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How To Use This Book

This book has been organized by product type, beginning
with Product Information. The products then follow, be-
ginning with RAMs, then PROMS, PALs, and finally
LOGIC. FIFO products are included in the LOGIC sec-
tion. The Appendix A covers Packages, and Thermal Data.
Appendix B covers Cypress Quality and Reliability as-
pects, and Appendix C is a compilation of various Applica-
tion Briefs.

A Numeric Device Index is included after the Table of
Contents that identifies products by numeric order, rather
than by device type which is how the manual is set up. To
further help you in identifying parts, a Product Line Cross
Reference is in Product Information. Use it to find the
Cypress part number that is comparable to another manu-
facturer’s part number.

© by Cypress Semiconductor Corporation, 1985. The information contained herein is subject to change without notice. Cypress Semiconductor Corpora-
tion assumes no responsibility for the use of any circuitry other than circuitry embodied in a Cypress Semiconductor Corporation product. Nor does it

convey or imply any license under patent or other rights.
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Cypress Semiconductor Background

Cypress Semiconductor was founded in April of 1983 and
has quickly emerged as a leader of high performance
CMOS products. The Cypress CMOS product line is tar-
geted to replace slower bipolar and NMOS products with
reliability, high speed and low power.

Cypress products fall into three families: High Speed Static
RAMs, Programmable Products, and Logic. Initial mem-
bers of the Static RAM family include devices in densities
of 64 bits to 16K bits and performance from 15 to 35 ns.
The various organizations from 16 x 4, 256 x 4 through
16K x 1, 2K x 8, and 4K x 4 provide field applications in
large mainframes, high speed controllers, communications,
and graphics display.

Cypress Programmable Products consist of high speed
CMOS PROMs and Programmable Array Logic (PAL),
both employing an EPROM programming element. Like
the High Speed Static RAM family, these products are the
natural choice to replace older devices manufactured in
bipolar technology because they provide superior perform-
ance at one half of the power consumption.

Logic products beginning with the 7C901 Four Bit Slice,
include a family of FIFO’s (First In First Out buffers).
FIFOs provide the interface between digital information
paths of widely varying speeds. This allows the information
source to operate at its own intrinsic speed while the results
may be processed or distributed at a speed commensurate
with need.

Cypress’s semiconductors are 100% ‘“Made in USA”. Situ-
ated in California’s Silicon Valley, Cypress houses R&D,
design, wafer fabrication, assembly, and administration.
The facilities are designed to the most demanding technical
and environmental specifications in the industry. In many
other semiconductor facilities, wafers are fabricated in
Class 100 environments, often under laminar flow hoods
only. At Cypress the entire wafer fabrication area is a Class
10 environment. This means that the ambient air has less
than 10 particulates of greater than 0.2 micron in diameter
per cubic foot of air. Other environmental considerations
are carefully insured: temperature is controlled to a +0.2
degree Fahrenheit tolerance; filtered air is completely ex-
changed 10 times each minute throughout the fab; critical
equipment is situated on isolated slabs to minimize vibra-
tion.

Attention to assembly is just as critical. Assembly is done
in a Class 100 clean room until the silicon die is sealed in a
package. Lead frames are handled in carriers or cassettes
through the entire operation. Automated robots remove
and replace parts into cassettes. Using sophisticated auto-
mated equipment, parts are assembled and tested in less
than five days. The Cypress assembly line is the most flex-
ible, automated line in the United States.

The Cypress motto has always been “only the best”. The
best facilities, the best equipment, the best employees . . .
all striving to make the best CMOS product. Cypress has
grown very quickly to become “the best”.

1-1

Cypress CMOS Technology

In the last decade, there has been a tremendous need for
high performance semiconductor products manufactured
with a balance of SPEED, RELIABILITY, and POWER.
Cypress Semiconductor has overcome the classically held
perceptions that CMOS is a moderate performance tech-
nology. That places its product lines ahead of its bipolar
competitors in all three areas.

The Cypress process is a 1.2 micron “N” well technology
with double layer poly, single layer metal and an EPROM
capability. The process employs lightly doped extensions of
the heavily doped source and drain regions for both “N”
and “P” channel transistors for significant improvement in
gate delays. Further improvements in performance,
through the use of substrate bias techniques, have added
the benefit of eliminating the input and output latchup
characteristics associated with the older CMOS technolo-
gies.

To further enhance the technology from the reliability di-
rection, improvements have been incorporated in the proc-
ess and design minimizing electrostatic discharge and input
signal clipping problems.

Finally, although not a requirement in the high perform-
ance arena, CMOS technology substantially reduces the
power consumption for any device. This improves reliabili-
ty by allowing the device to operate at a lower die tempera-
ture. Now higher levels of integration are possible without
trading performance for power. For instance, devices may
now be delivered in plastic packages, without any impact
on reliability.

While addressing the performance issues of CMOS tech-
nology, Cypress has not ignored the quality and reliability
aspects of technology development. Rather, the traditional
failure mechanisms of electrostatic discharge (ESD) and
latchup have been addressed and solved through process
and design technology innovation.

ESD-induced failure has been a generic problem for many
high performance MOS and bipolar products. Although in
its earliest years MOS technology experienced oxide reli-
ability failures, this problem has largely been eliminated
through improved oxide growth techniques and a better
understanding of the ESD problem. The effort to adequate-
ly protect against ESD failures is perturbed by circuit de-
lays associated with ESD protection circuits. Focusing on
these constraints, Cypress has developed ESD protection
circuitry specific to 1.2 micron CMOS process technology.
All Cypress products are designed to withstand voltage and
energy levels in excess of 2000 volts and 0.4 milli-joules,
more than twice the energy level specified by MIL STD
883C.

Latchup, a traditional problem with CMOS technologies,
has been eliminated through the use of substrate bias gen-
eration techniques, the elimination of the “P” MOS pull-
ups in the output drivers, the use of guardring structures,
and care in the physical layout of the products.

The Cypress CMOS technology has been carefully de-
signed, creating products that are “only the best” in high
speed, excellent reliability, and low power.
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Product Line Cross Reference

CYPRESS
2147-35C
2147-45C
2147-45C
2147-45M
2147-55C
2147-55M

2148-35C
2148-35C
2148-35M
2148-45C
2148-45C
2148-45M

2148-45M
2148-55C
2148-55C
2148-55M
2149-35C
2149-35C

2149-35M
2149-45C
2149-45M
2149-45M
2149-55C
2149-55C

2149-55M

21L48-35C
21L48-45C
21L48-45C
21148-55C
21L49-35C

21L49-45C
21L49-45C
21L49-55C
27S03AC
27S03AC
27S03AM

27803C
27803C
27S03M
27S03M
27S07AC
27S07AM

27807C
27807C
27S07AC
27807M
27807TM
2901BC

2901BM
2901CC
2901CC
2901CM

CYPRESS
7C147-35C
2147-35C
7C147-45C
7C147-45M
2147-45C
2147-45M

7C148-35C
21148-35C
7C148-35M
2148-35C
21L148-45C
7C148-45M

2148-35M
21L48-55C
2148-45C
2148-45M
7C149-35C
21149-35C

7C149-35M
21L49-45C
7C149-45M
2149-35M
21L49-55C
2149-45C

2149-45M

7C148-35C
21L48-35C
7C148-45C
211L48-45C
7C149-25C

7C149-45C
21149-35C
21L49-45C
7C189-18C
7C189-25C
7C189-25M

27S03AC
748189C
27S03AM
545189M
7C190-18C
7C190-25M

27S07AC
7C190-25C
7C190-25C
27S07AM
7C190-25M
7C901-31C

7C901-32C
79901-69C
2901BC
7C901-88M

CYPRESS
2901CM
3341C
548189M
748189C
7C122-35C
7C122-35M

7C128-45C
7C128-55C
7C128-55M
7C129-45C
7C129-55C
7C129-55M

7C147-35C
7C147-45C
7C147-45M
7C148-45C
7C148-45M
7C149-45C

7C149-45M
7C150-35C
7C167-45C
7C167-45M
7C168-35C
7C168-45C

7C168-45M
7C169-35C
7C169-40C
7C169-40M
7C170-35C
7C170-40C

7C170-40M
7C187-35C
7C187-45C
7C187-45M
7C225-40C
7C225-40M

7C235-40C
7C245-45C
7C281-45C
7C282-45C
7C291-50C
7C292-50C

7C401-10C
7C401-10M
7C402-10C
7C402-10M
7C403-10C
7C403-10M

7C403-15C
7C404-10C
7C404-10M
7C404-15C

CYPRESS
2901BM
7C401-10C
27S03M
27S03C
7C122-25C
7C122-25M

7C128-35C
7C128-45C+
7C128-45M
7C129-35C
7C129-45C+
7C129-45M +

7C147-25C
7C147-35C
7C147-35M
7C148-35C
7C148-35M
7C149-35C

7C149-35M
7C150-25C
7C167-35C
7C167-35M
7C168-25C
7C168-35C

7C168-35M
7C169-25C
7C169-35C
7C169-35M
7C170-25C
7C170-35C

7C170-35M
7C187-25C
7C187-35C
7C187-35M
7C225-30C
7C225-35M

7C235-30C
7C245-35C
7C281-30C
7C282-30C
7C291-35C
7C292-35C

7C401-15C
7C401-15M
7C402-15C
7C402-15M
7C403-15C
7C403-15M

7C403-25C
7C404-15C
7C404-15SM
7C404-25C

CYPRESS CYPRESS
7C901-69C 7C901-31C
7C901-88M 7C901-32M
9122-25C 7C122-15C
9122-25C 91L22-25C
9122-35C 9122-25C
9122-35C 91L22-35C
9122-45C 93L422-C
91L22-25C 7C122-25C
91L22-35C 7C122-35C
91L22-45C 93L422AC
93422AC 9122-35C
93422AC 7C122-35C
93422AM 7C122-35M
93422C 93L422AC
93422M 93422AM
93422M 93L422AM
931422AC 7C122-35C
93L422AC 91L22-45C
93L422AM 7C122-35M
93L422C 93L422AC
93L422M 93L422AM
PAL16L8A-2C PALCI6L8AC
PAL16L8A-2M PALCI6L8AM
PAL16L8AC  PALCI6L8AC
PAL16L8AM  PALCI6L8AM
PAL16R4A-2C PALCI6R4AC
PAL16R4A-2M PALCI6R4AM
PALI6R4AC  PALCI6R4AC
PAL16R4AM  PALCI6R4AM
PAL16R6A-2C PALCI16R6AC
PAL16R6A-2M PALCI6R6AM
PALI6R6AC  PALCI6R6AC
PAL16R6AM PALCI6R6AM
PAL16R8A-2C PALCI16R8AC
PAL16R8A-2M PALCI6R8AM
PALI6RSAC  PALCI6R8AC
PAL16R8AM PALC16R8AM
PALC22VIOC PALC22VIOAC
PALC22VIOM PALC22VI0AM
PALC32VIOC PALC32VI0AC
PALC32VIOM PALC32V10AM
AMD CYPRESS
PREFIX: Am PREFIX: CY
PREFIX: SN PREFIX: CY
SUFFIX: B SUFFIX: B
SUFFIX: D SUFFIX: D
SUFFIX: F SUFFIX: F
SUFFIX: L SUFFIX: L
SUFFIX: P SUFFIX: P
2147-35C 2147-35C
2147-45C 2147-45C

AMD

2147-45M
2147-55C
2147-55M
2147-70C
2147-70M
2148-35C

2148-35M
2148-45C
2148-45M
2148-55C
2148-55M
2148-70C

2148-70M
2149-35C
2149-45C
2149-45M
2149-55C
2149-55M

2149-70C
2149-7T0M
2167-35C
2167-35M
2167-45C
2167-45M

2167-55C
2167-55M
2167-70C
2167-70M
2168-45C
2168-55C

2168-55M
2168-70C
2168-70M
2169-40C
2169-40M
2169-50C

2169-50M
2169-70C
2169-70M
21147-45C
21L47-55C
21147-70C

21148-45C
21148-55C
21L48-70C
211L49-45C
21L49-55C
211L49-70C

22VI0AC
22V10AM
22V10C
22VIOM

CYPRESS
2147-45M
2147-55C
2147-55\M
2147-55C
2147-55M
2148-35C

2148-35M
2148-45C
2148-45M
2148-55C
2148-55M
2148-55C

2148-55M
2149-35C
2149-45C
2149-45M
2149-55C
2149-55M

2147-55C
2147-55M
7C167-35C
7C167-35M
7C167-45C
7C167-45M

7C167-45C
7C167-45M
7C167-45C
7C167-45M
7C168-45C
7C168-45C

7C168-45M
7C168-45C
7C168-45M
7C169-40C
7C169-40M
7C169-40C

7C169-40M
7C169-40C
7C169-40M
7C147-45C
7C147-45C
7C147-45C

21L48-45C
21L48-55C
21L48-55C
21L49-45C
21L49-55C
21L49-55C

PALC22V10AC
PALC22V10AM
PALC22V10C
PALC22VIOM

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Igp;
+ = meets all performance specs but may not meet Icc or Isp;

*

= meets all performance specs except 2V data retention—may not meet Icc or Isp;
— = functionally equivalent
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Product Line Cross Reference (continued)

AMD
27PS181AC
27PS181AM
27PS181C
27PS181M
27PS191AC
27PS191AM

27PS191C
27PS191M
27PS281AC
27PS281AM
27PS281C
27PS281M

27PS291AC
27PS291AM
27PS291C
27PS29IM
27S03AC
27S03AM

27803C
27S03M
27SO7AC
27S07AM
27807C
27S0TM

27S181AC
27S181AM
278181C
278181C
27S181IM
27S191AC

27S191AM
278191C
27S191IM
27825AC
27S25AM
27825C

27825M
27S281AC
27S281AM
278281C
278281M
278291AC

27S291AM
278291C
278291M
27S35AC
27S35AM
27835C

27835M
27S45AC
27S45AM
27845C

CYPRESS
7C282-45C
7C282-45M +
7C282-45C
7C282-45M +
7C292-50C
7C292-50M +

7C292-50C
7C292-50M +
7C281-45C
7C281-45M +
7C281-45C
7C281-45M +

7C291-50C
7C291-50M +
7C291-50C
7C291-50M +
27S03AC
27S03AM

27S03C
27S03M
27SO7AC
27S07AM
27807C
27S07TM

7C282-30C
7C282-45M
7C282-45C
7C282-45C
7C282-45M
7C292-35C

7C292-50M
7C292-50C
7C292-50M
7C225-30C
7C225-35M
7C225-40C

7C225-40M
7C281-30C
7C281-45M
7C281-45C
7C281-45M
7C291-35C

7C291-50M
7C291-50C
7C291-50M
7C235-30C
7C235-40M
7C235-40C

7C235-40M
7C245-35C
7C245-45M
7C245-45C

AMD
27845M
2841AC
2841C
3341C
54S189M
748189C

9122-25C
9122-25M
9122-35C
9122-35M
9150-25C
9150-35C

9150-35M
9150-45C
9150-45M
91L22-35C
91L22-35M
91L2245C

91L22-45M
91L22-60C
93422AC
93422AM
93422C
93422M

93L422AC
93L422AM
93L422C
93L422M
99[L]68-45C
99[L]68-55C

99[L]68-55M
99[L]68-70C
99[L]68-70M
PALI6L8C
PAL16L8M
PALI6LSAC

PAL16L8AM
PAL16L8LC
PALI16LSLM
PALI16R4LC
PAL16R4LM
PAL16R4AC

PAL16R4AM
PAL16R4C
PAL16R4M
PAL16R6AC
PAL16R6AM
PAL16R6C

PAL16R6M

PAL16R6LC
PAL16R6LM
PAL16R8LC

CYPRESS
7C245-45M
3341C+
3341C+
3341C+
54S189M
745189C

9122-25C
7C122-25M
9122-35C
7C122-35M
7C150-25C
7C150-35C

7C150-35M
7C150-35C
7C150-35M
91L22-35C
7C122-35M
91L22-45C

7C122-35M
7C122-35C+
93422AC
93422M
93422C
93422M

93L422AC
93L422AM
93L422C
93L422M
7C168-45C*
7C168-45C*

7C168-45M*
7C168-45C*
7C168-45M*
PAL16L8A-2C
PAL16L8A-2M
PALI6L8AC

PAL16L8AM
PALI16L8A-2C
PAL16L8A-2M
PAL16R4A-2C
PAL16R4A-2M
PAL16R4AC

PAL16R4AM
PAL16R4A-2C
PAL16R4A-2M
PAL16R6AC
PAL16R6AM
PAL16R6A-2C

PAL16R6A-2M
PAL16R6A-2C
PAL16R6A-2M
PAL16R8A-2C

AMD CYPRESS FUJITSU CYPRESS
PALI6RSLM  PALI6R8A-2M | 2149-55L 21L49-55C
PAL16RS8AC  PALI6RSAC 2149-70L 21149-55C
PALI6RSAM PALI16R8AM T132E 7C282-45C
PAL16R8C PAL16R8A-2C | 7132E-SK 7C281-45C
PAL16R8M PAL16R8A-2M | 7132E-W 7C282-45M
7132H 7C282-45C
FAIRCHILD CYPRESS 7132H-SK 7C281-45C
PREFIX: F PREFIX: CY 7132Y 7C282-30C
SUFFIX: D SUFFIX: D 7132Y-SK 7C281-30C
SUFFIX: F SUFFIX: F 7138E 7C292-50C
SUFFIX: L SUFFIX: L T138E-SK 7C291-50C
SUFFIX: P SUFFIX: P 7138E-W 7C292-50M
SUFFIX: QB SUFFIX: B 7138H 7C292-35C
3341AC 3341C+ 7138H-SK 7C291-35C
3341C 3341C+ 7138Y 7C292-35C
54F189 7C189-25M — 7138Y-SK 7C291-35C
54F219 7C190-25M — 8167A-45 7C167-45C
54F413 7C401-15M 8167A-55 7C167-45C
545189M 54818SM 8167A-70 7C167-45C
74F189 7C189-25C— 8168-55 7C168-45C
74F219 7C190-25C— 8168-70 7C168-45C
74F413 7C401-15C
748189 74S189C HARRIS CYPRESS
93422AC 93422AC PREFIX: 1 SUFFIX: D
93422AM 93422M PREFIX: 3 SUFFIX: P
93422C 93422C PREFIX: 4 SUFFIX: L
93422M 93422M PREFIX: 9 SUFFIX: F
93475C 2149-45C PREFIX: HM PREFIX: CY
93L422AC 93L422AC PREFIX: HPL PREFIX: CY
93L422AM 93L422AM SUFFIX: —8 SUFFIX: B
93L422C 93L422C 6-76161-2 7C291-50M
93L422M 93L422M 6-76161-5 7C291-50C
93ZAS1AC 7C282-30C 6-76161A-5 7C291-50C
93ZA51AM 7C282-45M 6-76161B-5 7C291-35C
93ZA51C 7C282-45C 6-7681-5 7C281-45C
93Z45IM 7C282-45M 6-7681A-5 7C281-45C
93Z511C 7C292-35C 76161-2 7C292-50M
93Z511M 7C292-50M 76161-5 7C292-50C
76161A-5 7C292-50C
FUJITSU CYPRESS 76161B-5 7C292-35C
PREFIX: MB  PREFIX: CY 7681-2 7C282-45M
PREFIX: MBM PREFIX: CY 7681-5 7C282-45C
SUFFIX: F SUFFIX: F 7681A-5 7C282-45C
SUFFIX: M SUFFIX: P 77209-2 PALI16L8A-2M
SUFFIX: Z SUFFIX: D 77209-5 PALI6L8A-2C
2147H-35 2147-35C 77210-2 PAL16R4A-2M
2147TH-4S5 2147-45C 77210-5 PALI16R4A-2C
2147H-55 2147-55C 77211-2 PAL16R6A-2M
2147H-70 2147-55C 77211-5 PALI6R6A-2C
2148-55L 21148-55C 77212-2 PAL16R8A-2M
2148-70L 21L48-55C 77212-5 PALI16R8A-2C
2149-45 2149-45C

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Isp;
+ = meets all performance specs but may not meet Icc or Isp;

*

1-3

= meets all performance specs except 2V data retention—may not meet Icc or Isp;
— = functionally equivalent




&
SEMICONDUCTOR

Product Line Cross Reference (continued)

HITACHI
PREFIX: HM
PREFIX: HN
SUFFIX: CG
SUFFIX: G
SUFFIX: P
25089

250898
251698
4847

4847-2
4847-3
6116ALS-12

6116ALS-15
6116ALS-20
6116AS-12
6116AS-15
6116AS-20
6147

6147-3
6147H-35
6147TH-45
6147H-55
6148
6148-6

6148H-35
6148H-45
6148H-55
6148HL-35
6148HL-45
6148HL-55

6148L
6148L-6
6167
6167-6
6167-8
6167TH-45

6167TH-55
6167THL-45
6167HL-55
6167L
6167L-6
6167L-8

6168H-45
6168H-55
6168H-70
6168HL-45
6168HL-55
6168HL-70

6267-35
6267-45
6287-55
6287-70

CYPRESS
PREFIX: CY
PREFIX: CY
SUFFIX: L
SUFFIX: D
SUFFIX: P
7C282-45C

7C282-45C
7C292-50C
2147-55C
2147-45C
2147-55C
7C128-45C*

7C128-45C*
7C128-45C*
7C128-45C+
7C128-45C +
7C128-45C +
7C147-45C*

7C14745C*
7C147-35C
7C147-45C
7C147-45C
7C148-45C
7C148-45C

21148-35C
7C148-45C
7C148-45C
21148-35C*
7C148-45C*
7C148-45C*

7C148-45C*
7C148-45C*
7C167-45C
7C167-45C
7C167-45C
7C167-45C

7C167-45C

7C167-45C*
7C167-45C*
7C167-45C*
7C167-45C*
7C167-45C*

7C168-45C
7C168-45C
1C168-45C
7C168-45C*
7C168-45C*
7C168-45C*

7C167-35C
7C167-45C
7C187-45C
7C187-45C

HITACHI CYPRESS IDT CYPRESS INTEL CYPRESS
6287L-55 7C187-45C* 6168585 7C168-45C PREFIX: L SUFFIX: L
6287L-70 7C187-45C* 6168S85B 7C168-45M PREFIX: P SUFFIX: P
7187145 7C187-45C* SUFFIX: /B SUFFIX: B
IDT CYPRESS 7187L55 7C18745C* 2147H 2147-55C
PREFIX: IDT PREFIX: CY 7187L55B 7C18745M* 2147H-1 2147-35C
SUFFIX: B SUFFIX: B 7187L70 7C187-45C* 2147H-2 214745C
SUFFIX: D SUFFIX: D 7187L70B 7C187-45M* 2147H-3 2147-55C
SUFFIX: F SUFFIX: F 7187L8SB 7C187-45M* 2147THL 7C147-45C
SUFFIX: L SUFFIX: L 7187845 7C187-35C 2148H 2148-55C
SUFFIX: P SUFFIX: P 7187855 7C187-45C 2148H-2 2148-45C
6116L120T 7C128-45C* 7187S55B 7C187-45M 2148H-3 2148-55C
6116L120TB  7C128-45M* 7187870 7C187-45C 2148HL 21L48-55C
6116L150T 7C128-45C* 7187S70B 7C187-45M 2148HL-3 21148-55C
6116L1S0TB  7C128-45M* 7187S85B 7C187-45M 2149H 2149-55C
6116L90T 7C128-45C* 2149H-1 2149-35C
6116L90TB 7C128-45M* INMOS CYPRESS 2149H-2 2149-55C
6116S120T 7C128-45C PREFIX: IMS PREFIX: CY 2149H-3 2149-55C
61165120TB 7C128-45M SUFFIX: B SUFFIX: B 2149HL 21149-55C
6116S150TB 7C128-45M SUFFIX: P SUFFIX: P 51C67-35 7C167-35C
6116S70T 7C128-45C SUFFIX: § SUFFIX: D M214TH 2147-55M
6116890T 7C128-45C SUFFIX: W SUFFIX: L M2147H-3 2147-55M
6116S90TB 7C128-45M 1400-35 7C167-35C M2148H 2148-55M
6167145 7C16745C* 1400-35M 7C167-35M M2149H 2149-55M
6167L45B 7C167-45M* 1400-45 7C167-45C M2149H-2 2149-45M
6167L55 7C16745C* 1400-45M 7C167-45M M2149H-3 2149-55’M
6167L55B 7C167-45M* 1400-55 7C167-45C
6167L70 7C167-45C* 1400-55M 7C167-45M MMI CYPRESS
6167L70B 7C167-45M* 1400L-10 7C167-45C SUFFIX: 883B SUFFIX: B
6167185 7C167-45C* 1400L-10M 7C167-45SM SUFFIX: F SUFFIX: F
6167L85B 7C167-45M* 1400L-70 7C167-45C SUFFIX: J SUFFIX: D
6167545 7C167-45C 1400L-70M 7C167-45M SUFFIX: L SUFFIX: L
6167S45B 7C167-45M 1420-45 7C168-35C SUFFIX: N SUFFIX: P
6167855 7C167-45C 1420-55 7C168-45C 5381-1 7C282-45M
6167S55B 7C167-45M 1420-55M 7C168-45M 5381-2 7C282-45M
6167570 7C167-45C 1420-70M 7C168-45M 5381S-1 7C281-45SM
6167S70B 70C167-45M 1420L-10 7C168-45C 5381S-2 7C281-45M
6167S70B 7C167-45M 1420L-70 7C168-45C 5351681 7C292-50M
6167885 7C167-45C 1421-40 7C169-40C 53S1681A 7C292-50M
6167S85B 7C167-45M 1421-40M 7C169-40M 5351681AS 7C291-50M
6168L45 7C168-45C* 1421-50 7C169-40C 53S1681AS 7C291-50M
6168L45B 7C168-45M* 1421-50M 7C169-40M 57401 7C401-10M
6168L55 7C168-45C* 1423-35 7C168-35C 57401A 7C401-10M
6168L55B 7C168-45M* 1423-45 7C168-45C 57401B 7C403-25M
6168L70 7C168-45C* 1600-45 7C187-35C 57401D 7C403-25M
6168L70B 7C168-45M* 1600-55 7C187-45C 57402 7C402-10M
6168L85 7C168-45C* 1600-55M 7C187-45M 57402A 7C402-10M
6168L85B 7C168-45M* 1600-70 7C187-45C 57402B 7C404-25M
6168545 7C168-45C 1600-70M 7C187-45M 57402D 7C404-25M
6168855 7C168-45C 1600-85M 7C187-45M 6381-1 7C282-45C
6168S55B 7C168-45M 6381-2 7C28245C
6168870 7C168-45C INTEL CYPRESS 6381S-1 7C281-45C
6168S70B 7C168-45SM PREFIX: D SUFFIX: D 6381S-2 7C281-45C

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Isp;

+ = meets all performance specs but may not meet Icc or Isp;

»
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= meets all performance specs except 2V data retention—may not meet Icc or Isp;
— = functionally equivalent
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Product Line Cross Reference (continued)

MMI
6351681
63S1681A
63S1681AS
63S1681AS
67401
67401A

67401B
67401D
67402

67402A
67402B
67402D

671401
6710402
C57401
C57401A
C57401B
C57402

C57402A
C57402B
C67401
C67401A
C67401B
C67402

C67402A
C67402B
PALI16L8A-2C
PAL16L8A-2M
PALI6L8AC
PAL16L8AM

PAL16L8C
PAL16L8M
PALI6R4A-2C
PALI16R4A-2M
PALI6R4AC
PAL16R4AM

PAL16R4C
PAL16R4M
PAL16R6A-2C
PALI6R6A-2M
PAL16R6AC
PAL16R6AM

PAL16R6C
PAL16R6M
PALI6R8A-2C
PAL16R8A-2M
PALI6R8AC
PAL16R8AM

PAL16R8C
PAL16R8M

CYPRESS
7C292-50C
7C292-35C
7C291-50C
7C291-35C
7C401-10C
7C401-15C

7C403-25C
7C403-25C
7C402-10C
7C402-15C
7C404-25C
7C404-25C

7C401-10C
7C402-10C
7C401-10M
7C401-10M
7C403-25M
7C402-10M

7C402-10M
7C404-25M
7C401-10C
7C401-15C
7C403-25C
7C402-10C

7C402-15C
7C404-25C
PAL16L8A-2C
PAL16L8A-2M
PAL16L8AC
PAL16L8AM

PAL16L8A-2C
PAL16L8A-2M
PAL16R4A-2C
PAL16R4A-2M
PALI6R4AC
PAL16R4AM

PAL16R4A-2C
PAL16R4A-2M
PAL16R6A-2C
PAL16R6A-2M
PAL16R6AC
PAL16R6AM

PAL16R6A-2C
PAL16R6A-2M
PALI6R8A-2C
PAL16R8A-2M
PAL16R8AC
PAL16R8AM

PAL16R8A-2C
PAL16R8A-2M

MOTOROLA CYPRESS NATIONAL
PREFIX:MCM PREFIX:CY 77S281A
SUFFIX:P SUFFIX:P 778291
SUFFIX:S SUFFIX:D 77S291A
SUFFIX:Z SUFFIX:L 775291B
2016H-45 7C128-45C 778401
2016H-55 7C128-55C 77S401A
2016H-70 7C128-55C 775402
2167H-35 7C167-35C 77S402A
2167H-45 7C167-45C 77SR181
2167H-55 7C167-45C 77SR25
61[L]47-55 7C147-45C* 77SR25B
61[L]47-70 7C147-45C* 77SR476
76161 7C292-50C 77SR476B
76161A 7C292-50C 85507
7681 7C282-45C 85S07A
7681A 7C28245C 87LS181
93422 93422C 875181
93422A 93422AC 87S181A
931422 93L422C 875191
93L422A 93L422AC 87S191A
87S191B
NATIONAL CYPRESS 875281
PREFIX:DM  PREFIX:CY 87S281A
PREFIX:IDM PREFIX:CY 875291
PREFIX:NMC PREFIX:CY 87S291A
SUFFIX:J SUFFIX:D 87S291B
SUFFIX:N SUFFIX:P 875401
2147H 2147-55C 87S401A
2147TH 2147-55M 875402
2147H-1 2147-35C 87S402A
2147H-2 2147-45C 87SR25
2147H-3 2147-55C 87SR25B
2147H-3 2147-55M 87SR476
2147H-3L 7C147-45C 87SR476B
2148H 2148-55C PAL16L8AC
2148H-2 214845C PALI6LSAM
2148H-3 2148-55C PAL16L8C
2148H-3L 21L48-55C PAL16LSM
2148HL 21L48-55C PAL16R4AC
545189 54S189M PALI6R4AM
54S189A 7C189-25M PAL16R4C
745189 74S189C PAL16R4M
74S189A 27S03AC PAL16R6AC
75807 7C190-25M PAL16R6AM
75S07A 27S07AM PALI16R6C
77LS181 7C28245M PAL16R6M
775181 7C282-45M PAL16RSAC
77S181A 7C282-45M PAL16R8AM
778191 7C292-50M PALI6RSC
77S191A 7C292-50M PAL16R8M
77S191B 7C292-50M
778281 7C281-45M

CYPRESS
7C281-45M
7C291-50M
7C291-50M
7C291-50M
7C401-10M
7C401-10M

7C402-10M
7C402-10M
7C235-40M
7C225-40M
7C225-40M
7C225-40M

7C225-40M
27807C
27S07AC
7C282-45C
7C282-45C
7C282-45C

7C292-50C
7C292-35C
7C292-35C
7C281-45C
7C281-45C
7C291-50C

7C291-35C
7C291-35C
7C401-10C
7C401-15C
7C402-10C
7C402-15C

7C225-40C
7C225-30C
7C225-40C
7C225-30C
PALI6L8AC
PAL16L8AM

PALI16L8A-2C
PAL16L8A-2M
PAL16R4AC
PAL16R4AM
PALI6R4A-2C
PAL16R4A-2M

PALI6R6AC
PAL16R6AM
PAL16R6A-2C
PAL16R6A-2M
PALI16R8AC
PAL16R8AM

PAL16R8A-2C
PAL16R8A-2M

NEC CYPRESS
PREFIXuPD PREFIX:CY
SUFFIX:C SUFFIX:P
SUFFIXD  SUFFIX:D
21472 2147-55C
21473 2147-55C
2147A-25 7C147-25C
2147A-35 2147-35C
2147A-45 214745C
2149 2149-55C
2149-1 2149C-45C
2149-2 2149-35C
21672 7C167-45C
21613 1C167-45C
RAYTHEON CYPRESS
SUFFIX:B SUFFIX:B
SUFFIXD  SUFFIX:D
SUFFIX:F SUFFIX:F
SUFFIX:L SUFFIX:L
29631AC 7C282-45C
29631AM 7C282-45M
29631ASC 7C281-45C
29631ASM 7C281-45M
29631C 7C282-45C
29631M 7C282-45M
29631SC 7C281-45C
29631SM 7C281-45M
29633AC 7C282-45C+
29633AM 7C28245M +
29633ASC 7C281-45C +
29633ASM 7C281-45M +
29633C 7C282-45C+
29633M 7C28245M +
29633SC 7C281-45C +
29633SM 7C281-45M +
29681AC 7C292-50C
29681AM 7C292-50M
29681ASC 7C291-50C
29681ASM 7C291-50M
29681C 7C292-50C
29681M 7C292-50M
29681SC 7C291-50C
29681SM 7C291-50M
29683AC 7C292-50C +
29683AM 7C292-50M +
29683ASC 7C291-50C +
29683ASM 7C291-50M +
29683C 7C292-50C +
29683M 7C292-50M +
29683SC 7C291-50C +
29683SM 7C291-50M +

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Igp;
+ = meets all performance specs but may not meet Icc or Isp;

*

— = functionally equivalent

= meets all performance specs except 2V data retention—may not meet Icc or Isp;
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SEMICONDUCTOR

Product Line Cross Reference (continued)

SIGNETICS CYPRESS SYNERTEK CYPRESS TI CYPRESS
PREFIX:N PREFIX:CY 2167-3 7C167-45C PALI6R8AM  PALI6R8AM
PREFIX:S PREFIX:CY 2168 7C168-45C
SUFFIX:883B SUFFIX:B 2168-3 7C168-45C TOSHIBA CYPRESS
SUFFIX:F SUFFIX:D 2169 7C169-40C PREFIX:D SUFFIX:D
SUFFIX:G SUFFIX:L 2169-3 7C169-40C PREFIX:P SUFFIX:P
SUFFIX:N SUFFIX:P M2147H 2147-55M PREFIX:TMM PREFIX:CY
SUFFIX:R SUFFIX:F M2147H-2 2147-45sM 2018-45 7C128-45C
N74S189 74S189C M2147H-3 2147-55M 2018-55 7C128-55C
N82LS181 7C282-45C M2148 2148-55M 2019-35 7C128-35C
N82S181 7C282-45C M2148H-3 2148-55M 2068-45 7C168-45C
NB82S181A 7C282-45C M2148H-6 2148-55M 2068-55 7C1168-45C
N82S181B 7C282-45C M2149H 2149-55M 2069-35 7C169-35C
N82S191A_3 7C291-50C M2149H-3 2149-55M 315 2147-55C
N82S191A_6 7C292-50C M2149H-6 2149-55M 315-1 2147-55C
N82S191B_3  7C291-35C M2167 7C167-45M 5561-55 7C187-45C
N82S191B_6  7C292-35C M2167-3 7C167-45M
N828191__3 7C291-50C M2168 7C168-45M
N828191_6 7C292-50C M2169 7C169-40M
$545189 54S189M M2169-3 7C169-40M
S82LS181 7C282-45M
$82S181 7C282-45M TI CYPRESS
S82S181A 7C282-45M PREFIX:JBP  PREFIX:CY
S82S191A_3  7C291-50M PREFIX:SN PREFIX:CY
S82S191A_6  7C292-50M PREFIX:TBP PREFIX:CY
S82S191B_3  7C291-50M PREFIX:TIB  PREFIX:CY
S82S191B_6  7C292-50M SUFFIX:F SUFFIX:L
S828191_3 7C291-50M SUFFIX:J SUFFIX:D
S828191__6 7C292-50M SUFFIX:N SUFFIX:P
28L166W 7C292-50C
SYNERTEK CYPRESS 28L86AMW 7C282-45M
PREFIX:D SUFFIX:D 28L86AW 7C282-45C
PREFIX:L SUFFIX:L 285166W 7C292-50C
PREFIX:P SUFFIX:P 28S86AMW 7C282-45M
PREFIX:SY PREFIX:CY 28S86AW 7C282-45C
SUFFIX:/B SUFFIX:B S4LS189A 7C189-25M +
2147H 2147-55C S4LS219A 7C190-25M +
2147H-1 2147-35C 54S189A 54S189M
2147H-2 2147-45C T4LS189A 7C189-25C
2147H-3 2147-55C T4LS219A 7C190-25C
2147HL 7C147-45C T4S189A 748189C
2147HL-3 7C147-45C PALI6L8A-2C PALCI6R6AC
2148H 2148-55C PAL16L8A-2M PALI16L8A-2M
2148H-2 2148-45C PALI6L8AC  PALI6L8AC
2148H-3 2148-55C PAL16L8AM  PAL16L8AM
2148HL 21L48-55C PALI6R4A-2C PALCI6R4AC
2148HL-3 21L48-55C PALI6R4AC  PALI6R4AC
2149H 2149-55C PALI6R4AM  PALI6R4AM
2149H-2 2149-55C PAL16R6A-2C PALCI6R6AC
2149H-3 2149-55C PAL16R6AC  PALI6R6AC
2149HL 21L49-55C PALI6R6AM PALI6R6AM
2149HL-3 21L49-55C PALI6R8A-2C PALCI6R8AC
2167 7C167-45C PALI6RSAC  PALI6RSAC

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Isp;
+ = meets all performance specs but may not meet Icc or Isp;

*
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= meets all performance specs except 2V data retention—may not meet Icc or Isp;
— = functionally equivalent




Product Selection Guide

CYPRESS
SEMICONDUCTOR
Size Organization Pins Cypress Closest Competitor
Part Number Speed (ns) Ioc (mA @ ns) | Part Number Speed (ns) Icc (mA @ ns)
SRAMs | 64 16 x 4—Inverting 16 |CY7C189 taa=18,25 55@25 27S07A taa=25,35 100 @25
64 16 x 4—Non-Inverting 16 [CY7C190 taa=18,25 55@25 27S03A taAA=25,35 100 @ 25
64 16 x 4—Inverting 16 |CY74S189 tAa=135 %0es’s 745189 taa=135 110@ 35
64 16 x 4—Inverting 16 | CY27S03A taa =25,35 9% @25 27S07A taa=25,35 100 @ 25
64 16 x 4—Non-Inverting 16 |CY27S07A tAA=25,35 0e?2s 27S03A taa=125,35 100 @ 25
1024 |256x4 22 [CYIC122 taa=15,25,35 80@25 9122/91L22 |taa =25,35,45 120@25
1024 |256x4 22 | CY9122/91L22 taa =25, 35,45 120@25 9122/91L22 |[taa =25,35,45 120@25
1024 |256x4 22 | CY93422A/931A422A [ taa =35, 45, 60 80 @45 93422/1422 |[taa=135,45,60 80 @45
4096 | 4096 x 1—CS Power Down |18 | CY7C147 taa =25,35,45 60/10 @ 35 2147 taa =135,45,5570 125/15 @ 45
4096 | 4096 x 1—CS Power Down | 18 | CY2147/21147 tAa =135,45,55 120/10 @ 35 {2147 taa =135, 45, 55, 70 125/15 @ 45
4096 {1024 x 4—CS Power Down |18 [CY7C148 taa =25,35,45 80/10 @ 35 2148 taa =135,45,55,70 180/30 @ 35
4096 {1024 x 4—CS Power Down |18 |CY2148/21L48 taa =35,45,55 120/20 @35 }2148 taa = 135,45, 55,70 125/20 @ 45
4096 | 1024 x4 18 | CY7C149 taa =125,35,45 80 @35 2149 taa=135,45,55170 125@45
4096 | 1024 x4 18 | CY2149/21149 taa =135,45,55 120@35 2149 taa =135,45,55,70 125@45
4096 | 1024 x 4—Separate 1/0 24S | CYTCI50 taa =25, 35,45 90 @25 9150 taa =125,35,45 180 @25
16384 | 2048 x 8—CS Power Down | 24S [CY7C128 taa =135,45,55 90/20 @ 45 2016H/2018 |taa =45,55,70 150/20 @ 45
16384 (2048 x 8 248 | CYTC129 taa =35,45,55 90 @45 2019 taa=135 180 @ 35
16384 | 16384 x 1—CS Power Down | 20 | CY7C167 taa =125,35,45 100/20 @ 35 |2167/1400 taa =135,45,55 120/20 @ 35
16384 | 4096 x 4—CS Power Down |20 |[CY7C168 taa =125,35,45 90/20 @ 35 2168/1420 tacs =45, 55,70 110/30 @ 45
16384 | 4096 x 4 20 | CYTC169 taa =125,35,40 % es3s 2169/1421 taa =40, 50, 70 110@ 40
16384 | 4096 x 4—Output Enable |22 | CY7C170 tAA =135,45 90 @35
65536 | 65536 x 1—CS Power Down [ 22 | CYTC187 taa =35,45 115/20 @ 35 | 7187/1600 taa =45, 55,70 TBD
FIFOs (256 |64 x 4—Cascadable 16 | CY7C401 10, 15 MHz 75 C67401 10, 15, 16.7 MHz 160, 170, 180
320 |64 x 5—Cascadable 18 | CY7C402 10, 15 MHz 75 C67402 10, 15, 16.7 MHz 180, 190, 200
256 | 64 x 4—Cascadable/OE 16 | CY7C403 10, 15, 25 MHz 75
320 |64 x S—Cascadable/OE 18 | CY7C404 10, 15, 25 MHz 75
256 | 64 x 4—Cascadable 16 | CY3341 1.2 MHz 45 3341/A 0.7, 1.0 MHz ~9%0
PROMs | 4096 | 512 x 8—Registered 248 | CY7C225 tsa/CO=130/15, 40/25| 90 tsa/tco = 30/20, 50/27| 185
8192 | 1024 x 8—Registered 248 | CYTC235 tsa/CO=130/15, 40/20| %0 tsa/tco = 35/20,40/25| 185
8192 [ 1024 x 8 248 | CY7C281 taa=130,45 90 taa =35, 50, 60, 65 170
8192 [1024x8 24 | CYTC282 taa =130,45 90 taa =35, 50, 60, 65 135
16384 | 2048 x 8—Registered 248 | CYTC245 tsa/CO=135/15, 45/25| 90 tsa/tco =40/20, 45/25 | 185
16384 | 2048 x 8 24S | CYTC291 taa=135,50 90 taa =35, 50, 65 175
163842048 x 8 24 | CYT1C292 taa = 35,50 taa =35, 50, 65 175
PALs 16L8 20 [CYPALCIG6LSA tpp=25 9%
16R8 20 |CYPALCI6RSA tg/CO=20/15 90
16R6 20 |CYPALCI6R6A tpp/S/CO=125/20/15 | 90
16R4 20 |CYPALCI6R4A tpp/S/CO=25/20/15 | %0
16L8 20 |CYPALIG6LSA tpp =25 155 PAL16L8A |tpp=25 180
16R8 20 [CYPALI6RSA ts/CO=20/15 155 PALI6R8A |ts/CO=120/15 180
16R6 20 | CYPAL16R6A tpp/S/CO=25/20/15 | 155 PAL16R6A |tpp/S/CO=125/20/15 | 180
16R4 20 |CYPALI6R4A tpp/S/CO=25/20/15 | 155 PALI6R4A |tpp/S/CO=25/20/15 |180
16L8 20 |CYPALIGL8A-2 tpp=135 90 PALI16L8A-2 | tpp=135 90
16R8 20 |CYPALI6R8A-2 ts/CO=130/25 90 PAL16R8A-2 | tg/20=30/25 90
16R6 20 | CYPALI6R6A-2 tpp/S/CO=135/30/25 | 90 PAL16R6A-2 | tpp/S/CO=135/30/25 |90
16R4 20 | CYPALI6R4A-2 tpp/S/CO=135/30/25 | 90 PAL16R4A-2 | tpp/S/CO=135/30/25 |90
22V10 24S | CYPALC22V10 tpp/S/CO=130/25/15 | 120 22V10 tpp/S/CO=25/25/15 | 180
32V10 24S | CYPALC32V10 tpp/S/CO=130/25/15 | 120
LOGIC 2901—4 Bit Slice 40 | CY7C901 tcLk =31,69 70 2901 B,C 265
2901—4 Bit Slice 40 |[CY8C901 tcLk =31, 69 26.5 2901 B,C 265
2901—4 Bit Slice 40 |CY2901 B,C 140 2901 B,C 265
2909/2911—Sequencer |40 | CY7C909/911 teLk = 30,40 55 2909/2911  |A 130
2909/2911—Sequencer 40 | CY2909/2911 A 110 2909/2911 A 130
2910—Controller 40 |CY7C910 tcLk =50, 93 100 2910 A 34
2910—Controller 40 | CY2910 A 200 2910 A 34
Note:

The above specifications are for the commercial temperature range of 0° to 70° Celsius.
Military temperature range (—55° to + 125° Celsius) product is also available. Speed and power selections may vary from those above.
Commercial grade product is available in PLASTIC, CERDIP, or LCC. Military grade product is available in CERDIP or LCC.

