepping the CPU using the STOP and ACKNOWILEDGE
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

| B-DIRECTIONAL
G DATA BUS

DATA BUS
BUFFER

4 BITY (4B
INTERNAL DATA BUS . INTERNAL DATA BUS

rey TSRS g
1l i <l
Imcumumﬂ:n‘l l TEMP, AEG, INSTALCTION STACK REGISTER
14k 14k REGISTER |3 &L&T”’LEIER MPX
A FLAG ' PROGRAM COUNTER '
FLIEFLOPS 2
LEVEL MC.1 H 2
INSTAUETIEN
ARITHIETIC DECODER | - LEVEL NG 2 4 [
=] LG N « -
Ui =
MACHINE =4
au | CYELE = LEVEL NG, 3 2] s 7
ENGORING g &
»f x LEVEL NOL 4 x| @ 2
La ¥ -l
=4 o
= LEVELND, § Z| 1o 1
M4,
T ! LEVEL N6 : 2z | o
LEVEL NO. 7 " 18
7
141
FOWER TIMING ADDRESS -1 ® !
SUPPLIES AND ETACK ®
CONTRAIL Zl = a
—e 0V SINGLE 2
e 5y | CARRY oM AAM STeR 53 Y 5
OUT  CONTROL  CONTROL  TEST CONTROL  SYNC CLOCKS] g
I Tl e 7
e = —r— qpgy| [sToe STOP  SyNe 3 02 RESET
CMROM  GMRAM AR SCRATCH
(/5] 0.3 INTERRUFT

INT AGK

69
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4040 MICROPROCESSOR

4040 FUNCTIONAL PIN DEFINITION

p—

o] [ Jev
o[z 22 [ emRomy
o []s 22| ] emmomy
o[ |a 21 ] vaa,
strack |5 ’ 0[] cmramg
s s 4040 15 [ ] cwnam
wr[ ] w[ ] emram;
WT AGHK I: ] 1 :I £M-BAM
vis |: a 6] svmc
L I: 10 15 j Vobg
#7 I:{ " 14 j Voo
neser [z 3] resr

Dg-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 jogic “'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. [t 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.

RESET

RESET input. A logic “17 level at this input clears
all flag and status registers and forces the praogram
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 iogical 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-RAMz

CM-RAM cutputs. 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.

CY

CARRY output, The state of the carry flip-flop is
present on this output and updated each X1 time,

Qutput is “open-drain” requiring pull down
resistor to Vop.

¢1,42  Two phase clock inputs

Vs Ground reference — most positive

voltage
Voo —15V +5% — main supply voltage
*VbD, —15V £5% — Timing supply voltage

**\pp, — Output buffer supply

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}
* 2 word instruction — 16-bits requiring 16 clock periods {2 instruction cycies)

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 (OQPR} wilt always be fetched before the lower 4-bits {QPA) during My and M5

times respectively.

ONE WORD INSTRUCTIONS

Tt INSTRUCTION CYELE

TWO WORD INSTRUCTIONS

nd INSTRUCTION CYCLE

O Cp Dy 0 By O Dy Dy Dy 0y Dy By 0y By Dby Dy
Oy B; Dy D DOy Dy Dy Dy OPR [ oPR oA
|x x| x xlx * x]x1
| OF CODE | MOBDIFIER | [ OF CODE ] MODIFIER |
PR OPA
| UPPER ADDRESS MIDDLE ADDRESS LOWER ADORESS
P
| OP CORE I WODIFIER lx 1 % ‘ X ] X I Ay By Ay Ay ! by Ar By g | A Ay A Ay
oR
INDEX REGISTER |
I % ‘ ® ‘ " 1 X I Hae x x| x| x CONCATION MIDDLE nnnnss LOWER ADDRESS
R R R_ 8 €y € L 6 Ay Ay Ay By Ay Ay Ay
oA of
1 x| x INUEiggglzss‘fsEH PAIR x x|« INDE:DTJEEE'STER MIDDLE ADDRESS LOWER ADORESS .
b ] R [l Az Ay Ay A | A A A A
oA oA
DATA JHDEX AEGISTER Pmnl UPPER DATA, LOWER DATA
EI I I x x| x| x
l | I | I b o D B—J | I R A%DRES% X I Dy D D; D }D, Oy Dy Dy
Tahle I. Machine Instruction Format.

B. Input/Output and RAM Instructions and Accumulator Group Instructions

In these instructions {which are al{ single word) the OPR contains a 4-bit code which identifies
either the 1/0 instruction or the accumulator group instrustion and the OPA contains a 4-bit

code which identifies the Operatlon to be performed. Table Il illustrates the contents of each
4-bit field.
Dy Iy O Dz Dy Dy
BE | T 1]
OFR OPA

INPUT/OUTPUT &
RAM INSTRUCTIONS

WHERE X ~ EfTHER A "0" OR A "17.

ACCUMULATOR GROUP
INSTRUCTIONS

Table 1i. 1/0 and Accumulator Group Instruction Formats.
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4040 MICROPROCESSOR |

INSTRUCTION SET

Surmmary of Processer Instructions

*Two Cyele Instructions

Instruction Code Instruetion Code

Paemonic Deseription orR oraA Mnemanic Deseription
i3 0 0 Dy By By By Oy O3 0z 0y Oy Oy Dy Oy
MACHINE GROUF 140 and RAM GROUP
NOP Ho dgeration 0 o o n P08 10 WARM Accumelatar 1o Selected RAM Main T r 1 L]
Memory Character
HLT Halt 00 20 a 0 4 1
P A AN T 1 o 0 B
BeS Branch Back and SAC 6 00 0 4 0 10 s crumulaior o Seierted RAY
LCR Command Regisler ta Accumulaior o0 o0 g9 0 1 1 WRR Accumplator 10 Seleceed ROM T 110 o0t
OR4 Logital OR, Index Registee 4 and ¢ a0 a a9 t 0t Dutput Fatt
Acgumulnigr Wene Accumulatar to Seleceed HalfByte 11 10 0o 01
. . in Fead/Write Prograne Memory
0 Logical 0'}’ Irfer Ruyister § sne L L WRD Avcumutitar to Sele ed RAN R T B
Aceermulater . Status Charotter
ANG Logcal AND, ndex Reyisier 6 and 00 0 O 1 1 0 WRI Accomulatar 10 Selecred RAN 1 1 1 1 g 1 4
A curauiangr Sratus Character |
ANT Loaical AND, udex Register 7 and a6 0 0 [ T T WA2 Acenmulator 10 Selected RAM LI I [
Accomulater Statis Character £
080 Uesignate AOM Bank 60 0 0 1 0 0 0 WAZ Aceumulatar 10 Selasted RAN P
gl Dusignate ROM Bonk 1 L 1 oot SBH Subtract Selected KAM Main (I I 1 a8
580 Select Index Ragisier Bank O oo 0 0 1 0 1 0 Memory Character irgm
581 Select Index Register Bank T 4 0 4 0 i 0 1 1 Accumudainr wi!h Borrow
coe puow mosmEEMmAER oo
DIt Disable huberrupt a0 00 [ ROA Selected ROM Input Part 10 10
RPM FRead Program Memory, noo 00 L B 16 Accumulalor
Half-Byte per Instrugtinn AOM Add Selecied RAN Main Memary 1 1 1 1 1. 0 1
tich Jump Condmiamd 10 Addrass a0 0t G ©z €2 €4 Charatter 10 Accamulatar with Cary
AAahghohg A ARy Ay Ag g Ag Ay Ay Ay Ay [ahi} Se‘IEcAﬁ F:‘»::';L:.sntratus Charaeter O 11 10 1 11
. u .
Cunditian Code, €41C2C304 01 Seleeted RAM Status Charaefer 1 [ T R T B
“Fity Felch Immedizie, ROM Data D30, 0@ 10 R R R O ta Attumulator ’
1o Indax Regisier Pair RRR Dy D2 D2 Do 0y 0y 0y Iy RAR2 Seleeted RAM Srarus Characier 2 i 1 110 1 1 1
SRC Bend flegister Cantral g 0 1 0 R R R 1 0 Accumulaior
FIN Fetch tndirect, Data from ROM 10 00D 11 R R R U Apa Selecred AAM Status Chadaeter 3 L T 1
. ) to Accenlaior
Index Register Pair RARA
Ny Jurep Endirect 10 Address in Rregister oo 1 1 R R R 1 ACCUMULATOR GROUP
Pair ARR el Clear Arcumofatar and Carry 11 1 1 0 o @
"IN Jump Unconduicnal to Addrass o1 01 Ay Ay Az Ay CLD Clear Carry i1 ]
Anhahy Az Az Ax Ry AL A My Ay 1AL Increment Aceumulator 111 o1
" g Jump 1o Subroutine at Address Tt o1 0 Az Az Ay Ag CME Comglement Carry T o1 [N
Aok Ba Ba An A Ay A Ay A cma Coamplement Atcumulator 1 1 1 0 i
NG q i ‘R . RRAR 02 ]2 ]2 E|2 H‘ ﬂ‘ “] R‘ AaL Rotate Leli, Accemutator and Carry T 1 v 1 g 1 0
R e rement ”!“” RaR Rotate Right, Accurmulatorand Carry 1 1 1 1 1 1
182 Increment Register RARR. Ga 10 o111 A R R R TLC Transmit Carry 10 Accumulatar, 11 F 1 T 1 1
Address AgAq it resultisnotzern, Az Az Az Az Ay Ay Ay A Cluar Carry
otlierwvise go (0 next instruction DAL Doerement Accumulatar 11 ]
ADD Add Reigter ARRA to Arcumulates 1 0 0 0 R R A R TCE TFEI"S‘“'CE?"V Subtratt and L e
. ear Carry
with Carry sTC Set Carvy o1 toe
sug Subtiact Register RARF (rom tooe RoF & R DAL Becimal Adjust Accumulater 11t T 0 1
v Ascumubiier with Borraw . KBP Keyhoard Protess 1 1 1 T 1
o Lo Load Contents of Registier RARRta 1 0 1 0 R R R R neL Dasignal Cammand Ling LI I T 110
ﬁ Agcumulator :
E XCH Exchange Gontents of Register 18 1 R R & R MNOTES: )
= ARAR and Accurnutaior [1} The condition cade is assigned as lallows:
=] BEL Branch Back and Load Dava 000D 1 1 0 ¢ -0 0 D O C1=1  lovert jump condition
o to Aconmulalor £q9=0  Notinvert jump condition
LOM Load Dara D000 to Accomulator 1 1 0 oD oD oo Ca=1 Jumy i accumulater is zero
Cz=1 Jump if carryllink isa 1
Cq=1  Jump il 1est signol s a G
_|23 ARRE is tha addrass of 1 of & index register pairs in the
PU,
{3 RRRR is tha addrass of 1 of 16 indax ragisters in the
CPLL

(4} Each RAM chip has 4 regisiers, each with twenty 4-bit
characters subdivided imo 16 mam memory characrers
and 4 status characters. Chip numbar, RAM ragister
#nd main memary character are addressed by an SRC
instruction. For the selected chip and register, how-
ever, stalus character facauions are selecued by the
instruction eode (OPA),
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ROMs

4001

256x 8-BIT
MASK PROGRANMABLE
ROM and 4-BIT I/0 PORT

The 4001 is a 2048-bit metal mask programmable ROM providing cus-
torn icroprogramming capability for the MCS-4™ micro computer set.
11 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 ¢y, and a SYNC signal supplied by the CPU, Addresses are re-
ceived from the CPU on thres time periods following SYNC, and select

L 163 uny
s [TE]2 ] mILA P
.lllg o, [Jr oy :III:'I&I"
o, ]+ [E] mi[TY
s Y5 12[0%e
afecqe  ofe] S
e Cm B e Gt
o fae Y s aeso

#0 :
dpor 9 S¥NT
—-———g

1 out of 2568 words and 1 out of 16 ROM's. For that purpose, each PV
ROM is identified as #0, 1, 2, through 15, by metal opticn. A Cammand .
Line {CM} is also provided and its scope is to select a ROM bank {group f
of 16 ROM'S} :“H_-_ r,;:;rs.\ [————————aRsT
During the two time periods {My & My} following the addressing time, byose—w] our [+ conteoL
information is transferred from the ROM to the data bus lines, Pt
A second mode of operation of the ROM is as an tnput/Output control
Device. In that mode a ROM chip will route information tc and from wemony -
data bus lines in and out of 4 1/ external lines. Each chip has the cap- Mk wou
ability to identify itself for an 1/O port operation, recognize an 1/0 port e xa
instruction and decide whether it is an Input or an Qutput operation
and execute the instruction, An external signal {CL) will asynchronously CLEAR "o o ————
clear the output register during normal aperation. TTERrAGE vecobeR
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 Vpp or Vgg is also 170 ¥ 101y
optional, v, 10,
4308 s D o P
X s [0 [ o
e (] [ v
BK o e Fiape
[T [ ]
MASK PROGRAMMABLE ROM nd =B
o 12 [ mwo
: LHm ) Eln™
The 4308 ROM is organized as a 1024 x 8 ward array. It is functionally arl 0[]
identical to four 4001 ROMs, as well as electrically compatible to all ";E'“ “g:
existing MCS-40™ elements. caron [l e
s Tl P,
The 4308 also has 16 programmable 1/O lines arranged in four 4-bit vt Bt
ports. Each line may be mask programmed a5 either an input or output
line, The 4308 responds to the
RDR, WHR, and SRC commands oot I — i o,
for 170 operations. L 1 -
12 =0 vop
Chip select number is set by metal mrmo I l l l 1 I hanA™
rnask option, s croae B
Oy O] DATAEUS —— jonagss Aok Ay
Dy e slnNJ';nFl;L LOE"-? Dtagg(n :> e
P
RESET > 1 * +- 4} ] |
—= 1 ] ——rie ) a—
I M il T
¥in 115 RIEVS 1
|.'I)9“D'ﬂf 1 DP‘D'FT I-‘):‘DR' Vo I;DI'IT
l]?lyﬁl&l“ 5[4 13 [ lll' Isllﬁl\l lﬂl}ﬂl‘Sl‘a
=]
Wiy Ly (LI 10 10y 13y
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ROMs

4316

16,384-BIT STATIC
MOS ROM

The Intel®4316 is a 16,384 bit static MOS read
only memory organized as 2048 words by 8-bits,
This ROM is designed for microcomputer mem-
ory applications where high performance, large bit
storage, and simple interfacing are important de-
sign objectives.

The 4316 access time is 2 usec,

The inputs and outputs are fully TTL compatible,
This device operates with a single +5V power sup-
ply. The three chip select inputs are pragrammable.
Any cambination 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, facili-
tate easy memory expansion.

a1 = 24 [ vee
I z#20o
a2 z[]e:
a4 210y
aal]s 2[Jo.
s EE] m Y
4316
¥ m | w[Jos
I m ] wlo
A m [ I m [-%
a5 15[ Jesy
A [ ]es;
[y m [ 1a[Jcs, 0, 0; 03 0, O5 Og Oy Ty vee
LA b
Ay ——1 | CUTPUT BUFFERS H“E%szl
Ao I N A |
Ay — ¥ DECOUER 1 OF 1653 I
= cHip
s — % (EEREEEE S
ry s PROG
A — 2
5
f 2t = tid
n —— B [+
o — E LY E 16, 34 BIY
4 -] g CELL MATRIX CHIP
~—THE BTl
= U FFERS)
PYR— -
Ag ~——] T —
 — e

MCS-40"

CUSTOM ROM
GENERAL INFORMATION

BACS & CUSTOM RO UROEA FORM

A Murak Murksd KON

A

. thy i O Zamn PR TRl 0t Dk g T 1 b L, B e G IR b
ot By e s Bords 101 1 ek b L2t £ R B0 (Al ARty 1
201 Vel bk i i,

CUSIEMER % #ree
ST e 22 S
o numeen -
anr o
mte oAtE L e
INTEL STANDARD HARKING
The Mk g i S a1 rahl musn conisn e I b 4 paont rree by
1he Grsrn tare (FADS, 3he s S0 Brest Gamiam mum
b APRPPE u qaie code [XKNAD Ind the e g i I ERXK 2T

P (EA13 A ol ciane derdcaien numkar o i
s e Wby rer dor e phin eumber 4221 4
Deranal Cutsarmr Yumter [Macvmum B <baraoes o @l
MASK J8TION SPECIFILATIONS
A CHIPHUMBEH | et se ipes ol - anv nomer faom € maug 15 - 001
B D CRFION — Spmts tra canseriion nombers for pach 20 g Ines pagal. Erameisc ol s ol (e comests 10
ZD1eE e e Bl

© 400 CUSTOM ROM PATTEAN - Progrpremirg silnimann ihoyid b s in i fam ol <omguler panched
TN oo O T 1 CHER, § 04T U1 0 T S RalE g g e o e b Inie'y il
Carlts] Tin camckene AphaReriiva ANkARiTly, Hewiad Bomqcn im o
i Ll b pmllben mua P - =
W T u b gl gt ® IS U (Raganin o 7
oy thar NCH = RAPFP FRPRE = 4000 GO0H

gL = otic T

40071 Custom ROM Order Form

All custom ROM orders must be submitted on forms provided
by intel. Programming informatien should be sent in the form
of computer punched cards or punched paper tape. In either
case, a print-out of the truth table must accompany the order.

Axm
naw

intgl

2300 ML Wbt AR

408 CUSTOM AOM ORDER FORM

l - - o

[ L T —

LLLLEL) LTI | I
[T — | -
oare . uari e

Stire 8 sk o gt B Tomm i e s

® paam e | o
it (ne k| 1ER I
et LD T a2 [r—

Comimn e

R o o]

B 1 e bt e e T s el b Dme e

T

gy |
waa, L # n

)
T

1513 5
el els
]

4308 Custom ROM Order Form



PROMs

) DATAQUT1  DATAOQUTS
= OUTPUT
. &5 — BUEFERS
PROM 2018 617
. . - PRQGRAM —a- FROM MATRIX,
The 4702A is a 256 word by B-bit electrically pro- 1256 X B}
grammable ROM ideally.suited for microcomputer T
systern development where a fast turn-around and
pattern experimentation are important, The 4702A 42 2| Voo CECODER
circuitry is entirely siatic; ne clocks are required. n1|: 2 23| ) Ve 1
Access time is 1.7 usec. A 3 Pt
DE j ce INPUT
The 4702A is packaged in a 24 pin dualinline  -paraour 1 Ja wse 21 J4s DRIVERS.
packane with a transparent lid, Thf: transparenlt lid -pata Ut 2[5 [ A t f ————— 1‘
allows the user to expose the chip to ultraviolet Ag A4 Ay
light to erase the hit pattern. A new pattern can  "DATA0uT3[ s 47024 19[4
then be written into the device, oaTaouT a7 18 :]Ag
The 47024 is designed for use with the MCS-40  -paraours[ |s ) Ar
CRU's. *oATA OUT 6 |9 16 ":]vGG
A pln—for-pln. n'!etal mask programmed ROM, -the ~oata out 7[ [0 15 Ve
Intel 1302, is ideal for large volume production
funs. *oata ouT 8[| 11 imse i =
vee [z 13] "] PROGRAM
*THIS FIN IS THE DATA INPUT LEAD DURING PROGRAMMING.
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RAMs

ONE GF FOUR REGISTORS
ol Y

F THE A&t ARRA
4002 od "

MEMORY ChisRaiTeRa [ ] T

pare |1

320 BIT RAM and o
4-BIT OUTPUT PORT -

LTI
CLOCK

The 4002 performs two functicns. &As a RAM it stores 320 bits  wast .}"'I:
arranged in 4 registers of twenty 4-bit characters each {16 main a0

L
QuTrn
LINES.

AR 1N MERGIA ¥
O THADUGH G

b, JHARD WRLD
"o | twek SELELT
L

&
H
SEE I

- + . hil.4
memory characiers and 4 status characters). It is provided with i v PEsEr . BEN
4 output lines and associated contrel legic to perform output M TaTus cunhacter o T
. |
I - = -1 ETaTus cHARACTERS
Ope ations STatus EIH.QRQC'EH3 ! ]» A THRAUGH T

In the RAM mode, the operation is as follows: Whan the CPU
executes an SRC instruction (see Basic Instruction Set) it will .
send out the contents of the designated index register pair dor- ’“‘——"" °
ing X2 and X3 as an address to the RAM, and will activate one
CM-RAM fine at X5 for the previously selected RAM bank,

nTg TATA CHTPOL ——
The status character locations (O thraugh 3} are sefected by the :,H_,_ min - [*—f mgeienon [+————= 7,
OPA portion of one of the 1/0 and RAM Instructions. . Paeae] p——

Far chip selection, the 4002 is available in two metal options,
4002-1 and 4002-2. An external pin, Py {which may be hard
wired to either Vpp or Vgg) is also available for chip selection.

SODRES
SuTRIT AEGIETER
#ORT AND
DECEAER

Unuwess

L% 05
REGD

All communications with the system is through the data bus.
The 1/Q port permits data out from the system, When the ex- ' [ l H
ternal RESET signal goes low, the memory and all static flip-

flaps {including the output registers) will be cleared. To fully
clear thé memaory the RESET signal must be maintained for at
least 32 memory cycles {32 x 8 ¢lock periods).

L} 33
R

oaws,
tTabu
W ixa

L
41 01 a 22 [Jvee
4[] 2] a,
1024-BIT STATIC MOS RAR; & s 2 [T am
WITH SEPARATE I/O . ]+ w P&
8 [1s 13 [] oo
The Intel®4101 is a 266 word by 4-bit static random access - R ] cez
memory element using normally off M-channel MOS devices M=l % oo
integrated on a monclithic array. 1t uses fully DC stable (static) ano ] s sBo ¢
circuitry and therefore requires no clocks or refreshing 1o op- ¢
2 ‘erate. The data is read out nondestructively and has the same o] 14 [ oo,
g_E ) polarity as the input data. oo, [ 10 . mPoy
E = The 4101 access time s 1 s, Plz " 12l eo,
= The 4101 js designed for memory applications where high per- .
formance, low cost, large bit storage and simple interfacing L | _go v
are important design objectives. Ay i{;—: [ | ROy G:;
It is directly TTL compatible in all respects: inputs, outputs, I iy, L
and a single +5V supply, Two chip-enables allow easy selection Ay gﬂ_ FeoLumkS
of an individual package when outputs are OR-tied. An output A ﬁ_h: |
disable is provided so that data inputs and cutputs can be tied ‘@ T T
for comman 1/Q systems. Qutput disable is then used to elimi- A ?V SOLUMN |10 CIRCUITS
nate any bi-directional logic. B iy -
oS 2 | [N
i CONTROL
"oy ——F ] “00;
tHa b—‘o—'b‘——“ a0y
e <00

(- PIN WuMBERS
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4003 pATA IN[ ]2 15 5ERAL DUt

nmuﬂ{u“c : 1 oo

CUTRUTS
10-BIT SERIAL-IN/PARALLEL-OUT e P
SERIAL-OUT SHIFT REGISTER (SR) s N S
The 4003 is a 10-bit static shift register with serial- CARALLE e "H outers
in, parallel-out and serial-out data. Its function is 1o ﬂuﬂl'tﬂ; LA 100,
increase the number of cutput lines te interface Yoo Yos u,s ] m D
with /O devices such as keyboards, displays, T I
printers, teletypewriters, switches, readers, A-D IE i
converters, ate. M TLERR 1 I I I I ! 1 ] i l -

Data is loaded serially and is available in paralle!
an 10 cutput lines which are accessed through en-
able logic. When enabled (E = low), the shift regis-
ter contents is read out; when not enabled (E =
high}, the parallel-out lines are at Vgg. The serial-
out line is not affected biy the enable logic.

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

CP
o

BINaRY
COUNTER
DELAY

N
BT SHIFT REGISTER]
ISTATIC CELLF| |
[ ] |
1 [

T
|
I FJOELAY o
|
|

|
Li

10, £ iy et
. . . P - | [ Ly

The data shifting is controlled by the CP signal. An (EMABLE] . T e b

internal gower-on-clear circuit will clear the shift [ S A B NN

register (Q; = Vigg} between the application of the
supply voltage and the first CP signal.