All outputs are three-state.
All power supplies are Vcc = 5V *+10%.
248 stands for 24-pin 300 mil.
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Ordering Information

Specific ordering codes are indicated in the detailed 7CXXX data sheets. In general, the product
codes follow the format below:

PAL FAMILIES
PREFIX DEVICE SUFFIX
Vev " "PaL 16R8 ' YA-2pPcCc !
cY PAL C 16R8 A PC
cY PAL C 22V10 DC
RAM, PROM, FIFO, uP
PREFIX DEVICE SUFFIX
ey v 0 7c128°' ' 45 DMB'
cY 7C245 35 PC
cY 7C401 15 DMB
cY 7C901 37 PC

|_ PROCESSING
B =HI REL

TEMPERATURE RANGE
C = COMMERCIAL (0°C TO 70°C)
M = MILITARY (=55°C TO +125°C)

PACKAGE

P =PLASTIC

D = CERDIP

L =LEADLESS CHIP CARRIER

SPEED

0018-1

i.e. CY7CI128-35PC, CY PALC16R8APC

Cypress FSCM #7Z018
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Section Contents

Static RAMs (Random Access Memory)

Device Number

CY2147
CY2148
CY21LA48
CY2149
CY211L49
CY7C122
CY7C128
CY7C129
CY7C147
CY7C148
CY7C149
CY7C150
CY7C167
CY7C168
CY7C169
CY7C170
CY7C187
CY7C189
CY7C190
CY74S189
CY54S189
CY27S03
CY27807
CY93422A
CY93L422A
CY93422
CY93L422

Description Page Number
4096 x 1 Static RAM ... .. ittt ittt et e 2-1
1024 x4 Static RAM ... . i i e e e, 2-5
1024 x4 Static RAM ... .. e e e, 2-5
1024 x4 Static RAM ... .. i e e et e 2-5
1024 x4 Static RAM ... .. i i e e e, 2-5

256 x 4 Static RAM Separate I/O . .. ... ...ttt e 2-10
2048 x 8 Static RAM ... .. i e e et e, 2-16
2048 x 8 StatiC RAM ... ... i e e e e e 2-16
4096 x 1 Static RAM ... ..ttt it it it it et et e e 2-22
1024 x4 Static RAM ... .ottt ittt ittt ettt e 2-28
1024 x4 Static RAM ... ... i it it et et e et e 2-28
1024 x 4 Static RAM Separate I/O . . ... ... ... i it 2-34

16,384 x 1 StatiC RAM .. ... ittt ittt ittt et iiie e iiaaaeeaanns 2-40
4096 x4 Static RAM . ... i i e e e e 2-46
4096 x4 Static RAM . ... ..ttt i i e e e 2-46
4096 x4 Static RAM ... ... i e e e e, 2-52

65,536 X 1 StatiC RAM .. ...ttt ittt ettt e, 2-57

16 x4 Static RAM ... i i i it i e 2-58
16 x4 Static RAM ... .. i i i e e e e, 2-58
16 x4 Static RAM .. ... i i i i e e e 2-64
16 X4 Static RAM ... i i it et e e, 2-64
16 x4 Static RAM . ... it et e, 2-64
16 x4 Static RAM ... ... e e 2-64

256 x4 Static RAM Separate I/O .. ... ...ttt 2-69

256 x 4 Static RAM Separate I/O ........ ..o 2-69

256 x 4 Static RAM Separate I/O . ............. i 2-69

256 x4 Static RAM Separate I/O ... ...t e 2-69






EMICONDUCTOR

CY2147

4096 x 1 Static R/W RAM

Features Functional Description
e Automatic power-down when The CY2147 is a high performance Reading the device is accomplished by
deselected CMOS static RAM organized as taking the chip enable (CE) LOW,
e CMOS for optimum 4096 x 1 bit. Easy memory expansionis  while write enable (WE) remains
speed/power provided by an active LOW chip en- HIGH. Under these conditions the
. able (CE) and three-state drivers. The contents of the memory location speci-
¢ High speed CY2147 has an automatic power-down fied on the address pins will appear on
—35ns feature, reducing the power consump- the data output (DO) pin.
® Low active power tion by 80% when deselected. The output pin stays in high impedance
— 690 mW (commercial) Writing to the device is accomplished state when chip enable (CE) is HIGH
— 770 mW (military) when the chip enable (CE) and write or write enable (WE) is LOW.
e Low standby power enable (WE) inputs are both LOW.
— 140 mW D:tat lc:n the mputl pmt.(DI) is vytl_'let‘t’en
o into the memory location specified on
¢ TIL compatible inputs and the address pins (Ag through A 1y).
outputs
e Capable of withstanding greater
than 2000V electrostatic
discharge
Logic Block Diagram Pin Configuration
[ <,} DI Ao Vee
A2 Ag
INPUT BUFFER AZE 3 A7
U A3[] 4 As
A5 Ag
Ao—p As(]e Ao
A1 3 3 oo(]7 A
a—{ 9 :> 64x 64 D : N 00 we(]s DI
e B ARRAY 2 GND[] o CE
Ag —p1 g g
A—{ € 0013-2
r 7y .
POWER
COLUMN DECODER DOWN L@_]
T "
Ag Ag Ag Ag AjpA11
0013-1
Selection Guide (For higher performance and lower power refer to CY7C147 data sheet.)
2147-35 214745 2147-55
Maximum Access Time (ns) 35 45 55
Maximum Operating Commercial 125 125 125
Current (mA) Military 140 140
Maximum Standby Commercial 25 25 25
Current (mA) Military 25 25
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% CY2147
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent .................covn.... >200 mA
Supply Voltage to Ground Potential .
(Pin 1810 PIN D). v eveerennenennnns —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient v
inHighZState. ..................... —0.5V to +7.0V ange Temperature ce
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°C to +70°C 5V +10%
Output Current into Outputs (Low) ............. 20 mA Military(1] —55°Cto + 125°C 5V £10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min Max Units
VoH Output HIGH Voltage Vce = Min, Iog = —4.0mA 24 \4
VoL Output LOW Voltage Vcec = Min, Ior = 12.0mA 0.4 A\
VIH Input HIGH Voltage 2.0 6.0 \4
viL Input LOW Voltage —-3.0 0.8 \4
Iix Input Load Current GND < Vi < Vce -10 +10 pA
GND < Vg < Vcc —
Ioz Output Leakage Current Output Disabled 50 +50 MA
Output Short Circuit
Tos carpu By e Vee = Max,, Vour = GND —350 mA
I Vcc Operating Supply Vce = Max. Commercial 125 mA
cc Current Ioutr = OmA Military 140
I Automatic CE[3] Max. Ve, Commercial 25 mA
SBy Power Down Current CE > Vig Military 25
Capacitance[4]
Parameters Description Test Conditions Max Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 5
Vee = 5.0V pF
Cout Output Capacitance cc : 6
Notes:

1. Extended temperature operation guaranteed with 400 linear feet per

minute air flow.

2. Duration of the short circuit should not exceed 30 seconds.

AC Test Loads and Waveforms

R1329 @
(480 2 MIL)

5V 5V

ouTPUT OuUTPUT

2R2

I 30 pF 202 Q2
INCLUDING
JIG AND (255 2 MIL)
SCOPE

Figure 1a

Equivalent to:

JIG AND

3. A pull-up resistor to Vcc on the CE input is required to keep the

device deselected during Ve power-up, otherwise Isp will exceed

values given.

4. Tested on a sample basis.

R1329Q
(480 2 MIL)

2 R2

5 pF 22029

mcn.ummil: < (255 2 MIL)
SCOPE  —— _L

0013-3

Figure 1b

THEVENIN EQUIVALENT

1250

OUTPUT O———— AWWN——01.90 V

0013-5

INPUT PULSES
3o0v oo \_ o0%
GND 0% 10%
<5ns <6ns
0013-4
Figure 2



CY2147

CYPRESS
SEMICONDUCTOR
Switching Characteristics Over Operating Rangel5]
Parameters Description 2147-35 2147-45 2147-55 Units
Min. | Max. | Min. | Max. | Min. | Max.
READ CYCLE
tRC Read Cycle Time 35 45 55 ns
tAA Address to Data Valid 35 45 55 ns
tOHA Data Hold from Address Change 5 5 5 ns
tACE CE LOW to Data Valid 35 45 55 ns
tLZCE CE LOW to Low Z[7] 5 5 5 ns
tHZCE CE HIGH to High Z[6,7] 30 30 30 ns
tpu CE LOW to Power Up 0 0 0 ns
tpD CE HIGH to Power Down 20 20 20 ns
WRITE CYCLEIS!
twe Write Cycle Time 35 45 55 ns
tSCE CE LOW to Write End 35 45 45 ns
tAW Address Set-up to Write End 35 45 45 ns
tHA Address Hold from Write End 0 0 10 ns
tSA Address Set-up to Write Start 0 0 0 ns
tPWE WE Pulse Width 20 25 25 ns
tsD Data Set-up to Write End 20 25 25 ns
tHD Data Hold from Write End 10 10 10 ns
tLZWE WE HIGH to Low!7] 0 0 0 ns
tHZWE WE LOW to High Z[6,7] 0 20 0 25 0 25 ns
Notes:

5. Test conditions assume signal transition times of 5 ns or less, timing
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output
loading of the specified IoL/Ion and 30 pF load capacitance.

6. tHzCE and tHzwe are tested with Cy, = 5 pF as in Figure 1b. Tran-

sition is measured + 500 mV from steady state voltage.
7. At any given temperature and voltage condition, tyz is less

than tyz

for all devices. These parameters are sampled and not 100% tested.

Switching Waveforms
Read Cycle No. 1 (Notes 9, 10)

-J

10.

. The internal write time of the memory is defined by the overlap of

CE low and WE low. Both signals must be low to initiate a write and
either signal can terminate a write by going high. The data input
setup and hold timing should be referenced to the rising edge of the
signal that terminates the write.

. WE is high for read cycle.

Device is continuously selected, CE = Vj.

tRc

. Adderess valid prior to or coincident with CE transition low.

ADDRESS

taa
e———tona ————+
DATA OUT PREVIOUS DATA VALID

DATA VALID
0013-6
Read Cycle No. 2 (Notes 9, 11)
tAc
= ) 7
tace
tzce [e— tHzce—*|
HIGH
GI EDAN
DATA OUT HIGH IMPEDANCE /777 ( DATA VALID ‘)‘—
fe——tpy PO
Vee 0% m} Icc
SUPPLY
CURRENT ‘— IS8
0013-7
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SEMICONDUCTOR

Switching Waveforms (Continued)
Write Cycle No. 1 (WE Controlled) (Note 8)

twe

I X

tsce

= AWK Z 71777777,

we \F\I\\‘ jl

DATAIN * DATA-IN VALID *

DATA /0 DATA UNDEFINED _;IV HIGH IMPEDANCE ¢
0013-8
Write Cycle No. 2 (CE Controlled) (Note 8)
. e ,
ADDRESS *
tsa | IS
a X ]
w RKSSKKKRKKKKRN( Vi
DATA IN 4*7 DATA-IN VALID %
[ tuzwe:
o _1 HIGH IMPEDANCE
ATA I/O DATA UNDEFINED I
0013-9

Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state.

Ordering Information
S(':;;d Ordering Code P'arcyk:ege OpRear:;ing

35 CY2147-35 PC P5 Commercial
CY2147-35 DC D6

45 CY2147-45 PC P5 Commercial
CY2147-45 DC D6
CY2147-45 DMB D6 Military

55 CY2147-55 PC P5 Commercial
CY2147-55 DC D6
CY2147-55 DMB D6 Military
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Features

o Automated power-down when
deselected (2148)

CMOS for optimum speed/
power

Low power

— 660 mW (commercial)

— 770 mW (military)

5 volt power supply +10%
tolerance both commercial and
military

TTL compatible inputs and
outputs

PRESS
EMICONDUCTOR

CY2148/CY21148
CY2149/CY21L49

Functional Description

The CY2148 and CY2149 are high per-
formance CMOS static RAMs orga-
nized as 1024 x 4 bits. Easy memory
expansion is provided by an active
LOW chip select one (CS) input, and
three-state outputs. The CY2148 and
CY2149 are identical except that the
CY2148 includes an automatic (CS)
power-down feature. The CY2148 re-
mains in a low power mode as long as
the device remains unselected, i.e. (CS)
is high, thus reducing the average pow-
er requirements of the device. The chip
select (CS) of the CY2149 does not af-
fect the power dissipation of the device.

An active LOW write enable signal
(WE) controls the writing/reading op-

1024 x 4 Static R/W RAM

select (CS) and write enable (WE) in-
puts are both LOW, data on the four
data input/output pins (I/Og through
1/03) is written into the memory loca-
tion addressed by the address present
on the address pins (Ag through Ag).

Reading the device is accomplished by
selecting the device, (CS) active low,
while (WE) remains inactive or high.
Under these conditions, the contents of
the location addressed by the informa-
tion on address pins (Ag through Ag) is
present on the four data input/output
pins (I/0g through 1/03).

The input/output pins (I/Og through
1/03) remain in a high impedance state
unless the chip is selected, and write

eration of the memory. When the chip .11 (WE) is high.
Logic Block Diagram Pin Configuration
o Y
A: _4 Q{’,E,ﬁ‘é&i STORAGE MATRIX A6E 1 18 :] Vee
Ay —s As] 2 170A
e
Ag — 64x16 [ 64x16 | 64x16 | 64x16 As] 3 16 :AB
As—"1 Row
Ay —] DECODERS A3[]4 15[ JAg
f(zmonw) Aod5 14 J1/0¢
A3 —=] ADDRESS A6 13 D 1/04q
Ao —s BUFFERS
A ] SENSE AMPLIFIERS A}7 12 t] 1/02
"1 coLumn _
A2 —| DECODERS cs(s 11[J1/0,
Yt onin) GND[]9 opwe
| Vss
s—1 0015-2
DATA BUFFERS
e—_—
— Ll
Vss ——= 1/0q 1104 110, 1/03
0015-1
Selection Guide (For Higher Performance and Lower Power Refer to CY7C148/9 Data Sheet)
2148/9-35 21148/9-35 2148/9-45 21148/9-45 2148/9-55 21148/9-55
Maximum Access Time (ns) 35 35 45 45 55 55
Maximum Operating | Commercial 140 120 140 120 140 120
Current (mA) Military 140 140
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CY2148/CY21148

% CY2149/CY21149
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C DC Input Voltage ................... —3.0Vto +7.0V
Ambient Temperature with Output Current into Outputs (Low) ............. 20 mA
Power Applied .................... —55°Cto +125°C .
Supply Voltage to Ground Potential Operating Range
(Pin 22 to Pin 8) RERRELLEREECLERERLEE —0.5Vto +7.0V Range TeAmmb::ltlltnr . Vee
DC Voltage Applied to Outputs - pe
inHighZState. ........ccoovnevn.... —0.5Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Military[11] —55°Cto +125°C 5V +10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions 21148/9 2148/9 Units
Min. | Max. | Min. | Max.
IoH Output High Current | Vo = 2.4V Vce = 4.5V —4 —4 mA
ToL Output Low Current | Vor = 0.4V Ta = 70°C 8 8 mA
Ta = 125°C 8
Vin Input High Voltage 2.0 6.0 2.0 6.0 \4
ViL Input Low Voltage —30] 08 —30| 08 v
Iix Input Load Current Vss < Vi < Voo 10 10 BA
Output Leakage GND < Vo < Vcc _ _&co o _ _
Ioz Current Output Disabled Ta 55°Cto +125°C 50 50 50 50 HA
G inp ut/((!)apacltance Test Frequency = 1.0 MHz > 5 pF
nput/Output Ta = 25°C, All Pins at OV, Vcc = 5V
Cro Capacitance 7 7
Iec Vcc Operating Max. Ve, CS < Vi | Ta = 0°Cto +70°C 120 40 |
Supply Current Output Open Ta = —55°Cto +125°C 140
I Automatic CS Max. V¢, 2148 | To = 0°Cto +70°C 20 30 mA
SB Power Down Current | CS > Vg only [ T A = —55°Cto + 125°C 30
Iro Peak Power-On Max. Ve, 2148 | Tp = 0°Cto +70°C 30 50 mA
Current CS2vBl  only Ta = —55°Cto +125°C 50
I Output Short GND < Vo < Ta = 0°Cto +70°C +275 +275 mA
0s Circuit Current Vecliol Ta = —55°Cto +125°C +350
Notes:

1. Test conditions assume signal transition times of 10 ns or less, timing
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output
loading of the specified Ior/Ion and 30 pF load capacitance. Output
timing reference is 1.5V.

2. The internal write time of the memory is defined by the overlap of
CS low and WE low. Both signals must be low to initiate a write and
either signal can terminate a write by going high. The data input
setup and hold timing should be referenced to the rising edge of the
signal that terminates the write.

. A pull up resistor to Vcc on the CS input is required to keep the
device deselected during V¢ power up. Otherwise current will ex-
ceed values given (CY2148 only).

4. Chip deselected greater than 55 ns prior to selection.

AC Test Loads and Waveforms

w

R1481Q R1481Q
5v 6V
OUTPUT OUTPUT
30 pF :: R2 R2
> 255Q 255Q
IINCLUDING L I
——JIG AND == L.JIG AND -
= SCOPE = = SCOPE -
0015-3
Figure 1a Figure 1b
Equivalent to:
THEVINEN EQUIVALENT
1670
OUTPUT O————AMWA——0 162V 0015-4

2-6

w

. Chip deselected less than 55 ns prior to selection.

At any given temperature and voltage condition, tyz is less than ty z
for all devices. Transition is measured + 500 mV from steady state
voltage with specified loading in Figure 1b. These parameters are
sampled and not 100% tested.

WE is high for read cycle.

Device is continuously selected, CS = Vji..

Address valid prior to or coincident with CS transition low.

For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.

. Extended temﬁerature operation guaranteed with 400 linear feet per
minute of air flow.

o

Swea

ALL INPUT PULSES

30V ) -
90% 90%
10%
GND 1o
10ns 10ns
0015-5
Figure 2



CY2148/CY21LA48
% CY2149/CY21L49
SEMICONDUCTOR

Switching Characteristics

Parameters Description 2148/9-35 2148/9-45 2148/9-55 Units
Min. | Max. | Min. | Max. | Min. | Max.
READ CYCLE
Address Valid to Address Do Not
tRC Care Time (Read Cycle Time) 3 45 3 ns
Address Valid to Data Out
taa Valid Delay (Address Access Time) 35 45 53 ns
tacsi 4] Chip Select Low to Data Out Valid 35 45 55
CY2148 only) ns
tacs2!s) ( 45 55 65
Chip Select Low to Data Out Valid
tacs (CY2149 only) 15 20 25 ns
11 6] Chip Select Low to 2148 10 10 10 ns
Lz Data Out On 2149 5 5 5
16l Chip Select High to Data
tHZ Out Off 0 20 0 20 0 20 ns
Address Unknown to Data Out
toH Unknown Time 0 5 5 ns
Chip Select High to
tPD Power-Down Delay 2148 30 30 30 ns
Chip Select Low to
tpy Power-Up Delay 2148 0 0 0 ns
WRITE CYCLE
Address Valid to Address Do Not
twe Care (Write Cycle Time) 35 45 33 ns
Write Enable Low to
2
twpl2] Write Enable High 30 3 40 s
tWR Write Enable High to Address 5 5 5 ns
Write Enable Low to Output
6] p
twzl in High Z ] 10 0 15 0 20 ns
tpw Data in Valid to Write Enable High 20 20 20 ns
tDH Data Hold Time 0 0 0 ns
Address Valid to Write
tas Enable Low 0 0 0 ns
2 Chip Select Low to Write
tew Enable High 30 40 0 ns
Write Enable High to Output
6
towl(6] in Low Z 0 0 0 ns
tAW Address Valid to End of Write 30 35 50 ns
Switching Waveforms
Read Cycle No. 1 (Notes 7, 8)
tRC |
ADDRESS %
toH taa —f I
DATA OUT PREVIOUS DATA VALID DATA VALID
T
0015-6
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Switching Waveforms (Continued)

Read Cycle No.

CY2148/CY21148
CY2149/CY21149

2 (Notes 7, 9)

tac

& 5( £
tacs
tz le—tHZ A‘
HIGH
HIGH IMPEDANCE IMPEDANCE
DATA OUT DATA VALID )__
Fe——tpy fe——tpp———
vcf, 50% 50%-) “
PL
CUS:I:ENT N 1s8
0015-9
Write Cycle No. 1 (WE Controlled)
ADDRESS x X
tew
& 4
ARARS y. TIIIINII IS
taw tWR ——
e—————tas twe
WE /
" RN\ 7
|- tow tOH
DATA1/0 * DATA-IN VALID %
fe——twz fe———tow
\I HIGH IMPEDANCE /
DATA 1/0 DATA UNDEFINED )a {
0015-8
Write Cycle No. 2 (CS Controlled)
twe l
ADDRESS 1
tow
—» taAs j—o
cs ‘ jl
taw twr
twe

= VAN MAN AN

777777777

DATAI/0

X

————————— oW —————————te—tpy
DATA-IN VALID

DATA I/0

DATA UNDEFINED

*—!wz—j
)

HIGH IMPEDANCE

0015-7

Note: If CS goes high simultaneously with WE high, the output remains in a high impedance state.
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CY2148/CY21148
% CY2149/CY21149
SEMICONDUCTOR

Ordering Information

Speed . Package Operating
(s) Ordering Code Type Range
35 CY2148-35 PC P3 Commercial
CY2149-35 PC
CY2148-35 DC D4
CY2149-35 DC
CY21LA48-35 PC P3 Commercial
CY21L49-35 PC
CY21L48-35 DC D4
CY21L49-35 DC
45 CY2148-45 PC P3 Commercial
CY2149-45 PC
CY2148-45 DC D4
CY2149-45 DC
CY2148-45 DMB D4 Military
CY2149-45 DMB
CY21L48-45 PC P3 Commercial
CY21L49-45 PC
CY21L48-45 DC D4
CY21L49-45 DC
55 CY2148-55 PC P3 Commercial
CY2149-55 PC
CY2148-55 DC D4
CY2149-55 DC
CY2148-55 DMB D4 Military
CY2149-55 DMB
CY21L48-55 PC P3 Commercial
CY21L49-55 PC
CY21L48-55 DC D4
CY21L49-55 DC
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e 256 x 4 static RAM for control
store in high speed computers

CMOS for optimum
speed/power

High speed

— 15 ns (commercial)
— 25 ns (military)

Low power
— 330 mW (commercial)
— 495 mW (military)

Separate inputs and outputs

5 volt power supply +10%
tolerance both commercial and
military

Capable of withstanding greater
than 2000V static discharge

TTL compatible inputs and
outputs

CY7C122

Functional Description

The CY7C122 is a high performance
CMOS static RAM organized as 256
words x 4 bits. Easy memory expansion
is provided by an active LOW chip se-
lect one (CS)) input, an active HIGH
chip select two (CS3) input, and three-
state outputs.

An active LOW write enable input
(WE) controls the writing/reading op-
eration of the memory. When the chip
select one (CS) and write enable (WE)
inputs are LOW and the chip select
two (CSy) input is HIGH, the informa-
tion on the four data inputs Dg to D3 is
written into the addressed memory
word and the output circuitry is pre-
conditioned so that the correct data is
present at the outputs when the write
cycle is complete. This preconditioning

256 x 4 Static R/W RAM

operation insures minimum write re-
covery times by eliminating the “write
recovery glitch.”

Reading is performed with the chip se-
lect one (CS)) input LOW, the chip se-
lect two input (CS3) and write enable
(WE) inputs HIGH, and the output en-
able input (OE) LOW. The information
stored in the addressed word is read
out on the four non-inverting outputs
Og to O3.

The outputs of the memory go to an
active high impedance state whenever
chip select one (CS;) is HIGH, chip se-
lect two (CS3) is LOW, output enable
(OE) is HIGH, or during the writing
operation when write enable (WE) is
LOW.

Logic Block Diagram Pin Configuration
CS2
Do D3 D; D3 &5
l I l l As B 221 Vee
DATA INPUT 22 2 Ad
CONTROL | WE A3 201 WE
Ao []4 19[1Cs
{} OE As[]s 18[] OF
0o Ag[]6 17[]cs;
I ‘% A7 1 go;
2‘— 9 01 GND[]8 15[J0;3
=P s e[RRI, ocls o
&1 2 —% o]0 13po,
ol - 03 oy On 12{]0,
]/\ : 0003-2
Ag
A COLUMN
A DECODER
0003-1
Selection Guide
7C122-15 7C122-25 7C122-35
. | Commercial 15 25 35
Maximum Access Time (ns) —
Military NA 25 35
. . Commercial 90 60 60
Maximum Operating Current (mA) —
Military NA 90 90
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% CY7C122
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent ...................oovi... >200 mA
Supply Voltage to Ground Potential .
Pin 22 tOPINB) «voverernenannnnnnnn —0.5V to +7.0V Operating Range
. Ambient
DC Voltage Applied to Outputs Range Vce
in High Z State. . .................... ~0.5V to +7.0V _ Temperature
DC Input Voltage ................... ~3.0V to +7.0V C‘f’f"“e';‘]“‘ O'Cto +70°C SV £10%
Output Current, into Outputs (Low) ............. 20 mA Military —355°Cto +125°C SV £10%
Logic Table
Inputs
— — — Outputs Mode
OE CS1 CS; WE Do-D3
X H X X X High Z Not Selected
X X L X X High Z Not Selected
L L H H X 00-03 Read Stored Data
X L H L L HighZ Write “0”
X L H L H HighZ Write “1”
H L H H X High Z Output Disabled
Notes: H = HIGH Voltage L = LOW Voltage X = Don’t Care
High Z = High Impedance
Electrical Characteristics Over the Operating Range
7C122-25
7C122-15
Parameters Description Test Conditions 7C122-35 Units
Min. Max. Min. Max.
Vou Output HIGH Voltage Vce = Min, Iog = —5.2mA 24 24 \4
VoL Output LOW Voltage Vcc = Min, Igor = 8.0mA 0.4 0.4 \4
Vin Input HIGH Voltage 2.1 Vce 2.1 Vce \4
ViL Input LOW Voltage -30 0.8 -3.0 0.8 \4
Irx Input Load Current GND < V| £ Vcc 10 10 RA
Input Diode Clamp
Vcp Voltage Note 2 Note 2 \'%
. VoL < Vour < VoH _ —
Ioz Output Current (High-Z) Output Disabled 10 +10 10 +10 RA
L Output Short Circuit Vce = Max., Commercial =70 —70 mA
0s Current (Note 1) Vour = GND | Mjlitary —80 -80 | mA
Power Supply Vce = Max, Commercial 90 60 mA
Tec Current Iout = 0mA i
urren OUT m. Military NA 90 mA
Capacitance[3]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4 pF
Court Output Capacitance Vece = 5.0V 7
Notes:

—

. For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.

2. The CMOS process does not provide a clamp diode. However, the

CY7C122 is insensitive to — 3V dc input levels and — 5V undershoot

pulses of less than 10 ns (measured at 50% point).

3. Tested on a sample basis.
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% CcY1C122

SEMICONDUCTOR

Switching Characteristics Over the Operating Rangel5]

Test CY7C122-15 CY71C122-25 CY7C122-35

Parameters Description Conditions | Min, | Max. | Min. | Max. | Min. | Max. | UU®
READ CYCLE
trRC Read Cycle Time 15 25 35 ns
tACS Chip Select Time 8 15 25 ns
tZRCS Chip Select to High-Z Note 6 12 20 30 ns
tAOS Output Enable Time 8 15 25 ns
tZROS Output Enable to High-Z Note 6 12 20 30 ns
tAA Address Access Time 15 25 35 ns
WRITE CYCLE
twe Write Cycle Time 15 25 35 ns
tzws Write Disable to High-Z Note 6 12 20 30 ns
twR Write Recovery Time 12 20 25 ns
tw Write Pulse Width Note 4 11 15 25 ns
twsD Data Setup Time Prior to Write 0 5 5 ns
twWHD Data Hold Time After Write 2 5 5 ns
tWSA Address Setup Time Note 4 0 5 10 ns
tWHA Address Hold Time 4 5 5 ns
twscs Chip Select Setup Time 0 5 5 ns
tWHCS Chip Select Hold Time 2 5 5 ns

Notes:

4. tw measured at twsa = min.; twsa measured at tw = min.

5. Test conditions assume signal transition times of 5 ns or less for the
— 15 product and 10 ns or less for the —25 and — 35 product. Timing
reference levels of 1.5V and output loading of the specified Ior/Iox
and 30 pF load capacitance as in Figure Ia.

Bit Map

77
|01

66...1100 1100/ <——COLUMN

|7768
10...0110

2332

2332|<——0QUTPUTS

0003-3

6. Transition is measured at steady state HIGH level —500 mV or
steady state LOW level + 500 mV on the output from 1.5V level on
the input with load shown in Figure 1b.

7. Extended temperature operation g d with 400 linear feet per
minute of air flow.
Address Designators
Address Address Pin
Name Function Number
Ag AXO0 4
A AX1 3
A AX2 2
A3 AX3 1
A4 AX4 21
As AYO 5
Ag¢ AY1
Ay AY2 7
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g Crpress CY7C122
SEMICONDUCTOR

AC Test Loads and Waveforms

AC Test Loads Input Pulses
R1470Q R1470Q 30V
5V O————AAA— sV
ouTPUT OT_ OUTPUT GND
e SR2 5pF R2
I 240 ]: 2249
0003-4
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
1529
OUTPUT O————AMWA——O0 162V
0003-6
Read Mode
tRC >

Ag-A7

ot Y

taa
= X f
. / %
OF )K
WE /
A—J [*—1ZROS
taos NOTE 6
oTS L
OUTPUTS DATA VALID
00-03 AN
onotes
ACS Fe—tzRCs >
0003-7
.
Write Mode
[ twe -
Ag-A7
ADDRESS
WSA fo— —={ WHa
£5,-CS;
CHIP SELECT
WsCS [e—o —{ tWHCS
Do-D3
DATA IN
twsp w WHD
WE £
WRITE ENABLE %T 7
tzws §—NOTE 6 ’—“"“—'l
9003 S
DATA OUTPUTS
LOAD 1b 3 N
NOTE 6
0003-8

(All above measurements referenced to 1.5V unless otherwise stated.)
Note:
Timing diagram represents one solution which results in an optimum cycle time. Timing may be changed in various applications as long as the worst
case limits are not violated.
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CY7C122

CYPRESS
SEMICONDUCTOR

Typical DC and AC Characteristics

NORMALIZED icc

NORMALIZED taa

NORMALIZED Icc

V!

s. SUPPLY VOLTAGE

NORMALIZED Icc
AL AMBIENT TEMPERATURE

OUTPUT SOURCE CURRENT
6o OUTPUT VOLTAGE

12 l
ERAN .
10 12 E \ Vec =50V
8 E w© Ta =25°C
o]
w =1 \
08 Va ¥ 10 § 30
e
/ H 3 AN
/ S 8 » N
06 0.8 5 N
/ Vin 250V Vec =55V E 10
Ta = 25°C Vin =50V s}
04 | 0.6 )
4.0 45 50 55 6.0 -85 % 125 0 10 20 30 4.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT
svs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 5°vs. OUTPUT VOLTAGE
1. 14
< 15
14 E
< 12 5 //
& g 100
1.2 [=] [
\ & s
5 10 o 75
10 g S 4
z % so
it
Z os 2 /
08 E Vec=5.0V_|
Ta = 25°C Vec =50V ° Ta =25°C
06 06 [
4.0 45 5.0 55 6.0 -55 % 125 0 10 20 30 40 50
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
ACCESS TIME CHANGE NORMALIZED Icc
vs. OUTPUT LOADING vs. FREQUENCY
30 14
Ta = 26°C
A |
7 20 8 /
2 S
= 2 12
3 & 7
< 2 /
b / £ o
g 1w 4 ]
2
10 /
° 200 400 600 800 1000 % 0 20 30 40 50 6 70
CAPACITANCE (pF) FREQUENCY (MHz)
0003-9
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CYPRESS
SEMICONDUCTOR

&

CY7C122

Ordering Information

S(l:; §d Ordering Code Ps;:yk:ege O%e;:;i:g

15 CY7C122-15PC P7 Commercial

CY7C122-15DC D8 Commercial

25 CY7C122-25PC P7 Commercial

CY7C122-25DC D8 Commercial
CY7C122-25DMB D8 Military

35 CY7C122-35PC P7 Commercial

CY7C122-35DC D8 Commercial
CY7C122-35DMB D8 Military
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CY7C128
CY7C129

& CYPRESS
=== 2% SEMICONDUCTOR
Features Functional Description

The CY7C128 and CY7C129 are high
performance CMOS static RAMs orga-
nized as 2048 words by 8 bits. Easy
memory expansion is provided by an
active LOW chip enable (CE), and ac-
tive LOW output enable (OE) and
three-state drivers. The CY7C128 has
an automatic power-down feature, re-
ducing the power consumption by 83%
when deselected.

e Automatic power-down when
deselected (7C128)

CMOS for optimum
speed/power
High speed—35 ns

Low active power
— 660 mW (commercial)
— 715 mW (military)

Low standby power
— 110 mW (7C128)

TTL compatible inputs and
outputs

Capable of withstanding greater
than 2000V electrostatic

An active LOW write enable signal
(WE) controls the writing/reading op-
eration of the memory. When the chip
enable (CE) and write enable (WE) in-
puts are both LOW, data on the eight
data input/output pins (I/Op through

2048 x Static R/W RAM

tion addressed by the address present
on the address pins (Ag through A o).
Reading the device is accomplished by
selecting the device and enabling the
outputs, CE and OE active LOW,

while (WE) remains inactive or HIGH.
Under these conditions, the contents of
the location addressed by the informa-
tion on address pins is present on the
eight data input/output pins.

The input/output pins remain in a high
impedance state unless the chip is se-
lected, outputs are enabled, and write
enable (WE) is high.

discharge 1/07) is written into the memory loca-
Logic Block Diagram Pin Configurations
A0 24 bvcc
As[] 2 23
A3 2204
; aa 21 [)wE
< 1/0g ass 20 [)0E
Y= [3 19 Ay
? 1/04 ad? 18 PcE
Acs 17 Qo,
/0. oo} 9o 16 [J1/0g
A9 I wo.C] 1 14 P10,
Ag 8 ‘ 2 1/03 GND ] 12 13[Q10s
Q
A7 a 0036-2
Ag z > 128x 16 x8 1/04
As 2 ARRAY
Ag 1/0s
\C
|
— j j\' 1/06
3 —»—D_ [ POWER
DOWN
W_E COLUMN DECODER '— (7c1v§a) —k—‘ 1/07
OF S
=) T
A3 A2 Ay A
0036-1
0036-3
Selection Guide
7C128-35 | 7C128-45 | 7C128-55 | 7C129-35 | 7C129-45 | 7C129-55
Maximum Access Time (ns) 35 45 55 35 45 55
Maximum Operating Commercial 120 120 90 120 120 90
Current (mA) Military 130 100 130 100
Maximum Standby Commercial 20 20 20
Current (mA) Military 20 20
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CY7C128

%}m CY7C129
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent................cooiinnn.. >200 mA
Supply Voltage to Ground Potential .
(Pin 24 0PI 12). v evnenenrennnnnn —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs Ambient v
inHighZState...................... —0.5Vto +7.0V Range Temperature cc
DClInput Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Output Current into Outputs (Low) ............. 20 mA Military(1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over Operating Range
7C128-35, 45 7C128-55
Parameters Description Test Conditions 7C129-35, 45 7C129-55 Units
Min. Max. Min. Max.
Vou Output HIGH Voltage Vce = Min, Iog = —4.0mA 24 2.4 A\
VoL Output LOW Voltage Vcc = Min, IgpL = 8.0mA 0.4 0.4 A\
Vi Input HIGH Voltage 2.0 Vce 2.0 Vce v
ViL Input LOW Voltage -3.0 0.8 —-3.0 0.8 \4
Inx Input Load Current GND < Vi < Ve -10 10 —10 10 KA
Output Leakage GND < Vi < Ve _ _
loz Current Output Disabled 40 40 40 40 HA
Output Short _ _ _ _
Ios Circuit Curren £2] Vce = Max., Voutr = GND 300 300 mA
Icc Vcc Operating Vce = Max. Commercial 120 90 mA
Supply Current Iour =0mA | Military* 130 100
Automatic CE Max. Ve, Commercial 20 20
Isp (7C128) Power Down Current CE > Vig Military* 20 20 mA
*45 ns and 55 ns only
Capacitance[3]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance T /'\ = 25°C,f = 1 MHz 5 -
Cout Output Capacitance Vee = 5.0V 7 P
Notes:

1. Extended temperature operation guaranteed with 400 linear feet per
minute of air flow.

AC Test Loads and Waveforms

2. Not more than 1 output should be shorted at one time. Duration of

the short circuit should not exceed 30 seconds.
3. Tested on a sample basis.

R1481Q R1481Q ALL INPUT PULSES
5V O————AAA— 5V O——————AM— 30V . .
OUTPUT Oﬁ OUTPUT 01—-{ 0% 0%
\ L 10% 10%
S R2 R2 GND
30 pF > 6 pF
P S s P 2559 5ns L- sns
INCLUDING INCLUDING
——JIG AND = 4 JiGAND L § 0036-6
= SCOPE = 0036-4 = SCOPE = 0036-5 Figure 2
Figure 1a Figure 1b
Equivalent to: .
THEVENIN EQUIVALENT
1670

OUTPUT O—————AMW——-0 1.73V

0036-13
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CY7C128

%ms CY7C129

SEMICONDUCTOR

Switching Characteristics Over Operating Rangel4]

7C128-35 7C128-45 7C128-55
Parameters Description 7C129-35 7C129-45 7C129-55 Units
Min, | Max. | Min. | Max. | Min. | Max.

READ CYCLE
tRC Read Cycle Time 35 45 55 ns
tAA Address to Data Valid 35 45 55 ns
tOHA Data Hold from Address Change 5 5 5 ns
tACE CELOW to Data Valid | <128 35 45 55 ns

7C129 20 25 30 ns
tDOE OE LOW to Data Valid 15 20 25 ns
tLZOE OE LOW to Low Z 0 0 0 ns
tHZOE OE HIGH to High Z[5] 15 15 20 ns
tLZCE CE LOW to Low ZI6] 7C128 5 ns

7C129 0 0 0 ns
tHZCE CE HIGH to High ZI5, 6] 15 20 20 ns
tpy CE LOW to Power Up 0 0 0 ns
tpD CE HIGH to Power Down. 20 25 25 ns
WRITE CYCLE!"]
twe Write Cycle Time 35 45 55 ns
tSCE CE LOW to Write End 30 40 50 ns
tAW Address Set-up to Write End 30 40 50 ns
tHA Address Hold from Write End 0 ns
tsA Address Set-up to Write Start ns
tPWE WE Pulse Width 20 20 25 ns
tsD Data Set-up to Write End 15 20 25 ns
tHD Data Hold from Write End 0 0 0 ns
tHZWE WE LOW to High Z 15 15 20 ns
tLZWE WE HIGH to Low Z 0 0 0 ns

Notes:

4. Test conditions assume signal transition times of 5 ns or less, timing 7. The internal write time of the memory is defined by the overlap of
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output CE low and WE low. Both signals must be low to initiate a write and
loading of the specified Iop/Iox and 30 pF load capacitance. either signal can terminate a write by going high. The data input

S. tHZOE, tHZCE and tHzwe are tested with Cp, = 5 pF as in Figure Ib. setup and hold timing should be referenced to the rising edge of the
Transition is measured + 500 mV from steady state voltage. signal that terminates the write.

6. At any given temperature and voltage condition, tyzcg is less than 8. WE is high for read cycle. -
tLzce for all devices. These parameters are sampled and not 100% 9. Device is continuously selected. OE, CE = Vjr.
tested. (7C128 only.) 10. Address valid prior to or coincident with CE transition low.

Switching Waveforms

Read Cycle No. 1 (Notes 8, 9)

tac |

ADDRESS X

taa

tOHA

DATA OUT

PREVIOUS DATA VALID )

DATA VALID

2-18
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CY7C128
% CY7C129
SEMICONDUCTOR

Switching Waveforms (Continued)
Read Cycle No. 2 (Notes 8, 10)

tace

OE ___X
tooE {-tnzo[ —

be————tL 20€ re—tH2ce—>
HIGH
HIGH IMPEDANCE \/ / ) IMPEDANCE

I I DATA VALID
PR U W U

fe———tpy tpD

DATA OUT

Icc

Vee 0% )
SUPPLY (7€128) S 50%
CURRENT 1s8

Write Cycle No. 1 (WE Controlled) (Note 7)
twe |

X 3

tsce

WK 7777 p

taw tHa—1
tsa N tPWE

AN /

tsp tHO
DATA IN DATA-IN VALID

Fe——thzwe —’1 <—t|.zwe—7
HIGH IMPEDANCE

DATA 1/0 DATA UNDEFINED )

)a

0036-8

ol

0036-9

Write Cycle No. 2 (CE Controlled) (Note 7)

o tsE -
hN P J

taw

e :;(;;;::::::@i };;;;7;7;;77;7;/

je S0 ™o
DATAIN * DATA-IN VALID

p—mzwsj
\ HIGH IMPEDANCE

DATA I/0 DATA UNDEFINED /

tsa

0036-10

Note: If CE goes high simultaneously with WE high, the output remains in a high impedance state.
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J Cipress

CY7C128

SEMICONDUCTOR

Typical DC and AC Characteristics

NORMALIZED Icc, Iss

NORMALIZED taa

NORMALIZED lpg

NORMALIZED SUPPLY CURRENT

. vs. SUPPLY VOLTAGE

12

1.0

08

04

0.2

0.0
4.0

45 5.0 55 6.0

SUPPLY VOLTAGE (V)

NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE

14

13

1.1 P

Ta =25°C

I

10

40 45 65

SUPPLY VOLTAGE (V)

5.0 6.0

TYPICAL POWER-ON CURRENT
vs. SUPPLY VOLTAGE

25

20

15

1.0

05

0.0

0.0 10 20 30 40

SUPPLY VOLTAGE (V)

5.0

NORMALIZED Icc, Iss

NORMALIZED taa

DELTA taa (ns)

NORMALIZED SUPPLY CURRENT

vs. AMBIENT TEMPERATURE

12
1.0 Teo
08
0.6
04
Vec =50V
ViN =50V
0.2
0.0
-85 25.0 125.0
AMBIENT TEMPERATURE (°C)
NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE
16
14
12 /
" /
Vee =50V
08 >
0.6
-55 25 125
AMBIENT TEMPERATURE (°C)
TYPICAL ACCESS TIME CHANGE
vs. OUTPUT LOADING
300
5.0 /  —
200 P
15.0 / 4
10.0
/ Ta =25°C
Vcc =450V
5.0
0.0

o

200 400 600 800
CAPACITANCE (pF)

1000

2-20

OUTPUT SOURCE CURRENT (mA)

OUTPUT SINK CURRENT (mA)

NORMALIZED Icc

CY7C129
OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE
120
100
80
60
Vce =50V
Ta =25°C
40 A
20
[}
0.0 10 20 30 40
OUTPUT VOLTAGE (V)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
140
120 /
100 / Vec =50V
Ta = 25°C
N /
60
40
20
[
0.0 1.0 20 3.0 40
OUTPUT VOLTAGE (V)
NORMALIZED Icc
vs. CYCLE TIME
14 |'
=50V
13 _¥:c= 25°C
Vin=05V
12
11
10
09
08
10 20 30 40

CYCLE FREQUENCY (MHz)
0036-11



CY7C128

% CY7C129
SEMICONDUCTOR
Ordering Information
Speed Package Operating Speed i Package Operating
(as) Ordering Code Type Range (as) Ordering Code Type Range
35 CY7C128-35PC P13 Commercial 35 CY7C129-35PC P13 Commercial
CY7C128-35DC D14 Commercial CY7C129-35DC D14 Commercial
CY7C128-35LC L53 Commercial CY7C129-35LC L53 Commercial
45 CY7C128-45PC P13 Commercial 45 CY7C129-45PC P13 Commercial
CY7C128-45DC D14 Commercial CY7C129-45DC D14 Commercial
CY7C128-45LC L53 Commercial CY7C129-45LC LS3 Commercial
CY7C128-45DMB Di4 Military CY7C129-45DMB D14 Military
CY7C128-45LMB L53 Military CY7C129-45LMB L53 Military
55 CY7C128-55PC P13 Commercial 55 CY7C129-55PC P13 Commercial
CY7C128-55DC D14 Commercial CY7C129-55DC D14 Commercial
CY7C128-55LC LS3 Commercial CY7C129-55LC LS3 Commercial
CY7C128-55DMB D14 Military CY7C129-55DMB Di14 Military
CY7C128-55LMB L53 Military CY7C129-55LMB L53 Military
Bit Map Address Designators
UTPUTS \D!H nz| (3210 21 4567 4567 ' 7654 7654 Adm Adm Pin
! ‘ | ’ | Name Function Number
Y-ADORESS |01 o7) |08 5 [} o ’ 08 15|
* ‘ * AO Y} 8
A Y2 7
Az Y 6
A3 Yo 5
Ay X3 4
e As X4 3
2
g Ag¢ X3 2
A7 Xo 1
Ag Xs 23
Ag X6 22
. Ao X1 19

S

-~ i3 15 {16 = 37 o cocumn
0036-12
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Features

® Automatic power-down
deselected

e CMOS for optimum
speed/power
High speed—25 ns

Low active power

CYPRESS
SEMICONDUCTOR

when

— 440 mW (commercial)

— 605 mW (military)

Low standby power
— 55 mW

TTL compatible inputs
outputs

and

e Capable of withstanding

greater than 2000V
electrostatic discharge

CY7C147

Functional Description

The CY7C147 is a high performance
CMOS static RAM organized as 4096
x 1 bits. Easy memory expansion is
provided by an active LOW chip en-
able (CE) and three-state drivers. The
CY7C147 has an automatic power-
down feature, reducing the power con-
sumption by 80% when deselected.

Writing to the device is accomplished
when the chip enable (CE) and write
enable (WE) inputs are both LOW.
Data on the input pin (DI) is written
into the memory location specified on
the address pins (Ag through A ).

4096 x 1 Static R/W RAM

Reading the device is accomplished by
taking the chip enable (CE) LOW,
while write enable (WE) remains
HIGH. Under these conditions the
contents of the memory location speci-
fied on the address pins will appear on
the data output (DO) pin.

The output pin stays in high impedance
state when chip enable (CE) is HIGH
or write enable (WE) is LOW.

Logic Block Diagram

Pin Configurations

[ ‘A' DI Ao Vee
A2 Ag
INPUT BUFFER a3 Ar
U I ¥m ] Ag
As]s Ag
Ap —] < As[] e Ao
A= § 3 oo(]7 Ag
A= O 64 x 64 N We(]s ol
A= 3 :> ARRAY :> ¢ o0 GNDE 9 [
Ac—] a
A7 & 0019-2
iy —a
POWER
COLUMN DECODER DOWN []
Preaed "
A4 As Ag Ag A1gA1q
0019-1
0019-3
Selection Guide
7C147-25 7C147-35 7C147-45
Maximum Access Commercial 25 35 45
Time (ns) Military 35 45
Maximum Operating Commercial 90 80 80
Current (mA) Military 110 110
Maximum Standby Commercial 15 10 10
Current (mA) Military 10 10
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%m CY7C147
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent .................cooiuun.. >200 mA
Supply Voltage to Ground Potential .
(Pin 18 0 PINO) .-+ veeeesneennnnn ~05Vio+70v  Operating Range
DC Voltage Applied to Outputs R Ambient V.
in High ZState..........coiiiiinn.. —0.5Vto +7.0V ange Temperat“re cc
DCInput Voltage ................... —3.0Vto +7.0V Commercial 0°C to +70°C 5V + 10%
Output Current into Outputs (Low) ............. 20 mA Militarym —55°Cto + 125°C 5V + 10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions 7C147-25 7C147-35, 45 Units
Min. Max. Min. Max.
VoH Output HIGH Voltage Vce = Min. IoH = —40mA 24 24 v
VoL Output LOW Voltage Vcec = Min. IoL = 120 mA 0.4 0.4 \'%
Vi Input High Voltage 2.0 6.0 2.0 6.0 v
ViL Input Low Voltage -30 0.8 -3.0 0.8 A\
Irx Input Load Current GND < V] < Vce —10 +10 —10 +10 RA
Output Leakage GND < Vg £ Ve _ _
Toz Current Output Disabled 0 +30 0 +30 BA
Output Short[2] _ _ _ _
Ios Circuit Current Vcc = Max. Vour = GND 350 350 mA
Vcc Operating Vcec = Max. Commercial 90 80
Icc _ mA
Supply Current Iour = OmA Military 110
I Automatic CE[3] Max. Ve, Commercial 15 10 mA
SBy Power Down Current CE = Viy Military 10
Capacitanceld]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 5 pF
Cout Output Capacitance Vec = 5.0V 6
Notes:

1. Extended temperature operation guaranteed with 400 linear feet per
minute of air flow.
2. Duration of the short circuit should not exceed 30 seconds.

AC Test Loads and Waveforms
R1329 Q@ R1329
(480 2 MIL) (480 Q MIL)
5v S5v
OUTPUT

] OuTPUT )
> R2 <

3. A pull-up resistor to Vcc on the CE input is required to keep the
device deselected during Vcc power-up, otherwise Isp will exceed
values given.

. Tested on a sample basis.

ALL INPUT PULSES

> R2
30 pF 202 2 5 pF 22029
3'.‘3 k‘;%'"e (255 2 MIL)  INCLUDING ® (255 Q MIL)
SCOPE JIG AND
— — SCOPE  — 1 woros
Figure 1a Figure 1b Figure 2
Equivalent to: THEVENIN EQUIVALENT
125 2
OUTPUT O———— AMWAN———01.90 V 0019-5
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% CY7C147
SEMICONDUCTOR

Switching Characteristics Over Operating RangelS]

P eters Description 7C147-25 7C147-35 7C147-45 Units
Min. Max. Min. Max. Min., Max.
READ CYCLE
tRC Read Cycle Time 25 35 45 ns
tAA Address to Data Valid 25 35 45 ns
tOHA Data Hold from Address Change 3 5 5 ns
tACE CS Low to Data Valid 25 35 45 ns
tLZCE CE LOW to Low Z[7] 5 5 5 ns
tHZCE CEHIGH to High ZI[6, 7] 20 30 30 ns
tpu CE LOW to Power Up 0 0 0 ns
tpD CE HIGH to Power Down 20 20 20 ns
WRITE CYCLE!8]
twc Write Cycle Time 25 35 45 ns
tSCE CE LOW to Write End 25 35 45 ns
tAw Address Set-up to Write End 25 35 45 ns
tHA Address Hold from Write End 0 0 0 ns
tsA Address Set-up to Write Start 0 0 0 ns
tPWE WE Pulse Width 15 20 25 ns
tsD Data Set-up to Write End 15 20 25 ns
tHD Data Hold from Write End 0 10 10 ns
tLZWE WE HIGH to Low Z[7] 0 0 0 ns
tHZWE WE LOW to High ZI[6.7] 15 20 25 ns
Notes:

5. Test conditions assume signal transition times of 5 ns or less, timing 8. The internal write time of the memory is defined by the overlap of
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output CE low and WE low. Both signals must be low to initiate a write and
loading of the specified IoL/Ion and 30 pF load capacitance. either signal can terminate a write by going high. The data input

6. tzcE and tyzwe are tested with Cp = 5 pF as in Figure 1b. setup and hold timing should be referenced to the rising edge of the
Transition is measured £ 500 mV from steady state voltage. sxgmfl thf“ terminates the write.

7. Atany given temperature and voltage condition, tyz is less than t; 7 9. WE is high for read cycle.
for all devices. These parameters are sampled and not 100% tested. 10. Device is continuously selected, CE = Vjr.

11. Address valid prior to or coincident with CE transition low.

Switching Waveforms
Read Cycle No. 1 (Notes 9, 10)

ADDRESS %
taa
toHa ——————]

DATA OUT PREVIOUS DATA VALID DATA VALID

tac |

0019-7
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% CY7C147
SEMICONDUCTOR

Switching Waveforms (Continued)
Read Cycle No. 2 (Notes 9, 11)

tRC

i ———

tace
tuzee | le— thzce—|
I HIGH
HIGH IMPEDANCE 7 / IMPEDANCE

DATA OUT (L DATA VALID ).___.

|\ AWV
fe——tpy re——— tpp —|
Vee ) icc
SUPPLY 50% 50%
CURRENT ‘— 1SB
0019-8

Write Cycle No. 1 (WE Controlled ) (Note 8)

[ twe
ADDRESS * )(

tsce

= \\ M\ K 77777777777,

e R\ X £

tso tHD
DATAIN * DATA-IN VALID

Fe——thzwe —'I ﬂ—lew:-——-l
\ HIGH IMPEDANCE ’

DATA (/0 DATA UNDEFINED
f

0019-9

Write Cycle No. 2 (CE Controlled) (Note 8)

ADDRESS x

tsce

7‘J

tPWE

LINAANNARARNNRNNRS 2

I=- 50 o
DATA IN * DATA-IN VALID

r-— IMWEA.]
\ HIGH IMPEDANCE
/

DATAI/O DATA UNDEFINED

0019-10

Note: If CE goes high simultaneously with WE high, the output remains in a high imped state.
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CY7C147

SEMICONDUCTOR

Typical DC and AC Characteristics

NORMALIZED Icc, Isg

NORMALIZED taa

NORMALIZED Ipo

NORMALIZED SUPPLY CURRENT

AL SUPPLY VOLTAGE

12
Icc
10
0.8 /1
0.6
ViN=5V
04 Ta = 25°C
0.2
Iss
0.0
40 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE
14
13
12 \
11
Ta =25°C
1.0
——
0.9
08
4.0 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
TYPICAL POWER-ON CURRENT
vs. SUPPLY VOLTAGE (7C148)
3.0
25
20 Ta =25°C
1K Q CS PULL-UP
RESISTOR TO Ve
15
10 Isg
0.5
0.0 4L/

0.0 1.0 20 30 4.0 5.0
SUPPLY VOLTAGE (V)

NORMALIZED Icc. Isp

NORMALIZED taa

DELTA taa (ns)

NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

12
10 Icc
08
0.6
04
Vee =5.0 V
ViN =5.0V
0.2
Isg
0.0
-55 250 125.0
AMBIENT TEMPERATURE (°C)
NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE
16
14
12 ]
10
Ve =50V
08
06
-85 25 125
AMBIENT TEMPERATURE (°C)
TYPICAL ACCESS TIME CHANGE
vs. OUTPUT LOADING
30.0
25.0 =
200 /
15.0 /
/ d
100
/ Ta = 25°C
Vec =45V
5.0 /
0.0
0 200 400 600 800 1000

CAPACITANCE (pF)

2-26

OUTPUT SOURCE CURRENT (mA)

OUTPUT SINK CURRENT (mA)

NORMALIZED l¢c

OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE
100 \
80 N
60 L\
Vce =5.0 V
© N Ta=25C
20
0
0.0 1.0 20 30 4.0
OUTPUT VOLTAGE (V)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
160
140
120 /’
100
80
Vec =50V _ |
60 [ Ta =25°C
40
20 /
0
0 1.0 20 30 40

OUTPUT VOLTAGE (V)

NORMALIZED Icc
vs. CYCLE TIME
14 T T
Vec =5.0V
13——T1,=25°C
ViN=0.5V
12
1.1
1.0
0.9
08

] 10 20 30 40 50
CYCLE FREQUENCY (MHz)
0019-11



% CY7C147
SEMICONDUCTOR
Ordering Information Address Designators

Speed . Package Operating Address Address Pin

(ns) Ordering Code Type Range Name Function Number

25 CY7C147-25PC P3 Commercial Ao Xo 1
CY7C147-25DC D4 Commercial Al X 2
CY7C147-25LC L50 Commercial !

35 | CYIC147-35PC P3 Commercial Az X2 3
CY7C147-35DC D4 Commercial A3 X3 4
CY7C147-35LC Lso Commercial Ag Yo 5
CY7C147-35DMB D4 Military " Y P
CY7C147-35LMB L50 Military 5 1

45 | CY7C14745PC P3 Commercial As X4 17
CY7C14745DC D4 Commercial A7 Xs 16
CY7C147-45LC L50 Commercial As Y, 15
CY7C147-45DMB D4 Military
CY7C147-45LMB L50 Military A9 Y3 14

Ao Y4 13
A Ys 12
Bit Map

|0 63 +—COLUMN

SR e O O AR

-ROW 63

0019-12
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Features

e Automatic power-down when
deselected (7C148)

o CMOS for optimum
speed/power

25 ns access time

Low active power

— 440 mW (commercial)
— 605 mW (military)

Low standby power (7C148)

— 82.5 mW (25 ns version)
— 55 mW (all others)

5 volt power supply +10%
tolerance both commercial and
military

TTL compatible inputs and
outputs

CY7C148
CY7C149

Functional Description

The CY7C148 and CY7C149 are high
performance CMOS static RAMs orga-
nized as 1024 x 4 bits. Easy memory
expansion is provided by an active
LOW chip select (CS) input, and three-
state outputs. The CY7C148 and
CY7C149 are identical except that the
CY7C148 includes an automatic (CS)
power-down feature. The CY7C148 re-
mains in a low power mode as long as
the device remains unselected, i.e. (CS)
is HIGH, thus reducing the average
power requirements of the device. The
chip select (CS) of the CY7C149 does
not affect the power dissipation of the
device.

An active LOW write enable signal
(WE) controls the writing/reading op-
eration of the memory. When the chip

1024 x 4 Static R/W RAM

select (CS) and write enable (WE) in-
puts are both LOW, data on the four
data input/output pins (I/Og through
1/03) is written into the memory loca-
tion addressed by the address present
on the address pins (Ag through Ag).

Reading the device is accomplished by
selecting the device, (CS) active LOW,
while (WE) remains inactive or HIGH.
Under these conditions, the contents of
the location addressed by the informa-
tion on address pins (Ag through Ag) is
present on the four data input/output
pins (1/0g through 1/03).

The input/output pins (I/0g through
1/03) remain in a high impedance state
unless the chip is selected, and write
enable (WE) is high.

Logic Block Diagram

Pin Configurations

— e I =
As(] 2 A
g Asd]3 [ Ag
| I_j__ A3} [T Ay
i Ao [ 1/00
INPUT BUFFER j’ I¥m [ [71/0,
1 A7 [ 1/0,
U (s [11/0, 9
Ay —p! - 110 GND[]e (] We
As —»! & 2 ! i S S
A 2 s | D o 0001-2 (TS
7—1 O 64 x 64 < ! 1 = 0001-3
Ae—p B ARRAY ]
A5 —p] g é 1/02
(-3
Aa— B— 1/03
{} POWER
COLUMN DECODER 83;"42, - a3
Trrr T
A3 Az Ay Ag WE
0001-1
Selection Guide
7C148-25 7C148-35 7C148-45 7C149-25 7C149-35 7C149-45
Maximum Access Time (ns) 25 35 45 25 35 45
Maximum Operating Commercial 90 80 80 90 80 80
Current (mA) Military 110 110 110 110
Maximum Standby Commercial 15 10 10
Current (mA) Military 10 10
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CY7C148
o s CY7C149
SEMICONDUCTX
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)............ >2001V
Power Applied .................... —55°Cto +125°C LatchupCurrent...............ooiiinnn.. >200 mA
Supply Voltage to Ground Potential .
(Pin 18 tOPIN D). . veeeenennnnnnnnn. —0.5V to +7.0V Operating Range
DC Voltage Applied to Outputs Range Ambient Vee
inHighZState. ..................... —0.5V to +7.0V : Temperature
DC Input Voltage .................. —30Vto +7.0V ;‘f:‘m‘"ﬁ‘;‘ OE;(:;L 7‘_":25 - :z z :g‘;”
. — 0 t 0,
Output Current into Outputs (Low) ............. 20 mA ritary 0 i
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions 7C148/9-25 | 7C148/9-35, 45 Units
Min. | Max.| Min. | Max.
IoH Output High Current VoH = 2.4V Vcc = 4.5V —4 —4 mA
IoL Output Low Current VoL = 04V 8 8 mA
VIH Input High Voltage 20 | 60 2.0 6.0 v
ViL Input Low Voltage —3.0/ 08 | —3.0 0.8 \4
Itx Input Load Current GND < V] < Ve 10 10 RA
Ioz Output Leakage Current| GND < Vg < V¢ Output Disabled —50| 50 —50 50 pA
C Input Capacita 5 5
1 IZ]I::t/ 0:::[ nee Test Frequency = 1.0 MHz pF
Ta = 25°C, All Pi 0V, Vcc = 5V
Cro Capacitance A s at cc 7 7
Iec Vcc Operating Max. Ve, CS < Vi Commercial 90 80 | A
Supply Current Output Open Military 110
I Automatic CS Max. Vcc, 7C148 Commercial 15 10 mA
SB Power Down Current CS > Vig only Military 10
Tro Peak Power-On Max. Vg, 7C148 Commercial 15 10 mA
Current CS > vl only Military 10
I Output Short GND < Vg < Commercial +275 +275 mA
0s Circuit Current Vcliol Military 350
Notes:

1. Test conditions assume signal transition times of 10 ns or less, timing
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output
loading of the specified Io1/IoH and 30 pF load capacitance. Output
timing reference is 1.5V.

The internal write time of the memory is defined by the overlap of

CS low and WE low. Both signals must be low to initiate a write and

either signal can terminate a write by going high. The data input

setup and hold timing should be referenced to the rising edge of the
signal that terminates the write.

3. A pull up resistor to Vcc on the CS input is required to keep the
device deselected during Vcc power up. Otherwise current will ex-
ceed values given (CY7C148 only).

4. Chip deselected greater than 25 ns prior to selection.

AC Test Loads and Waveforms

R1481Q

L

R1481Q

5v sv

O—————— VWA O————AMA—
ouTPUT o—l_[ ouTPUT o.—l__,
S R2

< >
WP S csn I s e 3 Sasa
INCLUDING L INCLUDING
=—JIGAND = —L-JIG AND __L
= SCOPE = SCOPE -
0001-4
Figure 1a Figure 1b
Equivalent To:
THEVENIN EQUIVALENT
1679
OUTPUT O———AAM———0 1.73V 0001-12

2-29

. Chip deselected less than 25 ns prior to selection.

. At any given temperature and voltage condition, tyz is less than ty z
for all devices. Transition is measured + 500 mV from steady state
voltage with specified loading in Figure 1. These parameters are
sampled and not 100% tested.

7. WE is high for read cycle.

8. Device is continuously selected, CS = Vji.

9. Address valid prior to or coincident with CS transition low.

0. For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.

. Extended temperature operation guaranteed with 400 linear feet per
minute of air flow.

[ ]

ALL INPUT PULSES

30V | —— 4
90% 90%
GND 10% 10%
10ns 10ns g901-5
Figure 2



CY7C148
%m CY7C149
SEMICONDUCTCR

Switching Characteristics Over Operating Range (Note 1)

Parameters Description 7C148/9-25 7C148/9-35 7C148/9-45 Units
Min. | Max. | Min. | Max. | Min. | Max.
READ CYCLE
Address Valid to Address Do Not
tRC Care Time (Read Cycle Time) s 35 4 ns
Address Valid to Data Out
taa Valid Delay (Address Access Time) 25 35 4 ns
tACs1 Chip Select Low to Data Out Valid 25041 35 45 ns
tACS2 (CY7C148 only) 3051 35 45
Chip Select Low to Data Out Valid
tacs (CYTC149 only) 15 15 20 ns
tr.716) Chip Select Low to 7C148 8 10 10 ns
Data Out On 7C149 5 5 5
(6] Chip Select High to Data
tHZ Out OFf 0 15 0 20 0 20 ns
Address Unknown to Data Out
toH Unknown Time 0 0 3 ns
Chip Select High to
tpD Power.Down Delay 7C148 20 30 30 ns
Chip Select Low to
tpu Power.Up Delay 7C148 0 0 0 ns
WRITE CYCLE
Address Valid to Address Do Not
twe Care (Write Cycle Time) 2 35 45 ns
Write Enable Low to
2
twpl?] Write Enable High 20 30 3 ns
twR ‘Write Enable High to Address 5 5 5 ns
6] ‘Write Enable to Output
twz in High Z 0 8 0 10 0 15 ns
tpw Data in Valid to Write Enable High 12 20 20 ns
tDH Data Hold Time 0 0 0 ns
Address Valid to Write
tas Enable Low 0 0 0 ns
2 Chip Select Low to Write
tes Enable High 20 30 40 ns
Write Enable High to Output
6,
towl6] in Low Z 0 0 0 ns
tAw Address Valid to End of Write 20 30 35 ns
Switching Waveforms
Read Cycle No. 1 (Notes 7, 8)
tRC |
ADDRESS }(
taa |
toH
DATA OUT PREVIOUS DATA VALID ) DATA VALID
0001-6
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CY7C148

Switching Waveforms (Continued)
Read Cycle No. 2 (Notes 7, 9)

trRC

[0 54( 7[

tacs

w2

HIGH
HIGH IMPEDANCE

DATA OUT ( ( ( ( { DATA VALID >___I_MPEDANCE

!
J |

re——tpu re——1tpp
Vee Icc
SUPPLY 50% so% \
CURRENT § \sB
0001-7

Write Cycle No. 1 (WE Controlled)

ADDRESS >

twe

8

tow
ég
ARANS 77777777777,
taw tWR ——
tas twe
NN /
je tow toH
DATA1/0 DATA-IN VALID
le———twz 4’1 e tow
DATA I/0 DATA UNDEFINED /\ HIGH IMPEDANCE
0001-8
Write Cycle No. 2 (CS Controlled)
twc
ADDRESS X X
tew
— (As -—
taw twr ——
twe
WE
I+ tow tOH
DATA I/0 * DATA-IN VALID ‘%
fe———tw2z ——.‘
DATA UNDEFINED ) fIGT MPEDANCE
DATA I/0
)
0001-9
Note: If CS goes high simultaneously with WE high, the output remains in a high impedance state.
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Typical DC and AC Characteristics

NORMALIZED Icg, Is

NORMALIZED taa

NORMALIZED lpg

CY7C148
CY7C149

CYPRESS
SEMICONDUCTOR

NORMALIZED SUPPLY CURRENT

vs. SUPPLY VOLTAGE

14
1.2
lcc
10
08 /
06
VIN=5V
04 Ta =25°C
02
Iss
0.0
4.0 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE
14
13
1.2 \\
1.1
h Ta = 25°C
1.0 \
09
08
4.0 45 5.0 55 6.0

SUPPLY VOLTAGE (V)

TYPICAL POWER-ON CURRENT
vs. SUPPLY VOLTAGE (7C148)

3.0

25

Ta =25°C
1K 2 TS PULL-UP
RESISTOR TO Vce

20

0.5

0.0

0.0 10 20 3.0 4.0 5.0

SUPPLY VOLTAGE (V)

NORMALIZED Icc, Isa

NORMALIZED taa

DELTA taa (ns)

NORMALIZED SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
12
10 <
08
0.6
0.4
Vec =50V
VN =50V
0.2
Isg
0.0
-56 250 125.0
AMBIENT TEMPERATURE (°C)
NORMALIZED ACCESS TIME
16 vs., AMBIENT TEMPERATURE
14 /
1.2 /
10
Vee =50V
08
06
-55 2 126
AMBIENT TEMPERATURE (°C)
TYPICAL ACCESS TIME CHANGE
vs. OUTPUT LOADING
300
25.0
200
15.0
A
10.0
/ Vae Sasv
5.0 / ki
0.0

o 200 400 600 800 1000

CAPACITANCE (pF)
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OUTPUT SOURCE CURRENT (mA)

OUTPUT SINK CURRENT (mA)

NORMALIZED I¢c

OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE

NN

\ Vec =50V
Ta =25°C
) N2
20
0
0.0 1.0 20 30 a0
OUTPUT VOLTAGE (V)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
140
120
7
100
A
80
60 Vec =50V
Ta = 25°C
40 /
20 r
0
0.0 1.0 20 30 4.0
OUTPUT VOLTAGE (V)
NORMALIZED Icc
vs. ACCESS TIME
14
13
12 \
1.1
10
[X:]
0.8
10 20 30 a0 50 60

taa (ns)
0001-10



CY7C148

% CY7C149
SEMICONDUCTOR
Ordering Information Address Designators
Speed . Package Operating Address Address Pin
(ns) Ordesing Code Type Range Name Function Number
25 CY7C148-25PC P3 Commercial Ao Yo 5
CY7C149-25PC Al Y, p
CY7C148-25DC D4
CY7C149-25DC :2 :2 Z
CY7C148-25LC L50 3 )
CY7C149-25LC Aq Xo 3
35 CY7C148-35PC P3 Commercial As X3 2
CY7C149-35PC Ag X, 1
CY7C148-35DC D4 A7 Xs 17
CY7C149-35DC v X v
CY7C148-35LC L50
CY7C149-35LC A9 X1 15
CY7C148-35DMB D4 Military
CY7C149-35DMB
CY7C148-35LMB L50 15...0/15...0}=——COLUMN
CY7C149-35LMB 0
45 CY7C148-45PC P3 Commercial
CY7C149-45PC
CY7C148-45DC D4
CY7C149-45DC
CY7C148-45LC L50
CY7C149-45LC
CY7C148-45DMB D4 Military
CY7C149-45DMB
CY7C148-45LMB L50
CY7C149-45LMB

2-33
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Features

e 1024 x 4 static RAM for control
in high speed computers

CMOS for optimum
speed/power

High speed

— 25 ns (commercial)

— 35 ns (military)

Low power
— 495 mW (commercial)
— 660 mW (military)

Separate inputs and outputs

Memory reset function

® 5 volt power supply +10%
tolerance both commercial and
military

PRELIMINARY CY7C150

Functional Description

The CY7C150 is a high performance
CMOS static RAM organized as 1024
words x 4 bits. Easy memory expansion
is provided by active LOW chip select
(CS) and output enable, (OE) inputs
and three-state outputs.

An active LOW write enable input
(WE) controls the writing/reading op-
eration of the memory. When the chip
select (CS) and write enable (WE) in-
puts are LOW, the information on the
four data inputs Dg to D3 is written
into the addressed memory word and
the output circuitry is preconditioned
so that the correct data is present at the
outputs when the write cycle is com-
plete.

1024 x 4 Static R/W RAM

Reading is performed with the chip se-
lect (CS) input LOW, and the write en-
able (WE) input HIGH, and the output
enable input (OE) LOW. The informa-
tion stored in the addressed word is
read out on the four non-inverting out-
puts Og to O3.

The outputs of the memory go to an
active high impedance state whenever
chip select (CS) is HIGH, output en-
able (OE) is HIGH, or during the writ-
ing operation when WRITE ENABLE
(WE) is LOW.

The entire memory can be reset to a
logical LOW by taking RESET (R)
LOW when chip select (CS) is LOW

and WRITE ENABLE is HIGH.
e Capable of withstanding greater
than 2000V static discharge
o TTL compatible inputs and
outputs ’
Logic Block Diagram Pin Configuration
@ .
n U/
Dg Dy D, Dy & As O 24 [ vee
il oF A, 02 23] A,
DATA INPUT - A5 s 22 ] 4,
CONTROL S Ag [ 4 21 [ Ay
! A, s 20[]R
xg ﬁ % ag O 6 19[]¢cs
A % £ o A 7 18 a WE
A 3 < °[> D, 7] oE
2 ] - 64X 64 -—_‘J> z x| o 18 1
A a ARRAY &
23 = z ﬁ_ok_‘ 0, o, (] e 16 [ oy
Agp| & 0, [ 10 15[] o,
ﬁ | 03 o, 14 a 04
Ag—p GND [] 12 13] o,
:;‘_: COLUMN DECODER oz
A9 0028-1
Selection Guide
7C150-25 7C150-35
Maximum Access Time (ns) (;:;.nmercial 25 ;:
ilitary
Maximum Operating Current (mA) ;?Flmercial 120 192%
ilitary
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% PRELIMINARY  CYTIC150
SEMICONDUCTOR

Maximum Ratings
(Above which the useful life may be impaired)

Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .
(Pin 20 0 Pin 10). ++vveeeennnnnn .. ~0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs Ran Ambient V.
inHighZState...................... —0.5Vto +7.0V 8¢ Temperature cc
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Output Current into Outputs (Low) ............. 20 mA Militaryl[1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over Operating Range
7C150-25 7C150-35
Parameters Description Test Conditions Units
Min. Max. Min. Max.
VoH Output HIGH Voltage Vcc = Min, Iopg = —4.0mA 24 24 A\
VoL Output LOW Voltage Vcc = Min, IoL = 12.0mA 0.4 0.4 \%
Via Input High Voltage 20 Vce 2.0 Vce \4
Vi Input Low Volage -30 | o8 -30 | o8 v
Itx Input Load Current GND < Vi £ Vce —-10 +10 —10 +10 MA
Output Leakage GND < Vg < Ve _ _
Toz Current Output Disabled 0 +30 0 +30 rA
Ios Output Short[2] Vce = Max,, Vout = GND —300 —300 | mA
1 Vcc Operating Vce = Max. Commercial 120 90 mA
cc Supply Current Iour = 0mA | Military 120
Capacitancel3]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz, Vcc = 5.0V 5 pF
Cout Output Capacitance Ta = 25°C,f = 1 MHz, V¢ = 5.0V 7 pF
Notes:
1. Extended temperature operation guaranteed with 400 linear feet per 2. Not more than 1 output should be shorted at one time. Duration of
minute of air flow. the short circuit should not exceed 30 seconds.
3. Tested on a sample basis.
AC Test Loads and Waveforms
R1329Q R1329
(480 2 MIL) (480 Q MIL)
5VO— WV 5V O—— WA ALL INPUT PULSES
OuTPUT OT——< OUTPUT ]
> R2 | R2 30V y
INcLUDING T 30 PF 202 1 5pF :; 202 2 90% %
rrye (255 2 MIL)  INCLUDING ® (255 Q MIL) 10% 10%
SCOPE JIG AND GND
= = “SCOPE = = Sns ns
0028-3 0028-5
Figure 1a Figure 1b Figure 2
Equivalent To:
THEVENIN EQUIVALENT

125 Q
OUTPUT O—————AMN————01.90 V

0028-4
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% | PRELIMINARY  CYTIC150

SEMICONDUCTOR

Switching Characteristics Over Operating Range

e 7C150-25 7C150-35

Parameters Description Units
Min. | Max. Min. Max.

READ CYCLE
trRC Read Cycle Time 25 35 ns
tAA Address to Data Valid 25 35 ns
tOHA Output Hold from Address Change 3 3 ns
tACs CS LOW to Data Valid 15 20 ns
tLzcs CS LOW to Low Z[6] 0 0 ns
tHZCS CS HIGH to High Z[5.6] 0 20 0 25 ns
tDOE OE LOW to Data Valid 15 20 ns
tLZOE OE LOW to Low Z!6] 0 0 ns
tHZOE OE HIGH to High ZI[5.6] v 0 20 0 25 ns
WRITE CYCLE!"]
twe Write Cycle Time 25 35 ns
tscs CS LOW to Write End 15 20 ns
tAw Address Set-up to Write End 20 30 ns
tHA Address Hold from Write End 5 5 ns
tSA Address Set-up to Write Start 5 5 ns
tPWE WE Pulse Width 15 20 ns
tsD Data Set-up to Write End 15 20 ns
tHD Data Hold from Write End 5 5 ns
tLZWE WE HIGH to Low ZI[6] 0 0 ns
tHZWE WE LOW to High Z[5.6] 0 20 0 25 ns
RESET CYCLE
tRRC Reset Cycle Time 50 70 ns
tSAR Address Valid to Beginning of Reset 0 0 ns
tSWER Write Enable HIGH to Beginning of Reset 0 ns
tSCSR Chip Select LOW to Beginning of Reset 0 0 ns
tPR Reset Pulse Width 20 30 ns
tHCSR Chip Select Hold after End of Reset 0 0 ns
tHWER Write Enable Hold after End of Reset 30 40 ns
tHAR Address Hold after End of Reset 30 40 ns
tLZR Reset HIGH to Output in Low Z[6] 0 ns
tHZR Reset LOW to Output in High Z[5:6] 0 20 0 25 ns

Notes:

4. Test conditions assume signal transition times of 5 ns or less, timing 7. The internal write time of the memory is defined by the overlap of
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output CS low and WE low. Both signals must be low to initiate a write and
loading of the specified IoL/Iox and 30 pF load capacitance. either signal can terminate a write by going high. The data input

5. tyzcs, tHZOE tHZR and tHZwE are tested with Cp = 5 pF as in setup and hold timing should be referenced to the rising edge of the
Figure 1b. Transition is measured * 500 mV from steady state volt- signal that terminates the write.
age. 8. WE is high for read cycle.

6. At any given temperature and voltage condition, tyz is less than ty 7 9. Device is continuously selected, CS and OF = Vjr.
for all devices. These parameters are sampled and not 100% tested. 10. Address valid prior to or coincident with CS transition low.
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%m PRELIMINARY CY7C150

SEMICONDUCTOR

Switching Waveforms
Read Cycle No. 1 (Notes 8, 9)

tRC |

ADDRESS X
1

taa
tOHA —i
DATA OUT PREVIOUS DATA VALID DATA VALID
T

Read Cycle No. 2 (Notes 8, 10)

0028-6

trC
o1 3( 7‘
acs
OE —!
A {—‘
tDoE - tHZOE
fe— thoe‘—I [+ tzcs —|
l HIGH
IMPEDANCE
DATA OUT HIGH IMP:ANCE “I {( ( AN DATA VALID )———
cs |

0028-8

Write Cycle No. 1 (WE Controlled) (Note 7)

I twe
ADDRESS i
tscs
= \\A\K 7777777777777,
taw tHA
tsa tPWE
" AN\ Wi
f tso tHo
DATA IN DATA-IN VALID
Fe———tHZWE re———tLZwE
\ HIGH IMPEDANCE

DATA I/0 DATA UNDEFINED D,

0028-9
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PRELIMINARY CY7C150

g Crpress
%ICONDUCTOR

Switching Waveforms (Continued)

Write Cycle No. 2 (CS Controlled) (Note 7)

we

ADDRESS

A

! tscs

tsa

X

taw

ey

1.

b

1

SO

DATA-IN VALID

DATA IN
~——'nzws—-‘]
\ HIGH IMPEDANCE
DATA 1/0 DATA UNDEFINED D
0028-10
Note: If CS goes high simultaneously with WE high, the output remains in a high impedance state.
Reset Cycle
'RRC |
ADDRESS
) )&
tsar 'HAR
W—E/ZZZZZZZZZZZ; tSwER tiwer \
fsesR thesr
E i) | /
ter
RESET N /
thzr tzr
(o] 1= (o] 4
(DATA OUTPUT) HIGH
IMPEDANCE OUTPUT VALID ZERO
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SEMICONDUCTOR

PRELIMINARY CY7C150

Ordering Information

Speed . Package Operating
(as) Ordering Code Type Range
25 CY7C150-25PC P13 Commercial

CY7C150-25DC D14 Commercial

35 CY7C150-35PC P13 Commercial

CY7C150-35DC D14 Commercial
CY7C150-35DMB D14 Military
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Features

e Automatic power-down when
deselected

CMOS for optimum
speed/power

High speed—25 ns

Low active power
— 275 mW (commercial)
— 275 mW (military)

Low standby power
— 110 mW

TTL compatible inputs and
outputs

e Capable of withstanding greater
than 2000V electrostatic
discharge

CYT7C167

Functional Description

The CY7C167 is a high performance
CMOS static RAM organized as
16,384 x 1 bits. Easy memory expan-

sion is provided by an active LOW chip

enable (CE) and three-state drivers.
The CY7C167 has an automatic pow-
er-down feature, reducing the power

consumption by 83% when deselected.

Writing to the device is accomplished
when the chip enable (CE) and write
enable (WE) inputs are both LOW.
Data on the input pin (DI) is written
into the memory location specified on
the address pins (Ag through A13).

16,384 x 1 Static R/W RAM

Reading the device is accomplished by
taking the chip enable (CE) LOW,
while write enable (WE) remains
HIGH. Under these conditions the
contents of the memory location speci-
fied on the address pins will appear on
the data output (DO) pin.

The output pin stays in high impedance
state when chip enable (CE) is HIGH
or write enable (WE) is LOW.

Logic Block Diagram

Pin Configurations

[

INPUT BUFFER

U Aod 1 Tzo Vce
Aq [: 2 19 A;
Ag—>] . A2 3 1817 A2
A—pl o a
Az—n § 128 x 128 3 :;5 : :; g;"
w DO 10
=H=EE =} ;d
Ag—1 2 s s} 6 157 Ag
As—>- I3 @ As[] 7 14 aAg
Ag—1 po[]s 130 a;
| {} — CE we]o 2hor
POWER GNo(] 10 npce
COLUMN DECODER DOWN
ﬂ t T T * T L@LW—E 0017-2 oo
A7AgAgA10A11A12A13
0017-1
Selection Guide
7C167-25 7C167-35 7C167-45
Maximum Access Time (ns) 25 35 45
Maximum Operating Commercial 70 70 50
Current (mA) Military 70 50
Maximum Standby Commercial 20 20 15
Current (mA) Military 20 20
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% CYTC167
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .
(Pin20toPin10).......ccvvvennnn... —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs Range T Ambient Vee
inHighZState...................... —0.5Vto +7.0V emperature
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Output Current into Outputs (Low) ............. 20 mA Military(1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions 7C167-25, 35 7C167-45 Units
VoH Output HIGH Voltage | Vcc = Min,, Iog = —4.0mA 24 24 \"
VoL Output LOW Voltage | Vcc = Min, IoL = 12.0mA 0.4 0.4 v
ViH Input High Voltage 20 Vce 2.0 Vce \%
ViL Input Low Voltage -3.0 0.8 —30| 08 \4
Iix Input Load Current GND < V] < Vcc -10| +10 | —10 | +10 RA
Output Leakage GND < Vo £ Vcc _ _
Toz Current Output Disabled S0 +30 0 | +30 HA
Output Short[2] _ _ _ _
Ios Circuit Current Vce = Max,, Vout = GND 350 350 | mA
Icc Vcc Operating Vce = Max. Commercial 70 50 mA
Supply Current Iour = OmA Military® 70 50
I Automatic CE[3] Max. Vee, Commercial 20 15 mA
SB Power Down Current | CE = Vig Military* 20 20
* —35and —45 only
Capacitance[4]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C, f = 1 MHz 4
Cout Output Capacitance Vee = 5.0V 6 pF
Cce Chip Enable Capacitance
Notes:

1. Extended temgerature operation guaranteed with 400 linear feet per
minute of air flow.
2. Duration of the short circuit should not exceed 30 seconds.

AC Test Loads and Waveforms
R1329Q R1329Q ALL INPUT PULSES
(480 Q MIL) (480 Q MIL)
5V 5V
30V ) —
OUTPUT ) OUTPUT ] 90%
10%
> R2 oR2 GND
30 pF 2020 5 pF 22020 5ns
l?é';%’«%'"s (255 2 MIL)  INCLUDING < (255 Q MIL)
SCOPE JI6 AND - N
SCOPE i
= = = =  0017-4 igure
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
100
OUTPUT 20v 0017-5

3. A pull-up resistor to Vcc on the CE input is required to keep the
device deselected during Vcc power-up, otherwise Isp will exceed

values given.
4. Tested on a sample basis.
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%mms CYTC167
SEMICONDUCTOR

Switching Characteristics Over Operating RangelS]

7C167-25 7C167-35 7C167-45

Parameters Description Units

Min. Max. Min. Max. Min. Max.
READ CYCLE
trRC Read Cycle Time (Commercial) 25 30 40 ns
trRC Read Cycle Time (Military) 35 40 ns
tAA Address to Data Valid (Commercial) 25 30 40 ns
tAA Address to Data Valid (Military) 35 40 ns
tOHA Data Hold from Address Change 3 3 3 ns
tACE CE LOW to Data Valid 25 35 45 ns
tLZCE CE LOW to Low Z[7] 5 5 5 ns
tHZCE CE HIGH to High Z16,7] 15 20 25 ns
tpy CE LOW to Power Up 0 0 0 ns
tpD CE HIGH to Power Down 20 25 30 ns
WRITE CYCLEIS]
twe Write Cycle Time 25 30 40 ns
tSCE CE LOW to Write End 25 30 40 ns
tAwW Address Set-up to Write End 25 30 40 ns
tHA Address Hold from Write End 0 0 0 ns
tSA Address Set-up to Write Start 0 0 ns
tPWE WE Pulse Width 15 20 20 ns
tsD Data Set-up to Write End 15 15 15 ns
tHD Data Hold from Write End 0 0 0 ns
tHZWE WE LOW to High ZI[6, 7] 0 15 0 20 0 20 ns
tLZWE WE HIGH to Low Z[7] 0 15 0 20 0 25 ns

Notes:

5. Test conditions assume signal transition times of 5 ns or less, timing 8. The internal write time of the memory is defined by the overlap of
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output CE low and WE low. Both signals must be low to initiate a write and
joading of the specifid ot /lok and 30 pF load capacitance. Setup a3 ol iming should be referenced o the rising edge of the

Oty gt 1T S ha ermimaisthe e

7. At any given temperature and voltage condition, tyz is less than t; 7 9. WE is high for read cycle.

for all devices. These parameters are sampled and not 100% tested. 10. Device is continuously selected, CE = ViL._
11. Address valid prior to or coincident with CE transition low.

Switching Waveforms
Read Cycle No. 1 (Notes 9, 10)

tRC
ADDRESS X
taa —]
l&—————toHA ———.{
DATA OUT PREVIOUS DATA VALID DATA VALID

0017-7
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% CY7C167
SEMICONDUCTOR

Switching Waveforms (Continued)
Read Cycle No. 2 (Notes 9, 11)

tRC

ﬁ_xb

tace
twzce | le— thzce—
HIGH
PEDANCE
HIGH IMPEDANCE /7777 M
DATA OUT DATA VALID
|\ ALY )

Fe——1tpy i tep
Vee \ icc
SUPPLY 50% 50%
CURRENT R— 1s8

Write Cycle No. 1 (WE Controlled) (Note 8)

0017-8

-—twe—-

o X X

tsce

NN TT7ITTTTTI777,

f—————————————————taw tHA—*

tsa e tewe
tsp tHD
+
DATA IN X DATA-IN VALID

~—t~zwt—-‘ <—uzwt—-‘
HIGH IMPEDANCE /
DATA 1/0 DATA UNDEFINED <

N2

Write Cycle No. 2 (CE Controlled) (Note 8)

ADDRESS x

= S0 o
DATAIN * DATA-IN VALID

twe {

Ny

*—lnzwz—-‘
\ HIGH IMPEDANCE
DATA 1/0 DATA UNDEFINED )
0017-10
Note: If CE goes high simultaneously with WE high, the output remains in a high imped state.
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F CYPRESS

CY7C167

SEMICONDUCTOR

Typical DC and AC Characteristics

NORMALIZED Icc, Iss

NORMALIZED tppn

NORMALIZED lpg

NORMALIZED SUPPLY CURRENT

. SUPPLY VOLTAGE

1.
12 }
fcc
10
08
0.6
04
0.2 s
0.0
4.0 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE
14
13
1.2
1.1
\.\ Ta = 25°C
10
T —
09
08
4.0 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
TYPICAL POWER-ON CURRENT
vs. SUPPLY VOLTAGE
25
20
15
1.0
05 /
0.0

0.0 1.0 20 30 4.0 5.0
SUPPLY VOLTAGE (V)

NORMALIZED Icc, Is

NORMALIZED taa

DELTA taa (ns)

NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

12
o lcc
0.8
0.6
04
Vee =50V
ViN =50V
0.2
0.0
-55 250 125.0
AMBIENT TEMPERATURE (°C)
NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE
1.6
14

12 /
N /
Vee =50V
08 >
0.6
55 FS 125

AMBIENT TEMPERATURE (*C)

TYPICAL ACCESS TIME CHANGE
o OUTPUT LOADING

Ta = 25°C
Vec =45V /
20
10 //
0,

0 200 400 600 800 1000

CAPACITANCE (pF)

OUTPUT SINK CURRENT (mA) OUTPUT SOURCE CURRENT (mA)

NORMALIZED Icc

OUTPUT SOURCE CURRENT
60 Y5 OUTPUT VOLTAGE

AN
o N
30 \ :
) N

\\

I

Vee =50V
Ta=25'C

0 10 20 3.0 4.0
OUTPUT VOLTAGE (V)
OUTPLUT SINK CURRENT
o™ OUTPLUT VOLTAGE
125 ; /
100 t
75
50 // ;
I Vec =5.0V_|
% Ta = 25°C
A
0 10 20 30 40 5.0
QUTPUT VOLTAGE (V)
NORMALIZED Icc
vs. CYCLE TIME
11
Vec =50 V
Ta = 25°C
Vin =05 V
1.0
09 //
%80 20 30 40
CYCLE FREQUENCY (MHz)
0017-11



% CY7C167
Ordering Information Address Designators
s(l:;d Oniloring Code P;c;:e oﬂ':: ‘ A;:L:s 3...“33 Nul:nber
25 CY7C167-25PC P5 Commercial Ag Xo 16
CY7C167-25DC D6 Ay X3 17
CY7C167-25LC L51 A2 Xa 18
35 CY7C167-35PC PS5 Commercial A3 X 19
CY7C167-35DC D6 Ag X, 1
CY7C167-35LC L5l As Xs 2
CY7C167-35DMB D6 Military A Xs 3
CY7C167-35LMB L5l A7 Y3 4
45 CY7C167-45PC P5 Commercial Ag Ys 5
CY7C167-45DC D6 Ag Yo 6
CY7C167-45LC L5l A1 Y 7
CY7C167-45DMB D6 Military Al Y2 8
CY7C167-45LMB L51 A Ys 14
Az Yo 15
Bit Map

Y-ADORESS ‘ 00

3
Bt
3 o

e (1
f 10 110 e 3

L1z a3

* = REDUNDANT COLUMN
# = REDUNDANT ROW

0017-12
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Features

® Automatic power-down when
deselected (7C168)

CMOS for optimum speed/
power

High Speed

- 25 ns taa

— 15 ns taocg (7C169)

Low active power
— 385 mW (commercial)
— 385 mW (military)

Low standby power (7C168)
— 110 mW

TTL compatible inputs and
outputs

CY7C168
CY7C169

o Capable of withstanding greater
than 2000V electrostatic
discharge

Functional Description

The CY7C168 and CY7C169 are high
performance CMOS static RAMs orga-
nized as 4096 x 4 bits. Easy memory
expansion is provided by an active
LOW chip enable (CE) and three-state
drivers. The CY7C168 has an automat-
ic power-down feature, reducing the
power consumption by 85% when de-
selected.

Writing to the device is accomplished
when the chip enable (CE) and write

4096 x 4 Static R/W RAM

enable (WE) inputs are both LOW.
Data on the four input/output pins
(I/0g through 1/03) is written into the
memory location specified on the ad-
dress pins (Ag through Ayy).

Reading the device is accomplished by
taking chip enable (CE) LOW, while
write enable (WE) remains HIGH. Un-
der these conditions the contents of the
memory location specified on the ad-
dress pins will appear on the four data
1/0 pins.

The I/0 pins stay in high impedance
state when chip enable (CE) is HIGH,
or write enable (WE) is LOW.