T
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4004
SYSTEM INTERCONNECT
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CM-RAM 1
1 CA009
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4207, 4209, 4211
GENERAL PURPOSE 1/0

™

These three F/O devices expand MCS-40 CPUs, Each device
has four 4-bit ports designated as input or output. They
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-
trol, Contains the output data word{s}, One 4-bit
output port as a control source to steer data and
control 1/Q device. One 4-bit input port for 1/0
status input data.

4209  Twao 4-bit input-ports for 1/0 input data. External
strobe simuttaneousty loads input buffer. One 4-bit
input pert for 1/Q status input data, One 4-hit out-
put port for /O control data.

4211 Twa 4-bit input ports. Two 4-hit cutput ports.
This device is usefu) for byte transfers.

4207, 4209, 4211 FUNCTIONAL BLOCK DIAGRAM

1 — Y-
BYRG & TIMING
12 L : 0%
M o -1‘—Ovpn
-0 Vg
L ¥
0y O—wt—22e]
Dy C—w—mpe-] OATA BUS CONTROL
8 INGUT  |an—]
bz 0—*—‘;—* BUFFER LOGIG
DS Ol |

RESETG‘S T T f

22 4 BITS
CLRALD
W wi} h@

/0 PORT KO PORT FOPORT KO PIRT
o 1 2 3
4207 0g—03 4207 Dg—O7 4207 €y~ L 4207 553
4208 fg=13 4200 1a=17 4209 Cp—Ca 4200 $5—S3
4211 0p 0y 4211 007 A211 Ig—1z 42111317
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PERIPHERALS

4008/4009

STANDARD MEMORY AND I/0 INTERFACE SET

The standard memory and 1/O interface set {4008/4009)
provides the complete control functions performed by the
4001 in MCS-4 Systems. 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 perts and sixteen four-bit output ports.

It should be noted that in any MCS-4 system the program
memoery is distinct from the read/write data storage {4002
RAM). Using the 4008/4008, programs can now be stored
and executed from BAM memory, but this RAM memory
is distinct from the 4002 read/write data storage. RAM
program memary 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
Q011). When an instruction is to be stored in RAM pro-
gram memory, it is written 1 two four-bit segments,

The 4008 is the address latch chip which interfaces the
4004 to standard PROMs, ROMs and BAMs used for pro-
gram memaoary, 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 hit program address is then presented at pins Al
through A7 and the four bit chip number {alsc 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 memaory is selected.

The 4008 then transfers the eight bit instruction from pro-
gram memory 1o the 4004 four bits at a time at M7 and
MZ. 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 {CC through C3) at X1 time.
The appropriate 1/0 port is then selected by decoding the
chip select lines, The IN and QUT lines of the 4009 indi-
cate whether an input or output eperation will oceur,

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 /0 input
buffers to transfer the input data from the 1/0 bus to the
data bus. When the 4009 interprets a WRR (Write ROM
fort) instruction, it tranfers output data from the CPU
- to the 1/0 bus and sends an output strobe (pin 10) 10 en-
shla the selected autput part.
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PERIPHERALS

4201 ~

) sun ]+ (R
CLOCK GENERATOR o] b v
The 4201 generates the two phase clock signals used hy the v ] 2 ] e
MCS~4UWCPU'S, ROMs, RAMs and 1/0 circuits. Both MOS and voo [ ¢ 5[] nesex
TTL level signals are available, Only an external crystal is re- o 4201 )
yuired for the 4201, An internal divider selected by the MODE mooe [ = 1 [7] meser
line divides the crystaf frequency by seven or eight. A RESET w oeen [ i [] sror
signal generator is alse provided for power-on or external reset
requirements, g w [ me
Switch inputs and the STOP and STOP/ACK signals provide [ #[0w crosea

the means to single step the 4040 CPU.

1

—- ay
KTAL [alt wux —a| 2ok .7 GEM. - oS
a 2,
et 2 | vz ORIVEA 2 1

MOOE OF i i + st
N T
RESCT I 0—’- A T
| N e
REEET OUT O L
M.k D - e | Smwie | —1 STOP
M.C. - —l STEP FiF I——— l i ETOP ALK
gy Voo GROUND
4289 The 4282 enables the CPU devices to utilize standard memory components —

PROMs, ROMs, RAMs, in a memory array to facilitate system program de-

STAN DARD ME MORY velopment.
INTERFACE The 4289 also contains an 1/0 bus enabling expansion of the ROM 1/0 ports,
using the ROR and WRR commands. The READ PROGRAM MEMORY

[RPM} and WRITE PROGRAM MEMORY {WPM) commands allow the user
to store data and modify program mermaory.

e [ 0[] veo The 4289 directly addresses 4K of program memory, and is a functional re-
o[z [ Jwo placement for the 4008, 4009 pair of standard memory interface and 1/0 de-
o] 2 31 [ ve, vices. Programs generated using the 4289 may be committed to ROM {4308
5[] = ar[] vos and 4001} with no software changes.
2
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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
microgamputer systems,

B TTY interface, front panel designer’s console, and high
spead paper tape reader interface, in conjunction with
PROM resident system monitor provide complete pro-
gram loading, punching, monitoring, interrogation, and
alteration capabilities.

2 Program RAM (4K 8-bit bytas) provides a program de-
velopment medium which lends itself to rapid and Tacile
program monitoring and alteration,

8 Data RAM (320 4-hit bytes expandahle to 2560 bytes)
provides data storage capacity,

® Program PROM {expandable to 4K 8-hit 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 degigred
specifically to support the development and implementation
of 4004 CPU based micracomputer systems. Its madular 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 madules {CPU, RAM,
and PROM PROGRAMMER), power supplies, 1/Q connec-
tors, conscle, and displays, The heart of the system is the
imm 4-42 central processor module built around (ntel'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 aceess memory ele-
ments. The imm B-76 PROM programmer module provides
the capability of programminyg Intel 1702A PROMs in con-
junction with the front panel PROM socket and system
monitor. All 1/O ports are TTL compatible and accessible
from the back panel 37-pin connectors. The front panel de-
signers console provides a means of monitoring and ¢on-
trolling system operation.

The Intellec® modular design allows great design system
flexibility. Program PROM can be expanded to 4K B-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/O capability can be expanded to 16 4-bit input
and 48 4-bit output ports using optional imm 460 and
4-24 modules. The universal prototype card (imm 6-70) in
conjunction with the eleven optional card sockets (which

= PROM resident system monitar, RAM resident
assembler.

B pcludes program development faatures such as address
search {and pass count], next instruction indication,
program flow verification.

m |/Q 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
peripharal devices).

® 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 conscle, a teletype, the imm 4-90 high spead 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 memaory
contents, menitoring 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 putput paper tapes and execute the
system monitor.
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INTELLEC SYSTEMS

INTELLEC® 4/MOD 40

MICROCOMPUTER DEVELOPMENT SYSTEM

= Complete hardwarefsoftware development system for
the dezign and implementation of 4040 CPU based
microcomputer systems.

® TTY iaterface, 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.

& Program RAM (4K 8-bit bytes} provides a program
development medium which lends itself to rapid and
facile program manitoring and alteration.

® Data RAM {320 4-bit bytes expandable to 2560 bytes}
provides data storage capacity.

= Pragram PROM (expandable to 4K 8-bit bytes) in con-
junction with the resident PROM programmmer provide
capability of simulating final ROM resident program,

The Intellec 4/MOD 40 {irmm 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/MGD 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 4-43 is a complete microcomputer system containing
the system clack, 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 containg a 4K x 8 memory array compased of Intel
2102 static random access memory elements, The imm 4-72
contral module containg the circuitry required to interface
the central processor module to the program RAM module.
The imm 6-76 PROM pragrammer module provides the cap-
ahility of programming Intel 1702A PROMs in conjunction
with the front panel PROM socket and system monitor, All
IO ports are TTL compatible and accessible from the back
panel 37-pin connectors. The frent pane! designer's console
provides a means of monitoring and controlling system
operation.

The Intellec® modular design allows great design system
flexibility. Program PROM can be expanded to 4K 8-bit
bytes using imm 6-26 or imm 4-22 optional modules. Data
RAM can be expanded to 2560 4-bit bytes using imm 4-24
modules. I/Q 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.

8 Includes such standard program development features
as program single step, address search {and pass count],
next instruction indication, program flow verification.

B /O expandable to 16 2-bit input ports and 48 4-hit out-
put ports {all TTL compatible) allowing “hands-on'
simulation of entire user system {(processor and
petipharal deviges),

.= RESET, STOP, INTERRUPT control signals available

1o user via back panel.

» Modular design with expansion capability provided for

up to.elavan optional or user designed modules,

The user RESET INJOUT, STOP/STOR ACKNOWLEDGE,
and INTERRUPT/INTERRUPT ACKNOWLEDGE control
signals are all available at the back panel. Hence, the user
can interrupt, halt, and reset the resident CFL via his own
interface.

Program interrogation and alteration can be accomplished

by using any desired comblnation 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 subeycle, “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
m TAPE MOVEMENT 8 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,
a8 TAPE CHARACTERISTICS
Tapes must be prepared to ANSI X 3,18 » 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% (ciled Fanfold Paper Tape
buff paper tape}. Hardware Manual
Tape toading: in line Installatian and Operations Guide
Tape width: 1 inch Fanfald Guide installation Instructions

NOTE: Operation of the imm4-90 in
conjunction with the intelfec 4/M0OD &
and Intelfec 3/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 hexadecimat format,

At lesst one optional imm4-60 Input/Qutput Madule must be included in the Intellec system to provide the required reader
input and output ports.

of
AN Lo haha bbb d B\ 2
(T ==
W e HIHHEENANRN =Z
A AN ~
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MCS-4 PROGRAM ANALYZER

PA4-04 PROGRAM ANALYZER FOR
MCS-4 DEVELOPMENT SYSTEM

The PA4-04 Program Analyzer is & compact (9" x 9
% 1.5”) portable unit providing a powerful real-time analysis
capability for MCS-4™ users. It was designed as an MC5-4 de-
velopment too! and for convenient field service of micro-
computer systems. Applications consist of software and sys-
tem debugging, CPU data logging, program event detector,
address carmparator, binary display unit, and trouble shooting
in the field.

The analyzer connects to the 4004 CPU via a 18 pin DIP-
CLIP and displays all of the significant CPU parameters, LED
displays thus latch and display the contents of the four hit
data bus disptaying the address sent out by the CPU, the in-
strugtion received back from ROM and the execution by the
CPU. Displays also indicate which CM-RAM line is active
and what the {ast RAM/ROM point is (SRC-instructions). In
the free running mede 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

tatch the data at the sefected 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 ADDARESS.

SEARCH CONTROL and TEST switches provide addi-
tional features for easy program debugging. .

All disptayed parameters are also accessible in buffered
TTL form via external 16 pin [P sockets on the back panel.
This allaws for external monitoring needed for data logging
applications.

The PA2-04 requires a single external power supply (+5V
DC, 2.04} which is connected to hanana plug provided on
the back panel.

®

L3

MSTRUCTIGN
[ 2

Mz

¥

EXECUTHIN

ACTIVE BANK
—— LM-AAM —— @

PASS ODUNTER

IIIIIIIIIIII@@

[ a *2

LAST AAM/AOM POINTER
3 e RO ——

3 mm— GAC{NDY w1

SEARCH ADBRESS

TEST EAF{CH ﬂDDﬂESS CONTFUOI.

e




iIntal  silicon Gate MOS 8008, 8008-1

SINGLE CHIP EIGHT-BIT PARALLEL
CENTRAL PROCESSOR UNIT

@ Instruction Cycle Time — =B 48 Instructions, Data
12,5 s with 8008-1 or 20 ;s Oriented
with 8008
m 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 nesling of
subroutines up to seven
B [nterrupt 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 fiag 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 18K words of memory (any mix of RAM, ROM or S.R.).

The instruction set of the 80089 consists of 48 instructions including data manipulation, binary arithmetic, and jump 1o sub-
routing,

The nermal program flow of the BODB may be interrupted through the use of the INTERRUPT cantrol line, This allows the
servicing of slow /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 CrU

Block Diagram Oy-0,  BIDIRECTIONAL

I DATA BEUS
BUFFER

——
ERITh
INTEAMAL DATA BUS INTERNAL DATA BUS
T ‘T’\ 1]
F4% - Le)
< L4 L] H
TEMP, REG, TEMP, REG, INETRUCTION STACK ACCUMLUILATOR
i} 181 ;] 1B REGISTER &) MULTIFLEXER 18 '
w1
F FLAG FROGRAM COUNTER ] &
r FLIF-FLOPS ] a1 - REG. @ o]
s =
8 ¢ =]
INSTRUCTION LEVEL MO d AL =
e =
nJARITHMETIC & o
e DEgggER & LEVELNO.2 0y u REG, 18 =
UNIT MACHINE [ = LEVELNO.3 @ E
faLur T | CYCLE 2 ¢ ) g REG, I8
- ENCODING 2 = ]
4 x LEVELNG. 4y HEG., (8
' g [
5 LEVELNG.S REG. ot
LEVELNG.S SCRATCH
PAD
| LEVELWND.7 .
- TIMING ADDRESS
aND STACK
CONTROL -
POWER [ — _av
SUPPLIES T sy
STATUS INT READY SYNC CLOCKS
50 51 82 INT  AEADY SYME 1 ol
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8008 MICROPROCESSOR

8008 FUNCTIONAL PIN DESCRIPTION

S —
Yo —]1 18 |+—0 INTERAUFT
D, e 2 17 [=—C READY
D, O] 3 16 |+—0 o,
D Omw]d  yyp 18 |0 ¢
DATA | Dy Ol 5 8008 19 w0 5YNC
BUS | D, Ow-sl6 13 =0 5,
0, Oae]7 12}—»-0 S, [-STATE
b, Oww{a Nnp—=-cs,
Oy O] 0 Wh—o0 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 availabie.

INT

INTERRUPT input. A logic “1" level at this input
causes the processor to enter the INTERRUPT
mode,

READY

READY input. This command Jine 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.

éq, o

Two phase clock inputs.

S0, 81, 82

MACHINE STATE OUTPUTS. The processor con-
trofs the use of the data bus and determines whether
it will be sending or receiving data. State signals
Sp. $q, and S7, afong with SYNC inform the pe-
ripheral circuitry of the state of the processor,
Voo 5V 45%

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?Dstnanaﬁzﬂl%l

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instractions must be stored
in successive words in program memory, The instruction formats then depend on the particular operation
executed.

TYPICAL INSTRUCTIONS

Ine Byl drstructaons

F‘?Qlil"f 0 FEQueler, MEMDry 123830
0 Dg Dg Dy O Dg By O . :
!e 5 a3tz To OR CODE 10 arahmenis or 1ogecal, rane g

T Bure Indesyetion s rEdun nslruchions

Uy B Ug Oy 0y Oy 0y Op Ok CODE
D, Og O4 04 D
O DgDg DDy O3y Oy GPERAND Insme eate MGHE nitFuchiong

Threa Hyle Insireciions
LOW ACORESS . JUMP or CALL insirucnions
HISH ADDAESS® *For the third Byl of thet insinciicn, Og and Dy ME “don'L gaie™ tls.
T = IR LI B - B [Era T H
For the MCS-8 a logic “ 1™ is defined as a high level and a logic 0 is defined as a low level,

Indax Register |nstructions
The 1oad instructions do naot affect the flag flip-flops, The increment and decrement instructions affect all flip-
flops except the carry.

MINIMUM INSTRUCTION CODE
MNEMONIC | STATES 0;B; DgD,0z DyD,D, CESCRIPTION OF DRERATION
REQUIRED
Mmov g,y {51 11 [N ] § S § | Lead index register rq with the content of index register iy,
T oy rod 18} 11 ooD T 11 Load index register r with the coment of memaory register M,
KAV B, ¢ i 11 1 11 5 5 § |Lsoad memory register M with the conient ot ndex register r.
3l v e gt ¢ 9 c oo A o Load index register r with dava B _ _ . B.
B B8 E B B B B B
MR &l oo 111 110 Load memory register M wirth dara B, , | B,
B & B B B 8 8 B
LN 1] a0 D DD 0 0 0 jlincrement the conteny of ingdex register r ir £ A),
== | (5} f 00 o oD 0 0 1 | Decrement the content of index register 1 {r ¢ A},
Accumulator Group Instructions
The result of the ALU instructions affect all of the flag flip-flaps. The rotate instructions affect only the earry Hip-flop. g
—
ADLD T 151 10 o000 5 5 5 | Addihe content of indes register r, memary register M, or data 2
ADID M 18 1.0 o oo 11 B ... B 1o the accurmulator, An overilow dearryl sets the carry =
01 I 0 000 100 | tiptop, 8
E B B B B B & B
| ADCr (5 10 L | 5 5 § |Addrthe conter of index register v, mamory register M, or data
" anGm {8} 10 Qa1 11 1 |B.,. B from the accumulator with carry, AR ovedllow {earry}
ACI &y Q9 [ | 1 0 0 |setsuho carry 1lipdlop.
g B B 8 B B E B
SUB 15} 1.0 g 14 % 5 S |Subtract the content of index registar r, memory tegister M, or
SUB M 81 10 a 1 0 1 1 1 |dara® ... B from the accumulator, An underllow {borrew}
s 18} o0 a1 4 1 0 0 |salsthe carry Nip-llop,
BB 8B B B B
SBB r 13} 1.0 9 11 5 5 § |Subrract the conrenl ot index regisier r, memory register M, or dats
SBB M (g 1.0 011 1 1 % |daraB ... B tram the accumulator with borrow, An underflow
SB1 £:13 0o 01 1 0 0 |{borrow) sets the carry flip-flop,
8 B B B B 8B B B
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8008 MICROPROCESSOR

BASIC INSTRUCTION SET

MINIMUM INSTRUCTHON COGE
MNEMONIC STATES D, DB &_’ D4 D:.l Dz DI IZb DESCRIFTION OF OPERATION
i REGUIRED

BN AT {5l 1.0 1. 00 5 5 & | Compuie the logical AMND of the cament of index register r,
AN M i8] 10 1.0 0 11 1 rerrary register M, or data B ., . B wath the accumalator.
AN 18} LI ] 100 100

B B B B B B E B
XRAT 1] 10 1.0 1 5 § 5 | Compuwe the EXCLUSIVE OF of the content af index register
XRA M _Lay 1.0 1.0 1 1 1.1 | r, memory cegister M, or data B . . . B with the accumulater,
xRl 8l G0 1 a0t 100

8 B B 8 B B BB
GRAT {5 1 0O 1 1 0 5 5 5 | Compule the INCLUSIVE OR ol the content of mdex regisrer
OR A K [5:1] 1 0 1 10 111 r, memory register m, or data B . _, B with the accumulator,
OR| {8} 00 it 0 100

8 B BE 8 B B B B
CHP ¢ 5] 1 0 11 1 5 5 5 | Compare the conren of index register r, memory register M,
CHP 1 [1:1] 1.0 1.1 1 1 1 1| erdataB ... B with the accusmulator, The conent of the
CPi {8} no 111 1 0 0| ageurnulator i unchanged,

B B B & B B B B
ALL 5} o0 0oaon 0 1 0| Potawe the content of the ace laf1,
RAC [§3] [ ] 001 0O 1 0| Rotate the santent of the accurnulator right,
AAL {1 00 a1 0 0 1 0| Potste che cantent of the tef1 through the carey.
AR {51 Q0 a1 1 0 1 { | Rotate the content of the accumulator right thraugh the carry,

Pragram Counter and Stack Control Instructicns

(4} smp 11} a1 X X X 10 0| Unconditionaay jump to memory address By B3B3 .. 82,
By B2 B2BzBy B BBy
x X B3 B3B3 Bz B3 By
18) yrc, sz, {9or 11} [ | 0 Caly O 0 0| Jump o memory address By, .. Bafiz .. . By if the condition

I ko ByBy ByBzBz B2 Bz By fiptlop is false, Otherwise, execuls the next in-iruction in sequence.
¥ x By 8483 BafaEy

Je,Jz 9ar 11} 41 1 €4Cy O 0 O Jumpto memory address By ... B3B2 ... B3t the condition
Jha. IPE Ba 87 B> By By Ba B Bp| Nip-lop is true. Ctherwise, execute the next instruction i stquence.
XX B38383 B3B3Ey
CAaLL {11} a4 1 ¥ X X 1 1 0| Unconditionally cell the subroutine at memary address By, .,
Ex By Bg By Ba Bz B3 Bp| BaBy ... B3 Save the current address {up one lavel in the stack),
X X Bz 83 By Ez B3 Eq)
CNEC, CHZ, t9ar 11} LI | 0 C4Cy O 1 0 Cal the subroutine at memory address By .. .B3Bo ... B2 the
&P, cro By By BpBz By  B7 B2 Byl condition flipflop is false, and save the current address lup one
X x B3 B3 By B3 B3 B3| level inthe stack.) Otherwise, execote the naxt instruction in sequence,
cc, cz, 9or 11} o1 1 €C4Ca 0 1 0 Calthe subrouting al memory address By ... B3B2 .., By if the
CM. CPE Bz Bz B2 By B2 Ez Bz 32 condition fHip-flop is true, and save the currer address fup one
o Ba B3 B3 B3 Bz Ba| level in the stack), Otherwise, the next i ign in seq
HET {5} oo X X x 1 1 1| Unconditignally return {down one level in the stack).
:y‘cé:gz, {3 or B) L1 ] 0 C4Cay 0 1 1| Retwn idawn one lavel in 1he stack) if 1.he condition Nip-Flop is
ol false, Orherwise, execute the next instruction in sequenge,
o E 2"\:"- F';iE {3or Bl oo 1 C4C€3 0 1 1| Return (down one level in the stack) if the candition flip-flop is
S ; ' trug, Otherwite, execute the next nstruction in sequendce,
= E R5T 150 g o A B A 1 0 1| Call the subrouling a1 memory address AAADDD (up one level in the stack],
] InputfQutput Instructions
1IN e:1] o1 a0 M Mt 1 | Read the content of the s2lected input port (MMAY into 1he
accurnulator. :
ouT te} 0 R R M M 8 1 | Write the content of the I inta the selected autput
por {RAMMM, R # 00,
Machine Instruction
HLT tat ‘ 00 ©0OGG GO0 X] Eater the STOPPED state and remain thers until interruped. J
14 11 L 1 1 1 .
NOTES:
{11 855 - Sourcs Index Register } These repisters,_ r, are designated Alaccumulator—000F,
pOO = Destination Index Register | B(001], CIO10}, {011}, EN1QGH, HO101), Li110],

121 Memory registers are addressed by the cantants of registers H & L.,

3 Bddirional bwtes ol instruction are designated by BEEBBBEE.

14} X - "Dan’y Care’".