Logic Block Diagram

| = 1]

A7 Ag Ag Ayo An

INPUT BUFFER ﬁ
Ao > 1100
Al —p] E ¢ _K
r—w| & g > 1103
S 128 x 128
As—s 3 :> ARRAY :> 8 N
Aa—pl 3z S ! 1/02
As —p1 8 @
Ag—p ?—— 1/03
{} POWER
DOWN _
coLumn DECoDER | | (7c168) __@—— ce
B

0021-1

Pin Configurations

A (1 ~ 20 [J Vee
as 2 1917 A;
As (13 18] A;
A Qe 70 A
Ag (5 16 [ A
Ag [ 6 15 [0 1100
A 7 14 [J 1/0,
an s 131 1o,
CE o 12[7 103
GND [] 10 1] we

Selection Guide

7C168-25 7C168-35 7C168-45 7C169-25 7C169-35 7C169-40
Maximum Access Time (ns) 25 35 45 25 35 40
Maximum Operating Commercial 90 90 70 90 90 70
Current (mA) Military 90 70 90 70
Maximum Standby Commercial 20 20 15
Current (mA) Military 20 20
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CY7C168
%%m CY7C169
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)

Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)

Power Applied .................... —55°Cto +125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .

(Pin 20 O PIN 10). -+ v veeenennnns . —0.5V to +7.0V Operating Range

DC Voltage Applied to Outputs Ran Ambient v

in High Z State. . nvovenennennnnnn. —0.5Vto +7.0V ge Temperature cc

DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V +10%
Output Current into Outputs (Low) ............. 20 mA Military(1] —55°Cto +125°C 5V £10%

Electrical Characteristics Over Operating Range

7C168-25, -35 7C168-45
Parameters Description Test Conditions 7C169-25, -35 7C169-40 | Units
Min. | Max. | Min. | Max.
Vou Output HIGH Voltage Vcec = Min, Iopg = —4.0mA 24 24 A\
VoL Output LOW Voltage Vee = Min, Ior = 8.0 mA 0.4 0.4 v
Vin Input HIGH Voltage 2.0 Vce 2.0 Vce \4
ViL Input LOW Voltage —-30( 08 —-30| 08 \4
Irx Input Load Current GND < Vi < Ve -10| +10| —10| =10 HA
Ioz Output Leakage Current GND < Vg < Vg, Output Disabled —-501{ +50 | —50 | —50 RA
Ios Output Short Circuit Current(2] | Voo = Max., Vout = GND —350 —350 | mA
Vcc Operating Vce = Max. Commercial 90 70 mA
Iec Supply Current Ioutr = OmA ilitary*
T Military 90 70
I Automatic CE Max. Ve, Commercial 20 15 mA
SBy Power Down Current CE = Vig Military* 20 20
L Automatic CE Max. Ve, Commercial 11 1| LA
$By Power Down Current CE =2 Vcc — 0.3V Military* 20 20
*—35and —45 only
Capacitancel3]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz, Vcc = 5.0V 4 pF
Court Output Capacitance Ta = 25°C,f = 1 MHz, Vcc = 5.0V 7 pF
Notes:
1. Extended temperature operation guaranteed with 400 linear feet per 2. Not more than 1 output should be shorted at one time. Duration of
minute of air flow. the short circuit should not exceed 30 seconds.

3. Tested on a sample basis.

AC Test Loads and Waveforms

R14810 R14810 30V )
5V O—————AAMAV— 5VO— AAA— 90%
ouTPUT b OUTPUT ! o
| GND
30F R2 5 pF 2 R2 <S5ns l<7
25592 2559
INCLUDING INCLUDING
—-JIGAND = LG AanD - Figure 2
= SCOPE = = SCOPE = 0021-4
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT

16792
QUTPUT O—AWWA———0 173V 0021-5
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CY7C168

% CY7C169
Switching Characteristics Over Operating Rangel4]
Parameters Description ;g::g-:: ;g:::'g: c169-40 16845 Units

Min. | Max. | Min. | Max. | Min. | Max. | Min, | Max.
READ CYCLE
trRC Read Cycle Time 25 35 40 45 ns
tAA Address to Data Valid 25 35 40 45 ns
tOHA Output Hold from Address Change 3 3 3 3 ns
tACE CELOW to Data Valid | /168 25 35 45 | bs
7C169 15 25 25 ns

tLZCE CE LOW to Low ZI[6] 5 5 5 5 ns
tHZCE CE HIGH to High Z[5, 6] 15 20 20 25 ns
tpU CE LOW to Power Up (7C168) 0 0 0 ns
tpD CE HIGH to Power Down (7C168) 25 25 30 ns
trRCS Read Command Set-up 0 0 ns
tRCH Read Command Hold 0 ns
WRITE CYCLE!]

twe Write Cycle Time 25 35 40 40 ns
tSCE CE LOW to Write End 25 35 30 35 ns
tAw Address Set-up to Write End 20 30 40 35 ns
tHA Address Hold from Write End 0 0 ns
tsA Address Set-up to Write Start 0 ns
tPWE WE Pulse Width 20 30 35 35 ns
tsp Data Set-up to Write End 10 15 15 15 ns
tHD Data Hold from Write End 3 3 ns
tLZWE WE HIGH to Low ZI[6] 6 6 6 ns
tHZWE WE LOW to High ZI[5, 6] 10 15 20 20 ns

Notes:

4. Test conditions assume signal transition times of 5 ns or less, timing 7. The internal wiite time of the memory is defined by the overlap of

reference levels of 1.5V, input pulse levels of 0 to 3.0V and output
loading of the specified IoL/Ion and 30 pF load capacitanee.

. tHzCE and tyzwe are tested with Cp, = 5 pF as in Figure 1b. Tran-

sition is measured 1500 mV from steady state voltage.

. At any given temperature and voltage condition, tyz is less than t; 7

for all devices. These parameters are sampled and not 100% tested.

Switching Waveforms
Read Cycle No. 1 (Notes 8, 9)

© o

low and WE low. Both signals must be low to initiate a write and
either signal can terminate a write by going High. The data input
setup and hold timing should be referenced to the rising edge of the
signal that terminates the write.
WE is high for read cycle.
Device is continuously selected, CE = V.
Address valid prior to or coincident with CE transition low.

tRC

ADDRESS K
taa |
b———!ouA-*-—i
DATA OUT PREVIOUS DATA VALID DATA VALID
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CY7C168
%m CY7C169
SEMICONDUCTOR

Switching Waveforms (Continued)
Read Cycle (Notes 8, 10)

tRC
3 S( 7
tacs
wz } [z
HIGH
HIGH IMPEDANCE [/ 777 DATA VALID ‘—‘ IMPEDANCE
oataouT AT _—
[e——1tpy te——— tpp ———|
icc
Vee s0% -\
50% 50%
CORRENT —| N e
WE
k_‘“cs le——tacH
0021-8
Write Cycle No. 1 (WE Controlled) (Note 7)
twe
ADDRESS >K7 )(
tsce
= \\N\ (/7777 p
taw tHA——>
tsa r_'——'mi

]

AW £

tsp————ste—tup
DATAIN * DATA-IN VALID E

tHZWE ——-I '—'szs—”
B} \ HIGH IMPEDANCE /

WE

DATA 1/0 DATA UNDEFINED )a
0021-9
Write Cycle No. 2 (CE Controlled) (Note 7)
twe {
ADDRESS *
tsa ' tsCE
« JK i
taw tHA
we |\ yi
|- tso D'
DATA IN * DATA-IN VALID
lnzws—Ol
HIGH IMPEDANCE
DATA 1/0 DATA UNDEFINED \ﬁ
0021-10
Note: If CE goes high simultaneously with WE high, the output remains in a high imped state.
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NORMALIZED Icc. Iss

NORMALIZED taa

NORMALIZED lpg

CY7C168

Z CY7C169
SEMICONDUCTOR
Typical DC and AC Characteristics
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 2 vs. OUTPUT VOLTAGE
14 12
<
12 10 £ oo
lcc @ lec =
10 » E
g 08 Z g
08 a ]
N 06 W 60
0.6 3 c Vec =50V
e E Ta = 25°C
Z 04 8 a0
0.4 z Vec =50V 2 \
2 ViN =50V 2 Q
0.2 Ise 0.2 5 20
)
0.0 0.0 o
40 45 5.0 55 6.0 55 25.0 125.0 0.0 10 20 30 40
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT
vs. SUPPLY VOLTAGE . vs. AMBIENT TEMPERATURE o vs. OUTPUT VOLTAGE
14 1. 4
< 120
13 14 :(E_ //
P4 5 100 Ve =50V
- 'cC = 9.
12 o 12 -~ « / To=28c
w € 80
11 PN 5 / 2 /
\\ i : 10 é €0
10 § Vec =50V 2 e /
L 2
08 £ /
09 = 3 2
08 06 o
40 45 5.0 55 6.0 _85 2% 125 0.0 10 20 30 4.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE NORMALIZED Icc
vs. SUPPLY VOLTAGE vs. OUTPUT LOADING vs. CYCLE TIME
30 300 11
=50V
25 250 p 1Yf°= 25°C
/ o ViN =05V
20 7 200 = < 10
15 3 15.0 / g
. P .| -
E y E /
1.0 o 100 o 09
Ta=25°C z
// Vec = 450 V /
05 5.0
0.0 = 00 08
00 10 20 30 40 50 0 200 400 600 800 1000 10 20 30 40
SUPPLY VOLTAGE (V) CAPACITANCE (pF) CYCLE FREQUENCY (MHz)
0021-11
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CYTC168
% CY7C169
SEMICONDUCTOR

Ordering Information Address Designators
S | OroeringCode | Pyoge | ORIl ‘Name. Funeton Nuumber

25 CY7C168-25PC P5 Commercial Ag Xo 16
CY7C168-25DC D6 A X3 17
CY7C168-25LC L5l Ay X4 18

35 CY7C168-35PC PS5 Commercial A3 X) 19
CY7C168-35DC D6 Ay X2 1
CY7C168-35LC L5l As Xs 2
CY7C168-35DMB D6 Military Ag X 3
CY7C168-35LMB L51 A7 Y3 4

45 CY7C168-45PC PS5 Commercial Ag Yy 5
CY7C168-45DC D6 Ay Yo 6
CY7C168-45LC L5t Ao Y 7
CY7C168-45DMB D6 Military Aql Y2 8
CY7C168-45LMB L51

Bit Map

Package Operating

Speed .
Ordering Code Type Range

(ns)

OUTPUTS | 3210..3210 | 0123..m23 || 3210..3210| 023..023

25 | CY7C169-25PC PS Commercial MO Wl 4 ® 5“ e Bl

CY7C169-25DC D6 il I

CY7C169-25LC L5l | Tl
35 CY7C169-35PC P5 Commercial

CY7C169-35DC D6

CY7C169-35LC Ls1

CY7C169-35DMB D6 Military

CY7C169-35LMB L51
40 | CY7C169-40PC PS5 Commercial

CY7C169-40DC D6

CY7C169-40LC L51

CY7C169-40DMB D6 Military

CY7C169-40LMB L51

! gt g i 15
e
@ 10 110 semmerrs=ser |11 112 113 * = REDUNDANT COLUMN

# = REDUNDANT ROW

0021-12

2-51



— - CY7C170
4096 x 4 Static R/W RAM

Features

e CMOS for optimum

Functional Description
The CY7CI170 is a high performance

Reading the device is accomplished by

speed/power CMOS static RAM organized as taking chip select (CS) and output en-
e High speed 4096 x 4 bits. Easy memory expansion  able (OE) LOW, while write enable

— 35 ns toa is provided by an active LOW chip se- (WE) remains HIGH. Under these

— 25 ns tACE lect (CS), an active LOW output enable  conditions the contents of the memory

(OE), and three-state drivers.

Writing to the device is accomplished
when the chip enable (CS) and write
enable (WE) inputs are both LOW.
Data on the four input/output pins

location specified on the address pins
will appear on the four data I/0 pins.
The 1/0 pins stay in high impedance
state when chip select (CS) or output
enable (OE) is HIGH, or write enable

Low active power
— 495 mW (commercial)
— 660 mW (military)

TTL compatible inputs and

outputs (1/0g through 1/03) is written into the  (WE) is LOW.
o Capable of withstanding memory location specified on the ad-
greater than 2000V dress pins (Ag through Apy).
electrostatic discharge
© QOutput enable
Logic Block Diagram Pin Configuration
gl \/
~N A, O 22 [ Ve
1 As [ 2 21 Aq
N Ag 3 20[] A,
A, 4 1977 A,
ﬁ Ag 5 18] Ag
) Ag s 17 [J N
[ ﬂ Ao 7 16 [ 1/04
INPUT BUFFER Ay O] 15 3 1/0,
s e 14 [ 1/0,
<5 | 1/0, —
g 0 oE [} 10 13 [ 1/04
Ay —pf wE
0 GND 11 12 7] WE
N3 8 e T /0 = ]
A 8 128 X 128 E ] !
A S = -
o o ? ? ™ [ 0037-2
M= 2 ARRAY 2 L Vo
‘As—> 2 N /0,
6—> .
78S > "
0
3
COLUMN DECODER ' -
A7 Ag A9 AoAyy W
[]3
0037-1
Selection Guide
7C170-35 7C170-45
Maximum Access Time (ns) 35 45
Maximum Operating Commercial 90 90
Current (mA) Military 120 120




% CY7C170
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .
(Pin 20 tO Pin 10). +. v veeneeannnnn. ~0.5Vto +7.0V Operating Range
. Ambient
DC Voltage Applied to Outputs Range Vece
in High Z State. . .vvnvvnnennennnnn.. 0.5V to +7.0V : Temperature
DCI Vol —3.0Vto +7.0V Commercial 0°Cto +70°C 5V +10%
nput Voltage ................... E 0 . Military[1] —55°Cto + 125°C SV +10%
Output Current into Outputs (Low) ............. 20 mA
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions €170 Units
Min. Max.
VoH Output HIGH Voltage Vce = Min, Iopg = —4.0mA 24 \'
VoL Output LOW Voltage Vce = Min, Igop = 8.0mA 0.4 v
Viu Input HIGH Voltage 2.0 Vce v
ViL Input LOW Voltage —3.0 0.8 \4
Iix Input Load Current GND< V] < Vcc —10 +10 MA
Output Leakage GND< Vo < V¢ _
loz Current Output Disabled 50 +50 HA
Output Short[2] _ - _
Ios Circuit Current Vcc = Max, Vout = GND 350 mA
I Vcc Operating Vcc = Max. Commercial 90 mA
cc Supply Current Iour = 0mA Military 120
Capacitance[3]
Parameters Description Test Conditions Max, Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4
. Vee = 5.0V pF
Cout Output Capacitance cc : 7
Notes:

1. Extended temperature operation guaranteed with 400 linear feet per

minute of air flow.

3. Tested on a sample basis.

AC Test Loads and Waveforms
A1 4810 R1 4810 ALL INPUT PULSES
5 V O—————-AAA— 5V 30V A —
OuUTPUT 4 OUTPUT O—
< _I_ 3 N 10%
30 pF > R2 5 pF R2 GND
25542 25552 <5ns I‘—-
IINCLUDING IINCLUDING
——JIG AND == 4JIGAND L
= SCOPE = = SCOPE - Figure 2
0037-4
Figure 1a Figure 1b
Equivalent to:
THEVENIN EQUIVALENT
1672
OUTPUT O—AWA—0 1.73V
0037-5
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2. Not more than 1 output should be shorted at one time. Duration of
the short circuit should not exceed 30 seconds.




% CY7C170

SEMICONDUCTOR

Switching Characteristics Over Operating Rangel4]

Parameters Description 7C170-35 7C170-45 Units
Min. Max. Min. Max.
READ CYCLE
tRC Read Cycle Time 35 45 ns
tAA Address to Data Valid 35 45 ns
tOHA Data Hold from Address Change 3 3 ns
tACS CS Low to Data Valid 25 30 ns
tDOE OE LOW to Data Valid 15 20 ns
tLZOE OE LOW to Low Z 0 0 ns
tHZOE OE HIGH to High Z[5] 15 15 ns
tLzcs CS LOW to Low Z[6] 5 5 ns
tHZCS CE HIGH to High ZI[5, 6] 20 25 ns
WRITE CYCLE!"]
twe Write Cycle Time 35 40 ns
tscs CS LOW to Write End 35 35 ns
tAW Address Set-up to Write End 30 35 ns
tHA Address Hold from Write End 0 0 ns
tSA Address Set-up to Write Start 0 0 ns
tPWE WE Pulse Width 30 35 ns
tsD Data Set-up to Write End 15 15 ns
tHD Data Hold from Write End 0 3 ns
tHZWE WE LOW to High Z 15 20 ns
tLZWE WE HIGH to Low Z 6 6 ns

Notes:

4. Test conditions assume signal transition times of 5 ns or less, timing 7. The internal write time of the memory is defined by the overlap of
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output CS low and WE low. Both signals must be low to initiate a write and
loading of the specified IoL/IoH and 30 pF load capacitance. either signal can terminate a write by going high. The data input

5. tHzOE, tHzcs and tzwE are tested with Cp, = 5 pF as in Figure 1b. setup and hold timing should be referenced to the rising edge of the
Transition is measured * 500 mV from steady state voltage. sxg'na'l that terminates the write.

6. At any given temperature and voltage condition, tyzcs is less than 8. WE is high for read cycle.
tyzcs for all devices. These parameters are sampled and not 100% 9. Device is continuously selected, CS = Vyi and OE = V.

tested.

Switching Waveforms
Read Cycle No. 1 (Notes 8, 9)

10. Address valid prior to or coincident with CE transition low.

trC

ADDRESS X
taa {
F&—————— tOHA '—'—.L
DATA OUT PREVIOUS DATA VALID

DATA VALID
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CY7C170

?
SEMICONDUCTOR

Switching Waveforms (Continued)
Read Cycle No. 2 (Notes 8, 10)

=\

tRc

fe— tHzCs —|
HIGH
IMPEDANCE

N 7
tacs
oE __3

K L
tDoE b tHzoe

‘—-n.zoe—‘

HIGH IMPEDANCE /777 >_—
DATA OUT DATA VALID
tcs {X\ AN

0037-7

Write Cycle No. 1 (WE Controlled) (Note 7)

I

twe

ADDRESS *

X

tscs

= \\A\K

/11

tHa——>

tsa

.

tsp tHo
DATA-IN VALID

DATA IN
ﬂ——!nzwz—’i 4——1sz54-’

\ HIGH IMPEDANCE /

DATA I/O DATA UNDEFINED J 4
0037-8
Write Cycle No. 2 (CS Controlled) (Note 7)
twe {
ADDRESS *
tsa \ tscs -
= X £
taw tHA
- towe
WE
(QC(CQ(((Q((Q\ Z
tsp tHD
DATA IN * DATA-IN VALID
‘——‘"NE‘.‘
HIGH IMPEDANCE
DATA 1/0 DATA UNDEFINED IL
0037-9

Note: If CS goes high simultaneously with WE high, the output remains in a high impedance state.
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% CY7C170
SEMICONDUCTOR
Ordering Information Address Designators
Speed . Package Operating Address Address Pin
(ns) Ordering Code Type Range Name Function Number
35 CY7C170-35PC P9 Commercial Ag Xo 18
CY7C170-35 DC D10 A X3 19
CY7C170-35 DMB D10 Military A, Xa 20
45 CY7C17045PC P9 Commercial A X 21
CY7C170-45 DC D10 As X 1
CY7C170-45DMB D10 Military As Xs 2
N Ag Xe¢ 3
Bit Map A7 Ys 2
Ag Ys 5
OQUTPUTS | 3210 0123..0123 || 3210. . 3210
YADDRESS | 00 nL (]| LT -] P Ag Yo 6
Ay Y 7
Al Y> 8
ROW 0
1
:
* = REDUNDANT COLUMN
# = REDUNDANT ROW
0037-10
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Features

o Automatic power-down when
deselected

CMOS for optimum speed/
power

High speed — 25 ns
Low active power

ADVANCED INFORMATION CYT7C187

Functional Description

The CY7C187 is a high performance
CMOS static RAM organized as
65,536 x 1 bits. Easy memory expan-
sion is provided by an active LOW chip
enable (CE) and three-state drivers.
The CY7C187 has an automatic pow-
er-down feature, reducing the power
consumption by 85% when deselected.

65,536 x 1 Static R/W RAM

while write enable (WE) remains
HIGH. Under these conditions the
contents of the memory location speci-
fied on the address pins will appear on
the data output (DO) pin.

The output pin stays in high impedance
state when chip enable (CE) is HIGH

— 633 mW (commercial) or write enable (WE) is LOW.
— 688 mW (military) Writing to the device is accomplished
o Low standby power when the chip enable (CE) and write
— 110 mW glatl;le (Vt\;l E).mpltts .artszcI))t}.l LOX\tI.
. . ata on the mput pin 1s written
¢ TTL compatible inputs and into the memory location specified on
outputs the address pins (Ag through A1s).
® Capable of withstanding greater Reading the device is accomplished by
than 2000V electrostatic taking the chip enable (CE) LOW,
discharge
Logic Block Diagram Pin Configuration
Py | oI \\
[ ) A O 22 [ v¢e
A, 02 21 A
1 15
INPUT BUFFER MGE 2004,
{} Ay [ 4 19 A5
A, Os 18{] Ay,
Ao —»] I 17 3 Aq4
Ai—] & g a7 16 [ Ay
A—e1 3 256 x 256 < A, s 15[ A
w DO 7 9
i - ARRAY 2 ooy O @ 147
a—» O z out 8
4 uw.l —
rs—»] Z WE [ 10 133 Dy
Ac—] T GND [ 11 12 cE
A7 —y _
{} ( g_ﬂ’_ E 0029-2
POWER
COLUMN DECODER DOWN ]
RN "
AgAgA10A11A12A13A14 Ats 0029-1
Selection Guide
7C187-35 7C187-45
Maximum Access Commercial 35 45
Time (ns) Military 35 45
Maximum Operating Commercial 115 115
Current (mA) Military 125 125
Maximum Standby Commercial 20 20
Current (mA) Military 30 30
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Features

e Fully decoded, 16 word x 4-bit
high speed CMOS RAMs

Inverting outputs CY7C189
Non-inverting outputs CY7C190

High speed
— 18 ns and 25 ns commercial
— 25 ns military

Low power

— 303 mW at 25 ns

— 495 mW at 18 ns

Power supply 5V +10%
Advanced high speed CMOS
processing for optimum
speed/power product

Capable of withstanding
greater than 2000V static
discharge

Three-state outputs
TTL compatible interface levels

CY7C189
CY7C190

Functional Description

The CY7C189 and CY7C190 are ex-
tremely high peformance 64-bit static
RAMs organized as 16 words x 4-bits.
Easy memory expansion is provided by
an active LOW chip select (CS) input
and three-state outputs. The devices
are provided with inverting (CY7C189)
and non-inverting (CY7C190) outputs.

An active LOW write enable (WE) sig-
nal controls the writing and reading of
the memory. When the write enable
(WE) and chip select (CS) are both
LOW the information on the four data
inputs (Dp-D3) is written into the lo-
cation addressed by the information on
the address lines (Ag—A3). The outputs
are preconditioned such that the cor-

16 x 4 Static R/W RAM

rect data is present at the data outputs
(Op—03) when the write cycle is com-
plete. This precondition operation in-
sures minimum write recovery times by
eliminating the “write recovery glitch”.

Reading is accomplished with an active
LOW on the chip select line (CS) and a
HIGH on the write enable (WE) line.
The information stored is read out
from the addressed location and pre-
sented at the outputs in inverted
(CY7C189) or non-inverted
(CY7C190) format.

During the write operation or when the
chip select line is HIGH the four out-
puts of the memory go to an inactive
high impedance state.

Logic Block Diagrams Pin Configuration
CY7C189 CY7C190
r———l_ Ag (1 16 E Vee
ALE: RISE: =
D, D, WE([]s3 1] A
IS::sTn j_o INPUT j_ Do [(J4 130 A3
jl— 3 UFFE j '—D; (©o) 0g [: 5 12 : D3
. 01 (s 11[J 03 (53
0 Ag ono, 7 w[do
ROW u 0o ROW 1104 2
N beCODERF—) R beconer) M Qo ano (s 9|70, @,
s o1 1
16x4 SENSE i O
arnay [ ame 64 [SENSE oom-s
Ay | | | 02 | ARRAY :3 AMP | 0, (;glg?))
COLUMN 1
- COLUMN
A _u:uuu:nj 03 DECODER;:y 03
Az
cs E &
WE —
0011-1 WEE ; o11_2
0011-
Selection Guide
7C189-18 7C189-25
7C190-18 7C190-25
Maximum Access Time (ns) Commercial 18 2
Military 25
Maximum Operating Current (mA) Commercial %0 >
Military 70

2-58



CY7C189
¥ REss CY7C190
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent .......................... >200 mA
Supply Voltage to Ground Potenial .
(Pin 16O PIN 8) .o+ eveeeneenenn. —0svio +70v  Operating Range
DC Voltage Applied to Outputs Range T Am"'e't':r Vee
inHighZState. .............c....... —0.5Vto +7.0V emperature
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Output Current, into Outputs (Low) ............. 20 mA Military[1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over the Operating Range
7C189-15 7C189-25
Parameters Description Test Conditions 7C190-15 7C190-25 Units
Min. Max. Min. Max.
VoH Output HIGH Voltage Vce = Min, Iog = 5.2 mA 24 24 \4
VoL Output LOW Voltage Vcc = Min, IgL = 16.0 mA 0.45 0.45 v
ViH Input HIGH Voltage 20 Vce 20 Vce A\
ViL Input LOW Voltage -3.0 0.8 -3.0 0.8 v
Iix Input Leakage Current GND < Vi < Ve -10 +10 —10 +10 RA
Input Diode Clamp
Vep Voltagel2]
Ioz Output Leakage Current GND < Vo < Vcc —40 +40 —40 +40 RA
Output Short _ _ _ _
Ios Circuit Current[3] Vce = Max., Voutr = GND 90 90 mA
Icc Power Supply Current ;/'cc =_ I\gax:\ Commercial 90 55 mA
our = Um Military 70 mA
Capacitance!S]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4 F
: Ve = 5.0V P
CouTt Output Capacitance cC : 7
Notes:

—

. Extended temperature operation guaranteed with 400 linear feet per
minute of air flow.

. The CMOS process does not provide a clamp diode. However the
CY7C189 and CY7C190 are insensitive to — 3V dc input levels and
— 5V undershoot pulses of less than 5 ns (measured at 50% points).

. Not more than 1 output should be shorted at one time. Duration of
the short circuit should not exceed 30 seconds.

N

w

4. Output is preconditioned to data in (inverted or non-inverted) during

write to insure correct data is present on all outputs when write is
terminated. (No write recover glitch).
S. Tested on a sample basis.
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CY7C189

% CY7C190
SEMICONDUCTOR
Switching Characteristics Over the Operating Rangel6]
Toat 7C189-15 7C189-25
Parameter Description Conditions 7C190-15 7C190-25 Units
Min. | Max. | Min. | Max.
READ CYCLE
tRC Ready Cycle Time 18 25 ns
tACs Chip Select to Output Valid Note 9 12 15 ns
tHZCS Chip Select Inactive to High Z Note 8, 10 12 15 ns
tLZCS Chip Select Active to Low Z 12 15 ns
tOHA Output Hold from Address Change 5 5 ns
tAA Address Access Time Note 9 18 25 ns
WRITE CYCLE!]
twe Write Cycle Time 15 20 ns
tHZWE Write Enable Active to High Z Note 8, 10 12 20 ns
tLZWE Write Enable Inactive to Low Z 12 20
tAWE Write Enable Inactive to Output Valid Note 9 12 20 ns
tPWE Write Enable Pulse Width 15 20 ns
tsD Data Setup to Write End 15 20 ns
tHD Data Hold from Write End 0 0 ns
tsA Address Setup to Write Start 0 0 ns
tHA Address Hold from Write End 0 0 ns
Notes:

6. Test conditions assume signal transition times of 5 ns or less, timing
reference levels of 1.5V, output loading of the specified Ior, /Iox

and 30 pF load capacitance.

7. The internal write time of the memory is defined by the overlap of
CS low and WE low. Both signals must be low to initiate a write and
either signal can terminate a write by going high. The data input
setup and hold timing should be referenced to the rising edge of the

signal that terminates the write.

Bit Map

|0123 0123| |0123 0123 |~
| 0000 1111 |2222 3333 |~—
- —

8. Transition is measured at steady state HIGH level —500 mV or
steady state LOW level + 500 mV on the output from 1.5V level on
the input.

9. taA, tacs and towg are tested with Cp = 30 pF as in Figure la.
Timing is referenced to 1.5V on the inputs and outputs.

10. tHzcs and tyzwe are tested with Cp. = 5 pF as in Figure 1b.

—————— COLUMN
—— OUTPUTS

ROWO

ROW 3

0011-5

Address Designators
Address Address Pin
Name Function Number
Ao AXO0 1
Ay AX1 15
A2 AYO0 14
A3 AY1 13




CY7C189
CY7C190

CYPRESS
SEMICONDUCTOR
AC Test Loads and Waveforms
ALL INPUT PULSES
R1250Q R1250Q
5V O———MWWN— 5V O———————AAA— Y ;
3oV 90% 90%
OUTPUT ) OUTPUT 1 0%
| GND 10%
S R2 > R2 <5
> < ns <5
0eF S 1500 SeF S 1500 "
INCLUDING INCLUDING 0011-8
—JIGAND L. JIG AND
= SCOPE = = SscoPE =
0011-6
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
OUTPUT o————AAA——— 0192V
920 0011-7
Read Mode
L tRe |
Ag-A3
ADDRESS
e taa toHA —1
c3
CHIP SELECT X( 7‘
NOTE 8
[ tLzcs 'l’ ;
OUTPUTS
00-03 AN\ =
[e—— tacs ——| re— tH2cs -4 —{ NOTE 8
0011-9
Write Mode
twe
Ao-A3
ADDRESS
A fe— le— thHa -
[
CHIP SELECT
tsp fe— le— tHp
Do-D3
DATA IN
tPwe
WRITE ENABLE AT 7£
pe————tHawg ——————] tawe
oo ~NoTE 8
0-03 —~~_ 1444
DATA OUTPUTS
LOAD — ‘\\\
—ENOTE 8 re— tLZWE
0011-10
(All above measurements referenced to 1.5V.)
Note:

Timing diagram represents one solution which results in an optimum cycle time. Timing may be changed in various applications as long as the worst
case limits are not violated.
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CY7C189

CYPRESS CY7C190
SEMICONDUCTOR
Typical DC and AC Characteristics
NORMALIZED Icc NORMALIZED Icc OUTPUT SOURCE CURRENT
vs. SUPPLY VOLTAGE 1 475 AMBIENT TEMPERATURE ot QUTPUT VOLTAGE
12 R
£ s AN
- Vee =50V
_8 1.0 _3 1.2 g © 7\ Ta =25°C
[=] [=]
8 8 3 \
S 08 5 10 w 30
i : g N
I3 = 8
=] o 8 2
% s % os 5 \\
/ Vec =55V E 10
Ta =25°C g
04 1 0.6 0
4.0 45 5.0 55 6.0 -55 b 125 1] 10 20 3.0 4.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT
vs. SUPPLY VOLTAGE R AMBIENT TEMPERATURE L OUTPUT VOLTAGE
16 K
< 15
14 €
. 12 o ~ v
3 3 2 100 /
g 12 ‘ ﬁ E /
5 ‘ 5 1.0 o 75 ,
3 1w ! 3 H /
z o — z Z
o <] -
2 2 0.8 1Y i
I - o
o = 'CC = 9.
08 f 5 2 Vec =50V _|
i Ta =25°C Vee =50V ° Ta =25°C
0.6 I 0.6 0
4.0 45 5.0 55 6.0 -55 3B 125 0 1.0 20 3.0 4.0 5.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
ACCESS TIME CHANGE NORMALIZED Icc
vs. OUTPUT LOADING vs. FREQUENCY
30 I 14
Ta =25°C
v:c =45V / 13
2 20 8
= é 12 A
$ N /
hod pr}
<
5 / g 11
w
a 10 e e //
1.0
ot 200 400 600 800 1000 l:'0 10 20 30 40 50 60 70
CAPACITANCE (pF) FREQUENCY (MHz)
0011-11
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CY7C189
CY7C190

Ordering Information

Speed . Package Operating
(ns) Ordering Code Type Range
18 CY7C189-18PC P1 Commercial
CY7C190-18PC
CY7C189-18DC D2
CY7C190-18DC
CY7C189-18LC L61
CY7C190-18LC
25 CY7C189-25PC P1
CY7C190-25PC
CY7C189-25DC D2
CY7C190-25DC
CY7C189-25LC L61
CY7C190-25LC
CY7C189-25DMB D2 Military
CY7C190-25DMB
CY7C189-25LMB Lé61
CY7C190-25LMB
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Features

e Fully decaded, 16 word x 4-bit
high speed CMOS RAMs

o Inverting outputs 27S03, 74S189,
545189

® Non-inverting outputs 27S07
¢ High speed

— 25 ns

e Low power
— 495 mW

e Power supply 5V +10%
e Advanced high speed CMOS

CY74S5189, CY54S189

CY27S03, CY27S07

Functional Description

These devices are high performance
64-bit static RAMs organized as 16
words x 4-bits. Easy memory expan-
sion is provided by an active LOW chip
select (%S) input and three-state out-
puts. The devices are provided with in-
verting and non-inverting outputs.

An active LOW write enable (WE) sig-
nal controls the writing and reading of
the memory. When the write enable
(WE) and chip select (CS) are both
LOW the information on the four data
inputs (Dg-D3) is written into the lo-
cation addressed by the information on

16 x 4 Static R/W RAM

insures minimum write recovery times
by eliminating the “write recovery
glitch”.

Reading is accomplished with an active
LOW on the chip select line (CS) and a
HIGH on the write enable (WE) line.
The information stored is read out
from the addressed location and pre-
sented at the outputs in inverted or
non-inverted format.

During the write operation or when the
chip select line is HIGH the four out-
puts of the memory go to an inactive

processing for optimum speed/ soh i
power product the address lines (Ag—A3). The outputs high impedance state.
. . are preconditioned such that the cor-
¢ g:&ag%{,?&h;ﬂ?::ug?tﬂ rect data is present at the data outputs
e (00p-03) when the write cycle is com-
® Three-state outputs plete. This preconditioning operation
o TTL compatible interface levels
Logic Block Diagrams Pin Configuration
27S03 27S07
745189, 545189 27S07 (27S03, 745189, 54S189)
jl o il oo Ao [ vee
l—j— L) _“I l_\j— o 5 ¥n P} ] A
0 D, WE([]3 A2
lN:FUEYR :ﬁ— INPUT j_ Do 4 E A3
Ul
j_nj — ﬁ_ o o) 06 O 5 [ 03
D1 6 (] 03 (03)
0o 0o ©no: 7 (] D,
GND (] 8 []02 (B2

Ao
ROW
JOECODER|
Ar
16x4
ARRAY
Az |
COLUMN
[ODECODER,;
Az -

Ag —
Row |
Ay -
1654
ARRAY
Az —
COLUMN
IDECODE!
Az ]

0006-3
02 02
03 03
& &
WE 0006-1 We
0006-2
Selection Guide (For higher performance and lower power refer to CY7C189/90 data sheet.)
27S03A 27S03, 27S07
27S07A 745189, 545189
Maximum Access Time (ns) Commercial 25 35
Military 25 35
. . Commercial 90 90
Maximum rating Current (mA
Ope € (@A) Military 100 100
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CY74S189, CY54S189

% CY27503, CY27S07
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage..................... >2001V
Ambient Temperature with (per MIL-STD-883 Method 3015.2)
Powerapplied ..................... —55°Cto +125°C LatchupCurrent ...............covviinn.. >200 mA
Supply Voltage to Ground Potential .
(PN 1660 8) v v eveeeernensnnnnnn, —05Vto +70v  Operating Range
: Ambient
DC Voltage Applied to Outputs Range Vee
P A —0.5Vto +7.0V S — Ofé"‘l”:“;'(‘;z o
ommerci to +10%
DC Input VoltagAe ................... 3.0Vto +7.0V Militaryl1] 55°Cio + 125°C SV £10%
Output Current, into Outputs (Low) ............. 20mA
Electrical Characteristics Over the Operating Range
Parameters Description Test Conditions . Max
VoH Output HIGH Voltage Vcc = Min, Iog = —5.2mA 24
VoL Output LOW Voltage Vce = Min, IgL = 16.0 mA 0.45
ViH Input HIGH Voltage 2.0 Vee
ViL Input LOW Voltage -3.0 0.8
Inx Input Leakage Current GND< V] < V¢ —-10 +10
Vep Input Diode Clamp Voltagel2]
Ioz Output Leakage Current GND < Vg < Vco —40 +40
Ios Output Short Circuit Current [3] Vce = Max,, Vout = GND —90
Vce = Max., Commercial 90
I Power Supply Current
e PPy Iout = 0mA Military 100
Capacitance!S]
Parameters Description Test Conditions Max, Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4
= pF
Cout Output Capacitance Voe = 5.0V 7
Notes:

—

. Extended temperature operation guaranteed with 400 linear feet per
minute of air flow.

. The CMOS process does not provide a clamp diode. However these
devices are insensitive to — 3V dc input levels and — 5V undershoot
pulses of less than 5 ns (measured at 50% points).

. Not more than 1 output should be shorted at one time. Duration of
the short circuit should not exceed 30 seconds.

[S]

w
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4. Output is precoditioned to data in (inverted or non-inverted) during
write to insure correct data is present on all outputs when write is
terminated. (No write recovery glitch.)

5. Tested on a sample basis.



CY74S189, CY54S189

% CY27S03, CY27S07
SEMICONDUCTOR
Switching Characteristics Over the Operating Rangel6]
27S03A 27S03 745189
Parameters Description 27S07A 27807 545189 Units
Min. | Max. Min. | Max. Min, Max,
READ CYCLE
trRC Read Cycle Time 25 35 35 ns
tAA Address to Data Valid 25 35 35 ns
tacs CS Low to Data Valid 15 17 22 ns
tHZCS CS HIGH to High Z[8, 10] 15 20 17 ns
WRITE CYCLES, 7]
twe Write Cycle Time 25 35 35 ns
tSA Address Set-up to Write Start 0 0 0 ns
tHA Address Hold from Write End 0 0 0 ns
tscs CS Set-up to Write Start 0 ns
tHCS CS Hold from Write End 0 ns
tsD Data Set-up to Write Start 20 25 20 ns
tHD Data Hold from Write End 0 0 0 ns
tPWE WE Pulse Width 20 25 20 ns
tHZWE WE LOW to High Z[8, 10] 20 25 20 ns
tAWE WE HIGH to Output Valid 20 35 30 ns
Notes:

6. Test conditions assume signal transition times of 5 ns or less, timing
reference levels of 1.5V, output loading of the specified IoL/Iox and
30 pF load capacitance.

=

low and WE low. Both signals must be low to intiate a write and

either signal can terminate a write by going high. The data input setup

. The internal write time of the memory is defined by the overlap of CS

and hold timing should be referenced to the rising edge of the signal
that terminates the write.

Bit Map

0123 0123| (0123 0123~ ———————— COLUMN
0000 1111 |22223333}+———————

OUTPUTS

0006-9

8. Transition is measured at steady state HIGH level —500 mV or
steady state LOW level + 500 mV on the output from 1.5V level on
the input.

9. taA, tacs and toweE are tested with Cp = 30 pF as in Figure la.
Timing is referenced to 1.5V on the inputs and outputs.

10. tHzcs and tzwe are tested with Cp. = 5 pF as in Figure 1b.

Address Designators
Address Address Pin
Name Function Number
Ao AXO0 1
Ay AX1 15
Az AYO 14
A3 AY1 13




CY74S189, CY54S189
CY27S03, CY27S07

CYPRESS
SEMICONDUCTOR
AC Test Loads and Waveforms
ALL INPUT PULSES
R1250 Q2 R1250 2
5V 5V 30V oy
ouTPUT ouTPUT
GND 10%
R2 R2 <5ns
I 1505 I SeF 15052
INCLUDING
- JIG AND — JIG AND
= SCOPE = = score . =
0006-4
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT

OUTPUT O0—————AAM——0 1.92V
9252

0006-5

Read Mode

Ag-A3
ADDRESS

CHIP SELEg_f' wk J[

[ tizes '1’
DATA
L
OUTPUTS
00-03 AN m

tacs [ tHzcs —> TNOTE 8

L

~
»
>

0006-7

Write Mode

twe |
Ag-A3
ADDRESS
A | }'— tHA
cs
CHIP SELECT
tscs [e—
Do-D3
DATA IN
fet

WE
WRITE ENABLE N_ 7

re—tHCcs

Hzwe rNOTE 7 tawe
00-03

N L
DATA OUTPUTS
LOAD s AN\

LNOTE 7

0006-8
(All above measurements referenced to 1.5V)

Note: Timing diagram represents one solution which results in optimum cycle time. Timing may be changed in various applications as long as the
worst case limits are not violated.
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CY74S189, CY54S189
CY27S03, CY27S07

Ordering Information

Speed
(ns)

Ordering Code

Package
Type

Operating
Range

25

CY27S03APC
CY27S07APC

P1

CY27S03ADC
CY27S07ADC

D2

Commercial

CY27S03ADMB
CY27S07TADMB

D2

Military

35

CY27S03PC
CY27S07PC
CY748189PC

P1

CY27803DC
CY27807DC
CY74S189DC

D2

Commercial

CY27S03DMB
CY27S07DMB
CY54S189DMB

D2

Military
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Features

® 256 x 4 static RAM for control
stores in high speed computer

Processed with high speed
CMOS for optimum
speed/power

Separate inputs and outputs

Low power

— Standard power:
660 mW (commercial)
715 mW (military)

— Low power:
440 mW (commercial)
495 mW (military)

e 5 volt power supply +10%
tolerance both commercial and
military

Capable of withstanding greater
than 2000V static discharge

CY93422A/93L422A
CY93422/931.422

Functional Description

The CY93422 is a high performance
CMOS static RAM organized as

256 x 4 bits. Easy memory expansion is
provided by an active LOW chip select
one (CS)) input, an active HIGH chip
select two (CS3) input, and three-state
outputs.

An active LOW write enable input
(WE) controls the writing/reading op-
eration of the memory. When the chip
select one (CS;) and write enable (WE)
inputs are LOW and the chip select
two (CSy) input is HIGH, the informa-
tion on the four data inputs Dg to D3 is
written into the addressed memory
word and the output circuitry is pre-
conditioned so that the correct data is
present at the outputs when the write
cycle is complete. This preconditioning

256 x 4 Static R/W RAM

operation insures minimum write re-
covery times by eliminating the “write
recovery glitch.”

Reading is performed with the chip se-
lect one (CS}) input LOW, the chip se-
lect two input (CS;) and write enable
(WE) inputs HIGH, and the output en-
able input (OE) LOW. The information
stored in the addressed word is read
out on the four non-inverting outputs
Op to O3.

The outputs of the memory go to an
active high impedance state whenever
chip select one (CS) is HIGH, chip se-
lect two (CS;) is LOW, output enable
(OE) is HIGH, or during the writing
operation when write enable (WE) is
LOW.

Logic Block Diagram Pin Configuration
CS;
Dg D1 D2 D3 cs, s o~ 22 DVCC
[11] ofr b
A3 20 ] WE
DATA INPUT
CONTROL WE Ao E 4 19[S
As[]s 181 6€
i} ot As[]6 7 gc&
A7 16[]03
N o GND[]8 15[ 03
Ay a 04 Do[J9 1a[]0,;
E 3 32 x 32 SENSE :k 0[]0 13[J0,
w
A | 4 ARRAY AMPS 02 o1 12] 0y
A ] 3 Q
— @« t 03 0002-2
As i i
As COLUMN
A DECODER
0002-1
Selection Guide (For higher performance and lower power refer to CY7C122 data sheet)
93422A 93L422A 93422 931422
. . Commercial 35 45 45 60
Maximum Access Time (ns) —
Military 45 55 60 75
. . Commercial 120 80 120 80
Maximum Operating Current (mA) —
Military 130 90 130 90




CY93422A/931L422A

% CY93422/931422
SEMICONDUCTOR
Maximum Ratings Function Table
(Above which the useful life may be impaired) °
Storage Temperature ............... —65°Cto +150°C — Inﬂs — utputs Mode
Ambient Temperature with CS; CS1 WE OE Dy On
Power Applled .................... —55°Cto +125°C L X X X X *HIGH Z Not Select
Supply Voltage to Ground Potential
(Pin22tOPIN8)...vennneeennnnnn. —0.5Vto +7.0V X H X X X|)*HIGHZ| NotSelect
DC Voltage Applied to Outputs H L H H X | *HIGHZ | Output Disable
for High Output State . ............. —0.5V to Vcc Max Selected
DC Input Voltage ................... —0.5Vto +5.5V H L H L X| o Read Data
Output Current, into Outputs (Low) ............. 20 mA .
H L L X L | *HIGHZ Write “0”

DCInputCurrent ............... —30mA to +5.0mA : n ad —
Static Discharge Voltage ..................... >2001V H L L X H|*HIGHZ| Write"l
(per MIL-STD-883 Method 3015.2) H = High Voltage Level L = Low Voltage Level X = Don’t Care

*HIGH Z implies outputs are disabled or off. This condition is defined
LatchupCurrent .......................... >200 mA asa high impgdmce sgm e O ases
Operating Range

Ambient
Range Vee Temperature
Commercial 5V +10% 0°Cto +75°C
Militaryl[5] 5V +10% —55°Cto +125°C

DC Electrical Characteristics Over Operating Range (Unless Otherwise Noted)

93422 931422
Parameters Description Test Conditions 93422A 93L422A Units
Min. | Max. | Min. | Max.
Vce = Min, _ _
VoH Output HIGH Voltage VIN = Vi or ViL IoH 52mA | 24 2.4 \4
Vce = Min,, —
VoL Output LOW Voltage VIN = Vigor ViL IoL = 8.0mA 0.45 0.45 \4
m Guaranteed Input Logical HIGH
Vi Input HIGH Level Voltage for all Inputs 2.1 2.1 \%
[l Guaranteed Input Logical LOW
ViL Input LOW Level Voltage for all Inputs 0.8 0.8 \4
I Input LOW Current Vce = Max,, ViN = 0.40V —300 —300 | pA
I Input HIGH Current Vcc = Max, ViN = 4.5V 40 40 RA
Output Short _ _ 2] _ _
Isc Circuit Current Vcc = Max, Voyrt = 0.0V 90 90 | mA
Ta = 125°C 110 70
All Inputs = GND, Ta = 75°C 110 70
Icc Power Supply Current Vee = Max. Ta = 0°C 120 %0 mA
Ta = —55°C 130 80
VcL Input Clamp Voltage See Note 4 See Note 4
Vour = 2.4V 50 50
Icex Output Leakage Current RA
Vour = 0.5V, Vcc = Max. —50 —50
CIN Input Pin Capacitance See Note 3 pF
CouTt Output Pin Capacitance | See Note 3 7 7 pF
Notes:

1. These are absolute voltages with respect to device ground pin and
include all overshoots due to system and/or tester noise. Do not at-
tempt to test these values without suitable equipment.