15} Flag flip-flops are defined by C4C3 carry (D0-averflow or underliow), 2ero 101-result is zerol, sign (10-MSB of resuttis *"17),
parity [11-parity is esen]
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intel® Silicon Gate MOS 8080
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

= 2 u8 Instruction Cycle » Sixteen Bit Stack Pointer and Stack
. Manipulation Instructions for Rapid
» Powerful Problem Solving M .
Instruction Set Switching of the Program Environment

: ; Decimal,Binary and Double
= Six General Purpose Registers " s e e :
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 I/0 Ports

The Intel"8080 is a complete 8-bit paraltel 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 selution to control and processing applications.
The 8080 contains six B-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individuatly 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 inffirst out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen hit
stack peinter controls the addressing of this external stack. This stack gives the 8080 the ability 1o easily handle muitiple level
priority interrupts by rapidly storing and restoring processor status. |1 also provides almost unlimited subrouting nesting.
This microcoprocessor has been designed to simplify systems design. Separate 18-line address and 8-line bidirectional data
busses are used 1o facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro-
vided directly by the 8080, Ultimate control of the address and data busses resides with the HOLD signal. 1t provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these husses with other controlling devices for [DMA) direct memory access or multi-processor operation.

o, 0
8080 CPL FUNCTIONAL BI-DII:.EC'I"‘IONAL

BLOCK DIAGRAM DATA BUS

DATA BUS
BUFFER/LATCH

18 BITH 18 BIT)
INTERNAL DATA BUS INTERKAL DATA BUS

F+S £ Y

N
L4

N

‘ I MLFL'I'IPLE)(ERI

r ~

b i
I ACCUMULATOR | I TEMP, REG,
]

INSTRUCTION

18y REGISTER |

< —
F w 181 z 181
FLAG 5t e U TEMP REG. TEMP REG.
ELIP.FLOPS w2
ACCUMULATCR - E) ] FE] £
LATCH 18I o REG. REG. oW
INSTRUGTION r TS o] =
MARITHMETIC m} 7] 181 E 181 5
A
V| LOGIC DEgﬁgE“ a REG, Aea. | =z
) UNIT MACHINE w H 18 [ |__REGISTER ==
! taLuy —— CYCLE @ REG. REG. ARRAY 8
N n ENCODING 2 81
o 1 & STACK POINTER
FROGRAM COUNTER 7|
DELIMAL INCREMENTER/DECAEMENTER
ACLIUST . ADDAESS LATCH 18
L4
TIMING
AND
CONTRAOL ]
16|
POWER | —= +12¥ L ADDRESS BUFFER ! 'I
SUPPLIES | —» +5v DATABUE INTERAUPT  HOLD WAIT f1
WRITE DONTROL CONTROL CONTROL CONTROL $YNC CLOCKS

= T T LT i

WH DEIN  INTE INT HOLD HOLD WAL @1 @2  RESET A
acK READY Pir - Ay
ADDRESS BUS
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8080 MICROPROCESSOR

8080 FUNCTIONAL PIN DEFINITION

The fallowing describes the function of all of the 8080 1/0 pins.
Several of the descriptions refer to internal timing periods. 1]

Aq5.Aqg loutput three-statel

ADDRESS BUS; the address bus provides the address to memory
{up 16 64K 8-bit words) or denotes the 1/0 device number for up
te 258 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 1/O devices for instructions and
data transfers, Dp is the least significant bit,

SYNC {output)
SYNCHRONIZING SIGNAL: the SYNC pin provides a signal 1o
indicate the beginning of each machine cycle, '

DBIN {output}

DATA BUS IN; the DBIN signal indicates to external circuits that
the data bus is in the input maode, This signal should be used to
enable the gating of data onto the 8080 data bus from memaory
or 1/0.

READY {input)

READY:the READY signal indicates ta 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 witl enter & WAIT state for as long as the READY
line is low. READY can also be used to single step the CPL.

WAIT loutput}
WAIT; the WAIT.signal acknowledges that the CPU is in a WAIT
state.

WR ioutput}

WRITE; the WR signal is used for memory WRITE or 1/0 output
contral. The data on the data bus is stable while the WR signal is
active low {WR = 0,

HOLD {input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the BOBD address and data bus as soon as the 8080 has com-
pleted its use of these buses for the current machine cycle. Itis
recognized under the following conditions: -

# the CPU isin the HALT state.

® the CPU s in the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{Aq5-Ag) and DATA BUS (D7-Dg) will be in their high impedance
state, The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

HLDA {output}

HOLD ACKNOWLEDGE; the HLDA signal appears in response

to the HOLD signal and indicates that the data and address bus

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 memary or QUT-
PUT operation.

&30

By O—]1 ~ a0 |—=0 Aqy
GND 0——] 2 39 p—=0 Ay,
D, O=—=]3 38 =0 Ay
Dy Ow—=f 4 37 |—>0 Ay
DB Owel g a6 0 ﬁ15
D, O=—=1§ 35 —+0 Ag
Dy O] 7 M e Ag
o, 0«18 [NTEL =p—c~
D, Ow—=fy 32 f——+0C Ag
D:, Ot 10 8080 3t }—0 Ag
-5y 0—1 11 0 —=C Ay
RESET O0—] 12 20 b—=0 A3
HOLD O=—wf 13 28 |—o +t2v
INT O—={ 14 27 |—=0 A;
"t 0—wtis 26 —=0 Ay
INTE o1 18 25 —=0 Ay
DEIN Ge—of 17 24 —=0 WAIT
wE o=—1 18 23 |=——0c READY
SYNC O+—1 19 . mp—o
By 00— 20 21 p—=0 HLDA

Pin Configuration

In either case, the HLDA signal appears after the rising edge of ¢4
and high impedance ocecurs after the rising edge of ¢o.

INTE {output)

INTERRUPT ENABLE; indicates the cantent of the internal inter-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being accepted by the CPU when it is reset. It is auto-
matically reset {disabling further interrupts) at time T1 of the in-
struction fetch cycle (M1} when an interrupt is accepted and is
also reset by the RESET signal.

INT {input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
guest on this line at the end of the current instruction or while
halted. If the CPL is in the HOLD state or if the Interrupt Enable
flip/flap 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 lecation 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.

Vee +5 5% Volts. .

Vi -5 £56% Volts {substrate bias).

@4, ®3 2 externally supplied clock phases. (non TTL compatible)



8080 MICROPROCESSOR

INSTRUCTION SET

The accumulator group instructions include arithmetic and
logical cperators with dicect, 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 memaory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the pragram
is provided with jump, jump conditional, and computed
jurnps, Also the ability to call to and return from sub-
rautines 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 sccumulator is provided as well as extended incre-
ment and decrement instructions 1o operate on the register
pairs and stack pointer, Further capability is provided by
the ahility 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/Q provided

for in the B0BO instruction set.

‘The following special instruction group completes the 8080

instruction set: the NOP instruction, HALT 1o stop pro-
cessar execution and the DAA instrdctions provide decimal
arithmetic capability. STC allows the carry flag to ke di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulater
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the 8080 is stored in the form of B-bit binary integers, All data transfers to the system data bus will be in the

same format,

Dy Dg Dg D4 D3 D> Dy Dg

DATA WORD

The program instructions may be ane, two, or three bytes in length. Multiple byte instructions must be stored
in successive words in pragram memory. The instruction formats then depend on the particular operation

executed.

One Byte Instructions

Dy Dg D5 D4 D3 Dy Dy Dy | OP CODE

Two Byte Instructions
[D7 Dg Ds D4 D3 Dy Dy Dy | OPCODE
[ o; Ds Ds D, D3 D; Dy Dy | OPERAND

Three Byte Instructions
0y Dg Dg D4 D3 Dy Dy Dg | OP CODE
D7 Dg Dg D4 D3 Dy D Dp
D7 Dg Dg D4 O3 By Dy Dp

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Immediate mode or 1D instructions

Jump, call or direct load and stare
instructions

LOW ADDRESS OR OPERAND 1
HIGH ADDRESS OR 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

51 y of Pt Instructions
Instruction Codel?) Clugkl2) Instruction Godel1] Cloek[2]
Mnemonic  Deseriplion 0y Dg 0Dy 0 Oy O Cyclas Mnemanic  Description D; Og Dy Dy Dx D Hy Oy Cyeles
MOY,q, 2 Mave register to register [ oD o0 DS & 5 5 RZ Raturn an 2ero 11 0 0 %9 Q9 a0 511
MOV M, r Move ragisier to mamoty o1 1 1 8 8 § § 7 RNZ Retwrn on no zero 1 1 b ¢ o 0 0 0 511
MDY r, M Move memory ta regisier Py bR D1TYTD 7 RF Retorn on positive 11 1 1 04 00 s
HLT Halt [N S N D I R ? ;L Return on minuz 11 11 10 00 511
WY Maove immediale register oo 0 DDI 1D ? RPE Return on parity even 11t 4 1 0 %0 511
0wyl M Maove immedisie memory LoD D R N R I | 10 RFO. Relwrn on parity odd 11 1 40 0 0 0 0 511
IHR ¥ Increemanl register pr o opPp1T9Q ] R&T Restert 1T 1 A A A 1 i1 1
DCRr Drecrement register r o 0D D10 5 IN Input | N DO | NS N N { B N | i}
INR M Increment memory oo 1 1 1 D0 L] ouT Dutput i1 0 1 0 1o 10
aCA M Decrement memary (N R T R R A | 1] LXIB Laat immediate register 40 0 0 @O0 10
ADD ¢ Add regizter to A t 0 0 0 0 &5 & 8 4 PairB&C
ADC ¢ Add register to A with carry t 00 0 15 5 35 4 LKI B Load immediate regisler a4 0 0 1 0 O 0 1 10
SUBr Subtract registar from A 1 01 4 8§ 5 5 4 Pairt DA E
5BBr Subtract register from A 0 0 1 1 S.5 § 4 LXIH Load immediate regislar ¢ 0 1 000 0 10
. with borrow . ParH& L - .
ANA T And register with A 101 0 0 s 5 35 4 LX) 5P Load immediate stack pointer @ @4 1 1 0 D 0 1 10
YXRar Excluzive O registar with 4 1 8 1 0 1t 5 §5 8§ 4 PUSH B Push reqister Pair B & [ on 1 0 0 0 1"
DRA Y D¢ register wilh A 1t 1.0 5 § 3 4 stack .
CMPr Compare register with A T 1 1 1 & § 8 4 PUSH D Push register Pair O & E on 11 0 1 0 1 D1 1"
ADODM Add memary ro & R R R R I ) 7 stack
ADC ™ Add memory 10 Awitheerey 3 0 ¢ 0 1 1 1 D 7 PUSHH  Push register Pair H & L on 1 0101 n
SUB M Subtracl memory leom A T 0 0 1 ¢ 1 10 7 stack
SHE W Subtract memory Irom 4 o0 11 1 10 7 PUSH PS¥  Push A and Flags 11 1 1 0 1 0 1 n
with bonow on stack
ANA W Ant mendry with & e 1 01 0D 7 POFE Fop register pair B & C off 11 0 0 0 0 0 1 10
XRAM Exclusive Or memory with A e 1 0 1 1 10 7 stack
aRA M Or memory with & T 0 1 101 10 ? POF D Pop register pair D & € off 1 4 1 6 0 01 10
LMP W Compare memory with A T 1 1 1 1 10 7 stath
ADI Add immediate to A 110 o0 4 1 10 7 POPH Pop register pair H & L off 111 0 0 0 0 3 10
AL) Add immediate to A with 11 0 &t 1 10 7 slach .
Ay POFPSW  Pop A and Flags 111 1 00 0 1
su Subtract immediate from & 110 1 110 7 off stack
§BI Subtract immediate from 8 LA R R S N R R 7 5TA Stgre A direci 00 1 1 0 a1 0 13
with borrow LDA Load A direct o 1 110 10 1
AN And immadiate with A S N T A I B 7 ¥CHG Exchange D& E HAL T 0 1 a0 4
xR Exclusive Or immediaie with LI A A R S B B | 1 Registers
A KTHL Exchange top of stack, H& L 1 1 T 0 4 e 11 18
11:4] Dr immadiate with A T 1 1 01 1 0 7 SPHL HA& L 1o stack poinler 1 1 I N B S | 5
(] Campard immediate with A LA N DS H B B B | i FCHL H & L to progrem counter 111 0 10 5
RLLC Rotate A loft o0 0 0 01 11 4 0ADE AddBACWHAL oo 0 0 1 0 01 10
RRL fiotate A right a0 0 @ 111 4 vaADO AddD&EtoHE L o0 & 1 10 0 10
RAL Rotate & lelt through camy 00T 0T 4 paDH AddHE&E LwHAL a 6 t 0 10 01 10
RAR Rolste A right through o0 0o 1 11 17 L] DADSP  Add stack pointer to H & L 00 1 1 10 01 10
earry STAXE Stare A indirect a0 0 0 0 0 10 7
Jump unconditional 11 0 0 o0 0 1 1 [ STAXZ D Store & indirect G a o 1 0 0 10D 7
Jump on tarmy 11 0 1 1 0 10 10 LOaX B Load A indirett oe 0 0 1 e 10 7
Jump on no cany 11 0 1 00 10 10 LOAXD  Load A indirecl o0 0 1 10 10 EA
Jump an zero 1T 1. 0 0 1 0 10 n INK B Increment B & C registers ¢t o 0 0 00 11 &
Jump en no zern 11 0 0 00 10 L) X O Increment [ & E regislers 6o 0 1 o0 11 q
Jump an positive T o1 00 10 INXH Incrament H & L registers o6 1 0 00 11 5
Jump on minvs 1 1 1 10 10 L INX SP Incremant stack pointar o4 1 1t 0 0 11 5
Jump on parity even T 1 1. 0 10 1 4 10 ocxe Decrement B & C a0 0 10 11 5
Jump on perity odd 11 1. 00 0 1 D 10 ocxn Decrement D & E pba o t 10 11 5
Call uncanditional 11 o0 0 11 0 1 17 BCX H Decrement H & L 00 1 0 10 1 % 5
Call on carry 11 0 1 1 1 4010 nz OCX SF Decrement stack pointer P01 110 1 [
Call on no carry 11 0 10 1 0 @ i CMA Compliment A o 1 01 1 1 4
Call on zere 11 0 01 1 029 Hunz STE Sel carry a8 11 a0 1 1 4
Call on o zero 11 0 ¢ a1 0 f& nn? CME Carmpliment caery a0 11 11 4
Call on positive 11 1 1T 0 1 0 4@ 1ni DAA Oetimal adjust & o ¢ 1001 1 4
Call on minus 111 1 11 00 1th7 SHLOD Store H & L dirert o 0 1 0 90 10 16
Call on parity even EI R R R B N I "y LHLD Losd H & L direct a9 1010 too 16
Call gn parity odd 1 1 1 0 01 ¢ 0 1Az El Enable Interrupis 1 1T 1 1 9 1 4
Return 11 0 a 1 a4 01 kLl o Bisahle interrupt 1 1 1 e 1 &
Return on cemy 11T B 1t 1 0 DB 5 NDP No-operation a0 0 ¢ DD DO 4
Ratyrn an no carry t 1 0 1 00 0O 511 ’

NOTES:

+ §-32

!

i. OO0 or S5 —000B — 001 C— 0100 — 011 E— 100 B - 101 L — 110 Memory — 111 A,
2. Two possible eyele times, [5/11] indicata instruetion cyeles dependent an condition flags.



ROMs

8308

8K STATIC
MOS ROM

The Intel 8308 is an 8,192 bit static MOS Read
Only Memory organized as 1024 wards by B-bits.

The access time is 450 nanosecands.

W, DATAOUT1  DATADUTS
This ROM is designed for 8080 microcomputer a; [ B]veetsve 4
systern applications where high performance, large sz 23] Aa FeAp— cuTPUT
blt‘storagvle, i.and simple interfacing are important a5 E 3 22 [ ho Sy —»l BUFFERS
design objectives.
. . A 4 21 ) w
The inputs and outputs are fully TTL compatible. «[] ) Voo l_
. ; - A 5 2 [)3s. 8192 BIT
Three state outputs permit GR-tie capability, Two = 1%  ROMMATRIX
chip select inputs are provided for easy system sz e 8308 19 [Fvoo +12v 11024 X &
MEMOry expansion, a7 18[Jcs. 1
¥ m | 12 Jos DECODER
o[]s 1wl Jon 1
aa [0 15 ). INPUT
s w05 t 1|:|ru\.rEFts t
ves tovy [z 1o, 20 A1 Ao
a1 hd Y vee
8316 »d: 2o,
a3 2 [,
16K STATIC ] oy
MOS ROM = B =44
a[e 8316 w[]es
The Intel B316 is a 16,384 bit static MOS read w7 wl o
only memory organized as 2048 words by 8-bits. 2o 7o
Thiz ROM is designed for microcomputer mem- e[ w0y
ory applications where high performance, large bit a[Jw 15[ Jes
storage, and simple interfacing are important de- s 1 [ Jes;
sign objectives. o] 6lIcss o, 0, 0, 0, 05 04 05 0 .
H H - O¥eg
The 8316 access time is 2 psec, | ‘ ‘ o G
The inputs and outputs are fully TTL compatible. By — OUTPUT BUFFERS el
This device operates with a single 15V power sup- Ay — TT T T 1 ]
ply. The thfee c:'hlp select_lnpu.ts are prugrarnrnablve. 2 Y OFCOUER 10F 18 n
Any combination of active high or low level chip A = 32&'21
. - . . I u
select inputs can he defined and the desired chip ! o O PROG.
select code iy fixed during the masking process, A c u
Thesa three programmahle chip sglect inputs, as A =] He [ XK
well as OR-tie compatibility on the outputs, facifi- hg —— g = l— ¢35,
+ -4
tate easy memary expansion. FYQ— § - § cﬁ‘ffz‘:mx P
J— . SELECT .
B & INFLIT ?
Ay -]l - B
Ay —— — C&;
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PROMs

PRELIMINARY

8604

HIGH SPEED 4096 BIT
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 far system program development and for W, DATAQUTT  DATAOUTS
small volumes of identical programs in production Az 24 ] veer 1 ______ 4
[ pp—
systemns, ae[] 2 23] Ag tMse) o OUTPUT
The 8604 has an access time of 100 nanoseconds. as[]3 22 [ Veez g:*'__: BUFFERS
- . 4
It is fully decoded. Mul [, T
Chip select lines are a‘?rallable whtich permit easy ﬂ:l: 5 20 DC_Sz 3096 BIT
system memory expansion. . PROGRAM —= FROM MATRIX
az[de a604 0] [ 512 X 8
The 8604 is a Schottky Bipolar device.
a7 18 [Jess r
wsa aq ] 8 1770 DECODER
S b 1w Jor 1
oz (] w[Joe INPUT
all wFes t rbnwens 1
ano [z o Ao Ay fe
8702A, 8702A-4
The 8702A is a 256 word by B8-bit electrically pro- ]
grammable ROM ideally suited for microcomputer T A 2] Voo DATADUT1  DATAOUTE
2 system development where a fast turn-around and | I {
ow . - . NE 2 23 3Vcc
== pattern experimentation are important. The 87024 oUTRUT
[ . 05 e
= circuitry is entirely static; no clocks are required. . %d a 22| Ve cs BUFFERS
3 8702A access time is 1.3 sec. *pata out 1[4 iLse) 21[ 14 J
8702A-4 access time is 2.3 psec, “pataout 2[5 2f % 2098 BIT
. FROGRAM — PROM MATRIX
The B702A i packaged in a 24 pin dual-indine oATAouT3[]s sroea 0] )% (756 X% 8
package with a transparent lid. The transparent lid  -paraout « ]2 8702A4 51 a, 1
a.llows the user to e.xpose the chip to ultraviolet *oata out 5[ [ Ja
light to erase the hit pattern. A new pattern can DECODER
then be written into the device. - *DATA OUT 69 18} Voo I
. \ . 10
A pin-for-pin metal mask programmed ROM, the 0ATA ouT 7[ | i W NPUT
Intel 8302, is ideal for large volume production “DATA OUT &[] 11 (Msg] ]l Jes DRIVERS
runs. vee ]2 1| Jrrocham T ' ————— 1
Ap Ay Ay

"THES PIN 5 THE DATA INPLT LEAD DURING FPROGRAMMING,

&-34



RAMs

N

8101 L 22 [ vge

. a2 al Ja,
1024 BIT (256 x 4) =k = Dl
STATIC MOS RAM | A= PN =5
WITH SEPARATE /0 s 2 whBe
The Intel 8101 is a 256 word by 4 bit static random &7 % (e,
access memory element using normally off N- oo [ g L
channel MOS devices. o,[]» 1 [ oo,
The 8101 access time is 850ns. oa, ] 0 n g o
It uses fully DC stable {static) circuitry and there- e i
fore requires no clocks or refreshing to operate. @
The data is read out nondestructively and has the “““ac: | 2
same polarity as the input data. b . LY

i Fow

It is directly TTL compatible in all respects: inputs, M T seveer 22601 g
outputs, and a single +5V supply. Two chip-enables A %ﬂ ||
allow easy selection of an individual package when Aa T
outputs are OR-tied. An output disable is provided o o B e —
so that data inputs and outputs can be tied for com- I I:—
mon 1/O systems, Qutput disabla is then used to ) neuT
eliminate any bidirectional logic. i el Y "o
The 8101 is designed for memory applications where D: ) ::’
high performance, low cost, large bit storage, and ‘@ “ :

simple interfacing are important design objectives. . ¢
40 () eiN NUMBERS

@
8111 ﬂslj 1 18 jvm
I¥{ e | [ ]
1024 BIT (256 X 4) F¥ i ] 16 Jrw
STATIC MOS RAM WITH COMMON S U 15[ e
170 AND OUTPUT DISABLE - s B e dves

asfe 1z Jums
The Intel 8111 is a 256 word by 4 bit static random

large bit storage, and simple interfacing are im-
portant design objectives.

aceess memory element using normatly off N- ~Lp 2 e
channel MOS devices, ves[]2 i, 2
The 8111 access time is 850ns, el [ 1eE, =
1t uses fully DC stable (static). circuitry and there- N — ® =
fore requires no clocks or refreshing to operate, R _ "“ S
The data is read out nondestructively and has the "é_t: aom memoRY anRaY | T VS
sarme polarity as the input data. Common input/ “*’E)-'ﬂ: SELECT qa2hans
output pins are provided. ag=—{x
s e y e
is directly TTL compatible in all respects: inputs,
outputs, and a single +5V supply. Separate chip en- nme@-—m COLUMN 170 CIRCUITS
able {CE) leads allow easy selection of an individual yoro 2 p—]
package when outputs are OR-tied. o, : mruT
The 8111 is designed for memory applications in voy o CONTROL
small systems where high performance, low cost, vor S ﬁ
gy

£,
TEp @ ’
an ) = Pin NUMBERS
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RAMs

8102, 8102-2 e
1024 BIT (1K x1) “’E’ ‘53“3
A 3 14 A
STATIC MOS RAM e S il
8102
A,
The 8102 is a 1024 word by 1 hit random access L]+ " gnm o
memory element with an access time of 1300ns. 1. N _patain
The 8102-2 has an access time of 850ns. A 0 g"cc
Both devices use DC stable {static} circuitry and re- LY I gl_leno
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 mﬂi/t‘t B &
performance, low cost microcomputer systems. @ @ o
They are TTL compatible in all respects. A sepa- .= . e
rate chip enable (CE) allows easy selection of pack- D@—[}T‘,_s‘: P
ages when outputs are OR-tied, @ W e
SRNC ), I E T —— Loty
pats o |zo¢?ﬁv‘n‘m COLILMN SELECIIR
() b iwaens %%%%4
8102A'4 “a[:ll 16 ] A
A 2 15 Ag
1024 BIT (1K x1) = N =
STATIC MOS RAM w o
i A 1s 12| _Joara cut
The 8102A-4is 2 1024 word by 1 bit random access ~ ] —
memory element with an access time of 450ns, i I "poaTam
The 8102A-4 may also be supplied in a power-down ol e
version with low standby power requirements. Y s[Jane
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 ’ T
as the input data. The device is TTL compatible in = e
all respects. A separate chip enable (CE) allows _@‘,_l>— - Jr
easy selection of packages when outputs are OR- ® e
tied. “
o
n.m)gm ALK 1 Einew 13 : B o

{Z)= Pk MrsE RS




RAMs

Vg [
8107A =

Ay ]

4096 BIT & O
FULLY DECODED o

DYNAMIC RAM = "
Ay he,
-1
The Intel 8107A is a 4096 word by 1-bit dynamic 15 A
-channel MOS RAM = A3
n-cl . Vo O] wE
The access time is 420 nanoseconds.
It was designed for memory applications where a o -0 Yoo
very low cost and large bit starage are important By o DECODE at WEMORY -—0 Vo
design objectives. The 8107A uses dynamic cir- :2 ° and BUEFER - ARRAY - ‘\2’
cuitry which reduces the operation and standby Ai r— REGISTE 64 # 63 °
power dissipation. A5 B
. . - . (2]
Reading informaticn from the memory is non- T : ’t
destructive. Refreshing is accomplished by per- TIMING caLUMN
forming one read cycle on each of the 64 row ad- ce e ! AMIPLIFIERS
dresses. Each row adkress must be refreshed every
twa milliseconds. The memory is [’efreshed whaether 1 % 54
Chip Select is a logic one or a logic zero. - COLUMN DECOOE
WE O—i e and
TS o—| e BUFFER REGISTER
Cour ’ A5 A Bg Ag Ay Ay
Aty 4 ADDHESS BUS [16] l >
R&M RAM
ROM
8316 810 8101
ﬂo‘-' 5 SYSTEM DUTPUT SYSTEM INFUT I
o 7 24
()i—[ il =
1o x
8080 7 7 =
[&)
GMND— 8212 Ve — 8212 GMD— 8212
DEIN —D of r
wE b
N 7
[P FI_DIRECTIONAL DATA BUS (@] >
. ) | |
BYMC
~
STATUS LATCH
W 2K BYTES AOM
Ecj 8212 258 BYTES RAM
1 INPUT PORT
| owrur 1 QUTPUY  PORT
CLOCK MEM R
GENERATOR @y ITTLI il
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170

8212
8-BIT =33

INPUT/OUTPUT PORT oo YL
The 8212 inputfoutput port consists of an 8-bit latch with E>wo t E ]
tri-state output buffers zlong with control and device selec- > s1e
tion logic. Also included is a service request flip-flop forthe - B>on — ’B_w‘ >
generaticn and control of interrupts to the microprocessor. IC"!
The device is multimode in nature, It can be used toimple- E>oi ool &_m®
ment Jatches, gated buffers or multi- <p
plexers, Thus, all of the principal pe- o — _|E o0 E>
ripheral and input/output functions of CA 28 Ve cq
a microcomputer system can he im- wo T 2 N T E
i ; . . Eros D of— Do
plemented with this device, o, [ s 22 Do, iCR l
The 8212 requires only .25 pA input o, ] 4 2o, @oos = dﬁkm@
current, permitting direct conrection o, []s 20 [ o1, ch! .
to MOS data and address lines of Intel oo, ® 12 [Joo, >0 - _E o0 B>
CPU’s. pi,{]7 8212 18 [ Joi, n
The high voltage {3.65V) output level oo, L] 8 17 100, B> bi7 C) —13— oo7 5>
provides direct interface with the 8008 o,L]® 16 DN . Ep
or 8080 CPU, po,i ] 15 | Joog B o oo b Dog >
sta[ ] n 14 [T 1ccR cy
GND|_| 12 13 | Jos, [[&» LA
Bi- DIRECTIONAL BUS DRIVER :" e,
The 8216 is a 4-bit bi-directional bus i |
driver/recaiver. ...]
oI, ©
= All inputs are low power TT L. compatible, | |l s o oey
E‘; For driving MOS, the DO outputs pro- boy \‘jl
EE vide Vpp (3.65V}, and for high capaci- r‘
e tance terminated bus structures, the DB by, o D>
outp;tls provide a higher 1o {50 mA} G [ ~ s T vee: JQ o 0B,
ility. a
capability oo, T}z 15[ ] BiEN B0,
All outputs may be tri-stated, y
o ob, [ |3 4[] oo, o
The 8216 is ideal as the data bus buffer/ 3 O——]
driver for the BOBO CPU. It may also be on [« 2216 1217 o8y "j1 o be,
used with other MCS CPUS, oo, [{s 2oy o, <
os, [ Je uf—] oo, r
o, (|7 10] ] oe, .

eno[|8 al_] o1, T8

DIEN
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170

8251
UNIVERSAL COMMUNICATION

- PREMINARY

INTERFACE DATA
[ BUS ay L
The 8251 is a Universal Synchranous/Asynchronous Transmitter/Re- < BUFFER = purrER
ceiver {USART) Chip that is designed for data communications in
microcomputer systems. The USART is used as a peripheral device and T I
it is programmed by the CPU to operate using virtually any serial o
data transmission technique presently in use {including IBM Bi-Sync). RESET ——] 2 l— TxROY
The USART accepts data characters from the CPU in parallel format oLk —=| murrEn g T | o
and then converts them into a continuous serial data stream for trans- TE —acf CONTROL a CONTRAL .
mission, Simultaneously it can receive serial data streams and convert FEAD —o 'rm:ﬁs =
them inte parallel data characters for the FAITE —eol E
CPU. The USART will signal the CPU =z
whenever it can accept a new character N = EE T =T
for transmission or whenever it has re- 0,02 zHlo,
ceived a character for the CPU, The CPU R0 12 26 [ Voo G5 —-g pec
can read the complete status of the anoEa N . 7R +— commann K= Burrer |& - MAP
USART at any time. These include data = N = ETE —wd WORD L
transmission errors and control signals = »Fars TS o PECODER T T
such as SYNDET, TxEMPT. 0,0 7 255, SYNDET——u] 1OSIE
The 8251 is fully compatible with the o, e 825% o | meser e —] REC
8080 CPU and operates on a single +5V e e 20 7 oLk coNTRoL [* XC
DC supply. It also requires only one TTL  wRITEC] 10 1210
level clock. Error detection signals are cEQn 18 [ TREMPTY
supplied. Character synchronization and ooz wers
automatic SYNC insertion or deletion  AEABS#3 16 [] SYNDET
operating modes are possible. AarDY L] 14 ¥ [ TeRDY

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/Q pins which may be individually programmed in
two groups of twelve and used in three major modes of opera-
tion. In the first made {Mode 0], each group of twelve 1/O
pins may be programmed in sets of 4 to be input or output.
In Made 1, the second mode, each group may he programmed
to have 8 lines of input or output, Of the remaining four pins

(25T B A 0[] paa
raz]z o[ Jras
[n ] Aa[]rae
pag [fa ar[] ea?
Fol]s [ 1wR
EEC]s [ RESET
Vs 7 34 pag
ar[]a E= m -1
aole o] oe:
rer e . 1] oA
ree [ 8255 2071 DB4
pos [z 071 ] pes
roa 13 28 oms
ree[]aa o] oer
et s 28] Yeg
rez2 e 28 PE?
poa [ 24| Fee
rea]w a[]rs
Al [ [
maz[ ]2 FL ]

PRELIMINARY

three are used for handshaking and interrupt contrel 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-
tians such as printers and high voltage displays.

ramen - A
o SSPYPY ot | o
nour o oy
| cont m
oontas [
by
e
-
M
roATE .
K= e K &%
L/
BUBTRLLTIEMAL BATH Bk
s &) mara < -/ |-
o
e ] erren v
Bt
INTERUAL TR
DATARUE u "
e [
LGHER L)
Al |
= JR— [
TS ]
Aoy
- waITE shit g angis
——
L i comtiaL simr o
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PERIPHERALS

8205

"
AOI 1 16 IVCC = Aa opo—
ONE OUT OF a2 1518 — o jo—
A2|: 3 14 :30_1 —] Az Oz fo—
S E 4 13 o;
The 8205 decoder can be used for expansion of 1 [L] 4205 15 8205 03 o-—
systerns which utilize input E}orts, (?utput,pnrl.s, 521 5 12 103 04
and memory components with active low chip l:i : _
select input. E3 6 w10, —alE Q5 jo—
When the B205 is ena}bled, one of its eight Ou?puts 0 7 1] IO5 —e, oo
goes “low’, thus a single row of a memory is se- _
lected. The 3 chip enable inputs on the 8205 allow sro[ s ol 15 —. orfp—
easy systemn expansion. )
For very large systems, 8205 decodt.ars ctan be cas- SOORESS T EAeLE oUTRTS -
caded such that each decoder can drive gight other B, A, A3|E, € E;]0 1 7 3 4 5% & 7
decoders for arbitrary memory expansions. LLbjt L HlL H H H H H HH
H L L L H H L H H H H H H
L H L L L M 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 HIH H H H H L H R
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 1
X o.x ¥ |L L L H H H H M H H H
X X x H L L H H H H H H H "
LS X kS L H L H H H H H H H H
¥ X X [H H L|H H H H H H N H
x x x H L H H H H n H H H H
x x 1 L H H H H H H H 1] H H
x x L H H H H H H H H M H H

8210

TTL-TO-MOS LEVEL SHIFTER and
HIGH VOLTAGE CLOCK DRIVER

The 8210 is a Bipolar-to-MOS leve! shifter and high voltage
driver, each with current driving capabilities suitahle 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 voit 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 velts requ.iired to drive the chip enable {clock)
input for the 8107A.

The 8210 high voltage driver requires an externally connected
PNFP 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 tha 2N5057 is recommended.

o D,
DATA INPLT Dy [_|1 1] ]vec
Ex
ENsBLE INPUT E, [ |2 17| b, paTA NPUT
b
DATAINPUT D, |3 16| ] 0, Low vOLTAGE OUTPUT 2 G
caTa Ut Dy [ |4 15 ] 0, LOW VOLTAGE DUTPUT D, 0,
enagLEmnpuT e[ |5 8210 1] |0y Low VOLTAGE QUTPUT Eg 0,
DATA INPUT D, [_I6 13| o, LOW VOLTAGE CUTPUT
Dy 04
cataNpuT g |7 12| |6 BASE OF PNP
D, ]
DATA INPUT Dg [ 11| ] 05 HIGH VOLTAGE QUTPUT o
]
o
ano[ e 18l ] voo o "
8




PERIPHERALS

St
GO |4 6]ty
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CLOCK GENERATOR AND ik w[]
DRIVER FOR 8008 CPU vop [ 1 [] meger

8201
The 8201 generates the two phase clock signals used by the oo [ 2 [ mesem
8008 CPU. Both TTL and MOS level signals are available. n.oeen |6 n [ s

Only an external crystal is required far the 8201,

[ 1w [ ] acx

A reset signal generator is also provided for power on or
external reset requirements. The internal divider is select- 2 [e
able with the MODE line,

#

@

[ 1 & cLoseo

ATAL [t MUX w| a0R+7 »] GEM. MOS
WODE i i— + L3
GRWER _
RESET IN O . L
#
RESET OUT O
N.O. O —sre ] sNOLE 3 STOP
N G - - STEP F/F _— 3 $TOP ACK

!

Ve Vbp GROUND

PRELURTNARY

8224

CLOCK GENERATOR AND
DRIVER FOR 8080 CPU

fE> x1aw
The 8224 is a single chip clock generator/driver for the f> xracz osaiLLATOR - ﬁ—os" 2>
B0BO CPU. I1 is controlled - I
i ' by a erystal, selec:_ted by the de B> Tank .
signer, to meet a variety of system speed requirements. o5
. a +. - =
Also included are circuits to provide power-up reset, ad- _ cLook D N ; 2
vance status strobe and synchronization of ready. GE;\I. —D—o, = g
4!
- . . + o . =
The 8224 pravides the designer with a significant reduction 00 sy Af——————siTrfe>
of packages used to generate clocks and timing for 8080.
[E>  sve —— 5T5TE 7>
RESET[ 1 16 ] Vec E> FBW D - '
mzsmd 2z 1w KTAL L ’ SCHMITT |
{NPUT c @ reEsET [
ROYIN[_ |3 LE] ijxrm.z
—
seapy ] 4 T rank [E> apvin T . RESET [a>
2224
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PERIPHERALS

{m = v, S
:1': i b m L Ag¥;  AEQUEST LEVELS Ry HIGHEST PRICRITY|
Lo m ] L w2 587 CURRENT STATUS
8 21 4 w7l n% 5GE STATUS GROUP SELECT
— _ ECE ENABLE CURRENT STATUS
;E : :: g; L] INTERRU¥T STROBRE
I Y £1x CLOCK {INT F-F|
PR I OR I I NTERRU PT wi]? 3214 ulm EER ENABLE LEVEL AEAD
CONTROL U N IT SO sl ETLG  ENABLE THI§ LEVEL GROUP
' A= fourPUTS:
. P ; I o AgAi;  AEGUEST LEVELE
The 821475 an eight level priority interrupt con- O™ s W7 wrearuer acr, Lows | coLLEcTOR
trol unit designed to simplify interrupt driven 4" " g"““ ENLG  EMADLE NEXT LEVEL GROWY
microcomputer systems. s ‘i
The PICL} can accept eight requesting levels; % Eﬂ =
determing the highest priority, compare this I REGUEET AETITTY o

priority to a software controlled current status
register and issue an interrupt to the system
along with vectar information to identify the
service routine,

", —d
| meowest
A= LATCH
A, —  AkD
ot
A, =d ENCODER

The 8214 is fully expandable by the use of open Fo—s Ew
collector interrupt output and vectar informa- e f
tion. Contro! signals are alse provided to simplify . L
this function, 3, L s
put} STATUS ]
B — LatcH

The PICU is designed to support a wide variety
of vectored interrupt structures and reduce pack-
age count in interrupt driven microcomputer
systerns.

PRIORITY
EOMPARATOR

POOOD DEUIEYe
i

o0

8228 PRELIMIRARY

SYSTEM CONTROLLER
AND BUS DRIVER
FOR 8080 CPU

The B228 is a single chip system controller and
bus driver for MCS-80"" It generates all signats
required to directly interface MCS-80 family

oy
o & AAM, ROM, and 1/O components.
; 2 A bi-directienal busdriver is included to provide
== high system TTL fan-out, It alse provides isola- gn — ] f—e-—a— DBy
a8 tion of the 8080 data bus from memory and o 0 —= ] T oe)
. I{’OA This allo\:\rs for the optimizatic:m of control DATA g: —o| epmRcTona e 323 SYSTEM DATA BUS
signals, enabling the systems designer 1o use Bus D ] f—+e— DE,
slower memory and 1/0, Theisolation of the bus & —— et g';-;
driver also provides for enhanced system noise
Immunity. DRIVER CONTAOL,
A user selected single level interrupt vector {RST ]
7} is provided to simplify real time, interrupt MEWMR
driven, small system requirements. STATUS BEAW
The 8228 is designed to support a wide variety LATGH oR
of systermn bus structures and also reduce system GATING "oR
package count for cost effective, reliable, design T b TW
of MCS-80 systems. 1518 .
DB - BUS ER
Wh
HLDA WA
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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 memary {RAM) expandable
to 16K bytes.

B 2K bytes of erasable and fisld programmable read only
memaory {PROM) expandable to 16K bytes.

u Self contained PROM prograrmoming facility with zero
insertion force PROM socket.

Tie Intellec 8/MOD 8 (imm B8-BOA} is a complete, self-
contained microcomputer development systern designed
specifically to support the development and implementation
of 8008 CPU based micracomputer systems. [ts 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, PRCM, 1/O, 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 Inte)s 8008 p-channel 8-bit CPU on a single chip.

The Intellec® Development System directly supparts up to
16K of memary, 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 rmonitoring and controlling system operation, manually
moving data to and from memory and input/output devices,
setting hardware breakpoints, and executing or debugging
pragrams.

The Intellec B/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 memary modules. This memory ¢an be used
for both data and program storage. The remaining 2K bytes

B Four 8-bit input and four B-bit output ports.

B Integral asynchronous serial data communications
capability at 110, 1200, or 2400 baud.

m Discrate teletype interface (20mA current loopl.

m Standavg system software includas a PROM resident
system monitor, RAM resident Macro-Assembler and
RAM rasident text editor. :

& Expansion capability provided for up to 16 standard or
custom dasigned microcomputer modules.

0f memaory are located on the imm 6-26 PROM memory
madule and contain the Intellec 8/MOD 8 systern maonitor
in eight Intel® 1702A erasable and field programmable read

only memory chips. Eight additional sockets (2K hytes) '

are available on the imm 6-26 for expansion.

The PROM and RAM memory modules may be used in any
combinaticn 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® 16024 or 17024 PROMs 1o be programmed and
verified directly from RAM or PROM memory.
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INTELLEC SYSTEMS

INTELLEC® 8/MOD 80

MICROCOMPUTER DEVELOPMENT SYSTEM

® Complete Hardwara/Software Development System for
the design and implementation of 8080 CPU based
microcomputer systams.

®  Front panel designer’s console provides complete system
control and monitoring functions,

8 BK bytes of random access memory (RAM) expandable
ta 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 smail
MCS-80 systems,

The basic Intellec 8/MOD 8 consists ot seven standard

‘micracamputer modules {CPU, RAM, PROM, 1/O, 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 moduie built
around Intel’s 8080 high performance n-channel 8-bit CPU
on a single chip.

The Intellec Bevelopment Systemn directly supports up to
16K of memary, 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 contrclling 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 byies
within the system chassis. Of the basic 10K bytes of mem-
ory, BK bytes are random access read/write memory located
on two itnm 6-28 RAM memory modules. This memory can

& Four 8-bit input and four 8-bit output ports.

& [ntegral asynchronous serial data communications cap-
ahility at 110, 1200, or 2400 baud.

m Discrete teletype intarface (20mA current loop).

B Standard system software includes 3 PROM resident
system monitor, RAM resident macro-assembler and
RAM resident text editor.

= Expansion capability provided for up to 16 standard or
custam designed microcomputer modules,

be used for hoth data and program storage. The remaining
2K bytes of memory are located an the imm 6-26 PROM
memory module and contain the Intellec 8/MOD 80 system
monitor in eight Intel 1702A erasable and field pragram-
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 toc make up the 168K of directly addressable
memaory 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\ontained 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 ® 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, 1156, ar 127
Tape Stopping: VAL, single phase at 3.0 amps or
Stops *'0On Character” 220 or 240 VAC and 1.5 amps; 47 to
63 Hz.
B TAPE CHARACTERISTICS

Tapes must be prepared to ANSI X 3.18
or EMCA 10 Standards for base materials
and perforations.

Reads tape of any material with thickness

between 0,0027" and 0.0045" with trans-

missivity less than or equal to 57% (oiled
buff paper tape).

Tape loading: in ling

Tape width: 1inch

EQUIPMENT SUPPLIED

Paper Tape Reader

Reader Cable

Reader Flat Cable

Fanfold Tape Guide

Fanfald Paper Tape

Hardware Manual

Installation and Operations Guide
Fanfold Guide Installation Instructions

NGTE: Version 2 software must ba used when
operating with Intelec® B/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 cyele due ta a marked reduction in the time required for repetitive program loading, assembly, and editing
operations.

The Intetlec 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/Q reconfiguration permitting instantaneous reassignment of physical devices to logical devices.
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MCS MODULES

'MICROCOMPUTER MODULES

MCs4/40™

Modules may be ordered individually. All modules are 8" wu:le
6.18'" high and use standard 100-pin connectors.

imm4-42 Central Processor Module

This is a complete microcomputer svetem with the
processor, program storage, data storage, and 1/0 ina
single module.

The heart of this module is Intel’s 4002 single chip four-
hit parallel processor — p-channel silicon gate MOS.
Accumulator and sixteen working registers {4-bit),
Subrautine nesting up to 3 levels.

For development work, the CPU interfaces to standard
semiconductor memory efements {provided by Intel's
standard memory and 1/0 interface set 4008/4009},
Sockets for 1K bytes of PROM {Intel 17G2A 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.

Twa 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.

Sackets for 1K x 8 bytes of program memory (Intel
4702A PROM) expandable to 4K x 8 using optional
imm&-26 or imm4-24 modules,

320 4-hit bytes of data storage (Intel 4002) expandable
to 25660 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 immd-80, imm4-22 or imm4-24 modules.

Two phase crystal clock.

imm4-22 Instruction/Data Storage Module

£46

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-hit output ports.

immd-42 Central Processor Module

imm4-24 Data Storage Module

This microcomputer module has capacity for sixteen
tntel 4002 RAMS — 12B0 words {4-bit) of datz storage.
320 words (9-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-hit output port is associated with each RAM on this
microcomputer module providing sixteen 4-hit cutput
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 eigit 4-bit output ports are
provided.

Ports on this module are TTL ¢compatible.



' MCS MODULES

MICROCOMPUTER MODULES

MCcs-8™

imm38-82 Central Processor Module

&
L
*

Intel's 8080-1 eight-bit paraliel 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 Memary
Madule.

Interface for expansion to eight 8-bit input ports and
twenty-faur 8-bit output ports, via the 1/Q and Qutput
Modules.

Interrupt capability.
Two phase crystal clock.
All module interfaces are TTL compatible.

immB8-60 Input/Output Module

Four 8-bit input ports (32 lines),

Four 8-bit data latching output ports (32 lines).
One pair of ports for TTY communication,

All input and output ports are TTL compatible.

imm8-62 Cutput Module

Eight 8-bit data latching output ports {64 lines).
All output ports are TTL compatible.

MCS-80™
imm3-83 CPU Module

Complete 8-bit parallel central processor module with
system clocks, interface and control for memory, 1/0O
ports, and real time interrupt.

Utilizes Intel’s high performance 8080 single chip
n-channel microcomputer.

2.5 psecond instruction execution time,

78 basic instructions including the entire 8008 instrue-
tion set,

Direct addressing of up to 64K bytes of any speed ROM,
PROM, or RAM memory.

Untimited subroutineg nesting,

Seven working registers — six 8-bit general purpose
registers and an B-bit accurmulator.

Separate 16-bit address bus, B-bit output bus and 3
multiplexed 8-bit input busses for 1O input, memory
input and interrupt data,

Dvirect addressing of 256 input and 258 output ports,
Mufltiple level real time interrupt capability.

Direct memory access capability.

Al! buses TTL compatible.

imm8-82 Central Processor Module

imm8-61 1/0 Module

Four 8-bit input and four B-bit latching output ports.

Directly compatible with imm8-83 central processor

module.
Integral asynchronous serial data communications
capability and teletype interface.

Jumper selectable transmission rates of 110, 1200 or
2400 baud.

Crystal controlled clock.

Capable of high speed serial communications to 2600
baud.

TTL compatible.

imm8-63 Output Module

Eight B-bit latching output ports,

Directly compatible with imm8-83 central processor
module.

Decading provided for the selection of up 1o 256
individual output ports,

TTL compatible.

5-47
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MCS MODULES

MICROCOMPUTER MODULES

COMMON SYSTEM MODULES

imm&-26 PROM Memory Module

& Provides sorkats for nn tn siviasn 17024 alastvinathy
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 maodule.

immB-28 RAM Memory Module

® A 4K x B n-channel MOS memaory 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 sofiware required to fully
support 4040 CPL based micracomputer systemn develop-
ment.

The conversion kit contains an imma-43 CPU module, new

memory controller, new front panel, and any software re- -

tuired.

NOTE! Due to necessary wiring changes, thess conversions
are done at the Intel factory. Contact local Intel sales-
men or representatives for instructions,

'BAREBONES SYSTEMS

imm8-81 Barehones 8
& Complete 8008 CPU based microcomputer subsystem
composed of Intel microcomputer modules which
are housed in a card cage and interconnected by &
printed circuit backplane with card sockets.
e Contains the following modules: ®
imm8-82 Central Processor Module
imm&-26 PROM Memory Module
immé&-28 RAM Memary Module {4K Bytes)
immB-60 1/0 Module
# 12 additional sockets available for optional modules,
# Rack mountable chassis,

£-48

imm6-70 Universal Prototype Module

LTty A am s

s 1 STy bWy R WM - yul wig 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 systemn debugging.
immB6-76 PROM Programmer Module
# Provides alf timing and level shifting circuitry for pro-

gramring Intel’s programmable and grasable 17024
PROMs.

imm8-88

The imm8-B8 conversion kit provides an upgrade path for
[ntellec"8/MOD 8 microcomputer development systems. [t
includes all the hardware and software products required
to fully support 8080 CPU bazed microcomputer system
development, With the imm8-88 conversion kit installed in
an Intellec 83/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
manitor. The system can be quickly reconfigured to sup-
port 8080 CPU chip development by replacmg the originat
boards and system monitor.

imm8-85 Barebones 80

Same as 881 except the following modules are used:*
tmm#-83 Central Processor Module
immG-26 PROM Memory Module
imm6-28 RAM Memory Module {4K Bytes}
imm8-61 1/0 Module

*See page 6-47 for moduis 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 econcmical,

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 systemns will be offered as newer microcomputer components are developed.