. Not more than one output should be shorted at a time. Duration of

the short circuit should not be more than one second.

Input and output capacitance measured on a sample basis at

f = 1.0 MHz.

w N
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. The CMOS process does not provide a clamp diode. However, the
CY93422 is insensitive to — 3V dc input levels and — 5V undershoot
pulses of less than 10 ns (measured at 50% point).

. Extended temperature operation guaranteed with 400 linear feet per
minute air flow.



CY93422A/93L422A
%m CY93422/931422
SEMICONDUCTOR

Commercial Switching Characteristics Vcc = 5V £10%, Ta = 0°C to + 75°C (Unless Otherwise Noted)

. 93422A 93L422A 93422 931422
Parameters Description Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tPLH( A)“] Delay from Address to Output
tpHL(A)[ 1) (Address Access Time) (See Figure 2) 35 4 4 6 ns
tpzH (CS1, CS2) | Delay from Chip Select to Active 25 30 10 35 ns
tpzL (CSy, CS2) | Output and Correct Data (See Figure 2)
R Delay from Write Enable to
:PZH ((%)) Active Output and Correct Data 25 40 40 45 | ns
PZL (Write Recovery) (See Figure 1)
tpzy (OE) Delay from Output Enable to Active
tpzr (OE) Output and Correct Data (See Figure 2) 2 30 30 35 ns
Setup Time Address (Prior to
ts (A) Initiation of Write) (See Figure I) 3 3 10 10 ns
Hold Time Address (After
th () Termination of Write) (See Figure I) 3 3 3 5 ns
Setup Time Data Input (Prior to
t (D) Initiation of Write) (See Figure I) 5 5 > 5 ns
Hold Time Data Input (After
th (D) Termination of Write) (See Figure 1) 3 3 5 3 ns
— Setup Time Chip Select (Prior to
ts(CS1,C82) | pritiation of Write) (See Figure 1) 5 3 5 5 ns
— Hold Time Chip Select (After
4 (CS1,CS2) | Termination of Write) (See Figure I) 5 5 5 5 ns
- Minimum Write Enable Pulse Width
tpw (WE) to Insure Write (See Figure I) 20 40 0 4 ns
tpHz (CS1, CS2) | Delay from Chip Select to Inactive
tprz (CS1, CS2) | Output (HIGH Z) (See Figure 2) 30 40 30 4 ns
tpyz (WE) Delay from Write Enable to Inactive
tpLz (WE) Output (HIGH Z) (See Figure ) 30 40 35 4 | ms
tpyz (OE) Delay from Output Enable to Inactive
tpLz (OE) Output (HIGH Z) (See Figure 2) 30 40 30 45 | ms
Notes:
1. tpLH (A) and tpyL (A) are tested with S; closed and Cp. = 15 pF timing referenced to 1.5V. tpyz (WE), tpuz (CS, CS;) and tpyz (OE)
with both input and output timing referenced to 1.5V. are measured with Sq open, Cy, < 5 pF and are measured between the
2. tpzy (WE), tpzy (CS1, CS2) and tpzy (OE) are measured with Sy 1.5V level on the input to the VOPE; 500 mV level on the output. tpL.z
open, Cr. = 15 pF and with both the input and output timing refer- (WE), tpr.Z (CS1, CS2) and tpy 7 (OE) are measured with S closed and
enced to 1.5V. tpzr (WE), tpzr (CS1, CS3) and tpzy (OE) are mea- CL < 5 pF and are measured between the 1.5V level on the input and the
sured with S closed, Ci, = 15 pF and with both the input and output VoL +500 mV level on the output.
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CY93422A/931L422A
CY93422/931422

Military Switching Characteristics Vcc = 5V £10%, Ta = —55°C to + 125°C (Unless Otherwise Noted)

93422A 931L422A 93422 931422
Parameters Description Units
Min. | Max. | Min, | Max. | Min. | Max. | Min. | Max.

tpLH(A) 1 Delay from Address to Output

tpar(a) 1] (Address Access Time) (See Figure 2) 4 3 60 I ns

tpzH (CS1, CS2) | Delay from Chip Select to Active 35 0 45 45 n

tpzr (CS1, CS2) | Output and Correct Data (See Figure 2) s

I Delay from Write Enable to
:PZH ((\—‘;Vv_fliz)) Active Output and Correct Data 40 45 50 50 ns
PZL (Write Recovery) (See Figure I)

tpzy (OE) Delay from Output Enable to Active 35 0 45 45

tpzr (OE) Output and Correct Data (See Figure 2) ns
Setup Time Address (Prior to

ts (A) Initiation of Write) (See Figure 1) 5 10 10 10 ns
Hold Time Address (After

th (A) Termination of Write) (See Figure 1) 3 3 3 10 ns
Setup Time Data Input (Prior to

ts (D) Initiation of Write) (See Figure I) 5 5 5 5 ns
Hold Time Data Input (After

th (D Termination of Write) (See Figure ) 3 ? 5 5 ns
Setup Time Chip Select (Prior to

ts(CS1.C82) | Initiation of Write) (See Figure 1) 5 3 5 5 ns

. Hold Time Chip Select (After
th (CS1,CS2) | Termination of Write) (See Figure 1) 5 3 3 10 ns
R Minimum Write Enable Pulse Width

tow (WE) to Insure Write (See Figure 1) 3 40 40 45 ns

tpyz (CSy, CS2) | Delay from Chip Select to Inactive

tprz (CS1, CS) | Output (HIGH Z) (See Figure 2) 3 40 45 45 | ms

tpyz (WE) Delay from Write Enable to Inactive

tprz (WE) Output (HIGH Z) (See Figure I) . 40 4 451 n

tpyz (OE) Delay from Output Enable to Inactive

tpL2 (OE) Output (HIGH Z) (See Figure 2) 35 10 45 45 | ms

Notes:

1. tpLH (A) and tpHL (A) are tested with S closed and Cp = 15 pF
with both input and output timing referenced to 1.5V.

2. tpz (WE), tpzy (CS, CS;) and tpzy (OE) are measured with Sy

open,
enced to 1.5V. tpz,

CL = 15 pF and with both the input and output timing refer-
(CS, CS») and tpzy (OE) are mea-

) tPZL

sured with S closed, CL = 15 pF and with both the input and output

timing referenced to 1.5V. tpyz (WE), tpyz (CS1, CS3) and tpuz (OE)
are measured with Sj open, Cp < 5 pF and are measured between the
1.5V level on the input to the Voyi_— 500 mV level on the output. tpy 7z
(WE), tprz (CS}, CS2) and tpr z &ﬁ) are measured with S; closed and
CL < 5 pF and are measured between the 1.5V level on the input and the
VoL +500 mV level on the output.
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CY93422A/931422A

e CY93422/931422
SEMICONDUCTOR
Switching Waveforms
Write Mode (with OE = Low) Key to Timing Diagram
CHIP €S X Waveform Inputs Outputs
SELECT (s, Must be Will be
— steady steady
Ag-A; = Will be
AoNpuTS May change 1. \gin
v -m fromHtoL fromgll-l fo L
Ox = 1 Wi
DATA May change chlal:lb?n
INPUT ——— fromLto H ging
t5(DI) _ th(DI) fromLto H
WE N""W‘WE”Z Don’t care;  Changing;
WRITE
ENABLE le—— ts(A) —»| e th(A) —»] M any c}lange state
L———-t;(&n . CSy) — fe—— th(CS;, CSp) — permitted  unknown
DA?X AN\\ /77 H Does not .Cen.ter line
OUTPUT A\ y/// apply is hleg:l\
impedance
tpzH (CS1 CS2) tpHz (WE)  tpzn (WE) tpHz (€81, CS2) 0002-4 “of’ state
tpzL (CSq CS2) tpLz(WE) tpzL (WE) tpLz(CS4, CS2)
0002-3
Figure 1
Read Mode
AD[:\T;S\? —— ADDRESS ADDRESS k Yy ADDRESS i 15V
OE OR C$y
Yy Y Yy 15V
X .
cs;
tpzH (CS1) tpL2(CSy) tpz0 (CSy) tpz (CS1)
120 (CSo) —te-MAx. > fe—— LIt (CS)damax ] |tz (CSp)| e tPLHIAL__ ] MAX. 112 (C87)
tpzn (OF) g tpLz(OE) tpz¢ (OF) MAX. tpz (OE)
le—MIN. MIN. MIN. fe— MAX. > —  fe—miN. - MIN.
o) MIN. b |
= 1Y 1 (A
11111 J
OUTPUT  READ A HIGH READ A LOW DISABLE ENABLE READ A HIGH DISABLE '
DISABLED IN ADDRESS IN ADDRESS k ouTPUT OUTPUT IN ADDRESS i OUTPUT
0002-5

Switching delays from address input, output enable input and the chip select inputs to the data output. The CY93422 disabled output in the “OFF”

condition is represented by a single center line.

Figure 2
AC Test Load and Waveform
AC Test Load Input Pulses
Vee 0——0/
s1 30V 1
90% 90%
R1 Zr
600 0 oND 10% - 10%
OUTPUT O— o <10 ns — — |*—<10ns
l 30V ———_ g0 —
cL R2 Z
I 1200 Q ND \ 10% 10%
= — 0002-7
0002-6
Figure 3 Figure 4

See Notes 1 and 2 of Switching Characteristics
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CY93422A/93L422A
CY93422/931422

Ordering Information
Speed Ordering Code Package Operating

(ns) Std. Power Low Power Type Range

35 CY93422APC P7 Commercial
CY93422ADC D8

45 CY93422PC CY93L422APC P7 Commercial
CY93422DC CY93L422ADC D8

45 CY93422ADMB D8 Military

55 CY93L422ADMB D8 Military

60 CY93422DMB D8 Military

60 CY93L422PC P7 Commercial

CY93L422DC D8
75 CY93L422DMB D8 Military
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% Section Contents

PROMSs (Programmable Read Only Memory)

PROM INtroduction ... ..ottt tnee e ieteeneeneneeaeneeneeeeneneeeeneenennenns
Device Number Description
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1: Product Line Overview

The Cypress family of CMOS PROMs consists of devices
of three basic densities, two functional configurations and
two package options. All devices are organized with byte
wide outputs and are available in depths of 512, 1024 and
2048 bytes. All densities are available with registered out-
puts that operate in synchronous and asynchronous modes.
Devices without registers are available in 1024 by 8 and
2048 by 8 configurations. These 8K and 16K non-regis-
tered devices are available in popular 0.3 inch and 0.6 inch
wide dual inline packages as well as LCC varieties. Regis-
tered devices are available in 0.3 in dual inline packages as
well as LCC.

All Cypress CMOS PROMs perform at or beyond the lev-
els of the bipolar product that they replace at much re-
duced power levels. CMOS technology provides superior
reliability, 10% power supply margins and is capable of
withstanding greater than 2001 volts of electrostatic dis-
charge.

2: Technology Introduction

Cypress PROMs are executed in an “N” well 1.2 micron
CMOS process. This process provides basic gate delays of
125 picoseconds for a fanout of one at a power consump-
tion of 45 femto joules. This process provides the basis for
the development of LSI products that outperform the fast-
est bipolar products currently available.

Although CMOS static RAMs have challenged bipolar
RAMs for speed, CMOS EPROMs have always been a
factor of three to ten times slower than bipolar fuse
PROMs. There have been two major limitations on CMOS
EPROM speed; 1) the single transistor EPROM cell is in-
herently slower than the bipolar fuse element, and 2)
CMOS EPROM technologies have been optimized for cell
programmability and density, almost always at the expense
of speed. In the CMOS EPROM technology in production,
both of the aformentioned limitations have been overcome
to create CMOS PROMs with performance superior to
PROMSs implemented in bipolar technology.

Speed and programmability are optimized independently
by separating the read and write transistor functions in a
new FOUR TRANSISTOR DIFFERENTIAL EPROM
CELL and by using a true differential sensing technique
rather than the traditional dummy cell coupled with a dif-
ferential sensing approach. Also, for the first time a sub-
strate bias generator is employed in an EPROM technolo-
gy to improve performance and raise latchup immunity to
greater than 200 mA. Although the result is not a design
technology that will challenge the high density EPROMs,
it does more than compete in both performance and densi-
ty with bipolar programmable technology utilizing fuses.
Limitations of devices implemented in the bipolar fuse
technology such as PROGRAMMING YIELD, POWER
DISSIPATION and HIGHER DENSITY PERFORM-
ANCE are eliminated or greatly reduced using Cypress
CMOS EPROM technology.

2.1: FOUR TRANSISTOR CELL AND
DIFFERENTIAL DESIGN TECHNIQUES

The 16K PROM uses an N-Well CMOS technology along
with a new differential four transistor EPROM cell that is

optimized for speed. The area of the four transistor cell is
0.43 square mils and the die size is 19,321 square mils for
the 2K by 8 PROM (Figure 1). The floating gate cell is
optimized for high read current and fast programmability.
This is accomplished by separating the read and program
transistors (Figure 2). The program transistor has a sepa-
rate implant to maximize the generation and collection of
hot electrons while the read transistor implant dose is cho-
sen to provide a large read current. Both the n and p chan-
nel peripheral transistors have self-aligned, shallow, lightly
doped drain (LDD) junctions. The LDD structure reduces
overlap capacitance for speed improvement and minimizes
hot electron injection for improved reliability. Although
common for NMOS static and dynamic RAMSs, an on-chip
substrate bias generator is used for the first time in an
EPROM technology. The results are improved speed,
greater than 200 mA latch-up immunity and high parasitic
field inversion voltages during programming.

m=
a. .

0034-1
Figure 1
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Figure 2. Non-volatile cell optimized
for speed and programmability
Access times of less than 35 ns at 16K densities and 30 ns
at 4K and 8K densities over the full operating range are
achieved by using differential design techniques and by to-
tally separating the read and program paths. This allows
the read path to be optimized for speed. The X and Y
decoding paths are predecoded to optimize the power-delay
product. A differentail sensing scheme and the four transis-
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Figure 3. Differential sensing

tor cell are used to sense bit-line swings as low as 100 mV
at high speed. The sense amplifier (Figure 3) consists of
three stages of equal gain. A gain of 4 per stage was found
to be optimum. The Cascode stage amplifies the bit line
swings and feeds them into a differential amplifier. The
output of the differential amplifier is further amplified and
voltages shifted by a level shifter and latch. This signal is
then fed into an output buffer having a TTL fan-out of ten.

2.2: PROGRAMMING

The 2K x 8 PROM is programmed a BYTE at a time by
applying 13 to 14 volts on one pin and the desired logic
levels to input pins. Unlike conventional programmable
memories that default to a logic “ONE”, both logic
“ONE” and logic “ZERO” are programmed into the dif-
ferential cell. A BIT is programmed by applying 13 to 14
volts on the control gate and 9 volts on the drain of the
floating gate write transistor. This causes hot electrons
from the channel to be injected onto the floating gate there-
by raising the threshold voltage. Because the read transis-
tor shares a common floating gate with the program tran-
sistor, the threshold of the read transistor is raised from
about 1 volt to greater than 5 volts resulting in a transistor
that is turned “OFF” when selected in a read mode of
operation. Since both sides of the differential cell are at
equal potential before programming, a threshold shift of
100 mV is enough to be determined as the correct logic
state. Because an unprogrammed cell has neithet a ONE
nor a ZERO in it before programming, a special BLANK
CHECK mode of operation is implemented. In this mode
the output of each half of the cell is compared against a
fixed reference which allows distinction of a programmed
or unprogrammed cell. A MARGIN mode is also provided
to monitor the thresholds of the individual BITs allowing
the monitoring of the quality of programming during the
manufacturing operation.

2.3: RELIABILITY
2.3.1: Programming and Functionality

The CMOS EPROM approach to PROMs has some signif-
icant benefits to the user in the area of programming and
functional yield. Since a cell may be programmed and
erased multiple times, CMOS PROMs from Cypress can be
tested 100% for programmability during the manufactur-
ing process. Because each CMOS PROM contains a
PHANTOM array, both the functionality and performance
of the devices may be tested after they are packaged thus
assuring the user that not only will every cell program, but
that the product performs to the specification.

2.3.2: Product

Enhanced reliability in terms of DATA RETENTION is
accomplished through the use of the fully differential sens-
ing scheme. This technique allows the stored charge on the
floating gate to discharge down to an equivalent fraction of
a threshold voltage while still being sensed at the correct
logic state. This feature not only enhances programming
yield but also significantly improves the data retention time
of the PROM over differential dummy-cell reference ap-
proaches. Data shows no failures after 450 hours at 250
degrees C. This is equivalent to 400,000 years at 70 degrees
C (assuming 1.4 eV activation energy). The problem of
injecting unwanted charge onto the floating gate during the
read operation (read disturb) is also eliminated in this cell,
since the read and program transistors are separate struc-
tures, and the program transistor drain is grounded during
read operations.
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Features
e CMOS for optimum
speed/power
e High speed

— 30 ns max set-up
— 15 ns clock to output

Low power
— 495 mW (commercial)
— 660 mW (military)

Synchronous and asynchro-
nous output enables

On-chip edge-triggered
registers

Buffered Common PRESET and
CLEAR inputs

PRESS
EMICONDUCTOR

CY7C225

e 5V +10% Vcc, commercial and
military

e TTL compatible I/O

e Direct replacement for
bipolar PROMs

o Capable of withstanding

greater than 2000V static
discharge

Product Characteristics

The CY7C225 is a high performance
512 word by 8 bit electrically Program-
mable Read Only Memory packaged in
a slim 300 mil plastic or hermetic DIP.
The memory cells utilize proven

512 x 8 Registered PROM

The CY7C225 replaces bipolar devices
and offers the advantages of lower
power, superior performance and high
programming yield. The EPROM cell
requires only 13.5V for the supervolt-
age and low current requirements allow
for gang programming. The EPROM
cells allow for each memory location to
be tested 100%, as each location is
written into, erased, and repeatedly ex-
ercized prior to encapsulation. Each
PROM is also tested for AC perform-
ance to guarantee that after customer
programming the product will meet
AC specification limits.

The CY7C225 has asynchronous PRE-

¢ EPROM technology, 100% EPROM ﬂoating gate [echno]ogy and SET and CLEAR functions.
programmable byte-wide intelligent programming al-
e Slim, 300 mil, 24 pin plastic or gorithms.
hermetic DIP
Logic Block Diagram Pin Configuration
A : ! © A ~ 24 [JVee
L 1
47— DECODER D PROGRAMAABLE J\ 8x10F16 Lol ”j"_ s Al 2 i
:e —] 1oFaz ARRAY ~/ MULTIPLEXER |} As(] 3 22[1F3
" - ‘j"_ 0s re] ape
: A3 s 20 [ TR
EBDBG';_ B E 04 ¥ 19 Es
TRIGGERED | | 0 Ay 18 ]cp
p | REGISTER j"— ad s vBor
A2 —4 COLUMN _mo_oz 0o o 16 [10g
Ay —| ngtzn:gn 0.0 15{]0s
Ag »—ﬂv—o, o[ 14 []04
GND([] 12 13003
— > s no  HpDo
L—l jo_ 0020-2
cp
E
0020-1
Selection Guide
7C225-30 7C225-35 7C225-40
Maximum Access Time (ns) 30 35 40
Maximum Clock to Ouput (ns) 15 20 25
Maximum Operating Commercial 90 90
Current (mA) Military 120 120

33
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Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°C to +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Pel’ MIL-STD-883 Method 30152)
Power Applied .................... —55°Cto +125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .
(Pin 24 tOPIN 12)veverenanreannnnn —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient V.
inHighZState...................... —0.5Vto +7.0V ange Temperature cc
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
DC Program Voltage (Pins 7, 18,20) ............. 14.0V Militaryl[1] —55°Cto +125°C 5V +10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min, Max Units
Vcec = Min, Iog = —40mA
Vou Output HIGH Voltage VIN = Vigor ViL 24 A\
Vcc = Min, IoL = —16 mA
VoL Output LOW Voltage ViIN = Vigor Vi 0.4 v
Guaranteed Input Logical HIGH
Vi Input HIGH Level Voltage for All Inputs(2] 2.0 v
Guaranteed Input Logical LOW
ViL Input LOW Level Voltage for Al inputsl2] 08 M
Irx Input Leakage Current GND< VN < Ve —-10 +10 pA
Input Clamp Diode
Vecp Voltage Note 6
Ioz Output Leakage Current GND < Vg < Ve Output Disabled[4] —40 +40 RA
Ios Output Short Circuit Current Vce = Max., Vout = 0.0V03] -20 -90 mA
GND < V|N < Ve Commercial 90
Icc Power Supply Current _ mA
PP Vcc = Max. Military 120
Capacitance![5]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz, Vcc = 5.0V 5 pF
Court Output Capacitance Ta = 25°C,f= 1 MHz, Vcc = 5.0V 8 pF
Notes:

1. Extended temperature operation guaranteed with 400 linear feet per

minute of air flow.

2. These are absolute voltages with respect to device ground pin and
include all overshoots due to system and/or tester noise. Do not at-
tempt to test these values without suitable equipment (see Notes on

Testing).

w

4. For devices using the synchronous enable, the device must be clocked

after applying these voltages to perform this measurement.

pulses of less than 10 ns (measured at 50% point).

. For test purposes, not more than one output at a time should be

shorted. Short circuit test duration should not exceed 30 seconds.

3-4

5. Input and output capacitance measured on a sample basis.

6. The CMOS process does not provide a clamp diode. However, the
CY7C225 is insensitive to —3V dc input levels and — 5V undershoot
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Switching Characteristics Over Operating Range
Parameters Deseription 7C225-30 7C225-35 7C225-40 Units

Min. | Max Min, (| Max. | Min. | Max

tSA Address Setup to Clock HIGH 30 35 40 ns
tHA Address Hold from Clock HIGH 0 0 0 ns
tco Clock HIGH to Valid Output 15 20 25 ns
tPwC Clock Pulse Width 15 20 20 ns
tSEg Eg Setup to Clock HIGH 10 10 10 ns
tHEg Es Hold from Clock HIGH 5 5 5 ns
tDP, tDC Delay from PRESET or CLEAR to Valid Output 20 20 20 ns
tRP, tRC PRESET or CLEAR Recovery to Clock HIGH 20 20 20 ns
tpwp, tpwc | PRESET or CLEAR Pulse Width 20 20 20 ns
tLze ‘élc(:;‘l’fl%‘g‘;;‘[tl from 20 25 30 | ns
tHZC Inactive Output from Clock HIGH!1, 3] 20 25 30 ns
tLZE Active Output from E LOW(2] 20 25 30 ns
tHZE e e from 20 25 30 | ns

Notes:

1. Applies only when the synchronous (Es) function is used.
2. Applies only when the asynchronous (E) function is used.

3. Transition is measured at steady state High level —500 mV or steady
state Low level + 500 mV on the output from the 1.5V level on the
input with loads shown in Figure 1b.

AC Test Loads and Waveforms!5, 6, 7]

R1250 Q

IINCLUDING
JIG AND

R1250 Q2

IINCLUDlNG
JIG AND

= SCOPE = = SCOPE
Figure 1a Figure 1b
Equivalent to:
THEVENIN EQUIVALENT
100 2
OUTPUT 20v
0020-4

Functional Description

The CY7C225 is a CMOS electrically Programmable Read
Only Memory organized as 512 words x 8-bits and is a pin-
for-pin replacement for bipolar TTL fusible link PROMs.
The CY7C225 incorporates a D-type, master-slave register
on chip, reducing the cost and size of pipelined micropro-
grammed systems and applications where accessed PROM
data is stored temporarily in a register. Additional flexibili-
ty is provided with synchronous (Es) and asynchronous
(E) output enables, and CLEAR and PRESET inputs.

Upon power-up, the synchronous enable (Eg) flip-flop will
be in the set condition causing the outputs (Og—07) to be
in the OFF or high impedance state. Data is read by

4. Tests are performed with rise and fall times of 5 ns or less.

5. See Figure la for all switching characteristics except tHz.

6. See Figure 1b for tyz.

7. All device test loads should be located within 2” of device outputs.

ALL INPUT PULSES

30V ) .
90% 90%
10%
n2 GND 1%
167 2 <Sns <5ns
0020-5
Figure 2

applying the memory location to the address inputs (Ag—
Ag) and a logic LOW to the enable (Eg) input. The stored
data is accessed and loaded into the master flip-flops of the
data register during the address set-up time. At the next
LOW-to-HIGH transition of the clock (CP), data is trans-
ferred to the slave flip-flops, which drive the output buff-
ers, and the accessed data will appear at the outputs (Op—
07) provided the asynchronous enable (E) is also LOW.

The outputs may be disabled at any time by switching the
asynchronous enable (E) to a logic HIGH, and may be
returned to the active state by switching the enable to a
logic LOW.
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Functional Description (Continued)

Regardless of the condition of E, the outputs will go to the
OFF or high impedance state upon the next positive clock
edge after the synchronous enable (Eg) input is switched to
a HIGH level. If the synchronous enable pin is switched to
a logic LOW, the subsequent positive clock edge will re-
turn the output to the active state if E is LOW. Following a
positive clock edge, the address and synchronous enable
inputs are free to change since no change in the output will
occur until the next low to high transition of the clock.
This unique feature allows the CY7C225 decoders and
sense amplifiers to access the next location while previously
addressed data remains stable on the outputs.

System timing is simplified in that the on-chip edge trig-
gered register allows the PROM clock to be derived direct-

ly from the system clock without introducing race condi-
tions. The on-chip register timing requirements are similar
to those of discrete registers available in the market.

The CY7C225 has buffered asynchronous CLEAR and
PRESET input (INIT). The initialize function is useful
during power-up and time-out sequences.

Applying a LOW to the PRESET input causes an immedi-
ate load of all ones into the master and slave flip-flops of
the register, independent of all other in uts, mcludmg the
clock (CP). Applying a LOW to the C R input, resets
the flip-flops to all zeros. The initialize data will appear at
the device outputs after the outputs are enabled by bringing
the asynchronous enable (E) LOW.

Switching Waveforms
~—tuA—-| tsa —>te—tHa
tSEg T tHES le—tsEg tHEs
P i
t5Eg—te—tHES: '
towc—>] tpwC -4 tPWC - .
v WE ] A
te-tpwC fe—tpwC fe-tpWC
NOTE S
oo K NOTE S [T m ALY
o NOTE 5§ \ NOTE S “
tco le—tHzC —» le— tLzC —» lco——] tHze tze
E
|e—top tap. tac
toc
PSor TR !‘ ’!
towe
0020-6

Notes on Testing

Incoming test procedures on these devices should be carefully planned,

taking into account the high performance and output drive capabilities of

the parts. The following notes may be useful

1. Ensure that adeq is employed across the
device Vcc and ground terminals. Multlple capacitors are recom-
mended, including a 0.1 pF or larger capacitor and a 0.01 uF or
smaller capacitor placed as close to the device terminals as possible.
Inadequate decoupling may result in large variations of power supply
voltage, creating erroneous function or transient performance failures.

2. Do not leave any inputs disconnected (floating) during any tests.

q

3-6

3. Do not attempt to perform threshold tests under AC conditions.
Large amplltude, fast ground current transients normally occur as the
device outputs discharge the load ese tr flow-
ing through the parasitic inductance between the device ground pin
and the test system ground can create significant reductions in observ-
able input noise immunity.

. Output levels are ed at 1.5V refe levels.

. Transition is measured at steady state HIGH level —500 mV or
steady state LOW level + 500 mV on the output from the 1.5V level
on inputs with load shown in Figure 1b.
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Typical DC and AC Characteristics
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Device Programming
Overview:
There is a programmable function contained in the 7C225 The 512 x 8 array uses a differential memory cell, with
CMOS 512 x 8 Registered PROM; the 512 x 8 array. All of differential sensing techniques. In the erased state the cell
the programming elements are “EPROM” cells, and are in contains neither a one nor a zero. The erased state of this
an erased state when the device is shipped. array may be verified by using the “BLANK CHECK
ONES” and “BLANK CHECK ZEROS” function, see
Table 3.
DC Programming Parameters Ty = 25°C
Table 1
Parameter Description Min. Max. Units
vpplll Programming Voltage 13.0 14.0 v
Vcep Supply Voltage 4.75 5.25 v
ViHp Input High Voltage 3.0 v
ViLp Input Low Voltage 0.4 \4
Voul2! Output High Voltage 2.4 \%
Vor[2 Output Low Voltage 0.4 \'
Ipp Programming Supply Current 50 mA
AC Programming Parameters T, = 25°C
Table 2
Parameter Description Min. Max. Units
tpp Programming Pulse Width 100 10,000 ns
tAs Address Setup Time 1.0 s
tDs Data Setup Time 1.0 ns
tAH Address Hold Time 1.0 us
tDH Data Hold Time 1.0 Ms
tr, tpl3) Vpp Rise and Fall Time 50 ns
tvD Delay to Verify 1.0 us
tvp Verify Pulse Width 2.0 us
tpv Verify Data Valid 1.0 us
tpz Verify HIGH to High Z 1.0 us

Notes:
1. Vccp must be applied prior to Vpp.
2. During verify operation.

w

. Measured 10% and 90% points.
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Mode Selection
Table 3
Pin Function
Mode Read or Output Disable CP Es CLR E PS Outputs
Other PGM VFY Vpp E PS 9-11,13-17)
Pin 18) 19) 20) 2n 22)
Read[2,3] X ViL VIH ViL VIH Data Out
Output Disablel] X VIH VIH X VIH High Z
Output Disable X X ViH ViH ViH High Z
CLEAR X ViL ViL ViL ViH Zeros
PRESET X Vi VIH ViL ViL Ones
Programl1:4] ViLp VIHP Vpp ViLp Viyp Data In
Program Verify(1.4] Viup ViLP Vpp ViLp ViHpP Data Out
Program Inhibit(1,4] ViHp VIHP Vpp ViLp Vigp High Z
Intelligent Program(1.4) ViLp VIHp Vep ViLp VIHp Data In
Blank Check Onesl1:4] Vpp ViLp ViLp ViLp VIHp Ones
Blank Check Zeros!1.4] Vpp ViHP ViLp ViLp ViHp Zeros

Notes:

1. X = Don’t care but not to exceed Vpp.

2. During read operation, the output latches are loaded on a “0” to “1”
transition of CP.

3. Pin 19 must be LOW prior to the “0” to “1” transition on CP (18)
that loads the register.

A 24 [JVce
as] 2 230As
As(] 3 22[]P8
As[] e 2 E
A3 s 20 [J VPP (TCR)
A2 6 19 [ VFY (Es)
Al 18 [JPGM (cP)
Ao] 8 17 0o,
Do 9 16 [1D¢
o1 10 15 [JDs
o2 n 14 [Joa
vss [ 12 13003

0020-8
Figure 3. Programming Pinouts
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4. eu.ring programming and verification, all unspecified pins to be at
ILP-

5. Pin 19 must be HIGH prior to the “0” to “1” transition on CP (18)
that loads the register.

The CY7C225 programming algorithm allows significantly
faster programming than the “worst case” specification of
10 msec.

Typical programming time for a byte is less than 2.5 msec.
The use of EPROM cells allows factory testing of pro-
grammed cells, measurement of data retention and erasure
to ensure reliable data retention and functional perform-
ance. A flowchart of the algorithm is shown in Figure 4.

The algorithm utilizes two different pulse types: initial and
overprogram. The duration of the PGM pulse (tpp) is 0.1
msec which will then be followed by a longer overprogram
pulse of 24 (0.1) (X) msec. X is an iteration counter and is
equal to the NUMBER of the initial 0.1 msec pulses ap-
plied before verification occurs. Up to four 0.1 msec pulses
are provided before the overprogram pulse is applied.

The entire sequence of program pulses and byte verifica-
tions is performed at Vccp = 5.0V. When all bytes have
been programmed all bytes should be compared (Read
mode) to original data with Vcc = 5.0V.
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START
Vgep = 5.0V, Vpp = 13.5V

ADDR 1ST LOCATION

PROGRAM ONE PULSE
OF 0.1 msec

X=X+1

FAIL

YES

X=4?

NO

VERIFY ONE BYTE?

INC. ADDR

NO

PASS

PROGRAM ONE PULSE

OF 24 (0.1) (X) msec

YES

X=4?

VERIFY BYTE

FAIL

DEVICE BAD

§ pass

NO

LAST ADDRESS?

YES

READ ALL BYTES? FAIL

DEVICE BAD

Vce =5.0

PASS

DEVICE GOOD

Figure 4. Programming Flowchart
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Programming Sequence 512 x 8 Array

Power the device for normal read mode operation with pin
18, 19, 20 and 21 at Viy. Per Figure 5 take pin 20 to Vpp.
The device is now in the program inhibit mode of operation
with the output lines in a high impedance state; see Figure
5. Again per Figure 5 address, program, and verify one
byte of data. Repeat this for each location to be pro-
grammed.

If the brute force programming method is used, the pulse
width of the program pulse should be 10 ms, and each
location is programmed with a single pulse. Any location
that fails to verify causes the device to be rejected.

If the intelligent programming technique is used, the pro-
gram pulse width should be 100 us. Each location is ulti-
mately programmed and verified until it verifies correctly
up to and including 4 times. When the location verifies, one

additional programming pulse should be applied of dura-
tion 24X the sum of the previous programming pulses be-
fore advancing to the next address to repeat the process.

Blank Check

A virgin device contains neither one’s nor zero’s because of
the differential cell used for high speed. To verify that a
PROM is unprogrammed, use the two blank check modes
provided in Table 3. In both of these modes, address and
read locations O thru 511. A device is considered virgin if
all locations are respectively “1’s” and “0’s” when ad-
dressed in the “BLANK ONES AND ZEROS” modes.

Because a virgin device contains neither ones nor zeros, it
is necessary to program both one’s and zero’s. It is recom-
mended that all locations be programmed to ensure that
ambiguous states do not exist.

PROGRAM
OTHER BYTES
le————————— PROGRAM VERIFY —
Vinp — — — ol G
, 2 J
ADDRESS \ ADDRESS STABLE
Vit - - - { §
- tas 27
v tos —{ tpV j&—
IHp — — — —\
DATA .___< DATAIN DATA OUT { 5
Vit — — - R fe— -'—L H tF
tas —1 tDH l—toz ;
= {5
PROGRAMMING
VOLTAGE (PIN 20)
Vip — — —
ViLe - - —
tpp —on
Vinp — = — {
J
Fom A ’
ViLe - - -
tvp tvp ——»
Vivp - — - S S
vEY 3‘ 7L
ViLp - — —

0020-10

Figure 5. PROM Programming Waveforms
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Ordering Information

Speed . .
ns Ordering Package Operating
Code Type Range
tsA tco
30 15 CY7C225-30PC P13 Commercial
CY7C225-30DC D14
35 20 CY7C225-35DMB D14 Military
40 25 CY7C225-40PC P13 Commercial
CY7C225-40DC Di4
CY7C225-40DMB D14 Military

3-12
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Features

e CMOS for optimum e 5V +10% Ve, commercial and
speed/power military

e High speed o TTL compatible I/O
— 30 ns max set-up e Direct replacement for bipolar

— 15 ns clock to output PROMs

Low power e Ca . .
. pable of withstanding greater

— 495 mW (commercial) M

— 660 mW (military) than 2000V static discharge

Synchronous and asynchronous

output enables

Product Characteristics

The CY7C235 is a high performance
1024 word by 8 bit Electrically Pro-
grammable Read Only Memory pack-
aged in a slim 300 mil plastic or her-
metic DIP. The memory cells utilize
proven EPROM floating gate technolo-

On-chip edge-triggered registers

Programmable asynchronous
register (INIT)

EPROM technology, 100%

1024 x 8 Registered PROM

power, superior performance and high
programming yield. The EPROM cell
requires only 13.5V for the supervol-
tage and low current requirements al-
low for gang programming. The
EPROM cells allow for each memory
location to be tested 100%, as each lo-
cation is written into, erased, and re-
peatedly exercized prior to encapsula-
tion. Each PROM is also tested for AC
performance to guarantee that after
customer programming the product
will meet AC specification limits.

The CY7C235 has an asynchronous

initialize function (INIT). This func-
tion acts as a 1025th 8-bit word loaded

programmable gy and byte-wide intelligent program- into the on-chip register. It is user pro-
¢ Slim, 300 mi, 2 pin patc or g ponts grmmatle it oy deiedword
hermetic DIP The CY7C235 replaces bipolar devices o
function on the outputs.
and offers the advantages of lower
Logic Block Diagram Pin Configuration
T Ne
1 Az 1 e 24 [JVce
2o | ] 0; As[] 2 23[JAg
i‘ —1 Row 64 x 128 - o s 3 2[4
— x u 6 —
A; - o‘egc:o;ﬂ i> PROG:RARMAMVABLE MSLT}FS)LFE)‘(SER ] Aa(] 4 20 E__
:s N 0s A s 20 INTT
N nE 2 A2 6 19 [ Es
gg 8BIT 04 a7 18]ce
H -
25| TRIGGERED Ao(] 8 1o,
© <| REGISTER 03
A3 —] g E 00 9 16 [JOg
Az —] coLUMN - 02 0. 10 15 [10s
Ay —] ng(gt:gn o n 14 [J 04
Ag —] o Gho(] 12 13003
& % 0005-2
]
cp Abo—l— 3
e
E
0005-1
Selection Guide
7C235-30 7C235-40
Maximum Set-up Time (ns) 30 40
Maximum Clock to Output (ns) 15 20
Maximum Operating Commercial 90 90
Current (mA) Military 120
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Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Volume ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto + 125°C Latch-upCurrent.......................... >200 mA
Supply Voltage to Ground Potential .
(Pin 24 0PN 12) o veennnennnnnnn. —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient V.
in ngh ZState. ...t —0.5Vto +7.0V ange Temperature cc
DCInput Voltage ................... —3.0Vto +7.0V Commercial 0°C to + 70°C 5V +10%
DC Program Voltage (Pins 7, 18,20) ............. 14.0V Military(1] —55°Cto +125°C 5V +10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min., Max, Units
Vce = Min, Iog = —4.0mA
VoH Output HIGH Voltage VIN = Vg or VIL 24 v
Vcc = Min, IgL = 16 mA
VoL Output LOW Voltage VIN = Vigor VIL 0.4 \%
Guaranteed Input Logical HIGH
ViH Input HIGH Level Voltage for All Inputsl2] 2.0 A\
Guaranteed Input Logical LOW
ViL Input LOW Level Voltage for All Inputs(2] 0.8 \4
Irx Input Leakage Current GND < ViN < Vce —10 +10 MA
Input Clamp Diode
Vcp Voltage Note 6
Ioz Output Leakage Current GND < Vg < Vcc Output Disabled[4] —40 +40 BA
Output Short Circuit _ _ 3 _ _
Ios Current Vce = Max,, Vour = 0.0V[3] 20 %0 mA
C ial 90
Icc Power Supply Current GND_S VN < Vee ommerca mA
Vec = Max. Military 120
Capacitance!(S]
Parameters Description Test Conditions Max, Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz pF
Cout Output Capacitance Vce = 5.0V
Notes:

—

minute air flow.

2. These are absolute voltages with respect to device ground pin and
include all overshoots due to system and/or tester noise. Do not at-
tempt to test these values without suitable equipment (see Notes on

Testing).

w

. Extended temperature operation guaranteed with 400 linear feet per

4. For devices using the synchronous enable, the device must be clocked

after applying these voltages to perform this measurement.

pulses of less than 10 ns (measured at 50% point).

. For test purposes, not more than one output at a time should be

shorted. Short circuit test duration should not exceed 30 seconds.

3-14

5. Input and output capacitance edon a ple basis.
6. The CMOS process does not provide a clamp diode. However, the
CY7C235 is insensitive to —3V dc input levels and —5V undershoot
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Switching Characteristics Over Operating Range
Parameters Description 7€235-30 7C23540 Units

Min, Max Min., Max,

tSA Address Setup to Clock HIGH 30 40 ns
tHA Address Hold from Clock HIGH 0 0 ns
tco Clock HIGH to Valid Output 15 20 ns
tpwC Clock Pulse Width 15 20 ns
tSEg Es Setup to Clock HIGH 10 15 ns
tHEg Es Hold from Clock HIGH 5 5 ns
tpI Delay from INIT to Valid Output 25 35 ns
tRI INIT Recovery to Clock HIGH 20 20 ns
tPWI INIT Pulse Width 20 25 ns
tLzc Active Output from Clock HIGH!!] 20 25 ns
tHZC Inactive Output from Clock HIGHI1, 3] 20 25 ns
tLZE Active Output from E LOW[2] 20 25 ns
tHZE Inactive Output from E HIGHI2. 3] 20 25 ns

Notes:

1. Applies only when the synchronous (Es) function is used.
2. Applies only when the asynchronous (E) function is used.

3. Transition is measured at steady state High level —500 mV or steady
state Low level + 500 mV on the output from the 1.5V level on the
input with loads shown in Figure 1b.

AC Test Loads and Waveforms (5, 6, 7]

4. Tests are performed with rise and fall times of 5 ns or less.

5. See Figure Ia for all switching characteristics except tyz.

6. See Figure 1b for tyz.

7. All device test loads should be located within 2” of device outputs.

R1250 Q R1250Q ALL INPUT PULSES
5V 5V 30V \ )
90% 90%
OUTPUT ouTPUT
10% 10%
R2 5 pF S R2 6o
S0 pF 167 2 s 1679 <Sns <5ns
INCLUDING INCLUDING . 0005-5
L JGAND L - JIG AND = Figure 2
= SCOPE = = SCOPE -
0005-3
Figure 1a Figure 1b
Equivalent to:
THEVENIN EQUIVALENT
100 2
OUTPUT O————AAA————0 20V
0005-4

Functional Description

The CY7C235 is a CMOS Electrically Programmable
Read Only Memory organized as 1024 word x 8-bits and is
a pin-for-pin replacement for bipolar TTL fusible link
PROMs. The CY7C235 incorporates a D-type, masterslave
register on chip, reducing the cost and size of pipelined
microprogrammed systems and applications where ac-
cessed PROM data is stored temporarily in a register. Ad-
ditional flexibility is provided with synchronous (Es) and
asynchronous (E) output enables and asynchronous initiali-
zation (INIT).

Upon power-up, the synchronous enable (Es) flip-flop will
be in the set condition causing the outputs (Og—07) to be
in the OFF or high impedance state. Data is read by

3-15

applying the memory location to the address input (Ag—
Ay) and a logic LOW to the enable (Es) input. The stored
data is accessed and loaded into the master flip-flops of the
data register during the address set-up time. At the next
LOW-to-HIGH transition of the clock (CP), data is trans-
ferred to the slave flip-flops, which drive the output buff-
ers, and the accessed data will appear at the outputs (Op—
07) provided the asynchronous enable (E) is also LOW.

The outputs may be disabled at any time by switching the
asynchronous enable (E) to a logic HIGH, and may be
returned to the active state by switching the enable to a
logic LOW.
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Functional Description (Continued)

Regardless of the condition of E, the outputs will go to the
OFF or high impedance state upon the next positive clock
edge after the synchronous enable (Eg) input is switched to
a HIGH level. If the synchronous enable pin is switched to
a logic LOW, the subsequent positive clock edge will re-
turn the output to the active state if E is LOW. Following a
positive clock edge, the address and synchronous enable
inputs are free to change since no change in the output will
occur until the next low to high transition of the clock.
This unique feature allows the CY7C235 decoders and
sense amplifiers to access the next location while previously
addressed data remains stable on the outputs.

System timing is simplified in that the on-chip edge trig-
gered register allows the PROM clock to be derived direct-
ly from the system clock without introducing race condi-
tions. The on-chip register timing requirements are similar
to those of discrete registers available in the market.

Switching Waveforms

The CY7C235 has an asynchronous initialize input (INIT).
The initialize function is useful during power-up and time-
out sequences and can facilitate implementation of other
sophisticated functions such as a built-in “jump start” ad-
dress. When activated the initialize control input causes the
contents of a user programmed 1025th 8-bit word to be
loaded into the on-chip register. Each bit is programmable
and the initialize function can be used to load any desired
combination of “1”’s and “0”s into the register. In the un-
programmed state, activating INIT will generate a register
CLEAR (all outputs LOW). If all the bits of the initialize
word are programmed, activating INIT performs a register
PRESET (all outputs HIGH).

Applying a LOW to the INIT input causes an immediate
load of the programmed initialize word into the master and
slave flip-flops of the register, independent of all other in-
puts, including the clock (CP). The initialize data will ap-
pear at the device outputs after the outputs are enabled by
bringing the asynchronous enable (E) LOW.

fe— 'HA-1 tsa ——1-4— tHA
AO'A1° ﬂ
1SEg—>te—tHEg tseg —>te—tHEg
LT
tSEg—wte—tHES ! j '
W C— tPWC - tPwC - |
o f YY{ ] AR\
e tpwc te—tpweC 4tpwc}
NOTE 5 NOTE 5
00-07 AN 4 I\ a
NOTE 5 NOTES “
— tLze —
tco le—tuze —» le— tLzC —o| le—tco tHZzE LZE
E
to1 | tRI
INIT
tpwi
0005-6
Notes on Testing

Incoming test procedures on these devices should be carefully planned,
taking into account the high performance and output drive capabilities of
the parts. The following notes may be useful.

1.

Ensure that adequate decoupling capacitance is employed across the
device Vcc and ground terminals. Multiple capacitors are recom-
mended, including a 0.1 wF or larger capacitor and a 0.01 pF or
smaller capacitor placed as close to the device terminals as possible.
Inadequate decoupling may result in large variations of power supply
voltage, creating erroneous function or transient performance failures.

. Do not leave any inputs disconnected (floating) during any tests.

w

. Do not attempt to perform threshold tests under AC conditions.
Large amplitude, fast ground current transients normally occur as the
device outputs discharge the load capacitances. These transients flow-
ing through the parasitic inductance between the device ground pin
and the test system ground can create significant reductions in observ-
able input noise immunity.

4. Output levels are measured at 1.5V reference levels.

5. Transition is measured at steady state HIGH level —500 mV or

steady state LOW level + 500 mV on the output from the 1.5V level

on inputs with load shown in Figure 1b.
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Typical DC and AC Characteristics
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Device Programming

Overview:

There are two independent programmable functions con-
tained in the 7C235 CMOS 1K x 8 Registered PROM,; the
1K x 8 array, and the initial byte. All of the programming
elements are “EPROM?” cells, and are in an erased state
when the device is shipped. The erased state for the “INI-
TIAL BYTE” is all “0’s” or “LOW®. The “INITIAL
BYTE” may be accessed operationally thru the use

DC Programming Parameters T = 25°C

of the initialize function. The 1K x 8 array uses a differen-
tial memory cell, with differential sensing techniques. In
the erased state the cell contains neither a one nor a zero.
The erased state of this array may be verified by using the
“BLANK CHECK ONES” and “BLANK CHECK ZE-
ROS” function, see Table 3.

Table 1
Parameter Description Min. Max. Units
vpplll Programming Voltage 13.0 14.0 A
Vcer Supply Voltage 4.75 5.25 A\
Viup Input High Voltage 3.0 \
ViLp Input Low Voltage 0.4 v
Voul2 Output High Voltage 2.4 A%
Vor[2 Output Low Voltage 0.4 \
Ipp Programming Supply Current 50 mA
AC Programming Parameters To = 25°C
Table 2

Parameter Description Min, Max. Units
tpp Programming Pulse Width 100 10,000 us
tAS Address Setup Time 1.0 us
tps Data Setup Time 1.0 s
tAH Address Hold Time 1.0 us
tDH Data Hold Time 1.0 us
tR,tel3) Vpp Rise and Fall Time 1.0 s
tvD Delay to Verify 1.0 us
tvp Verify Pulse Width 2.0 us
tpv Verify Data Valid 1.0 us
tpz Verify HIGH to High Z 1.0 us

Notes:

1. Vccp must be applied prior to Vpp.
2. During verify operation.

3. Measured 10% and 90% points.
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Mode Selection
Table 3
Pin Function
Read or Output Disable Az CP Es INIT E Ay Outputs
Mode Other Az PGM VFY Vpp E Ay 9-11,13-17)
Pin (6) (18) 19 (20) @n D
Read[2,3] X X ViL Vi ViL X Data Out
Output Disablel] X X Vid ViH X X HighZ
Output Disable X X X Vin ViH X HighZ
Initialize X X X Vi Vi X 1025th word
Programl14] X ViLp ViHp Vpp ViLp X Data In
Program Verify[1:4] X Viup ViLp Vep Viup X Data Out
Program Inhibit(1,4] X ViHp ViHp Vpp VIHP X High Z
Intelligent Program/1,4] X VILP VIHP Vpp VIHP X Data In
Program Initial Bytel[4] ViLp ViLp Vigp Vpp VIHP Vpp Data In
Blank Check Ones(1.4] X Vpp ViLp ViLp ViLp X Ones
Blank Check Zeros[1:4] X Vpp Vinp ViLp ViLp X Zeros

Notes:

1. X = Don’t care but not to exceed Vpp.

2. During read operation, the output latches are loaded on a “0” to “1”
transition of CP.

3. Pin 19 must be LOW prior to the “0” to “1” transition on CP (18)
that loads the register.

A A 24 [JVee
A 2 230 As
As[]3 22[Aq
Ai(] 4 21 E
Az[] s 20 [ VPP (INIT)
A2 6 19 [J VFV (Es)
A 18 [JPGM (cP)
Aoa 8 1700y
Do 9 16 [1Dg
D[ 10 15 [1Ds
o 1 14 [1Da
vss([ 12 13003

0005-8
Figure 3. Programming Pinouts

4. During programming and verification, all unspecified pins to be at
ViLp.

5. Pin 19 must be HIGH prior to the “0” to “1” transition on CP (18)
that loads the register.

The CY7C235 programming algorithm allows significantly
faster programming than the “worst case” specification of
10 msec.

Typical programming time for a byte is less than 2.5 msec.
The use of EPROM cells allows factory testing of pro-
grammed cells, measurement of data retention and erasure
to ensure reliable data retention and functional perform-
ance. A flowchart of the algorithm is shown in Figure 4.

The algorithm utilizes two different pulse types: initial and
overprogram. The duration of the PGM pulse (tpp) is 0.1
msec which will then be followed by a longer overprogram
pulse of 24 (0.1) (X) msec. X is an iteration counter and is
equal to the NUMBER of the initial 0.1 msec pulses ap-
plied before verification occurs. Up to four 0.1 msec pulses
are provided before the overprogram pulse is applied.

The entire sequence of program pulses and byte verifica-
tions is performed at Vccp = 5.0V. When all bytes have
been programmed all bytes should be compared (Read
mode) to original data with Vcc = 5.0V.
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START
Vcep = 5.0V, Vpp = 135V

ADDR 1ST LOCATION

PROGRAM ONE PULSE
OF 0.1 msec

FAIL

X=X+1

X=4?

YES

NO

VERIFY ONE BYTE?

PASS

PROGRAM ONE PULSE
OF 24 (0.1) (X) msec

YES

VERIFY BYTE

FAIL

DEVICE BAD

} Pass

NO

INC. ADDR

NO

LAST ADDRESS?

YES

READ ALL BYTES?
Vee =5.0

FAIL

DEVICE BAD

PASS

DEVICE GOOD

Figure 4. Programming Flowchart
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Programming Sequence 1K x 8 Array

Power the device for normal read mode operation with pin
18, 19, 20 and 21 at VY. Per Figure 6 take pin 20 to Vpp.
The device is now in the program inhibit mode of operation
with the output lines in a high impedance state; see Figures
5 and 6. Again per Figure 6 address program and verify
one byte of data. Repeat this for each location to be pro-
grammed.

If the brute force programming method is used, the pulse
width of the program pulse should be 10 ms, and each

location is programmed with a single pulse. Any location
that fails to verify causes the device to be rejected.

If the intelligent programming technique is used, the pro-
gram pulse width should be 100 us. Each location is ulti-
mately programmed and verified until it verifies correctly
up to and including 4 times. When the location verifies, one
additional programming pulse should be applied of dura-
tion 24X the sum of the previous programming pulses be-
fore advancing to the next address to repeat the process.

PROGRAM
OTHER BYTES
PROGRAM <
VERIFY —5
Vinp = ~ -
ADDRESS ){ ADDRESS STABLE
- { G
Viee v 4 ¥
tp: tov
Vinp ~ — - 2
DATA —_‘ DATAIN DATA OUT -4 5
Y
Vpp — — — - tan jA' r‘;
PROGRAMMING
VOLTAGE (PIN 20)
Vine - — —
Vie - - — .
PP —o
ViHp = — — { G
FGM [_ DT
Vie - - -
[e—— typ ——te—— typ ——=|
ViHp - — — { S
S
ViLp - -~ 0005-10
Figure 5. PROM Programming Waveforms
v PROGRAM
HP - - -
Az \ 7!
Viee — - —
le— tr
Vpp — ~ —
Ay
Vinp = — —
ViLe — — -
tos  fe— —»| ton -
Vinp — - —
DATA DATA IN
ViLe — - — M 44
fe————— tAs ————— tan
Vpp — — —
PROGRAMMING
VOLTAGE (PIN 20)
Vinp — — —
le— tr — t
Viep - — - top
Vine — — —
PGM 3( 7£
Viee — - —
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Figure 6. Initial Byte Programming Waveforms
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Programming the Initial Byte

The CY7C235 registered PROM has a 1025th byte of data
used to initialize the value of the register. This initial byte
is value “0” when the part is received. If the user desires to
have a value other than “0” for register initialization, this
must be programmed into the 1025th byte. This byte is
programmed in a similar manner to the 1024 normal bytes
in the array except for two considerations. First, since all of
the normal addresses of the part are used up, a super volt-
age will be used to create additional effective addresses.
The actual address has Vpp on A1 pin 7, and Vi p on Ay,
pin 6, per Table 3. The programming and verification of
“INITIAL BYTE” is accomplished operationally by per-
forming an initialize function.

Ordering Information

Speed 3 .
ns Ordering Package | Operating
Code Type Range
tsa | tco
30 15 | CY7C235-30PC P13 Commercial
CY7C235-30DC D14
40 20 | CY7C235-40PC P13 Commercial
CY7C235-40DC D14
CY7C235-40DMB D14 Military
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Blank Check

A virgin device contains neither one’s nor zero’s because of
the differential cell used for high speed. To verify that a
PROM is unprogrammed, use the two blank check modes
provided in Table 3. In both of these modes, address and
read locations O thru 1023. A device is considered virgin if
all locations are respectively “1’s” and “0’s” when address-
es in the “BLANK ONES AND ZEROS” modes.

Because a virgin device contains neither ones nor zeros, it
is necessary to program both one’s and zero’s. It is recom-
mended that all locations be programmed to ensure that
ambiguous states do not exist.



Features

e CMOS for optimum
speed/power

High speed

— 35 ns max set-up

— 15 ns clock to output

Low power
— 495 mW (commercial)
— 660 mW (military)

Programmable synchronous or
asynchronous output enable

On-chip edge-triggered registers

Programmable asynchronous

register

¢ EPROM technology, 100%
programmable

e Slim, 300 mil, 24 pin plastic or

hermetic DIP

CYT7C245

e 5V +10% Vcc, commercial and
military
e TTL compatible I/0

e Direct replacement for bipolar
PROMs

e Capable of withstanding greater
than 2000V static discharge

Product Characteristics

The CY7C245 is a high performance
2048 word by 8 bit Electrically Pro-
grammable Read Only Memory pack-
aged in a slim 300 mil plastic or her-
metic DIP. The memory cells utilize
proven EPROM floating gate technolo-
gy and byte-wide intelligent program-
ming algorithms.

The CY7C245 replaces bipolar devices
and offers the advantages of

2048 x 8 Registered PROM

lower power, superior performance and
high programming yield. The EPROM
cell requires only 13.5V for the super-
voltage and low current requirements
allow for gang programming. The
EPROM cells allow for each memory
location to be tested 100%, as each lo-
cation is written into, erased, and re-
peatedly exercized prior to encapsula-
tion. Each PROM is also tested for AC
performance to guarantee that after
customer programming the product
will meet AC specification limits.

The CY7C245 has an asynchronous
initialize function (INIT). This func-
tion acts as a 2049th 8-bit word loaded
into the on-chip register. It is user pro-
grammable with any desired word or
may be used as a PRESET or CLEAR
function on the outputs.

Logic Block Diagram Pin Configuration
i PD— | ‘
A _4 A;[j“ 1 ~  2aPvee
;: ] 7] 07 As] 2 23[]As
As —] ROW 128 x 128 ] s} 3 2214
A7 —] DECODER 8x10F 16 Qs
Ag —J 10F 128 D ROy BLE -\ MULTIPLEXER |o] A e 2 3‘2_
As _/ - 0s Az s 20 []iNTT
A u EE Az s 19 [N E/Es
NEHELL [ a7 1ece
w -
EE TRIGGERED e B 7oy
L REGISTER 03 0o 9 16 106
A3 —] g2 o o1 10 15 [J0s
Az —{ coLumn 2
Az‘ ] n‘zg?:r:Ea o n 14 [J04
An o GND[] 12 1303
0016-2
PROGRAMMABLE o3 ©o
BEs — MULTIPLEXER
cp__Do_r c
0016-1
Selection Guide
7C245-35 7C245-45
Maximum Set-up Time (ns) 35 45
Maximum Clock to Output (ns) 15 25
Maximum Operating Commercial 90 90
Current (mA) Military 120
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Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (Per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent ................cooiiua... >200 mA
Supply Voltage to Ground Potential .
(Pin 24 tO PIn 12). - v oveenseeenes —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient V.
inHighZState. .............c.ennn.. —0.5V to +7.0V ange Temperature cc
DC Input Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
DC Program Voltage (Pins 7, 18,20) ............. 14.0V Militaryl[1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min. Max Units
Vcc = Min, Iog = —4.0mA
VoH Output HIGH Voltage VIN = Vigor ViL 24 A\
Vcc = Min, IoL = 16 mA
VoL Output LOW Voltage VIN = Vg or ViL 0.4 A\
Guaranteed Input Logical HIGH
ViH Input HIGH Level Voltage for All Inputsl2] 2.0 v
Guaranteed Input Logical LOW
ViL Input LOW Level Voltage for All Inputsm 0.8 \4
Irx Input Leakage Current GND < VIN £ Ve —-10 +10 HA
Input Clamp Diode
Vcp Voltage Note 6
Ioz Output Leakage Current GND < Vg < Vcc Output Disabled[4] —40 +40 A
Output Short Circuit _ _ B3] _ _
Ios Current Vcc = Max, Voyurt = 0.0V 20 90 mA
Icc Power Supply Current sND_SJ IN < Vce Commercial %0 mA
cc = Max. Military 120
Capacitance!(S!
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 5
- Vee = 5.0V PF
Cout Output Capacitance cc : 8
Notes:
1. Extended temperature operation guaranteed with 400 linear feet per 4. For devices using the synchronous enable, the device must be clocked
minute air flow. after applying these voltages to perform this measurement.
2. These are absolute voltages with respect to device ground pin and 5. Input and output capacitance measured on a sample basis.
include all overshoots due to system and/or tester noise. Do not at- 6. The CMOS process does not provide a clamp diode. However, the

tempt to test these values without suitable equipment (see Notes on
Testing).

. For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.

w

CY7C245 is insensitive to —3V dc input levels and —5V undershoot
pulses of less than 10 ns (measured at 50% point).
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Switching Characteristics Over Operating Range
Parameters Description 7C245-35 7C245-45 Units

Min. Max. Min. Max.

tSA Address Setup to Clock HIGH 35 45 ns
tHA Address Hold from Clock HIGH 0 0 ns
tco Clock HIGH to Valid Output 15 25 ns
tPWC Clock Pulse Width 20 20 ns
tSEg Es Setup to Clock HIGH 15 15 ns
tHEg Es Hold from Clock HIGH 5 5 ns
tpI Delay from INIT to Valid Output 20 35 ns
tRI INIT Recovery to Clock HIGH 20 20 ns
tPWI INIT Pulse Width 20 25 ns
tLzZC éf;;e}%lg[g[t 1 grom 20 30 ns
tHZC Inactive Output from Clock HIGHI!, 31 20 30 ns
tLZE Active Output from E LOW[2] 20 30 ns
tHZE g‘:{g‘}’{%“gﬁ’“‘ from 20 30 ns

Notes:

—

. Applies only when the synchronous (Es) function is used.
2. Applies only when the asynchronous (E) function is used.

3. Transition is measured at steady state High level —500 mV or steady
state Low level + 500 mV on the output from the 1.5V level on the
input with loads shown in Figure 1b.

AC Test Loads and Waveforms!5; 6, 7]

R1250 Q2 R1250Q
5V O—AWVW— 5V
ouTPUT OT—-‘L ouTPUT
S R2
S0eF g1 seF e
Imcn.unmc INCLUDING
JIG AND —L_JIG AND -
= SCOPE = = SCOPE =
0016-3
Figure 1a Figure 1b
Equivalent to:
THEVENIN EQUIVALENT
100 2
OUTPUT O—— WWA——0Q 20V 0016-4

Functional Description

The CY7C245 is a CMOS Electrically Programmable
Read Only Memory organized as 2048 words x 8-bits and
is a pin-for-pin replacement for bipolar TTL fusible link
PROMs. The CY7C245 incorporates a D-type, master-
slave register on chip, reducing the cost and size of pipe-
lined microprogrammed systems and applications where
accessed PROM data is stored temporarily in a register.
Additional flexibility is provided with a programmable
synchronous (Es) or asynchronous (E) output enable and
asynchronous initialization (INIT).

Upon power-up the state of the outputs will depend on the
programmed state of the enable function (Es or E). If the
synchronous enable (Eg) has been programmed-in, the reg-
ister will be in the set condition causing the outputs

4. Tests are performed with rise and fall times of 5 ns or less.

5. See Figure la for all switching characteristics except tHz.

6. See Figure 1b for tyz.

7. All device test loads should be located within 2” of device outputs.

ALL INPUT PULSES
30V

1 {
90% 90%
10%
GND 0%
<5ns L— <5ns

Figure 2
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(Op-07) to be in the OFF or high impedance state. If the
asynchronous enable (E) is being used, the outputs will
come up in the OFF or high impedance state only if the
enable (E) input is at a HIGH logic level. Data is read by
applying the memory location to the address inputs
(Ao—A]0) and a logic LOW to the enable input. The stored
data is accessed and loaded into the master flip-flops of the
data register during the address set-up time. At the next
LOW-to-HIGH transition of the clock (CP), data is trans-
ferred to the slave flip-flops, which drive the output buff-
ers, and the accessed data will appear at the outputs
(00-07).

If the asynchronous enable (E) is being used, the outputs
may be disabled at any time by switching the enable to a
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Functional Description (Continued)

logic HIGH, and may be returned to the active state by
switching the enable to a logic LOW.

If the synchronous enable (Eg) is being used, the outputs
will go to the OFF or high impedance state upon the next
positive clock edge after the synchronous enable input is
switched to a HIGH level. If the synchronous enable pin is
switched to a logic LOW, the subsequent positive clock
edge will return the output to the active state. Following a
positive clock edge, the address and synchronous enable
inputs are free to change since no change in the output will
occur until the next low to high transition of the clock.
This unique feature allows the CY7C245 decoders and
sense amplifiers to access the next location while previously
addressed data remains stable on the outputs.

System timing is simplified in that the on-chip edge trig-
gered register allows the PROM clock to be derived direct-
ly from the system clock without introducing race condi-
tions. The on-chip register timing requirements are similar
to those of discrete registers available in the market.

Switching Waveforms

The CY7C245 has an asynchronous initialize input (INIT).
The initialize function is useful during power-up and time-
out sequences and can facilitate implementation of other
sophisticated functions such as a built-in “jump start” ad-
dress. When activated the initialize control input causes the
contents of a user programmed 2049th 8-bit word to be
loaded into the on-chip register. Each bit is programmable
and the initialize function can be used to load any desired
combination of “1”’s and “0”’s into the register. In the un-
programmed state, activating INIT will generate a register
CLEAR (all outputs LOW). If all the bits of the initialize
word are programmed, activating INIT performs a register
PRESET (all outputs HIGH).

Applying a LOW to the INIT input causes an immediate
load of the programmed initialize word into the master and
slave flip-flops of the register, independent of all other in-
puts, including the clock (CP). The initialize data will ap-
pear at the device outputs after the outputs are enabled by
bringing the asynchronous enable (E) LOW.

-—‘HA——I tsA —>{e—tHA
Ao—A10 M
tSEg—>te—tHEg fe—tsEg—>re—tHEg
LT
tSEg—a—tHES ! '
tpwc—{ towe > towe > .
S @E 1 AR
= tewc Fe—tPWC e tPWC
} r NOTE 5 A\ NOTE S
00-07
NOTE 5 I 1 NOTES “
tco re—1tHZC —> l—— tL2C —~ le—1co tHze tLze
E
to1 | R
INIT
tpwi
0016-6
Notes on Testing

Incoming test procedures on these devices should be carefully planned,
taking into account the high performance and output drive capabilities of
the parts. The following notes may be useful.

. Ensure that adequate decoupling capacitance is employed across the
device Vcc and ground terminals. Multiple capacitors are recom-
mended, including a 0.1 wF or larger capacitor and a 0.01 uF or
smaller capacitor placed as close to the device terminals as possible.
Inadequate decoupling may result in large variations of power supply
voltage, creating erroneous function or transient performance failures.

. Do not leave any inputs disconnected (floating) during any tests.

—

(5]
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w

. Do not attempt to perform threshold tests under AC conditions.

Large amplitude, fast ground current transients normally occur as the

device outputs discharge the load capaci These transi flow-

ing through the parasitic inductance between the device ground pin

and the test system ground can create significant reductions in observ-

able input noise immunity.

Output levels are measured at 1.5V reference levels.

. Transition is measured at steady state HIGH level —500 mV or
steady state LOW level + 500 mV on the output from the 1.5V level
on inputs with load shown in Figure 1b.

s
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Typical DC and AC Characteristics

NORMALIZED CLOCK TO OUTPUT TIME NORMALIZED Icc

OUTPUT SOURCE CURRENT (mA)

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16
14 /
1.2
1.0 /
08
/ Ta = 25°C
= MAX.
06 .
4.0 45 5.0 5.5 6.0
SUPPLY VOLTAGE (V)
CLOCK TO OUTPUT TIME

16 vs. TEMPERATURE

10
08
0.6
-55 25 125
AMBIENT TEMPERATURE (°C)
OUTPUT SOURCE CURRENT

vs. VOLTAGE
60

MANS
» AN

N

0
[] 1.0 20 3.0 40

OUTPUT VOLTAGE (V)

NORMALIZED SETUP TIME NORMALIZED icc

DELTA tapa (ns)

NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

12

-
-

-
o

0.90

\

0.80
-55 25 125

AMBIENT TEMPERATURE (*C)

NORMALIZED SETUP TIME
vs. SUPPLY VOLTAGE

1.2

’\\

08 \
0.6
Ta = 25°C
0.4 |
4.0 45 5.0 55 6.0

SUPPLY VOLTAGE (V)

TYPICAL ACCESS TIME CHANGE
vs. OUTPUT LOADING

/
/ Ta =25°C

// Vec =45V

(] 200 400 600 800
CAPACITANCE (pF)

1000
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NORMALIZED SETUP NORMALIZED CLK TO OUTPUT TIME

OUTPUT SINK CURRENT (mA)

CLOCK TO OUTPUT TIME
vs. Voo

16

1.0
N

08

Ta = 25°C

0.6
40 45 5.0 55 6.0

SUPPLY VOLTAGE (V)

NORMALIZED SETUP TIME
vs. TEMPERATURE

1.0

08

06
-55 25 125

AMBIENT TEMPERATURE (°C)

OUTPUT SINK CURRENT

vs. OUTPUT VOLTAGE
175

150
125 ]

100
o

50

25 /

0
0.0 1.0 20 3.0 4.0
OUTPUT VOLTAGE (V)

Vee =50V
Ta =25°C
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Device Programming
OVERVIEW:

These are three independent programmable functions con-
tained in the 7C245 CMOS 2K x 8 Registered PROM; the
2K x 8 array, the initial byte, and the synchronous enable
bit. All of the programming elements are “EPROM?” cells,
and are in an erased state when the device is shipped. This
erased state manifests itself differently in each case. The
erased state for ENABLE bit is the “ASYNCHRONOUS
ENABLE” mode. The erased state for the “INITIAL

DC Programming Parameters T, = 25°C

BYTE” is all “0’s” or “LOW?”. The “INITIAL BYTE”
may be accessed operationally thru the use of the initialize
function. The 2K x 8 array uses a differential memory cell,
with differential sensing techniques. In the erased state the
cell contains neither a one nor a zero. The erased state of
this array may be verified by using the “BLANK CHECK
ONES” and “BLANK CHECK ZEROS” function, see
Table 3.

Table 1
Parameter Description Min. Max Units
vppll] Programming Voltage 13.0 14.0 \'
Vcep Supply Voltage 4.75 5.25 v
Vinp Input High Voltage 3.0 \4
ViLp Input Low Voltage 0.4 v
Vonl2l Output High Voltage 24 v
Vorl2] Output Low Voltage 0.4 \%
Ipp Programming Supply Current 50 mA
AC Programming Parameters T, = 25°C
Table 2

Parameter Description Min. Max Units
tpp Programming Pulse Width 100 10,000 us
tAs Address Setup Time 1.0 us
tps Data Setup Time 1.0 us
tAH Address Hold Time 1.0 ns
tDH Data Hold Time 1.0 us
tg, tgl3] Vpp Rise and Fall Time 1.0 ps
tvD Delay to Verify 1.0 us
tvp Verify Pulse Width 2.0 us
tpv Verify Data Valid 1.0 us
tpz Verify HIGH to High Z 1.0 us

Notes:

1. Vccp must be applied prior to Vpp.
2. During verify operation.

3. Measured 10% and 90% points.
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Mode Selection
Table 3
Pin Function
Mode Read or Output Disable As CP l_i—/l_is INIT A Outputs
Other A2 PGM VFY Vpp A1 9-11,13-17)
Pin 6) (18) 19) 20 (@)
Read[2.3] X X ViL Vin X Data Out
Output Disablel5] X X VIH VIH X High Z
Programl1.4] X ViLp ViHpP Vpp X Data In
Program Verify(1,4] X Viap ViLp Vpp X Data Out
Program Inhibit(1,4] X ViHp VIHP Vpp X High Z
Intelligent Program/(1,4] X ViLp VIHP Vpp X Data In
Program Synch Enablel4] ViHp ViLp VIHP Vpp Vpp HighZ
Program Initial Bytel4] ViLp ViLp VIHP Vpp Vpp Data In
Blank Check Onesl[1:4] X Vpp ViLp ViLp X Ones
Blank Check Zeros[1:4] X Vep Viup ViLp X Zeros

Notes:

1. X = Don’t care but not to exceed Vpp.

2. During read operation, the output latches are loaded on a “0” to “1”
transition of CP.

3. If the registered device is being operated in a synchronous mode, pin
19 must be LOW prior to the “0” to “1” transition on CP (18) that
loads the register.

A0 o 24 OVce

As(] 2 23[0As

As[] 3 224

L 210 A

A3[] s 20 [J VPP (INIT)
A2 e 19 BW(E/ES)
Mo 18 [JPGM (cP)
Aol s 17[do;

Do 9 16 [JDg

D[ 10 1505

D20 n 14 [J0s

Vss [ 12 13703

0016-8
Figure 3. Programming Pinouts
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4. During programming and verification, all unspecified pins to be at
ViLp.

5. If the registered device is being operated in a synchronous mode, pin
19 must be HIGH prior to the “0” to “1” transition on CP (18) that
loads the register.

The CY7C245 programming algorithm allows significantly
faster programming than the “worst case” specification of
10 msec.

Typical programming time for a byte is less than 2.5 msec.
The use of EPROM cells allows factory testing of pro-
grammed cells, measurement of data retention and erasure
to ensure reliable data retention and functional perform-
ance. A flowchart of the algorithm is shown in Figure 4.

The algorithm utilizes two different pulse types: initial and
overprogram. The duration of the PGM pulse (tpp) is 0.1
msec which will then be followed by a longer overprogram
pulse of 24 (0.1) (X) msec. X is an iteration counter and is
equal to the NUMBER of the initial 0.1 msec pulses ap-
plied before verification occurs. Up to four 0.1 msec pulses
are provided before the overprogram pulse is applied.

The entire sequence of program pulses and byte verifica-
tions is performed at Vccp = 5.0V. When all bytes have
been programmed all bytes should be compared (Read
mode) to original data with Vcc = 5.0V.
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START
Veep = 5.0V, Vpp = 13.5V

ADDR 1ST LOCATION

PROGRAM ONE PULSE
OF 0.1 msec

FAIL

X=X+1

X=4?

YES

NO

VERIFY ONE BYTE?

PASS

PROGRAM ONE PULSE
OF 24 (0.1) (X) msec

X=4?

YES

VERIFY BYTE

FAIL

DEVICE BAD

| pass

NO

INC. ADDR

NO

LAST ADDRESS?

YES

READ ALL BYTES?
Ve =5.0

FAIL

DEVICE BAD

PASS

DEVICE GOOD

Figure 4. Programming Flowchart
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Programming Sequence 2K x 8 Array

Power the device for normal read mode operation with pin
18, 19 and 20 at Viy. Per Figure 6 take pin 20 to Vpp. The
device is now in the program inhibit mode of operation
with the output lines in a high impedance state; see Figures
5 and 6. Again per Figure 6 address program and verify
one byte of data. Repeat this for each location to be pro-

grammed.

If the brute force programming method is used, the pulse
width of the program pulse should be 10 ms, and each

PROGRAM

location is programmed with a single pulse. Any location
that fails to verify causes the device to be rejected.

If the intelligent programming technique is used, the pro-
gram pulse width should be 100 us. Each location is ulti-
mately programmed and verified until it verifies correctly
up to and including 4 times. When the location verifies, one
additional programming pulse should be applied of dura-
tion 24X the sum of the previous programming pulses be-
fore advancing to the next address to repeat the process.

PROGRAM
OTHER BYTES
VERIFY |

Vinp — - —

e
1
)

et

Viep - - -

ADDRESS STABLE

J

X

Vinp = — -

DATA
Viee — - =

tas

s

(e
J

A N

=)

tas

Vep — — —

—{ tpv F
DATA OUT

J
[

[=—toz

tAH

PROGRAMMING
VOLTAGE (PIN 20}

Vinp — = -

ViLe - - -

Vibp — — -

r—tn—n

—.It;
L G
D J

PCM

Vite — - -

Vinp — - -

T

VFY

ViLe - - -

j¢e—— tvp —>re—— typ ——n

N

g
T

(V2N

L
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Figure 5. PROM Programming Waveforms
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Ar

Vikp - - -
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Vinp - =~
DATA  c——

Viee - - -

Vep - — —

fe—————tas ——————f

tos

DATA IN

fe— — !nnr

)

tan

PROGRAMMING
VOLTAGE (PIN 20)

Vinp — - -

pe— tR
Viep - -~

Vinp — - —

o

PGM
Viee — - —

(W
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Figure 6. Initial Byte Programming Waveforms
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Programming the Initial Byte

The CY7C245 registered PROM has a 2049th byte of data
used to initialize the value of the register. This initial byte
is value “0” when the part is received. If the user desires to
have a value other than “0” for register initialization, this
must be programmed into the 2049th byte. This byte is
programmed in a similar manner to the 2048 normal bytes
in the array except for two considerations. First, since all of
the normal addresses of the part are used up, a super volt-
age will be used to create additional effective addresses.
The actual address has Vpp on A pin 7, and Vi p on Ay,
pin 6, per Table 3. The programming and verification of
“INITIAL BYTE” is accomplished operationally by per-
forming an initialize function.

Vinp — = —

Programming Synchronous Enable

The CY7C245 provides for both a synchronous and asyn-
chronous enable function. The device is delivered in an
asynchronous mode of operation and only requires that the
user alter the device if synchronous operation is required.
The determination of the option is accomplished thru the
use of an EPROM cell which is programmed only if syn-
chronous operation is required. As with the INITIAL byte,
this function is addressed thru the use of a supervoltage.
Per Table 3, Vpp is applied to pin 7 (A1) with pin 6 (A) at
Vigp. This addresses the cell that programs synchronous
enable. Programming the cell is accomplished with a 10 ms
program pulse on pin 18 (PGM) but does not require any
data as there is no choice as to how synchronous enable
may be programmed, only if it is to be programmed.

o A
Vie ——— —7

Vinp — - —

tas

PGM
Viee ———

)

taH

tas

ViHp — - —

tpp

VFY {
Viee - - - _—J

=R

tas —
Vpp — = —

Ay

ViHp ~ = —

—

ViLe = - -

fe— tg
Vep — — —

re— taH

PROGRAMMING
VOLTAGE (PIN 20)

ViHp — = —

ViLp ———

tF
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Figure 7. Program Synchronous Enable

Verification of Synchronous Enable

Verification of the synchronous enable function is accom-
plished operationally. Power the device for read operation
with pin 20 at Vyq, cause clock pin 18 to transition from
V1L to Vig. The output should be in a High Z state. Take
pin 20, ENABLE, to Vir. The outputs should remain in a
high Z state. Transition the clock from Vyi to Vig, the
outputs should now contain the data that is present. Again
set pin 19 to Viy. The output should remain driven. Clock-
ing pin 18 once more from Vyp, to Viy should place the
outputs again in a High Z state.

3-32

Blank Check

A virgin device contains neither one’s nor zero’s because of
the differential cell used for high speed. To verify that a
PROM is unprogrammed, use the two blank check modes
provided in Table 3. In both of these modes, address and
read locations O thru 2047. A device is considered virgin if
all locations are respectively “1’s” and ““0’s” when ad-
dressed in the “BLANK ONES AND ZEROS” modes.

Because a virgin device contains neither ones nor zeros, it
is necessary to program both one’s and zero’s. It is recom-
mended that all locations be programmed to ensure that
ambiguous states do not exist.
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Ordering Information
S':::d Ordering Package Operating
Code Type Range
tsa tco
35 15 CY7C245-35PC P13 Commercial
CY7C245-35DC D14
45 25 CY7C245-45PC P13 Commercial
CY7C245-45DC D14
CY7C245-45SDMB D14 Military
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Features

o CMOS for optimum speed/
power

o High speed
— 30 ns (commercial)
~— 45 ns (military)

o Low power
— 495 mW (commercial)
— 660 mW (military)

¢ EPROM technology 100%
programmable

e Slim 300 mil or standard 600
mil packaging available

e 5V +10% Vcc, commercial and
military

e TTL compatible I/0

¢ Direct replacement for bipolar
PROMs

CY7C281
CY7C282

e Capable of withstanding
> 2000V static discharge

Product Characteristics

The CY7C281 and CY7C282 are high
performance 1024 word by 8 bit CMOS
PROMs. They are functionally identi-
cal, but are packaged in 300 mil and
600 mil wide packages respectively.
The memory cells utilize proven
EPROM floating gate technology and
byte-wide intelligent programming al-
gorithms.

The CY7C281 and CY7C282 are plug-
in replacements for bipolar devices and
offer the advantages of lower power,
superior performance and program-
ming yield. The EPROM cell requires
only 13.5V for the supervoltage and

1024 x § PROM

low current requirements allow for
gang programming. The EPROM cells
allow for each memory location to be
tested 100%, as each location is written
into, erased, and repeatedly exercized
prior to encapsulation. Each PROM is
also tested for AC performance to
guarantee that after customer program-
ming the product will meet DC and
AC specification limits.

Reading is accomplished by placing an
active low signal on CS; and CS;, and
active high signals on CS3 and CS4.
The contents of the memory location
addressed by the address lines (Ag—Ag)
will become available on the output
lines (Og—-017).

Logic Block Diagram Pin Configurations
A Q1 ~ 24 [ Ve
As — ——?—07 As[ 2 23[JAs
Ag — As([] 3 22[]Ag
A, —] Row | e
Ao —] Oor e i) PROGRAMMABLE 8x10F 16 ?" Qe Al 4 21[1¢s,
As — ARRAY MULTIPLEXER Al s 2 e,
As — 20—05 A2 s 19[Jcss
- — A7 18 Jcs,
B’_ o Ade vho,
o 00 9 16 [1 06
.?— ’ o:J w0 15005
Az —
A COLUMN 02 o2 14 Ho
2 DECODER GND ([ 12 13003
Ar—1"10F 16 E
Ag — 01
Oo
cs;
sz
cs3
CSq
0009-1
Selection Guide
7C281-30 7C281-45
7C282-30 7C282-45
Maximum Access Time (ns) 30 45
Maximum Operating Commercial 100 90
Current (mA) Military 120
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Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883, Method 3015.2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent................cooiinnnn. >200 mA
Supply Voltage to Ground Potential .
(Pin24t0Pin 12). . ..vvoenreennnn.n.. —0.5V to +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient v
inHighZState. . ..ooovovvneeeenennnns —0.5Vto +7.0V ange Temperature cc
DClInput Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V +10%
DC Program Voltage (Pins 18,20) ............... 14.0V Militaryl(1] —55°Cto +125°C 5V £10%
Electrical Characteristics Over the Operating Range
7C281-30 7C281-45
Parameters Description Test Conditions 7C282-30 7C282-45 Units
Min. | Max. | Min. | Max.
Vou Output HIGH Voltage Vcc = Min, Iopg = —4.0mA 24 24 A\
VoL Output LOW Voltage Vcc = Min, IgL = 16.0 mA 0.4 04 \4
VIH Input HIGH Level(2] 2.0 2.0 \'
viL Input LOW Levell2] 0.8 0.8 v
Irx Input Current Vcc = Max, Vcc = GND -10 +10 | —10 +10 RA
Input Diode Clamp
Vcp Voltage Note 3 Note 3
Ioz Output Leakage Current | VoL < Vout < VoH, Output Disabled —40 | +40 | —40 | +40 RA
Output Short _ _ _ _ _ _
Ios Circuit Current4] Vcc = Max, Vout = GND 20 90 20 90 mA
Power Supply Vcc = Max,, Commercial 100 90 mA
Iec Current Iour = O0mA
OoUT Military 120 | mA
Capacitancel[5]
Parameters Description Test Conditions Max. Units
CiN Input Capacitance Ta = 25°C,f = 1 MHz 5 pF
Court Output Capacitance Vce = 5.0V 8
Notes:

—

minute of air flow.

2. These are absolute voltages with respect to device ground pin and
include all overshoots due to system and/or tester noise. Do not at-
tempt to test these values without suitable equipment.

. The CMOS process does not provide a clamp diode.

w

. Extended Temperature operation guarenteed with 400 linear feet per

However, the CY7C281 & CY7C282 are insensitive to —3V dc input

levels and — 5V undershoot pulses of less than 10 ns (measured at

50% point).
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4. For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.

5. Measured on a sample base.
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Switching Characteristics Over the Operating Rangel6]
CY7C281-30 CY7C281-45
Parameters Description CY7C282-30 CY7C282-45 Units
Min. Max. Min. Max.

tAA Address to Output Valid 30 45 ns

tHZCS Chip Select Inactive to High Z[7] 20 25 ns

tACS Chip Select Active to Output Valid 20 25 ns
AC Test Loads and Waveforms

R1250 Q R1250 . } —
5V O—————AMA— 5V O—— AAA— sov 0% 90%

OUTPUT

10%

b ouTPUT ) GND 10%

L <5us I‘— <Sus

S R2 < R2 0009-6
30 pF
P 1679 iNcLuoiNG T~ 3PF <

JIG AND
SCOPE

INCLUDING 167 Q i
16 AND Figure 2. Input Pulses
SCOPE
0009-4
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
100 2
OUTPUT O——AA—0 20V
0009-5
Ag-A1g *
ADDRESS
CS2-CS3
53}
taa thzcs — tacs ——
NOTE 7 /77
09p-07 (
NOTE 7 A\
0009-7
Notes:
6. Test conditions assume signal transition times of 5 ns or less, timing 7. tHzcs is tested with load shown in Figure 1b. Transition is measured
reference levels of 1.5V, output loading of the specified Ior/Ion and at steady state High level + 500 mV or steady state Low level + 500

loads shown in Figure la, 1b.

mYV on the output from the 1.5V level on the input.
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Typical DC and AC Characteristics

NORMALIZED ACCESS TIME NORMALIZED Icc

OUTPUT SINK CURRENT (mA)

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

1.6
14 /I
1.2
10
08
Ta = 25°C
f=MAX.
0.6 p—
40 45 5.0 55 6.0
SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME
vs. TEMPERATURE
6
14
1.2
1.0
/
08
0.6
-55 25 125
AMBIENT TEMPERATURE (C)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
175
150
/
100 /|
75
/ Vce =50V
50 / Ta = 25°C
25
0
0.0 1.0 20 30 40

OUTPUT VOLTAGE (V)

NORMALIZED Icc

OUTPUT SOURCE CURRENT (mA)

NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
12 1.2
w \
1 2 ~.
w
1%}
w
Q
E N\
10 o 08
w
N
-
g
0.90 Z o0s
\ z
2
Ta =25°C
0.80 04 |
-56 P 125 4.0 a5 5.0 55 6.0
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V)
OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE
vs. VOLTAGE vs. OUTPUT LOADING
60 30.0
50 25.0 =
40 \ 2 200 /
N :
30 < 150 74
LY
\ g /
20 M 8 100
/ Ta = 25°C
y, Vcc =45V
10 5.0
0 0.0
o 1.0 20 30 4.0 0 200 400 600 800 1000
OUTPUT VOLTAGE (V) CAPACITANCE (pF)
A e 24 [ Vee
as[] 2 23[JAs
As[] 3 22 [JAe
As[] s 21[3¢cs,
A3 s 20 [ Ver (CS2)
A2 e 19 [JVFY (CS3)
Al 18 [1PGM (CSq)
Ao s w70o,
Do[] 9 16 [J0¢
Dy 10 15[]Ds
024 11 14 [JDa
GND([] 12 13003

0009-9

Figure 3. Programming Pinout
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Programming Algorithm

START
Vcep =50V, Vpp = 135

ADDR 1ST LOCATION

FAIL

PROGRAM ONE PULSE
OF 0.1 msec

YES

NO

VERIFY ONE BYTE?

PASS

PROGRAM ONE PULSE
OF 24 (0.1) (X) msec

X=4

YES

VERIFY BYTE

FAIL

DEVICE BAD

| pass

NO

INC. ADDR

NO

LAST ADDRESS?

The CY7C281 and CY7C282 programming algorithm allows significantly faster programming than the “worst case” specification of 10 msec.

YES

READ ALL BYTES?
Vee =50V

FAIL

PASS

DEVICE GOOD

DEVICE BAD

0009-10

Typical programming time for a byte is less than 2.5 msec. The use of EPROM cells allows factory testing of programmed cells, measurement of data
retention and erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 4.

The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0.1 msec which will then be followed by a

longer overprogram pulse of 24 (0.1) (X) msec. X is an iteration counter and is equal to the NUMBER of the initial 0.1 msec pulses applied before

verification occurs. Up to four 0.1 msec pulses are provided before the overprogram pulse is applied.

The entire sequence of program pulses and byte venﬁcatlon is performed at Vcc = 5.0. When all bytes have been programmed all bytes should be
compared (Read mode) to original data with Vcc = 5.0V,

Figure 4. Programming Flowchart
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Programming Information

The 7C281 and 7C282 1K x 8 CMOS PROMs are imple-
mented with a differential EPROM memory cell. The
PROMS are delivered in an erased state, containing neither
“1s” nor “0s”. This erased condition of the array may be
assessed using the “BLANK CHECK ONES” and
“BLANK CHECK ZEROS” function, see below.

DC Programming Parameters To = 25°C

Blank Check

A virgin device contains neither ones nor zeros because of
the differential cell used for high speed. To verify that a
PROM is unprogrammed, use the two blank check modes
provided in Table 3. In both of these modes, address and
read locations O thru 1023. A device is considered virgin if
all locations are respectively “1s” and “Os” when addressed
in the “BLANK ONES AND ZEROS” modes.

Because a virgin device contains neither ones nor zeros, it
is neccessary to program both ones and zeros. It is recom-
mended that all locations be programmed to ensure that
ambiguous states do not exist.

Table 1
Parameter Description Min Max. Units
Vpp Programming Voltagelll 13.0 14.0 v
Vcep Supply Voltage 4.75 5.25 v
Viup Input HIGH Voltage 3.0 v
ViLp Input LOW Voltage 04 \4
Vou Output HIGH Voltage(2] 2.4 v
VoL Output LOW Voltagel2] 0.4 v
Ipp Programming Supply Current 50 mA
AC Programming Parameters T, = 25°C
Table 2

Parameter Description Min, Max, Units
tpp Programming Pulse Width(3] 100 10,000 ps
tAS Address Setup Time 1.0 us
tDs Data Setup Time 1.0 us
tAH Address Hold Time 1.0 [’
tDH Data Hold Time 1.0 us
tR, tF Vpp Rise and Fall Time[3] 1.0 ps
tvD Delay to Verify 1.0 us
typ Verify Pulse Width 2.0 us
tpv Verify Data Valid 1.0 us
tpz Verify to High Z 1.0 Mus

Notes:
1. Vccp must be applied prior to Vpp.
2. During verify operation.

3. Measured 10% and 90% points.
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Mode Selection
Table 3
Pin Function
Mode Read or Output Disable CS4 CS3 CS; CS1 Outputs
Other PGM VFY Vpp CS 9-11,13-17)
Pin Number (18) 19) (20) (21)
Read Vi VIiH ViL ViL Data Out
Output Disablel4] X X VIH X High Z
Output Disablel4] X ViL X X High Z
Output Disablel4] viL X X X High Z
Output Disablel4] X X X ViH High Z
Program ViLp Viup Vpp ViLp Data In
Program Verify Viup ViLp Vpp ViLp Data Out
Program Inhibit Vinp ViHp Vpp ViLp High Z
Intelligent Program ViLp ViHp Vpp ViLp Data In
Blank Check Ones Vpp ViLp ViLp ViLp Ones
Blank Check Zeros Vpp Viup ViLp ViLp Zeros
Notes:
4. X = Don’t care but not to exceed Ve +5%. 5. eIqu;ng programming and verification, all unspecified pins to be at

Programming Sequence 1K x 8

Power the device for normal read mode operation with pin
18, 19, 20, and 21 at Viy. Per Figure 5 take pin 20 to Vpp.
The device is now in the program inhibit mode of operation
with the output lines in a high impedance state; see Tables
3 and 4. Again per Figure 5 address program and verify
one byte of data. Repeat this for each location to be pro-
grammed.