System Number Systam Composition

MCS-20 System A 1 Madel 8030 CPU
B Model 81074, 4096 x 1 Dynamic RAMs
B Model 8212, Bipolar 8-bit 1/Q ports
1 Model 8702A, 256 x 8 PROM

MCS-BD System B .1 Model 8080 CPL
8 Model 8102-2, 1024 x 1 Static
N-Channel RAMs
8 Model 8212, Bipolar 8-bit 1/Q ports
1 Model 87024, 256 x 8 PROM

MCS-8 System A 1 Model 8008-1 CPU
8 Mode! 8102, 1024 x 1 Static RAMs
8 Model 8212, 8-bit 1/Q Latches '
1 Model 8205, 1-0f-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 Memary and
1/Q Interface

1 Model 47024, 2048-hit slectrically
Programmable ROM

MCS-4 System A 1 Maode! 4004 CPU

1 Mode! 4002-1, 320-bit RAM and
4-hit cutput port

1 Model 4003, Shift Register

1 Model 4008, Standard Memoary and
1/0 Interface Set

1 Mode! 4008, Standard Memaory and
1O Interface Set

1 Modet 4702A, 2048-bit electrically
Pregrammahle ROM

65-49
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SUPPORT SOFTWARE

CROSS PRODUCT SOFTWARE

The following support software is written in ANSI Standard FORTRAN 1V and will
execuie on most large scale computer systems which have a FORTRAN |1V Compiler
and a minimum 32-bit integer format, The FORTRAN IV source code of each pro-
gram is shipped on magnetic tape in the following format:

9 TRACK

800 PI

80 Byte unblocked records

EBCDIC character code

unlabeled tape

These software products are also available on the fallowing timesharing services:

Tymshare U.5., U.K,, France
General Electric U.5,, Canada
United Computing Systems us.

Honeywell Europe, Australia
Dentsu Japan
Timesharing LTD. U.K., Belgium

Contact each timesharing service for further information.

Product Description
MCs-4
MAC 4™ Macroe Assembler — Translates symbolic assembly language
into MC5-4 machine code.
SIM 4 Simulator — Simulates execution of the 4004 CPL including

execution of all 46 instructions and /0 operations.

MCS-40
MAC 4™ Macro Assembler — Translates symbolic assembly language
inta MC5-40 machine code.
MCSs-8
MACE™ . Macro Assembler — Translates symbolic assembly language

@ into MCS-8 machine code.

E E INTERF/8 Simulatar — Simulates execution of the 8608 CPU including
= E execution of all 48 instructions and 1/0 operations.

(=] “ .

o PL/M 8 High-level Systems Language Compiler — Translates a source
program written in PL/M, Intel’s systems programming lan-
guage, intce MCS-8 machine code,

MCS-80
MAG 80™" Macre Assembler — Translates symbolic assembly language
into MCS-80 machine codea.
INTERP/30 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 Com'pi ler — Translates a source

program writien in PL/M, Intel’s systems programming lan-
gauge, into MCS-80 machine code.

&-50



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 fermat paper tape

Alteraticn and display of CPU registers (MOD 80 only)
CPU breakpaint capability {MOD 80 only}

Assembler

The assembler translates symhbolic 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 BO only)

Conditional assembly capability {MOD 8 and MOD 80 only)
Compatible with cross assemblars

Text Editor
The text editor provides powerful Teatures for creation and correction of programs,

Editor includes following commands:

string search
substitution
insertion
deletion

Intellec System Monitar Assembhler Text Editor
4/MGCD 4 X X
4/MOD 40 X X
8/MOD 8 X X X
8/M0D 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 recewe updates quar-

fnrln B eianorrimrter il K
il

T L Do LTy AT TGy,

Each manual contains a program index, a brief description
of each program, and a complete assembly language and hex

4004 /4040

¥ Cross Assembtler for PDP-B

® BNPF Tape Generator for PDP-3

® MCS4  Simulator for PDP-8

u 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 contributers. Contact
;IILE: fu: l‘ull l.il:ldiih'.

A partial listing of programs already in these libraries is
given heiow.

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 tamily architeciure

To reduce component count as far as practical, a
multi-chip Ls! microcompuler 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 Ss1 and MSI packages 10 a
dismaying extent—witness the reputedly LSi mini-

. compuiers now being offered which need over a hun-
dred extra TTL packages on their processor boards to
support ane or two custom LST devices. Successful inte-
gration should result in a minimum of extra packages,
and thal 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

busses 10 be formed simply by connecting inputs and
oulpults 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 memaory, 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 muitimode latch
buffer. A complete sammary of the first available mem-
bers of this family of LSI computng elements and mem-
ories is given in the table on this page.

standard bipolar LSI memory to construct high-per- 3001 Microprogram control unit
formance controller-processors (Fig. 1) with a minimum 002 Central processing element
of ancillary logic, 3003 Look-ghead carry generator
Among the features that minimize package count and :g:: 2”%'“',"’0_""' latch buffer

improve performance are: the multiple independent rlority Jnterrut umit .
data and address busses that eliminate time multiplex- 3216 Noninverting bidirectional bus driver
. fi 1 . the th P 3226 Inverting bidirectional hus driver
ing and the neegi or externa latches; the three-state 2601 256-by-d-bit programable reag-only memory
output buffers with high fanout that make bus drivers 3604  512-by-8-bit programable read-only memory
unnecessary excepl 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

COHNTAOL 10 MEMDAY OATA BUS

MEMORY ' AMIAESE AUS TO MEMQAY

ﬂ 1EEITE 15 8ITS
A DUTRDTE 0 DUTPOTS

CP ARRAY
1m02s

LINPUTS

M IRPUTS

=
2 PIRELINE
2% REGISTER
oz IDPTIONALY
MicRd B
NEXT PROGRAM  Z
ADORESS MEMORY
CONTREL —
T—
ADDRESE LN
“/\r
CLOCK

T8IT 678 lﬁ
MICROPELGRAN
ADDRESS B11S .

MU
am

FLAG CONTROL INPUTS

SECONDARY INSTRLCTION 8U5 BEITS

FROM EXTEANAL
!0 DEVICES MEMORY

DATA IN FROM

1. Bipolar micrecomputer. Block diagram shows how to implement a typical 16-bit controller-processor with new family of
hipolar 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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BIPOLAR MICROPROCESSOR

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/ontont davices Thhne Autnate
are connected to the CPE accumulator; A-bus cutputs
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-
comrnunications 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 shifis and rotates can be
accomplished in this manner.

A sixth CPE bus, the seven-line micrefunction 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 anthmetic
and logical AND, OR, NOT, and exclusive-NOR. [t incre-
ments, decremcntls, shifts eft or right, and tests for zero.

1l '

Unlike earlier Mst 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-

- OLA Tt 200 T _ 7. [
e T asavma mrarare geraran nu»nu \uuu_y uu|CInu.u lll-

dependent carry input, carry output, shift input, and
shift cutput lines are also available,

What’s more, since the K-bus inpuis 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 supptlied 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 compiemented 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
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2. Central processing elemeant. This elerment contains alt the circuits representing a two-bit-wide slice through a small corn-
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 anithmetic 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 15 realized.

The second novel CPE feature is the use of three-state
outputs on the shift right output (RO) and carry output
(0} lines. During a right shift operation, the €O 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 1s placed in the Z state, and the carry data is
active on the €O 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 operaticons uti-
lize the carry lines, rather than the shift lines, to propa-
gate data.

The third novel CPE capablllty, called conditional
clocking, saves microcede 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 inio
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 vsed 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

MICADINETARCFIDH W Ad
COKDITIONAL CLOCKING

iton RL BT

l:\fCLE FWE

CPARRAY
ND RMAL CLOCKING

SN/

CONGITIONAL CLOCKING

CLOCK
INPLIT

FROM
CLDCK

3. Conditional clock. This feature permits an extra bit in
microinstruction to selectively control gating of clock pulse
ta 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 appreach 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 arc orpanized as a
two-dimensional array or matrix. Unlike in ordinary
memory, which has linearly sequenced addresses, each
microinstruciion 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
1o 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 <an be
shared without the time-space penalty usually incurred
by conditional branching,

Independently controlled flag logic in the MCU is
available for latching and controiling the value of the
carry and shift inputs to the Cp array. Two flags, called
C and Z, are used 10 save the state of the flag input line.
Under microprogram control, the flag logic simulia-
neously sets the state of the flag output line, forcing the
line to logical 0, logical |, 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. Jumnp de-
cisions may also be based on the instantaneous state of
the flag input line without icading the value in one of
the fiags. This feature eliminates many extra micro-
instructions that would be reguired if only the flag flip-
flop could be tested.

Microinstruction sequences are normally selected by

the operation codes (op codes) 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
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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 ZERQ, 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 te 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 mMicroprocessor 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 MCV in a simple but elegant manner.

When the microprogram flows through address row &
and column i3, 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 onte the row address bus.
The operation is normally performed just before the
macroinstruction fetch cycle, so that & 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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5. Microinstruction format. Only a generalized micrainstruction 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 nstead of two.

Because of the tremendous design fiexibility offered
by the Intel computing elements, it is impossible to de-
scribe every microinstruction format exacily. 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 1o the microinstruction for-
mat to provide such functions as mask field input to the
CP array, external memory control, conditional clocking,
and so on. Allecation of these bits is lefi 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

m Microprogram: A type of program that directly
conirols the operation of each functional element in a
MiCrOPrOCEsSSor.

u Microinstruction: A bit pattern that is stored in a
microprogram memory word and specifies the oper-
ation of ihe individual LS| computing elements and re-
lated subunits, such as man memory and in-
pul/output interfaces.

u Microlnstruction sequence: The series of micro-
instructions that the microprogram control unit (MCLU)
selects from the microprogram to execute a single
macroinstruction or contrel command. Micro-
instruction sequences can be shared by several mac-
reinstructions.

8 Macrolnstrucilon: Either a conventional computer
instruction (e.g. ADD MEMORY TO REGISTER, IN-
CREMENT, and SKIP, etg.) or device controller com-
mand {e.9., SEEK, READ, elc.).

The cost/performance spectrum

The woal flexibility of the Intel LSI computing ¢le-
ments is demonstrated by the broad cost/performance
spectrum of the controllers and processors that can be
constructed with them, These include:
® 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.

a Ripple-carry controller processors (a 16-bit design
adds the contents of two registers in 300 nanoseconds).

& Multipracessors, or netwarks 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 fip-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% 10 80% off the package
count in realizing most of today’s designs made with
small- or medium-scale-integrated TTL.

657

PR
o
o
=5
2=
==
(=]
o




BIPOLAR MICROPROCESSOR

TYPICAL CONFIGURATIONS
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The Intel®3002 Central Processing Ele- e
ment contains all of the circuits that rep- o e
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processing section of a digital computer. N S E
To construct a complete central processor e o
for a given word width N, it is simply
necessary to connect an array of N/2
CPEs together. When wired together in
such an array, a set of CPEs provide the rooe wetan ©r ankroy
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® 2's complement arithmetic s
a Logical AND, OR, NOT and
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Bit testing and zero detection
Carry lock-ahead generation
Multiple data and address busses
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3003

LOOK-AHEAD
CARRY GENERATOR

The intel®3003 Look-Ahead Carr\.r Generator (LCG) s a

l-.ml-. .-.-mm-.l m—-...- paltalitabd ey mmumaa .
TSR oot oT _....._.,r,._.. 3w e e p s e =

full 16 bit 3002 Central Processing Array. When used with
a larger 3002 CP Array multiple 3003 carry generators pro-
vide high speed carry lock-ahead capability for any word
length,

The LCG accepts eight pairs of active high cascade inputs
{X, Y} and an active low carry input and generates active
fow carries for up to eight groups of binary adders.
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3214
INTERRUPT CONTROL UNIT

The Int2®3214 Interrupt Gontrol 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 expandabte in 8-level incremants and pro-
vides the following systern capabilities:
— 80 ns Cycle Time
Eight unigue priority levels per ICU
Autamatic Priority Determination
Programmable Status
N-level expansion capability
Automatic interrupt vector generation
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ROMs
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er speed version of the 3301 and is a direct pin for pin appress weut Ay [ 7 10 ) o, oaracureur

replacernent of the 3301. Its performance is specified
over the complete ambient temperature range of 0°C ono [ s L3 DaTA QUTPLT
to 75°C and a Vg supply voltage range of 5V +5%.

The 3301A is pragrammed at the final step of process-

ing which allows fast turnaround, o €5,
Access time is 45 nanoseconds. —d s, o b—
The OR-tie capability and the 2 chip select inputs-of I
the 3307A allow easy memaory expansion into larger A
word and bit lengths. o p—
— By
The 3301A is mask programmed to customized pat-
tarns. |deal applications are in microprogramming and —1*
Gy fp—
table look-up. — A
e
—_— A a F—
—

Tt
A;E 1 24 j\ﬁ:c‘

3304A a: [z 23 [] 45 tms

a2 22 [ veee
4096 BIT BIPOLAR “g: “p=
READ ONLY MEMORY = :

8 azn4a  19[dcsa

. £ b 18 Jesa
The 3304A is a 4098 hit rmask programmable read-
L s ise sp Y8 17 ] ¢a M58]
only memory which is arganized as 512 words by 8-
bits, Electrical performance is specified over the com- uset o Yo wles
plete ambient temperature range of 0°C to 75°C and oz [ 15[ Jos
Vee supply voltage rangs of 5V 5%, a1t uos
Access time is 70 nanoseconds. ono ] 12 13 7o, DATADUT1  DATAOUTS
The high bit density of the 3304A offers usage in ap- E51 -]
i . : . . Ry —= QUTPUT
“plications in look-up tables, microporgramming, code 5y —> RUFFERS
conversion, logic functien generation, or character e 1
generation.
4098 BIT
PROM MATRIX
512X 8]

INPLT
DRIVERS

Ag Aq Ag
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PROMs

ADDRESS INPUT A |1 ~ 6 7] v,
3601 1 3601 -1 AODRESS tNeuT Ay [ 2 W] x ;.%2?‘55"‘?”1
HIGH SPEED 1024 BIT PROM apoaess neut A, T2 1 [ &, cwesenecT 2
ELECTR'CALLY PROGRAMMABLE ADDRESS WPLT Ay ] 4 2601/ 13 [ 1 &%, cHIPSELECT 1
ADDRESS INPUT Ay : 5 36011 12 [ ] & oatacuteyr
The Intelm3501 and 3601-1 are 1024 bit {256 word by 4-hit} {LsB) el
electrically programmable ROMs ideafly suited for uses acoress meur 2, [ 6 " [} 3, pataoureut
where fast tumaround and pattern experimentat‘ion ara im- avoness eyt 2, (] 7 w1 5 oatacumur
portant such as in prototypes or in small production volume
systems, The PROMs are manufactured with all cutputs low eavp [ | s 9|1 5, ocaracureur
and logie high output levels can be electrically programmed st
in selected bit locations. The same address inputs are used
for hoth programming and reading, —d ¢35,
The 3601 access time is 70 nanoseconds. —d ts, o b—
The 3601-1 access time is 50 nanoseconds. _| Ay
The 3601 and 3601-1 are pin compatible with the Intel® —1.
metal mask 3301A AOM. The 3301A is ideal for large . e
volume and lower cost production runs of systems initially
using the PROM. i b
t p—
The 3601 and 3601-1 are manufactured with the highly re- i
liable polycrystalline silicon fuse and the fast switching —
Schottky harner diode technology. —fa & b
[e— 7Y
[ ] il # [ vee
3604, 3604-6 ~ e 23] ae mze1
a[a 22 [ Wers nEGlARED
HIGH SPEED 4096 BIT PROM e B aha,
ELECTRICALLY PROGRAMMABLE sge w1
«E+ 304 ™
. . 7 36046 )=
The 3604 and 3604-6 are high density 4096 hit {512 word by 8-bit} e A} v} 0n oazer
electrically programemable ROMs suitable for uses where fast turnaround wsor oa(] wos
and pattern experimentation are important such as in prototypes or in asJw wfyos
small production volume systems. The PROMs are manufactured with s wijos
all outputs high and logic low levels can be electrically programmed in ME 12 w0,
selected bit locations. i :
The 3604 access time is 70 nanoseconds.
—d o5,
The 3604-8 access time is 90 nanoseconds, —af 5, o, jo—
—] <5y o, jo—
For those systems requiring low power dissipation, one should consider e, o, lo—
the 3604-6. Not only does the 3604-6 dissipate 200 less active power — o fo—
than the 3604, but it also has an added low standby power dissipation —f~ O g0
feature. Whenever the 3604-8 is deselected, power dissipation is reduced b ap—
by 70%. The lower cost 3304A-6 metal mask ROM is also available for i b
volume production usage. ) .
The 3604 is pin compatible with the Intel®3304A metal mask AOM. —
The 33044 is ideal for large volume and lower cost production runs of i
systems initially using the 3604. i

The 3604 and 3604-6 are monolithic, high speed, Schottky clamped
TTL memory arrays with polyerystalling silicon fuses,
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3212

MULTI-MODE
LATCH BUFFER

& -1

The Intel®3212 Multi-Mode Latch Buffer is a versatile 8-bit latch [Z>we
with three-state output buffers and built-in device select logic, 1t 7> 578
also contains an independent service request flip-flop for the genera- E> o
tion of central processor interrupts. Because of its multi-mede cap-
abilities, one or more 3212's can be B> o,
used to implement many types of inter- W,
face and support systems for Series ps, [ 24 [, > o
3000 computing elements including: i, 22 T
Sirnple data latches oL L]z 22 [ o, B o
Gated data buffers oo, ] 4 21 oo,
Multiplexers LY g 20 11, &> o1,
Bi-directional bus drivers Lo, L 6 3212 " 0o,
Interrupting input/output ports =N 18 %% o
DO, g 17 0oy
o, [ e i6 | Joig E> o,
po, f )10 15 | Doy
STEL] 1 14 )R B o
Gup[] 12 13 [Jos,
3> &n >
3216, 3226
4-BIT PARALLEL
BI-DIRECTIONAL BUS DRIVER " o rEl',
o . . - . L ] oo
The Intel 3216/3226 are high speed 4-bit parallel, bi-directional bus Os “J
drivers. The 3226 provides inverted 1/Q. The three-state outputs en- y
able it to isolate and drive external bus structures associated with 1y o———]
Series 3000 systems. j 1ty
The 3216/3226 driver and receiver 0 o g
gates have three-state outputs with r
PNP inputs. When the drivers or re- I o—= Py
ceivers are tri-stated the inputs are dis- S R | e 1 —olo;
abll%d, presenting a low current load, % 2 sen 0z 0— <J
typically less than 40 gamps, to the 5 ]
system bus structure. ¥Cal 33 L) Em I3 o C
1w[]a 32187 13 o, [ » p————0 1103
3226 o 11
0,: 5 12[ i O3 <J
o[ ]6 M _]o;
I |:| 7 w0 oy
onp[_]s a[ iz s
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MCS PROTOTYPE SYSTEMS

WF-3000

BIPOLAR SYSTEM DEVELOPMENT SET

The Intel WF-3004 Bipotar System Development Set
contains the following members of the Schottky Bi-
polar LS| Microcomputer Set:

{2} 3001 Micropragram Control Units
{13 3002 Central Processing Elements
{10} 3601 Bipolar PROMs {266 x 4)

Includes all Computing Elements and High Speed
Memory required for the construction of 18, 18, or
20 bit processors andfor High Speed Contrallers.

N-Bit Word Expandable.
Multi-bus Organization.
High Performance
MCU Cycle Time — 700ns
CFPE 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
Memary and a pipelined architecture.

A unique technology updating program insures that
all set owners are kept abreast of Bipolar Microcam-
puter Set developments. This service includes pricrity
mailings of additional design aids — application notes,
fspecification sheets, user manuals — and free samples
of new family membhers.

Upon receipt of the Bipolar systern Development Reg-
isteration Card, free sampies of the fellowing comput-
ing elements will be sent to development set awners:

3003 Look-Ahead Carry Generator
3212 Mulii-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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inte|@ Memory Systems

INTEL SPECIALIZES IN
CUSTOM MEMORY
CARDS

AND SYSTEMS

The abave photograph features same of the memory systems that are availabte from intel. These are shown as follows:
262k x 40 bit memory systern — 800 ns cycle time with battery backup as part of the power supply drawers.

G5k x 144 bit memory system — with power supply end cabinet. Memory is mounted on hinges for access 1o either side,

]
@ =
o
= =
n
-
=

G5k x 18 bit memory system mountad in a 19 relay rack — 450ns gycle time.

32k % 18 bit memory systern mounted in a 197 relay rack — 45005 cycle time.

19" relay rack mountable power supply far use with 65k x 18 MEMOTY System listed in #3.

ONORORORORC)

Various memoty cards are shown abave that can be rack mounted in 2 number of configurations and physical sizes.

Cantact your local Intel sales representative Tor further information on any of the above,



nter" Memory Systems

INTEL CUSTOM MEMORY SYSTEMS

Intel specializes in the design and manufacture of custom memory systems for individual customer needs. Intel’s
memory cards are used as the basic building biock 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.

in-10 450ns system organized as 65% x 38 with battery - in-50 100ns system organized Tk 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 mou nte_d helow the unit,

{if
Il

=
z=
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=

in-12 650ns systerm organized as 128k x 63 hits in 2 in-60A 1MHz systern 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 {ocated below the memory modules.
through top of unit. All units are madular and access- Thiz 14 million bit memory is one of the largest serial
ible frorm frant and back sides. memory systems delivered to a custarner,

7-3
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intel’

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 bave been designed to fulfull custemer applications.

.
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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 maior computer manufacturer — 660ns 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 corraction logic
system, G76ns cycle time.

1k x 20 RAM Memory System designed 1o meet a
customer’s extended temperature ranges. Features a
1us cycle time, needs only one power supply voitage.

74

512k x 10 RAM Memary System designed especially
for a major telephone company for use in special net-
work monitoring. Features asmall card size and 100ns
cycle time,



intal’

Memory Systems

CUSTOM MEMORY CARDS
Featuring the Use of 4K Memory Components

As new components are developed by Intel, the Memory Systerns Division is the first to evaluate and design
around them at the system lavel, 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 systermns below are typical of the type of designs we are manufacturing.

8K x 16 RAM Memory System, Another cost effec-
tive use of our 4K chip design for a serial {CRT) type
application.

8K x 18 RAM Memory System designed to double the
capacity and reduce the cost of the core memory that
it is replacing in a major minicomputer.

4K x 12 to 4K x 16 Serial RAM Memory System with
external timing and control. Used to replace an ex-
pensive core memary in an intelligent terminal CRT
display.

The in-473; BK x 17 RAM Memory System used by a
major industrial giant with stringent reliability require-
ments in the demanding environment of a numerical
contrel application.

75




iNte|® Dynamic RAM Memory Systems

in-10 MEMORY SYSTEM

in-10 SERIES RAM MEMORY FEATURES:

EE » Low Cost Memory The in-10 RAM Memory System is designed to
EE » High Reliability meet the high reliability and low price require-
En « Modular Expandability ments of large volume memory applications, The
* Module Interchangeability : . in-10 features the use of the Intel 1103 MQS chip.
* Automatic Refresh This memory system features a basic 4K x 18 or
» Fast Cycle Time : ' : BK x 9 configuration consisting of two plug-in
* Low Power Requirements boards: A memaory board {IMU]} and a control board
* Compact Size {CU)}. The control board is capable of operating up
* Field Expandable : to 32K words x 18 bits or B5K words x 9 bits.

7-6



DYNAMIC RAM MEMORY SYSTEMS in-10

SYSTEM in-10 SPECIFICATIONS

Dimensions:

Memory Board: 8.1745 Inches High
{4K x 18 or BK x 9) 10.5 Inches Deep
0.5 Inches Wide

To expand toe 32K x 18 add 0.5 inches per memory
card. Only one control card (CU) is needed for systems
up 1o 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 memeory card.
Longer word lengths can be accommaodated by combin-
ing memory cards.