If the brute force programming method is used, the pulse
width of the program pulse should be 10 ms, and each

location is programmed with a single pulse. Any location
that fails to verify causes the device to be rejected.

If the intelligent programming technique is used, the pro-
gram pulse width should be 100 us. Each location is ulti-
mately programmed and verified until it verifies correctly
up to and including 4 times. When the location verifies, one
additional programming pulse should be applied of dura-
tion 24 X the sum of the previous programming pulses
before advancing to the next address to repeat the process.

PROGRAM
OTHER BYTES
PROGRAM VERIFY — 5 {
Vinp — - - -
} p)
ADDRESS L ADDRESS STABLE )(

Viip — — — {

P vy - - §

1 —= tov
Vikp — — — o3 1
DATA —__‘ DATA IN DATA OUT $ 5
Viep — — — thje— _L _J t
. —=1 toH etz
AS taH
o=~ {5
PROGRAMMING
VOLTAGE (PIN 20)
Vivp — — —
ViLp — = -
tpp —
Vinp — = - {
2 7
oM A
ViLp — = -
tvp tvp ——

Vinp — — — L S S
Viee = - -

Figure 5. Programming Waveforms
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Ordering Information

Speed Ordering Package Operating
(ns) Code Type Range
30ns | CY7C281-30PC P13 Commercial
CY7C282-30PC P11
CY7C281-30DC D14
CY7C281-30LC L64
CY7C282-30DC D12
45 ns CY7C28145PC P13 Commercial
CY7C282-45PC P11
CY7C281-45DC D14
CY7C281-45LC L64
CY7C282-45DC D12
45 ns CY7C281-45DMB D14 Military
CY7C281-45LMB L64
CY7C282-45DMB D12

341



Features

¢ CMOS for optimum
speed/power

e High speed
— 35 ns (commercial)
— 50 ns (military)

Low power

— 495 mW (commercial)

— 660 mW (military)

EPROM technology 100%
programmable

Slim 300 mil or standard 600
mil packaging available

5V +10% Vcc, commercial and
military

o TTL compatible I/0

CYPRESS
SEMICONDUCTOR

CY7C291
CY7C292

e Direct replacement for bipolar
PROMs

e Capable of withstanding > 2000V
static discharge

Product Characteristics

The CY7C291 and CY7C292 are high
performance 2048 word by 8 bit CMOS
PROMs. They are functionally identi-
cal, but are packaged in 300 mil and
600 mil wide packages respectively.
The memory cells utilize proven
EPROM floating gate technology and
byte-wide intelligent programming al-
gorithms.

The CY7C291 and CY7C292 are plug-
in replacements for bipolar devices and
offer the advantages of lower power,
superior performance and program-

2048 x 8 PROM

ming yield. The EPROM cell requires
only 13.5V for the supervoltage and
low current requirements allow for
gang programming. The EPROM cells
allow for each memory location to be
tested 100%, as each location is written
into, erased, and repeatedly exercised
prior to encapsulation. Each PROM is
also tested for AC performance to
guarantee that after customer program-
ming the product will meet DC and
AC specification limits.

Reading is accomplished by placing an
active LOW signal on CSj, and active
HIGH signals on CS; and CS3. The
contents of the memory location ad-
dressed by the address lines (Ag—A10)
will become available on the output
lines (Op—-07).

0y

O

Os

04

03

A DECODER
11 10F 16

. .
Logic Block Diagram

Ao —4

Ay —

As — ROW

128 x 128

A7 —4 DECODER 9 PROGRAMMABLE P\ 8x 10F 16

Ag —f 10F 128 ARRAY MULTIPLEXER

A —

Ay —4

Az —

A2 —f COLUMN

02

o]}

Op

YYYY ‘ﬁl

5
S=—
CS3

Pin Configurations
A;SII_\r_z:DVcc
As] 2 23[JAs
As[] 3 22[]Ag
As[] e 210 A
A s 20 TS,
A2d 6 19 []cs;
Mo 18[Jcss
Ao 8 1700,
0[] 9 16 [0 0g
0.0 10 1s0os
o n 1o,

GND[] 12 1300;
0008-2

0008-1
0008-3
Selection Guide

7C291-35 7C291-50

7C292-35 7C292-50
Maximum Access Time (ns) 35 50
Maximum Operating Commercial 100 90
Current (mA) Military 120




CY7C291
J Crpress CY7C292
SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°C to +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883, Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent .......................... >200 mA
Supply Voltage to Ground Potential .
Pin24t0Pin12)....vveeennnns, —0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient V.
iNHighZ State. ....ovvvvveennnnns. —0.5Vto +7.0V ange Temperature cc
DCInput Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V +10%
DC Program Voltage (Pins 18,20) ............... 14.0V Military(1] —55°Cto + 125°C 5V £10%
Electrical Characteristics Over the Operating Range
7C291-35 7C291-50
Parameters Description Test Conditions 7C292-35 7C292-50 Units
Min. | Max, | Min. | Max,
Vou Output HIGH Voltage Vce = Min, Iog = —4.0mA 24 24 A\
VoL Output LOW Voltage Vcc = Min, Ior, = 16.0 mA 0.4 0.4 v
Vin Input HIGH Levell2] 2.0 2.0 v
Vi, Input LOW Level[2] 0.8 0.8 \
Iix Input Current Vce = Max., Veec = GND -10 +10 —10 +10 RA
Input Diode Clamp
Vcp Voltage Note 3 Note 3
Ioz Output Leakage Current | VoL < VouTt < VOH, Output Disabled —40 +40 —40 +40 RA
Output Short _ _ _ _ — —_
Ios Circuit Current[4] Vcc = Max,, Vout = GND 20 90 20 90 mA
Tcc Power Supply Vce = Max,, Commercial 100 90 mA
Current Iour = O0mA Military 120 mA
Capacitancel5]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 5 -
Cout Output Capacitance Vce = 5.0V 8 P
Notes:
1. Extended temperature operation guaranteed with 400 linear feet per 3. The CMOS process does not provide a clamp diode. However, the

minute of air flow.

. These are absolute voltages with respect to device ground pin and
include all overshoots due to system and/or tester noise. Do not at-
tempt to test these values without suitable equipment.

~

CY7C291 & CY7C292 are insensitive to — 3V dc input levels and

— 5V undershoot pulses of less than 10 ns (measured at 50% point).
4. For test purposes, not more than one output at a time should be

shorted. Short circuit test duration should not exceed 30 seconds.

w

343

. Measured on a sample basis.
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Switching Characteristics Over the Operating Rangel6]
CY7C291-35 CY7C291-50
Parameters Description CY7C292-35 CY7C292-50 Units
Min. Max. Min. Max.
tAA Address to Output Valid 35 50 ns
tHZCS Chip Select Inactive to High Z[7] 25 25 ns
tACs Chip Select Active to Output Valid 25 25 ns
AC Test Loads and Waveforms
R1250 R1250 Q .
5V O——————AA— 5V O———————AAAV— 3o0v 0% 20%
OUTPUTmT—- OUTPUT GND ;ZE% 10%
L a2 s <5 us—= lo— <5us
30 pF 5pF P4 R2 0008-6
INCLUDING 167 0 INCLUDING
JIG AND I i JIG AND I *fs? e Figure 2. Input Pulses
SCOPE SCOPE
= = ®o4 L
0008-4
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
100 Q
OUTPUT O———AMN——0 20V
0008-5
Ag-A1g
ADDRESS *
€S2-CS3
(3
}‘—tu——— tHzcs —> tacs —
NOTE 7
N
3 <K
NOTE 7
0008-7
Notes:

6. Test conditions assume signal transition times of 5 ns or less, timing
reference levels of 1.5V, output loading of the specified Ior/Iox and
loads shown in Figures la, 1b.

7. tHzcs is tested with load shown in Figure 1b. Transition is measured
at steady state High level —500 mV or steady state Low level + 500
mV on the output from the 1.5V level on the input.
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Typical DC and AC Characteristics
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE 2 AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
1.6 R 12
14 / g \\
o M £ 10
8 ° ]
a 12 a w
w w o
< < 2
s 10 = N
@ « 3
o Q 4
2 o Z o090 AN Z os
’ e g
|  Ta=25C .
[ f=max. Ta = 25°C
0.6 L 0.80 04 1
40 45 5.0 55 6.0 -65 25 125 4.0 45 5.0 55 6.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE
vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING
16 60 300
<
Y e E 50 25.0
S [ \ /
2
2 4 40 Z 200 b
g 12 g N < /
Q p=1 <
g o N s
a o 30 2 150 v4
m) e ] [
N 10 € \ 5 /
] =" 2 A, w
2 3 2 o 100 —
H 5 / Vac-asv
2 'cc = 4.
g 08 = 10 5.0 Vi
2
o
0.6 0 00
-55 25 125 0 1.0 20 3.0 4.0 0 200 400 600 800 1000
AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) CAPACITANCE (pF)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE s A
17
s AGE 2 23[JAe
&é 150 As[] 3 22 Ae
E 125 // Asl] 4 210 A
w 7 A3 s 20 [ vpp (CS)
T 100 / A2 19 [JVFY (csp)
o / Az 18 [JPGM (CS3)
ERe Vec =50V Ao] s 1w7ho,
§ 50 Ta =25°C Do 9 16 [1Dg
5 01 10 15105
o 2 D 1 14[J D,
0 GND[] 12 13003
0.0 10 20 30 40 0008-9
OUTPUT VOLTAGE (V) Figure 3. Programming Pinout
0008-8
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Programming Algorithm

START
Vcep =50V, Vpp =135

ADDR 1ST LOCATION

FAIL

PROGRAM ONE PULSE
OF 0.1 msec

X=X+1

X =42

YES

NO

VERIFY ONE BYTE?

PASS

PROGRAM ONE PULSE
OF 24 (0.1) (X) msec

X =47

YES

VERIFY BYTE

FAIL

DEVICE BAD

§ pass

NO

INC. ADDR

NO

LAST ADDRESS?

The CY7C291 and CY7C292 programming algorithm allows significantly faster programming than the “worst case” specification of 10 msec.

YES

READ ALL BYTES?
Vee =50V

FAIL

DEVICE BAD

PASS

DEVICE GOOD

0008-10

Typical programming time for a byte is less than 2.5 msec. The use of EPROM cells allows factory testing of programmed cells, measurement of data
retention and erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 4.
The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0.1 msec which will then be followed by a

longer overprogram pulse of 24 (0.1) (X) msec. X is an iteration counter and is equal to the NUMBER of the initial 0.1 msec pulses applied before

verification occurs. Up to four 0.1 msec pulses are provided before the overprogram pulse is applied.

The entire sequence of program pulses and byte verification is performed at Vccp = 5.0V. When all bytes have been progr

compared (Read mode) to original data with Vcc = 5.0V.
Figure 4. Programming Flowchart

3-46
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Programming Information

The 7C291 and 7C292 2K x 8 CMOS PROMs are imple-
mented with a differential EPROM memory cell. The
PROM s are delivered in an erased state, containing neither
“1s” nor “0s”. This erased condition of the array may be
assessed using the “BLANK CHECK ONES” and
“BLANK CHECK ZEROS” function, see below.

DC Programming Parameters Ty = 25°C

Blank Check

A virgin device contains neither ones nor zeros because of
the differential cell used for high speed. To verify that a
PROM is unprogrammed, use the two blank check modes
provided in Table 3. In both of these modes, address and
read locations 0 thru 2047. A device is considered virgin if
all locations are respectively “1s” and “Os” when addressed
in the “BLANK ONES AND ZEROS” modes.

Because a virgin device contains neither ones nor zeros, it
is necessary to program both ones and zeros. It is recom-
mended that all locations be programmed to ensure that
ambiguous states do not exist.

Table 1
Parameter Description Min. Max, Units
Vpp Programming Voltagell] 13.0 14.0 A\
Vcep Supply Voltage 4.75 5.25 v
ViHp Input HIGH Voltage 3.0 A\
ViLp Input LOW Voltage 0.4 \4
VOoH Output HIGH Voltagel2] 24 v
VoL Output LOW Voltagel2] 0.4 v
Ipp Programming Supply Current 50 mA
AC Programming Parameters T, = 25°C
Table 2

Parameter Description Min Max Units
tpp Programming Pulse Width[3] 100 10,000 ps
tAS Address Setup Time 1.0 s
tps Data Setup Time 1.0 us
tAH Address Hold Time 1.0 us
tDH Data Hold Time 1.0 ps
tR, tF Vpp Rise and Fall Time[3] 1.0 us
tvD Delay to Verify 1.0 us
tvp Verify Pulse Width 2.0 s
tpv Verify Data Valid 1.0 us
tpz Verify to High Z 1.0 s

Notes:
1. Vccp must be applied prior to Vpp.
2. During verify operation.

3. Measured 10% and 90% points.
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Mode Selection
Table 3
Pin Function
Read or Output Disable CS3 CS; CS; Outputs
Mode ——
Other PGM VFY Vpp (9-11,13-17)
Pin Number (18) 19) (20)
Read Viu Via Vi Data Out
Output Disablel4] X X VIH High Z
Output Disable[4] X viL X High Z
Output Disablel4] ViL X X High Z
Program ViLp VIHP Vpp Data In
Program Verify ViHp ViLp Vpp Data Out
Program Inhibit Vidp ViHpP Vpp HighZ
Intelligent Program ViLp ViHp Vrp Data In
Blank Check Ones Vrp ViLp ViLp Ones
Blank Check Zeros Vpp ViHp ViLp Zeros
Notes:
4. X = Don’t care but not to exceed Vcc + 5%. 5. Euring programming and verification, all unspecified pins to be at
ILP-
Programming Sequence 2K x 8
Power the device for normal read mode operation with pin location is programmed with a single pulse. Any location
18, 19 and 20 at Viy. Per Figure 5 take pin 20 to Vpp. The that fails to verify causes the device to be rejected.

device is now in the program inhibit mode of operation
with the output lines in a high impedance state; see Table
3. Again per Figure 5 address, program, and verify one
byte of data. Repeat this for each location to be pro-

If the intelligent programming technique is used, the pro-
gram pulse width should be 100 pus. Each location is ulti-
mately programmed and verified until it verifies correctly
up to and including 4 times. When the location verifies, one

grammed. additional programming pulse should be applied of dura-
If the brute force programming method is used, the pulse tion 24 x the sum of the previous programming pulses be-
width of the program pulse should be 10 ms, and each fore advancing to the next address to repeat the process.
PROGRAM
OTHER BYTES
PROGRAM VERIFY —
Vi = i
IHP — — — ri
ADDRESS '\ ADDRESS STABLE )‘ e
Vit ——— e S J
v tos —> tpy j&—
IHP — — — —1
DATA DATA IN DATA OUT { 5
t
ViLp == — tR{e— _’ﬂ_ -4—_—1'(02 —'I F
tas taH o
Vpp — - — pID 2
PROGRAMMING
VOLTAGE (PIN 20)
Vinp — = —
ViLe —— - tep
v 7 (¢
HP — — — 2 7
o 2
Vip - == j#——— typ ——ta—— typ ——
Vine $ §
IHP — = — 4
- Y f
ViLe - - —

0008-11
Figure 5. Programming Waveforms
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Ordering Information

Speed Ordering Package Operating
(ns) Code Type Range
35ns CY7C291-35PC P13 Commercial
CY7C292-35PC P11
CY7C291-35DC D14
CY7C291-35LC Le4
CY7C292-35DC D12
50 ns CY7C291-50PC P13 Commercial
CY7C292-50PC P11
CY7C291-50DC Di4
CY7C291-50LC L64
CY7C292-50DC DI12
50 ns CY7C291-50DMB D14 Military
CY7C291-50LMB L64
CY7C292-50DMB D12
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Introduction

PROMs or Programmable Read Only Memories have ex-
isted since the early 1970’s and continue to provide the
highest speed non-volatile form of semiconductor memory
available. Until the introduction of CMOS PROMs from
Cypress, all PROMs were produced in bipolar technology,
because bipolar technology provided the highest possible
performance at an acceptable cost level. All bipolar
PROM s use a fuse for the programming element. The fuses
are in tact when the product is delivered to the user, and
may be programmed or written once with a pattern and
used or read infinitely. The fuses are literally blown using a
high current supplied by a Programming System. Since the
fuses may only be blown or programmed once, they may
not be programmed during test. In addition, since they
may not be programmed until the user determines the pat-
tern, they may not be completely tested prior to shipment
from the supplier. This inability to completely test, results
in less than 100% yield during programming and use by
the customer for two reasons. First, some percentage of the
product fails to program. These devices fall out during the
programming operation, and although a nuisance are easily
identified. Additional yield is lost because the device fails
to perform even though it programs correctly. This failure
is normally due to the device being too slow. This is a more
subtle failure, and can only be found by 100% post pro-
gram AC testing, or even worse by trouble shooting an
assembled board or system.

Cypress CMOS PROMs use an EPROM programming
mechanism. This technology has been in use in MOS tech-
nologies since the early 1970s. However, as with most
MOS technologies the emphasis has been on density, not
performance. CMOS at Cypress is as fast as or faster than
Bipolar and coupled with EPROM, becomes a viable alter-
native to bipolar PROMs from a performance point-of-
view. In the arena of programming, EPROM has some
significant advantages over fuse technology. EPROM cells
are programmed by injecting charge on an isolated gate
which permanently turns off the transistor. This mecha-
nism can be reversed by irradiating the device with ultravi-
olet light. The fact that programming can be erased, totally
changes the testing and programming situation and philos-
ophy. All cells can be programmed during the manufactur-
ing process and then erased prior to packaging and subse-
quent shipment. While these cells are programmed, the
performance of each cell in the memory can be tested al-
lowing the shipment of devices that program every time,
and will perform as specified when programmed.

Programmable Technology

EPROM Process Technology

EPROM technology employs a floating or isolated gate
between the normal control gate and the source/drain re-
gion of a transistor. This gate may be charged with elec-
trons during the programming operation and when
charged with electrons, the transistor is permanently
turned off. When uncharged (the transistor is unpro-
grammed) the device may be turned on and off normally
with the control gate. The state of the floating gate,
charged or uncharged, is permanent because the gate is
isolated in an extremely pure oxide. The charge may be
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removed if the device is irradiated with ultraviolet energy
in the form of light. This ultraviolet light allows the elec-
trons on the gate to recombine and discharge the gate. This
process is repeatable and therefore can be used during the
processing of the device repeatedly if necessary to assure
programming function and performance.

Two Transistor Cells

In order to provide an EPROM cell that is as fast as the
fuse technology employed in bipolar processes, Cypress
uses a two transistor EPROM cell. One transistor is opti-
mized for reliable programming, and one transistor is opti-
mized for high speed. The floating gates are connected
such that charge injected on the floating gate of the pro-
gramming transistor is conducted to the read transistor,
biasing it off.

Differential Memory Cells

A second area that high speed CMOS PROM design tech-
nology differs from conventional high density EPROM de-
signs is in the area of differential cell/differential sensing
versus single ended cell/differential sensing with a dummy
cell.

In a conventional high density EPROM a single EPROM
transistor is used to switch the input to one side of a differ-
ential sense amplifier. The other side of the sense amplifier
is biased at an intermediate level with a dummy cell. An
unprogrammed EPROM transistor will conduct and drive
the sense amplifier to a logic “0”. A programmed EPROM
transistor will not conduct, and consequently drives the
sense amplifier to a logic “1”. A conventional EPROM cell
therefore is delivered with a specific state “0” or “1” in it
depending on the number of inversions after the sense am-
plifier and can always be programmed to the opposite state.
Access time in this conventional approach is heavily depen-
dent on the time the selected EPROM transistor takes to
move the input of the sense amplifier from a quiescent con-
dition to the threshold that the dummy cell is biasing the
second input to the sense amplifier. This bias is several
volts, and requires a significant delay before the sense am-
plifier begins to react.

Cypress PROMs employ a true differential cell approach,
with EPROM cells attached to both inputs of the sense
amplifier. As indicated above, the read transistor which is
optimized for speed is actually the transistor attached to
the sense amplifier. In the erased state, both EPROM tran-
sistors conduct when selected eccentrically biasing the in-
put of the sense amplifier at the same level. If the inputs
were at identical levels, the output of the sense amplifier
would be in a mestastable condition or, neither a “1” nor
“0”. In actual practice the natural bias and high gain of the
sense amplifier combine to cause the output to favor one or
the other stable conditions. The difference between the two
conditions is however only a few millivolts and the memo-
ry cell should be considered to contain neither a “1” nor a
“0”. As a result of this design approach, the memory cell
must be programmed to either a “1” or a ““0” depending on
the desired condition and the conventional BLANK
CHECK mechanism is invalid. The benefit of the approach
however is that only a small differential signal from the cell
begins the sense amplifier switching and the access time of
the memory is extremely fast.
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Programming Algorithim
Byte Addressing and Programming

All Cypress CMOS PROMs are addressed and pro-
grammed on a byte basis unlike the bipolar products that
they replace. The address lines used to access the memory
in a read mode are the same for programming, and the
address map is identical. The information to be pro-
grammed into each byte is presented on the data out pins
during the programming operation and the data is read
from these same pins for verification that the byte has been
programmed.

Blank Check

Since a differential cell contains neither a nor a “0”
before it is programmed, the conventional BLANK
CHECK is not valid. For this reason, all Cypress CMOS
PROM s contain a special BLANK CHECK mode of oper-
ation. Blank check is performed by separately examining
the “0” and “1” sides of the differential memory cell to
determine whether either side has been independently pro-
grammed. This is accomplished in two passes one compar-
ing the “0” side of the differential cell against a reference
voltage applied to the opposite side of the sense amplifier
and then repeating this operation for the “1”’s side of the
cell. The modes are called BLANK CHECK ONES, and
BLANK CHECK ZEROS. These modes are entered by
the application of a supervoltage to the device.

Programming the Data Array

Programming is accomplished by applying a supervoltage
to one pin of the device causing it to enter the program-
ming mode of operation. This also provides the program-
ming voltage for the cells to be programmed. In this mode
of operation, the address lines of the device are used to
address each location to be programmed, and the data is
presented on the pins normally used for reading the con-
tents of the device. Each device has a READ and a
WRITE pin in the programming mode. These are active
low signals and cause the data on the output pins to be
written into the addressed memory location in the case of
the WRITE signal or read out of the device in the case of
the READ signal. When both the READ and WRITE sig-
nals are high, the outputs are disabled and in a high imped-
ance state. Programming therefore is accomplished by
placing data on the output pins, and writing it into the
addressed location with the WRITE signal. Verification of
data is accomplished by reading the information on the
output pins while the READ signal is active.

“1”

The timing for actual programming is supplied in the
unique programming specification for each device.

Special Features

Depending on the specific CMOS PROM in question, ad-
ditional features that require programming may be avail-
able to the designer. Two of these features are a Program-
mable INITIAL BYTE and Programmable SYNCHRO-
NOUS/ASYNCHRONOUS ENABLE available in some
of the registered devices. Like programming the array,
these features make use of EPROM cells and are pro-
grammed in a similar manner, using supervoltages. The
specific timing and programming requirements are speci-
fied in the data sheet of the device employing the feature.

Programming Support

Programming support for Cypress CMOS PROM s is avail-
able from a number of programmer manufacturers some of
which are listed below.

Data 1/0
Programmer Model 29
Unipak II

Data I/0 Corporation
10525 Willows Rd. N.E.
P.O. Box 97046

Redmond, WA 98073-9746
(206) 881-6444

Stag
Programmer PPZ

Stag Microsystems
528-5 Weddell Dr.
Sunnyvale, CA 94089
(408) 745-1991

Sunrise Systems
Programmer Model Z-1000 B

Sunrise Systems

524 S. Vermont
Glendora, CA 91740
(818) 914-1926

Wavetek Digilec
Programmer Model 803

Wavetek Digilec

586 Weddell Dr.
Suite 1

Sunnyvale, CA 94089
(408) 745-0722
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Cypress PAL Family Features

Cypress Semiconductor’s PAL® family offers the user the
next generation in Programmable Array Logic (PAL) de-
vices that are based on our high performance 1.2y CMOS
process. These devices offer the user the power saving of a
CMOS-based process, with delay times equivalent to those
previously found only in bipolar devices. No fuses are used
in Cypress’ PAL family, rather all devices are based on an
EPROM cell to facilitate programming. By using an
EPROM cell instead of fuses, programming yields of 100%
can be expected since all devices are functionally tested and
erased prior to packaging. Therefore, no programming
yield loss can be expected by the user.

The EPROM cell used by Cypress serves the same purpose
as the fuse used in most bipolar PAL devices. Before pro-
gramming, the AND gates or Product Terms are connect-
ed via the EPROM cells to both the true and complement
inputs. When the EPROM cell is programmed, the inputs
from a gate or Product Term are disconnected. Program-
ming alters the transistor threshold of each cell so that no
conduction can occur, which is equivalent to disconnecting
the input from the gate or Product Terms. This is similar
to “blowing” the fuses of a bipolar device which discon-
nects the input gate from the Product Term. Selective pro-
gramming of each of these EPROM cells enables the spe-
cific logic function to be implemented by the user.

The programmability of Cypress’ PALs allows the user to
customize every device in a number of ways to implement
their unique logic requirements. Using PALs in place of
SSI or MSI components results in more effective utilization
of boardspace, reduced cost and increased reliability. The

PAL® is a registered trademark of Monolithic Memories, Inc.
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0024-1
Figure 1

flexibility afforded by these PALs allows the designer to
quickly and effectively implement a number of logic func-
tions ranging from random logic gate replacement to com-
plex combinatorial logic functions.

The PAL family implements the familiar “sum of prod-
ucts” logic by using a programmable AND array whose
output terms feed a fixed OR array. The sum of these can
be expressed in a Boolean transfer function and is limited
only by the number of product terms available in the
AND-OR array. A variety of different sizes and architec-
tures are available. This allows for more efficient logic opti-
mization by matching input, output and product terms to
the desired application.

PAL Notation

To reduce confusion and to have an orderly way of repre-
senting the complex logic networks, logic diagrams are
provided for the various part types. In order to be useful,
Cypress logic diagrams employ a common logic convention
that is easy to use. Figure I shows the adopted convention.
In Figure 1, an “x” represents an unprogrammed EPROM
cell that is used to perform the logical AND operation
upon the input terms. The convention adopted does not
imply that the input terms are connected on the common
line that is indicated. A further extension of this conven-
tion is shown in Figure 2 which shows the implementation
of a simple transfer function. The normal logic representa-
tion of the transfer function logic convention is shown in
Figure 3.
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Figure 2
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Figure 3
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PAL Circuit Configurations

Cypress PALs have several different output configurations
that cover a wide spectrum of applications. The available
output configurations offer the user the benefits of both
lower package counts and reduced costs when used. This
approach allows the designer to select a PAL that best fits
the needs of their application. An example of some of the
configurations that are available are listed below.

Programmable I/0

The programmable I1/0 offered in the Cypress PAL family
allows product terms to directly control the outputs of the
device. One product term is used to directly control the
three-state output buffer, which then gates the summation
of the remaining terms to the output pin. The output of this
summation can be fed back into the PAL as an input to the

INPUTS, FEEDBACK, AND 1/0

array. This programmable 1/0 feature allows the PAL to
drive the output pin when the three-state output is enabled
or, the I/0 pin can be used as an input to the array when
the three-state output is disabled.

Registered Outputs with Feedback

The registered output offered on a number of the Cypress
PALs allows this circuit to function as a state sequencer.
The summation of the product terms is stored in the D-
type output flip-flop on the rising edge of the system clock.
The Q output of the flip-flop can then be gated to the
output pin by enabling the three-state output buffer. The
output of the flip-flop can also be fed back into the array as
an input term. The output feedback feature allows the PAL
to remember and then alter its function based upon that
state. This circuit can be used to execute such functions as
counting, skip, shift and branch.

-
- 1/0
»
ON
0024-4
INPUTS, FEEDBACK, AND 1/0 cLock oc
) !
< — )-— D Q 0—3a
D
> a bI
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— A Series: tpp = 25 ns,
tco = 15 ns, ts = 20 ns
max.

— A-2 Series: tpp = 35 ns,
tco = 25 ns, ts = 30 ns
max.

Low power

— Icc max.: 90 mA, A-2
series

— Icc max.: 135 mA, A Series

Commercial and military
temperature range

Low cost solution

— Faster design cycle

— Reduces board space/chip
count

— Highly flexible design tool

Highly reliable

— Uses proven EPROM
technology

— Fully AC and DC tested

— Security feature prevents
logic pattern duplication

— >2000V input protection for
electrostatic discharge

— *10% power supply voltage
and higher noise immunity

PAL 20A Series,
PAL 20A-2 Series

£ SEMICONDUCTOR

16R8A, 16R6A,

16R4A, 16L8A, 16R8A-2,
16R6A-2, 16R4A-2, 16L8A-2

Functional Description

Cypress PAL® devices are high speed
electrically programmable logic ele-
ments. These devices utilize the sum of
products (AND-OR) structure provid-
ing users the ability to program custom
logic functions for unique require-
ments.

In an unprogrammed state the AND
gates are connected via EPROM cells
to both the true and complement of ev-
ery input. By selectively programming
the EPROM cells, AND gates may be
connected to either the true or comple-
ment or disconnected from both true
and complement inputs.

Cypress PAL Series 20 family uses an
advanced 1.2 micron CMOS technolo-
gy and a proven EPROM cell as the
programmable element. This technolo-
gy and the inherent advantage of being
able to program and erase each cell en-
hances the reliability and testability of
the circuit. This reduces the burden on
the customer to test and to handle re-
jects.

PAL® is a registered trademark of Monolithic Memories Inc.

A preload function allows the regis-
tered outputs to be preset to any pat-
tern during testing. Preload is impor-
tant for testing the functionality of the
Cypress PAL device.

Cypress Pal devices are implemented
with a sum-of-products (AND-OR) ar-
chitecture. The Cypress PAL 20 family
provides variable 1/0 configurations
(the 16R4, 16R6 and 16R8) with either
4, 6, or 8 registered outputs with feed-
back. The purely combinatorial mem-
ber is the 16L8.

The entire PAL family can be pro-
grammed on inexpensive conventional
PROM/EPROM programmers with
appropriate personality or socket
adapters. Once the PAL device is pro-
grammed, one additional location can
be programmed to prohibit logic pat-
tern verification. This feature gives the
user additional protection to safeguard
his proprietary logic. This feature is
highly reliable and due to EPROM
technology makes it impossible to visu-
ally read the programmed cell loca-
tions.

Logic Symbol and Pinout
16R8A/16R8A-2

16R6A/16R6A-2
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PAL 20A Series,
g s PAL 20A-2 Series
SEMICONDUCTOR
PAL Selection Guide
Generic o Icc tpp ns tsns tco ns
Part Logic E““"l“ Outputs
Number nable mA | COM | MIL | COM | MIL | COM | MIL
(8) 7-wide (6)Bidirectional
16L8A AND-OR-Invert Programmable (2) Dedicated 135 25 30 — — — —
16R8A | (8) 8-wide AND-OR Dedicated Registered Inverting | 135 — — 20 25 15 20
(6) 8-wide AND-OR Dedicated Registered Inverting
16R6A Wi 135 25 30 20 25 15 20
Ez%\lz)vé(}:-lnve it Programmable | Bidirectional
(4) 8-wide AND-OR Dedicated Registered Inverting
16R4A Wi 135 25 30 20 25 15 20
g%{})‘y(l)(}:-lnve it Programmable | Bidirectional
(8) 7-wide (6) Bidirectional _ _ _ _
16L8A-2 AND-OR-Invert Programmable (2) Dedicated 90 35 40
16R8A-2 | (8) 8-wide AND-OR Dedicated Registered Inverted 90 — — 30 35 25 25
(6) 8-wide AND-OR Dedicated Registered Inverting
16R6A-2 -wi 90 35 40 30 35 25 25
g;li)?)%:—lnve " Programmable | Bidirectional
(4) 8-wide AND-OR Dedicated Registered Inverting
16R4A-2 Wi 90 35 40 30 35 25 25
(A4%~I7D‘-v(l)(i§-1nve rt Programmable | Bidirectional
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature .............. —65°Cto +150°C DC Programming Voltage . ..................... 14.0V
Ambient Temperature with Static Discharge Voltage ..................... >2001V
Power Applied ................... —55°Cto +125°C (per MIL-STD-883 Method 3015.2)
Supply Voltage to Ground Potential LatchupCurrent ......................o... >200 mA
(Pin20toPin10).................... —0.5Vto +7.0V o ting R
DC Voltage Applied to Outputs perating Range
inHighZState...................... —0.5Vto +7.0V Range TeAmmb::ltl:re Vee
DC Input Voltage ................... —3.0Vto +7.0V pe
i +
Output Current into Outputs (Low) ............. 24 mA Commercial 0°Cto +70°C SV £10%
Military[6] —55°Cto +125°C 5V £10%
Electrical Characteristics Over Operating Range (Unless Otherwise Noted)
Parameters Description Test Conditions Min. | Max. | Units
Vce = Min. IoH = —3.2 mA | Commercial
Vou Output HIGH Voltage VIN = Vig or VL Tos = —2mA | Military 24 \4
Vce = Min. IoL = 24 mA Commercial
VoL Output LOW Voltage VIN = Vigor Vi ToL = 12mA Military 0.4
Vin Input HIGH Level Guaranteed Input Logical HIGH[2] Voltage for all Inputs 2.0 \4
ViL Input LOW Level Guaranteed Input Logical LOW[2] Voltage for all Inputs 0.8 v
Iix Input Leakage Current | Vss < ViN < Vcltl -10 10 RA
Vpp Programming Voltage @ Ipp = 50 mA Max. 13.0 14.0 \4
Output Short Circuit
Isc c::]_?:nt ort Cireut Vce = Max., Voyr = 0.5V03] —300 | mA
All Inputs = GND, A Series 135
Icc Power Supply Current Vce = Max, Iout = 0mA | A-2 Series % mA
Ioz Output Leakage Current | Vcc = Max., Vss < Vour < Vee —100 | 100 MA

4-4



PAL 20A Series,
%ﬁm PAL 20A-2 Series
SEMICONDUCTOR

Capacitance(4]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4 pF
CouTt Output Capacitance VIN = 0, Ve = 5.0V 7
Switching Characteristics Over Operating Rangel5]
HIGH SPEED PAL 20A SERIES
L Commercial Military 5
Parameters Description Min. Max. Min. Max. Units
tPD Ilré%ué :’r &eﬁil;ack to Non-Registered Output 16L8A, 25 30 ns
tEA Input to Output Enable 16L8A, 16R6A, 16R4A 25 30 ns
tER Input to Output Disable 16L8A, 16R6A, 16R4A 25 30 ns
tpzX Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 20 25 ns
tpxz Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 20 25 ns
tco Clock to Output 16R8A, 16R6A, 16R4A 15 20 ns
ts Input or Feedback Setup Time 16R8A, 16R6A, 16R4A 20 25 ns
tH Hold Time 16R8A, 16R6A, 16R4A 0 0 ns
tp Clock Period 35 45 ns
tw Clock Width 15 20 ns
fMAX Maximum Frequency 28.5 22 MHz
Switching Characteristics Over Operating RangelS]
STANDARD SPEED PAL 20A-2 SERIES
Commercial Military
Parameters Description - - Units
Min. Max. Min., Max.
tPD 112‘1),?, t;g }l; :dllz({:z( to Non-Registered Output 35 40 ns
tEA Input to Output Enable 16L8, 16R6, 16R4 35 40 ns
tER Input to Output Disable 16L8, 16R6, 16R4 35 40 ns
tpzX Pin 11 to Output Enable 16R8, 16R6, 16R4 25 25 ns
tPXZ Pin 11 to Output Disable 16R8, 16R6, 16R4 25 25 ns
tco Clock to Output 16R8, 16R6, 16R4 25 25 ns
ts Input or Feedback Setup Time 16R8, 16R6, 16R4 30 35 ns
tH Hold Time 16R8, 16R6, 16R4 0 0 ns
tp Clock Period 55 60 ns
tw Clock Width 20 25 ns
fMAX Maximum Frequency 18 16.5 MHz
Notes: L
1. I1x (Pin 1) = 25 pA Max., Vss < VIN < 2.7V. Ijx (Pin 1) = 1 mA 4. 'I'lwse parameters are not 100% tested, but are periodically sampled.
Max,, 2.7V < VN < Ve 5. Figure la test load use for all parameters except tga, tER, tpzx and
2. These are absolute values with respect to device ground and all over- tpxz. Figure Ib test load used_ for tea, tER, tPZ_x and tl’_xz'
shoots due to system or tester noise are included. 6. Extended temperature operation guaranteed with 400 linear feet per

minute air flow.

w

. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground degrada-
tion.
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SEMICONDUCTOR

AC Test Loads and Waveforms (Commercial)

R1175Q R1175Q INPUT PULSES
5V O———— VWAV 5V O———————— W\

ouTPUT o—l——< OuTPUT OT 3ov } 0% \_ o0%
1
50 pF S 2 5pF = Gno T »
133Q > 1332 I-—ss..s <5ns
0010-7
— —

AAA

= = = Figure 2
0010-5
Figure 1a Figure 1b
Equivalent to: THEVENIN EQUIVALENT
%Q
OUTPUT 0o AAA—~———0 2.16 V
0010-6
Switching Waveforms
INPUTS, 1/0, *
REGISTERED
FEEDBACK
ts T tH tw tw
cP ]‘ \
tp
OF

ket co: tpxz-’ tpzx
REGISTERED
OUTPUTS:
le—tpp le—tER ——l <——‘— tea
COMBINATORIAL )»)B__((«
OUTPUTS:

0010-8
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PAL 20A Series,
PAL 20A-2 Series
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SEMICONDUCTOR

Logic Diagram PAL 16L8A, 16L8A-2
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PAL 20A Series,
PAL 20A-2 Series

Logic Diagram PAL 16R4A, 16R4A-2
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Logic Diagram PAL 16R6A, 16R6A-2
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Logic Diagram PAL 16R8A, 16R8A-2
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PAL 20A Series,
% PAL 20A-2 Series
SEMICONDUCTOR

Ordering Information

(LCAC) ::_3 (ltlss) :ﬁg Ordering Code Package Operating Range
135 25 — — PAL 16L8A PC P5 Commercial
135 25 — — PAL 16L8A DC Dé6 Commercial
135 30 — — PAL 16L8A DMB D6 Military
135 — 20 15 PAL 16R8A PC P5 Commercial
135 — 20 15 PAL 16R8A DC D6 Commercial
135 — 25 20 PAL 16R8A DMB D6 Military
135 25 20 15 PAL 16R6A PC P5 Commercial
135 25 20 15 PAL 16R6A DC D6 Commercial
135 30 25 20 PAL 16R6A DMB D6 Military
135 25 20 15 PAL 16R4A PC P5 Commercial
135 25 20 15 PAL 16R4A DC D6 Commercial
135 30 25 20 PAL 16R4A DMB D6 Military
90 35 — — PAL 16L8A-2PC P5 Commercial
90 35 — — PAL 16L8A-2DC D6 Commercial
90 40 — — PAL 16L8A-2DMB D6 Military
90 — 30 25 PAL 16R8A-2PC P5 Commercial
90 — 30 25 PAL 16R8A-2DC D6 Commercial
90 — 35 25 PAL 16R8A-2DMB D6 Military
90 35 30 25 PAL 16R6A-2PC P5 Commercial
90 35 30 25 PAL 16R6A-2DC D6 Commercial
90 40 35 25 PAL 16R6A-2DMB D6 Military
90 35 30 25 PAL 16R4A-2PC P5 Commercial
90 35 30 25 PAL 16R4A-2DC D6 Commercial
90 40 35 25 PAL 16R4A-2DMB D6 Military
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= . = PAL C 20A Series
=== = CYPRESS
== 7% SEMICONDUCTCR CMOS PAL® C16R8A,
PAL C16R6A, PAL C16R4A,

PAL C16L8A

Features Functional Description
e “A” performance at A-2 power Cypress PAL C Series 20 devices are tion to be implemented in a PAL C de-
— tpp = 25 ns max high speed electrically programmable vice. PAL C devices are supplied in
— ts = 20 ns max logic devices produced in a proprietary  four functional configurations, desig-
— tco = 15 ns max “N” well CMOS EPROM process. nated 16L8, 16R8, 16R6 and 16R4 at
. s These devices utilize the sum of prod- “A” level performance and “A-2"
* g(::lpl::t‘:: :::g:“hm ucts (AND-OR) structure providing power as detailed in the balance of this
users the ability to program custom specification. These devices have po-
¢ High reliability logic functions serving unique require- tentially 16 inputs and 8 outputs as
— Proven EPROM technology ments. configured by the user. Output configu-

— >2000V input protection
from electrostatic discharge
— 100% AC/DC tested

Before programming, AND gates or rations of 8 registers, 8 combinatorial,
PRODUCT TERMS are connected via 0 registered and 2 combinatorial as
EPROM cells to both the TRUE and well as 4 registered and 4 combinatori-

— 10% power supply tolerances . al are provided by the four functional
— High noise immunity g%MPI{. gi\)d}{i(l;lMT mﬁu;iss' Progratm- variations of the product family.
— Security feature prevents g a cell disconnects an )
pattern duplication INPUT TERM from a PRODUCT All PAL C devices feature a SECURI-
TERM. Selective programming of TY function which provides the user

— 100% programming and

functional testing these cells allows a specific logic func-  protection for the implementation of

Logic Symbols and Pinouts

16R8A 16R6A 16R4A 16RLSA

i I 20] Vec cP 20] vee ce U 20] Vee [} 0 Vee
5 19 o ' EZH [1q] o ' 2 e 10 13 | 0
B 18] o 1 EH [iE] o B 18] 110 I 18] 10
N O 1] o ' EH 7] 0 I & 7] o | 17] 1/0
EH W i8] o ' EH 0 ' EH W [ie] o 1 EH 4w 16) /0
' ARRAY 15 0 ! E" ARRAY [ o ' ARRAY 1] o v EH iy 13 170
N 1] o 7 0 ' 7] o G 1) 110
B T3 o 3 0 ' B =5 73] 110 B T3 10
B 17 o 0 N [i7] 10 B 17] o
vss [0 1] 0F [ vss [0 La{11] 0E vss [i0 m R

0038-1 0038-2 0038-3 0038-4

o (o] 1/0 1/0

0 (o} 0 1/0

o (o] 0 /0

o 0o 0 1/0

o o 0 1/0
9 10111213
Tgsoo°

0038-5 0038-6 0038-7 0038-8

PAL® is a registered trademark of Monolithic Memories Inc.
CYPRESS SEMICONDUCTOR is a trademark of Cypress Semiconductor Corporation.
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SEMICONDUCTOR

Functional Description (Continued)

proprietary logic. When invoked, the contents of the nor-
mal array may no longer be accessed in the verify mode.
Because EPROM technology is used as a storage mecha-
nism, the content of the array is not visible under a micro-
scope. The PAL C device also contains a PHANTOM AR-
RAY used for functional and performance testing. The
content of this array is always accessible, even when securi-
ty is invoked.

Cypress PAL C products are produced in an advanced 1.2
micron “N”’ well CMOS EPROM technology. The use of
this proven EPROM technology is the basis for a superior
product with inherent advantages in reliability, testability,
programming and functional yield. EPROM technology
has the inherent advantage that all programmable elements
may be programmed, tested and erased during the manu-
facturing process. This also allows the device to be 100%
functionally tested during manufacturing. An ability to
preload the registers of registered devices during the testing
operation makes the testing easier and more efficient. The
PHANTOM ARRAY and PHANTOM operating mode
allow the device to be tested for functionality and perform-
ance after it has been packaged. Combining these inherent
and designed-in features, an extremely high degree of func-

PAL C Device Selection Guide

tionality, programmability and assured AC performance
are provided and testing becomes an easy task.

The REGISTER PRELOAD allows the user to initialize
the registered devices to a known state prior to testing the
device, significantly simplifying and shortening the testing
procedure.

The PHANTOM MODE of operation provides a com-
pletely separate operating mode where the functionality of
the device along with its AC performance may be ascer-
tained. The user need not be encumbered by programmed
cells in the normal operating mode. This PHANTOM
MODE of operation allows additional input lines to be pro-
grammed to operate the PAL C device, exercising the de-
vice functionally and allowing AC performance measure-
ments to be made. The PHANTOM MODE of operation
acknowledges only the INPUT TERMS shown shaded in
the functional block diagrams. Likewise, the normal
PHANTOM INPUT TERMS do not exist in the normal
mode of operation. During the final stages of manufactur-
ing, some cells in the PHANTOM ARRAY are pro-
grammed for final AC and functional testing. These cells
remain programmed, and may be used at incoming inspec-
tion to verify both functional and AC performance.