Cycle Time:
in-10A 450 Nanoseconds
in-10 450 Nanoseconds
in-12 6§75 Nanoseconds
in-14 850 Nanoseconds
Access Time:
in-10A 275 Nanoseconds
in-10 325 Manoseconds
in-12 450 Nanoseconds
in-14 500 Manoseconds

Operational Modes:

Read
Write
Read/Modify/\Write (Optional)

Interface Charactaristics:

TTL Compatible
Standard Input Lines:
Cycle Initiate
Byte Contral
Read/Write
Standard Output Lines:
Data Available
Memary Busy

Environment:

Temperature: 0°C 1o +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:

in10: Voltage Regulation
+3.5V (Stacked on 1.7V} +10%
+19.7 +5%
+ 5 +5%

42 Watts (basic 4K = 18} (16 watts per additional 4K)

in12 & 14: Valtage 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}

Medule Select

Address Register

DCrata Register {Optional)

Basic System Available As AK 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.

77
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intel“‘ Memory Systems

in-26 MEMORY SYSTEM

in-26 SERIES RAM MEMORY FEATURES

® Low Cost Memory The in-26 RAM Memory System is designed to
 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
¢ 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.
>0 ¢ Low Power Requirements The compact size of this system makes it ideal for
EE + Compact Size use as a buffer main memory storage for various
£ 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.)
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MEMORY SYSTEMS in-26

SYSTEM in-26 SPECIFICATIONS

Dimensions:

Memory Board:
{4k x 10}

8.175 Inches High
6.0 Inches Deep
0.5 Inches Wide

Capacity:
1024, 2048, and 4096 words expandable to 16k
words by the addition of memory cards.

Word Length:

4,86,8,9,10 bits per card, Longer words can be
made by adding additional memory cards.

Cycle Time:
in-26 900 Nanaseconds
in-26-1 800 Manoseconds
in-26-2 475 Nanoseconds
in-26-3 375 Nanoseconds
Access Time:
in-26 200 Nanoseconds
in-26-1 600 Nanoseconds
in-26-2 475 Nanoseconds
in-26-3 375 Nanoseconds
Operational Modes:
Read (NDRQ}
Write

Read/Modify/Write

Interface Characteristics:

TTL Compatible

Standard Input Lines:
Cycle Initiate
Board Select

Environment:

0°C 10 +50°C operating ambient

—40°C to +125°C non-operating

Relative Humidity: Up to'80%
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.

A

Read/Write
Standard Qutput Lines:

Data Available'

Memory Busy

I
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inte|‘° Dynamic BAM Memory Systems

in-30 MEMORY SYSTEM

in-20 SERIES RAM MEMORY FEATURES:

® Fastest MOS Memory The in-30 RAM Memory System is modular, built for

zE ¢ High Reliability standard expansion in off-the-shelf memory board (MU}

g E & Modular Expandability increments of 4K x 18 or 8K x 9. A single control board

g & Module Interchangeability {CU} is capable of operating up to 32K x 18 or 65K x 9.
¢ Automatic Refresh High speed access and cycle times offer maximum per-
# Fast Cycle Time ) formance to price ratio. No adjustments are necessary
¢ Low Power Requirements with in-30 interchangeable modules. Chassis options
® Compact Size include completely tested systems in custom configu-
#® Field Expandable rations.

7.1



DYNAMIC RAM MEMORY SYSTEMS in-30

SYSTEM in-30 SPECIFICATIONS

Dimensions:
Memory Board: 8.175 Inches High
{4 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. Onty one control card (CU} is needed for systems
up to 32K x 18 ar 64K x 9.

Memory Systemn: 8.175 Inches High
{32K x 18) : 10.5 Inches Deep
5.0 Inches Wide

Capacity:

1024, 2048, 4036, 8192 words expandable in cards to
32,768 x 18 or 65,636 x 9 capacity, .

Word Length:
8, 9,10, 12, 16, or 1B bits in a single memeory card. . Environment:
!.onger word lendgths can be accommodated by cormbin- Temperature: 0°C to +50°C operating ambient
Ing meenory cards. _ -40°C to +126°C non-operating
Cycle Time: Relative Humidity: Up to 90% with no condensation
in-30 330 N d Altitude: -0 to 10,000 feet operating
in-3 anoseconds Up to 50,000 feet non-operating
) : D.C. Power Requirement:
Access Time: in-30 Voltage Regulation
in-30 200 Nanoseconds -5 ' +5%
i +12 5%
+5 +5%

Operational Modes: 50 Watts {basic 4K x 18} {26 watts per additional 4I}

?ﬁ?& : Features:
Read/Modify/Write {Optionai) Byte Cantrol {2 Zones Maximum]

Module Select
Address Register

Interface Charactaristics: Data Register {Optional)
TTL Compatible Basic System Available As 4K x 18 or 8K x 9
Standard Input Lines:
n
g"'yffclm'ft'f;f Speciat Options:
Read/Write INTEL also offers the in-30 mounted in card chassis
Standard Qutput Lines: designed for mounting in 19" and 24" relay racks. =g
Data Available UT-30 socket cards allow easy wire wrapping of cus- o«
Memory Busy tom interfaces in the card chassis. g 4
(7]
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inter’ Dynamic RAM Memory Systems

in-40 MEMORY SYSTEM

in-40 SERIES RAM MEMORY FEATURES:

® Low Cost Memory e
® High Retiability 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 increments of
® Module Interchangeability 16K x 18 or 32K x 9 with no adjustments. A single con-
# Automatic Refresh trol hoard {CU} handles up to 128K x 18 or 266K x 9
® 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 fan
¢ Field Expandable assemblies, '
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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 Desp
. 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 Inchas Wide

Capacity:

4006, 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 memaory cards.

Cycle Time:
in-40 550 Nanoseconds
in-40-1 650 Nanoseconds

Access Time:

" ih-40 350 Nanoseconds
in-40-1 475 Nanoseconds

Qperational Modes:

Read
Write

‘Interface Characteristics:
TTL Compatible
Standard Input Lines:

Cycle Initiate
. Byte Control
~ Read/Write
Standard Qutput Lines:
Drata Available
Memory Busy

Environment:

TFempsarature: 0°C 1o +60°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 1o 50,000 feet non-operating

D.C. Powar Requirement:

MU-40:

Voltage Current {Typical) Regulation
+12v 1 Amp +5%
+Bv 1 Amp +5%
-5v <100 Milliamps 5%

CuU-40: :

Voltage Current {Typical} Regulation
+5Y 1.3 Amp £5%

Faaturas:
Byte Control {2 Zones Maximum}
Module Setect

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.
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intel"D Dynamic RAM Memory Systems

in-41E MEMORY SYSTEM

(Euroboard Format)

in-41E SERIES RAM MEMORY FEATURES:
¢ Low Cost Memory
* High Reliahility

> 2 * Module Expandability

S ® Madule Interchangeability The in-41E RAM Memory System is perhaps the highest

T g & Automatic Refrash density memory now available on Euroboards. The inter-
® Fast Cycle Time changeable mernory boards (MU) allow expansion in in-
® Low Power Requirements crements of BK 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 systern features a fast access and
& Complate Control on each Board cycle time, high density and the use of a 4K RAM as the
#® Address and Data Registers storage device,
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DYNAMIC RAM MEMORY SYSTEMS in-41E

SYSTEM in-41E SPECIFICATIONS

Dimensions:
Memory Board: 160 mm High
{BK x 18) 2334 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 A75 Nanaseconds D.C. Power Requirements:

MU-41E: Selected
i Voltage Current (Typical} ) Regulation

Operational Modes: 12V 1.4 Amgs 59

Read (NDRO) +5v 1.0 Amps 5%

Write -5y 50 Milliamps 6%

' MU-41E: Unselected

Interface Characteristics: Voltage Current (Typical) Regulation

TTL Compatible +12v 0.142 Amps 5%

Standard Input Lines: +5V 1.0 Amps +5%
Cycle Initiate Ay 60 Milliamps 5%
Byte Contrel .

- Read/Write CU-41E:

Standard Output Lines: Voltage Current (Typical} Regutation )
Data Available +5V 1.3 Amps +5% >
Memory Busy = =

=5
- b
Address Input: Features: =
) A \ . Module Select Basic system
12 - 17 fines, binary, single ended. Data Register {optionat) available as
) Address Register 8K x 18 ar
Environment: Fast Cycle Time 16K x 9.
Temperature: G°C to +50°C operating ambient Byte Control {2 zanes max}
-40°C to +125°C non-operating
Relative Humidity: Up to 90% with no condensation Special Option:
Altitude: 0 to 10,000 feet operating Intel also offers the in-41E mounted in 2 card chassis
Up to 15,000 fzet non-aperating either as a single or multiple card system.
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inte[’ Static RAM Memory Systems

in-50 MEMORY SYSTEM

in-50 SERIES RAM MEMORY FEATURES:

« Low Cost Memory The in-b0 RAM Memory System is designed to

= High Reliability meet the needs of control memory, disk controllers,

« Modular Expandability scratch pad and signal processing applications. This

» Module Interchangeability memory provides-high reliability and performance

» Fast Cycle Time at low costs through the use of all solid state inte-

« Low Power Requirements grated circuits. The in-50 utilizes Bipolar technol-
s o Compact Size ogy to achieve these fast cycle and access times.
g% » Field Expandable This memory system features a basic size of 1024
g « One Power Supply Voltage words by 10 bits per memory card, This memory
=4 « 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} 8.0 Inches Deep TR v
0.5 Inches Wide : A R o L
Capacity:

286, 512 and 1024 words per memory card.
Larger sizes are capable by the addition of mem-
ory cards.

e

Word Length:
2,4, 6,7, 8,9, 10 bits per card. Longer words
can be accomplished by the use of additional
memary cards,

o Lo

Cycle Time:
in-50 100 Nanoseconds
in-52 ) 150 Nanoseconds
Aceass Tima:
in-50 _ 100 Nanoseconds
in-52 150 Nanoseconds
Operational Modes:
Read (NDROJ Write
Interface Characteristics:
TTL Compatible
Standard Input Lines: ——
Cycle Request Write Data
Read/Write Address
Standard Output Lines:
Data Available Read Data
Environment: . . ] ] Special Features:
Temperature:  0°C to +50°C operating ambient  The in-50 is available in various word and bit
—-40°C to +125C non-cperating lengths with card chassis completely wire wrap-
Relative Up to 90% with no condensation ped with 1/Q connectors for mounting in 19"
Humidity: 0 to 10,000 feet operating ~ relay racks.
Altitude: Up to 50,000 feet non-operating  The in-B0 can also be supplied with a power sup-

ply that is also mountable in a 197 relay rack.
D.C. Power Requirement:

45 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 =g

w

Features: w

Module Select Open Collector Qutputs = .

Address Registers 1 Power Supply Voltage '

Data Registers TTL Compatible

Single Board System Ease of Expansion
Inputs and Qutputs are Buffered
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inte|® ~ Serial Memory Systems

in-60 MEMORY SYSTEM

in-60 SERIES SERIAL MEMORY FEATURES:

* Low Cost Memory The in-60 serial Memory System is designed to

& High Reliability meet the high reliability and low cost requirements

+ Modular Expandability o_f large Vc_)lume storage and CRT refrgsh applica-

+ Module Interchangeability tions. The in-60 features the use of a single voltage

) power supply and MOS N-channel silicon gate tech-

> 2 ¢ Field Expandable nology. This system is available as a self-contained
o ¢ Only One Power Supply Voltage 20,000 words by 10 bits memory unit. This system
w E « Compact Size is expandable to virtually any size in either word or
= Adjustable Clocking bit length by the use of additicnal 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 appiications.
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SERIAL MEMORY SYSTEMS in-60

SYSTEM in-60 SPECIFICATIONS

Dimensions: 8.175 Inches High
10.5  Inches Deep
0.5 fnches 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

Envirenment:

" Temperature:  0°C to --50°C operating ambient
—40°C to +125°C non-operating

Relative
Humidity: Up 10 50% with no condensation
Altitude: 0 to 10,000 feet operating

Up to 50,000 feet non-operating

D.C. Power Reguirement:
+5.0 Volts £5% at 7.0 Amps

Features:

TTL Compatible

1 Voltage Supply
Ease of Expansion
Single Board System
Adjustahle Clocking
Single Phase Clocking
Fully Buffered Systemn

- NN
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Special Options:

Inte! also offers the in-60 mounted in a card chas-
sis. This chassis will be wire-wrapped up to what-
ever size is ardered. 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 memary.

A blower assembly is also available for this sys-
“tem. This blower can draw air from the front, back,
or below for cooling the memary card chassis.

This is iMlustrated in the above photograph.
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intal’ Serial Memory Systems

in-62 MEMORY SYSTEM

THEHEHINHIDSRIN TN

in-62 SERIES SERIAL MEMORY FEATURES:

¢ Low Cost Memory The in-62 serial Memory System 5 designed to

e High Raliabilit meet the high reliability and low cost requirements

'gh Mellabiity N 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-
%5 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
® Lompact Size expandable to virtually any size in either word or

* Adjustable Clocking bit length by the use of additional memory cards.

e Fully Buffered The in-62 features a compact size, high reliability

and ease of expansion.
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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 memary card, Longer words are made by
combining memory cards.

Clock Rate:

in-62 T0MHz to 200kHz
Data Time:

in-62 10MHz to 200kHz

~ Interface Characteristics:

TTI. Compatible
Data Input:
1 line, single ended
Data Output:
3 lines, single ended
{DPata Out, Data Out, Reg. Input}
Data Input Control:
2 lines {clock}, single ended
{Collect/Recirculate, Clock}

Environment:

0°C to +50°C operating ambient

—40°C to +125°C non-cperating

Relative Humidity: Up to 90%
with no condensation

0 to 10,000 feet operating
Up to 50,000 feet non-operating

Temperature:

Altitude:

DC Power Requirement:
+5.0 Volts + 5% at 6.0 Amps

Features:

TTE 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 ar as complete systems. Inte! features a number of
memaory cabinets that can accommodate a variety of memaory capacities. These cabinets are designed to allow cus-
tomers maximum freedom in specifying memaory configurations. These cabinets contain power supplies,.coaling and
interface connections. The following photographs show the various types that are available:

in-CAB-HB Memory Cabinet
can accommaodate up to 96
MU-10 series cards. This
memaory cabinet is 72'* high,
19" wide and 30" deep. It
is designed to be free-
standing and contains room
far coeling fans, power
supplies and interface
cabling. The memary size
can vary from 48k x 144

to 512k x 18 bits. All
power supplies are

rnourted on slides for

BASY 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 cocling,
It is only 48" high x 30"
deep and is 19" wide. It is
free-standing and comes
with casters for ease in
moaving 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 1o fit in the rear of
the cabinet. All connections
can go through the rear or
battom of this cabinet. A
master circuit breaker is
also available.

o)
z2
=
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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
mountad 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, Itis
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

inte'@
in-CHS CARD CHASSIS

The in-Series Memory Systems are designad in modular form for ease in conversion into a variety of sizes and con-
figurations. In order to accomrodate customer applications, standard chassis were designed for use in fulfilling
them. These are shown in the following photographs. See your local Intel sales representative for your particular

application,

The in-Minichassis Memory Chassis is designed to ac-
commodate up to 32K x 18 of memory. The memory
cards are mounted horizontally with room for a con-
trol card and 1 UT-10 interface card. This mini-chassis
is 7" high and includes power supplies and cooling
fans. It is mounted on slides for ease of movement
in and out. All connections are made from the rear
of the unit and it is mountable in a 197 relay rack. A
front panel is optional and includes a circuit breaker
and indicator lights. This unit features the use of a
PC back plane for all power and ground connections,

The in-Unichassis/OPS/BB Memory Chassis is designed
to accommodate up to 32k x 18 of memory with bat-
tery back-up power supply and including a Gell cell
battery. This chassis is mountable in a 19" relay rack.
This chassis features a PC back plane for all power and

-ground connections. It is accessible from both front

and rear, This chassis is 10.5” high and 12" deep.

The in-Unichassis Memory Chassis is designed to ac-
commodate up te 33 memary and control cards for
mounting in a 19° relay rack. This chassis features the
use of a full PC back plane for power and ground. This
chassis can be wired for a number of memory sizes
and configurations. It can also be used in multiples for
even larger memory configurations. 1t is 10.5" high,
12" deep, and can be used with in-CAB memory
cabinet.

S R T x'_s‘.ﬁg"-;‘\\*
%ﬂ‘r‘i«m ;ﬁffaﬁ“‘“
m;’!iﬁ‘%‘%ﬁ%ﬁﬁ M

J ] e

The in-Jumbaochassis is designed for memory systems
that may be mounted in a 24" cabinet. With integral
power supplies and fan assemblies, it measures anly
14"H x 24"W x 24"D. Forty-three card slots are avail-
able to house thousands of combinations of standard-
sized Intel memory cards. This chassis has the capabili
ity of up to 10 megabits in 14", For instance, a 128k
x 18 or 256k x & in-10system or a 512k x 18 or 1024k
x 9 in-40 system could be housed with seven /0 slots
left over for address and data buffers or for other cus-
tom logic.
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in-Series Accessories

intal’
in-PS POWER SUPPLIES

The in-Series Memory Systems are designed in modular form to allow conversion into a variety of sizes and configu-
rations. In order to accommodate these various memory sizes, Intel has designed standard power supply modules for
use in configuring these systems. The following photographs show standard power supply modules that are available.

= ¢
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Contact your Intel Memory Systems representative for your particular application.

The in-OPS-3/BB Power Supply features a capacity to
power up to 65k x 27 or 32k x 54 bits of Mernory and
has the capability of being powared by a battery in
case of AC power failure. The battery back-up for a
fully populated system is for a one hour period, This
power supply is 8%’ high and is mountable in a 19 re-
lay rack. It alsa has a circuit breaker switch and indi-
cator light mounted on the front for easy use. It is rec-
ommended for use with the in-10 Series of 'memory.

The in-OPS-1 Power Supply is available in a 19” relay
rack and it is shown mounted next to its memory and
battery back-up. This power supply is capable of
powering 32k x 18 or 68k x 9 (8 in-10} memory cards.
This chassis with power supply is 10.5" high and 12
deep and includes memory system, power supply, and
hattery. It is recommended for use with the in-10
Series of memory.

The in-DPS-3 Power Supply designed to provide voltage
for up to 190k x 2 or 96k x 18 using individual supplies
for each voltage level. This supply is 7' high and is
19" rack mountable. It features a circuit breaker and
individual indicator lights mounted on the front. It
afso has its own internal cooling. it is recommended
for use with the in-10 Series of memaory.

“l

The in8PS-8 Power supply is a highly efficient power
system designed to provide 1800 watts of power. This
supply has +5.0V, —5.0V and +12.0V available and is
contained in an B%" high chassis that is mountable in
a 19" relay rack. It features its own internal cooling
and is recommended for use with the in-60A memory
systems.
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The in-DPS-6/2 Power Supply provides 1800 watts of
power in two B%’ drawers. Shown here are the Veoe +
Vgg portion of the systemn. It is mountable 'na 197 re-
lay rack and has its own internal cooling. It is recom-
mended for use with large in-10 Series rmemaory systams,
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The in-DPS-U2 Power Supply features remote control
options for power turn on and off, Voltage Margining,
overtemperature sensing, and is only 54" high. Special-
ly designed for use with the in-10 Series, it wilt power
up to 65k x 18 of memory, All switches are located on
the front of the unit for easy use. Mountable ina 19"
relay rack. : i



in-SERIES ACCESSORIES

The in-series is available in card chassis and with
power supplies that are modular and can be maunted
alongside, below, ar behind the memory cards. Other
accessories, like extender boards, interface boards and
fan assemblies, are also available. Details on these are
listed below.

in-Series Interface Connector

This unigue connector scherme is designed to provide
inexpensive, yet reliable, interconnections to the
in-Series memory systerns.  This connector fits over
the in-Series back pang! wire wrap pins and forms a
tight interconnection, This connector is then fitted
with flat cable for connection to other parts of the
application with which it is being used.

in-10 Series Interface Board

This board is designed for use in assembling custom
interfaces to use with in-10 series memaory systems.
This interface board con be used with |.C. sockets
with up to 18 pins and can be wire-wrapped for quick
interface conmections. This 1O board plugs directly
into the in-10 series connector slots. There are also 2
slots available far up to 40 pin sockets.

in-Series Fan Assembly

This fan assembly is designed for mounting in a 19“
relay rack and is used for blowing air or sucking air
upward through the in-series card chassis. This unit
can receive air from the front, rear or underneath and
send adequate air flow through up to 4 card chassis
stacked upon each other,

in-Series Extender Board

This extender hoard is designed to provide the user
with full access to any In-series memaory card. This
extender board plugs directly into the back panel con-
nector and allows full view of any of the in-series
cards.

in-Series MT-10 System Exercisor

This system exercisor is designed to test up to 36
bits of information and address up to 262k words
of memaory. This tester is mountable on the front.of
the memory unit by use of self-contained magnetic:
devices and plugs directly into the memory systen.

725
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We stack the cards
your way with
4K RAM system:s.

Intel's know-how is all the ante you need
towin a pot of money by

systerns with less
costly, higher
density, faster
solid-state
systems
built
with

16K x 18 RAM it

RAMs, Our know-how guarantess you price,

performance and delivery right now
Our first card,

replacing core memory

4096-

array I, too, replaces a bulkier, more costly
core memory assembly.

For buyers of standard memory systems,
our new ace in the hole is the i7-40. One
Bx10%-inch card stores up to 32 kilobytes i
4K RAMs, in your choice of word lengths,
and accesses in only 350 nanoseconds. A
universal control card allows expansion at
any time to a 256 kilobyte capacity per
cortrol card. That staclke-is only 5 inches wide.

And here's another good deal. When
you buy a custom memory system from
Intel, you can get manufacturing rights after
the initial production run. Use your produc-
tion resources as you think best.

for example, is a
custom 16Kx18
systerm, complete
with contrel
logic, that is
now used in
a popular
minicorm-
puter as a
replacement add-on for a more
" costly core memory with only
half the storage density. Next
is a 16Kx17 system used in a
high reliability numerical
control system.

The center card is a custom 16Kx16

16K x 17 RAM

serial access RAM memory for a CRT display

system. And the fourth operates in another
display system as a 4Kx12 to 4Kx16 serial

16K x 16 Serial

Custom or standard, single
board or card stack, Intel’s
4K RAM systems are the best
core replacement deal in the
industry today. Every
card we make
stacks the deal in
your favor because
these systems are
far more cost-
elfective than
core in
density,
perform-
ance and
prce.
Call or write Intel Memory Systems at
1302 North Mathilda, Sunnyvale, California
94086, (408) 734-8102.

4K x 16 Serial

Memory Optionts Unlimited

intal memory systems

& DHYISIIN DF IMTEL CORPOAATION

AD REPRINT



- S1I024I]

INI4IIAINLL




CMOS TIMEKEEPING CIRCUITS

Type Description Display Type | Voltsge Range | Page No.