Generic
Part Logic gutl:l“ Outputs IccmA tpp ns tsns tco ns
nable

Number COM | MIL | COM | MIL | COM | MIL | COM | MIL
(8) 7-wide (6) Bidirectional

16L8A AND-OR-Invert Programmable (2) Dedicated 90 90 25 30 — — — —

16R8A | (8) 8-wide AND-OR | Dedicated Registered Inverting | 90 90 — — 20 25 15 20
(6) 8-wide AND-OR | Dedicated Registered Inverting

16R6A | (2) 7-wide . 90 90 25 30 20 25 15 20
AND-OR-Invert Programmable | Bidirectional
(4) 8-wide AND-OR | Dedicated Registered Inverting

16R4A | (4) 7-wide L 90 90 25 30 20 25 15 20
AND-OR-Invert Programmable | Bidirectional

Maximum Ratings
(Above which the useful life may be impaired)

Storage Temperature ............... —65°Cto +150°C
Ambient Temperature with

Power Applied .................... —55°Cto +125°C
Supply Voltage to Ground Potential
(Pin20toPin10).................... —0.5Vto +7.0V
DC Voltage Applied to Outputs
inHighZState...................... —0.5Vto +7.0V
DCInput Voltage ................... —3.0Vto +7.0V
Output Current into Outputs (Low) ............. 24 mA
DC Programming Voltage ...................... 14.0V

4-13

Static Discharge Voltage ..................... >2001V
(per MIL-STD-883 Method 3015.2)
LatchupCurrent ............coovviinnnnn.. >200 mA
Operating Range
Ambient
Range Temperature Vee
Commercial 0°C to +70°C 5V £10%
Military(6] —55°Cto +125°C 5V £10%




% PAL C 20A Series
SEMICONDUCTOR

Electrical Characteristics Over Operating Range (Unless Otherwise Noted)

Parameters Description Test Conditions Min. | Max, | Units
Vou Output HIGH Voltage YVec = Min. lon = ~32mA Commercal | ,, v
VIN=ViHOorVIL |Iog = —2mA Military
VoL Output LOW Voltage z::: : ‘b'/ll :'or ViL ToL j 24 mA Ccfrfimercml 0.4 v
IoL = 12mA Military
VIH Input HIGH Level Guaranteed Input Logic HIGH[2] Voltage for all Inputs 2.0 \'%
ViL Input LOW Level Guaranteed Input Logical LOW[2] Voltage for all Inputs 0.8 A\
Irx Input Leakage Current Vss < VN < Vcll] —-10]| 10 | pA
Vpp Programming Voltage @ Ipp = 50 mA Max. 13.0 14.0 v
Isc Output Short Circuit Current | Voc = Max., Voyt = 0.5VI[3} —300| mA
Icc Power Supply Current All Inputs = GND, Vcc = Max, Ioytr = 0 mA 90 mA
Ioz Output Leakage Current Vcc = Max,, Vss < VIN < Vee —100| 100 RA
Capacitancel4]
Parameters Description Test Conditions Max. Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 4 pF
Cout Output Capacitance VIN = 0, Vcc = 5.0V 7

Switching Characteristics Over Operating Rangels]

High Speed PAL C 20A Series
L. Commercial Military 3
Parameters Description Units
Min. Max. Min. Max.
Input or Feedback to Non-Registered Output 16L8A,
tPD 16R6A, 16R4A 25 30 ns
tEA Input to Output Enable 16L8A, 16R6A, 16R4A 25 30 ns
tER Input to Output Disable 16L8A, 16R6A, 16R4A 25 30 ns
tpzX Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 20 25 ns
tpxz Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 20 25 ns
tco Clock to Output 16R8A, 16R6A, 16R4A 15 20 ns
ts Input or Feedback Setup Time 16R8A, 16R6A, 16R4A 20 25 ns
tH Hold Time 16R8A, 16R6A, 16R4A 0 0 ns
tp Clock Period 35 45 ns
tw Clock Width 15 20 ns
fMAX Maximum Frequency 28.5 22 MHz
Notes:
1. Iix (Pin 1) = 25 pA Max,, Vss < VIN < 2.7V. I1x (Pin 1) = 1 mA 4. These parameters are not 100% tested, but are periodically sampled.
Max,, 2.7V < ViN < Vee. 5. Figure la test load used for all parameters except tga, tER tpzx and
2. These are absolute values with respect to device ground and all over- tpxz. Figure 1b test load used for tga, tER, tpzx and tpxz.
shoots due to system or tester noise are included. 6. Extended temperature operation guaranteed with 400 linear feet per
3. Not more than one output should be tested at a time. Duration of the minute air flow.

short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground degrada-
tion.
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AC Test Loads and Waveforms
R1175 R1175Q
5V O——————AAA— 5V O——————AAA—
OUTPUT ] OUTPUT O— ’
Equivalent to:
S L THEVENIN EQUIVALENT COMMERICAL
50 pF inz 5pF SR2 %0
1330 > 1330
I I OUTPUT O—————AANAV————0 2.16 V
- — - 0038-10
0038-11
Figure 1a. Commercial Figure 1b. Commercial
R1337Q R1337Q
5V O——————AAA— 5V O——————AAA—
ouTPUT ! ouTPUT !
Equivalent to:
> o2 s THEVENIN EQUIVALENT MILITARY
R2
S0pF 24710 5eF S oma u3q
I WL OUTPUT O——————AAA—————0 2.11V
— — - 0038-12
0038-9
Figure 1c. Military Figure 1d. Military
INPUT PULSES
ov o 90%
GND 10% 10%
<Sus |‘— <Sus
0038-13
Figure 2
Switching Waveforms
INPUTS, /0,
REGISTERED *
FEEDBACK
ts le—tn tw tw—s]
cp ;l \ / \
tp——————»
OF
[re-tco (PXZ.l tpzx
REGISTERED
le—tpp le—ten —bl F—‘-‘——- tea

COMBINATORIAL
OUTPUTS:

Figure 3

4-15

0038-14



%
SEMICONDUCTOR

Programming

PAL C devices are programmed a BYTE at a time using a
voltage to transfer electrons to a floating gate. The array
programmed is addressed as memory of 256 bytes, using
address Tables 4 and 5. These addresses are supplied to the
device over Pins 2 through 9. The data to be programmed
is supplied on data inputs DO through D7 (Pins 19 through
12 inclusive). In the unprogrammed state, all inputs are
connected to product terms. A “1” on a data line causes a
cell to be programmed, disconnecting an INPUT TERM
from a PRODUCT TERM. During verify, an unpro-
grammed cell causes a “1” to appear on the output, while a
programmed cell will appear as a “0”. Table 3 describes
the operating modes of the device and the programming
waveforms are described in Figures 6 through 9. The actual
sequence required to program a cell is described in Figure 5
and applies for programming either standard or phantom
portions of the array. The security bit should be pro-
grammed using a single 10 ms pulse, and verified per Fig-
ure 9.

DC Programming Parameters Ambient Temperature = 25°C

PAL C 20A Series

vee 1 20 [ veer

A Q2 19 ] Do

a3 181 o,y

vy 7o,

A s 16 [ D;

s [ 15 ] D4

a7 1400

ass 130 b

A e 200

vss [ 10 1 [ PGM/OE

0038-15

Figure 4. Programming Pin Configuration

Table 1
Parameter Description Min. Max Units Notes
Vpp Programming Voltage 13.0 14.0 A\
Vcer Supply Voltage During Programming 4.75 5.25 A\
Viup Programming Input High Voltage 3.0 \4
ViLp Programming Input Low Voltage 0.4 \4
Von Output High Voltage 24 \4 1
VoL Output Low Voltage 0.4 \4 1
Ipp Programming Supply Current 50 mA

4-16



% . PAL C 20A Series
AC Programming Parameters Ambient Temperature = 25°C
Table 2
Parameter Description Min. Max. Units Notes
tpp Programming Pulse Width 100 10,000 us 2
ts Setup Time 1.0 us
tH Hold Time 1.0 us
tr, tf Vpp Rise and Fall Time 1.0 us 2
tvD Delay to Verify 1.0 us
typ Verify Pulse Width 2.0 us
tpv Verify to Data Valid 20.0 us
tpz Verify to High Z 1.0 us
Table 3
Pin Name Vep | PGM/OE Al A2 A3 Ad AS D7-D0
Pin Number @ an 3) (O] (O] (6) (¢)] (12-19) Notes
Operating Modes
PAL X X X X X X X Programmed Function 3,4
Program PAL Vpp Vpp X X X X X Data In 3,5
Program Inhibit Vpp ViHp X X X X X HighZ 3,5
Program Verify Vpp ViLp X X X X X Data Out 3,5
Phantom PAL X X X X X Vpp X Programmed Function 3,6
Program Phantom PAL Vpp Vpp X X X X Vpp | Dataln 3,7
Phantom Program Inhibit Vpp ViHpP X X X X Vpp | HighZ 3,7
Phantom Program Verify Vpp ViLp X X X X Vpp | DataOut 3,7
Program Security Bit Vep Vep Vep X X X X HighZ 3,8
Verify Security Bit X X Note9 | Vpp X X X HighZ 3
Register Preload X X X X Vpp X X Data In 3,10
Notes:
1. During verify operation is used to select the phantom mode of operation and must be taken to
2. Measured at 10% and 90% points Vpp before selecting phantom program operation with Vpp on Pin 1.
3. Vgs < X < Voep 8. See Figure 8 for security programming sequence.
4. All “X” inputs operational per normal PAL function. 9. The state of Pin 3 indicates if the security function has been invoked
5. Address inputs occupy Pins 2 thru 9 inclusive, for both programming or not. If Pin 3 = Vo security is in effect, if Pin 3 = Vop, the data

and verification see programming address Tables 4 and 5.
All “X” inputs operational per normal PAL function except that they
operate on the function that occupies the phantom array.

Address inputs occupy Pins 2 thru 9 inclusive, for both programming
and verification see programming address Tables 4 and 5. Pin 7

6.

7.

The programmable array is addressed as a basic 256 by 8
memory structure with a duplication of the phantom array
located at the same addresses as columns 0, 1, 2 and 3. The
ability to address the phantom array as differentiated from
the first 4 columns of the normal array is accomplished by
taking Pin 7 to Vpp and entering the phantom mode of
operation as shown in Tables 3 and 5. In either case, phan-
tom or normal, product terms are addressed in groups of 8
per Table 4. Notice that this is accomplished by modulo 8

4-17

is unsecured and may be directly accessed.

For testing purposes, the output latch on the 16R8, 16R6 and 16R4
may be preloaded with data from the appropriate associated output
line.

10.

selecting every eighth product term starting with 0, 8, 16,
24, 32, 40, 48 and 56 corresponding to PROGRAMMED
DATA INPUT on DO through D7 respectively and incre-
menting each product term by one until all 64 PRODUCT
TERMS are addressed. Each of the INPUT TERMS is
addressed 8 times corresponding to the 8 groups of individ-
ual product terms addressed before being incremented.
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Table 4
Product Term Addresses
Binary Addresses
Pin Numbers Line Number
4) A3) Q2)
ViLp ViLp ViLp 0 8 16 24 32 40 48 56
VILP ViLp ViHp 1 9 17 25 33 41 49 57
ViLp ViHp ViLp 2 10 18 26 34 42 50 58
ViLp Viup ViHp 3 11 19 27 35 43 51 59
ViHp ViLp ViLp 4 12 20 28 36 44 52 60
Viap ViLp Viup 5 13 21 29 37 45 53 61
ViHP Viup ViLp 6 14 22 30 38 46 54 62
ViHp Vinp Vinp 7 15 23 31 39 47 55 63
DO D1 D2 D3 D4 D5 D6 D7
Programmed Data Input
Table 5
Input Term Addresses Input Term Addresses
Input Binary Addresses Input Binary Addresses
Term Pin Numbers Term Pin Numbers
Numbers | (g) ® M © ® Numbers | (g ® ™ © ®
0 ViLe | Vop | Ve | Ve | Ve 18 Vigp | Viop | Ve | Viwe | ViLp
1 Vice | Ve | Ve | Ve | Viwp 19 Vigp | Ve | Ve | Viwp | Viwp
2 ViLp | Ve | Ve [ Viep | Viep 20 Vigp | Ve | Vigp | Ve | ViLp
3 ViLe | Ve | Ve | Viep | Vinp 21 Vigp | Ve | Vigp | Ve | Viwp
4 ViLp | Ve | Viwp | Ve | Viep 22 Vigp | Ve | Vigp | Viwp | ViLp
5 Viep | Ve | Viep | Vie | Viwp 23 Vigp | Ve | Vigp | Viep | ViHp
6 Viep | Ve | Viwp | VP | Ve 24 Vinp | Vigp | Ve | Ve | Ve
7 ViLe | Ve | Viwp | Viap | Vimp 25 Vigp | Vigp | Ve | Ve | Viwp
8 Viep | Viwp | Ve | Vip | Viep 26 Viup | Vigp | Ve | Viwe | ViLp
9 Yir | Vivp | Ve | Ve | Viwp 27 Viup | Vigp | Ve | Viwe | Viwp
10 Viee | Viwp | Ve | Ve | Vip 28 Vigp | Vigp | Vigp | Ve | ViLp
11 Viee | Vinp | Ve | Viap | Viwp 29 Vigp | Vigp | Vigp | Ve | ViHP
12 Ve | Viwp | Vi | Ve | Vip 30 Viap | Viup | Vigp | Viwp | Vip
13 Viee | Viup | Vip | Ve | Viwp 31 Viup | Vinp | Vigp | Viwp | ViHp
14 Viee | Viep | ViHp | Ve | ViLp PO ViLp | ViLp Vpp X X
15 ViLp | Viwp | Vinp | Viap | Vinp P1 Ve | Viwe | Ver X X
16 Viep | Vie | Ve | Ve | Viep P2 Vigp | ViLp Vpp X X
17 Viep | Ve | Ve | Ve | Viwp P3 Viap | ViHp Vpp X X
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START
Vcep=5.0V
Vpp=13.5V
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ADDR 18T
LOCATION
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FAIL
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Figure 5. Programming Flowchart
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PROGRAM ———————»}+—PROGRAM—#{e———————VERIFY
INHIBIT tan
ViHp - — - —
ADDRESS ADDRESS Ag THRU Ag
ViLe — = — -
tas topy —» -— — lfe—1p2
le—tDs
ViHp — — — - *
DATA DATA IN Do THRU Dy DATA OUT Dy THRU D7
ViLe — - — -
tr t, tOH A t
Vpp — — — -
ViHp — — — —
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0038-17
Figure 6. Programming Waveforms Normal Array
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Figure 7. Program Waveforms Phantom Array
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le—1 — t
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0038-19
Figure 8. Activating Program Security
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Figure 9. Verify Program Security
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Functional Logic Diagram PAL C 16LSA
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Functional Logic Diagram PAL C 16R4A
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Functional Logic Diagram PAL C 16R6A
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Functional Logic Diagram PAL C 16R8A

PRODUCT TERMS (0 — 63)

CYPRESS
SEMICONDUCTOR

PAL C 20A Series

INPUTS (0 - 31)

>

PoPyP2Ps 0123 465687 8 91011 12131416 16171819 20212223 24262827
1
2
: D a 19
s
M r—> ]
7
2 [ -—
e 11—
]
s
1)
"
12 D a 1—- 18
13
- 1 a
15
~N A
31X <}
| —>y
16
7 4
» D a i L—- 7
20
2 a
[ - >
a1 2 <
» = |
2
= <
2 D Q 1— 16
» P 0
n
N A
512 < —
| = >4
2
u 1
ed D a 15
N 4
613 TH—
o
@
“ D a "
“ —D> a
Ly
11X <}
» o
48
o
A D Q 13
5 r a
55
oLE— <}
56
87
58
el D Q 12
60
(1]
6 D &
I
—
9 —ff \—4— n
123 46 6 8 91011 12131418 16171819 20212223 24282627 28293031

PoP1P2P3

4-25

0038-24



CYPRESS
SEMICONDUCTOR

PAL C 20A Series

Typical DC and AC Characteristics
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% - PAL C 20A Series
Ordering Information

(Il::) ::3 (lt:) :ﬁg Ordering Code Package Operating Range
90 25 — — PAL C 16L8A PC P5 Commercial
90 25 — — PAL C 16L8A DC D6 Commercial
90 25 — — PAL C 16L8A LC L61 Commercial
90 30 — — PAL C 16L8A DMB D6 Military

90 30 — — PAL C 16L8A LMB L6l Military

90 — 20 15 PAL C 16R8A PC P5 Commercial
90 — 20 15 PAL C 16R8A DC D6 Commercial
90 — 20 15 PAL C 16R8A LC L61 Commercial
90 — 25 20 PAL C 16R8A DMB D6 Military

90 — 25 20 PAL C 16R8A LMB L61 Military

90 25 20 15 PAL C 16R6A PC P5 Commercial
90 25 20 15 PAL C 16R6A DC D6 Commercial
90 25 20 15 PAL C 16R6A LC L61 Commercial
90 30 25 20 PAL C 16R6A DMB D6 Military

90 30 25 20 PAL C 16R6A LMB L61 Military

90 25 20 15 PAL C 16R4A PC P5 Commercial
90 25 20 15 PAL C 16R4A DC D6 Commercial
90 25 20 15 PAL C 16R4A LC L61 Commercial
90 30 25 20 PAL C 16R4A DMB D6 Military

90 30 25 20 PAL C 16R4A LMB L61 Military
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Features

e Advanced second generation
PAL architecture

Up to 22 input terms and 10
outputs

Variable product terms
= 2 X (8 thru 16) product
terms

User programmable macro cell

— Output polarity control

— Individually selectable for
registered or combinatorial
operation

Standard and high performance
versions

—_— A"

— 15 ns T¢o

—25ns T

— 30 ns Tpq

— “STD”

~— 25 ns T¢o

— 35 ns Tg

— 35 ns Tpa

Low power 120 mA max

Commercial and military

Temperature range

e High reliability

— Proven EPROM technology

— >2000V input protection

— 100% programming and
functional testing

ADVANCED INFORMATION PAL C 22V10

Functional Description

The Cypress PAL C 22V10 is a CMOS
second generation Programmable Log-
ic Array device. It is implemented with
the familiar sum-of-products (AND-
OR) logic structure and a new concept,
the “Programmable Macro Cell”.

The PAL C 22V10 is executed in a 24
pin package and provides up to 22 in-
puts and 10 outputs. The Programma-
ble Macro Cell provides the capability
of defining the architecture of each out-
put individually. Each of the 10 poten-
tial outputs may be specified to be
“REGISTERED” or “COMBINATO-
RIAL”. Polarity of each output may
also be individually selected allowing
complete flexibility of output configu-
ration. Further configurability is pro-
vided through “ARRAY” configurable
“OUTPUT ENABLE” for each poten-
tial output. This feature allows the 10
outputs to be reconfigured as inputs on
an individual basis or alternately used
as a combination 1/0 controlled by the
programmable array.

The PAL C 22V10 features a “VARI-
ABLE PRODUCT TERM?” architec-
ture. There are 5 pairs of product terms
beginning at 8 product terms per out-
put and incrementing by 2 to 16 prod-
uct terms per output. By providing this

CMOS PAL® Device

variable structure the PAL C 22V10is
optimized to the configurations found
in a majority of applications without
creating devices that burden the prod-
uct term structures with unuseable
product terms and lower performance.

Additional features of the Cypress
PAL C 22V10 include a synchronous
PRESET and an asynchronous RESET
product term. These product terms are
common to all MACRO CELLS elimi-
nating the need to dedicate standard
product terms for initialization func-
tions. The device also incorporates a
power-up reset feature to guarantee
that one unique condition on applica-
tion of power results and the ability to
preload the output registers for testing.

The PAL C 22V10 featuring program-
mable macro cells and variable product
terms provides a device with the flexi-
bility to implement logic functions in
the 500 to 800 gate array complexity.
Since each of the 10 output pins may be
individually configured as inputs on a
temporary or permanent basis, func-
tions requiring up to 21 inputs and only
a single output down to 12 inputs and
10 outputs are possible. The 10 poten-
tial outputs are enabled through the
use of product terms. Any output pin
may be permanently selected as an out-

PALS® is a registered trademark of Monolithic Memories Inc.

Logic Symbol and Pinout
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Functional Description (Continued)

put or arbitrarily enabled as an output and an input thru
the selective use of individual product terms associated
with each output. Each of these outputs is achieved
through an individual programmable macro cell. These
macro cells are programmable to provide a combinatorial
or registered inverting or non-inverting output. In a regis-
tered mode of operation, the output of the register is fed
back into the array providing current status information to
the array. This information is available for establishing the
next result in applications such as control-state-machines.
In a combinatorial configuration, the combinatorial output
or, if the output is disabled, the signal present on the I/0
pin is made available to the array. The flexibility provided
by both programmable macro cell product term control of
the outputs and variable product terms allows a significant
gain in functional density through the use of programma-
ble logic.

Along with this increase in functional density, the Cypress
PAL C 22V10 provides lower power operation thru the use

Macrocell

of CMOS technology, increased testability with a register
preload feature and guaranteed AC performance through
the use of a phantom array. This phantom array allows the
22V10 to be programmed with a test pattern and tested
prior to shipment for full AC specifications without using
any of the functionality of the device specified for the prod-
uct application. In addition, this same phantom array may
be used to test the PAL C 22V 10 at incoming inspection
before committing the device to a specific function through
programming.

Configuration Table 1

Registered/Combinatorial

Cy Co Configuration
0 0 Registered/Active Low
0 1 Registered/Active High
1 0 Combinatorial/Active Low
1 1 Combinatorial/Active High

_____________________ A
| _ . |
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| seLect [
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Selection Guide

IccmA Tpa ns Tsns Teo NS
Part Number
COM MIL COM MIL COM MIL COM MIL
22V10A 120 120 30 35 25 30 15 20
22V10 120 120 35 40 35 40 25 25
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°C to +150°C DC Programming Voltage . ..................... 14.0V
Ambient Temperature with Static Discharge Voltage ..................... >2001V
Power Applied .................... —55°Cto +125°C (per MIL-STD-883 Method 3015.2)
Supply Voltage to Ground Potential LatchupCurrent .......................... >200 mA
(Pin20toPin10).................... —0.5Vto +7.0V .
DC Voltage Applied to Outputs Operating Range
inHighZState...................... —0.5V to +7.0V Ambient
Range Vcce
DCInput Voltage ................... —3.0Vto +7.0V Temperature
Output Current into Outputs (Low) ............. 24 mA Commercial 0°Cto +70°C 5V £10%
Military —55°Cto +125°C 5V +10%
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min. | Max,. | Units
Von Output HIGH Voltage Vcc = Min, lon = ~32mA | COML | ,, v
VIN=VHOVIL | Jog= -2mA MIL
VoL Output LOW Voltage Vee = Min,, Ior = 16mA coM’L 0.4 \
VIN = ViHorViL IoL = 12mA MIL
ViH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 v
ViL Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs 0.8 v
Iix Input Leakage Current Vss < VIN < Vg, Vee = Max. —10 10 RA
Ioz Output Leakage Current Vce = Max., Vs < Vour < Vee —40 40 RA
Isc Output Short Circuit Current | Vcc = Max., Voyrt = 0.5V —-30 | —90 mA
Icc Power Supply Current Vce = Max,, Vss < ViN < Ve Outputs Open 120 mA
Capacitance
Parameters Description Test Conditions Min. | Max, | Units
CIN Input Capacitance ViN =20Vef=1MHz 5 F
Cout Output Capacitance Vour = 20V @f = | MHz 8 P
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Switching Characteristics PAL C 22V10

Commercial Military
Parameters Description “A” “STD” “A” “STD” Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max,
Input or Feedback to
Tpd Non-Registered Output 30 o 3 40 ns
Tea Input to Output Enable 30 35 35 40 ns
Ter Input to Output Disable 30 35 35 40 ns
Teo Clock to Output 15 25 20 25 ns
Ts Input or Feedback Setup Time 25 35 30 40 ns
Th Hold Time 0 0 0 0 ns
Tp Clock Period (Ts + T¢o) 40 60 50 65 ns
Tw Clock Width 20 25 25 30 ns
Frmax Maximum Frequency 25 16.5 20 15 MH:z
Taw Asynchronous Reset Width 25 35 30 40 ns
Tar A§ynchronous Reset Recovery 25 35 30 40 ns
Time
Asynchronous Reset to
Tap Registered Output Reset 25 35 30 40 ns
Switching Waveforms
INPUTS 1/0,
REGISTERED
FEEDBACK )K )l(
SYNCHRONOUS
PRESET tgl=e—=ty
cP /
ASYNCHRONOUS
RESET
tco ‘2 'R ek
REGISTERED »—
OUTPUTS: &

ter r» tea =

= tpp =
COMBINATORIAL
OUTPUTS: >Q<)k 2K

0023-3
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Functional Logic Diagram PAL C 22V10
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Features

e Advanced second generation
PAL architecture

Up to 32 input terms and 10
outputs

Variable product terms
— 2 X (8 thru 16) product
terms

User programmable macro cell

— Output polarity control

— Individually selectable for
registered or combinatorial
operation

— Selectable output enable from
array or external output
enable

— Registered or combinatorial
feedback

— Buried registers available
when output pin is used for
an input

Standard and high performance

versions

-— 6 A”

— 15 ns T¢o

— 25 ns Ts

— 30 ns Tpq

— “STD”
— 25 ns T¢o
— 35 ns Tg
— 35 ns Tpq

ADVANCED INFORMATION PAL C 32V10
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e Low power 120 mA max

e Commercial and military
temperature range

e High reliability
— Proven EPROM technology
— >2000V input protection
— 100% programming and
functional testing

Functional Description

The Cypress PAL C 32V10 is a CMOS
second generation Programmable Log-
ic Array device utilizing an advanced
macro cell. It is implemented with the
familiar sum-of-products (AND-OR)
logic structure, variable product terms
and a macro cell that allows I/0 pins
associated with macro cell to be used
without losing the use of the register in
the macro cell and its feedback terms.

The PAL C 32V10 is executed in a 24
pin package and provides up to 22 in-
puts and 10 outputs to the package. In-
ternally 32 inputs to the array are im-
plemented. This is achieved by provid-
ing both an input from the I/0 pin and
either a feedback from the combinato-
rial path or from the register. The Pro-
grammable Macro Cell provides the ca-
pability of defining the architecture of
each output individually. Each of the

PAL® is a registered trademark of Monolithic Memories, Inc.

CMOS PAL® Device

10 potential outputs may be specified
to be “REGISTERED” or “COMBI-
NATORIAL”. Polarity of each output
may also be individually selected allow-
ing complete flexibility of output con-
figuration.

Associated with each of the I/0 macro
cell combinations are two inputs to the
programmable array. One comes di-
rectly from the I/0 pin, bypassing the
macro cell itself and allowing either
feedback into the array of the state of
the output or use of the pin as an input
whenever the output buffer is in a high
impedance condition. The second input
into the array comes directly from the
macro cell and may be either the out-
put of the register or the combinatorial
feedback that results from the sum of
products associated with the specific
macro cell. By providing both of these
paths, the I/O pin may be used as an
input and the register may still be used
as a state register (buried state regis-
ter).

Further configurability is provided by
allowing the output buffers to be en-
abled either through the array or via an
external input. Through an “ARRAY”
configurable “OUTPUT ENABLE”
each of the potential 10 outputs may be

Logic Symbol and Pinout
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Functional Description (Continued)

reconfigured as inputs on an individual basis or alternately
used as a combination I/0 controlled by the programma-
ble array. External output enables allow the external selec-
tion of the functions generated in the PAL device along
with the shorter enable/disable times associated with direct
control of the output buffers.

The PAL C 32V10 features a “VARIABLE PRODUCT
TERM?” architecture. There are 5 pairs of product terms
beginning at 8 product terms per output and incrementing
by 2 to 16 product terms per output. By providing this
variable structure the PAL C 32V 10 is optimized for the
configurations found in a large majority of applications
without creating devices that burden the product term
structures with unuseable product terms and lower per-
formance.

Additional features of the Cypress PAL C 32V10 include a
synchronous PRESET and an asynchronous RESET prod-
uct term. These product terms are common to all MACRO
CELLS eliminating the need to dedicate standard product
terms for initialization functions. The device also incorpo-
rates a power-up reset feature to guarantee that one unique
condition on application of power results and the ability to
preload the output registers for testing.

The PAL C 32V10 featuring programmable macro cells
and variable product terms provides a device with the flexi-
bility to implement logic functions in the 500 to 800 gate

array complexity. Since each of the 10 output pins may
individually configured as inputs on a temporary or perma-
nent basis, functions requiring up to 21 inputs and only a
single output down to 12 inputs and 10 outputs and any-
where in between are possible. Any output pin may be per-
manently selected as an output or arbitrarily enabled as an
output and an input thru the selective use of individual
product terms associated with each output. Each of these
outputs is achieved through an individual programmable
macro cell. The flexibility provided by both programmable
macro cell product term control of the outputs and variable
product terms allows a significant gain in functional densi-
ty through the use of programmable logic.

Along with this increase in functional density, the Cypress
PAL C 32V10 provides lower power operation through the
use of CMOS technology, increased testability with a regis-
ter preload feature, access to even buried registers for test-
ing purposes and guaranteed AC performance through the
use of a phantom array. This phantom array allows the
32V10 to be programmed with a test pattern and tested
prior to shipment for full AC specifications without using
any of the functionality of the device specified for the prod-
uct application. In addition, this same phantom array may
be used to test the PAL C 32V 10 at incoming inspection
before commiting the device to a specific function through
programming.

Macrocell and Configuration Tables

r-r-r-r—-r———~>"F"~""~"""™""~>""~>""™"~™>""™"~>""™"~>""™""™>™"™"™"+— 1
| |
I ' OF
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O oureur

: SELECT O—e—
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: ce — 9 :
| ] |

:m_l FEEDBACK |
I MUX sP |
| |
: l MACROCELL :
gt IR S R I, J

—= 1 n

cs C, C ¢
3 %2 ¢ G o022
Output Enable Registered/Combinatorial Feedback
Co Configuration C|C Configuration C3 Configuration
0 External Output Enable 0 | 0 | Combinatorial Active High 0 Combinatorial Feedback
Internal Output Enable 0 | 1 | Combinatorial Active Low Registered Feedback
1({0 Registered Active High
1]1 Registered Active Low
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Selection Guide

IccmA Tpa ns Tsns Teo DS
Part Number
COM MIL COM MIL COM MIL COM MIL
32V10A 120 120 30 35 25 30 15 20
22V10 120 120 35 40 35 40 25 25
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883 Method 3015.2)
Power Applied .................... —55°Cto +125°C LatchupCurrent .......................... >200 mA
Supply Voltage to Ground Potential .
(Pin20t0Pin 10). .. ...vvenrennnnnn.. ~0.5Vto +7.0V Operating Range
DC Voltage Applied to Outputs R Ambient V.
in High ZState. .....oovvenveenennn.. —0.5Vto +7.0V ange Temperature cc
DClInput Voltage ................... —3.0Vto +7.0V Commercial 0°Cto +70°C 5V £10%
Output Current into Outputs (Low) ............. 24 mA Military —55°Cto +125°C 5V £10%
DC Programming Voltage . ..................... 14.0V
Electrical Characteristics Over Operating Range
Parameters Description Test Conditions Min. | Max. | Units
= Mi IoH = —3.2mA | COM’L
Von Output HIGH Voltage Vec = Min, OH = 24 v
VIN=VIHOrVIL | [oy = —2mA | MIL
= Mi IoL = 16 mA COM’L
VoL Output LOW Voltage Vec = Min, oL 04 | Vv
VIN = ViHor VIL | Igp = 12mA MIL
Guaranteed Input Logical HIGH
VIH Input HIGH Level Voltage for All Inputs 2.0 A%
Guaranteed Input Logical LOW
ViL Input LOW Level Voltage for All Inputs 0.8 v
Itx Input Leakage Current Vss < VIN < Vi, Vee = Max. —-10 10 RA
Ioz Output Leakage Current Vce = Max,, Vs < Vourt £ Vee —40 40 BA
Isc Output Short Circuit Current | Vcc = Max,, VoyT = 0.5V —30| —90 | mA
Icc Power Supply Current Vee = Max,, Vss < ViN < Vg, Outputs Open 120 mA
Capacitance
Parameters Description Test Conditions Min. | Max. | Units
CIN Input Capacitance VIN = 2.0V @ f = 1 MHz (Note 5) 5 pF
Cout Output Capacitance Vour = 2.0V @ f = 1 MHz (Note 5) pF
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Switching Characteristics PAL C 32V10 /
Commercial Military
Parameters Description “A” “STD” “A” “STD” Units
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max,

Input or Feedback to
Tpa Non-Registered Output 30 3 35 40 ns
Tea Input to Output Enable 30 35 35 40 ns
Ter Input to Output Disable 30 35 35 40 ns
Teo Clock to Output 15 25 20 25 ns
Ts Input or Feedback Setup Time | 25 35 30 40 ns
Th Hold Time 0 0 0 0 ns
Tp Clock Period (Ts + Teo) 40 60 50 65 ns
Tw Clock Width 20 25 25 30 ns
Tpzx External Output Enable 20 25 25 25 ns
Tpxz External Output Disable 20 25 25 25 ns
Fmax Maximum Frequency 25 16.5 20 15 mhz
Taw Asynchronous Reset Width 25 35 30 40 ns

Asynchronous Reset
Tar Recovery Time 25 35 30 40 ns

Asynchronous Reset to
Tap Registered Output Reset % 3 30 40 ns

Switching Waveforms
INPUTS 1/0,

REGISTERED
FEEDBACK )l( )l(
SYNCHRONOUS
PRESET Igi=f~—ity ~tw = tw -

CP / \

= taw tAR—=
ASYNCHRONOUS
RESET
> teo [+ > tap = R ™ tea e
REGISTERED
OUTPUTS: ad
= tpp R "’ teA e
COMBINATORIAL
OUTPUTS: H
texz tozx
OE

0022-3
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Functional Logic Diagram PAL C 32V10 3
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Introduction

PALs or Programmable Array Logic provide an attractive
alternative to logic implemented in discrete logic. Because
the primary requirement of this logic is to provide the
highest performance possible, in the past all programmable
logic products had been implemented in a bipolar process
technology. Bipolar technology uses a fuse for the pro-
gramming mechanism. The fuses are in tact when the prod-
uct is delivered to the user, and may be programmed or
written once with a pattern and used or read infinitely. The
fuses are literally blown using a high current supplied by a
programming system. Since the fuses may only be blown or
programmed once, they may not be programmed during
test to determine that they will indeed program. In addi-
tion, since they may not be programmed until the user
determines the pattern, they may not be completely tested
prior to shipment from the supplier. This inability to com-
pletely test, results in less than 100% yield during pro-
gramming and use by the customer for three reasons.

First some percentage of the product fails to program.
These devices fall out during the programming operation,
and although a nuisance, this fallout is easily identified.
Second, material may fail because it does not function cor-
rectly even though it successfully programs and verifies
correctly. This phenomena occurs because without pro-
gramming each location in a device, the connection be-
tween the programmed cell and the logic that it drives can-
not be 100% tested. This can sometimes be tested in some
programmers by generating a unique set of test vectors for
each pattern and testing each device with its test pattern
immediately after programming. Additional material how-
ever is lost because it fails to perform even though it pro-
grams correctly and passes a functional test. This failure is
normally due to the device being too slow. This is a much
more subtle failure, and can only be found by 100% post
program AC testing, or even worse by trouble shooting an
assembled board or system.

Cypress CMOS PALs use an EPROM programming
mechanism. This technology has also been in use in MOS
technologies since the early 1970s however, as with most
MOS technologies its emphasis has been in density, not
performance. CMOS at Cypress however is as fast as or
faster than bipolar and coupled with EPROM becomes a
viable alternative to bipolar programmable logic from a
performance point of view. In the arena of programming,
EPROM has some significant advantages over fuse tech-
nology. EPROM cells are programmed by injecting charge
on an isolated gate which permanently turns the transistor
off. This mechanism can be reversed by irradiating the de-
vice with ultraviolet light. The fact that programming can
be erased, totally changes the testing and programming sit-
uation and philosophy. All cells can be programmed dur-
ing the manufacturing process and then erased prior to
packaging and subsequent shipment. While these cells are
programmed, the performance of each cell in the memory
can be tested allowing the shipment of only devices that
not only will program every time, but that when pro-
grammed, will perform as specified.

4-38
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EPROM Process Technology

EPROM technology employs a floating or isolated gate
between the normal control gate and the source/drain re-
gion of a transistor. This gate may be charged with elec-
trons during the programming operation and when
charged with electrons, the transistor is permanently
turned off. When uncharged (the transistor is unpro-
grammed) the device may be turned on and off normally
with the control gate. The state of the floating gate,
charged or uncharged, is permanent because the gate is
isolated in an extremely pure oxide. The charge may be
removed if the device is irradiated with ultraviolet energy
in the form of light. This ultraviolet light allows the elec-
trons on the gate to recombine and discharge the gate. This
process is repeatable and therefore can be used during the
processing of the device, repeatedly if necessary, to assure
programming function and performance.

Two Transistor Cells

In order to provide an EPROM cell that is as fast as the
fuse technology employed in bipolar processes, Cypress
uses a two transistor EPROM cell. One transistor is opti-
mized for reliable programming, and one transistor is opti-
mized for high speed. The floating gates are connected
such that charge injected on the floating gate of the pro-
gramming transistor is conducted to the read transistor bi-
asing it off.

Programming Algorithm
Byte Addressing and Programming

All Cypress Programmable Logic Devices are addressed
and programmed on BYTE or EXTENDED BYTE basis
for programming, where an EXTENDED BYTE is a field
that is as wide as the output path of the device. Each device
or family of devices as a unique address map which is avail-
able in the product data sheet. Each BYTE or EXTEND-
ED BYTE is written into the addressed location from the
pins that serve as the output pins in normal operation. To
program a cell, a “1” or HIGH is placed on the input pin
and a “0” or LOW is placed on pins corresponding to cells
that are not to be programmed. Data is also read from
these pins in parallel for verification after programming. A
“1” or HIGH during program verify operation indicates an
unprogrammed cell, while a “0” or LOW indicates that the
cell accessed has been programmed.

Blank Check

Before programming all Programmable Logic Devices may
be checked in a conventional manner to determine that
they have not been previously programmed. This is accom-
plished in a program verify mode of operation by reading
the contents of the array. During this operation, a “1” or
HIGH output indicates that the addressed cell is unpro-
grammed, while a “0” or LOW indicates a programmed
cell.
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Programming The Data Array

Programming is accomplished by applying a supervoltage
to one pin of the device causing it to enter the program-
ming mode of operation. This also provides the program-
ming voltage for the cells to be programmed. In this mode
of operation, the address lines of the device are used to
address each location to be programmed, and the data is
presented on the pins normally used for reading the con-
tents of the device. Each device has a READ/WRITE pin
in the programming mode. This signal causes a write oper-
ation when switched to a supervoltage, and a read opera-
tion when switched to a logic “0” or LOW. In the logic
high state “1” the device is in a program inhibit condition
and the output pins are in a high impedance state. During a
WRITE operation, the data on the output pins is written
into the addressed array location. In a READ operation
the contents of the addressed location are present on the
output pins and may be verified. Programming therefore is
accomplished by placing data on the output pins, and writ-
ing it into the addressed location Verification of data is
accomplished by examining the information on the output
pins during a READ operation.

The timing for actual programming is supplied in the
unique programming specification for each device.

Phantom Operating Modes

All Cypress Programmable Logic Devices contain a
PHANTOM ARRAY for the purposes of post assembly
testing. This array is accessed, programmed and operated
in a special PHANTOM mode of operation. In this mode,
the normal array is disconnected*from control of the logic,
and in its place the PHANTOM ARRAY is connected. In
normal operation the PHANTOM ARRAY is disconnect-
ed and control is only via the normal array. This special
feature allows every device to be tested for both functional-
ity and performance after packaging, if desired by the user
before programming and use. The PHANTOM modes are
entered through the use of supervoltages and are unique for
each device or family of devices. See specific data sheets for
details.
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Special Features

Cypress Programmable Logic devices depending on the de-
vice have several special features. For example the Security
mechanism defeats the verify operation and therefore se-
cures the contents of the device against unauthorized tam-
pering or access to the content. In advanced devices, the
architecture bits allow the designer to tailor the basic func-
tion of the output to meet unique system requirements.
These features take advantage of the EPROM cell for pro-
gramming. Specific programming of these special features
are depicted in the specific device data sheet.

Programming Support

Programming support for Cypress CMOS Programmable
Logic Devices is available from a number of programmer
manufacturers some of which are listed below.

Data 1/0
Programmer Model 29
Logicpak

Data 1/0 Corporation
10525 Willows Rd. N.E.
P.O. Box 97046

Redmond, WA 98073-9746
(206) 881-6444

Stag
Programmer PPZ
Z130

Stag Microsystems
528-5 Weddell Dr.
Sunnyvale, CA 94089
(408) 745-1991

Wavetek Digilec
Programmer Model 803

Wavetek Digilec

586 Weddell Dr.
Suite 1

Sunnyvale, CA 94089
(408) 745-0722







PRODUCT
INFORMATION

STATIC RAMS

PROMS

PALS

; ;g LOGIC

APPENDICES







&=
SEMICONDUCTOR
LOGIC

Device Number

CY2901B
CY2901C
CY2910

CY3341

CY7C401
CY7C402
CY7C403
CY7C404
CY7C901
CY7C909
CY7C911
CY7C910
CY8C901

Section Contents

Description Page Number
CMOS Four Bit SHCe . . . ..ottt i i it 5-1
CMOSFourBit Sice . . ...t i i i i ittt ees 5-1
CMOS Microprogram Controller. . ............ ..o it 5-2
64x4FIFOSerial Memory ...ttt 5-3
Cascadeable 64 x4 FIFO . ... ... .. ittt 5-7
Cascadeable 64 X SFIFO ...ttt ittt iaieens 5-7
Cascadeable 64 x 4 FIFO with Output Enable .................. ... .. ..iitt. 5-7
Cascadeable 64 x 5 FIFO with Output Enable .........................cooiii... 5-7
CMOS Four-Bit SHCE. . . .o or vttt ettt e 5-15
Micro Programmed SeqUeNCer . ...ttt ittt 5-27
Micro Programmed Sequencer ............ .. . i i i il 5-27
Micro Programmed Controller. . ...ttt 5-35
Low Power CMOS Four-Bit Slice ...........ooiiiiiiiiiiiiiiiiiiiiiiiiiannnnn. 5-42






a——
m—
— .
—— e s
——— -
R
——
———

W

2

S =
he— 4
Features

n

Pin compatible and functional

equivalent to AMD AM2901B, C

Low power

e Vcc margin

— 5V +£10%

— All parameters guaranteed
over commercial and military
operating temperature range

Eight function ALU
Performs eight operations on
two 4-bit operands

Expandable
Infinitely expandable in 4-bit
increments

Four status flags
Carry, overflow, negative, zero

ESD protection
Capable of withstanding
greater than 2000V static
discharge voltage

PRESS
EMICONDUCTOR

CY2901B

ADVANCED INFORMATION CY2901C

Functional Description

The CY2901 is a high-speed, expand-
able, 4-bit wide ALU that can be used
to implement the arithmetic section of
a CPU, peripheral controller, or pro-
grammable controller. The instruction
set of the CY2901 is basic but yet so
versatile that it can emulate the ALU
of almost any digital computer.

The CY2901, as illustrated in the block
diagram, consists of a 16-word by 4-bit
dual-port RAM register file, a 4-bit
ALU and the required data manipula-
tion and control logic.

The operation performed is determined
by nine input control lines (I to Ig)
that are usually inputs from an instruc-
tion register.

The CY2901 is expandable in 4-bit in-
crements, has three-state data outputs
as well as flag outputs, and can use ei-
ther a full-look ahead carry or a ripple
carry.

CMOS Four-Bit Slice

The CY2901 is a pin compatible, func-
tional equivalent, improved perform-
ance replacement for the AM2901.

The CY2901 is fabricated using an ad-
vanced 1.2 micron CMOS process that
eliminates latchup, results in ESD pro-
tection over 2000V and achieves supe-

rior performance at a low power dissi-

pation.

. .
Logic Block Diagram
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Features

o Twelve bits wide
— Addresses up to 4096 words
of microcode with one chip.
All internal elements are a
full 12 bits wide.

e Internal loop counter
— Pre-settable 12-bit down-
counter for repeating
instructions and counting
loop iterations.

Four address sources

— Microprogram address may
be selected from
microprogram counter,
branch address bus, 9-level
push/pop stack, or internal
holding register.

Sixteen powerful
microinstructions

— Executes 16 sequence control

instructions, most of which
are conditional on external
condition input, state of the

internal loop counter, or both.

ADVANCED INFORMATION CY2910

e Output enable controls for three
branch address sources
— Built in decoder function to
enable external devices onto
branch address bus.
Eliminates external decoder.

e Fast
— The CY2910 supports 100 ns
cycle times.

Functional Description

The CY2910 Microprogram Controller
is an address sequencer intended for
controlling the sequence of execution
of microinstructions stored in micro-
program memory. Besides the capabili-
ty of sequential access, it provides con-
ditional branching to any microinstruc-
tion within its 4096-microword range.
A last-in, first-out stack provides mi-
crosubroutine return linkage and loop-
ing capability; there are nine levels of

Microprogram Controller

nesting of microsubroutines. Micro-
instruction loop count control is pro-
vided with a count capacity of 4096.

During each microinstruction, the mi-
croprogram controller provides a 12-bit
address from one of four sources: 1) the
microprogram address register (MPC),
which usually contains an address one
greater than the previous address; 2) an
external (direct) input (D); 3) a regis-
ter/counter (RC) retaining data loaded
during a previous microinstruction; or
4) a nine-deep last-in, first-out stack

(F).

The CY2910 is a pin compatible, func-
tional equivalent, improved perform-
ance replacement for the AM2910 that
is fabricated using an advanced 1.2 mi-
cron CMOS technology.

Block Diagram
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Features
e 1.2 MHz data rate
Fully TTL compatible

Independent asynchronous inputs
and outputs

Direct replacement for PMOS
3341

Expandable in word length and
width

CMOS for optimum speed/
power

Capable of withstanding greater
than 2000V electrostatic
discharge

Functional Description

The 3341 is a 64-word x 4-bit First-In
First-Out (FIFO) Serial Memory. The
inputs and outputs are completely inde-
pendent (no common clocks) making
the 3341 ideal for asynchronous buffer
applications.

Control signals are provided for both
vertical and hori