5201 3 1/2 Digit Haurs/Minutes/Seconds D.S. LLD 10-15 B3
Decoder — Driver

5201-2 | 3 1/2 Digit Hours/Minutes/Seconds F.E.LCD 6-10 83
BOecader — Driver

5202 3 1/2 Digit Hours and Minutes D.5.LCD 10-15 8-3
Decader — Driver

5202.2 | 3 1/2 Digit Hours and Minutes F.E.LCD 6-10 83
Decader — Ofjver

5204 3 1/2 Digit TimefSecands/Oate _F.E.LCD 5-10 8.7
Dacoder — Driver

5801 32,768 kHz Qscillator — Divider N.A, 1.2-16 811

tRCUITS
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intel siicon Gate cMOS 5201, 5201-2, 5202, 5202-2

LIQUID CRYSTAL DISPLAY DECODER-DRIVER

» 5201 and 5202 Drive » 5201 and 5201-2 Display Hours,
Dynamic Scattering Displays ‘Minutes and Seconds on Command

»-5201-2 and 5202-2 Drive » 5202 and 5202-2 Display Hours
Field Effect Displays and Minutes

» Advanced Silicon Gate = Inputs Protected Against

lon Implanted CMOS Technology Static Discharge

The 5201, 5201-2, 5202, and 5202-2 are low power 3% digit liquid crystal display decoder/drivers intended for
use in electronic timekeeping applications such as wristwatches and battery-operated clocks. The 5201 and
5202 are specified for operation over the supply voltage range 10 to 19 volts for use with dynamic scattering
liquid crystal displays. The 5201-2 and 5202-2 are specified for operation from & to 10 volt supply voltages for
use with field effect liguid crystal displays.

The 5201 and 5201-2 normaily display hours and minutes. On activation of the seconds command switch, sec-
onds are displayed in the minutes position and hours are blanked. Resetting of the seconds command switch
restares the display mode to haurs and minutes. The 5202 and 5202-2 display hours and minutes onty, The
colon is flashed at a 1 Hz rate on all four davices.

These decoder/drivers accept a 64Hz input signal from which they count and decode hours and minutes (and
seconds in the case of the 5201 and 5201-2). The deceded signals are used for driving the three 7-segment and
one 2-segment display digits. A symmetrical 32 Hz signal is provided to drive the common back plate of the dis-
play. Segments to be energized are driven with a symmetrical 32Hz signal that is out-of-phase with the common
signal while unenergized segments are driven with a symmetrical 32Hz signal in phase with the common signal.

Two inputs allow for time setting and resetting. {See page 8-5 for description of operation.}

These devices are fabricated with complementary MOS silicon gate technology. This extremely low power tech-
nology is ideally suited for the manufacture of devices designed to operate from small batteries for long periods
of time. ‘

CHIP TOPOGRAPHY BLOCK DIAGRAM
{Numbers refer to package pin number.}
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SILICON GATE CMOS 5201, 5201-2, 5202, 5202-2

Absolute Maximum Ratings™

Temperature Under BRas . . . ... vttt ittt s et e e e e e e s -20°C to +70°C
Storage TEMPEIAtUIE L . o i it it ittt ittt it e et e e te e e e e e e e e —40°C 10 +125°C
Supply Voltage Vpp with respect to GND L . L. o s ~—0.3V to +18.0V
Woltage on all Inputs or Qutputs with respect to GND L Lo o o e e —0.3V to Vpp +0.3V
Power Dissipation . . ot st i e e e e e e e e e e e e e e e e 100w
“COMMENT:

Stresses above those listed under "Absolute Maximum Rar.-'r_.-gs" may cause permanamt damage to the device. This is a stress rating
only and functional cperation 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 relfability.

D.C. and Operating Characteristics for 5201 and 5202

Dynamic Scattering Liguid Crystal Display Applications {Ts =25°C; 10V < Vpp < 16V §;y= 64 Hz unless otherwise specitied)

Symbal ’ Parameter Min. Typ. Max, Unit Tast Conditions
lpplAva.} Average Qperating Current 500 nA | Voo = 15V tgue = 25ps; 1 =
0.5us; t. = 35us; outputs open
lpg(Static) | Static Current 300 nA Vpop = 15V; 64 Hz input open;
outputs open
L Input Low Current -5 -13 -28 pA | Vpp = 15V Vi = 1.2V
Wi Input Low Voltage -0.3 1.2 v Vpp = 15V
ViH ) Input High Voltage 14.0 18.3 v Vpp = 15V
VoLe ’ Quiput Low Voltage Commaon 0.1 W Vpp = 15V Ig ¢ = 1.5pA
01 V| Vpp = 10V: g ¢ = 1.0pA
VoHe Cutput High Voltage Common i4.9 A Vpp = 15V lgpye = —1.5pA
B9 W VDD =10V; lOHC = —1.0uA
Vous Output Low Voltage Segments .1 v Voo = 16V lg g = Q. 1pA
) a1 Y VDD =10V, |0|_5 = 0.06pA
Vous Qutput High Voltage Segments 14,8 v Vop = 18V Ipps = —0.10A
8.9 v VDD = 10V, lC‘HS = —0,06uA

D.C. and Operating Characteristics for 5201-2 and 5202-2

Field Effect Display Applications {Ta= 25"C; BY = Vpp = 10V; f = 64 Hz unless otherwise specified)

Symhol Parameter Min, Typ. Max. Unit Test Conditions
Ipp 1Avg.) Awverage Operating Current G500 nA | Voo = 10Vt = 25ps: ty =
(h5ps; 1, = 75us; outputs apen
Ipp iStatic) | Static Current 400 nA | Vpp = 10V; 84 Hz input open;
cutputs open
b Input Low Current 05 | -18 uh | Vpp = 6.0V Viy = 1.2V
ViL Input Low Voltage -0.3 1.2 v Vop = 10V
Vi Input High Voltage 2.0 10.3 W Vpp = 10V
VoLe Cutput Low Voltage Common 25 m¥ | Vpp = 10V, g o = 0.154A
50 mV | ¥pp = BY; g ¢ = 0. TuA
Voue Qutput High Vaoltage Common 9.975 v Vpo = 10V, lgpe = ~0.15pA
5950 v Mpo =6V: Igng = —0.1uA
= VoLs Cutput Low Voltage Segments 25 m¥ | My = 10V Ig 5 = 10nA
e 50 mY | VYpp = BV, Iy g = 6nA
[I¥]
w E Vous Qutput High Voltage Segments 9.975 ¥ | Vpp = 10V; Igug = —10nA
E S 5.950 1 VDD =GY; IOHS = —BGnA
[
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SILICON GATE CMOS 5201, 5201-2, 5202, 5202-2

A.C. Characteristics for 5201 and 5202 (1,=25°C; f;,=64Hz)

Symbot Parameter Min. Typ. Max. Unit Test Conditions

awe Input Pulse Width 10 15 25 LS ViL=1.2v

1y Input Pulse Fall Time a5 s Vi = 1.2V, V= 14V, Vyp = 15V

t, Input Pulse Rise Time 5 us ML = 1.2V, Vg = 14V Vpg = 15V
A.C. Characteristics for 5201-2 and 5202-2 (T5=25°C; f;,,=64Hz)

Symbol ' Parameter - Min. Typ. Max. Unit Test Conditions

Towe Tnput Pulse Width 0 15 25 s ViL= 12V ~

ty input Pulse Fall Time 0.5 us ML = 1.2V Vi = 14V: Vpp = 16V

t, Input Pulse Rise Time 75 15 VL = 1.2V Vi = 9V, Vpp = 10V

Capacitance (7,=25°c)

Symhbol Parametet Min. | Typ. | Max, | Unit Test Conditions

Ciw Input Capacitance 28 5 pE Capacitances are measured
in 30 lead flatpack with all
pins except the test pin at

“CouTy Cutput Capacitance Segments : 2.0 5 pF ground, f=TKMHz

Coute Cutput Capacitance Common 25 15 pF

Input Waveform

Output Waveforms
ENERGIZED SEGMENT . UNEMERGIZED SEGMENT

Yoo - Voo
SEGMENT | | | | | | : I I l I | I
o n a9
1} f 7
Moo oo
COMMON | I | I | | | I | | | [
a 1}

oo

ACROSS
SEGMENT

Voo . 0

Time Setting

Two inputs {Reset 1 and Reset IT} allow setting and synchronization of the time to a time standard. The opera-
tion of these two inputs is described by the foliowing table; |

State  Resat [ Reset IT Cperation

B1 VDD VDD Normal

Ba Voo o Clock Running, hours are sdvanced at 1Hz

Ba Q Q Seconds counter is reset to 00 sec.; minutas are advanced at 1Hz rate; hours are incremented
by 1if minutes exceed §9, otherwise they are unaffected.

By 0 Voo Seconds counter reset to 00 sec.; minutes are held if state By is entered diractly from state

Ba; hours are unaffected. Nots: Minutss will be incremented by one if state By is entered
frorn state By or Bs.
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SILICON GATE CMOS 5201, 5201-2, 5202, 5202-2

Display Segment Format

AT A2 N A3
| ] |
K F1 Bi ‘ Fz B2 ra B
&1 G52 53
| I N
L
K E1 1] . EI c2 E3 3
AR VAR /|
[n}] D3 [ex]
Typical Application
1.35V

12v

zzl,zzq % 22
F;

r" [T M? L
135
: =
327N 2g0u =
MM 110 e I | a1
5201
"‘M% sam s202 Ioas DISPLAY
> & 8 Baka 5 2
53250F ;" :l: Z7oF
= 145201, 5201.2 ONLV]
Packaging information
: PIN ASSIGNMENT
[ . L |
ron iz Pin Pin
'%%{%i- I =1 IDENTIFIGATION | No. Function No. Function .
LTS ! i I t  RasetII 16  Seconds Switch
lo.ﬁl_L ”” T 2  Resetl 17 B3
= ™~ 3 Comman 18 A3
E | Il ” If . 2 K 19 F3
T 350489 000179 5 E1 20 G3
A0 110,20 FI0BSI 5 DOi 21 B2
4 . b 7 Cl 27 A2 +D2
[) “]|||N||“ 8 64Hzln 23 F2
1%; Tvp. 9 L {Colon) 24 G2
’ 10 E2 25 B
ALTERMATE PIN CONFIGURATION 1 1 C2 26 A1
. 12 E3 27 Fi
o 1220 "% 13 D3 28 Gt
| I 14 C3 29  Ground
% —— - 15 N/C 30 Voo

*5201 and 5201-2 only
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iIntel’ Silicon Gate CMOS 5204

TIME/SECONDS/DATE LIQUID CRYSTAL DISPLAY
DECODER-DRIVER

= Displays Hours and Minutes or = Anti-Bounce Circuitry on
Seconds or Date Switch Inputs

= Pin Compatible with Intel 5201 = Drives 32 Digit Field Effect
and 5202 Displays

= Advanced Silicon Gate lon * |nputs Protected Against Static
Implanted CMOS Technology Discharge

The 5204 is a tow power 3-% digit liquid crystal display decoder driver intended for use In 12 hour timekeeping applications
such as wristwatches and battery-operated clocks,

The 5204 accepts a 64 Hz input signal from which it counts and decodes Seconds, Minutes, Hours, and Date. The decoded
signals are used for driving the three 7-segment and one 2-seyment display digits, A symmetrical 32 Bz signal is provided to
drive the common back plate of the display. Segments to be energized are driven with a symmetrical 32 Hz signal that is out-
of-phase with the common signal while unenergized segments are driven with a 32 Hz signal in phase with the common signal,
The 5204 will normally display Haurs and Minutes. Depressicn of the D/C command switch will cause Seconds to be displayed
in the Minutes position and the Hours will be blanked. A second depression of the D/C command switch will cause the Date
to be displayed in the Minutes position and the Hours to be blanked. A third depression of the D/C command switch wilk
cause a return to normal mode displaying Hours and Minutes. The colon is flashed at a 1 Hz rate in all three display modes.
A separate switch is used for timesetting. Thus only two switches are required for operation of the watch, [See page 889
for description of operation.)

The 5204 is designed to operate in conjunction with the 8801 oscillator-divider circuit. For information on the 5801 see the
5801 data sheet,

This device is fabricated with complementary MOS silicon gate technology, This extremely low power technology is ideally
suited for the manufacture of devices designed to operate from small batteries for long periods of time.

CHIP TOPOGRAPHY BLOCK DIAGRAM
{Numbers refer to package pin number.}

oiC ANTI.BOUNCE &
PULL-UP LOGIE |7

s MASTER
ANTI-BOUNCE E CONTROL
PULL-UE LOGIC [ ] COLON

SEG COLOM
BRIVER | DISPLAY

]
AESET
| MINLITES,
- piciTs | SECONOS,
AESET | REsET MILLISECONDS pag o1 | ORDATE
CONTROL COUNTER — b OF MONTH
B4 Hy SEG DISPLAY
i DRIVERS —
TECONDE it
COUNTER |
DIGITS
— 1 mux [=*5] b2k b3
DECODE
| | MINUTES
CONTROE COUNTER
— 1
1 . DIGITS
— Soues_| s K150
CONTROL COUNTER +| BECODE
i SET | DATE OF W U
CONTAGL "' E':'[T)f =+

106 MILS HOURS
] “see | oireay
DRIVERS

139 MILS
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SILICON GATE CMOS 5204

Absolute Maximum Ratings™

Temperature Under Bias ., . ... ittt i e e [P —20°C to +70°C
Storage TemMEErallre . . . . .ot i e e ot e e e e e e e e —10°C to +125°C
Supply Volage Vpp with respect to GND L . L. L. it i ittt e s i s en e —0.3V to +18.0V
Voltage on all Inputs or Qutputswith respect to GND L . . . L. .. L. s —0.3V 10 Vpp +0.3V
Power DIssiDalION . . . .. vt vt v ot e n e e e e e e e e e e e e e e e e 100 mWw
"COMMENT:

Stresses above thase fisted under "Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating
onfy and functional aperation 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 relizbility.

D.C. and Operating Characteristics

Ta = 26°C; 6V < Vpp <10V, i, = 64 Hz, Unless Otherwise Specified

Symbol Parameter Min. Max. Unit Test Condition

Vo = 10V tpye= 2518t =0.5us;
_ t,= 75us; Outputs Open

e 64 Hz Input Low Current (Clock) 2.0 -15 uA Vop=10V; V|y=1.2V

| VDD=1OVIV|N=1.2V

Ipp Total Average Internal Current 500 nA

liLs Switch Input Low Current (D/C, S} -1.0 -50 1A 64 Mz Input Voltage =0.0V Note 1
ViL Input Low Voltage -0.3 1.2 V'
VouLe Qutput Low Voltage Commaon 26 my Vopp=10V; g c=1.0uA
YoHe Qutput High Voitage Common Vpo-.025 v Voo =10V, lgue=-1.0uA
Vours Output Low Voltage Segment 25 mVy Voo = 10V; loLg=0.12A
Vowus Qutput High Yoltage Segment Vpp-025 \' Voo =10V; lgHs=-0.1¢tA
“hLm Reset Input Low Current -1.0 -2Q0 HA Vop= 10V

A.C. Characteristics _
Ta = 25°C; BV < Vpp < 10V; f;, = 64 Hz, Unless Otherwise Specified

Symbol Parameter Min. Max. Unit Test Condition

towe Input Pulse Width {Clock} 10 25 .;.ts ViL=1.2v

1 Input Pulse Fall Fime 0.5 us Voo =10V Vi =12V Vi =9V
t Input Pulse Rise Time 75 Hs Voo =10V VL =1.2V Vig=9V
ted Switch Delay 32 80 ms Note 2

Capacitance (7,=25°¢)
Symbol Parameter Min. Typ. Max. | Unit Test Conditions

Cin Input Capacitance 2.8 5 pF Capacitances are measured
in 30 lead flatpack with all
pins except the test pin at

Coute Qutput Capacitance Common 85 15 pF

Coutg Qutput Capacitance Segments 2.0 5 pF ground, f = TMHz.

MOTES: 1. All switeh inputs includg dynamie pull-up circuitry which is clocked In synchronization with the 64 Hz input. The average current drawn
by thess inputs in the low stata will be proportional to the duty eycle of the 64 Hz input. The value specified is for the case where the
64 Hz input is held low, (100% duty cyclel,
2. Tha D/C and S switch inputs includa anti-bounce circuitry, This circuitry requires that a switch input be stable for 2 consecutive 32 Hz
¢logk periods in order te be recognized as a valid input. Switch dalay is tha tima durlng which the antibounee eircuitry is determining a
valid, stableg input.
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SILICON GATE CMOS 5204

input Waveform

} 15,600 160 |

Voo

Output Waveforms
ENERGIZED SEGMENT UNMENERGIZED SEGMENT

Voo Voo
SEGMENT
o ._| |_| I_I |_ yo b a | I l | | I
Vot Voo
COMMON I | | | | I | | | | | I
a L]

ACAODSS
SEGMENT

—Vpo i

Time Display
Switeh input D/C controls the time display modes. Each closure of switch D/C (DfC input = low) causes a change in the display
mode in the sequence Hours and Minutes — Seconds—-Date —Hours and Minutes. The following diagram illustrates this:

HOURS AND
MINUTES DISFLAY SECOMNDS DISPLAY DATE DISPLAY
LOSURE I Icw«sune [@ '
OF OF

SWITCH D/C SWITCH D/C

CLOSURE OF SWITCH DvC

Time Setting

Switch input S controls the time setting mades. This switch input is active onby when the circuit is in the Hours and Minutes display
made. Each closure of switch $ (S input = low) causes a change in the time set modsas in the sequence Hours and Minutes—-Min-
utes—=Seconds —Hours—Date—Hours and Minutes. Closure of switch D/C when in the Minutes, Hours, or Date time set modes
wilf cause that mode to be advanced at & 1 Hz rate, Clasure of switch D/C in the Seconds synchronize mode will cause the Minutes
to be advanced by one and the Seconds to be reset to zero and held until the D/C input is returned Bigh, The colon is displayed
only in the Hours PMA state in the time set mode, The following diagram illustrates this:

HOURS 4AMD MINUTES RINUTES SET . HDURS SET DATE 5ET
DISPLAY MOOE WODE SYNCHRONIZE MODE MODE

- l CLDSUH.E l @ m

SwWITEH & SWITCH § SWITCH 5 \ SWITCH §

CLOSURE
OF

GCOLDN PRESENT
CLOSURE OF SWITCH § IN HOURS Piu

Reset

The reset input may be used to initialize all time counters to the zero state, All time counters are automatically reset to zera when
voltage is initially applied 1o the circuit. The zero state is 12:00 AM, 00 Seconds, 0 Date.
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SILICON GATE CMOS 5204

Display Segment Format

DIGITS D1, B2 AND D3 TRUTH TABLE

i SEGMENTS
NUMBER | —
ials|c|o|ejF' s
a1 az Az ] EREREREREREEE
I E— I | w11 [a]e]e]le
L .
<l & 0 @ F2 B2 Fa B3 2 !I vie |1 | e 1
&1 G2 53 |_ 3 rfr]ajurjelejn
o | ] W ojefaf1]e]e]r '
L 5 'vjefrfi]efrs
K E1 (5] . E2 [} E3 3 5 1 e |1 I 1 1 I‘
amm—— /] am— q Jtvfrjejelofe
o B2 D1 [=] EERERERERE
) g 'EEREREREREE
. . .
Typical Application
¢|
l 1588y .
32,768Hz 30k =
P——ae Ti0
23 LCD
i saon B0 Teods SPLAY
2 -] adi

5.35pF ?é ‘f 27pF

Packaging Information

__..EE0fan -
100 (75,8 |
1
1‘%-3-3%’- © PN #1\DENTIFICATION |
418 - 2l !
Py RACHE T "W -
=+ I |
= AL AT 1 i
¥ = - = ‘
INDICATOR
DOT 350 (2890 700 {17.9)
A0 (10,21 TIO{IES
A 4
||||“ “"n
050
il,z:nwp' T
l%} am "
* 4+

PIN ASSIGNMENT

Pin Pin
No. Function No. Function
p/c 16 N/C
2 8 17 B3
3 Common 8 A3
4 K 1% F3
5 E1 20 3
g D 21 B2
7 C1 22 A2+D2
8 G4HzIn 23 F2
9 L [Colon) 24 32
0 E2 25 Bl
11 C2 26 Al
12 E3 27 F1
13 D3 28 o1
14 C3 29  Ground
15 Reset 30 Vpp

g-10



intel Silicon Gate CMOS 5801

LOW POWER OSCILLATOR-DIVIDER

= Advanced Silicon Gate lon » Long Battery Life--Low
implanted CMOS Technology Current Drain--5 pA max.

* On Chip Drive and Regulator » Inputs Protected Against
Circuitry for Up-Converter Static Discharge

The 5801 is a low power oscillatar and 27 divider ideally suited for use in battery powered timekeeping applica-
tions. The circuitry consists of an inverter stage designed to operate in conjunction with an external quartz crys-
tal and feedback network to form an oscillator, a $-stage binary ripple carry counter, and control logic. Two
autputs are provided: A buffered drive output providing % eycle of the oscillator at a repetition rate equal to
the frequency of the oscillator divided by 2° and an open drain output that is switched on for % cycle of the
oscillator at a repetition rate of the oscillator divided by 2°. The buffered drive output and associated control
circuitry are designed for use with external components to implement a regulated voltage up-converter.

The 5801 is manufactured with complementary MOS silicon gate technalogy. Long term continuous operation
from small katteries is made possible by use of this low power technology.

CHIP TOPOGRAPHY BLOCK DIAGRAM
{Numbers refer to package pin numbaer.)
E
2 O80. =4z b
60
10
40 3
3
H
g 70 @ GATING -1 GATING |~ N
= =
STORE w
B SENSE AND oa
CONTROL
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SILICON GATE CMOS 5801

Absolute Maximum Ratings*

Temperature Under Bias . ... .. b e e e e e e e e e s —20°C to +70°C
Storage Temperature . ........... h e e e e e e e e e e e e e e e e e —40°C 10 +125°C
Supply Voltage (Vpg ) . ... ... Lo et e e e et e e —OL3Y 10 4B.OV
Voltags an Qutput {pin 8} with respect to Vgg et —03Y o H1B.0V
Voltageonallatherpins ... .. . o it e e T —0.3V 10 Vpp +0.3V
Power DHSsiPatION . .. .. ot it i i e e e e e e B0m\W
*COMMENT:

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
oy and functional operation of the device at these or any other conditions above those indicated in the gperatignal sections of
this specification is notimplied. Exposure to absolute maximum rating conditions for extended periods may affect device refiabiiity.

D. C. and Operating Characteristics (1,=25°c)

Symbol Parameter Min. Typ. Max. Unit Conditions
lpp Awerage Supply Current 30 5.0 [T Voo = 1.4V, Note 1
Vons Oscillation Start Voltage 1.2 v Note 1
64Hz N-Channel Open Drain Qutput
I =12v; =1,
oLe Current 50 KA Vop = 1.2V VpLe = 1.2V
loHD 1024 Hz Drive P-Channel Output Current | —500 fiL:y Yoo = 1.2V Vopp = 0.7V
1024 Hz Orive N-Channel Qutput
| A =12V; =0
oLD Current 200 H \I"Dg 2y VQLD 0.5V
1024 Hz Sample N-Channel Qutput
! 10 A =12V; =0.
oLs Current I Voo = 1.2V: VpgLg = 0.15V
ViL Sense Low Input Valtage 0.4 v Voo = 1.2V
WVin Sense High Input Voltage 0.9 v Vpp = 1.2V
Vaoe B4Hz N-Channe! Breakdown Voltage 15.0 v Vop = 1.2V; Igpe = 1.0uA

Note 1. Frequency of ascillation = 32,7688 Hz when conngcted a5 shown In Figure 1.

Test Circuit wo
32768 00k 10

] 4 A !
4,70 E301

-4 20pF ==

Figure 1.



SILICON GATE CMOS 5801

A.C. Characteristics T.-25°C

b

Symbol Min. Typ. Max. Unit Test Conditions
&4 Hz N-Channel Open Drain _ .
Towe Qutput Pulse Width 10 25 T Voo = 1.2V, 1.4V; 84Hz
1024Hz S le Q t
tows | FuksWidth T T 25 35 s Vpp = 1.2V, 1.4V, 1024Hz
e Ju”iﬁfh'"z Drive Qutput Pulse 13 17 us Vgp = 1.2V, 1.4V; 1024Hz
1024Hz Sample Qutput to _ X
tad Drive Output Delay 485 520 s Vop = 1.2V, 1.4V, 1024Hz
1024 Hz Sense Input - .
Towse Pulse Width 5 Hs Vpp = 1.2V, 1.4V, 1024 Hz
Capacitance
. MNote: All capacitance valugs are measured in 10 lead flatpack
Symbal ; = Tm 3 Typ. | Max. | Unit with pins B, 10 and all other untested pins tied to ground,
C|N2 \:lIDNUL Oa\?acllancﬁ atpin 3.2 B.O DF
Sing wr;i%a\?acitance 2L pink 22 | a0 |ef
Sour 333?:03‘\3:*“8“& at pin 1 . 2.0 | 80 |eF
CouTa 3gﬂ$=‘:§‘\’f°"a"ce atpind 3 15 oF
COUT 7.8 | Tor v aou P 1 24 |60 | pF
Timing Diagram
| |
b
32hH2 CLOEK | S0% POINT
: o | |
' |
+16.0¥ |
64He N-CHANNEL : [ |
OPEN ORAIN \ I
OUTPUT L
j 1.2y
L] 11
. |t
=}
1024H: l | | I
SAMPLE QUTPUT 1] 5w
a 11
L Tomt |
Yoo
1024Hz 1 i tprass —] ’
SENSE INPUT |
| |oav !
¢ f
i |
|} top if | |
Mot 1 | |
1024 He | l v
DRIVE QUTRUT 1
1 i i
!
!
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SILICON GATE CMOS 5801

Typical Application

LCco
DISPLAY
A L
536pF 2T 27pF
T
4 1*6201 ONLY}
Packaging Information
PIN ASSIGNMENT
I e -{.g_g }:;—':; Pin #  Function
o5 1 OSC INV OUT
e T 1010.25) FIN #10 {DENTIFICATION 2 OSC INV IN
@ o1 lo,-'m]—l 3 N/C
-l—|-———-—-- LY 4 1024 Hz OUT {Drive}
N t ] : B 1024Hz IN (Sense)
1 6 GHROUND
i ] 7 1024 Hz OUT {5ample}
l [ ] 8 G4 Hz QUT {N-CH}
2] N/C
10 Vop
ozt e 200 i5,08) 1 13045300 240 (6,100 |
.0. 1 TP 230 15,591 VIO 4321 2804711
B2E M13.44
! AT

‘;ﬁ} MAX.—H

]

025 | r
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U.E. SALES ANT MARKETING OFFICES

U5, MARKETING HEADQUARTERS MATIONAL S5ALES MAHAGER

265 Bowers Avanus

Santa Clars, Califarnla 95051*
Tol: (408) 246-7501

TWX; 910-338-0026

TELEX; 34-G372

Hank 0¥ Hara
A0BS Bowers Avenue

Santa Ctara, Californla 35051

Tels (408) 246-T501
T 10-338-0026
TELEX: 346372

us. SALES MA GFFICES

WESTEAN MID-AMERICA
Willam T, &'Brien tlek Ceerigr

1651 East 4th Sireel G350 LB.J. Fregway
Suila 228 Suite 178

Santa Anz, Californ|a 92701
Tal: (714) B35-0642
TWX: 10-585-1114

U.5, SALES OFFICES

ALABAMA

Barnhiil and Azsociates
7844 Horseshoe Tranl
Humizwille 35802

Tel: {205) 863-3394

ARIZONA

Bales Engineating, Ine.
7155 E. Themas Road, No. §
Sgotisdale B3252

Tel: (B02) 9943230

TW: 010-050-1220

CALIFORNIA

3065 Bowers Avenye
Santa Clara 950517
Tul: (408} 24E-7301
TW: 010-338-0026
Barlr Associates, Ine.
4323 Convoy Slreel
Suite &

San Dlego 92114
Tel: {F14) 2TE-5441
TW: 910-335-1585
1651 East 4lh Strect
Suite 220

Sonta Ana 92711
Tel: (714} #35-3642
TWX: B10-550-1114

COLGRADG

1241 Soulh Lima Streat
Aurgra 80010"

Tal: (33} 756-2505

FLORIDA

10090 ME 271h Tomace

PFampano Beach 33062

Tel: (303) TH1-FASD

TWx: 510-056-0407

5131 Adanszon Strool, Suite 200-3
Crlando J2H04

Tel: {305) 6022323

*Dliecl Intel llices

Dallag, Texas 75240*
Tal: (214} 6G1-8629
TWIC HD-B60-5487

ILLIND S

Mar-Con Accociatss, Ine.,
AB36 Main Street

SkoKie BO07E

Tel: (312} 6755450

1701 Carmen Or.

Elk; Grove Village GIHOOT*
Tol: (3125 439-3764
T 910-222- 2710

INDIANA

Sherldan Assoclates, Inc.
4002 Mesdews Drive
Indianaprolis 46205

Tel: {(317) 547-7T77

MARYLAND

Harnhill and Associales
1431 Greenspring Orive
Timomiam 21053

Tal: {301) 252-8610
Barnhill and Assoclales
P.0. Box 251

Glgn Arm 21057

Tel: (301) 252-5600

MASSACHUSETTS
Dattarm

55 Moody Stract
Wanham 02154
Tal: 617} B31-4600
TELEX: 02-3462

2 Milia Drive
Suite 4

Laxingtan 02173
Tel: [B17) BA1-1138
TWE: T0-321-1av

MICHIGAN

Sheridan Azsoclates, Tng,
24593 Indapiex Drive
Farminglon Hills 42024
Tel: (313) 4773800

MINHNESOTA

B0G Scuthgate Cfice Plaza
SO0 West B0 Sireet
Eloominglan 56437

Tel: {613) AA-ET22

TWHK: 910-5F6-2867

EUROPEAN MARKETING OFFICES
EUROFEAN MARKETING HEARQUARTERS

BELGIUM

Tom Lawroncg
inlel Dllice

218 Avonud Louise
Brgzelz B 1050
Tel, 648-20-03
TELEX: 24614

FRANCE
Barnerd Giraud
Intel Otlice
Gidex A-141
04534 Rungis
Tel: (1]677-60—?5
TELEX: 27475

INTERNATIONAL DISTRIBUTORS

AUSTRALIA

A_J. Fargusgn {Adetaide) PTY, Lid,

125 Wright Sireet

Adelaide 5000

Tel: {61} GBS

AUSTHIA

Bacher EInklmnIsehe Garate GmbH
]

DEHMARK

Scandinavlan Semiganductar
Supply A/S

29, Nannasgada

LK-2200 Copenhagen N
TELEX: 19037

FINLAND

A 1120 Vucnna

Tal: 0222-5301 43
TELEX: {01} 1532
BELGIUM

Inelza Belgium S.A,
Avenuc Val Duchassa, 3
B-1180 Bruxglles

Tel: [02) 6000 12
TELEX: 25441

ORIENT MARKETING OFFICES

Y
P.0. Box 468
SF 00100 Helzinki 10
Tel: $0-61451
TELEX: 12428
FRAHCE
Tekelec Aifrome
Cile dea Bruyeras
Fug Gatle vernet
02 Savras
Tel: B26.02-15
TELEX: 25097

ORIENT MARKETING HEADQUARTERS CRIENT DISTRIBUTORS

JAPAN

T.Cama

Intel Japan Carporation
Kagahara Bldg,

1-6-10, Uchikanda
Chlyndapku

Tokya 1

Tel: [DG] 295 5441
TELEX: 761-28426

Fan Eloklreh Ine.

Mp. 1 Higashikata-klachi
Midari-Ky, Yokohama 226
Tel: (43 471-8331
TELEX: 7B1-4773

NATIOHAL DISTRIBUTGR MANAGER
Jamie Kirk

3065 Bowers Avanus

Santa Clara, Calilornia 350517

Tal: [408} 246-75071

T 310-238.0028

TELEX: 24-6372

GREAT LAKES REGION
Hank Jotefozyk

2312 Harlh Main Strect
Oaylan, Chio 45415

Tal: {513} BS0-5350
TELEX: 2e6-004

MISSOURI

Shendan Assoclates, Inc.
110 5. Highway 140
Suite 10

Flotissanl 63023

Tel: (314) 437-5200

HEW .IE RSEY
Addel

Poa| omr;e Box 231
Keoasbey DESIZ
Tal: (516} 5&7-5300

NEW YQRK

Jssmann Lomponenis Sales Qorp.
395 Glaveland Driva

Buffalo 14215

Tel: (716) §32-4271

Addem

43 Gonbridge Streel

Caar Park 11720

Tel: {616} S67-5000

Gssmann Components Eales Corp,
230 Melra Park

Rocheater 14633

Tel: {716} 442-3290

ssmann Coemponents Sales Corp.
19711 Vesial Parkway E,

Westal 13850

Tel: (507} 725-9948

Ossmann Componants Salas Corp.
132 Pickard Building

Syracuse 13211

Tel: (315) 454-4477

THRE: T10-541-1522

dssmann Components Sales Corp,
140 Pina Streat

Kingstorn 12404

Tel: (314) 338-5505

SCAHDINAVIA

John Johansan

Ime1 Oftice

Lyngbywe 32 2nd FL
210G Copenhagen Easi
Oenmerk

Tel:4a1) 18 20 00
TELEX: 10367

Lennart Evikkson

Imcl Difica

Box 36
5—15212 Willinghy 1
ade
Tel (03 370
TELEX 13164 {ABCENT}

GERMANY
Alired Haya Enalachnik GmbH
Schlll{e‘_rslirlasse 14

EASTERN

Jim Saxton

2 Militia Diive

Suiter 4

Laxinglon, Maszachuszeits 02173
Tel: (517) 861-1136

WK T10-321-0187

HORTH CAROLINA
Barmhill and Associates
013 Plateau Lane
Aaleigh 27603

Tel: 1919] A76-5617

DHIG

Sheridan Assogiates, Ing,
23224 Gommerce Park Ra.
Beachwasd 44122

[216) B31-0130

Sherldan Associatos, Inc.
Shilah Bldg.

Buite 250

5045 Morlh Main Sireet
Daytan 45405

Tal: {513] 277-8911
Sharidan Associates [no.
12 Knollcrest Drive
Lincnnal] 15237

Tel: {513] 761-5432

TV B10-461-2670

B312 Morth Main Sweaet
Dayton 45415

Tal: (513} A30-5350
TELEX: 283-004

CANADA

Multilak, Inc.

4 Barran Sireet

Dloreea, Ontario K2 1G2
Tal: {13} B2E-4605
TELEX; 053-4585

FEHNSYLVANIA
vantoge Sales Company
21 8els Avernue

Bala Cyruayd 19004

Tel: (215) B6T-0280

TH: 510-662-5348
Sheridan Atzotisles, Inc.
1717 Penn Avanue

Suite 5009

Futsburgh 15221

Tel: {412) 244-1640

520 Pennsylvania fve., Suite 102
Faorl Washingion 19034
Tek: (215) 542-9444

TwX: 510-661-3055

EI'RCPEAN MARKETING QFFICES
EHNGLAND

Keith Chapple

el Dilice

Broadiiald House

4 Belween Towns Road

Cowtey, Oxfard

Tel: 771431

TELEX: 337203

NETHEALANDS
Joan Muyskanwey 22
NL100E

Tal: 041 06/812-1
TELEX: 02-13550
ISRAEL

Telzys Lid,

54, Jabolinsky Road
Ramat - Gan 52 464

Tel: 25 26 38

TELEX: TSEE-IL 323132
ITALY

Eladra 35

Vla Ludavize da Viadana %
20122 kdlano

Tel: (02) B6-03-07
SPAIN

Ineriace

Randa Ganaral Milre 77
Barcelona 17

Tel: (3} 203-33-30

Tel: (024} 93-4B-24

TELEX: 14622

HORWAY

Mordisk Elaklconik (Nerge} A/S
Mustads Vei 1

Qsle 2

Tel: 602530

TELEX: 1696%

SOUTH AFRICA

Electronle Buliding Elementz
P.C. Box 4605

F‘re ia

Tel: 78-9221
TELEX: 30181 S&

MID-ATLANTIC

John Kitzrow

Dave Roop

S20 Pennsylvania Ava,, Sute 102

Fart Washinglon, Pennzylvania 18034
Tel: [215) SaR-0344

TwWK: 510-631-3055

TENMNESSEE

Barnhitl end Azzocistes
206 Chicasaw Drive
dahnson Cily 37601
Tel: {E15) 125-0134

TEXAS

Evang & Mclowell Associates
13777 M, Cenlral Exprossway
Suila 405

Dallas 75231

Tal: {214} 238-T14T

TWH: 910-867-4T63

Evand & MeDawall Azsociales
6300 Richmend, Suite 105
Houston 77027

Tel: (713 783-2900

B350 L B S Freeway

Suie 178

Dallas 75240°

Tel: (214] G61-8328°

TWX: 910-E60-54987

YIRGINIA

Bamhill and Assoriales
PO, Box 1104

25332 Langheorna Road
Lynchburg 24501

Tek: (TR} B4G-4624

WASHINGTON

SOA Products and Sales
14049 M E. alh Slreal
Bellevue 26007

Tal: (206} 747-0424
TWX: 910-443-2483

GERMANY

Erling Holst

niel Qifice
Wolfratshausersirasse 169
03 runchen 71

Tel: THA023

TELEX: 5-212870
Klaus Kotanbrink
Intel Oifice

D-5272 Miedernhauser
Whesenwen 26

W, Gennany
Tel:G12772314

SWEDEN

MNordisk Eleclronik A8
Fack

5-103 Stockholm 7
Tel: 05-24-53-40
TELEX: 10547
SWITZERLAND
Industrads AG
Gemsenztrasta 2
Pastcheck B0 - 21180
B0 Zurleh

Tal: 01-60-22-30
TELEX: 56788
UNITED KINGDOM
‘Walmare Etecironics Lid.
1113 Betterton Street
Drury Lare

London WE2H 9B5
Tel: 01-B346-1238
TELEX: 2B752



U.E. DISTRIBUTORS

WEST MID-AMERICA

ARIZONA ILLINDIS

Cramer/Arizona Cramer/Chicago

2643 Easl University Drive 1911 So. Busse Rd.
Phoanix 85034 ML Prospect BOOSE

Tel: (£02) 263-1112 Tel {312} 593-8230

Hamillon/ Avnet El ! illon/ Avnct Elecianics

2615 Gouth 2151 Sireet
Phoenix 85034
Tel: (802} 275-TEH1

CALIFORNYA

3MH No, 251h Ave,

Schiller Park 0176

Tol: {H2) 6786240
K.MISJ\S

Aunel Elecironics

Harailtan / Avnet Bl
575 E. Middleliald Road
Mountain View 24040

Tel: {415) 961-7000
Hamilton/ Aynet Elegtronics
2917 Complax Drive

San Diegn 92123

Tel: (714) 279-2421
Hamilicn Electro Sales
10812 W._ Washinglen Bouleyard
Culver Cliy 0230

Tel: {213) 558-2121
Cramer/San Francisco

720 Palomar Avonue
Sunnyvale 34086

Tel: {408} 739-3011
Cramer/Los Angefos

17201 Daimfer Street

treing 42705

Tel: (714} 579-3000
Gramer/ San Diega

#8975 Camplex Drive

San Diego 92123

Tal: (714) 5651281

COLQRADOD
Cramer/Oenvar
3465 €. Evans Pl. at Hudson
Denver 80222
Tel: {303) 758-2100
Hamillon! Avnat Eleclronios
5921 No, Broaclway
Denuer

Tel: ::m; 534 1212

HEW MEXICO
Hamillan/Avnet ElecIranics
2450 Baylor Orive, S.E.
Albuquerque A7119

Tel: ($05) 765-1500
GCramer/New bMexlco

137 Yermont, N.E.
Albugquerque 87108

Tal: (B05) 2BE-5767

QOREGON

Almac/Slioum Elccirenics
4475 SW, Scholls Ferry Rd,
Poritand 97225

Tel: {503) 292-3534

UTAH

Cramer/Utah

291 W, 29 South

Sall Lake Gity 84115

Tal: {BO1) ABF-4131
Hamilton/ Avnet Electronics
647 W. Billinis Road

Hall Lake City 84118

Tol: (801) 262-8451

WASHINGTGN
Hamiltpn/Avnel Electronics
13407 Marhrup Way
Bellevua BE005

Tel; (206) 746-§750
Almac/Sroum Elecironkcs
5811 Sixth Ave. Soulh
Seallla 98108

Tel: (206} T63-2300
Cramer/Seatile

5602 Sixth Ave., South
Sealtle 93108

Tel: [206) 762-5755

3? Lenexa Industrial Center
4900 Pilumm Road

Lenexa §§215

Tarl: {%13) BBS8-B90D

MICHIGAN

Sheridan Sales Co.
24542 Indoplex Orive
Farmingtai Hills 48024
Tel: (313} 477-3800
Cramert/Delrail

15353 Waync Raad
Livania 48150

Tel: (313] 425-7000
TWX: 81¢-242-2085
Hamilton/Avnal Elacirenics
12870 Farminglon Road
Livonis 48150

Tal: (313) 522-4700
TWx: B10-242-B7¥S5

MINNESQTA

Industrial Components, Ine.
S260 West 741h Streel
Minneapolis 5435

Tel: (612} BI1-26665
Gramer/Baonn

7275 Bush Laka Aoad
Edina 55435

Tel: (612) B35-TA11
Hamiltonf Avnet Electronics
7683 Yashinglon Avenue, So,
Edina 55435

Tel: (612) 8413201

MIZSOURI

Hamliton/Avnel Eleclrahics

364 Brookes Lane

Hazelwood 63042

Tel; (314) 733-1144

Sheridan Sales Go.

110 Soulh Highway 140, Suite 10
Flatlssant 53033

Tel: (314} 637-5200

MID-AMERICA

QHID

Hamlllon/ Avnat Electronics
118 Westpark Road
Braylon 45458

Tel: {513) 4330610

T B10-450-2531
Sheridan Sales Ca.

10 Knpligresl Drive
Cincinnati 45222

Tel: (513) 761-5452

T BI0-dE1-2670
Cramer/Cleveland

5835 Harper Road
Gleveland 44139

Tel: (216) Z4E-B4DD

TW: STD-427-0407
Hamilton/ Avnet Electronics
TE1 Beta Drive

Clevaland 44143

Ted: {216] 461-1400
Cramer/Tri Statas, Ine.
6 Redna Terrace
Cincinnan 45215

Tel; (513) 771-6441

TWX: B10-461-2862
Bheridan Sales Co.
23284 Commerce Park Road
Beachwaod 44122

Tel: (216} BI-1130
Shatldan Eales Go.
Shilgh Byilding, Syite 250
5045 Morlh Main Slraet
Daylon 45405

Tal: (514) 277-8811

TEXAS

Cramer Eloctronics

2970 Blystone

Dallas 75220

Tel: (214} 350-1355
Hamillon/ avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: {214) 661-8681
Hamilton/ Avnot Elecironles
1246 W, Clay

Haouslon 77019

Tal: {713) 526-4661
Componsenl Spacialilas, nc.
10807 Shaay Trall, Sulie 11
Dallas 75220

Tel! [214: A5T45TH
GComponent Speciallies, Ing.
7313 Ashcroll Siraet
Houston 77036

Tel: {743h 771-7237

WISCONSIN
Cramer/Wisconsin

430 West RAwson Avenue
Qak Creck 53154

Tel: (414} FE4-1700

NORTHEAST

CONNECTICUT
Gramar/Gannegticut

35 Dodge Avenue

North Haven 06473

Tel: {203) 239-5641
Hamiltond Avnel Eleclgnics
543 Dantury Road
Georgetown G829

Tel: 1203) 762-0361

MARYLAND
Cramer/EW Ballimere
7255 Standard Drive
Hanovar 21076

Tel: (301) TO6-5790
Gramer! EW Washinglan
16021 Indusifial Drive
Gaithersburg 20760

Tel: {301) 948-0190
Hanloen/ Avnat Electronlcs.
7255 5Standard Drive
Hanover 21076

Tel: {201) 796-5000

WASSACHUSETTS

Cramer Electronics Inc,
85 Walls Avenue

SOUTHEAST

ALABAMA

Gramer/ EW Huntsvilte, Tno.
2310 Bob Wallace Avenus, S.W.
Hunisville 35805

Tel: (205} 539-5722
Hamiltan/Avnel Elecironics
05 Oslar Drive NW

Hunisville 35805

Tel: {205} 5331170

FLORIDA

Cramer/E.W. Hallywoad
4035 No. 2th Avenue
Hallywgod 33020

Tel: {305} B23-B181
Hamilton/ Avnet El2sirgnics
4020 No. 291h Ave,
Holywood 33021

Tel; [305) 225-5401
Cramar fEW. Orlande
345 No. Graham Ave,
{itando 32814

Tel: {305) BA4-1511

GEQRGIA
Cramer/EW Allanta

3923 Dakcllff Industrlal Genter
Atlantz 30340 [

Hawton 02159
Tel: (§17) 9687700 Tel: {404] 445-9050
Avnot El ! Hamiltond Avnet El

135 Cambridge Streel
Burlinglen D1B03
Tek: (617) 273-2120

HEW JERSEY

Gramar/ Feansylyania, |ng.
12 Springdale Rord

Charry Hill Indusiral Center
Cheery Hitl 08003

Tel: (6091 424-5392

TWX: T10-896-0508
Hamillon/ Avnet Electronics
218 Liitle Falls Road

Cedar Graye 0700%

Tel: (201} 239-DBOG

Twx: 710-594-5787
Gramer/ New Jersey

Ho. 1 Barrelt Avenue
Moanachke 07474

Tel: (201} 935-5600
HamiltonAvnal Elecltanles
113 Gaither Drive

East Gale Indusirial Park
M. Laurel 08057

Tel: (609) 234-2133

TW: TH0-897-1405

HEW YORK
Cramer/Binghamtan
3220 Walspn Boulevard
Endwall 13760

Tel: {607) 754-G661
Cramer/Rochester

000 Winton Road South
Rochesler 14623

Tel: (716) 275-0300
Hamilton/Avaet Efectronics
167 Clay Aoad

Rochasier 14623

Tel: {T16) 4427820
Cramer/ Syracuse

B716 Jay Aoad

East Syraguse 13057
Tel: {315) 437-6671
Hamilion/Avnal Eleciionics
E5H Joy Road

E. Syracuze 13057

Tel: [(315] 437-2642
Cramer/Long Isfand

29 Qszer Avenue
Hauvppaugse, L1 11787
Tel: (3161 231-5600

TWX: 510-227-0863
Hamiltgn/ Avnet Elactronics
70 Slate Slraat
Westbury, L1 11590
Tel; (516) 333-5800

TW: B10-222-5237

PEMHSYLVANIA
Sharidan Sales Co.

1717 Penn Avenue, Suile 5009

Pittsburgh 152241
Tet: (412) 244-1540
Cramer Electronics
G156 Beatly Drive
Monroeville 15146
Tel: (412} 242-7410
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BT | 85, Acceass Road, Suils 2B
Noreross 36071
Tal: (404) 448-0B00

NORTH CAROLINA
Cramer Eleclionles
938 Burke Sirest
Winston-Salem 27102
Tel: (819 T25-8711

CANADA

ALBERTA

LA, Yarah Ltd.

4742 T4th Slreal NE
Calgary T2E BLT
Tel: (403} 27E-2B18
Tolaa: 13 25 89 ¥7

EBRIMISH COLUMBIA
L. A Warah Lld.
2077 Alberla Streat
Vancouver 10

Tel: (&04) 873-3211

ONTARIQ

Cramet/ Canada

920 Alness Avenue, Unil Mo, 9
Downsvigw

Torpnba 382

Tel: (416) 661-0222

TWxX: 510-492-6210
Hamllton/ Avnet Etectronics
£291-16 Dormen Road
Misgissauga L4V 1HZ

Tal: {416) 677-7432

TW: 510-492-BEET
Hamillan/Avnel Elactronics
1735 Courtwood Gresc.
Olawa K26 284

Tel: (613} 226-1700

TWX: G10-5G2-1906

QUEBEC

Hamilten/Avnet Efectronics
2670 Pavlus

St, Laurent H45 162

Tal: {514) 331-6443

TWX: 610-421-371



